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ABSTRACT

Newly, importance has substantially augmented irdige naturally arising antioxidant to supplant maade
antioxidants, which were circumscribed due to ttsgile effects for instance carcinogenesis. Thedieate that the
plants are a significant foundation of natural anidant, which might be obliging in averting thevadcement of
innumerable oxidative stresses and Reactive oxggenies (ROS) which have been found to play anratipe
role in the commencement and/or advancement ofalediseases such as atherosclerosis, inflammaiojyry,
cancer and cardiovascular disease. Thus, latestlistu have scrutinized the potential of plant prdduas
antioxidants against various diseases induced bg fadicals. Antioxidant capacity is widely usedagsarameter
to characterize nutritional health food or plantadcatheir bioactive components. This study is daneviluate the
in vitro antioxidant and free Radical Scavengingepdial of the extract of fruits of Citrus limon érSolanum
lycopersicum. The plant extract is obtained by atgression method and the resultant solution riglbe diluted
to 10, 20, 30, 40, 50 pg/ml. The antioxidant ptiéémvas analyzed by hydrogen peroxide scavengaiiyity seen
at 230nm using UV Visible Spectrophotometer. Basethe results obtained in the present study, @oiscluded
that fruit extracts of Citrus limon and Solanumdpersicum exhibits high antioxidant activity. Tleelucing power
assay exhibited that reducing capability of theramtt were considerably increased with cumulativeaantration
and were higher compared to the standard ascorbid and the antioxidant action was evaluated byweoging
hydrogen peroxide method where thesga@lues of Ascorbic acid, Citrus limon and Solanyeopersicum were
found to be 0.766, 1.418 and 1.3046. Based omahdts obtained in the present study, it is codetlithat fruit
extracts of Citrus limon and Solanum lycopersicumilgits high antioxidant and free radical scavergarctivities.

Keywords: Citrus limon Solanumlycopersicuninydrogen peroxide; reducing power; ascorbic acid.

INTRODUCTION

Citrus fruits, which belong to the family &futaceaeare one of the foremost fruit tree crop grown tigtoout the
world. Although,Citrus limonis the key fruit in this cluster accounting for ab@0% of citrus output. India ranks
6th position in the production of citrus fruit dulition in the world. The precise starting pointoitfus fruits is not
evidently recognized, although most researchersepta source to be South East Asia[1]. The masreresearch
indicates an origin in Australia, Southeast AsiaywNCaledonia, Northeast Indiaand New Guinea [2]iaigin this
area that some profitable species such as oramgesglarins, and lemons originated.

Citrus trees are perennial trees that yield froftdiverse customs and sizes (from round to oblowg)ch are full of
cologne, essence and juice. It has an irregulaongtand perky color from green to yellow skin mdrknown as
epicarp or flavedo, which shields the fruits andtects from damages. The glands comprise the éalseitd that
provide the fruit its typical citrus scent. It inves a white, thick and spongy mesocarp or albebiwtwtogether
with the epicarp formulate the pericarp or peethaf fruit. The inner part constitutes the pulp vihis distributed
into distinct sections or juice sacs (with or withaseeds, conferring to diversities) by a thickicalfilm or
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endocarp. This portion is rich in solvable sugass;orbic acid, pectin, fibers, diverse organic @dd potassium
salt that give the fruit its characteristic citrifi@vor. [1,3]

Citrus fruits are consumed as fresh or appliedrieated citrus products and citrus-by-productsiuSiessential oils
are additional by-product of citrus fruits. Essehtils are volatile oils achieved from the citifusits peel’s sacks.
They are recycled by the food industry to give dlato drinks and foods. They are also an elementtte
pharmaceutical industry for the preparation of drudptergents, colognes and supplementary cosnatie®ll as
for homemade cleaning products.

Al A\ N
l"“ 142,‘/{&3 R

Figure | Showing the slices of lemon and tomato

Solanum lycopersicurelonging to familySolanaceads second most important crop in world next toapmt It is
cultivated all over the world. Over20 billion metteaps of tomatoes are shaped every year on eedphsis. The
main producer countries of tomatoes are Spain,ednftates, Turkey, India, U.A.R. Italy, and Mexiés, a
processing crop, it grosses first rank amongstégetables. It is also referred to as poor maresige because of
its high vitamin, malic acid, citric acid contentésd the fact that it serves as a fine appetizer.

Tomato fruit quality is resolute largely by colegnsistency, and aroma. Among these color and flar@probably
the most useful criteria for estimating maturitytofmato fruit. The flavor of a fruit becomes pronocad when the
sugar content is at its maximum, at which timegkia acquires its richest color.

PHYTOCHEMICALS AND THEIR PHARMACOLOGICAL ACTION

The biochemical complexes existing in plants atkedgphytochemicals. Plants yield chemicals knowrs@condary
metabolites that are not directly involved in threqess of growth but acts as disincentives to issaed microbial
attack. Alkaloids, cyanogenic glycosides, flavorspiterpenoids and phenolic compounds all fit irs ttétegory.
Flavonoids are another phytochemicals found irusitfruits. The flavonoids have robust intrinsic @bifity to
amend the body’s response to allergens, virusesamihogens. They display anti-allergic, antianfimatory, anti-
microbial and anti-cancer activity [4]. Flavonoigisd some other phenolic compounds constitute tlaépgbenolics
of tomato.
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Quercetin, myricitin, rutin, tangeritin, naringimé hesperidin are found amongst the communal flaidsnin citrus
fruits [5] although naringenin and quercetin a@édged from the fruit skin of tomatoes. These fiawids are liable
for the bitter taste of certain grape fruits, lemamd oranges.

OH
OH

HO o

OH O
QUERCETIN GsH1dO-

Quercetin is a flavonoid and more precisely a ftaoldhat creates the aglycone of the glycosidenr@iuercetin is
found to be the most active due of the flavonoidd mmany medicinal plants owe much of their actidte to their
high quercetin content [4,6].

Quercetin has proved important anti-inflammatoryivity because of direct inhibition of numerous mary

processes of inflammation. For example, it inhibite creation of histamine and additional allefigftammatory

mediators [6]. In addition, it also exerts potenti@idant activity and ascorbic acid sparing actiQuercetin also
shows remarkable anti-tumor properties. Quercetity imave positive effects in combating or helpingptevent
cancer, prostatitis, heart diseases, cataractsgas/inflammations and respiratory diseases aschronchitis and
asthma(8].

Hesperidin is a flavonoid glycoside originates ayriplcitrus fruits. It's a glycone arrangement &led hesperetin.
Hesperidin is supposed to play a part in plant mede It acts as antioxidant rendering to in vittadges[7,8]. It
reduces cholesterol [7,9] and has anti-inflammatffgcts[7]. It also presented an ability to peater the blood
brain barrier in an in vitro model[7,8]

OH

OMe

OH (e}

HESPERIDIN GgH34015
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Tangeritin is a polymethoxyleted flavone that iggimated in tangerine and other citrus peels. TeAtigeshows
potential as an anti-cancer agent. It strengthemsell wall and protects it from invasion[10]
OH

OMe
OMe

MeO 0

MeO

OMe o]
TANGERITIN CygH200;

Another useful citrus flavonoid glycoside is rutimd it is also known as rutoside or quercetin-3nagide, In
humans, rutin attaches to the Fe2+ ion and itagerting it from binding to hydrogen peroxide arehgrating a
highly reactive free radical that may harm celiss lalso an antioxidant and therefore, it playsmaperative part in
inhibiting various cancers. Moreover, rutin reirdes the capillaries and therefore, it can condémssymptoms of
hemophilia. It also supports to inhibit edema & tbgs[1]. Rutin, as ferulic acid can diminish thaotoxicity of

oxidized low density lipoprotein (LDL) cholesterahd lessen the risk of heart diseases[7].

o)
RUTIN CyHagOs

The citrus bioflavonoids that comprise hesperidigeercetin, rutin (a glycoside of quercetin) andgexitin, in
addition to possess antioxidant activity and arlitgbio surge intracellular levels of ascorbic gciditin and
hesperidin exert beneficial effects on capillarymeability and blood flow[7,11]. They also exhilsibme of the
antiallergic and anti-inflammatory benefits of qetin[6,9]. Hydroxyethyl rutosides (HER)have beesedi in the
cure of capillary penetrability, easy yellowing hin@rrhoids and varicose veins[7,9,11].

Another group of phytochemicals found in citrus eaeotenoids. Carotenoids are the pigments liatniéhie colors
of many plants. Carotenoids are important in huimeaith.

B-CAROTENE GgHsg

Carotene plays an essential role as sources afivitA. The most active role is fortification agaisgvere ailments

such as cancer, heart diseases and deterioratngliegases. It is an antioxidant and acts as dmgf the
immune system[12].
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ZEAXANTHIN C4oHs60,

Age-related muscular degeneration (ARMD) associatithl ageing can lead to a total blindness in gafteople.
However, there is a substantial contrary corretakietween the frequency of ARMD and the consumptiocitrus
fruits rich in provitamin A. Citrus carotenoid wakemonstrated to have significant reductions in tiis& of
developing ARMD.

LYCOPENE GgHss

The carotenoids present are namelgarotenep-carotene, cryptoxanthin, Lutein and zeaxanthiri{aB,

CH, CH, CH,
NN N N

CH,
CH,

CH,OH

RETINAL CyoH300

Citrus is the main source from which primates’ dewvvitamin C. tomato is a rich source of ascorlzicl,aas the

fruit matures the concentration of amino acid iases. It acts also as antioxidants in the skindayenging and

quenching free radical produced by ultra violeti@tidn stabilization. The production of collagessaiso dependent
on vitamin C. It helps in the elevation and redioraof skin and enhancement of fine wrinkles[3].
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Tomato contains Tomatine, a glycosidal steroidedlaid. Traces of solanine are also found. Red tdpeatoes lose
almost all their tomatine when left on the plamts2-3 days. Besides alkaloids stigmasteeditosterol are the two
main sterols of the tomato fruit.

ETIOLOGY OF MAJOR DISEASES

Oxidative stress has been implicated in the etiplofydiseases such as cardiovascular ailments wamgl dancer
cancer, atherosclerosis, muscular degenerationheiirer's disease, inflammation, and Emphysema, etiiab
complications, asthma, and colon cancer[18]. Amoaitant may disturb biological structure by (i)pgwessing the
formation of ROS and reactive nitrogen species (RiNBaffecting enzyme activities[15]; (i) indileg de novo
biosynthesis of defense enzymes and thereby afteaither endogenous antioxidants[16];(iv) preservihiO
activity[17], or (v) sequestering transition metais.

MECHANISM OF ACTION OF ANTIOXIDANTS:

Antioxidants are secondary metabolites found néjuira plants such as citrus fruits. An antioxidaain be defined
as anything that inhibits or prevents oxidatiorac$ubstrate[19]. Our body is repetitively exposea diversity of
oxidizing agents and the body is equally inhereith antioxidants to furnish for the free radicateqguced from the
oxidants thus upholding a balance between the ptamuof free radicals and deactivation by antiaxits. When
there is disproportion between formation and néiatron of free radicals by antioxidants, it outees to oxidative
stress [20,22].

Oxidative stress plays a major part in the expangid chronic and degenerative ailments such asetanc
autoimmune disorders, rheumatoid arthritis, cataeaging, cardiovascular and neurodegenerativeadesf23,24].
The human body has several mechanisms to counterilzttive stress by generating antioxidants, wiaich either
naturally formed in situ, or externally provideddbgh foods and/or supplements. These antioxidacttas free
radical scavengers by avoiding and revamping damaffected by ROS, and therefore can improve thaune
defense and lessen the risk of cancer and degeeedigeases[24].
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Aerobic cells undergo metabolism producing fredaald. The oxygen ingestion integral in cell grou¢hds to the
generation of a series of free radicals causindaiiie stress. The interface of these class witteoutes of a lipid
nature produces new radicals: hydro peroxides dffdreht peroxides[7]. This group of radicals coimsprg
hydroxyl, superoxide and lipids peroxides may iat¢mwith biological systems in a clearly cytotori@anner. These
species interact with such life essential molecw@ssnucleic acids and proteins, producing oxidate&ctions
involving alterations and protein exchange[7,25d-radicals are created when cells use oxygerottupe energy.
These by-products are generally reactive oxygerispgROS) such as super oxide anion, hydroxylceddind
hydrogen peroxide that result from the cellularavegorocess. The different radicals responsible tfa cell
oxidation process are the following: singlet oxygd®?2); superoxide anion (02), hydroxyl radical (prnd
peroxyl radical R-O-O*[7,25,26].The hydroxyl radicés the utmost cytotoxic of all these radicals.s@|l
polyunsaturated fatty acids existing in cell memleia are easily oxidized by both; enzymatic and ative
peroxidation through free radical chain reactio?§], Initiation of lipid per oxidation can be indeat by free
radicals (superoxide, hydroxyl and singlet oxygprgduced in biological systems [7,26]. These eieally inert
species have the ability to interact and alter gemenstitution. They exhibit catatonic, mutageaiw carcinogenic
actions. At low or moderate concentrations, ROStebeneficial effects on cellular responses and umenfunction
but at high levels, free radicals and oxidants geeeoxidative stress, a deleterious process tmatdamage cell
structures, including lipids, proteins, and DNA[24]

Epidemiological studies have shown that regularsaamption of fruits and vegetables reduces theinskience of
chronic diseases[27,28]. The protection that fraitd vegetables provide against diseases has hdbatad to the
various antioxidants contained in them. They aredgsources of natural antioxidants which includeotamnoids,
vitamins, phenolic compounds, flavonoids, dietdutaghione, and endogenous metabolites and have diemvn to
scavenge singlet and * triplet oxygen, free radicahzyme inhibitors and decompose peroxides[29,30]

Phenolic compounds are secondary metabolites iits fland vegetables. They have been reported tobiexhi
antioxidant activity which allows them to scaverigeh active oxygen species and electrophiles, hidbinnitration
and to chelattuetat1biis; v tave e Putemrdr 16r aftoxigatinrana Ltk capasmty' o inomaate'ate darteellular
enzyme activies[31-33]

Flavonoids a: known for their ability to enhance the effects of ascorbic acid. Plant flavonvonoids casepr
anthocyanins ~prodhrnveyann 7 raevnésyralunfasioran res, Miflnsinnoridru s wanA-b-4alui; isaffones and
catechins. Flavonoids have been reported to acuaschers of singlet oxygen[3,26,42]. Flavonoidslass of
phenolic compounds has been shown to possessn#iatitimatory, antiviral, anticarcinogenic, antithriootic,
antiallergic and hepatoprotective[34].

Citrus phenolic compounds particularly flavonoids/é been reported to possess an important antittxadtdivity
toward radicals. The citrus flavonoids have thditgltio capture electrons, block and/or scavengertidicals. The
citrus flavonoids forma tautomeric dislocation, efhiprevents the propagating chain reactions okftleygen free
radicals[3,26]. It has been reported that lipidop@tation can be inhibited by flavonoids actingsa®ong radical
scavengers and singlet oxygen quenchers [7,2Bhdtalso been proposed that citrus flavonoids ne#lstperoxyl
radicals; thus, bringing about the terminationhaf tadicals reaction [7].

Carotenes have been proved to possess antioxidwvityadue to their ability to quench singlet oxrgand inhibit
lipid peroxidation [35]. The ability of carotenoid® act as antioxidant has been reported [36]iokittants are
secondary phytoconstituents or plant metabolitas itihibit or prevent oxidation of susceptible dufie. In vitro
studies have demonstrated that lycopene has thedtigntioxidant activity of all the carotenoid3 [3]. It has the
ability to quench singlet oxygen (more than thapafarotene) to trap peroxyl radicals, to inhibit thredation of
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DNA and inhibition of lipids per oxidation [39] anoh some studies to inhibit the oxidation of lowndiy
lipoprotein (LDL)[40,41]. Carotenoids are knownsiappress these growths of tumors

In in-vitro (test tube) and in vivo (animal) stusligdl]. The various carotenoids such as lycop@regrotene -
carotene, lutein and canthaxanthin can decreadgmaat transformation of cells [41].

The antioxidant assays can be classified into two categories: tests that measure the ability to scavenge fadials
and trials that assess the ability to inhibit lipiidation, with the ability to eliminate free radis being one of the
mechanisms that contribute to the overall actipityviding a synergistic effect[30].

MATERIALS AND METHODS

Chemicals
Hydrogen peroxide, potassium dihydrogenortho phatgph sodium hydroxide, Ascorbic acid, Potassium
ferricyanide, Trichloroacetic acid and ferric clidtw. All chemicals are of analytical grade or purer

Plant extracts
The citrus rind ofCitrus limonis mechanically pressed to release their conteigtthen centrifuged for 10 minutes
at 1000rpm which separates the essential oil frdoej It is then filtered using Whattman filter gap

In Solanum lycopersicurthe pulp and the serum is separated. It is alswondentrifuged for 10 minutes at 2000
rpm giving an upper layer of crude extract. Itugtfer filtered using the Whattman filter paper.

Scavenging of hydrogen peroxide

A solution of hydrogen peroxide (40 mM) was prepaire phosphate buffer (pH 7.4).Both the extractd (01
mg/ml) in distilled water were added to a hydrogenoxide solution (0.6 ml, 40 mM). The absorbanickyalrogen
peroxide at 230 nm was determined after ten minag@sénst a blank solution containing phosphatedsuffithout
hydrogen peroxide. The percentage of hydrogen [goscavenging by the extract and standard compowas
calculated as follows:

% Inhibition of HO, Scavenging activity = [(§ A1)/A] x 100

Where Aywas the absorbance of the control and
A; was the absorbance in the presence of the sarhpigract and standard

Reducing power assay method

Different concentrations (10-5@/ml) of S. lycopersicumand C. limorextract were prepared and 1 ml of each
solution was mixed with phosphate buffer (2.5mEN), Ph 6.8) and potassium ferricyanide (2.5ml, 1%)e
mixture was incubated at 50°C for 20 minutes. Tis thixture, 2.5ml of 10% trichloroacetic acid (TC#jps added
and then centrifuged at 3000rpm for 10 minutes. Tjmger layer of the solution (2.5ml) was mixed wdlistilled
water (2.5ml) and ferric chloride (0.5 ml, 0.1%)snsdded and the absorbance was measured at 700nm.

The percentage of reducing power was calculategsing the formula:
Reducing power (%) = Ala&trol - Ab&ample/ Ab&ontrol

Where, Abs,nio Was the absorbance of solution without extract and
Abs;.mpewas the absorbance with different dilutions ohplextract.

RESULTS AND DISCUSSION

Hydrogen peroxide assay calculation

The effect of plant extract of. limonandS. lycopersicunon hydrogen peroxide radical scavenging actiwaty i
shown in fig. I. The extracts showed significanti@xidant activity against O, radical with correlation coefficient
values (r) ofC. limoras 0.977 and that & lycopersicumwas found to be 0.945. ThesiZalues ofC. limon was
1.418mcg/ml and the Kgvalue of S. lycopersicumwas 1.3046 comparable to siZalue of ascorbic acid of
0.766.9/ml.
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Figure 1. Hydrogen peroxide scavenging activity é Citruslimon
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Solanum lycopersicum
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Figure IV. Hydrogen peroxide scavenging activity ofSolanum lycopersicum

Reducing power assay method

Fe (1ll) reduction is often used as an indicatoretifctron donating activity, which is an importanéchanism of
phenolic antioxidant action. In the reducing powssay, presence of antioxidants in the samplesdwaslults in
the reducing of Fé%o FeZ by donating an electron. Fig. Il. shows dose-raspacurve for the reducing power of
the extract. It was found that the reducing powkralb the extract also increased with the increa$eheir
concentrations. All extracts had shown good redugower that was comparable with ascorbic acid. $he
lycopersicumand C.limon extracts showed significant antioxidant activitithacorrelation coefficient values (r) of
0.974, 0.994 and Egvalue oflycopersicumandlimon was found to be 1.84g/ml and 3.48.g /ml. The EG, value
of standard ascorbic acid showedsE@lue of 1.8%g/ml.
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Figure V. Reducing potential activity of ascorbic &id as standard
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Figure VII. Reducing potential activity of solanum lycopersicum
CONCLUSION

This study suggests that the antioxidant activitgt ahelating activity o€itrus limonandSolanum lycopersicuis

found to be significant when compared with the d&d ascorbic acid and thus concluding that thehsyic

antioxidants must be replaced by the natural aittéoxs which don’t have serious side effects buteut from
really severe diseases which can occur and theteftd theCitrus limonand Solanum lycopersicuraxtract are
exerted by scavenging both active oxygen specigkttrophiles.
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