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ABSTRACT

Sesamum indicum (black seasame) is a plant groamagcultivated in Africa, India and Asia includisgme parts
of Iran. This plant was used in Iranian folk mediifor their digestive, carminative, antispasmodiedative,
analgesic, tonic and diuretic as well as for fuooil gastrointestinal disorders. The aim of thisdst was to
overview its bioactive properties. This review ediwas carried out by searching studies in PubMéddline, Web
of Science, and Iran Medex databases .The inidatch strategy identified abotD2 references. In this study, 43
studies was accepted for further screening and allebur inclusion criteria (in English, full textAntioxidant
activity of seasame and dated mainly from the Y30 to 2016).The search terms were “Antioxidant atyivi
Sesamum indicum, pharmacological activity, chengoahpound, alternative medicine. The results &f shiidy was
indicated that this plant is commonly used foritsioxidant properties. It showed that Sesaminblbited the lipid
peroxidation in LDL in a concentration dependentnmer. Free radical scavenging capacity, inhibitiohlow
density lipoprotein cholesterol and metal chelatogpacity of extracts of sesame seeds was showit ties high
antioxidant activity. These antioxidative composeate effective via synergistic action. Antioxidatiactivity of
refined unroasted seed oil is mainly attributedSesaminol. Antioxidant agent of sesame was intredido be
related to the Presence of various new antioxidalignan phenol compounds in sesame seed andesiansnol as
a new antioxidative principle in raw sesame salddmvas introduced. The mechanism of the superidioaidative
activity of roasted sesame oil was associated dcsyinergistic effect of the browning products wihbopherol,
sesamol, and sesamin. Seasame is widely used famtibxidant activities that trigger its signifisavalue. Various
combinations and numerous medicinal propertieso$éed, oil, cake, coat demand further and mardias about
the other useful and unknown properties of thistipudpose plant.

Key words: bioactive activity, Antioxidant activity, seasame, pharmacological \aigti chemical compound,
alternative medicine

INTRODUCTION

Sesame$esamum indicunis an annual plant , belong to Pedaliaceaelfarfi], is a herbaceous plant cultivated
for its edible seed, oil and flavorsome value [2]is known as "Queen of Oilseeds" due to its hifffgree of
resistance to oxidation and rancidity.it is natige Africa and India. This plant grow 50 to 100 tafl, while its
leaves grow 4 to 14 cm long[3]; The flowers ardowe and tubular. The flowers may vary in color,thvsome
being white, blue, or purple. Sesame seeds arecalsoed including white, buff, tan, gold, browrddish, gray,
and black. Sesame fruit is a capsule, normally pcdat, rectangular in section, and typically grabwéth a short,
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triangular beak [4]. Sesame seeds are small. Bimd; form, and colors vary with the thousands arfeties .The
seed coat may be smooth or ribbed [5-7]. Sesamenisumed directly as sweetmeat, a “peanut buket-firoduct,
a candy ingredient, bread condiments, and snaaksfoo

Traditionally, sesame seeds were used in Hindwibs a "symbol of immortality" and its oil wasdswidely in
prayers and burial ceremony.it was used in tragtioMiddle Eastern cooking. The nutritious seedeciskused as
animal feed and sesame flour[8].Sesame oil is kangged in southern and Chinese cooking.

Recently, it is used for its usefulness for theedjvkidney, spleen and stomach. Its high oil caontest only
lubricates the intestines, but nourishes all theriral viscera. It is also known to blacken ther,hespecially the
black sesame. Hence, it is applied to white haihitoal constipation and insufficient lactations&ee oil is also
helpful in treating intestinal worms such as as;ddpeworm, etc.

Sesame seeds contain up to 55% oil and 20% pr&esame proteins consisted of lysine, tryptophath an
methionine. Sesame oil is rich in linoleic and olacids, the predominance of gamma-tocopherol thesrother
isomers of vitamin E and high content of fat-sotubjnans [sesamin and sesamolinff@lsame oil is constituted
50% of compound of this herb, which is highly résig to oxidation, and 25% protein, which has ajueibalance
of amino acids[10].Sesame seed contain vital misgergitamins, phytosterols, polyunsaturated fattyids,
tocopherols and unique class of lignans such asrasand sesamolin Sesame seed is high in protéamin B1,
dietary fiber as well as an excellent source ofgphorous, iron, magnesium calcium, manganese, c@pgkezinc .
In addition to these important nutrients, sesaneglseontain two unique substances, sesamin anohgisaBoth
of these substances belong to a group of speafioeal fibers called lignans[sesamin, sesama&gsaminol and
sesamolinol]. Sesame seed also contains lighac@gdg in oil and lignan glucosides. Sesame seddhisn oil,
contains high amounts of [83-90%] unsaturated fattids, mainly linoleic acid [37-47%], oleic aci@5F43%],
palmitic [9-11%] and stearic acid [5-10%] with teaemount of linolenic acid. [6] The seeds are h source of
antioxidants and bioactive compounds including plies, phytosterols, phytates, PUFA and short cipeptides.
Sesame cake is a rich source of protein, carbote/dired mineral nutrients. Sesame seeds have spiapidicance
for human nutrition on account of its high contefisulfur amino acids and phytosterols[11].

This herb is said to be rich in polyunsaturatedyfatcids and natural antioxidants, sesamin, sesanawid
tocopherol homologues.Recent studies on the ad@oxiand anti-carcinogenic activities of sesameal deve
greatly increased its applications in health foaddpcts that assert for liver and heart protectomn tumor
prevention[12].

MATERIALSAND METHODS

Chemical constituent

Sesame seeds contain thelignans, sesamolin,sesandrgsinol andlariciresinol[13].Insoluble 11S igldin and
soluble 2S albumin, conventionally termeelobulin and p-globulin, are the two major storage proteins and
constitute 80-90% of total seed proteins in sesafjgfomparison of amino acid composition indicatieat they
were substantially less hydrophobic than the knmleosins, and thus should not be aggregated mukirof
oleosins. The results of immuno-recognition to sesgroteins revealed that these three polypeptides unique
proteins gathered in oil bodies, accompanying ahsoand triacylglycerols, during the active assgmii the
organelles in maturing seeds[15]. The phospholipimleic and linoleic acids, chlorophyll and sesampsesamol
andy-tocopherol was found[16]. 10 compounds [2-furfthi@l, 2-phenylethylthiol, 2-methoxyphenol, 4-hyaye
2,5-dimethyl-3[2H]-furanone, 2-pentylpyridine, Zagl-3,5-dimethylpyrazine, acetylpyrazine, [E,E]-2ldcadienal,
2-acetyl-1-pyrroline and 4-vinyl-2-methoxy-phenuigre quantified . On the basis of high OAVs in especially
2-acetyl-1-pyrroline [roasty], 2-furfurylthiol [cEée-like], 2-phenylethylthiol [rubbery] and 4-hydwps2,5-dimethyl-
3[2H]-furanone [caramel-like] were elucidated apartant contributors to the overall roasty, sulghedour of the
crushed sesame material[17].The structures of ngeslminol glucosides isolated from sesame seeé wer
determined to be sesaminol’- 20-B-d-glucopyranoside, sesaminol’-Q-3-d-glucopyranosyl [+2]-O-8-d-
glucopyranoside and sesaminol -@B-d-  glucopyranosyl  [1»2DP-[p-d-glucopyransyl  [1»6]]4}-d-
glucopyranoside[18].
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M echanism of action

The antioxidative agents [sesamin, sesamolin, selsatheir glucosylated forms sesaminol glucosides a
tocopherol make the oil very stable and thereforeas a long shelf life[19].Antioxidant propertie§ sesame
fractions are related to lignans, an innate nanyeratic antioxidant defense mechanism against ik@aokygen
species which play a vital role in health promotibhe main antioxidant agent of sesame are Tocofhérhey are
a class of plant phenolics that have importantaidant and nutritional properties[20].they areunak antioxidants
that inhibit oil oxidation. They have free radicatsavenging properties. The main functiorugbcopherol is that of
a radical-chain breaking antioxidant in membraned lgpoproteins, as well as in foods[21].Other tscare still
capable of exerting antioxidant and biological wtieés in spite of low plasma concentrations. Amoting
tocopherols,o-tocopherol is the predominant form in the photdisgtic tissues such as stems and leaVes.
tocopherol is the major tocopherol in sesame seslisreasi-andé-tocopherols are present in smaller amounts. It
is more potent thaa-tocopherol in decreasing platelet aggregation, dewsity lipid [LDL] oxidation and delaying
intra-arterial thrombus formation. The amountya@bcopherol in sesame ranges from 468.5 to 517.gnglipid
while a-and 8-tocopherols are present at low levdlstocopherol to be 490-680 mg Kgsesame oil. While it was
210-320, 750 and 800 mg Rgsesame oil, respectively in wild speci&s,alatum, Sesamum angustifoliwmd
Sesamum latifolium

The antioxidant activity

The total phenolic content, total antioxidant s$atfree radical scavenging capacity, inhibitionl@fv density
lipoprotein cholesterol and metal chelating capgacftextracts of whole black and whole white sesameds and
their hull fractions in 80% aqueous ethanol wenegtigated. Results was found that Sesame prodisptayed
good ferrous ion chelating capacities. besidesa# demonstrated that there was a considerablexaf#t activity
of sesame products especially black sesame hull$f&2 antioxidant activity of ethanolic extracts sfsame coat
was investigated. The antioxidant activity of 1. EESC was equal to 1.0 mg tocopherol but was wehkae 1.0
mg butylated hydroxyanisole on peroxidation of lgio acid. EESC showed an inhibitory effect agaitiet
formation of thiobarbituric acid reactive substanaea liposome model system. Besides, phenolicooamds and
tetranortriterpenoids indicating antioxidant adtiviare present in EESC. Result showed that amtémti activity of
this plant is due to its free radical reaction, aéinding ability and quenching of reactive oxyd@8].Sesaminol
extracted from acetone extract of sesame seedsitsivawn that sesamolin in unprocessed sesametbi isource
of seaseminol. Sesaminol was not so greatly remtwethe deodorization process. The antioxidativiéviag of
Sesaminol was relatively equal to those of sesamdy-tocopherol by the thiocyanate method. Therefdreeéms
that the antioxidative activity of refined unroabteeed oil is mainly attributed to Sesaminol[24Téffective
components of mashed sesame seed with acetonewvessigated. The acetone extract showed strongaahditive
activity with the thiocyanate method and offer 4ia antioxidative substances as P1, P2, P3 andTRd.
antioxidative activities were in the order of P32>P1 >P4. The same components were also obtained tfre
80% ethanol extractable polar fraction of the sesanih cake treated witl#-glucosidase, which suggested the
presence of the active substances also as thewgitles in sesame seed[25].

Chemical constituents of sesame oil from two défercolored seed varieties were examined. Thesexatdtive
components are effective via synergistic actiorsuie indicated that both USM and RSM had antiaxidzectivity
in a dose-dependent manner. Compared to USM, tiv R a better antioxidant in most cases. thisctbel used
as an alternative natural antioxidant for food aggpions[26].

Differences between two different varieties [@hangaziand cv.Cumhuriye} of Sesamum indicurim growth

parameters, lipid peroxidation, antioxidative eneymactivities and proline accumulation were testRésults

indicated that both parameters differ accordindh@ ability of the variety in coping oxidative steecaused by
salinity. Antioxidative activity of both variety eve almost the same. however, the antioxidant eaztivity of

cv. Cumhuriyetwas more when subjected to salt stress.[27].

In a study antioxidant agent of sesame was intreduo be related to the Presence of various neigxaafetive
lignan phenol compounds in sesame seed and odn8esl as a new antioxidative principle in raw seeaalad oil
was introduced. The mechanism of the superior gidtidive activity of roasted sesame oil was asdedido its
synergistic effect of the browning products witkkdpherol, sesamol, and sesamin[28].

The antioxidative activity of the crude extractlighan glycosides obtained from unroasted defdiledk sesame
seeds was investigated in this study and it was/shbat Fr2 and Fr3 showed better antioxidativévagtand the
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main constituents were found to be lighan glycosidad some unknown brown materials. Besides, thenrbr
materials exhibited exceptional DPPH free radicalvenging effect, whereas the identified sesantiiglucoside

in Fr2 and sesaminol diglucoside in Fr3 possessuth activity. Seaminol triglucoside and sesamdiglucoside
showed no effect on the extension of lag phaselewhie brown materials had excellent inhibitoryeeff on the
oxidation of LDL. Furthermore, natural antioxidastsch ag-tocopherol, sesamol and sesaminol were not detecte
in the crude extract of lignan glycosides. Our fiing$ suggest that the brown materials present th Had a
significant contribution to the antioxidative adtyvof the crude extract of lignan glycosides. thiusther studies are
needed to diagnose their nature[29].

Antioxidative constituents of unroasted and roasteshme seed oil were investigated. The main actimstituent
in fresh unroasted seed oil wagocopherol, and that of roasted seed oil was selsamhich was produced by
hydrolysis of sesamolin that is present to a latggree in roasted sesame seed oil. This conveo$isesamolin to
sesamol is catalyzed by acids[30].

Resveratrol, sesamol, sesame oil and sunflowareiknown natural dietary components with intriracicer and
antioxidant activities. Comparatively, sesame célswhe most potent followed by sesamol and theverasol.
Only sesamol and resveratrol showed a remarkalb#ocyc activity in the brine shrimp lethality agsaas well as
profound free radical scavenging activity in theHbPbioassay[31].

In an animal study,The effects of sesamin on hepatty acid oxidation were examined in rats tharevfed
experimental diets containing various amounts eésen for 15 days. Dietary sesamin increased dridagtes in

a dose-dependent manner. Mitochondrial activity cglimincease 2-fold in rats on the 0.5% sesamin. diet
Peroxisomal activity became10 times more in radsaf®.5% sesamin diet in relation to rats on tisasén-free diet
[32].

Sesame cake was extracted with methanol to obtaimude antioxidant extract. Its antioxidant activivas
evaluated using th@-carotene bleaching method, linoleic acid peroxiaimethod and free radical scavenging
assay, using 2,2-diphenyl-1-picryl hydrazyl radid&ésults showed that crude extract was effectivid@ and 200
ppm levels and comparable with butylated hydroxjugoe at 200 ppm, whereas purified extract showed
comparable or better activities at 5, 10, 50, 19 200 ppm levels[33].

Antioxidant activity of methanolic extract of sesawake was evaluated. Results indicated that sesakaeextract,
in vegetable oils, could significantly lower thergpeide value, diene value apeanisidine value of oils at 5, 10, 50
and 100 ppm levels during storage at 60 °C. Thdys#lso indicated a better antioxidant effect fesame cake
extract than BHT at 200 ppm[34].

In a study, it was suggested that Consumption aferaie amounts of sesame seeds significantly isenglasma-
tocopherol and alter plasma tocopherol ratios imdws and elevated plasmaéocopherol and enhanced vitamin E
bioactivity[34].

In an animal study, it was indicated that sesanea dignans enhance vitamin E activity in rats fetbw o-
tocopherol diet and cause a marked increasetatopherol concentration in the blood and tissuimts fed aro-
tocopherol-containing diet with sesame seed digitans[35].

The effects of drought on growth, protein contdipid peroxidation, superoxide dismutase, perox@asatalase
and polyphenol oxidase were studied in leaves abtk rof two speies dbesamum indicurh and it showed that
lipid peroxidation was lower in Yekta than in Darddh. Severe stress increased antioxidant activitiésaves and
roots, especially in Yekta[36].

The free radical scavenging capacity of antioxiddram sesame cake extract was studied.
Thek, values of the sesame antioxidants were comparédtirdse of butylated hydroxytoluene amtbcopherol.

Thek, values were shown that sesamol, sesamol dimeamnsessesamolin, sesaminol triglucoside, and sesami
diglucoside had the lowest to the highest degree.
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In a vitro study, antioxidant properties of Sesashinas investigated. Sesaminol inhibited the lip&toxidation in
LDL in a concentration dependent manner .besidieslings suggest that sesaminol is a potentiallgatife
antioxidant that can protect LDL against the oxm#B7].

the antioxidant activities of lignans and tocoplees well as the browning reaction and its proslitsesame seed
and/or its oil was reviewed in a study and It indaded that the composition and structure of bingymeaction
products and their impacts on sesame ingredierts twebe further studied to better explain the iaing mysteries
of sesame 0il[38].

Antioxidant activity of N-acetylcysteine [NAC] andesame oil was investigated and NAC supplementation
presented significant antioxidant capacity by mezn@eventing serum lipid status alterations, tieggamage, and
HPA axis disturbance due to high-cholesterol fegdimmiddle-aged mice. Results showed a benefiri@ventive
action of plant-derived antioxidants, such as NAgJipid metabolism and on the HPA axis[39].

In an animal study, the antioxidant potential ameh@r necrosis factor alpha-[TNg-inhibiting activity of sesame
oil against acute doxorubicin-induced cardiotoyigitas investigated.

The chronic oral administration of sesame oil prés acute doxorubicin-induced cardiotoxicity byhamcing
cardiac endogenous antioxidants and decreasingargiat TNFe. expression[40].

We investigated the protective effect of sesameagdinst nutritional steatohepatitis in mice andids concluded
that sesame oil protects against steatohepatitiodis by decreasing oxidative stress, inflammatgtgkines, leptin
and TGFB1[41].

We investigated the location of radical in varie@same seeds .the 2D imaging of the irradiatecevgleitameseeds
showed that free radicals were located throughwaientire seed. New type of imaging showed thetd@eation of
radical species in various sesameseeds[42].

the effects of sesame butter versus sesame oihersdérum levels of glucose, lipid profile, and atide stress
biomarkers in diabetic rats was investigated arghitwed that the diabetic groups treated with sedaumtter and
sesame oil had significantly lower levels of glueaand higher levels of high-density lipoproteinrthdid the
diabetic control group [P<0.05]. Sesame butter Ripentation also increased TAC and decreased MDA
concentrations significantly in the diabetic raB<(.05].The antihyperglycemic, antioxidative, arattly lipid-
lowering effects of sesame butter make it an exoeltandidate for future human studies on diabetiéisough
further research is needed to determine the exast dnd duration of supplementation[43].

The efficacy of sesame oil in controlling Osteodtith pain in rats was investigated and it was shahat Sesame
oil significantly decreased joint pain comparedhwibsitive control group in a dose-dependent marthesame oll
decreased lipid peroxidation in muscle but notdarum. Besides, it was concluded that daily sesahsipplement
may attenuate early joint pain by inhibiting Nrf@saciated muscular oxidative stress in OA rat njddgl

the effect of sesame oil Shirodhara [SOS] agairmsimwwater Shirodhara [WWS] on improving sleep dyadind
quality of life [QOL] among persons reporting slgapblems was tested and it was shown that SOShmaysafe
potential treatment to improve sleep quality and.Q®persons with sleep problems[45].

The effects of sugarcane dietary fiber [SDF] and-@mulsified sesame oil for pork fat replacementbatter
characteristics was evaluated. Replacing pork fittht 8DF and pre-emulsified sesame oil significargffected
color, water- and fat-binding properties, textuhgnamic rheology, microstructure and sensory ama[y$].

The protective and antioxidant potential of sesaihE50] and [or] alpha-lipoic acid [ALA] againstZN toxicity in
male Wistar albino rats was investigated. DZN-gdaanimals exhibited macrocytic hypochromic anergia and
[or] ALA supplementation ameliorated the deletes@iffects of DZN intoxication. Results showed tBaasame oil
can reduce the side effects of DZN through theiioaidant and free radical-scavenging activitieg[47
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The efficiency of tertiary butyl hydroquinone [TBH as an antioxidant in sesame oil [sesamum indjcloyn
density, viscosity and ultrasonic velocity was istigated. It was concluded that sesame oil with [@@% TBHQ
can be used for frying without adverse effect opstal properties[48].

In a study, the non-lipid, aqueous components #swat with SO would have tested to whether have- ant
inflammatory and antioxidant effects. These resudtgygest the presence of potent anti-inflammatarg a
antioxidant compounds in sesame o0il aqueous ex{i@@AE]. Furthermore, SOAE differentially regulated
expression of scavenger receptors and increasedbiidhg cassette A1 [ABCAL1] mRNA expression thrbug
activating liver X receptors [LXRs] [49].

Potential side effects
There are possibility of allergies to sesame @&, limit of sensitivity should fall to 5 p.p.m(50).
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