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The free radical scavenging capacity (RSC) of antioxidants from sesame cake extract was studied
using the 2,2-diphenyl-1-picrylhydrazyl radical (DPPH*) on a kinetic model. Pure lignans and lignan
glycosides isolated from methanolic extract by preparative HPLC were used in the study. To
understand the kinetic behavior better and to determine the RSC of sesame antioxidants, the second-
order rate constant (k;) was calculated for the quenching reaction with [DPPH*] radical. The k, values
of the sesame antioxidants were compared with those of butylated hydroxytoluene and a-tocopherol.
The k, values for sesamol, sesamol dimer, sesamin, sesamolin, sesaminol triglucoside, and sesaminol
diglucoside were 4.00 x 1075, 0.50 x 1075, 0.36 x 1075, 0.13 x 1075, 0.33 x 1075 and 0.08 x 10~°
uM~1 s71 respectively.
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INTRODUCTION compounds, namely, lignans and lignan glucosi®@sStudies

Generation of active oxygen and free radicals is important "ave shown that sesamin, the major compound present in
both in food systems and in biological systems. In foods, the sesame, inhibits cholesterol absorption and synthesis inl@ys (

process of autoxidation and development of rancidity is caused Other compounds such as sesamol and sesaminol are reported

by free radicalsX). Lipid peroxidation leads to the development to be reispons[ble for th? increased s;[ability %f sesa;me O.ilo(lll)'
of off-flavors and undesirable chemical compour@s if living R_etlzekr;ty, odur mvestlgatllo(;] orr: natura_t;a_lr_mom fagts flo”? indus-
systems, free radicals attack key biological molecules, leading @ Pyproducts revealed the possibility of developing an

to many degenerative disease conditions such as Cancerantioxidant extract from sesame cake, and it is found to be

inflammation, atherosclerosis, and aging (3). effective in vegetable oil protection [details have been covered
Recently, there has been growing interest in natural antioxi- und.er. a pgtenF prqposal, U.S. A.ppl. 60/494'0M)I' ]

dants of plant origin because they have greater application in Lipid oxidation is a free radical mediated reaction. The
the food industry for increasing the stability and shelf life of antioxidant activity can be expressed in terms of radical
food products. Moreover, they also find use as nutraceuticals Scavenging ability during reaction with a specific radical such
and phytoceuticals as they have significant impact on the status@S [DPPH| or [LOO®]. The [DPPH] study is more widely

of human health and disease preventiéy Natural antioxidants ~ duoted because the method can be followed more easily. If the
from d|etary sources |nc|ude po'yphenolsl Carotenoids’ VitaminS, reaction |.S fO||OW€d k|net|ca”y, the rate at Wh|Ch the antIOXIdant
flavonoids, ascorbic acid, etc. Lignans are an important group "€acts with radicals can be determined. There is no reported
of biologically active compounds of plant origin. They are Study on the radical scavenging capacity of individual antioxi-
known to possess a variety of biological activities, namely, dant compounds from sesame seed/cake on a kinetic model.

antitumor, antimitotic, antiviral, and antiatherosclerotic activites We have undertaken this investigation to examine the radical

(5). ;cqvgnging efficacy and, hence, the kinetic rate of reactipn of
Sesame is an important oilseed crop of the world, India being individual compounds isolated from sesame cake extract in the

a major producerg). Sesame seed provides a highly stable oil [DPPH] system.

and nutritious protein and meal and is used in confectionery

foods. Itis also an ingredient in Ayurvedic oils under the Indian MATERIALS AND METHODS

System of medicine. Sesame is reported to possess antiaging ) )

properties, hypocholesterolemic effect, alleviation of symptoms Materl_als. Sesame cake was _obtalned from local markets. Me_.-thanol

of alcohol withdrawal, etc.§—8). Phytochemical investigation was obtained from E. Merck, India. [DPFivas from Sigma Chemical

- . . Co. (St. Louis, MO). Sesamol dimer was prepared from standard
of sesame has revealed the presence of biologically active .~ accor ding to the method of Kurechi et 28)(

- ) Preparation of Antioxidant Extract from Sesame Cake.Sesame
* Address correspondence to this author at Natural Products, Organic

Chemistry Division, Regional Research Laboratory (CSIR), Thiruvanan- cake Was.dried and. powdered well. A 100 g sample was ‘“‘“‘"P”y
thapuram 695019, Kerala, India [fax (0471) 2491712, 2490186; e-mail defatted with hexane in a Soxhlet extractor for 12 h. The defatted residue

jayalekshmy_a@yahoo.com]. was further extracted with methanol for 16 h (Soxhlet extraction). The
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extracts were filtered, solvent was removed under vaccum with arotary ~ Statistical Analysis. The results are expressed in terms of standard

evaporator (~43C), and the residue was redissolved in methanol and
stored under refrigeration until further analysis.
HPLC Analysis. Identification and quantitation of lignans and lignan

deviation for five independent determinations. Studentttest was
applied to calculate the significant difference between valBesQ.05).

glucosides in sesame cake extract were carried out in a Shimazdu HPLCRESULTS AND DISCUSSION

system with an LC-10AD model pump, a 7125 model Rheodyne injector
fitted with a 20uL sample loop, and an SPD-10A Wisible detector,
with a C-R7Ae plus integrator for data acquisition, analysis, and display.
The sample was analyzed on a WatgBondapak G column (4.5
mm i.d. x 25 cm) using a mobile phase of (70:30) methanol/water.
Elution was performed at a flow rate of 1 mL/min, and the wavelength
of detection was fixed at 290 nm.

Isolation and Characterization. The individual compounds were
isolated in a Shimadzu (model LC-8A) preparative HPLC in an ODS
column (Shimadzu, 256 20 mm i.d.) with the same conditions as
for analytical HPLC. The fraction corresponding to each main peak
was collected while eluting from the column and lyophilized to get
pure compounds. For identification of compounds IR, NMR, and MS

The kinetic behavior of the free radical scavenging com-
pounds has been studied by allowing them to react with a stable
free radical, namely, [DPPH This assay was selected for this
study because it measures the hydrogen-donating ability of
antioxidants in a relatively short time compared to other methods
and spectrophotometric characterization is also possible. This
method is widely followed by many researchetg{16). In
the case of [LOG kinetics, the peroxide value is determined
according to the active oxygen method in oil or a linoleic acid
model system, and the method is time-consumiz(@).(

Sesame cake extract was analyzed by HPLC, and the peaks

techniques were employed. IR spectra were recorded in Nicolet IR Were initially identified by comparison of retention time (RT)

spectrometeH and**C NMR were taken in a Bruker Advance DEx

values of sesamol (Sigma), sesamin, and sesamolin [isolated

series. MS spectra were recorded in a Shimadzu GCMS-QP 5050 seriesfrom sesame oil according to the method of Soliman eP4)](

in El mode.

Free Radical Scavenging by DPPH [DPPH] was dissolved in
methanol {4, 15), and the experiments were performed on freshly
prepared solution. The assay conditions were as follows:

[DPPHY, 64 uM; and the isolated compounds sesamot-320uM;
sesamol dimer, 145—20QaM; sesamin, 1400—2900M; sesamolin,
270—1350 uM; sesaminol diglucoside, 140—870M; sesaminol
triglucoside, 86-470uM; butylated hydroxytoluene (BHT), 2361700
uM; and o-tocopherol, 45—12@M. Absorbance was taken at 515 nm
during an interval from 10 s to 30 min of reaction in a YVisible
spectrophotometer (Shimadzu model 160A).

Kinetic Studies. Graphs and fittings of the experimental data were
carried out in the Microcal Origin (version 6) program. The data points
(180) of spectrophotometer readings of the disappearance of [DPPH

in the presence of various antioxidant compounds were taken. The

method of Espin et al16) who studied the radical scavenging capacity
(RSC) of phenolic compounds by kinetic analysis, was followed in

the present study. Second-order rate constants were calculated to

measure the RSC of antioxidants. In this study, the decay of [DPPH

Glucosides were initially compared for their sequence of elution
by previous report2R). The compounds present in sesame cake
extract included sesamol, sesamin, sesamolin, sesaminol diglu-
coside, and sesaminol triglucoside. Pure compounds were
isolated from defatted sesame cake extract by preparative HPLC,
and their identification was confirmed by IR, NMR, and MS
techniques; these spectroscopic data were compared with earlier
reports (23,24). The spectroscopic data for glucosides were
compared with those of Katsuzaki et 84j. The purity of the
compounds was checked by injecting them into an analytical
HPLC to see whether the compound eluted as a single peak. In
all of the above cases, compounds eluted as single peaks. The
pure compounds, at various concentrations, were allowed to
react with [DPPF]. Sesamol dimer, which was detected in a
few sesame extracts, was also included in the above study.
Espin et al. (16) studied the phenolic compounds and
anthocyanins on the basis of second-order rate constants. Under

from the medium has been assumed to follow pseudo-first-order the reaction conditions [DPPH< [AH], the decay of [DPPF]

kinetics, under the conditions of the reaction [DPRBH< [AH]o,

followed a pseudo-first-order rate equation. The pseudo-first-

wherein one of the reactants is in large excess compared to the otherorder rate constar,sqwas linearly dependent on the concen-
and the concentration of the lesser component decreases exponentialiytration of antioxidants, and from the slope of this plot, the
Under such conditions, the second-order reaction exhibits first-order second-order rate constant could be calculated. Because the
characteristics and the reaction is studied as pseudo-first-order accordinqjecay of [DPPH radicals by antioxidants in the present study

to the fundamentals of chemical kinetics (17). The same assumption
has also been made and reported by other researchers in similarDPPH

studies (16,18, 19) and also according to equation

[DPPH] = [DPPH], e "¢ )
where [DPPH is the radical concentration at any time, [DPRHs
the radical concentration at time zero, akgsq is the pseudo-first-
order rate constant.

[DPPH] concentration in the reaction medium was calculated
according to the method of Brand-Williams et a4} obtained from
the calibration curve with the equation

Agi50m= 12509x [DPPH] — 2.58x 10°
as determined by linear regression, where [DRRHxpressed as mol/

dmd.
Fromeq 1

@)

the pseudo-first-order rate consténisqwas calculated. This constant

In [DPPH] = In [DPPH], — K,ped

also followed the same trend as that of anthocyanins, the above
kinetic model study was found to be more suitable for the
present study.
The scavenging reaction between [DPP&hd antioxidant

can be written as

[DPPH] + (AH) — DPPH—H+ (A") 3)
(The new radical formed can undergo radiealdical interaction
to render stable molecules

DPPH + A" — DPPH—A
A'+A —A-A

although these secondary reactions may be of limited occurrence
(25, 26).]

Absorbance decreases as the radical is scavenged by anti-
oxidants through donation of hydrogen to form the reduced form
DPPH—H, with the result the color changes from purple to

was linearly dependent on the concentration of antioxidants, and from Y€llow. The more rapidly the absorbance decreases, the more

the slope of this plot, second-order rate constakjsvwiere calculated
to determine the RSC of the different compountl§, (L8, 19).

potent is the antioxidant compound in terms of hydrogen-
donating ability.
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In the presence of antioxidants, a decrease in the absorbanceanle 1. Second-Order Rate Constants (kp, «M~ s~1 x 1075) for the
at 515 nm was measured until a steady state was observed. Th&eaction between DPPH* and Antioxidant Compounds
reaction follows pseudo-first-order assay kinetics: [DFRH

[AH]. no. antioxidant compound ko £ SD
Equation 3 becomes 1 sesamol 4.00 + 0.006
2 sesamol dimer 0.50 +0.015
_ — — . 3 sesamin 0.36 +0.010
d[DPPH]/dt = k,,.J]DPPH], = k,[(AH)][DPPH'], (4) 4 <esamolin 0.13 £.0.090
. 5 sesaminol triglucoside 0.33£0.020
The pse_ud(_)-flrst-order rate_ coqstalm,bsd _when plotted 6 sesaminol diglucoside 0.08 +0.110
against antioxidant concentration yielded a linear graph. From 7 BHT 0.37 +0.009
these plots, the second-order rate conskaris calculated for 8 o-tocopherol 3.71£0.009

the scavenging reaction of different antioxidants. This rate
constant is related to the RSC of the antioxidants and is ) )
considered to be a measure of the rate of disappearance of€Samol dimer has not so far been studied by any method and
[DPPH]. The RSC values of the antioxidants from sesame were IS reported for the first time. In addition, the rate constants for
compared with those af-tocopherol and BHT, which represent ~ the above compounds, namely, sesamol dimer, sesamin, sesa-
natural and synthetic antioxidants. molin, sesaminol diglucoside, and sesaminol triglucoside, are

Accordingly, sesamol has the highest rate constant followed réported for the first time. On the basis of the results of our
by a-tocopherol, sesamol dimer, BHT, sesamin, sesaminol study, all of these compounds possess radical scavenging activity

triglucoside, sesamolin, and sesaminol diglucoside Kphalues toward [DPPH], but to different degrees. ,
for sesamol, sesamol dimer, sesamin, sesamolin, sesaminol 1Nhe presence of a methylene dioxy group is reported to be
triglucoside, and sesaminol diglucoside were 40005, 0.50 mainly responsible for the various biological activities of lignans
% 1075, 0.36 x 1075, 0.13 x 1075, 0.33 x 1075, and 0.08x (5). The stereochemistry of the furaphenyl bond also
1075 uM~1 571, respectively. The results showed significantly cpntributes to the activityd). In the case of sesamql and sesamol
higher activity (P < 0.05) for sesamol and sesamol dimer dimer, the presence of a hydroxyl group along with a methylene
compared to BHT. The activity of sesamol is significantly higher di0Xy group may be responsible for the higher activity.
than that of tocopherol also.
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