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ABSTRACT

A new method has been developed to measure total antioxidtyt atantioxidants in foods
and natural substances without use of standard antioxidants and widewf calibration curves
plotting. It is based on measuring the oxidation peak current ofrcdge anion radical
electrochemically generated by reduction of commercial maearygen in dimethylformamide.
The method has been validated using 7 known standard antioxidants aresulie have been
compared with those obtained by the DPPH and molybdate ion redusssmys. Measured
antioxidant capacities were highly correlated with those wéthiusing DPPHrt = 0.549) and
molybdate ion reduction assay € 0.434).
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1. INTRODUCTION

Antioxidants can be defined as substances that inhibit the destructive actaxtioé
oxygen species and other oxidant species, by their scavengingtigopH. A great number
of in vitro antioxidant activities have been developed to measure the efficté¢neatural
antioxidants either as pure compounds or as plant extracts. Mamdy, rhay differ
concerning the species scavenged by the antioxidants, theomeacinditions and the
detection method. These methods involve different mechanisms of oeteom of
antioxidant activity [2], Among these methods are chemical methddshwbased on
scavenging of reactive nitrogen and oxygen species [3, 4], spectvotatal assays which
measure the radical scavenging activity of antioxidants aghimstradicals like the 1,1-
diphenyl-2-picrylnydrazyl (DPPH) radical [5] or 2,2 -azinobisetByl-benzothiazoline-6-
sulphonate) cation radical (ABT$[6] and electrochemical assays which determine the total
antioxidant power include techniques such as the in situ electrochigmgemerated
superoxide anion radical [7] or bromine [8]. However, because restilie imeasurement of
antioxidant capacity depend on the method used, a single method canenah accurate
prediction of antioxidant capacity of antioxidant compounds [9, 10], @aesmmended to use
more than one method to estimate thevitro antioxidant capacity of substance materials
extracts because of the complex nature of reactive chemicals species [11].
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All existing methods described in literature are based on th# (G values which
are defined as the amount of antioxidant required to scavenge 508eofaflical of the
standard used in the assay system. Percentage of radicalgngvactivity should be plotted
against the corresponding concentration of the antioxidant to obtginTli& obtained results
in the measurement of antioxidant capacity expressedsavaddlies depend on the method
and on the standard used; the results are generally not accurate

In an effort to standardize measurements of antioxidant acivityto avoid the
inconvenient of the diversity of methods we herein present an voltampgeammethod for
the measurement of antioxidant capacities, based on superoxide ahnoah datection using
a cyclic voltammety techniques. The use of superoxide anion rddicle measurement of
antioxidant capacities is justified by it's easysitu electrochemical generation and its low
cost and above all small quantities of chemical is involved.

2. EXPERIMENTAL
2. 1. Materials and methods
2. 1. 1. Instrumentation and software

Cyclic voltammetric measurements were carried out usoitalab40 PGZ301
potentiostat/galvanostat (radiometer analytical SAS). Experatiens were made in a
double walled electrochemical cell of 25 nalnd conventional three electrode system was
employed.Glassy Carbon (GC) working electrode (radiometer analy8ées), having area
0.013cn?, a Platinum wire counter electrode, and an HglHigreference electrode (3.0 M
KCI). Data acquisitions were accomplished with a Pentium IMJGR GHz and RAM 1
Gb) microcomputer using VoltaMaster4 software version 7.08 (radiometetiealaBAS).

Graphs plot were carried out using OriginLab software versiofine@ral Software,
France) Cyclic voltammetric measurements were run fiomo -1400 mV. All measurements
were carried out at room temperature (25 £ 1 °C).

2. 1. 2. Chemicals and reagents

Dimethylformamide (DMF) of analytical grade purchased FRIROLABO was used
as solvent without further purificatior2,2-diphenyl-1-picrylhydrazyl (DPPH) (95%yas
procured from Alfa Aesar, tetrabutylammonium hexafluorophosphate (TBBP)
electrochemical grade (98%) Sigma-Aldrich, was used as suppa@taogrolyte and its
concentration was kept 0.1 M, ammonium molybdate , sodium phosphate, sulphuweracid
purchased from BIOCHEM Chemopharma. All other reagents used were of ah@kdite.

Ascorbic acid (99%), gallic acid (99%), rutin (97%), quercetin (Ya%ecopherol
(97%), BHT (99%), BHA (96%) were procured from Alfa Aesa.

2. 1. 3. Procedure

Superoxide anion radical was generated in DMF containing 0.1 M TBRERCca&n rate
was kept at 100 mV/s and potential window was -1.4 V-0.0hé. standard antioxidants were
then addedo thein situ generated superoxide anion radical and respetesgrochemical
behaviour was recorded.
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3. RESULTS AND DISCUSSION

In this section, we describe the generation of our method fongasurement of the
antioxidant capacity. This measurement is based upomtbiu generation of superoxide
anion radical, which was generated by one electron reduction obtheercialmolecular
oxygen (Q) dissolved in DMFat room temperature (25+1 °C). The cyclic voltammogram of
superoxide anion radical showed one electron reversible process halirdgweloped and
clear oxidation and reduction peaks with peak separati&up)(value of 663 mV, well in
agreement with the reported data [12-E&]. 1. The height of anodic peak current density of
the obtained voltammogram corresponds to the concentration of superoxide anion radical.

Based on values of oxidation peak current of superoxide anion radiclaldeahfrom
voltammograms presented in Figures 1, the scale of total antioxadpatity (TAC) can be
realized as follows:
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Fig. 1.Cyclic voltammograms recorded at a scan rate of 100 mV/s on GC asgvork
electrode vs. Hg/HE > as reference at 25 °C (A) ammmercial oxygen saturated
with DMF/0.1 TBFP solution, (B) in nitrogen-degassed DMF/0.1 TBFP soluti

Based on the change in the anodic peak current density of okywgamtioxidant
capacity was evaluated qualitatively and quantitated using dhewing mathematical
equation (1).

Ai,
——2 % 100 (1)
LPo — Pres
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where 4i, (ipo-ip) is the change in the anodic peak current densibxggen caused by the
addition of the substrate, and are respectivadyaimodic peak current densities of the
superoxide anion radical in the absence and in ghesence of antioxidant in the
electrochemical celip, — ipres) is the difference between the limiting anodic peakrent
density of oxygen without the antioxidant in théusion (ip,) and the residual current density
of the oxyger(iPres)

The zero point of the scale, which etated to compounds having no antioxidant
properties, it can be obtained using equation 1rwﬂ1i% = 0, (i.e. when the anodic peak
current density of oxygen in the presence of thessate is equal to the limiting anodic peak
current density of oxygen without the substraténhm solution). This density is obtained from
voltammogram ofig. 1. which is equal to 142.3aR/cm?,

142.321142.32%<
141.101

The highest point of the scale, whishrelated to compounds having the highest
antioxidant values, can be obtained when the cdrat@n of superoxide anion radical in the
electrochemical cell reaches its minimum value,dient in this case corresponding to the
residual current density of the oxygen which carobtined from voltammogram &ig. 1,
this current density is equal to 1.28/cm? replacing this current in equation 1 we obtain,

100=0

142.3211.22
141.101

On this scale as shownFIg. 2., we can classify the total antioxidant capacityany
substance.

x100=100

Compounds with the lowest Compo_unds with the highest
antioxidant capacity Antioxidant capacity

e, A

0 50 100

Fig. 2. Thescale of total antioxidant capacity

3. 1. Validation of the Method

The method is validated by the measurérokthe antioxidant capacity of 7 standard
antioxidants selected for their known antioxidaapacity, calculation were carried out in
three decimals, with the final result rounded t@ tecimals. The following procedure was
followed for the measurement of the antioxidantacdy: 1 ml of a solution of the
corresponding standard antioxidant in DMF was i®écinto the electrochemical cell
containing a solution of (DMF + 0.1 TBFP) saturatgth commercial molecular oxygen in a
way to obtain a total concentration of the standamtoxidant in the electrochemical cell
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equal to 0.1 mg/ml. then, the cyclic voltammograms of the 7 starafdroxidants were
recorded one by one in the potential window of -1.4 V to 0.0 V, themdataioltammograms

are shown irFig. 3.
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Fig. 3. Cyclic voltammograms of th@, /05 redox couple in oxygen-saturated DMF/0.1 TBFP
containing 0.1 mg/ml of ascorbic acid

The other voltammograms of the reminding standard antioxidants are not represented.

Table 1.Electrochemical data obtained from voltammograms of the 7 studied stamdimxidants

Standard
antioxidant Ep (mV) | Ep (mV) | |Ep, —Ep,| | E12(mV) | i,(uA.cm™2)
Ascorbic acid 136.72 1.22 122.19 120.39 119.77
Gallic acid 136.96 1.22 114.97 114.13 116.27
Quercetin 136.38 1.22 117.42 116.47 117.52
Rutin 132.98 1.22 130.01 129.11 127.76
a-tocopherol 136.75 1.22 128.95 128.64 126.89
BHT 136.90 1.22 127.90 126.67 127.74
BHA 139.11 1.22 136.90 136.82 136.63
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3. 2. Molybdate ion Reduction assay

The total antioxidant capacity of the 7 standard antioxidardsewaluated by the
method of Prieto et al. [17]. An aliquot of 0.1 ml of standard antioxidalatisn (1mg/ml)
was combined with 1 ml of reagent solution (600 mM sulphuric acid, 28 mMimeodi
phosphate and 4 mM ammonium molybdate). The tubes were capped andeithdabat
boiling water bath at 95 °C for 90 min. After the samples had coolembi temperature, the
absorbance of the aqueous solution was measured at 695 nm against A bipidal blank
solution contained 1 ml of reagent solution and the appropriate volunhe ghine solvent
used for the sample and it was incubated under the same conditiormstibx@ant capacity
was expressed as the number of equivalents of gallic acid (GAig4) of standard
antioxidant solution).

3. 3. DPPH radical scavenging activity

Free radical scavenging activity of the 7 standard antioxidastgetermined by using
a stable 2,2-diphenyl-1-picrylhydrazyl radical (DPPH) [18]eBy, the assay contained 1 ml
of 0.25 mM DPPH in methanol and 0.1 ml of various concentrations of metsiamolard
antioxidants solutions. The contents were mixed well immediatatythen incubated for 30
min at room temperature. The degree of reduction of absorbancesemded in UV-Vis
spectrophotometer at 517 nm. The percentage of scavenging astastyalculated using
equation 2.

A =4 100 2
) @)

c

whered, is the absorbance of control (without standard antioxidants) Ands the
absorbance of sample. Percentage of radical scavenging aetadtyplotted against the
corresponding concentration of the extract to obtagg V@lue which is defined as the amount
of antioxidant standard required to scavenge 50% of free radicBID&fH in the assay
system. The Ig values are inversely proportional to the antioxidant activity.

Table 2. Antioxidant activityof the 7 studied standards. Each value represents the mean and standard
deviation of three determinations.

Standard DDPH assay Molybdate ion Reduction assay TAC
antioxidant. (mg AAE/Q) (ug of GAE/Q)

Ascorbic acid 9.18 + 0.06 538.87 + 42.76 12.28 +0.32
Gallic acid 417 £0.17 1000 + 00.00 16.09 + 0.79
Quercetin 5.19 + 0.17 426.34 + 29.26 14.24 +0.43

Rutin 12.03 +0.90 271.94 + 14.09 2.59 + 0.48
a-tocopherol 15.99 + 0.25 371.95 + 25.45 5.87 +0.16
BHT 7.92+0.21 324.64 + 18.39 6.97 + 0.49
BHA 28.27 + 3.85 408.06 + 56.22 1.69 +0.10
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3. 3. Correlation

Fig. 4shows the correlation between measured antioxidant capacities using our method
and those measured using DPPH and Molybdate ion Reduction assays forstindied
standard antioxidants. Value fdraf 0.549 and 0.434 were respectively found. These small
values of ¥ do mean that our method does not correlate well with both DPPH antdatsly
ion reduction assays, because thg Malues in these two methods are inversely proportional
to the antioxidant activity. However, in our method the antioxidaintigcexpressed as TAC
is directly proportional to the height of the peak current.
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Fig. 4. Relation between antioxidant activity measurements of 7 antioxstimdards using different
methods (superoxide anion radical scavenging activity, DDPH and MotylmtaReduction)
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4. CONCLUSION

The described method in this study measures the radical sogvefigct toward

superoxide anion radical electrochemically generated by ieduct commercial molecular
oxygen. The obtained results revealed that the use of superoxide adical rin the
evaluation of antioxidant activity of pure compounds and natural substartracts are in
good correlation with the existing methods.
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