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Abstract: Background: Oxidative stress plays a major role in the development of several diseases. A 

healthy food diet, supplying the organism with antioxidants, is generally believed to help prevent this 

stress.  

Methods: With the aim of screening several antioxidants commonly found in food, a method using  

pancreatic cells and based on the reduction of a tetrazolium sodium salt into colored formazan in the presence of antioxi-

dant compounds was used. In parallel, the same compounds were investigated using a chromatographic online antioxidant 

detection system (Coads) based on the detection of the reduced form of the radical cation 2,2-azinobis(3-

ethylbenzothiazoline-6-sulfonic acid) (ABTS•+) which is first allowed to react online with the eluting compounds. 

Results: The obtained data suggested that most phenolic compounds possessed both antioxidant and pro-oxidant proper-

ties. Gallic acid, in particular, showed among the highest antioxidant activities with the Coads method (322±46 M 

Trolox equivalent), but caused a decrease in cell viability (-25%).  

Conclusion: Moreover, when screening natural compounds for their antioxidant activity, combining both chemical and 

biological methods is a more targeted approach compared with the single use of either method. 
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1. INTRODUCTION 

With thousands of chemically diverse compounds, food 
is one of the most complex natural matrices. Among these 
compounds, some are known for their bioactivity and posi-
tive effects on the human health [1]. Isolating, identifying 
and quantifying these often trace-amount molecules have 
therefore proved to be challenging tasks for chemical ana-
lysts.  

The search for bioactive molecules in complex matrices, 
such as food, is typically a multistep procedure which involves 
chemical extractions using solvents of different polarity and 
selectivity classes, micro-fractionation on a solid support 
(SPE, preparative or semi-preparative chromatography, flash 
chromatography...), HPLC separations leading to pure com-
pounds, structural determinations (FTIR, HR-MS, HR-NMR, 
2D-NMR,...), and biological assays at almost each step of this 
process to determine the bioactivity of the sample of interest.  

The number of fractions that need to be biologically 
tested increases during the course of the purification and can  
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be overwhelming, so that choices are often made to focus 
efforts on particular extracts and discard others. Most of the 
time, the molecule of interest cannot be isolated because it is 
simply overlooked, for instance by not being detected during 
the fractionation (absence of chromophores with UV-Vis 
detection, absence of ionizable groups with mass detection, 
etc...). Besides, the active fraction may consist of a mixture 
of more or less active compounds, which prohibits the de-
termination of the active molecule. Also, very fragile com-
pounds can be degraded during long purification procedures. 
It appears therefore that bio-guided fractionation, an expen-
sive, time-consuming and complicated endeavour, is also far 
from being a targeted one [1]. 

Among the wide range of biological assays, those di-
rected at antioxidant compounds in relation to oxidative 
stress are certainly the most widely used. Oxidative stress is 
in fact generally accepted as a major participant in the devel-
opment and progression of several diseases such as cardio-
vascular diseases, cancer and diabetes [2, 3]. It generates free 
radicals and also non radical species [4, 5]. Free radicals are 
highly reactive chemical species that can cause damage to 
cellular proteins, membrane lipids and nucleic acids, as well 
as impair the endogenous antioxidant defense systems [6]. 
The antioxidant systems involve both enzymatic and  
non enzymatic strategies. Enzymatic antioxidants include  
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superoxide dismutase, catalase, glutathione peroxidase, and 
glutathione reductase. The  pancreatic cells have been used 
to study antioxidant response towards oxidative stress. In-
deed, these cells express low activity of free radical detoxify-
ing enzymes and redox-regulating enzymes such as catalase, 
superoxide dismutase and glutathione peroxidase [7-9]. 

As for non-enzymatic systems, common antioxidants are 
mostly provided by a healthy food diet and include vitamins 
A, C, and E, glutathione, -lipoic acid, mixed carotenoids, 
coenzyme Q10 (CoQ10), minerals (copper, zinc, manganese 
and selenium), and phenolic compounds ((+)-Catechin, (-)-
Epicatechin, Epigallocatechin gallate, Chlorogenic acid...) 
[10]. Antioxidant polyphenolic compounds, that exert both 
anti-inflammatory and antioxidant actions, protect  cells 
from oxidative stress [11]. 

With the aim of isolating the most effective bioactive 
phenolic compounds from natural sources, several assays 
have been developed to chemically measure the activity of 
antioxidants [12]. In recent studies, a Chromatographic On-
line Antioxidant Detection System (Coads) has been used to 
screen compounds in beer extracts and directly assess their 
antioxidant activity [13, 14]. This system separated com-
pounds using reverse phase HPLC and after elution from the 
column they were submitted to two UV-visible detections: 
one for the phenolic compounds; and the other for the re-
duced form of the radical cation 2,2’-azinobis (3-
ethylbenzothiazoline-6-sulfonic acid) (ABTS•+) after the com-
pounds were allowed to react online with it. The most impor-
tant antioxidant contribution (approximately 70% of the total 
antioxidant activity) came from prodelphinidin B3, procya-
nidin B3, catechin, ferulic and sinapic acids, as well as an uni-
dentified compound. Also, the phenolic standards tested did 
not show equal antioxidant activities; gallic acid, with the best 
antioxidant response, was approximately 75 times more potent 
than ferulic acid, the least active compound. 

Using chemical assays in the assessment of the antioxi-
dant activity during multistep extraction and purification 
procedures can be highly advantageous by allowing instan-
taneous and easy testing of fractions of interest, faster analy-
sis, and a more targeted fractionation process. Yet, until to-
day, the chemical determination of the antioxidant activity of 
phenolic compounds remains entirely disconnected from the 
biological one, and there are no reported comparative assess-
ments of the two techniques. This is in fact of the highest im-
portance when it comes to evaluate the relevance of the 
chemical determinations as to what really occurs within a cell.  

In this study, a cytokine-induced -cell damage system 
was used to screen standard antioxidant compounds com-
monly found in food with the aim of selecting the best can-
didates for the prevention of the -cell damage. The previ-
ously developed chemical Coads method was assessed com-
paratively with this biological system. 

2. MATERIAL ET METHODS 

2.1. Chemicals and Products  

2,2’-Azinobis(3-ethylbenzothiazoline-6-sulfonic acid) 
(ABTS•+), 6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic 
acid (Trolox), 4-hydroxy-3-methoxycinnamic acid (ferulic 
acid), 3,4-dihydroxycinnamic acid (caffeic acid), 3,4,5-

trihydroxybenzoic acid (gallic acid), 3,4-dihydroxybenzoic 
acid (protocatechuic acid), chlorogenic acid, sinapic acid, 
catechin, epicatechin, epigallocatechin gallate (EGCG), 
ascorbic acid (vitamin C) and hydrogen peroxide (H2O2), 
freshly prepared from a 33% commercial solution, were pur-
chased from Sigma-Aldrich (Seelze, Germany). B2 procya-
nidin (PB2) was purchased from Extra synthese society 
(Genay, France). All chemicals and solvents used were 
HPLC-grade and were purchased from VWR (Strasbourg, 
France). Ultrapure water was produced by a Synergy UV 
purification system (Millipore, Molsheim, France).  

2.2. Cell Line  

RINm5F rat insulinoma cell line (American Type Culture 
Collection, Manassas, USA) was obtained from  RIN-m 
cells that produced and secreted insulin. The supplemented 
culture medium (SCM) used consisted of Roswell Park Me-
morial Institute medium (RPMI-1640) with 10% of foetal 
bovine serum (Sigma) and 1% of an antimycotic solution 
(ABAM, Gibco®, Invitrogen, Grand Island, USA) contain-
ing 10 0000 U/mL of penecilline G, 10 mg/mL of strepto-
mycin and 25 g/mL of amphotericin B. Cells were grown at 
37°C in a humidified atmosphere with 5% CO2, and were 
trypsinized at 80% confluence using 0.05% trypsin EDTA 
(Sigma). SCM was renewed every 48 h. 

2.3. Antioxidants Effect on Cells Viability  

Viability assay was performed using CellTiter 96® 

AQueous One Solution Cell Proliferation Assay from 
Promega Corporation (Madison, USA). This colorimetric 
method is based on the reduction of a tetrazolium compound 
[3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-
2-(4-sulfophenyl)-2H-tetrazolium], called MTS, into col-
oured formazan by the dehydrogenases of metabolically ac-
tive cells. The amount of generated formazan is directly pro-
portional to the number of living cells.  

Briefly, cells were incubated for 48 h in 96-well treated 
microplates (BD Falcon™, Franklin Lakes, USA) at ca. 
30,000 cells/200 L of SCM. Antioxidants were then added 
to the cells at various concentrations (1, 5, 10, 20, 50, 100, 
200, 300, 400 and 500 g/mL) and allowed to act for 1 h. 
Alternatively, hydrogen peroxide (H2O2), an oxidative stress 

agent, was added after the 1-h incubation. Freshly prepared 
H2O2 (33%, Sigma) was diluted in SCM at 40 M and contact 
with the cells was allowed for 30 min as published previ-
ously [15]. 

After treatment, cells were washed in PBS and 100 L of 
SCM containing 20 L of MTS were added in each well. 
Plates were incubated for 2 h at 37°C, under 5% CO2, and 
absorbance was measured at 490 nm in a Metertech 960 mi-
croplate reader (Metertech Inc., Taipei, Taiwan). Results 
were expressed in viability percentages compared to control. 

2.4. Chromatographic Separation and Identification of 

Antioxidant Compounds  

The conditions and equipment used for Coads method 
were as previously described [14]. Briefly, separation was 
carried out using a Waters HPLC system (Waters, Saint-
Quentin-Fallavier, France), a Hypersil BDS C18 HPLC col-
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umn (5 m, 250 x 4.6 mm i.d., Thermo Scientific, Gometz-
le-Châtel, France), and a mobile phase consisting of a water 
(0.1% formic acid, v/v)/methanol gradient delivered at 1 
mL/min. The following gradient was used: 0-25 min, 3-25% 
B; 25-26 min, 25-18% B; 26-29 min, 18% B; 29-47 min, 18-
30% B; 47-57 min 30% B; 57-67 min, 30-65% B; 67-77 
min, 65% B. Detection was done at 254 nm for all studied 
compounds and at 412 nm for their respective antioxidant 
activities after post-column reaction with ABTS•+prepared as 
previously described [14]. Briefly, a stable stock solution of 
ABTS•+ was produced by mixing a 7 mmol.L-1 aqueous solu-
tion of ABTS with a 2.5 mmol.L-1 solution of potassium per-
sulfate (final concentration) and allowing the mixture to 
stand in the dark at 4° C overnight. Before use, an ABTS•+ 
working solution was obtained by diluting the stock solution 
in ethanol to reach an absorbance of 0.70 (± 0.02) AU at 734 
nm. The ABTS•+ solution was delivered at 0.5 mL/min. 

Calibration graphs for each compound were drawn from 
data of three replicate injections of 20 L of methanol/water 
(50/50, v/v) solutions of standard mixtures. Calibration 
curves (six data points, n = 3) were linear with R2 values 
higher than 0.99. Each phenolic compound was quantified 
according to its corresponding authentic standard, while the 
antioxidant potential was determined as the concentration of 
Trolox required to produce an equivalent peak area and ex-
pressed as Trolox equivalent ( M). 

2.5. Statistical Analysis  

Data were analyzed by ANOVA (at a significance level 
of 95%) using Statgraphics Plus software. All samples were 
analyzed intriplicate. 

3. RESULTS 

3.1. Compounds and Oxidative Stress  

The antioxidant activity of compounds was studied using 
a biological method based on the  pancreatic cells viability, 
with and without H2O2-induced oxidative stress. 

With the aim of assessing the likely toxicity of the inves-
tigated compounds, they were added to  cells in the absence 
of H2O2 from 1 to 500 g/mL. Results showed that with eight 
out of the twelve molecules tested, no significant (p>0.05) 
toxic effects were observed, even at the highest amounts 
tested (Table 1). As example, the case of catechin has been 
detailed. With catechin, the observed 1to 23% loss of viabil-
ity was not significant (p>0.05), nor were the differences 
between the tested concentrations (Fig. 1a). It is also note-
worthy that with non toxic compounds, no significant in-
creases in viability were observed either. The remaining four 
compounds lead to a noticeable loss of cell viability, but at 
concentrations that varied depending on the molecule con-
sidered. Sinapic acid, caffeic acid, and vitamin C showed 
toxicity at 200 g/mL, 400 g/mL and 200 g/mL, respec-
tively, while gallic acid showed higher cell toxicity, with a 
loss of viability at 5 g/mL (Table 1). 

In a second set of experiments, the capacity of the com-
pounds to prevent the loss of cells viability induced by oxi-
dative stress have been tested. H2O2 was used as the source 
of the reactive oxygen species and a single stress treatment 
was applied [16, 17]. H2O2 was added at 40 M to  pancre-
atic cells with and without initial antioxidant pretreatment. 
With untreated cells, viability decreased significantly in the 
presence of H2O2 down to between 48±8% and 13±6% com-

Table1. Effect of the investigated compounds on the viability of RINm5F  cells with and without oxidative stress induced by 

H2O2 at 40 M(n=3). Various concentrations were tested and a toxic concentration was determined in the absence of 

H2O2-induced stress, as well as antioxidant concentrations in the presence of H2O2-induced stress and the range of % of 

viability associated. 

Toxic concentration Antioxidant concentration 
Viability of H2O2–stressed cells (%) 

(data at antioxidant concentrations) Compounds  

g/mL ( M) g/mL ( M) control pretreated 

Catechin nt 1-500 (3-2939) 34 ± 7 72 ± 22 65 ± 7 

Sinapic acid 200 (892) 1-100 (4-446) 36 ± 3 58 ± 3 81 ± 9 

Procyanidin B2 nt 5-500 (9-864) 48 ± 8 62 ± 9 52 ± 15 

Vitamin C 200 (1136) 400-500 (2273-2841) 27 ± 6 56 ± 16 71,5 ± 22 

Epicatechin nt 10-200 (34-689) 35 ± 3 41 ± 9 48 ± 6 

Ferulic acid nt 10-20 (51-103) 35 ± 9 51 ± 5 50 ± 6 

Caffeic acid 400 (2220) 50-300 (278-1665) 16 ± 3 33 ± 11 103 ± 17 

Trolox nt 100-500 (400-1998) 13 ± 6 26 ± 3 68 ± 2 

Protocatechuic acid nt 100-500 (649-3244) 36 ± 11 56 ± 6 56 ± 8 

EGCG nt 50-500 (109-1091) 32 ± 4 52 ± 6 140 ± 23 

Gallic acid 5 (29) na 37±2 33 ± 2  

Chlorogenic acid nt 20-500 (56-1411) 15±4 38 ± 14 54 ± 7 

na, no antioxidant effect. nt, no toxic effect. 
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paratively with unstressed control cells (Table 1). When cells 
were initially incubated in the presence of antioxidant com-
pounds prior to H2O2 addition, cell viability was signifi-
cantly improved (p>0.05) with 11 out of the 12 molecules 
tested. Only the highly toxic gallic acid did not show anti-
oxidant activity with respective cell viabilities of 33±2 % (at 
500 g/mL) up from 37±2% for the H2O2 control.  

Active molecules showed significant improvement in cell 
viability at concentrations which varied considerably ranging 
from 1 g/ml for catechin to 400 g/mL for vitamin C (Ta-
ble 1). The strongest antioxidant effect was in fact obtained 
with a catechin pretreatment which resulted, at only 1 

g/mL, in a cell viability of 72±22% up from 34±7% for the 
H2O2 control. Increasing the concentration of the antioxidant 
generally did not result in significant increases in cell viabil-
ity, as can be seen with catechin, where viability ranged from 
72±22% at 1 g/mL to 65±7% at 500 g/mL (Fig 1b/Table 
1). Lower concentrations seemed in fact to yield better re-
sults, which is of course particularly obvious with com-
pounds that showed toxicity at higher concentrations. Such 
was the case with sinapic and caffeic acids, which yielded 

respective increases in cell viability of 1.6 and 2.1 times at 1 
g/mL and 50 g/mL (Table 1). 

3.2. Comparative Assessment of the Antioxidant Activity 
Using the Biological and the Coads Methods 

Solutions of eleven antioxidant compounds at equimolar 
concentrations (150 M) (below toxicity in the test of the 
viability of RINm5F  cells (Table 1)) were used to chemi-
cally determine the corresponding antioxidant activities us-
ing the Coads method, as well as to measure the increases in 

 cells viability following an H2O2-induced stress. The Co-
ads method is meant to screen for compounds with antioxi-
dant activity in a more direct and rapid fashion. Following 
chromatographic separation, compounds of an extract were 
mixed on-line with a stabilized solution of the 
ABTS•+radical, which was directed to a UV-vis detector. The 
presence of antioxidants, acting as radical scavengers, results 
in a reaction with ABTS•+ and a subsequent decrease in ab-
sorption detected as a negative peak at 412 nm. Results 
showed that the Coads-measured activities, expressed as 
trolox equivalents, varied considerably depending on the 

 
Fig. (1). Preventive effect of catechin on oxidative stress-induced lost viability. 

(a) Effects of catechin on RINm5f cells viability. Results are expressed as mean ± SEM of 3 different experiments. (b) Effects of catechin on 

H2O2-induced lost viability. Results are expressed as mean ± SEM of 6 different experiments. $ represent significant difference between the 
control (Ctl) and stress (H2O2) and * between stress and catechin + stress. Medium was used as a control (Ctl). 
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molecule considered (Table 2). With an activity of 322±46 
M Trolox equivalent, gallic acid proved to be the most active 

compound, ferulic acid was by far the least active one (9±4 
M Trolox equivalent), while other phenolic compounds such 

as chlorogenic acid and epicatechin showed average activities 
(Table 2). As far as the biological data is concerned, it was 
EGCG which proved to be the most effective with a 2.8 times 
increase in cell viability, while ferulic acid displayed average 
activity (Table 3). In fact, when comparing the biological and 
the chemical data, only four compounds seemed to show con-

sistency in their measured activities with the two methods 
(EGCG, caffeic acid, vitamin C, catechin and protocatechuic 
acid). Almost opposite results between the two methods 
were obtained with sinapic acid, procyanidin B2 and gallic 
acid. This was particularly striking for gallic acid which 
showed among the highest antioxidant activities with the 
Coads method (322±46 M Trolox equivalent), but caused a 
decrease in cell viability (Table 3). With the remaining com-
pounds (epicatechin, ferulic and chlorogenic acids) results 
were more or less different between the two methods. 

4. DISCUSSION 

The antioxidant compounds investigated in this study re-
sulted in a significant increase in the viability  pancreatic 
cells following H2O2-induced stress. The effective concen-
tration varied however considerably depending on the mole-
cule considered, and some molecules did not show any posi-
tive in vitro effect. At high concentrations, some molecules, 
such as caffeic and sinapic acids and vitamin C, even in-
duced a significant loss of viability. A toxic concentration 
could also be determined, which revealed that antioxidant 
molecules could show a deleterious effect, probably pro-
oxidant. Similarly, the toxic concentration depended on the 
molecule considered, and the observed effect on  cells is 
apparently the result of combined antioxidant and toxic ac-
tivities. It is therefore conceivable that with molecules which 
are highly antioxidant and toxic at the same time, the result-
ing biological effect might be negligible. This seems to be 
the case with gallic acid, which proved to be the most toxic 
molecule for  cells tested, and whose observed antioxidant 
effects were the weakest. Yet, when tested for antioxidant 
activity using the Coads method, they were the most active 
molecule. It can therefore be suggested that, in the cellular 
setting, the antioxidant and, probably, the pro-oxidant activi-
ties would cancel each other. 

Table 2. Antioxidant activity of the investigated compounds 

at 150 M as determined by the Coads method 

(n=3). Activity is expressed as Trolox equivalent 

( M). 

Antioxidant compounds Trolox equivalent ( M) 

Gallic acid 322 ± 46 

Procyanidin B2 279 ± 40 

EGCG 255 ± 36 

Caffeic acid 226 ± 32 

Chlorogenic acid 205 ± 29 

Epicatechin 201 ± 29 

Vitamin C 190 ± 27 

Sinapic acid 188 ± 27 

Catechin 169 ± 24 

Protocatechuic acid 62 ± 9 

Ferulic acid 9 ± 4 

Table 3. Effect of the antioxidant activity of the investigated compounds at 150 M on the viability of RINm5F  cells subjected to 

a stress by H2O2 at 40 M (n=3).  

Viability of H2O2-stressed cells (%) 
Antioxidant compounds  

Control Pretreated 

EGCG 32 ± 4 92 ± 9 

Caffeic acid 16 ± 3 56 ± 12 

Sinapic acid 36 ± 3 73 ± 13 

Epicatechin 35 ± 3 63 ± 6 

Chlorogenic acid 15 ± 4 43 ± 7 

Catechin 34 ± 7 59 ± 10 

Procyanidin B2 48 ± 8 68 ± 12 

Ferulic acid 35 ± 9 50 ± 6 

Vitamin C 27 ± 6 39 ± 5 

Protocatechuic acid 36 ± 11 38 ± 7 

Gallic acid 37 ± 2 12 ± 3 
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Reports show that, during their preparation and storage at 
room temperature, foods rich in phenolic compounds, such 
as cocoa, green tea and grape seeds, generate significant 
amounts of H2O2 responsible for pro-oxidant effects [18-22]. 
Among the phenolic compounds involved, there is caffeic 
acid in coffee and EGCG in tea [21, 22]. The pro-oxidant 
effects often involved reductions of metals such as Cu2+ and 
Fe3+ to Cu+ and Fe2+, respectively, which can stimulate oxi-
dative damage under certain assay conditions [23]. Zheng et 
al. have shown that hydroxycinnamic acids such as caffeic, 
chlorogenic and sinapic acids had a strong pro-oxidant activ-
ity due to Cu2+chelation by their hydroxyl groups [24]. H2O2 
production, responsible for the pro-oxidant activity and sub-
sequent molecule toxicity, might be directly related to phe-
nolic compound structures. Only OH-substituted at the 2 and 
4 position of phenol yielded H2O2 and only o- and p-
phenolic compounds undergo autoxidation [25]. Hydroxyl 
groups were involved in the oxidation of phenolic com-
pounds into corresponding quinones, generating reactive 
oxygen species such as H2O2, in the presence of oxygen and 
metal ion transitions [25]. 

Obviously, the chemical method used on isolated com-
pounds seems to report a one-sided story and certainly does 
not reflect the multiple activities molecules might have in a 
natural setting. Chemical evaluation of antioxidant activities 
would therefore have to be conducted using different meth-
ods and radicals, and in different oxidation conditions, as 
previously suggested [26]. Despite some consistency in our 
study between the chemical and the biological data, it seems 
that the two sets of data cannot be simply equated with the 
aim of translating what happens within a single reaction into 
actual biological activity. This would only be valid if anti-
oxidant molecules were involved in single biochemical 
pathways, which is obviously not the case. As shown by 
Frankel and Meyer, several specific methods should be used 
to obtain chemical information that can be related directly to 
oxidative deterioration of food and biological systems [27]. 
Most of these molecules are in fact likely to show both anti-
oxidant and pro-oxidant properties, concentration being a 
major player in the expression of one or other of the effects, 
and possibly other parameters such as the chemical structure, 
the test system used and the substrate considered [23]. 

With phenolic compounds, the pro-oxidant effects are re-
ported at higher concentrations than the antioxidant ones. 
Yet, in our case toxic effects on  cells were observed with 
vitamin C at a concentration two times lower than the anti-
oxidant concentration (Table 1). It has in fact been previ-
ously shown for vitamin C and gallic acid, with protective 
effects against H2O2 at 4.0 mM and H2O2 induction with 
oxidative stress at 4 to 240 M [28]. 

Conflicting results are also reported depending on the test 
used for activity measurement. For instance, while in our 
case chlorogenic acid showed neither antioxidant nor pro-
oxidant activity with biological method, it has been reported 
to have antioxidant activity by DPPH radical scavenging test 
[29] and pro-oxidant activity by mediate DNA damage in the 
presence of Cu(II) [24]. This shows a need for improvement 
and harmonization of the tests. The use of more physiologi-
cally relevant radicals, such as hydrogen peroxide or super-
oxide anion radical, rather than ABTS which are not found 

naturally in the human body, has been suggested [30]. Also, 
cell viability assays, which are commonly used to study anti-
oxidant compounds, are not designed to specifically measure 
the antioxidant activity. Wolfe et al. developed the Cellular 
Antioxidant Activity assay which used the ability of peroxyl 
radicals, reactive products of lipid oxidation, to induce the 
formation of a fluorescent oxidative stress indicator in the 
cell culture and measured the prevention of oxidation by 
antioxidants [31]. 

An antioxidant is a substance which, at low concentra-
tions compared with those of oxidizable substrate, prevents 
or delays significantly substrate oxidation; a pro-oxidant is a 
substance that can cause oxidative damage to lipids, proteins 
and nucleic acids [30, 32]. Yet, things are not this simple, 
and the complexity of the biological environment, which is 
probably at the origin of many of the conflicting reports, is 
also the reason why the fate of phenolic compounds and their 
antioxidant and pro-oxidant activities in the human body 
have not yet been deciphered. For instance, pro-oxidant ef-
fects can also be beneficial because, by imposing a mild de-
gree of oxidative stress, the levels of antioxidant defences 
might be raised, leading to overall protection [33]. In fact, 
our cells have to maintain a certain redox homeostasis. So, a 
healthy food diet combined with a dietary supplement, with 
compounds with antioxidant and pro-oxidant activity, could 
be a good recipe for oxidative stress prevention in the case of 
diabetes. 

The food matrix is another complicating factor, since the 
complex and multiple interactions that is harbours are not 
represented by isolated compounds. Food antioxidants may 
interact either with each other leading synergistic and an-
tagonistic effects, or with other food components leading to 
the enhancement or the attenuation of their activity [34]. 

5. CONCLUSION 

It appears finally that the complexity of the natural envi-
ronments cannot be reduced to a single reaction, such as 
ABTS•+radical reduction, or even to a  pancreatic cell. 
However, the Coads method, as well as other chemical 
methods, even when based on a single reaction, are highly 
valuable in detecting and quickly identifying antioxidant 
compounds in complex mixtures without the lengthy bio-
guided fractionation process. Applying this method to food 
would identify the antioxidant compounds, known or un-
known, in a single chromatographic run. However, chroma-
tographic method used combined active molecules should 
anyway have their activity confirmed by biological methods, 
especially when pro-oxidant activities are involved. Direct 
correspondence cannot be drawn between chemical reactions 
and in vitro biological assays, nor between the latter and 
what occurs within a living body. Yet, by giving indications 
as to the potential activity, chemical and biological assays 
remain necessary steps in the quest for antioxidant mole-
cules.  

ABBREVIATIONS 

ABTS = 2,2-azinobis(3-ethylbenzothiazoline-6-sulfonic 
acid) 

EGCG = Epigallocatechin gallate 
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Coads = Chromatographic Online Antioxidant Detection 
System 

CONFLICT OF INTEREST 

The authors confirm that this article content has no con-
flict of interest. 

ACKNOWLEDGEMENTS 

Declared none. 

REFERENCES 

[1] Azmir, J.; Zaidul, I. S. M.; Rahman, M. M.; Sharif, K. M.; Mo-
hamed, A.; Sahena, F.; Jahurul, M. H. A.; Ghafoor, K.; Norulaini, 
N. A. N.; Omar, A. K. M. Techniques for Extraction of Bioactive 
Compounds from Plant Materials: A Review. Journ. Food. 

Eng.2013, 117, 426–436. 
[2] Xanthopoulou, M. N.; Fragopoulou, E.; Kalathara, K.; Nomikos, 

T.; Karantonis, H. C.; Antonopoulou, S. Antioxidant and Anti-
Inflammatory Activity of Red and White Wine Extracts. Food 

Chemistry2010, 120, 665–672. 
[3] Matough, F. A.; Budin, S. B.; Hamid, Z. A.; Alwahaibi, N.; Mo-

hamed, J. The Role of Oxidative Stress and Antioxidants in Dia-
betic Complications. Sultan Qaboos Univ Med J2012, 12, 5–18. 

[4] Baynes, J. W.; Thorpe, S. R. Role of Oxidative Stress in Diabetic 
Complications: A New Perspective on an Old Paradigm. Diabe-

tes1999, 48, 1–9. 
[5] Johansen, J. S.; Harris, A. K.; Rychly, D. J.; Ergul, A. Oxidative 

Stress and the Use of Antioxidants in Diabetes: Linking Basic Sci-
ence to Clinical Practice. Cardiovasc Diabetol2005, 4, 5. 

[6] Saxena, A. K.; Srivastava, P.; Kale, R. K.; Baquer, N. Z. Impaired 
Antioxidant Status in Diabetic Rat Liver. Effect of Vanadate. Bio-

chem. Pharmacol.1993, 45, 539–542. 
[7] Modak, M. A.; Datar, S. P.; Bhonde, R. R.; Ghaskadbi, S. S. Dif-

ferential Susceptibility of Chick and Mouse Islets to Streptozotocin 
and Its Co-Relation with Islet Antioxidant Status. J. Comp. Physiol. 

B, Biochem. Syst. Environ. Physiol.2007, 177, 247–257. 
[8] Acharya, J. D.; Ghaskadbi, S. S. Islets and Their Antioxidant De-

fense. Islets2010, 2, 225–235. 
[9] Lenzen, S.; Drinkgern, J.; Tiedge, M. Low Antioxidant Enzyme 

Gene Expression in Pancreatic Islets Compared with Various Other 
Mouse Tissues. Free Radic. Biol. Med.1996, 20, 463–466. 

[10] Maritim, A. C.; Sanders, R. A.; Watkins, J. B. Diabetes, Oxidative 
Stress, and Antioxidants: A Review. J. Biochem. Mol. Toxi-

col.2003, 17, 24–38. 
[11] Nakamura, U.; Iwase, M.; Uchizono, Y.; Sonoki, K.; Sasaki, N.; 

Imoto, H.; Goto, D.; Iida, M. Rapid Intracellular Acidification and 
Cell Death by H2O2 and Alloxan in Pancreatic Beta Cells. Free 

Radic. Biol. Med.2006, 40, 2047–2055. 
[12] Niederländer, H. A. G.; van Beek, T. A.; Bartasiute, A.; Koleva, I. 

I. Antioxidant Activity Assays on-Line with Liquid Chromatogra-
phy. Journal of Chromatography A2008, 1210, 121–134. 

[13] Leitao, C.; Marchioni, E.; Bergaentzlé, M.; Zhao, M.; Didierjean, 
L.; Miesch, L.; Holder, E.; Miesch, M.; Ennahar, S. Fate of Poly-
phenols and Antioxidant Activity of Barley throughout Malting and 
Brewing. Journal of Cereal Science2012, 55, 318–322. 

[14] Leitao, C.; Marchioni, E.; Bergaentzlé, M.; Zhao, M.; Didierjean, 
L.; Taidi, B.; Ennahar, S. Effects of Processing Steps on the Pheno-
lic Content and Antioxidant Activity of Beer. J. Agric. Food 
Chem.2011, 59, 1249–1255. 

[15] Auberval, N.; Dal, S.; phanie; Bietiger, W.; Seyfritz, E.; Peluso, J.; 
Muller, C.; Zhao, M.; Marchioni, E.; Pinget, M.; et al. Oxidative 
Stress Type Influences the Properties of Antioxidants Containing 
Polyphenols in RINm5F Beta Cells, Oxidative Stress Type Influ-
ences the Properties of Antioxidants Containing Polyphenols in 

RINm5F Beta Cells. Evid Based Complement Alternat Med.2015, 
2015, e859048. 

[16] Moriscot, C.; Richard, M.J.; Favrot, M.C.; Benhamou, 
P.Y.Protection of insulin-secreting INS-1 cells against oxidative 
stress through adenoviral-mediated glutathione peroxidase overex-
pression. Diabetes Metab.2003, 29, 145-151. 

[17] Zhang, R.; Zhang, Q.; Niu, J.; Lu, K.; Xie, B.; Cui, D.; Xu, S. 
Screening of microRNAs associated with Alzheimer's disease using 
oxidative stress cell model and different strains of senescence ac-
celerated mice.J Neurol Sci.2014, 338, 57-64. 

[18] Long, L. H.; Lan, A. N.; Hsuan, F. T.; Halliwell, B. Generation of 
Hydrogen Peroxide by “Antioxidant” Beverages and the Effect of 
Milk Addition. Is Cocoa the Best Beverage? Free Radic. Res.1999, 
31, 67–71. 

[19] Chedea, V. S.; Braicu, C.; Socaciu, C. Antioxidant/prooxidant 
Activity of a Polyphenolic Grape Seed Extract. Food Chemis-
try2010, 121, 132–139. 

[20] Frankel, E. N.; Huang, S.-W.; Aeschbach, R. Antioxidant Activity 
of Green Teas in Different Lipid Systems. J Amer Oil Chem 

Soc1997, 74, 1309–1315. 
[21] Park, S.; Han, S.-S.; Park, C. H.; Hahm, E.-R.; Lee, S. J.; Park, H. 

K.; Lee, S.-H.; Kim, W. S.; Jung, C. W.; Park, K.; et al. L-Ascorbic 
Acid Induces Apoptosis in Acute Myeloid Leukemia Cells via Hy-
drogen Peroxide-Mediated Mechanisms. Int. J. Biochem. Cell 
Biol.2004, 36, 2180–2195. 

[22] Long, L. H.; Clement, M. V.; Halliwell, B. Artifacts in Cell Cul-
ture: Rapid Generation of Hydrogen Peroxide on Addition of ( )-
Epigallocatechin, ( )-Epigallocatechin Gallate, (+)-Catechin, and 
Quercetin to Commonly Used Cell Culture Media. Biochemical 

and Biophysical Research Communications 2000, 273, 50–53. 
[23] Maurya, D. K.; Devasagayam, T. P. A. Antioxidant and Prooxidant 

Nature of Hydroxycinnamic Acid Derivatives Ferulic and Caffeic 
Acids. Food Chem. Toxicol.2010, 48, 3369–3373. 

[24] Zheng, L.-F.; Dai, F.; Zhou, B.; Yang, L.; Liu, Z.-L. Prooxidant 
Activity of Hydroxycinnamic Acids on DNA Damage in the Pres-
ence of Cu(II) Ions: Mechanism and Structure-Activity Relation-
ship. Food Chem. Toxicol.2008, 46, 149–156. 

[25] Akagawa, M.; Shigemitsu, T.; Suyama, K. Production of Hydrogen 
Peroxide by Polyphenols and Polyphenol-Rich Beverages under 
Quasi-Physiological Conditions. Biosci. Biotechnol. Biochem.2003, 
67, 2632–2640. 

[26] Frankel, E. N.; Finley, J. W. How to Standardize the Multiplicity of 
Methods to Evaluate Natural Antioxidants. J. Agric. Food 

Chem.2008, 56, 4901–4908. 
[27] Frankel, E.N.; Meyer, A.S. The problems of using one-dimensional 

methods to evaluate multifunctional food and biological antioxi-
dants. Journal of the Science of Food and Agriculture2000, 80, 
1925-1941. 

[28] Yen, G.-C.; Duh, P.-D.; Tsai, H.-L. Antioxidant and pro-Oxidant 
Properties of Ascorbic Acid and Gallic Acid. Food Chemistry2002, 
79, 307–313. 

[29] Roche, M.; Dufour, C.; Mora, N.; Dangles, O. Antioxidant Activity 
of Olive Phenols: Mechanistic Investigation and Characterization 
of Oxidation Products by Mass Spectrometry. Org. Biomol. 
Chem.2005, 3, 423–430. 

[30] Prior, R. L.; Cao, G. In vivo Total Antioxidant Capacity: Compari-
son of Different Analytical Methods. Free Radic. Biol. Med.1999, 
27, 1173–1181. 

[31] Wolfe, K. L.; Liu, R. H. Cellular Antioxidant Activity (CAA) 
Assay for Assessing Antioxidants, Foods, and Dietary Supple-
ments. J. Agric. Food Chem.2007, 55, 8896–8907. 

[32] Halliwell, B. Are Polyphenols Antioxidants or pro-Oxidants? What 
Do We Learn from Cell Culture and in vivo Studies? Arch. Bio-

chem. Biophys.2008, 476, 107–112. 
[33] Fahey, J. W.; Kensler, T. W. Role of Dietary Supple-

ments/Nutraceuticals in Chemoprevention Through Induction of 
Cytoprotective Enzymes. Chem Res Toxicol2007, 20, 572–576. 

[34] Serafini, M.; Bugianesi, R.; Maiani, G.; Valtuena, S.; De Santis, S.; 
Crozier, A. Plasma Antioxidants from Chocolate. Nature2003, 424, 
1013–1013. 

 

  

Received: November 5, 2015 Revised: February 11, 2016  Accepted: February 11, 2016 

                        
            


