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Vimang® is an aqueous extract of selected species of Mangifera indica L, used in Cuba as a nutritional
antioxidant supplement. Many in vitro and in vivo models of oxidative stress have been used to elucidate the
antioxidant mechanisms of this extract. To further characterize the mechanism of Vimang® action, its effect on
the degradation of 2-deoxyribose induced by Fe (III)-EDTA plus ascorbate or plus hypoxanthine/xanthine
oxidase was studied. Vimang® was shown to be a potent inhibitor of 2-deoxyribose degradation mediated by
Fe (III)-EDTA plus ascorbate or superoxide (O−2). The results revealed that Vimang®, at concentrations higher
than 50 µM mangiferin equivalent, was equally effective in preventing degradation of both 15 mM and 1.5 mM
2-deoxyribose. At a ﬁxed Fe (III) concentration, increasing the concentration of ligands (either EDTA or
citrate) caused a signiﬁcant reduction in the protective effects of Vimang®. When ascorbate was replaced by
O−2 (formed by hypoxanthine and xanthine oxidase) the protective efﬁciency of Vimang® was also inversely
related to EDTA concentration. The results strongly indicate that Vimang® does not block 2-deoxyribose
degradation by simply trapping •OH radicals. Rather, Vimang® seems to act as an antioxidant by complexing
iron ions, rendering them inactive or poorly active in the Fenton reaction. Copyright © 2006 John Wiley &
Sons, Ltd.
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INTRODUCTION
Interest in natural antioxidants has risen dramatically
in recent times due to: (i) the antioxidative efﬁcacy of
a variety of phytochemicals; (ii) the consensus that foods
rich in certain phytochemicals can affect the aetiology
and pathology of chronic diseases and the aging process; (iii) the public’s preconceived belief that natural
compounds are innately safer than synthetic compounds
and are thus more commercially acceptable (Seeram
et al., 2005; Liu, 2003; Meydani, 2002).
Polyphenolic compounds, including a large group of
ﬂavonoids, are abundant in vegetables, fruits, wine and
tea. These compounds are generally known to possess
potent antioxidant properties (Rice-Evans et al., 1995),
which depend on their free radical scavenging capacity
and on their iron chelating activity (Morel et al., 1994).
Recently, a standard aqueous stem bark extract from
selected species of Mangifera indica L. (Anacardiaceae),
which has been used as a food supplement in Cuba
under the brand name of Vimang®, was reported to
have potent in vivo and in vitro antioxidant activity
(Martínez et al., 2000; Sánchez et al., 2000). Chemical
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studies performed with this extract permitted the isolation and identiﬁcation of phenolic acids, phenolic esters, ﬂavan-3-ols, mangiferin, which is the predominant
component of this extract (Núñez-Sellés et al., 2002),
and micronutrients such as selenium (Center of Pharmaceutical Chemistry, 1998; Capote et al., 1998).
A recent report demonstrated that an aqueous
extract of Mangifera indica L stem bark (Vimang®)
inhibited bleomycin-iron dependent and copperphenantroline dependent DNA-damage. It also showed
that the natural extract inhibited phospholipids
peroxidation, with a powerful effect on nonenzymic
peroxidation (with Fe (III)/ascorbate) (Martínez et al.,
2000). Although this work suggests some ironcomplexing ability as an antilipoperoxidative mechanism of the natural extract, the exact mechanisms of
iron interaction with Vimang® have not been established yet. To further characterize these mechanisms,
the effect of the Mangifera indica L. extract on the ironmediated degradation of 2-deoxyribose was studied.

MATERIALS AND METHODS
Plant extract. Mangifera indica L was collected from
a cultivated ﬁeld located in the region of Pinar del
Río, Cuba. Voucher specimens (code 41722) were deposited at the Herbarium of the Academy of Science,
guarded by the Institute of Ecology and Systematic from
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Ministry of Science, Technology and Environment, La
Habana, Cuba. Mangifera indica L. extract (Vimang®)
was kindly donated by the Centre of Pharmaceutical
Chemistry (Havana, Cuba). It melts at 210–215 °C with
decomposition. The chemical composition of this
extract has been characterized by chromatographic
(planar, liquid and gas) methods, mass spectrometry
and UV/Vis spectrophotometry (Núñez-Sellés et al.,
2002). The total polyphenol content of Vimang® determined by the Folin-Ciocalteu method and expressed
as gallic acid equivalents, was 34 g/100 g dry weight.
The mangiferin content was determined by HPLC
methods (Centre of Pharmaceutical Chemistry, 1998)
and represents 16% of the powdered extract.
Reagents and solutions. Ascorbic acid, phosphate
sodium salts, citrate, EDTA, dimethyl sulfoxide
(DMSO), 2-deoxyribose, salicylate, thiobarbituric
acid (TBA), hypoxanthine and xanthine oxidase were
purchased from Sigma Chemical Co. (St Louis, MO).
All other reagents were of analytical purity.
Stock solutions of Vimang® were prepared by dissolving the solid extract in DMSO, in a concentration
range 5–100 mm, equivalent to mangiferin concentration (1.3–26.0 µg/mL powdered extract). Experiments
were carried out with 1/1000 dilution (5–100 µm
mangiferin concentration equivalents) to prevent solvent inﬂuence on the results.
Stock solutions of EDTA were neutralized with
HCl/NaOH. Ferric chloride stock solutions (1 mm) were
prepared daily in 10 mm HCl. Solutions of Fe (III) –
EDTA (1:1 and 1:5 ratio) and Fe (III) – citrate (1:2
ratio) were also freshly prepared in HCl 10 mm. Stock
solutions of 1% TBA were freshly prepared in 50 mm
NaOH. All solutions were made with milli-Q deionized
water.
Deoxyribose assay. The formation of •OH radicals
was measured using 2-deoxyribose oxidative degradation. The principle of the assay is the quantiﬁcation
of the main 2-deoxyribose degradation product, malonaldehyde (MDA), by its condensation with TBA
(Hermes-Lima et al., 2000). Typical reactions were
started by addition of ascorbate (2 mm ﬁnal concentration) to 1 mL of a solution containing 10 mm phosphate
buffer (pH 7.2), 15 or 1.5 mm 2-deoxyribose, 50, 250 mm
EDTA or 100 µm citrate, 10 or 50 µm Fe (III) and 5, 10,
25, 50 or 100 µm Vimang® (or no Vimang®). Ascorbate
was added approximately 10 min after the addition of
Vimang®. Reactions were carried out for 30 min at 37 °C
in a shaking bath to ensure continuous ﬂow of O2 into
the tubes and terminated by the addition of 1 mL of
4% phosphoric acid (v/v) followed by 1 mL 1% TBA
solution. After boiling for 15 min, the absorbance of
solutions at 532 nm was recorded. ‘Zero time’ absorbance values (where ascorbate is added to solutions
after the phosphoric acid and TBA) were subtracted
from the values obtained for each experimental
condition.
When the hypoxanthine/xanthine oxidase system was
substituted for ascorbate in reducing Fe (III) to Fe (II),
reactions were started by adding 0.025 U xanthine
oxidase (Hermes-Lima et al., 2000).
Vimang® (100 µm mangiferin equivalent) did not
interfere with the reaction of MDA and TBA (data not
shown).
Copyright © 2006 John Wiley & Sons, Ltd.

The results shown as ‘Damage to 2-deoxyribose
(% of control)’ were calculated as: [(sample A532 – ‘zero
time’ A532)/(Control A532 – ‘zero time’)] × 100.
Statistical analysis. The results are presented as the
mean ± SD and statistical signiﬁcance between the
groups was determined by means of one-way analysis
of variance (ANOVA) followed by unpaired Student’s
t-test to determine statistical signiﬁcance. Values of p
lower than 0.05 (p < 0.05) were considered as indicative of signiﬁcance.

RESULTS AND DISCUSSION
The inhibitory action of Vimang® on 2-deoxyribose
degradation mediated by Fe (III)-EDTA plus ascorbate
was investigated.
Competition studies were performed in order to
evaluate the effectiveness of Vimang® and two •OH
scavengers (DMSO and salicylate) in protecting 1.5
or 15 mm 2-deoxyribose from iron-mediated oxidative
damage (Fig. 1). The •OH scavengers at 20 mm protected 15 mm 2-deoxyribose signiﬁcantly less than 1.5 mm
2-deoxyribose (p < 0.05).
Vimang® protection at 5, 10 and 25 µm showed a
similar pattern to those of DMSO and salicylate (p <
0.05), but was equally effective in preventing oxidative
degradation of both 1.5 and 15 mm 2-deoxyribose at
higher concentrations (50–100 µm).
These results suggest that Vimang® at elevated
concentrations, in contrast to typical •OH scavengers,
does not interfere with the reaction between 2deoxyribose and •OH radicals and supports the proposal

Figure 1. Titration graphics for the effect of Vimang and •OH
scavengers DMSO and salicylate on oxidative damage to 1.5 or
15 mM 2-deoxyribose induced by Fe (III)–EDTA plus ascorbate.
Solutions were incubated for 30 min at 37 °C and contained
10 mM phosphate buffer (pH 7.2), 2-deoxyribose (1.5 or 15 mM),
50 µM EDTA and 10 µM Fe (III). The concentrations of Vimang,
DMSO and salicylate are as indicated on the x-axis. Reactions
were started by addition of ascorbate to a final concentration of
2 mM. The bars show mean ± SD (n = 3). Controls contain only
DMSO (14.3 µM), which is the solvent concentration in the
Vimang samples. A 532 values for controls were 0.35 ± 0.01 and
1.06 ± 0.11 for 1.5 and 15 mM 2-deoxyribose, respectively. One
tailed t-test was used for statistical analyses; * p < 0.05; ns, not
significant.
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Figure 2. Effect of Vimang concentration on 2-deoxyribose
degradation caused by Fe (III)–EDTA plus ascorbate. Experimental conditions are as described in the legend to Fig. 1,
except that two concentrations of Fe (III) were used; 10 and
50 µM. Fe (III)–EDTA concentration ratios were kept at 1:5. The
bars show mean ± SD (n = 3). Controls are also as described in
the legend of Fig. 1, except that the A532 were 1.06 ± 0.11 and
2.45 ± 0.12 for 10 and 50 µM Fe (III)–EDTA, respectively. One
tailed t-test was used for statistical analyses; different letters
indicate significant difference (p < 0.05) between Vimang concentrations at 50 µM Fe (III). * Significance (p < 0.05) versus
respective reactions with 50 µM Fe (III).

that it acts by preventing •OH formation from Fe (III)
– EDTA plus ascorbate rather than by trapping •OH
radicals.
Vimang® at 5 µm allowed only 14%–20% of ironinduced damage to 1.5/15 mm 2-deoxyribose. DMSO
and salicylate at mm concentrations afforded less protection than Vimang® at µm levels. These results are
consistent with the fact that classical antioxidants are
effective only in mm concentrations in aqueous solutions and suggest that Vimang® works as an antioxidant
by a different mechanism than the •OH scavengers.
The non-existence of a dose-dependent proﬁle in
Vimang® protection from 2-deoxyribose degradation
at 10 µm Fe (III) could be due to a complete iron
complexation by 5 µm Vimang® concentration; therefore a comparative study was performed to evaluate
the effectiveness of Vimang® in preventing 10 µm or
50 µm iron-induced damage to 15 mm 2-deoxyribose.
Figure 2 shows that Vimang® was more effective in
preventing 2-deoxyribose degradation at 10 than at
50 µm Fe (III) concentration (p < 0.05). The ﬁgure
also shows that Vimang® reduced 50 µm iron-induced
damage to 2-deoxyribose in a dose-dependent fashion
(a, b, c, d, p < 0.05).
Titration of Vimang® in the 2-deoxyribose assay
was performed with two different concentrations
of EDTA at a ﬁxed Fe (III) concentration of 50 µm
(Fig. 3). Vimang® was less effective in preventing 2deoxyribose degradation at higher concentrations of
EDTA (p < 0.05). For example, the degradation of 2deoxyribose at 5 µm Vimang® concentration increased
from 11.8% to 45.6%, which represents 33.8% protection reduction at higher EDTA concentrations. These
data suggest that Vimang® inhibits 2-deoxyribose
degradation by removing Fe (III) from EDTA, forming a complex with iron that cannot participate in the
Fenton reaction. With high levels of EDTA, less iron
Copyright © 2006 John Wiley & Sons, Ltd.

Figure 3. Effect of Vimang concentration on 2-deoxyribose
degradation caused by Fe (III)–EDTA plus ascorbate. Solutions
were incubated for 30 min at 37 °C and contained 10 mM phosphate buffer (pH 7.2), 15 mM 2-deoxyribose, 50 µM Fe (III)–EDTA
(with 50 or 250 µM EDTA), Vimang (5–100 µM) and 2 mM
ascorbate. The bars show mean ± SD (n = 3). Controls are as
described in the legend of Fig. 1, except that the A 532 were 2.03
± 0.26 and 2.45 ± 0.12 for 50 and 250 µM EDTA, respectively.
Significance versus respective reactions with 50 µM EDTA (one
tailed t-test): * p < 0.05.

Figure 4. Effect of Vimang concentration on 2-deoxyribose
degradation caused by Fe (III)–citrate (1:2) and Fe (III)–EDTA
(1:5) plus ascorbate. Solutions were incubated for 30 min
at 37 °C and contained 10 mM phosphate buffer (pH 7.2),15 mM
2- deoxyribose, 50 µM Fe (III), 100 µM citrate and 250 µM EDTA.
The concentrations of Vimang are as indicated on the x-axis.
The reactions were started by the addition of ascorbate to a
final concentration of 2 mM. The bars show mean ± SD (n = 3).
The controls are as described in the legend of Fig. 1. A532 values
for controls were 0.64 ± 0.02 and 2.45 ± 0.12 for citrate and
EDTA, respectively. One tailed t-test was used for statistical
analyses; significance versus respective reactions: * p < 0.05.

is available for complexation with Vimang®, resulting
in less protection against 2-deoxyribose degradation. A
similar experiment was performed with complexes of
citrate and Fe (III) (Fig. 4). These results show that
citrate allows for a greater protection of 2-deoxyribose
by Vimang® (p < 0.05) than EDTA. Since citrate forms
a weaker complex with Fe (III) compared with EDTA
(Roche et al., 1990), Vimang® removes the metal from
citrate more easily, resulting in more effective protection against iron-mediated damage to 2-deoxyribose.
Phytother. Res. 20, 120–124 (2006)
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Most of the experiments show high efﬁciency of
Vimang® in preventing iron-induced 2-deoxyribose damage that could also be explained by the formation of a
redox active mangiferin–Fe (III) complex that mimics
superoxide dismutase activity, which maintains the
Fe-chelate within a continuous Fe (III)–Fe (II)–Fe (III)
conversion with no signiﬁcant accumulation of Fe (II)
or superoxide. A recent report demonstrated that the
2:1 ﬂavonoids–Fe (III) complexes were more effective
than the parent compounds in scavenging superoxide
radicals generated by xanthine oxidase/hypoxanthine
(Moridani et al., 2003).
It was recently shown (Pardo Andreu et al., 2005)
that Vimang® prevented Fe (II) citrate induced
lipoperoxidation in isolated rat liver mitochondria,
mainly through its ability to stimulate the rate of
oxygen consumption (insensitive to superoxide dismutase) due to Fe (II) autoxidation, forming complexes
with Fe (III) that do not participate in Fenton-type
reactions and lipid peroxidation.
Vimang® also protects 2-deoxyribose from oxidative
damage induced by hypoxanthine, xanthine oxidase and
Fe (III) – EDTA. Superoxide radicals (O−2) formed
in the hypoxanthine/xanthine oxidase system substitute
for ascorbate in reducing Fe (III) to Fe (II). Three
different concentrations of EDTA were tested (50, 100
and 250 µm) with 50 µm Fe (III) (Fig. 5). The protective
efﬁciency of Vimang® (at 25 or 50 µm) was inversely
related to the EDTA concentration tested (p < 0.05),
which suggested that the antioxidant action of Vimang®
could be based on its ability to remove Fe (III) from
EDTA.
Martínez et al. (2001) recently reported that lipoperoxidation induced by addition of ascorbic acid and
Fe (III) to rat liver microsomes was markedly inhibited
by Vimang® (IC50 = 0.0126% w/v). They also showed a
potent antioxidant action of Vimang® in the NADPH-

Figure 5. Effect of Vimang (25 and 50 µM) on the oxidative
degradation of 2-deoxyribose induced by 200 µM hypoxanthine,
0.025 U xanthine oxidase and 50 µM Fe (III)–EDTA. Solutions
were incubated for 30 min at 37 °C and contained 10 mM phosphate buffer (pH 7.2), 15 mM 2- deoxyribose, 50 µM Fe (III). The
concentrations of EDTA are as indicated on the x-axis. Reactions were started by adding xanthine oxidase. A532 values for
controls were 0.64 ± 0.02, 0.59 ± 0.12 and 0.63 ± 0.07 for 50,
100 and 250 µM EDTA, respectively. The figures show mean ±
SD (n = 3). One tailed t-test was used for statistical analyses;
significance versus respective reactions with different EDTA
concentrations: * p < 0.05.
Copyright © 2006 John Wiley & Sons, Ltd.

dependent peroxidation system, in addition to the previously invoked mechanism, which might be due to its
ability to scavenge H2O2. Similar results were obtained
by Sato et al. (1992) who evaluated mangiferin in the
same model.
In the Vimang® extract, the major polyphenolic
component is mangiferin, a glucosylxanthone, which
is probably the main substance responsible for the
extract antioxidant and antiinﬂammatory properties
(Martinez et al., 2000; Martinez et al., 2001; Sanchez
et al., 2000; Garrido et al., 2001; Garrido et al., 2004)
and could also be strongly implicated in its iron
complexing properties, although further research must
be done to clarify mangiferin–iron interactions.
Fe (III)–EDTA/ascorbate slowly generates •OH
radicals, causing 2-deoxyribose degradation (HermesLima et al., 1994). The process of •OH formation and
2-deoxyribose damage may occur via the following
sequence of reactions:
Fe(III) – EDTA + ascorbate → Fe(II) – EDTA
+ ascorbyl

(1)

Fe(II) – EDTA + O2 → Fe(III) – EDTA + O−2

(2)

−
2

+

2 O + 2 H → H2O2 + O2

(3)

H2O2 + Fe(II) – EDTA → Fe(III) – EDTA
+ OH− + .•OH

(4)

OH + 2-deoxyribose → degradation products

(5)

•

®

According to these reactions, Vimang could prevent
iron-induced 2-deoxyribose damage: (i) by removing
Fe (III) from EDTA (Eqn 1), which slows the rate
of Fe (III) reduction by ascorbate or O−2; (ii) by removing Fe (II) from EDTA (Eqn 2), which prevents
iron participation in Fenton reactions; (iii) by reducing
the H2O2 concentration, a fundamental component
in Fenton-type reaction (Eqn 3); (iv) by scavenging
superoxide and/or •OH radicals (Eqns 3 and 5).
The mechanism of antioxidant polyphenol action
has usually been attributed to •OH scavenging activity
(Sah et al., 1995) and this could be true for Vimang®,
which contains a polyphenol mixture of 34% w/w. However, the results strongly indicate that Vimang® does
not block 2-deoxyribose degradation by simply trapping •OH radicals. Rather, Vimang® seems to act as an
antioxidant by complexing iron, forming complexes that
block iron participation in Fenton reactions. Grinberg
et al. (1997) also concluded that the protective activity
of tea polyphenols against •OH-dependent salicylate
hydroxylation was due to iron chelation.
It is of particular interest that a 5 µm mangiferinequivalent concentration of Vimang was able to
produce signiﬁcant protection against 2-deoxyribose
damage mediated by 10 or 50 µm iron. These concentrations are lower than those of classical iron chelators
such as deferoxamine and pyridoxal isonicotinoyl
hydrazone (Mauricio et al., 2003). Since in vivo levels
of free or loosely bound iron are hardly higher than
1 µm, even in iron overload (Halliwell and Gutteridge,
1999), very low concentrations of the extract components would afford protection against iron-mediated
damage. These results suggest that the observed in vitro
effects of this compound could be relevant to in vivo
conditions of iron overload. Indeed, the efﬁcacy in the
ethnomedical use of Vimang® as an antiinﬂammatory
and cancer preventive agent (Guevara et al., 1998) could
Phytother. Res. 20, 120–124 (2006)
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be partially attributed to its iron complexing ability,
because these human pathologies are related to increased intracellular iron levels (Sheth and Brittenham,
2000).
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