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Abstract—Oxidation of ascorbic acid by metal ions like copper was prevented by addition of anthocyanin
(cyanidin derivative). Previous reports attributed the ability of flavonoids to protect ascorbate oxidation to the
metal complexing properties of these compounds. We provide evidence that anthocyanin not only chelates
metal ions, but also forms an ascorbic acid (copigment)-metal-anthocyanin complex, which could be the

possible protection mechanism. © 1997 Elsevier Science Ltd. All rights reserved

INTRODUCTION

Ascorbic acid (AsA) is a ubiquitous antioxidant pre-
sent in both animal and plant cells. It plays a key role
in the detoxification of activated oxygen. It acts as an
antioxidant either by reducing superoxide, H,O, and
hydroxyl radicals, or by quenching singlet oxygen.
Alternatively, it helps in regenerating a-tocopherol
from chromotoxy radicals [1]. However, under stress
conditions like high light irradiance, low temperature
or exposure to heavy metals, the levels of this anti-
oxidant decrease [2-5]. In view of the importance of
AsA in cellular metabolism, systems associated with
the recycling and affording direct protection of ascor-
bic acid may play an important role in the overall
tolerance against these stress conditions.

In higher plants flavonoids are the naturally occur-
ring pigments, which are shown to be induced during
stress conditions [6]. Additionally, they have been
implicated for their various antioxidant activities such
as scavenging of hydroperoxy radicals, nitric oxide
radicals [7, 8], etc. In this study we show that antho-
cyanin pigments acts as potential antioxidants against
ascorbic acid oxidation. This finding may also have
an in vivo significance, as ascorbic acid concentration
is proportional to anthocyanin content in plant cells

1.

RESULTS AND DISCUSSION
Effect of cyanidin derivative on copper-induced oxi-
dation of AsA

The absorbance of AsA does not change sig-
nificantly on incubation in air for a period of 30 min.
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However, addition of copper potentiates the oxidation
of AsA by acting as a strong oxidizing agent and
rapidly converts the reduced form to the oxidized
form, resulting in a decrease in the absorbance of
AsA. Prior addition of small amounts (46 uM) of
anthocyanin to AsA protected it against copper-
induced oxidation. Even after 30 min of incubation
almost 80-90% of ascorbate was present in reduced
form in the presence of anthocyanin. It is likely that
anthocyanin addition may have modified AsA and/or
anthocyanin itself, thereby offering protection against
copper-mediated oxidation.

Spectral analysis

The above possibility was examined by UV-visible
spectroscopy to ascertain structural changes in the
AsA and anthocyanin moieties under specified con-
ditions, similar to the in vivo conditions. However, the
UV spectra (200-300 nm) for AsA remained
unchanged (Fig. 1) in the absence and presence of
anthocyanin, indicating that the enediol moiety of
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Fig. 1. Absorption spectra of AsA (100 M) in (A) presence
of and (B) absence of cyanidin derivative (6 uM) in 50 mM
NaOAc buffer pH 4 at room temperature.
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Fig. 2. Absorption spectra of cyanidin derivative from (i) Oryza sativa, (ii) Zea mays, and (iii) garden roses: (A) 6 uM

cyanidin derivative; (B) 6 uM cyanidin derivative and 15 ul of 10 mM AsA; (C) 6 uM of cyanidin derivative and 10 ul of 5%

of AICL; and (D) 6 uM cyanidin derivative, 15 ul of 10 mM AsA and 10 ul of 5% of AICl; in 50 mM NaOAc buffer pH 4.
The spectra were recorded after incubating the mixtures for | hr at room temperature.

AsA remains unaffected. Likewise, the effect of vari-
ous concentrations of AsA (0.1-0.4 mM) in the buff-
ered solutions of pH 3—4 on the visible spectra of the
cyanidin derivative was examined. Figure 2 shows
that addition of AsA had no measurable effect on the
position or the stability of the 4,,,, of the anthocyanin.

It is well known that flavonoids containing an
ortho-dihydroxy group can chelate metal ions to form
a stable metal-anhydro chelate with a concomitant
bathochromic shift in the visible spectra [10]. More-
over, these metal-chelated flavonoids associate with
various organic compounds at physiological pH
ranges to form stable anthocyanin-metal-copigment

complexes [11]. Figure 2 shows that cyanidin with
its 3'.4'-dihydroxy group rapidly chelates aluminium
with a 2025 nm shift in the visible spectra. When AsA
was added to the above metal-anthocyanin complex, a
further shift of 10-15 nm was observed, indicating
that apparently AsA complexes with metal-chelated
anthocyanin [Fig. 2(i)]. A similar observation was also
made for cyanidin derivative extracted from Zea mays
[Fig. 2(ii)], and garden roses [Fig. 2(iii)]. In addition to
the shift in the visible spectrum of metal-anthocyanin
complex. a constant decrease in the intensity of the
spectra was observed on addition of AsA with time
(Fig. 3), which is probably due to a shift in the equi-
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Fig. 3. Absorption spectra of 6 uM cyanidin derivative in the presence of AsA (15 ul of 10 mM) and 10 ul of 5% AICl, in
50 mM NaOAc buffer pH 4. The spectra were recorded at various time intervals at room temperature.

librium between the anhydro base to colourless car-
binol base.

Almost five decades ago Hooper and Ayers [12]
found that blackcurrants, in which AsA was remark-
ably stable, contain substances which inhibited the
oxidation of AsA. The protective action was found to
be associated with a red pigment (anthocyanin) and
with a yellow pigment (flavanone). Later reports from
various investigators suggested that the sparing effect
of flavonoids on ascorbate oxidation was due to chel-
ation of metal ions, which was dependent on the 3-
hydroxy, 4-carbonyl and 3',4’-dihydroxyl groups of
the flavonoids [13, 14].

Scheme1

We propose the following two possible ways to
account for the protection of AsA oxidation by antho-
cyanin.

(a) Metal chelation. AsA in the presence of oxygen
and metal ions is known to hydroxylate the aromatic
rings in a non-enzymatic reaction [15]. Anthocyanins
at low acidic pH ranges 2-4 mostly exist in the form
of flavylium cations and because of the charge dis-
tribution, they are susceptible to nucleophilic attack
on positions 2 and 4 [16, 17]. It can be postulated that
the hydroxylation of an anthocyanin at these positions
enhances its chelating ability, thereby protecting AsA
from metal-induced oxidation (Scheme 1).

Scheme 2

Scheme I. A possible mechanism of enhanced metal chelation by cyanidin in presence of AsA and copper.
Scheme 2. A copigment—metal-anthocyanin coordinate complex formed by AsA, copper and cyanidin.
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(b) Copigmentation. Another likely explanation
could be that AsA acts as a copigment and directly
interacts with the metal-chelated anthocyanin, form-
ing a stable anthocyanin-metal-copigment coordi-
nate complex (Scheme 2). The formation of copigment—
metal-anthocyanin complexes has been already shown
with several organic compounds [11, 18], where it was
suggested that factors like metal ions stabilise the
copigmentation. Therefore, it is likely that such copig-
mentation could be the mechanism responsible for
protection of AsA from oxidation.

EXPERIMENTAL

Isolation of anthocyanins. Seeds of a cyanic cultivar
of Oryza sativa ‘purple puttu’ were used for isolation
of cyanidin derivative. The seeds were dehusked and
macerated in 2 ml of acidified MeOH (1% HCI). The
solution was shaken for 24 hr at 4° to extract the
anthocyanins. Aliquots of anthocyanin soln were
spotted onto cellulose TLC plates and developed with
solvent system n-BuOH-HOAc-H,O (4:1:5, upper
phase). The separated anthocyanins were identified on
the basis of their R; values. Individually 10 spots of
cyanidin derivative were removed and eluted with
H,O. The amount of cyanidin derivative was quan-
titatively estimated by measuring the As5(e = 31 623).

Effect of cyanidin derivative on AsA oxidation. To
1 ml of H,O, AsA (15 ul of 10 mM) and CuSO, soln
(20 ul of 1 mM) were added, both in the absence and
presence of cyanidin derivative (6 uM). The rate of
oxidation of AsA was monitored for 30 min by record-
ing the decrease of 4 at 265 nm (4,,,, for AsA).

Effects of AsA and A" on the absorption spectra
of cyanidin derivative. Together or individually, each
component, AsA (15 ul of 10 mM) and AICI; (10 ul
of 5% MeOH solution) were mixed with the soln of
cyanidin derivative in 50 mM NaOAc buffer pH 4
(0.5 ml). After incubation for 1 hr at room temp, the
absorption spectrum was recorded.
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