Anthocyanin Extracts with Antioxidant and Radical Scavenging Effect
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The antioxidative activity of three anthocyanin pigments, extracted from the fruits of
chokeberry, honeysuckle and sloe, were studied. Lipid oxidation in the liposome membrane,
induced by UV radiation, was evaluated with a thiobarbituric acid-reactive substances assay.
The antioxidant efficiency of the studied compounds follows this sequence: chokeberry >
sloe > honeysuckle. The extract concentrations at which a 50% reduction of phosphatidylcho
line oxidation was observed, were respectively: 48, 54 and 60 mg/1. The end products of lipid
membrane oxidation were evaluated using HPLC. It was found that the antioxidative potency
of anthocyanin extracts is concentration-dependent. As shown by E P R technique the effi
ciency of the extracts to eliminate free radicals from the solution follows the order of the
antioxidant activity.

Introduction

The excess production of active oxygen species,
such as OH, 0 2 , singlet oxygen and other free rad
icals, causes damage throughout the cell by oxidiz
ing a variety of molecules, including unsaturated lip
ids. Lipids are a major membrane components and
their oxidation leads to significant changes in mem
brane properties. These changes initiate processes
leading to carcinogenesis, mutagenesis, ageing and
arteriosclerosis (Cutler, 1992; Pryor, 1986; Stadtman, 1992; Harman, 1992). Cells have limited possi
bility in eradicating free radicals, hence it is believed
that deliverting endogenous antioxidants will en
hance its ability to protect vital biological functions
(Cutler, 1984; Kohen et al., 1988; Osawa et al., 1990);
therefore, there is increasing interest in the applica
tion of naturally occurring antioxidants as therapeu
tic agents. Antioxidants are a common constituent
of diets, especialy frequent in dietary plants (Huang
and Ferrato, 1992). The anthocyanin pigment is an
example of such an antioxidant, as it is a common
part of the human diet, present in crops, beans,
fruits and vegetables (Harborne and Grayer, 1988).
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These pigments are believed to play an important
role as dietary antioxidants, effective in the preven
tion of oxidative damage caused by active oxygen
radicals. As these compounds originate from natural
products, they are expected to have limited toxicity,
and thus their extracts may serve as therapeutic
agents in preventing or curing diseases induced by
oxidative damage.
There are few reports on the biological activity of
anthocyanin pigments (Tsuda et al., 1996), including
their antioxidative or active oxygen radical scaveng
ing effect. Studies presented in this paper evaluate
the inhibition effect of anthocyanin extracts from
chokeberry, honeysuckle and sloe fruits on the per
oxidation of the phosphatidylcholine membrane and
their role as l,l-diphenyl-2-picrylhydrazyl scaven
gers.
M aterials and Methods

Chemicals
Egg yolk lecithin was prepared in our labora
tory, applying the method described by Singleton
et al. (1965). Anthocyanin extracts were prepared
in the Department of Fruit and Vegetable Tech
nology, Agricultural University of Wroclaw. Fruits
of chokeberry (Aronia melanocarpa Elliot), hon-
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eysucle ( Lonicera kamtschatica) and sloe (Prunus
spinosa) were obtained from botanical garden of
the Department of Biology and Botanies of Medi
cal Academy of Wroclaw. l,l-diphenyl-2-picrylhydrazyl was purchased from Sigma Chemicals
(Deisenhofen, Germany), and all other chemicals
were of analytical grade.
Preparation o f anthocyanin extracts
Fruits of chokeberry, honeysuckle and sloe may
contain the following amounts of anthocyanins:
30 0 -6 0 0 , 3 0 0 -1200 and 8 0 -1 7 0 , mg/100 g of fruit,
respectively (Oszmiariski and Sapis, 1988). Fruits
of chokeberry, honeysuckle and sloe were homog
enized using Ultra Turrax aparatus (Heidolph,
Germany) durring 2 min, and anthocyanins were
extracted using a water solution containing
200 ppm of S 0 2. The solution was run through
Duolite S761 resin column (Saquet-Barel et al.,
1982). Impurities were washed off with distilled
water and pigments were eluted with 80% ethanol.
The resulting ethanol solution of anthocyanin was
concentrated under vacuum and freeze dried. O b
tained anthocyanins (chemical structures are pre
sented in Fig. 1) were analyzed using high pressure
liquid chromatography (HPLC). The composition
of anthocyanin monomers was found to be: chokerberry extract contained 64.5% of cyanidin-3-galactoside, 28.9% of cyanidin-3-arabinoside, 4.2%
cyanidin-3-xyloside and 2.4% of cyanidin-3-glycoside (Oszmiariski and Sapis, 1988); extract of plum
contained 48% of cyanidin-3-rutinoside, 37.8% of
cyanidin-3-glycoside, 11.2% of peonidin-3-rutinoside and 2.8% of peonidin-3-glycoside (Werner
et al., 1989); honeysuckle extract contained 90.9%
of cyanidin-3-galactoside, 4.1% of cyanidin-3-rutinoside, 2.5% of cyanidin-3-diglycoside and 2.5%
of malwidin-3-glycoside (Oszmiariski et al., 1995).
Mean molecular weight of the anthocyanin ex
tracts was estimated to be 491.6 g.
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Fig 1. Chemical formulas of the anthocyanin extracts
studied.

Induction o f lipid peroxidation
Egg lecithin in chloroform was dried under vac
uum in a nitrogen atmosphere (Gabrielska et al.,
1997). A 0.05 m M Tris:HCl [(hydroxymethyl)
aminomethane] buffer of pH 7.4 was added and
the sample was shaken for 15 min (control sam
ple), and after adding the appropriate anthocyanin
extracts for another fifteen min. Anthocyanin ex
tracts were added from the ethanol stock solution
(the amount of ethanol never exceeded 2% of the
final volume of the sample). The same amount of
ethanol alone was added to the control sample.
The final lipid concentration in each sample was
1.5 mg phosphatidylcholine (PC) per ml.
Lipid peroxidation was induced with an ultra
violet radiation of intensity 3.0 mW/cm2. The con
centration of accumulated phospholipid peroxida
tion products was determined by measuring
2-thiobarbituric acid (TBA)-reactive products
(Buege and Aust, 1978). The amount of reaction
products by the reaction between peroxides and
TB A was determined measuring the absorbance
at 535 nm (Specol 11, Zeiss Jena).
H P L C analysis o f 2-hydroxypyrimidine
(reaction o f malonaldehyde and urea)
Egg lecithin was mixed with an appropriate
amount of anthocyanin extract in chloroform,
dried under vacuum in a nitrogen atmosphere
(Gabrielska et al., 1997), and hydrated with a
0.05 m M TrisrHCl [(hydroxymethyl)aminomethane] buffer, pH 7.4. The sample was than shaken
for 15 min. The final lipid concentration of each
sample was 6 mg PC/ml.
The oxidation of phospholipids was induced by
UV-radiation of intensity 3.0 mW/cm2. Samples
were irradiated for 2 hours. The resulting sample
was treated according to the method described by
Osawa and Shibamoto (1992), with minor modifi
cations: The oxidized sample was heated to 100 °C
and kept at that temperature for an hour with
0.3 ml urea (120 [imol/ml) and 0.3 ml 1.2 n HC1.
The reaction solution was passed through Sep Pak
a C-18 cartridge (Waters Millipore Milford, MA,
U SA ) and washed with 1.5 ml distilled water prior
to HPLC application. The final volume of each
sample was adjusted to 3 ml with distilled water.
20 |il of such a preparation was than injected into
an HPLC instrument (W ATERS) using a variable
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wavelength absorbance detector (Waters 486),
which was adjusted for detecting 2 -hydroxypyrimidine. The column (Lichrospher 100 RP-18,
5 [im, M ERC K ) was eluted with water (H PLC).
EPR measurements
The effect of anthocyanin extracts on 1,1-diphenyl-2-picrylhydrazyl (DPPH ) was measured
using E P R as described previously by Ushida et al.
(1987); in short: 100 (il of a 560 [im DPPH solution
(in ethanol) was mixed with an appropriate
amount of anthocyanins and immediately placed
in a special flat cell (volume 160 ^il). After 2 min,
the first spectrum of DPPH radicals was recorded
using an E P R spectrometer an (X-band spectrom
eter made at the Technical University in Wroclaw)
and subsequently, further spectra were taken in
following appropriate intervals of time. The initial
concentration of DPPH free radicals in each sam
ples was constant and equal 280 (i m .
Results
Peroxidative damage inflicted by U V radiation
on phosphatidylcholine in vesicle membranes as a
function of time is shown in Fig. 2. Absorbance at

Incubation tim e [min]
Fig 2. The effect of chokeberry extract on UV-induced
oxidation within phosphatidylcholine liposomes as a
function of time. The concentration of chokeberry ex
tract was zero (closed circles), 24.5 mg/1 (open circles),
49 mg/1 (squares), 73.5 mg/1 (triangles) and 98 mg/1
(rhombuses).
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535 nm (AA535) reflects the changes in concentra
tion of TBA-reactive products. The addition of an
thocyanin extract to the sample (24.5, 49, 73.5 and
98 mg/1) reduced the amount of oxidation pro
ducts in a concentration-dependent manner, which
shows itself as a decreased absorbance level. Lipid
oxidation inhibition by anthocyanins for selected
antioxidant concentrations (24.5 and 98 mg/1) is
presented in Fig. 3. This inhibition was calculated
according to [l-A A ^ / A A ^ ], expressed as per
centage change. AA 535 and AA 535 represent changes
in absorbance in the presence and absence of antho
cyanin extract, respectively. The inhibition level
changed proportionally to time to UV irradiation
time for small extract concentrations (24.5 mg/1),
and for higher concentrations of extracts (98 mg/1)
saturates around 80% oxidation inhibition after a
short period of time.
The amount of oxidation products can be directly
determined using the HPLC technique. Fig. 4 shows
examples of HPLC chromatograms, from which the
amount of oxidation products induced by irradiation
were determined. These chromatograms show that

Incubation tim e [min]
Fig 3. The dependence of inhibition of phosphatidylcho
line (estimated on the basis of results presented in
Fig. 2 - details in text) on exposure time to UV-irradiation when the anthocyanin pigment is present in the
sample at two concentration: 24.5 mg/1 and 98 mg/1 (cir
cles - honeysucle; squares - sloe and triangles - choke
berry).
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DPPH is a free radical commonly used in EPR
studies. Here, the concentration of DPPH was used
to measure the ability of anthocyanins to eliminate
highly reactive species from the lipid bilayer. The
concentration of DPPH in the sample was estimated
from the amplitude of the EPR signal. The depen
dence of the amount of DPPH on the concentration
of added anthocyanins is summarized in Fig. 5.
The antioxidative potency of extracts can be ex
pressed as concentrations required to eliminate half
of the free radicals present in the sample are (IC50).
A similar parameter can be used to express the pig
ments’ protective potency against damage inflicted
on the lipid bilayer by UV radiation, applied for an
arbitrarily chosen period of time (90 min). Such
data presentations enable us to qualitatively com
pare results obtained using both methods men
tioned in this paper (Table II).

1400

Fig 4. Examples of phosphatidylcholine liposome sus
pension HPLC chromatograms exposed to UV-radiation
in the absence (A ) and in the presence of anthocyanin
extract at a concentration of 24.5 mg/1 (B ). Peaks labeled
with A ,B and C are 2-hydroxypyrimidine, resulting from
the reaction of the membrane oxidation product, malonaldehyde, and urea.
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the presence of anthocyanins in the sample reduces
the amount of oxidative products (B - 24.5 mg/1 an
thocyanins from chokeberry and C - 24.5 mg/1 of an
thocyanins from honeysuckle), when compared to
the chromatogram obtained with no anthocyanin was
present (A). Quantitative results derived form HPLC
chromatograms are compiled in Table I.
Table I. The effect of the anthocyanin extract on the
level of phosphatidylcholine oxidation. Oxidation pro
ducts were estimated based on HPLC chromatograms.
It was assumed that full oxidation was obtained in the
liposome suspension.
Percentage of oxidation inhibition of
liposome membranes as a function
of anthocyanin extract concentra
tion [mg/1]
Concentration
Chokeberry
Honeysuckle
Sloe

9.8
37
40
35

19.8
51
51
48

39.6
58
62
65

58.8
61
70
80

0

Concentration [mg/L]

Fig 5. The dependence of the amplitude of E P R signals
obtained from DPPH free radicals on the amount of an
thocyanin present in the medium. The E P R spectrum
was taken after 10 minutes of sample incubation. SI sloe; Ho - honeysuckle; Ch - chokeberry.
Table II. Compared antioxidant activity of various an
thocyanin extracts. The inhibition of phosphatidylcho
line oxidation and ability to eliminate free radicals from
the aqueous phase are presented. The inhibition potency
was determined as a concentration at which phospho
lipid oxidation was reduced by 50% (IC50) or 50% of all
free radical were eliminated from the aqueous phase.
IC50 [mg/1]
Chokeberry
Sloe
Honeysuckle

EPR

AA.535

36
49
55

48
54
60
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Discussion

Data presented in this paper shows that anthocyanins are potent antioxidants, readily available
from products used in common diets. This fact
opens the possibility to obtain a natural drug for
preventing oxidative damage caused by active oxy
gen radicals in living systems. Free radicals are the
major factor that cause oxidative damage to mem
brane lipids. Pigments studied in this paper are
likely to be located within the lipid bilayer, where
major oxidative damage is inflicted by free radicals
entering the lipid matrix from the aqueous phase
or those produced within the membrane itself (by
UV radiation). We have found that the extracts
exhibited a marked stability in their protective ef
fect on the liposome membrane when applied at
high concentrations, i.e. 98 mg/1; whereas, at a con
centration of 24.5 mg/1 their potency to inhibit
lipid oxidation rises at first and then after 60 min
steadily declines (Fig. 3). This may indicate that at
low concentrations the pool of active antioxidant
molecules needed to react with free radicals con
tinually being produced is depleted.
Limited differences between the three studied
anthocyanins are most likely a result of variations
in their chemical structures. The chokeberry ex
tract had the highest antioxidant potency, whereas
sloe and honeysuckle having potency is roughly
40% lower (Table II). The higher activity of
chokeberry anthocyanins may result from, present
in the extract, cyanidin derivatives, which posses
two hydroxyl groups in the ortho position on the
B ring. Sloe is less active, because it contains peonidin derivatives, in which one of the two hydroxyl
groups is methylated, which presumably causes
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lower polyphenol antioxidant activity. The same is
evident for phenolic acid antioxidant activity,
which shows that caffeic acid (with two ortho-hy
droxyl groups) exhibits higher antioxidant activity
than ferulic acid (with one methylated group)
(Cuvelier et al., 1992). Among the anthocyanins of
honeysuckle, there are malvidin derivatives, whose
ring B hydroxyl groups are methylated (Oszmiariski et al., 1995). This reduces the antioxidant activ
ity of that particular preparation. The higher anti
oxidative activity of chokeberry anthocyanins can
also be ascribed to the fact that it contains only
monoglycoside derivatives, whereas the other an
thocyanins contain diglycosides, presumably caus
ing lower activity. Such lowering of antioxidation
activity of rutin, which has a diglycoside substitute,
was observed in the case of quercetin (Rice-Evans
et al., 1997). All studied anthocyanin extracts
proved to be effective radical scavengers when
tested against the diphenylpicrylhydrazyl radical
(Fig. 5), frequently used as a model compound for
free radicals in lipids (Hatano et al., 1997; Malterud et al., 1996). This indicates that these com
pounds may act as preventives or chain-breaking
antioxidants of radicals, such as hydroxyl, alkoxyl
or peroxyl, which can initiating and promoting the
peroxidation process in the phosphatidylcholine
membrane. Experiments indicate that extracts
may have similar activities towards free radicals
formed by U V radiation.
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