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Abstract

The in vitro scavenger activities of different reactive oxygen species (superoxide radical, hydroxyl radical, hydrogen peroxide, hypo-
chlorous acid and peroxyl radical), the effects on lipid peroxidation and the iron-chelating ability of a Spirulina platensis protean extract
and the biliprotein, phycocyanin, isolated from this microalga were studied. S. platensis protean extract inhibited the generation of
hydroxyl radical (IC50 = 537 lg/ml for the system with EDTA and 1500 lg/ml without EDTA), the production of peroxyl radical
(IC50 = 230 lg/ml), and the lipid peroxidation process (IC50 = 2320 lg/ml for the enzymatic system and 2180 lg/ml for the non-enzy-
matic system). Besides, phycocyanin inhibited hydroxyl and peroxyl radicals and the lipid peroxidation process. The iron ions decreased
the maximum fluorescence emission spectra of S. platensis protean extract and phycocyanin and it was an indicator of the metal-chelating
activity. The antioxidant properties of S. platensis and phycocyanin may arise from both radical-scavenging and metal chelation. Our
results suggest that S. platensis could be used as a dietary supplement to prevent some diseases where free radicals are involved.
� 2008 Elsevier Ltd. All rights reserved.
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1. Introduction

Spirulina platensis is a cyanobacterium classified as blue-
green algae. Nowadays, it is gaining more attention because
of its nutritional and various medicinal properties. Its nutri-
tional value derives from its high protein content (about
70%) (Khan, Bhadouria, & Bisen, 2005; Simpore et al.,
2006). Several studies have reported that Spirulina can pre-
vent or inhibit cancers in animals (Mohan et al., 2006; Roy
et al., 2007; Zhang, Lin, Sun, & Deng, 2001). Also, in vitro

and animal studies suggest that Spirulina possesses antiviral
effects (Gorobets, Blinkova, & Baturo, 2002; Hernandez-
Corona, Nieves, Meckes, Chamorro, & Barron, 2002; Shih,
Tsai, Li, Chueh, & Chan, 2003). Besides, Spirulina is a pow-
erful stimulant for the immune system, as shown in animal
experiments, by increasing the phagocytic and the natural
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killer activities (Qureshi & Ali, 1996). Moreover, hypocho-
lesterolemic effects have been reported in some animal stud-
ies (Chen, Chen, & Tung, 1981; Nagaoka et al., 2005;
Samuels, Mani, Iyer, & Nayak, 2002). Finally, Spirulina

maxima, administered intraperitoneally, has shown to sig-
nificantly reduce carbon tetrachloride-induced hepatotoxic-
ity (Torres-Duran et al., 1999).

In recent years, there has been an explosive interest in the
use of antioxidant nutritional supplements (Gigante et al.,
2007; Simpore et al., 2006). Epidemiological evidence sug-
gests that intake of some vitamins, minerals, and other food
constituents may help to protect the body against heart dis-
ease, cancer and the aging process, and that antioxidants
may have a protective effect, either in preventing theses dis-
eases or lessening their severity (Hsia et al., 2007; Luchsing-
er, Tang, Miller, Green, & Mayeux, 2007; Marcason, 2007;
Wu, Ho, Shieh, & Lu, 2005). Several activities of the anti-
oxidants are mediated by inhibition of reactive oxygen spe-
cies (ROS), which are generated during the oxidative burst.
Thus, the usefulness of antioxidants in protecting cellular
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components against oxidative stress is well established (Mo-
han et al., 2006).

S. platensis contains phycobilisomes as light-harvesting
protein-pigment complexes. Phycobilisomes are mainly
composed of polypeptides named phycobiliproteins. The
two more important phycobiliproteins which occur in this
microalga are phycocyanin and allophycocyanin; both of
them have the same chromophore group. Moreover, Spiru-

lina contains a whole spectrum of natural mixed carotene
and xanthophyll phytopigments which, together with phy-
cocyanin, seem to be related to its antioxidant activity
(Bhat & Madyastha, 2000; Miranda, Cintra, Barros, &
Mancini Filho, 1998).

In this work, we report the results of the iron-chelating
ability and the antioxidant capacity of both a S. platensis

protean extract and the phycobiliprotein phycocyanin iso-
lated from this microalga. These factors prompted us to
investigate the activity of these products on the formation
and scavenging activities, in vitro, of various ROS: superox-
ide radical, hydroxyl radical, hydrogen peroxide, peroxyl
radical and hypochlorous acid, and the effects on enzymatic
and non-enzymatic lipid peroxidation.

2. Materials and methods

2.1. Chemicals

Sodium dihydrogen phosphate 2-hydrate, di-sodium
hydrogen phosphate 2-hydrate, phosphoric acid, sodium
hypochlorite (NaOCl), sulphuric acid, anhydrous ferric
chloride (FeCl3) and hydrochloric acid were purchased
from Panreac (Barcelona, Spain). Bio-Gel P gel, and
hydroxyapatite were obtained from Bio-Rad. The 2,20-az-
obis (2-amidinopropane) hydrochloride (ABAP) was
obtained from Polyscience. DEAE Sephadex A-50, sodium
chloride, xanthine, xanthine oxidase, cytochrome C type
III, ethylenediaminetetraacetic acid (EDTA), superoxide
dismutase, 2-deoxy-D-ribose, hydrogen peroxide (30%),
thiobarbituric acid (TBA), mannitol, guaiacol, horseradish
peroxidase, a1-antitrypsin, pancreatic elastase, N-succinyl-
ala-ala-ala-p-nitroanilide, lysozyme, Micrococcus lys-

odeikticus, sucrose, potassium chloride, Folin & Ciocalteu’s
phenol reagent, ferrous sulphate (FeSO4), adenosine
diphosphate (ADP) and b-nicotinamide adenine dinucleo-
tide 20-phosphate reduced tetrasodium salt hydrate
(NADPH), were purchased from Sigma (St. Louis, MO,
USA). Ethanol and ascorbic acid were obtained from
Merck (Darmstadt, Germany).

2.2. Protean extract preparation

S. platensis (1 g) (powder provided by GENIX Com-
pany, Cuba) was mixed with distilled water (25 ml) for
24 h at 4 �C. The crude phycocyanin obtained was centri-
fuged (2500 g) and the supernatant was precipitated with
50% ammonium sulphate and centrifuged again (2500 g).
The supernatant was discarded and the blue precipitate
was dissolved in distilled water, dialyzed (for 24 h) and
lyophilized.

2.3. Purification of phycocyanin

The lyophilized aqueous extract was dissolved in 2.5 mM
phosphate buffer (pH 7.0) and applied to a Bio-Gel P gel
(Bio-Rad) with an exclusion limit of 1500–20,000 Da. Three
fractions were obtained, one with a molecular weight higher
than 20,000 Da (fraction 1), and two others (fractions 2 and
3) with lower molecular weight. Fraction 1 was then placed
onto a hydroxyapatite column (Bio-Rad) and eluted with
phosphate buffers of increasing ionic strength, from 2.5 to
100 mM. The fraction with the highest absorbance 620/
280 ratio, representative measure of the quantity of phyco-
cyanin, was eluted from 50 to 70 mM at 0.5 ml/min of flow
rate (Boussiba & Richmond, 1979). This fraction was fur-
ther purified by DEAE Sephadex A-50 (Sigma) chromatog-
raphy in a gradient of 0.15–0.45 M NaCl in 50 mM
phosphate buffer (pH 8.0) and a flow rate of 0.5 ml/min
(Binder, Wilson, & Zuber, 1972).

2.4. Superoxide radical-scavenger activity

Superoxide radicals were generated by the xanthine/xan-
thine oxidase system and measured by the cytochrome C

reduction method (Paya, Halliwell, & Hoult, 1992a). Reac-
tion mixture contained the following: 50 mM phosphate
buffer, pH 7.4, 1 mM EDTA, 100 lM xanthine and
100 lM cytochrome C, Type III and the assayed samples
(S. platensis protean extract and phycocyanin) or phos-
phate buffer (for control reactions). The adding of
0.066 U xanthine oxidase started the reaction and the rate
of cytochrome C reduction was measured at 550 nm. Super-
oxide dismutase was used as reference inhibitor.

2.5. Hydroxyl radical-scavenger activity

The hydroxyl radical-scavenging activity was determined
according to the deoxyribose method (Aruoma, 1994; Halli-
well, Gutteridge, & Aruoma, 1987). The scavenging activity
of S. platensis protean extract and phycocyanin was
measured by the competition between deoxyribose and S.
platensis protean extract or phycocyanin for the hydroxyl
radicals generated from the Fe3+/ascorbate/EDTA/H2O2

system (nonsite-specific assay) or Fe3+/ascorbate/H2O2

(site-specific assay; in order to check metal chelation
activity). Briefly, for the nonsite-specific hydroxyl radical
system, the reaction mixture containing different concentra-
tions of the protean extract (5–2000 lg/ml) or phycocyanin
(200 lg/ml), 2.8 mM deoxyribose, 0.1 mM FeCl3, 0.1 mM
ascorbic acid, 0.1 mM EDTA and 1 mM H2O2 in phos-
phate buffer (20 mM pH 7.4) were incubated in a water
bath at 37 �C for 30 min. For the site-specific hydroxyl rad-
ical system, EDTA was replaced by phosphate buffer. The
extent of deoxyribose degradation was measured by the
thiobarbituric acid (TBA) method (Mihara & Uchiyama,
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1978). TBA (300 ll, 0.6% w/v) and phosphoric acid (1 ml)
were added to the mixture which was heated at 100 �C for
45 min. After cooling on ice, the absorbance was measured
at 535 nm. Mannitol, a classical hydroxyl radical-scav-
enger, was used as positive control. The hydroxyl
radical-scavenging activity was calculated using the
following formula:hydroxyl radical-scavenger activity
(%) = [(A0 � A1)/A0] � 100, where A0 is the absorbance of
the control, and A1 is the absorbance of the sample.

The IC50 (defined as the sample concentration at which
50% of hydroxyl radical was scavenged) was calculated
for each sample.

2.6. Hydrogen peroxide-scavenger activity

The production of hydrogen peroxide was followed spec-
trophotometrically by the guaiacol-peroxidase reaction,
which renders a brown colour measurable at 436 nm. Reac-
tion mixture of 1 ml contained 150 mM phosphate buffer,
pH 7.4, 0.33 mM guaiacol and 50 lg/ml of horseradish per-
oxidase and the reaction was initiated by adding hydrogen
peroxide. The reaction mixture with S. platensis protean
extract or phycocyanin was preincubated with concentra-
tions up to 1 mM with 0.1 or 1.0 mM hydrogen peroxide
for 30 min at 25 �C, and then the remaining hydrogen per-
oxide was measured using the peroxidase system (Aruoma,
Halliwell, Hoey, & Butler, 1989). N-acetylcysteine was used
as reference inhibitor.

2.7. Hypochlorous acid assay

Reaction with hypochlorous acid (HOCl) was studied
using the elastase assay (Paya et al., 1992a) (Aruoma,
1997). One of the major extracellular targets of HOCl
attack is a1-antiproteinase, the main circulating inhibitor
of serine proteases, as elastase. Thus, elastase activity may
be used to evaluate either a1-antiproteinase activity or
hypochlorous acid scavenging capacity. Actually, in the
presence of HOCl, the elastase activity was maximum,
decreasing when previously we added a compound with
hypochlorous acid-scavenging capacity. For the assay,
75 lM HOCl was prepared immediately before use by
adjusting a solution of NaOCl to pH 6.2 with diluted sulfu-
ric acid. The concentration of HOCl was further deter-
mined, spectrophotometrically at 235 nm, using the molar
extinction coefficient of 100 M–1 cm–1 (Paya et al., 1992a).
For the assay, 75 lM HOCl and the samples to be tested
(S. platensis protean extract or phycocyanin) were incu-
bated in a final volume of 35 ll in phosphate buffer pH
7.4. To the reaction mixture, a1-antiproteinase (final con-
centration 0.77 mg/ml) was added. The reaction mixture
was then incubated at 25 �C for 1 h. Any HOCl remaining
was diluted out to the point at which it could not affect elas-
tase, by addition of 2 ml of phosphate-buffered saline
(PBS), and followed by 30 ll of 0.1% (w/v) solution of
pig pancreatic elastase in the same buffer. After incubation
for a further 30 min, the elastase activity remaining was
measured by adding 80 ll of a 2.5 mg/ml solution of elas-
tase substrate (N-succinyl-ala-ala-ala-p-nitroanilide), and
monitoring increases in absorbance at 410 nm (Paya
et al., 1992a).
2.8. Peroxyl radical-scavenger activity

Peroxyl radicals were generated by thermal decom-
position of an aqueous-soluble azocompound, 2,20-azobis
(2-amidinopropane) dihydrochloride (ABAP). Protection
by S. platensis protean extract or phycocyanin against inac-
tivation of lysozyme by the peroxyl radicals was assayed by
measuring the loss of turbidity in suspensions of M. lys-

odeikticus. The lysozyme activity was measured by monitor-
ing the loss of turbidity at 450 nm, which resulted from
adding lysozyme to a suspension of lyophilized M. lys-

odeikticus. S. platensis protean extract, phycocyanin or
phosphate buffer (for control reactions) was incubated in
50 mM phosphate buffer, pH 7.4, containing 0.068 mM
lysozyme and 10 mM ABAP. The final volume of the reac-
tion mixture was 600 ll. The reaction mixture was incu-
bated for 90 min at 45 �C. Fifty microliters of this
mixture were added to 950 ll of a suspension of 0.3 mg/
ml M. lysodeikticus (dissolved in Dulbecco’s buffer). The
amount of peroxyl radicals was determined by measuring
the linear rate of absorbance change at 450 nm (Paya,
Halliwell, & Hoult, 1992b). Mannitol was used as reference
compound.
2.9. Microsomal lipid peroxidation

2.9.1. General

All experiments were carried out according to the guide-
lines for the care and use of experimental animals. Male Wi-
star rats weighing 250 ± 20 g were starved overnight before
the experiments. The rats were killed by cervical disloca-
tion, livers were removed and liver microsomes were pre-
pared as previously described (Cai, Fang, Ma, Yang, &
Liu, 2003). The livers were then cut into small pieces and
homogenized in ice-cold 0.25 M sucrose to give a 10% (w/
v) suspension. Microsomal fractions were isolated by differ-
ential ultracentrifugation removal of the nuclear faction at
8000 g for 10 min and removal of mitochondrial fraction at
18,000 g for 10 min. The microsomal fraction was sedi-
mented at 105,000 g for 60 min, and washed two times with
0.15 M KCl at 105,000 g for 30 min. The membranes, sus-
pended in 0.1 M phosphate buffer, pH 7.5, were stored at
�80 �C until used. Microsomal protein content was deter-
mined by the Lowry method (Lowry, Rosebrough, Farr,
& Randall, 1951).
2.9.2. Non-enzymatic system (Fe2+/ascorbate)

Reaction mixture contained 1.25 mg microsomal pro-
tein/ml, 50 mM phosphate buffer, pH 7.4, 1.6 mM ascorbic
acid and S. platensis protean extract or phycocyanin or
phosphate buffer (for control reactions). Reaction was



Table 1
Effect of different concentrations of Spirulina platensis protean extract and
phycocyanin on hydroxyl radical generation

Spirulina platensis protean
extract (lg/ml)

With EDTA
% inhibition

Without EDTA
% inhibition

5 8.05 ± 1.94* 8.32 ± 3.15*

10 12.5 ± 2.20* 12.4 ± 1.10*

25 17.2 ± 1.03* 15.1 ± 1.22*

50 22.6 ± 2.01* 19.4 ± 2.04*

100 28.7 ± 2.23* 22.2 ± 1.83*

200 38.1 ± 0.90* 28.7 ± 1.07*

500 46.7 ± 2.03* 36.4 ± 1.21*

1000 56.1 ± 1.05* 42.0 ± 2.19*

2000 70.3 ± 1.19* 54.7 ± 1.10*

Phycocyanin (200 lg/ml) 44.4 ± 1.86* 39.5 ± 0.87*

Reference compounds

Mannitol (200 lg/ml) 13.8 ± 2.03*

Deferroxamine (200 lg/ml) 24.6 ± 2.15*

* The % inhibition values are significantly different from the control
group (p < 0.05).
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started with the addition of 0.2 mM FeSO4 followed by
incubation at 37 �C for 30 min.

2.9.3. Enzymatic system (Fe3+-ADP/NADPH)

Reaction mixture contained 0.25 mg microsomal pro-
tein/ml, 10 mM phosphate buffer, pH 7.4, ADP 1.7 mM
and Fe3+ 100 lM and S. platensis protean extract or phyco-
cyanin or phosphate buffer (for control reactions). Peroxi-
dation was started by adding NADPH (400 lM) followed
by incubation at 37 �C for 30 min.

Accumulation of lipid peroxidation products was mea-
sured according to the Buege and Aust method (Buege &
Aust, 1978). One ml of phosphoric acid at 1% and 300 ll
of 0.6% thiobarbituric acid (TBA) (w/v) were added and
the mixture was heated in a water bath at 100 �C for
45 min. The absorbance of the resulting solution was mea-
sured at 535 nm.

2.10. Iron-chelating assay

The fluorescence spectra of S. platensis protean extract
(0.2 mg/ml) and phycocyanin (0.2 mg/ml) in the presence
or absence of different concentrations of FeSO4 and FeCl3
(0.1, 0.2, 0.3, 0.4 and 0.5 mg/ml) were recorded using a
spectrofluorometer (Perkin Elmer LS 50). The increase of
the metal concentration causes the decrease in the peak
amplitude and is accompanied by a blue shift of fluores-
cence peak. The mixtures were incubated at 25 �C during
15 min. Later, the fluorescence spectra of each sample were
measured in 1 cm3 quartz cells. The solution was excited at
488 nm and the fluorescence was monitored at 620 nm.
These spectra were compared with the corresponding ones
without ion iron. Excitation and emission slits were set at
5 nm for all measurements.

2.11. Statistics

Results were expressed as mean of percentage inhibi-
tion ± standard error of the mean (SEM). The Newman–
Keuls test was used for comparison between means. p-Values
lower than 0.05 were considered significant.

3. Results and discussion

3.1. Purification of phycocyanin

In order to purify phycocyanin, S. platensis protean
extract was separated in a Bio-Gel filtration column, with
exclusion limit between 1500 and 20,000 Da, into three frac-
tions. The absorbance 620/280 ratio is a representative mea-
sure of the quantity of phycocyanin and this value is used as
a criterion of purity of this phycobiliprotein. Fraction 1
showed an absorbance 620/280 ratio significantly higher
than the protean extract (0.900 ± 0.0210; 0.520 ± 0.0024,
respectively). Fractions 2 and 3 presented a ratio close to
zero, which is an indication of the absence of phycocyanin
(Boussiba & Richmond, 1979).
Fraction 1 was transferred to a hydroxyapatite column
equilibrated with 2.5 mM phosphate buffer, pH 7.0. The
fraction with the higher Absorbance 620/280 ratio (frac-
tion 4) was eluted between 50 and 70 mM and the absor-
bance 620/280 ratio was 2.16 ± 0.180. This value was
significantly higher than that of fraction 1. The complete
purification of phycocyanin was achieved by ion-exchange
chromatography on DEAE Sephadex A-50 from fraction
4. Phycocyanin was eluted between 0.35 and 0.45 M, pH
8.0, and exhibited an absorbance 620/280 ratio of
3.90 ± 0.200. The ratio for phycocyanin at the end of the
process was approximately 4, and this was the reported
value for pure phycocyanin (Eisele, Bakhru, Liu, MacColl,
& Edwards, 2000). Previously, we had demonstrated that
an increase in phycocyanin content was related to an
increase in the antioxidant activity in different fractions,
and therefore phycobiliprotein phycocyanin must be the
component mainly responsible for the antioxidant activity
(Pinero Estrada, Bermejo Bescos, & Villar del Fresno,
2001).
3.2. Scavenger activity of S. platensis protean extract and

phycocyanin on superoxide radical, hydrogen peroxide and
hypochlorous acid

In this study, we applied several in vitro assays in order
to evaluate the antioxidant effect of S. platensis protean
extract and phycocyanin isolated from this extract. The
results showed that S. platensis protean extract had no scav-
enger activity for superoxide radical, hydrogen peroxide or
hypochlorous acid at the concentrations assayed (between
5 lg/ml and 2 mg/ml). Like S. platensis, phycocyanin did
not show scavenger activity for superoxide radical, hydro-
gen peroxide or hypochlorous acid at the concentration
assayed (200 lg/ml).
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3.3. Scavenger activity of S. platensis protean extract and

phycocyanin on hydroxyl radical

Table 1 shows the ability of S. platensis protean extract
to inhibit hydroxyl radical-mediated deoxyribose degrada-
tion in a reaction mixture with (nonsite-specific assay) or
without EDTA (site-specific assay). The relative extents of
inhibition of deoxyribose degradation will give an indica-
tion of hydroxyl radical-scavenger and/or iron-chelating
activities.

The deoxyribose assay quantifies the extent to which a
substance can inhibit deoxyribose oxidation caused by
hydroxyl radical (generated using Fenton chemistry). In
reactions containing EDTA, hydroxyl radicals are gener-
ated by the Fe–EDTA complex and are subsequently
released to free solution. Since EDTA is in stoichiometric
excess of ferric ions, there will be very little interaction
between ferric ions and deoxyribose. In this case, inhibition
of deoxyribose degradation reflects the ability of a sub-
stance to directly compete with the reaction between deoxy-
ribose and hydroxyl radical. Clearly, the S. platensis

protean extract possesses hydroxyl radical-scavenger activ-
ity. When EDTA is omitted from the reaction, iron ions are
free to bind to the deoxyribose molecule and hydroxyl
radical generation becomes site-specific. Under these
conditions, any inhibition of deoxyribose degradation upon
addition of the S. platensis protean extract is likely to be
due to iron ion-chelating effects that compete with the bind-
ing of the deoxyribose molecule.

Under both conditions, S. platensis protean extract
inhibited the generation of hydroxyl radical in a concentra-
tion-dependent manner. The IC50 value (the concentration
which produces a 50% reduction of oxidation) was
537 lg/ml for the system with EDTA and 1500 lg/ml with-
out EDTA.

The relationship between the 1/absorbance values and
the different concentrations of the protean extract assayed
concentr
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Fig. 1. The plot of 1/absorbance versus the Spirulina platensis protean extrac
system).
in the hydroxyl radical generation system in the presence
of EDTA and absence is depicted in Fig. 1. When there is
no chelating agent in the generative system, Fe2+ tends to
bind to the carbohydrate, forming hydroxyl radical. In that
case, in the absence of EDTA, the antioxidant capacity
manifested by the S. platensis protean extract was due to
its ability to react with Fe2+ ions.

The slope values corresponding to the assay carried out
in the presence of EDTA and the inhibition values as a
result of different concentrations of the aqueous extract in
this system are higher than the slope values and the inhibi-
tion values obtained from the system without EDTA. Thus,
this shows that the S. platensis protean extract has chelating
capacity for Fe2+.

On the other hand, phycocyanin inhibited hydroxyl rad-
ical-mediated deoxyribose degradation in a reaction mix-
ture with or without EDTA (44.4% ± 1.86 and
39.5% ± 0.87, respectively). Our results demonstrate a
higher hydroxyl radical-scavenger activity of phycocyanin
obtained from S. platensis than the activity of phycocyanin
extracted from Arthospira maxima (Miranda et al., 1998;
Romay et al., 1998).
3.4. Peroxyl radical-scavenging activity

The hydrophilic radical initiator, 2,20-azobis (2-amidi-
nopropane) dihydrochloride (ABAP), was used as a
source of peroxyl radicals. Different concentrations of S.
platensis protean extract were tested as possible scavengers
of peroxyl radical (Table 2). There is a clear dose-depen-
dent relationship between the inhibition levels of radical
generation and the S. platensis protean extract concentra-
tion, with an IC50 = 230 lg/ml. Besides, phycocyanin
inhibited the production of peroxyl radical, showing
behaviour similar to that of ion hydroxyl radical-scaven-
ger activity (56.1% ± 2.22).
ation (μg/ml)

00 1500 2000

y = 0.0007 x + 0.8222
r = 0.9878

y = 0.0004 x + 0.8059
r = 0.9796

t concentrations (using EDTA and without EDTA in the �OH generative



Table 2
Effect of different concentrations of Spirulina platensis protean extract and
phycocyanin on peroxyl radical generation

Spirulina platensis (lg/ml) % inhibition ± SEM

5 8.95 ± 2.32*

10 16.0 ± 2.84*

25 21.1 ± 1.74*

50 27.6 ± 0.89*

100 36.5 ± 3.10*

200 45.4 ± 2.05*

500 56.1 ± 1.88*

1000 67.8 ± 2.31*

2000 83.5 ± 1.02*

Phycocyanin (200 lg/ml) 56.1 ± 2.22*

Reference compound

Mannitol (200 lg/ml) 12.9 ± 1.75*

* The % inhibition values are significantly different from the control
group (p < 0.05).

Table 3
Effect of different concentrations of Spirulina platensis protean extract and
phycocyanin on the inhibition of the microsomal lipid peroxidation

Spirulina platensis

(lg/ml)
Non-enzymatic system
% inhibition

Enzymatic system
% inhibition

5 1.32 ± 0.95 –
10 2.12 ± 1.76 2.05 ± 1.84
25 4.93 ± 1.50* 4.41 ± 0.83*

50 12.5 ± 1.73* 11.7 ± 1.10*

100 14.9 ± 1.95* 15.4 ± 1.91*

200 21.1 ± 1.32* 18.7 ± 2.02*

500 26.3 ± 0.70* 20.5 ± 2.68*

1000 35.6 ± 1.37* 32.6 ± 3.34*

2000 48.1 ± 2.17* 46.8 ± 3.15*

Phycocyanin (200 lg/ml) 27.1 ± 1.39* 29.3 ± 2.85*

Reference compound

BHT (200 lg/ml) 54.5 ± 3.49* 75.1 ± 2.84*

* The % inhibition values are significantly different from the control
group (p < 0.05).
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3.5. Microsomal lipid peroxidation

The results obtained from the evaluation of the effect of
S. platensis protean extract on the lipid peroxidation pro-
cess in rat hepatic microsomes are shown in Table 3. S. plat-

ensis protean extract had a significant effect on the
inhibition of the peroxidation process at the concentrations
tested in this study. The IC50 value was 2320 lg/ml for the
enzymatic system and 2180 lg/ml for the non-enzymatic
system.

The results obtained show that the inhibitory activity on
lipid peroxidation of S. platensis protean extract was lower
than was the antioxidant capacity of these samples against
hydroxyl and peroxyl radicals.

Phycocyanin inhibited the lipid peroxidation process in
rat hepatic microsomes for the enzymatic system
(29.3% ± 2.85) and for the non-enzymatic system
(27.1% ± 1.39). The results obtained show that the inhibitory
activity on lipid peroxidation of phycocyanin was lower than
the antioxidant capacity of this compound against hydroxyl
and peroxyl radicals. This may be due to the low lipophilic
nature of phycocyanin, which will delay their access to the
membrane and the initiation of the peroxidation process.

Previously, it was reported that the phycocyanin from A.
maxima inhibited lipid peroxidation with an IC50 = 12 mg/
ml; using a sixfold lower dose, the phycocyanin of S. plat-

ensis origin was able to inhibit this reaction by a 27.1% (Ro-
may et al., 1998).

The inhibitory effect observed on microsomal lipid per-
oxidation is most probably due to a metal-binding capacity
of both S. platensis protean extract and phycocyanin. One
indication of such an action is the ability of S. platensis pro-
tean extract and phycocyanin to inhibit deoxyribose dam-
age in a site-specific manner (in the absence of EDTA). In
the present study it was noticed that S. platensis protean
extract and phycocyanin inhibited the liver microsomal
lipid peroxidation in a concentration-dependent fashion
with an IC50 value of 11.4 mM (Fig. 3a and 3b). Earlier it
was shown that phycocyanin inhibited the iron-ascorbate-
induced rat liver microsomal lipid peroxidation with an
IC50 of about 327 mM (12 mg/ml) (Romay et al., 1998).

We found a clear difference between the inhibition
effects of the generation of hydroxyl, peroxyl and lipid
peroxidation, caused by the phycocyanin and the S. plat-

ensis protean extract. At a concentration of 200 lg/ml,
we obtained higher antioxidant activity than that of a
similar concentration of the extract. This demonstrates
that phycocyanin is one of the main components respon-
sible for the antioxidant capacity of the aqueous extract
of S. platensis.
3.6. Iron-chelating activity

To confirm the iron-binding properties of S. platensis

protean extract and phycocyanin, fluorescence quenching
experiments were carried out and it was found that both
S. platensis protean extract and phycocyanin interacted
with iron ion. The chelating activity of S. platensis protean
extract instigated a great variation in the fluorescence spec-
trum. The main components of S. platensis protean extract
are aromatic rings that could interact with metals, resulting
in changes in their fluorescence properties upon iron-bind-
ing. We obtained the fluorescence spectrum of the S. platen-
sis protean extract, and we compared it with the resulting
spectra of the mixture of S. platensis protean extract with
increasing concentrations of ions Fe2+ and Fe3+. Fig. 2a
and 2b show the fluorescence spectrum of the aqueous
extract of S. platensis with different concentrations of
FeSO4 and FeCl3, respectively.

The fluorescence spectra of S. platensis protean extract
had a peak at 620 nm. This peak is due to phycocyanin,
the major component of this microalga. The phycocyanin
peak decreased significantly under iron stress.



Fig. 2a. Changes in fluorescence spectra of Spirulina platensis protean extract after addition of different concentrations of Fe2+. (1) Spirulina platensis

protean extract alone; (2) Spirulina platensis protean extract + Fe2+, 0.1 mg/ml; (3) Spirulina platensis protean extract + Fe2+, 0.2 mg/ml; (4) Spirulina

platensis protean extract + Fe2+, 0.3 mg/ml; (5) Spirulina platensis protean extract + Fe2+, 0.4 mg/ml and (6) Spirulina platensis protean extract + Fe2+,
0.5 mg/ml. The characteristic peak of phycocyanin can be recorded at 620 nm.

Fig. 2b. Changes in fluorescence spectra of Spirulina platensis protean extract after addition of different concentrations of Fe3+. (1) Spirulina platensis

protean extract alone; (2) Spirulina platensis protean extract + Fe3+, 0.1 mg/ml; (3) Spirulina platensis protean extract + Fe3+, 0.2 mg/ml; (4) Spirulina

platensis protean extract + Fe3+, 0.3 mg/ml; (5) Spirulina platensis protean extract + Fe3+, 0.4 mg/ml and (6) Spirulina platensis protean extract + Fe3+,
0.5 mg/ml. The characteristic peak of phycocyanin can be recorded at 620 nm.
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We also measured the fluorescence spectra of phycocya-
nin isolated from S. platensis in the presence of Fe2+ and
Fe3+ ions (Fig. 3a and 3b, respectively). The increase of
the metal concentration caused the decrease in the peak
amplitude and was accompanied by a blue shift of the fluo-
rescence peak. Fe3+ ions quenched the fluorescence more
strongly than did Fe2+. With the smaller concentration of
FeCl3, a total decrease of the maximum fluorescence emis-
sion spectra was obtained. This could be due to the reaction
between the aqueous extract and Fe3+ which is more prob-
able that the reaction between the aqueous extract and
Fe2+.

The results obtained corroborate previous works in
which the microalga S. platensis has been used as a metal
concentrator (Choudhary, Jetley, Abash Khan, Zutshi, &
Fatma, 2007; Solisio, Lodi, Torre, Converti, & Del Borghi,



Fig. 3a. Changes in fluorescence spectra of phycocyanin after addition of different concentrations of Fe2+. (1) Phycocyanin alone; (2) phycocya-
nin + Fe2+, 0.1 mg/ml; (3) phycocyanin + Fe2+, 0.2 mg/ml; (4) phycocyanin + Fe2+, 0.3 mg/ml; (5) phycocyanin + Fe2+, 0.4 mg/ml and (6) phycocya-
nin + Fe2+, 0.5 mg/ml. The characteristic peak of phycocyanin is shown at 620 nm.

Fig. 3b. Changes in fluorescence spectra of phycocyanin after addition of different concentrations of Fe3+. (1) Phycocyanin alone; (2) phycocya-
nin + Fe3+, 0.1 mg/ml; (3) phycocyanin + Fe3+, 0.2 mg/ml; (4) phycocyanin + Fe3+, 0.3 mg/ml; (5) phycocyanin + Fe3+, 0.4 mg/ml and (6) phycocya-
nin + Fe3+, 0.5 mg/ml. The characteristic peak of phycocyanin is shown at 620 nm.
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2006; Vannela & Verma, 2006a, 2006b). The adsorption
capacity of marine algae would be due to the functional
groups present on the cell surface, mainly protein carbox-
ylic groups and functional side chains of amino-acids, such
as histidine, cysteine, aspartic acid and glutamic acid (Ash-
mead, Graff, & Ashmead, 1985). In particular, histidine and
the carboxylic group were shown to bind copper (II) effec-
tively, probably because of its bidentate structure (Xue,
Stumm, & Sigg, 1988).

4. Conclusions

In this study, it was demonstrated that S. platensis pro-
tean extract possessed an excellent antioxidant activity,
based on different assays. Our results show that S. platensis

protean extract scavenged hydroxyl and peroxyl radicals
and, in addition, showed inhibitory activity against lipid
peroxidation. Both radicals (hydroxyl and peroxyl) are
among the most important free radicals which can be gen-
erated as harmful byproducts and have been implicated in
lipid peroxidation and some diseases. The peroxyl radical
is generated in normal metabolic reactions by all aerobic
organisms and is also the source of the highly biologically
reactive, hydroxyl radical. Therefore, scavenging of these
free radicals by S. platensis can be an effective prevention
for a living organism against oxidative stress. An antioxi-
dant can function either by inhibiting the processes activat-
ing free radical formation by intercepting the formation of
the reactive radical species, and/or inhibiting free radical
action by scavenging the radical and preventing the initia-
tion of damaging processes, or by suppressing amplification
of the radical damage by further intercepting attack of
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secondary-derived radicals on their biological components
(propagation) (Rice-Evans & Diplock, 1993). Besides, S.
platensis has iron-chelating properties affecting iron ions
which are known to catalyze many processes leading to
the appearance of free radicals.

The antioxidant properties of S. platensis and phycocy-
anin may arise from both radical-scavenging and metal
chelation. Most antioxidant capacities of S. platensis pro-
tean extract are attributable to the biliproteins contained
in this microalga, such as phycocyanin. Our study sug-
gests that S. platensis could be used to produce a natural
dietary antioxidant supplement or added to healthy food
products, such as cereals, fruit bars or drinks, to prevent
some chronic diseases where free radicals are involved.
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