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Ozet: Bu galismada Oscillatoria amphibia (Ege Macc-14, Acigél-Denizli, Tiirkiye) anti oksidan ve sitotoksik etkileri, Spirulina platensis'in ham ekstrakt ve
fikosiyanini ile karsilastirimistir. S. Platensis’in tek ticari C-fikosiyanin kaynagdi olarak gériilmesinden dolay! bu calisma yeni fikosiyanin kaynaklar arastirma ve
umut vaat eden sitoksik bilesik arastirmalarinda yeni veriler saglayabilir. Her iki tiir de laboratuar kosullari altinda kdlture alinarak ham ekstrakt ve C-fikosiyanin
ekstraksiyonlari yapilmistir. O. amphibia'nin sitokisik bilesikler Uretebilme potansiyelinden dolayi biyomasin toksisitesini arastirmak izere sulu O. amphibia
ekstreleri hazirlanmis ve artemialara direkt olarak uygulanmistir. Sulu ham ekstraktlar en yiksek konsantrasyonda (10 mg.ml?) bile toksik bulunmamistir.
Ekstraktlarin sitotoksisitesini belirlemek amaciyla insan karaciger karsinoma (HEP-3B) hiicre hatti kullanilmistir. S. platensis C-fikosiyanini, O. amphibia C-
fikosiyaninleri icin ICso deGerleri sirasiyla 13,27 ug/ml ve 4,19 ug/ml olarak hesaplanmis ve bu degerler ham ekstratlar iginde yine sirasiyla 16,34 pg/ml ve 12,94
pg/ml olarak bulunmustur. Ham ekstrakt ve C-fikosiyaninlerin antioksidan potansiyelleri ise DPPH serbest radikal ve hidroksil stipiirme aktivite testleriyle
belirlenmistir. Sonug olarak her iki siyanobakterinin saf C-fikosiyaninleri sitotoksik ve antioksidan aktivite géstermeleriyle birlikte en ylksek degerler O. amphibia
ekstraktlari igin bulunmustur.

Anahtar kelimeler: C-fikosiyanin, Sitotoksisite, Oscillatoria amphibia, Spirulina platensis.

Abstract: In this study, antioxidant and cytotoxic effects of Oscillatoria amphibia Ege-Macc-14 (Lake Acigdl-Denizli, Turkey) C-phycocyanin and the crude
extract were compared with Spirulina platensis. Since S. platensis is seen as the sole economical source of C-phycocyanin this comparison study may provide
novel information for investigating new sources of C-PC and besides new promising cytotoxic compounds. Both species are cultivated under laboratory
conditions and both the crude extracts and the C-PCs were obtained. Since O. amphibia has the possibility to produce toxic compounds, in order to figure out the
toxicity of the biomass, the aqueous crude extracts of O. amphibia were tested against the brine shrimp directly. The aqueous extracts were found as non-toxic
even at the highest concentrations (10 mg.ml). Human hepatocellular carcinoma (HEP-3B) cell line was used to investigate the cytotoxic effect of the extracts.
The determined ICso values of S. platensis C-PC, O. amphibia C-PC were 13.27 ug/ml, 4.19 pg/ml respectively and for S. platensis crude extract and O.
amphibia crude extract the values were 16.34 ug/ml and 12.94 pg/ml, respectively. The potential antioxidant activity of the crude extracts and the pure C-PCs
were evaluated by DPPH free radical, hydroxyl radical scavenging activity assays. As a result, although the pure C-PC of both cyanobacteria showed cytotoxic
and antioxidant activities, the highest activity levels were obtained from O. amphibia extracts.

Keywords: C- phycocyanin, Cytotoxicity, Oscillatoria amphibia, Spirulina platensis.

INTRODUCTION

Cyanobacteria are prokaryotic microorganisms and have
many beneficial features; they are highly nutritive and have
therapeutic effects such as immuno enhancing (Hayashi and
Katoh, 1994; Qureshi and Ali, 1996a, 1996b), antioxidant,
antiviral (Gustafson et al., 1989), and anti-inflammatory effects
(Liu et al., 2000; Romay et al., 1998). The antioxidant activity

conditions, the C-PC content can constitute up to 15% of the
proteins in Spirulina platensis (Jaouen et al., 1999).

C-phycocyanin is a water soluble, non-toxic, blue colored
pigment as being one of the major phycobiliprotein in
cyanobacteria. It plays an important role in photosynthesis,
and phycobiliproteins are protein-pigment complexes that are

is particularly related to the phycobiliprotein content of the
cyanobacteria. S. platensis and O. amphibia are both
members of filamentous cyanobacteria, which are in rich of
phycobiliproteins, especially C-PC. Generally, under standard
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functional in photosynthetic energy transfer (Li et al., 2001;
Reis et al., 1998). C-phycocyanin is composed of two different
sized subunits called a and $ protein, and carries an
apoprotein and an open-chain tetrapyrole prosthetic group
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called phycocyanobilin (Grossman et al., 1993). The chemical
structure of phycocyanobilins is very close to that of bilary
pigment bilirubin (Strocker et al., 1990; Benedetti et al., 2004).
The hilirubin pigment acts as a powerful scavenger, in vivo.
This resemblance could allow to be thought that C-PC is an
antioxidant agent. Beside these features, it is commonly used
in food industry as a natural food colorant (Yoshida et al.,
1996), cosmetics and biomedical research as a biochemical
tracer in immunoassays (Glazer, 1994).1t is well documented
that C-PC has many therapeutic properties such as
cyclooxygenase inhibition (Reddy et al., 2003), antioxidant
and anti-inflammatory effects (Benedetti et al., 2004; Romay
et al., 2003) and anticancer effects (Pardhasaradhi et al.,
2003).

In this study, the C-PC content of O. amphibia, isolated
from Lake Acigol in Turkey, was determined as an alternative
C-PC source against S. platensis. In a previous study carried
out with brine shrimp toxicity assay O. amphibia was found
non toxic, in vitro (Conk-Dalay et al., 2005). After cultivation of
biomass until stationary phase, in batch culture, crude extracts
and pure C-PCs were obtained from both species. Antioxidant
activity was tested by DPPH (1,1-diphenyl-2-picryl hydrozyl)
and hydroxyl radical scavenging methods and the cytotoxic
activity was investigated by MTT assay with HEP-3B cell line,
in vitro.

MATERIALS AND METHOD

0. amphibia was harvested from the lake Acigdl (Denizli,
Turkey). The isolation was done by plating onto Erdshreiber
medium (EM) containing 1.5% agar (Schreiber, 1927).
Individual cells were picked up and were inoculated into the
liquid medium. O. amphibia was allowed to grow at a density
of 1.5-1.7 mg.Lt at 22 °C. Continuous illumination was
provided by fluorescent lamps (40 pmol photons m2 s1). The
taxonomy of the species is given below:

Taxonomic position (Komarek, 2010); Cyanophyceae,
Oscillatoriales, Oscillatoriaceae, Oscillatorioideae

S. platensis (Ege-Macc 31) was obtained from the culture
collection of Ege University Microalgae Culture Collection,
Ege-Macc, Turkey. The cell culture was grown in Zarrouk's
medium under the same conditions with O. amphibian
(Zarrouk, 1966).

Taxonomic position (Komarek, 2010); Cyanophyceae,
Oscillatoriales, Phormidiaceae, Phormidioideae

0. amphibia (Ege-Macc 14) cells were harvested by
centrifugation at 5000 rpm, for 5 min while S. platensis cells
were filtered with Whatman No:1. The harvested cells were
stored at -20 °C and were lyophilized (Cipsy 4, Alpha Q).

The quantitative analysis was performed by the low
temperature method (Lorenz, 1998). Briefly, the cells were
dried in an oven at 45 °C for six hours. After removing the
excess moisture, 40 mg of powder was weighed. The cells
were disrupted by freeze-thawing cycles in 10 ml of 100 mM

saline PBS. After centrifugation, the spectrophotometric
absorbance was read at 620 nm (UV-Visible
spectrophotometers, Helios A, Cambridge, UK). The
hycocyanin content was determined using the equation below:

A 520 X10X100

CPC% = -
7.3x(mg sample )x(dry weight%)

The lyophilized O. amphibia sample, prepared by 2% (w/v)
sea water infusion, was tested for its cytotoxic activity using a
rapid brine shrimp lethality bioassay. The bioassay against
Artemia salina Leach, brine shrimp nauplii, was performed as
described previously (Meyer et al., 1982; Laughlin, 1991). The
cytotoxicity test was evaluated in ranges of 1000:100:10. The
sample was dissolved in the sea water (20 mg. 2 ml), then
1000, 100 and 10 ppm solutions were prepared by dilution
and were placed into vials. The number of survivors was
counted after 24 hours of incubation. LCso (Lethal
Concentration) values after 24 h exposure and 95%
confidence intervals were determined by using the probit
analysis method. Colchicine and umbelliferone, having
concentrations of 500, 50 and 5 ppm, were used as reference
compounds.

Crude extraction; one gram of freeze-dried algae was
added to 10 ml of 0.01 M PBS (pH 6.7, 0.15 M NaCl), then it
was kept at -86 °C (Sanyo, VIP Series -86 °C, Japan). The
frozen suspension was thawed and heated at 30 °C for 1 hin
the ultrasonic bath and was kept at 4 °C overnight. The slurry
was then centrifuged for 1 h at 9000 rpm and filtered throught
Whatman #1 filter paper (Whatman International Ltd.,
England). The supernatant were evaporated at freeze-drying.

C-PC purification was performed by the method described
by Minkova et al. (2003). Briefly, 800 mg lyophilized algae was
suspended in 0.01 M PBS (pH 6.7, 0.15 M NaCl), then it was
kept at -86 °C. The frozen suspension was thawed and
heated at 30 °C for 1 h in the ultrasonic bath and was kept at
4 °C overnight. The slurry was then centrifuged for 1 h at
9000 rpm to remove the cell debris. 10 ml of 0.3% (w/v)
aqueous rivanol solution was added to the crude extract
obtained by the same procedure. The mixture was
continuously stirred at 4 °C overnight, and then was recovered
by centrifugation at 9000 rpm for 45 min. The supernatant was
exposed to rivanol treatment repeatedly. Finally, after the last
centrifugation, the blue supernatant was saturated with 40%
ammonium sulphate ((NHs)2.SO4) and it was dialyzed against
ultra pure water for 12 h and the sample was centrifuged. The
precipitate was dissolved in 30 ml of PBS, and was saturated
with 70% with ammonium sulphate solution and then it was
dialyzed at 4 °C overnight in the same buffer. Finally,
Sephadex G-100 (Sigma-Aldrich, USA) was pre-equilibrated
and the extract was eluted with the buffer. The absorbance
ratio A620/A280, an index for C-PC purity, (Ganapathi et al.,
2006) was over 4.00. The carbohydrate and protein contents
of the extracts were determined by the phenol-sulfuric acid
(Dubois et al., 1956) and modified Lowry methods (Lowry et
al., 1951), respectively.
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The purity of the extracts was determined by sodium
dodecylsulfate-polyacrylamide gel electrophoresis  (SDS-
PAGE) which was carried out according to the method of
Okadjima et al. (1993) using a 12.5% polyacrylamide gel and
Brilliant Blue R (Sigma-Aldrich) to visualize the proteins. For
calibration, marker proteins SM1811 (Fermantas, Canada) 18-
250 kDa from were used.

Human hepatocellular carcinoma (HEP-3B) cells were
purchased from the Germany Collection of Microorganisms
and Cell Cultures (DSMZ). The HEP-3B cells were maintained
in RPMI 1640 (Biochrom, Germany) medium supplemented
with 10% heat-inactivated fetal bovine serum, 1% L-glutamine
(Biochrom, Germany) and 1% gentamycine (Biochrom,
Germany) in a humidified atmosphere with 5% CO, at 37 °C.
The cells were subcultured twice weekly.

The screening of crude extract and C-PC cytotoxicity were
done by using a modified MTT assay as described by
Mosmann (Mosmann, 1983; Surakka et al., 2005) which
affects the mitochondrial activity of viable cells. HEP-3B cell
line in 96 well microplates with 6 x 104 cells/ml initial
concentration was cultivated for 24 h. Then, the cultures were
incubated with different concentration of the extracts for 48 h
and the viable cells were determined by MTT. The growth
inhibition was estimated as the 50% effective concentration
(IC50).The assay is based on cleavage of the vyellow
tetrazolium salt, MTT, which forms water-insoluble, dark blue
formazan crystals. This cleavage only takes place in living
cells by the mitochondrial enzyme succinate-dehydrogenase.
The water-insoluble, dark blue formazan crystals solubilized
using dimethyl sulfoxide. The optical density of the dissolved
material is measured at 570 nm (reference filter, 690 nm).
Cytotoxicity was expressed as mean percentage increase
relative to the unexposed control. Control values were set at
0% cytotoxicity. Cytotoxicity data (where appropriate) was
fitted to a sigmoidal curve and a four parameter logistic model
used to calculate the IC50, which was the concentration of
nanomaterial which caused a 50% inhibition in comparison to
untreated controls. The mean IC50 was the concentration of
agent that reduces cell growth by 50% under the experimental
conditions and was the average from at least three
independent determinations that were reproducible and
statistically significant. The 1C50 values were reported +£95%
confidence intervals (x95% ClI). This analysis was performed
with GraphPad Prism (San Diego, CA). The morphological
studies of the cells were done with inverted microscope
(Olympus, Japan) comparing with the control group 48 h after
treatment.

The DPPH radical is considered to be a model of a stable
lipophilic radical. A chain reaction in lipophilic radicals was
initiated by the lipid oxidation (Xu et al., 2005; Velioglu et al.,
1998). The crude extracts and C-PC were tested by
measuring of bleaching purple colored methanol solution of
DPPH (1,1-diphenyl-2-picryl hydrozyl) radical,
spectrophotometrically. 1 ml of the extracts was added to 5 ml
of a 0.004% methanol solution of DPPH. After a 30 min of

incubation period at room temperature in the dark, the
absorbance was read against a blank at 515 nm. Every
sample was done in triplicate, and the percentage of DPPH
scavenging activity was calculated with the following
calculation. BHT (butylated hydroxytoluen) and a-tocopherol
were used as positive control.

DPPH- Scavenging effect(%)=[(AControl-ASample/ AControl)
x100]

where AControl is the initial concentration of the stable DPPH
radical without the test compound and ASample is
absorbence of the remaining concentration of DPPH- in the
presence of extracts.

Hydroxyl radical scavenging activity assay was carried out
by measuring the rate of competition between deoxyribose
and the extract for hydroxyl radicals (Sreemantula et al., 2005;
Singh et al., 2007). The attack of the hydroxyl radical on
deoxyribose leads to thiobarbituric acid reactive substances
(TBARS). As a result of reaction between TBARS and TBA,
pinkish red chromogens are formed in acidic conditions. 28
mM deoxyribose, 20mM phosphate buffer (pH 7.4), 10 mM
FeCls, 1 mM EDTA, 1 mM Hz02 and 1 mM L-ascorbic acid
and different concentrations of the extracts were prepared all
having a final volume of 1 ml and were incubated at 37 °C for
1 h. Lipid peroxidation was monitored by the formation of
TBARS. 1 ml of 0.5% TBA (thiobarbituric acid) was added to 1
ml of 2.8% TCA (trichloroacetic acid). The test tubes were left
in 90 °C water bath for 10 min to allow the colour development
then were cooled and the absorbance was measured at 532
nm (UV-Visible, Varian Cary 300 bio) against blank. o-
tocopherol and BHT were taken as positive controls.
Percentage of inhibition (AA) of deoxyribose degradation was
calculated using the following equation:

ol

where Ao is the absorbance of the control reaction and A is
the absorbance of the crude extract and C-PC.

RESULTS

In this study, O. amphibia was isolated from Acigol Lake
located in Denizli, Turkey. This lake is a shallow salt lake and
its crystallized water contains 55.9% (w/v) sodium sulphate.
The C-phycocyanin content and efficiency of O. amphibia
were compared with S.platensis which is a well known C-PC
source. For this purpose, pharmacological and toxicological
activities of O. amphibia crude extracts and the C-PC
reliability of the cells were investigated by brine shrimp toxicity
test and were confirmed to be safe. The results for the
cytotoxicity evaluation of the infusion 2% of O. amphibia are
summarized in Table 1. According to the previously described
method, the LCso value more than 1000 ppm was not
considered as toxic.
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In this study, the phycocyanin content determined in O.
amphibia was approximately the same with S. platensis. The
C-PC content of O. amphibia was found to be 55.56% when
cultured, while the content of C-PC was 56% in S. platensis.
The protein content of O. amphibia for both crude extract and
C-PC values were 27052 mgmlt and 140 mg.ml,
respectively. The extracts from each step were confirmed by
SDS-PAGE (Figure 1). AbsSeorso ratios of the extracts
increased up to 3.8 for S. platensis and 4.1 for O. amphibia
(Table 2). The total carbohydrate, protein and the absorbance
ratio of the crude extracts and C-PCs were given in Table 2.
Total carbohydrate content in S. platensis crude extract and
C-PC values were 214.46 mg.mlt and 29.86 mg.ml,
respectively. Treatment with SDS under reduced condition
caused C-PC to dissociate into two subunits (Figure 1). The
results are in conformity with earlier reports on the molecular
masses of a and B subunits of phycocyanin from blue-green
algae.

Table 1. In vivo- brine shrimp cytotoxicity of O. amphibia

The cytotoxic effect of S. platensis and O. amphibia
extracts were investigated on HEP-3B cell lines and the
calculated ICso values are summarized in Table 3.

The MTT assay results showed that the extracts inhibit
cell proliferation in a dose-dependent manner. Cytotoxicity
level increases gradually at higher concentrations of the
extracts. In this part of the study, the morphological changes
were obtained for HEP-3B cells which were growing in
logarithmic phase throughout the treatment with extracts. After
the 48 h post treatment of extracts, an increased number of
rounded cells and growth inhibition were observed when
compared with the untreated control cells (Figure 2).

Table 3. Estimated IC50 of crude extracts and C-PC of S. platensis and

0. amphibia
1Cs0 (ng.mlt)
S. platensis 0. amphibia
Crude extracts 16.34 12.94
C-phycocyanin 13.27 4.19

Extract Concentration (ppm) LCso

Sample 1000:100:10 >1000
Colchicine 500:50:5 0.0009
Umbelliferone 500:50:5 377.02

Table 2. Analysis of carbohydrate, protein and absorbance values for S.
platensis and O. amphibian

S. platensis  O. amphibia
crude extract crude extract

S. platensis 0. amphibia
C-phycocyanin  C-phycocyanin

Total

Carbohydrate 214.46 126.35 29.86 20.4
(mg.ml?)

Total Protein

(mg.mi) 422.36 270.52 71.35 140
ADS 620 /280 ratio 0.85 0.95 3.8

Figure 1. SDS-PAGE of crude extracts and C-PC. Lane (1-5): Lane 1. O.
amphibia crude extracts, Lane 2. O. amphibia C-phycocyanin,
Lane 3. S. platensis crude extracts, Lane 4. S. platensis C-
phycocyanin, Lane 5. Marker (kDa).

Figure 2. Cytotoxicity in HEP-3B cell line (10X magnification) a 48-h exposure
to C-phycocyanin: (a) untreated cells, (b) treated with O. amphibia
4.19 pg.mlt of C-phycocyanin, (c) treated with S. platensis 13.27
ug.mkt of C-phycocyanin
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DPPH is a stable free radical donor, which has been
widely used to test the free radical scavenging effect of natural
antioxidants. The percentage of crude extracts, C-PC and,
positive control effects on free radical generation in vitro are

given in Table 4. In this study Spirulina crude extract was
found to be most potent hydroxy! radical scavenger, whereas
C-PC was determined as least potent hydroxyl scavenger.

Table 4. Antioxidant activitya of S. platensis and O. amphibia crude extracts and C-PC

S. platensis 0. amphibia S. platensis 0. amphibia a-

crude extract  crude extract  C-phycocyanin  C-phycocyanin tocopherol
DPPH (%) 345 27 26.2 38.7 90 82
Hydroxyl (%) 49.6 30.88 20.6 33 94 90

a Antioxidant activity was assayed at a concentration of 3 mg.ml-. BHT and a-tocopherol was used at a concentration of 0.2 mg.ml-. p<0.01

BHT: Buthylated hydroxy! toluene

DISCUSSION

The number of species of microalgae is estimated at
22.000 to 26.000, however only a little part of these organisms
have been studied in detail with regard to their biochemistry
and ecophysiology (Callegari, 1989). All these aquatic
microorganisms have some beneficial properties as being a
good source of high value chemicals such as polysaccharides,
polyunsaturated fatty acids, and pigments, which are widely
used in medicinal research area.

Cyanobacteria play an important role for being the only
source of the blue pigment phycocyanin, and since Spirulina is
a very rich source of valuable chemicals, particularly C-PC,
commercialized for its use for medical purpose. As a result of
many research, C-PC has found to be anti-inflammatory,
antiviral, hepatoprotective, anticancer and antioxidant
activities (Reddy et al., 2003). Antioxidant compounds play
important role for human health and prevention of diseases
such as, coronary heart diseases, radio-protective effects,
antitumor activity, inflammation and mutagenesis leading to
carcinogenesis (Hsiao et al., 2005; Romay et al., 1998).

In this study, O. amphibia isolated from Lake Acigdl,
Denizli, Turkey, was thought to be an alternative source of C-
PC. To investigate its convenience, first of all the cells had to
be confirmed to be safe on the basis of the brine shrimp
toxicity test. O. amphibia crude extract were safe either at the
highest concentrations (10 mg.ml) (Conk Dalay et al., 2005).

S. platensis, is an excellent source of phycocyanin,
because its protein fraction contains up to 20% of
phycocyanin (Jaouen et al., 1999). Conk-Dalay et al. (2005)
determined and compared the C-PC content of O. amphibia
and S. platensis according to the low temperature method
(Lorenz, 1998). There haven't been found a significant
difference between the C-PC content of both species.
Boussiba and Richmond (1979) have used 50% and 30%
(wiv) ammonium sulfate  solutions, respectively for
precipitation, following by hydroxylapatite, DEAE-cellulose and
Sephadex A-50 columns. This method offered an improved
separation of C-PC (Boussiba and Richmond, 1979; Yi Ming
and Fheng, 1999). In this study, phycocyanin was obtained by
ammonium sulfate precipitation. 40% (w/v) ammonium sulfate
solution was used prior to precipitate other proteins except C-

PC, and then 70% ammonium sulfate solution was added to
obtain C-PC. Anamika et al. (2005), purified C-PC from
Spirulina, Phormidium and Lyngbya spp. and they determined
the molecular weights as 112, 131, and 81 kDa, respectively.
In this study it has been shown that all the B subunits (24.4
kDa) were same for all the three species, whereas the
molecular weights of a subunits were different for all (17 kDa
Spirulina sp., 19.1 kDa Phormidim sp., and 15.2 kDa for
Lyngbya sp.). However, in a study reported by Madhyastha et
al. (2006) the a subunit of S. fusiformis showed 59%
homology with that of Oscillatoria sp., B subunit differed
largely with only 6% homology between the two species. The
B subunit of Oscillatoria sp. differed from all of the genera
selected, in its amino acid composition, except for positions of
Thré and Asp®3. This result may explain the differences
between the cell viability and the antioxidant activity data.

S. platensis C-PC showed 0.0725 mg.ml as Li et al.
(2001) and 50 pM ICso as Subhashini et al. (2004). On the
other hand, there is no literature cited on the cytotoxicity of O.
amphibia. The O. amphibia C-PC extracts showed the highest
cytotoxic effect on the tested tumor cell lines with ICso values
unlike S. platensis extracts. This result indicated that the O.
amphibia C-PC was shown higher cytotoxic effect than the S.
platensis C-PC on HEP-3B cells. There are many studies
about the effect of C-PC on various cancer cell lines cited in
literature. However, it is little known on the action of
mechanism of C-PC; Subhashini et al. (2004) showed that this
molecule acts as a cyclooxygenase-2 (COX-2) inhibitor,
additionally induces apoptosis in mouse macrophage cell line
RAW 264.7 stimulated with lipopolysaccharide (Reddy et al.,
2003) and in rat histiocytoma cell line, AK5 (Pardhasaradhi, et
al., 2003), proliferation and apoptosis effect on chronic
myeloid leukemia cells, K 562 (Subhashini et al., 2004) were
also studied to evaluate the mechanism.

Phycocyanin is shown to possess radical scavenging and
antioxidant properties (Romay et al., 1998; Romay and
Gonzalez, 2000; Gonzalez et al., 1999). The lineer tetrapyrrol
prosthetic group commonly called as ‘bilins’ of phycocyanin
are able to scavenge the reactive oxygen species (ROS) and
the molecule can act as an antioxidant (Romay et al., 2003).
DPPH radical scavenging activity among all the extracts and
the radical scavenging activities of water extracts were as high
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as the activity of a-tocopherol, which scavenged the highest
amount of DPPH radicals with respect to the two commercial
antioxidants (BHT and a-tocopherol) tested. The scavenging
activities of crude extracts and C-PC on DPPH radical are
shown in observed that the radical scavenging activity
increased with the increase of phenolic content. Phycocyanin
was also reported to have a positive correlation between
DPPH radical scavenging activities and total polyphenalics.
Phenols are particularly effective antioxidants  for
polyunsaturated fatty acids; in fact they easily transfer a
hydrogen atom to lipid peroxyl radicals and form the aryloxyl,
which being incapable of acting as a chain carrier, couples
with another radical thus quenching the radical propagation
process (Velioglu et al., 1998). Hydroxyl radicals are the major
reactive oxygen species causing enormous biological damage
and initiate lipid peroxidation. Hydroxyl radicals are generated
in the Fenton system (Fe2t/Hz0z).

Our study has distinctly demonstrated that C-PC and the
crude extracts of O. amphibia and S. platensis may be
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