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molecules as phycocyanin, β-carotene, to-

chopherol, γ-linoleic acid and phenolic com-

pounds,(Chopra, et al., 2008). These natural
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antioxidant properties, due to the presence of

ANTIOXIDANT ACTIVITY OF SPIRULINA PLATENSIS UNDERANTIOXIDANT ACTIVITY OF SPIRULINA PLATENSIS UNDER
DIFFERENT GROWTH CONDITIONSDIFFERENT GROWTH CONDITIONS

Abdel-Fatah, S. S. and  El-Ayouty Y. M.Abdel-Fatah, S. S. and  El-Ayouty Y. M.

Botany Department – Faculty of Science -Zagazig University -Zagazig.Eygpt.

Corresponding author's dr.abdelfatahsoror@gmail.com.

ABSTRACTABSTRACT

Spirulina platensis was allowed to grow under different levels of, Se, NaCl and H
2
O

2
 or in its

combinations for 9 days to study its efficiency to uptake Se during the incubation period.  Anti-
oxidant activities and inhibition of lipid peroxidation by phycocyanin extracted from S. platensis
were studied. The obtained results showed that S.platensis has a good efficiency to accumulate
Se during the incubation period, where it was 26.77 ppm in Se treated cells, 14.45ppm in 0.25M
NaCl and 17.39 in 0.2 mM H

2
O

2
.The only substance stimulate the soluble protein, was Se with a

percentage 8% more than control .Also, Se enhanced the biosynthesis of phycobiliprotein, while
NaCl alone made a great reduction. Meanwhile their combinations elevate this fraction especially
phycocyanin (1.2 mg/g dry wt.). Addition of Se to the media containing NaCl or H

2
O

2
 improved

the adverse effect of stress factors on yield of total nitrogen. Phycocyanin has a good efficiency to
inhibit lipid peroxidation by (72%) and the rate of inhibition was significantly increased when
alga treated with Se, it gave (88%) in case of phycocyanin and 83% in bilipigments. An obvious
reduction was attained especially when the alga treated with (Se+NaCl),where the percentage of
inhibition was  27%; meanwhile, it has a moderate level (61%) as the alga treated with Se
+H

2
O

2
.Moreover,the antioxidant efficiency of treated phycocyanin gave a valuable response to-

ward  (OH)scavenging through determination of IC
50

 of different stress factors including control
(4.13µg/ml),selenium (2.7 µg/ml),hydrogen peroxide (12.66µg/ml) and sodium chloride (9.98 µg/
ml) ,while Se+NaCl (5.59/ml),Se +H

2
O

2
 (11.7 µg/ml). The cytotoxicity of phycocyanin was tested

against HeLa cells line (ovarian cell line), the results indicated that phycocyanin obtained from
cells treated with selenium was superior inhibitor, since IC50=11.25µg/ml, and the percentage
of its inhibition reached 92.7% as compared with control phycocyanin. IC

50
 of other treated phy-

cocyanin with NaCl was 47.75 µg/ml and 23.13 µg/ml in case of phycocyanin treated with H
2
O

2
.

A good confirmatory indication for the cytotoxicity of phycocyanin against HeLa cell line was its
DNA fragmentation.

Keywords:Keywords: Spirulina platensis, Antioxidant activities, free radical's scavenger, Selenium, sa-
linity, hydrogen peroxide.
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activity than selenomethionine, Se-methyl-

seleno-cysteine, selenite and selenate (Chen

et al., 2006).

Many studies have shown that Spirulina

platensis is a good carrier for Se accumula-

tion (Chen and Wong, 2004). The accumulat-

ed Se was incorporated into proteins of Spiru-
lina platensis cells. Phycocyanin is the major

protein component of Spirulina (Benedetti et.
al., 2006). Many characterized selenoproteins

is enzymes that catalyze oxidation-reduction

reactions and contain SE-c in their active site.

Structurally, SE-c is identical to cysteine

(Cys) except it contains selenium instead of

sulfur. Se-c has a distinct functional advan-

tage because the senol group is more fully

ionized than thiol group of cysteine at physio-

logical pH (Stadtman, 1996). When Se-

cysteine is replaced with cysteine, the catalyt-

ic activity of a selenoenzyme is drastically re-

duced (Axley et al., 1991). Two  of glutathione

peroxidases (GPx) protect cells against peroxi-

dative damage by reducing hydrogen peroxide

and free fatty acid hydroperoxide. Another

(GPx) family member, phospholipids hydro-

peroxide glutathione peroxidase (PHGpx) re-

duces phospholipids, cholesterol and choles-

teryl ester hydroperoxide ,so protecting cells

against lipid peroxidation (Flohe et al., 2001).

Lipid peroxidation  defined as the oxidative

deterioration of lipids containing a number of

carbon-carbon double bonds (Rice and Di-

plock 1993) which affect membranes bounds

cellular organs (Raha and Robinson 2000).

Also, attack PUFAs in phospholipids of bi-

layer of biological membranes affecting bio-

physical properties, decrease membrane fluid-

ity, change its phase characters and decrease

antioxidants act by chelating metal ions, pre-

venting radical formation and improving the

antioxidant endogenous system (Hanan and

Mohamed, 2015). Moreover, antioxidant sub-

stances which scavenger free radicals play an

important role in prevention of free radical-

induced disease ,by donating hydrogen radi-

cals, the primary radicals are reduced to non-

radical chemical compounds, then converted

to oxidized antioxidant radicals.  Selenium-

containing phycocyanin of Spirulina platensis

has a strong superoxide and hydrogen perox-

ide scavenging activities (Hung, et al., 2007).

Selenium is an essential micro-element to

living organisms. It is an integral part of some

enzymes called selanoenzymes.However; ex-

cess amount of selenium in living cells in-

duced a level of toxicity for non accumulator

organisms. On the other hand, The long-term

exposure to selenium led to resistant strain

(Burton et al., 1987).Selenium compounds

(selenite, SeO
3
) have different abilities to gen-

erate superoxide (O-2) in vitro by reacting with

thiol glutathione (Garberg et al., 1988) form-

ing selano-trisulphide,then it reacts with oth-

er compounds containing thiol by redox catal-

ysis generating free radical as super oxide

(Imura and Sek, 1977). Selenium supplemen-

tation was found to be an effective in reducing

the incidence of cancer including prostate, liv-

er, lung and cancer (Yu et al., 2009).The dose,

chemical form and metabolic state are the de-

terminants of its anticancer activity (Rikiishi,

2007). Many evidences have supported that

apoptosis is a critical cellular event in cancer

chemoprevention and chemotherapy by sele-

nium compounds, (Sinha and El-Bayoumy

2004). Recently selenocystine (SeC) was iden-

tified as a novel agent with higher antitumor
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exhibit radicals scavenging property (Zhou et
al., 2005) to reduce anti -inflammatory re-

sponse (Manconia et al., 2009) and oxidative

stress (Zhou et al., 2005) .This phycobilipro-

tein also induces HeLa cell apoptosis (Li, et
al., 2009). Moreover, C-PC has been proven to

have therapeutic including antioxidant, neu-

roprotective, hepatoprotective and anti-cancer

activities (Ou et al., 2010).

The objective of this study was to examine

the combined effect of selenium plus phycoc-

yanin on the antioxidant defense mechanism

and to study the free radicals.

Scavenger ability, study the effect of combi-

nation of selenium, hydrogen peroxide and so-

dium chloride on antioxidant activity of Spiru-

lina phycocyanin. Also to test phycocyanin

cytotoxicity against Hella cell line. This was

confirmed by DNA fragmentation.

MATERIALS AND METHODSMATERIALS AND METHODS
Isolation of Spirulina platensis :Isolation of Spirulina platensis :

Water samples were collected from River

Nile during October 2011. Few ml were

spread on sterile agar Zarrouk medium Zar-

rouk (1966).The petri dishes were incubated

at (8:16) light: dark photoperiods under light

intensity (5000 lux) at 27±2°_ for 30 days. The

different petri-dishes were examined every

three days by naked eyes and by light micro-

scope. Samples from each blue green patch

were taken by sterilized needle and examined

by light microscope up to find the respective

Spirulina platensis.

Preparation of algal inoculums :Preparation of algal inoculums :

After isolation of Spirulina platensis a piece

electrical resistance. So, the study of lipid per-

oxidation (LP) processes has become a rapidly

growing field in medicine and biology. Since

(LP) gives  complex products e.g. hydroperox-

ides,cleavage products as aldehyde and poly-

mers which exert cytotoxicity and genotoxic

effects (Esterbauer, 1995). The more recently

role of (LP) products is acting signaling mes-

sengers (Poli et al., 2004).

Regarding to free radicals they defined as

atoms or molecules bearing unpaired electron

in the outer orbit (Gilbert ,2000). Human be-

ing is generally exposed  to continuous risks

from the different free radical generated as bi-

ological molecules from different metabolic ac-

tivity e.g. lipid peroxidation (Devasagayam et
al., 2003), protein oxidation by (ROS/RNS),

breaking single or double strand of DNA ( Hal-

liwell  and Chirico, 1993). Free radicals are

capable of altering all major classes of biomol-

ecules as lipid, nucleic acids and proteins

with changing in their structure and function

(Guyton  and Kensler, 1993). The prime tar-

gets of free radicals are the polyunsaturated

fatty acids in cell membranes and their inter-

action results in lipid peroxidation (Khanzode

et al., 2004).

Phycocyanin is considered to be a physio-

logically important antioxidant against reac-

tive species (Stocker et al., 1987). It inhibits

oxidative modification of plasma proteins and

aromatic amino acids residue. Scavenging of

oxygen radical by phycocyanin protect serum

albumin as well as other biological targets

(Neuzil and Riggs, 1994).

C- Phycocyanin (C-PC) is a major type of

(C-PC) in Spirulina, it has been suggested to
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Efficacy of phycocyanin as antioxidants:Efficacy of phycocyanin as antioxidants:

Hydroxyl radical scavenging was assayed

as described by Elizabeth and Rao, (1990).

Hypochlorous acid scavenging was assayed by

method described by Aruoma et al., (1990).

Reducing power was determined by method

Oyaiza, (1986), with slight modification. Iron

chelating was evaluated by Standard meth-

ods, (2012) and IC
50

 was determined.

Cell  line  culture  and  phycocyanin  treat-Cell line culture and phycocyanin treat-

ment:ment:

HeLa cells were routinely grown at 37°C in

Dulbecco’s modified Eagle_s medium (DMED)

containing 10 %FBS in humidified atmos-

phere containing 5% CO
2
 and used for experi-

ment when confluent. The cultured cells were

sub-cultured twice each week. HeLa were

plated at 5x105 Cells/ cm and placed in a hu-

midified incubator containing 5 %CO
2
 and

95% air, over night at 37°C. For application of

phycocyanin, the medium was replaced with

DMEM enriched with 10 % FBS and phycoc-

yanin was added.

Analysis of DNA fragmentation :Analysis of DNA fragmentation :

Extraction methods which allow the isola-

tion of only fragmented DNA without contami-

nating genomic DNA according to Hermann et
al. (1994), and the colorimetric estimation of

DNA content was carried out according to Per-

andones et. al. (1993).

Biological analysisBiological analysis

Measurement of cytotoxicity to cells :Measurement of cytotoxicity to cells :

This test based  on ability of  mitochondrial

succinate trazolium reductase system to con-

vert the yellow tetrazolium MTT to purple for-

mazon dye and the amount of the produced

dye measured according to Mossman, (1983).

of  pure  Spirulina  platensis  trichomes were

dipped  in  sterile  250 ml Erlenmeyer flasks,

each  containing 100 ml Zarrouk medium,

and allowed to  grow under optimum condi-

tions  of  growth. An  equivalent   inoculums 1

ml  of  algal  cells  (1ml =104 cells) was inocu-

lated in the following preparations Se

(10ppm), NaCl (0.25 M), H
2
O

2
 (0.2 mM) and

the salt combinations Se+ NaCl and Se+H
2
O

2
against  the  control  Zarrouk media, (five rep-

licates for each concentration  were  pre-

pared). Cultures  were  incubated under  suit-

able  conditions for  9  days.  At  the  end of

incubation  period  the  algal   cells  were

harvested  by  centrifugation at 10,000 rpm

for 5 minutes. The algal mass was  collected

and  air  dried. 

Isolation  and  purification  of  phycocya-Isolation and purification of phycocya-

nin:nin:

C-phycocyanin was extracted from blue

green alga Spirulina platensis according to

Boussiba and Richmond (1979) and the con-

centration of C-phycocyanin (CPA), APC (Al-

lophycocyanin) and phycoerythrin (PE) were

calculated according to Bennett and Bogorad

(1973).

Biochemical Analysis :Biochemical Analysis :

Protein extraction was carried according to

Lobban et al., (1988). Both soluble and insol-

uble protein were quantified according to

method of Lowery et al., (1951). Total nitrogen

was estimated by micro-kjeldahl method ac-

cording to Allen (1953). The total inorganic

and organic selenium concentrations was es-

timated by using atomic absorption method

(Linore et al., 1998). Lipid peroxidation was

estimated at different pH according to Hoy-

land et al., (1991).
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fect explained the counter effect of both NaCl

and H
2
O

2
 to Se. These results are in agree-

ment with Abdel-Rahman (2005), explained

the toxicity of hyper concentrations of salts to

the increment concentration of other cations

(K,Ca). Also, the increase in salinity caused

the increase in protein content of Spirulina
platensis. Moreover, Abdel-Rahman (2005)

stated that, the higher salt concentrations, re-

duced growth, carbohydrates and protein con-

tent of both Chlorella vulgaris and Chrococ-
cus humicola. In addition to phycocyanin

decreased significantly in salt stressed cells

(Lu et al., 2002). Zeng and Vonshak (1998)

said that salt stress result in a lower protein

biosynthesis capacity .This fact can probably

explain lower protein content in our results.

Data in Table 3 showed that Se enhanced

the biosynthesis of biliprotein when compared

with control. While the effect of NaCl or H
2
O

2
was small compared to control except in (PE)

treated with NaCl. On the other hand, combi-

nation between Se and H
2
O

2 
or NaCl led to

decrease the adverse effects of these two fac-

tors. The previous values were elevated when

Se added to medium containing H
2
O

2
.

Regarding the effect of selenium on total

nitrogen content of Spirulina phycocyanin

and bilipigment ( Table 4), revealed that there

is an increase in total nitrogen of S. platensis

cells, this was accompanied with an increase

in total nitrogen of phycocyanin and bilipro-

tein pigment when alga grown in presence of

Se, Se and NaCl or Se and H
2
O

2
. The only in-

hibitory effect was found in total nitrogen of

H
2
O

2
-treated Spirulina platensis cells. This

indicates that the presence of Se diminished

the toxic effect of H
2
O

2
 in total nitrogen of

RESULTS AND DISCUSSIONRESULTS AND DISCUSSION
Regarding to Se accumulation by the test-

ed alga Table (1) revealed Spirulina platensis

has a good efficiency to accumulate Se during

incubation period where 26.77ppm of the

original concentration was taken up by alga.

Meanwhile, the rate of uptake deceased to

14.45 ppm when NaCl was added, and to

17.39 ppm in case of H
2
O

2
 addition. Also, the

rate of bioconversion of inorganic Se to organ-

ic one reached 1.23% in Se and to 0.97, 0.69

in case of NaCl and H
2
O

2
 respectively. These

results are in concomitant with Zhi-Yong et
al., ( 2003) ,who reported that, sodium selen-

ite addition into the culture medium of Spiru-
lina Platensis can enhance organic selenium.

On the other hand, reduction of the uptake of

Se in case of NaCl addition is in agreement

with Lauchli (1993). Plant uptake of Se de-

pend on numerous factors including the sa-

linity and the ion composition of saline medi-

um ,also there is a reduction in Se uptake

and its accumulation by crops in  response to

chloride salinity. Moreover, the reduction in-

duced by H
2
O

2
 may be due to H

2
O

2
 breaks

down into water and single atomic oxygen

bearing unpaired of electron i-e free radical

(Helwig, 2000).

Table 2 showed that the amount of phycoc-

yanin was increased when the alga treated

with either H
2
O

2
 or NaCl with special refer-

ence to the former one. Regarding to soluble

protein, the only substance stimulate this

fraction is Se with percent 8% more than con-

trol. This percent was decreased to a mini-

mum value when alga grown in medium con-

taining Se+NaCl (4.98 mg/g dry wt.). The

other treatment gave a moderate amount of

soluble protein. The previous stimulatory ef-
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brated up and down according to the condi-

tion of algal growth. 

Spirulina platensis. The total nitrogen in phy-

cocyanin represents 94 % of the total nitrogen

in bilipigment in control. This percent was vi-

Table (1) :  Table (1) : Efficiency of Spirulina platensis for Selenium uptake grown in combination of seleni-
um (10 ppm) and either H

2
O

2
 (0.2mM) or NaCl (0.25M).

Table  (2)  :Table (2) : Effect of combination between selenium (10 ppm) with either H
2
O

2
 (0.2mM) or NaCl

(0.25M) on content of soluble protein and phycocyanin (mg/g dry wt.)in Spirulina pla-
tensis.

Table  (3)  :Table (3) : Combination effect of Selenium (10 ppm) and either H
2
O

2
(0.2mM) or NaCl (0.25M) on biliprotein pigment (mg\g dry wt.)
extracted from Spirulina platensis.
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this regard the inhibitory percentages of phy-

cocyanin extracted from Spirulina platensis
treated with NaCl and H

2
O

2
 were obviously

reduced with remarkable reduction especially

when the alga treated with (NaCl + Se) or

(H
2
O

2
 + Se). The percentages of inhibition

were 27 and 61 %. These data indicated that,

NaCl and H
2
O

2
 alone accelerate the lipid per-

oxidation but addition of Se to NaCl or H
2
O

2
showed a clear antagonistic effect. These re-

sults may be explained according to Noctor

and Foyer (1998) who mentioned that H
2
O

2
concentration in the culture medium enhance

the production of hydroxyl radical (OH-)

which led to lipid peroxidation  process. Salin-

ity also increases the content of H
2
O

2
 and in-

duces oxidative stress in plant tissues. On the

same hand, Duran et. al. (1997) stated that

the antioxidant activity of Se enriched garlic,

was increased and oxidative stress lowered

with increased Se concentration. Parallels,

Xu, et al. (2003) reported that Se could en-

hance the antioxidant activity of green tea ex-

tract and the effect was dose dependent.

Moreover, Iivan et al. (2011) claimed that the

lipid peroxidation system may be based on

Fenton reaction which caused by metal ion

(ferrous) with traces of hydroperoxides form-

ing an alkoxyl radical, which in turn propa-

In this context, addition of Se to H
2
O

2
 ele-

vate the percentage of nitrogen in phycocya-

nin extracted from S. platensis treated with

H
2
O

2
 from 88% to 90.2% .In a similar results,

addition of Se led to an obvious incorporation

of nitrogen from 84% to 98%. These results

are in agreement with Wang et. al. (2012) who

stated that the water soluble phycobiliprotein

was reduced under elevated salt concentra-

tion. This may be due to the great reduction

of total nitrogen and protein biosynthesis un-

der the stress condition through the proteom-

ic hydrolysis. Also, under environmental

stress, chloroplasts are damaged leading to

disturbed photosynthesis. However, addition

of appropriate level of Se reduces the damage

of chloroplasts and increase chlorophyll con-

tents (Filek et al., 2009).

Results in Table 5 clarified that; phycocya-

nin has a good efficiency to inhibit lipid perox-

idation rather than bilipigment (72 and 67 %

respectively). The rate of inhibition was signif-

icantly increased when the alga treated Se, it

gave 88 %and 83 % for phycocyanin and bili-

protein pigment respectively .It is obvious that

the nature of phycocyanin and its efficiency

were changeable and variables  according to

the conditions and factors affecting growth .In

Table (4) :Table (4) : Effect of Se combination to either H
2
O

2
 (0.2mM) or NaCl (0.25M) on total nitrogen contents (mg/

g dry wt.) Of Spirulina platensis tissue, phycocyanin and biliprotein extract.
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gates the free radical chain reaction. Consid-

ering these facts, our data suggest that C-

phycocyanin may inhibit this process at its

earliest stage by removing the alkoxyl radical

or by binding the metal ions.

Results in Table 6 cleared that treatment of

Spirulina platensis with Se   enhance   the ef-

ficiency of bilipigment to scavenger the differ-

ent free radicals (hydroxyl ion, iron chelating,

reducing power and hypochlorous acid) where

IC50 was indicated. While, Spirulina platensis
treated with NaCl and H

2
O

2
 reduced the effi-

ciency of bilipigment to scavenger hydroxyl

radical, iron chelating, reducing power and

hypochlorous acid. In this regard both of

NaCl, H
2
O

2
 elevated IC

50
 of the extract as

compared with control and /or Se. Addition of

Se to NaCl and H
2
O

2
 led to moderate efficien-

cy for phycocyanin as antioxidant component.

The most potent treatment to scavenger the

different radicals are bilipigment extracted

from Se treated cells, followed by the extracts

obtained from cells treated with Se+NaCl and

finally Se+H
2
O

2
.

Table 7 showed that pure phycocyanin ex-

tracted from Spirulina platensis treated with

Se have a potent scavenger to the different

free radicals when compared with phycocya-

nin extracted from Spirulina platensis treated

with other substances. The order of scavenger

efficiency was arranged as follow OH>HOCl

>Fe chelating and reducing power. On the

other hand, the scavenger properties of phy-

cocyanin treated with either NaCl or H
2
O

2
 led

to reduce the scavenger activities and IC
50

reached in most cases to 2 or 3 times increase

in their values. The previous results may be

explained on basis of that either NaCl or H
2
O

2

antagonized the activity of Se. On the other

hand, the order of scavenger when phycocya-

nin extracted from Spirulina platensis treated

with the combination effects between Se+NaCl

or H
2
O

2
+Se summarized as HOCl>Fe chelat-

ing >OH >reducing power and OH >HOCl>Fe

chelating >reducing power respectively .From

the previous results it is obvious that the or-

der of efficiency of phycocyanin and Se was

parallel to those obtained by phycocyanin ob-

tained from following H
2
O

2
+NaCl but with

more IC
50

. These results are in accordance

with Stocker et al., (1987), who stated that

phycocyanin is physiologically important anti-

oxidant against reactive species. Also; bilipro-

tein extracted from Cyanobacteria has a

strong antioxidant property. Moreover, Zhou

et al. (2005) suggested that C-phycocyanin ex-

hibits radical scavenging properties and re-

duce oxidative stress.Moreover, the minor ad-

dition of Se to the growth substances can

reduce the excess of ROS generation, espe-

cially O
2
 and/or H

2
O

2
 in plants subjected to

environmental stress, (Cartes et. al ., 2010).

Survival cells assay for HeLa cells using

MTT reduction method (Table 8) revealed that

the proliferation of untreated HeLa cells was

successively survived with maximum incre-

ment in its number after 24 h. The applicable

untreated C -Phycocyanin resulted in the

least toxicity (IC
50

=21.20 ug/ml).While the

survival cells of treated HeLa showed variable

inhibition as it grown with different concen-

tration of C-phycocyanin extracted from S.

platensis treated cells with different sub-

strates inducing stress. The maximum inhibi-

tory effect was recorded in C-phycocyanin

taken from Se-treated Spirulina platensis
where IC

50
=11.23 ug/ml C-Phycocyanin, with
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Percent of inhibition reached 92.7% compared

with C-phycocyanin control. In a similar man-

ner the other treatments of C –Phycocyanin

gave a more similar effect with ascending re-

sponse to that of C-phycocyanin obtained

from NaCl treated cells gave more apoptotic

than C-Phycocyanin taken from H
2
O

2
 treated

cells. The previous results evaluated that the

percentage of cytotoxicity of C-PHYCOCYANIN

was dose dependent.

Regarding the effect of C-PC extracted from

Spirulina platensis and treated with Se, H
2
O

2
and NaCl on DNA fragmentation of HeLa cells

Figure 1 cleared that the different applicable

forms of phycocyanin have a more or less sim-

ilar effects on the DNA fragmentation of the

carcinogenic HeLa cell. The most effective

phycocyanin for the degradation of DNA was

manifested in Figure (1). In lane 4 the un-

treated phycocyanin led to an obvious apopto-

sis to HeLa cell. This was appeared from grad-

ual DNA smear. Lane (2, 3). There were also

an obvious apoptotic DNA induced by C-PC

–Se and C-PC -NaCl treated phycocyanin re-

spectively with more intensive bands rather

than the corresponding smear in C-lane as

well as lane 1 through which the cancer cells

treated with H
2
O

2
 (appear in lane 2). The re-

sults explain the differences between the un-

treated cells of cancer in lane (1) which ap-

pear as undegradable DNA induced a

significant effect on the nucleoplasm of uterus

tissues. Our results are in accordance to Mor-

cos et al. (1988) who stated that C-

phycocyanin  specifically binds to cancer cells

and can be used for anatomical imaging of tu-

mors in vivo .Moreover,(Pardhasardhi et al.,
2003) explained C-phycocyanin induce apop-

tosis by down regulating of Bc-2 (a known in-

hibitor of apoptosis) and by generation of

ROS. Also, (Chen et al., 2006) reported that

phycocyanin extracted from Spirulina platen-
sis inhibited the growth of human hepatocel-

lular carcinoma cell line SMM (7721). On the

same hand, (Li et al., 2009) stated that phy-

cocyanin induces apoptosis in the existing

and proliferating cancer cells and being anti-

oxidant, it also helps getting rid of any cancer

promoting oxidative stress. 

Table (5) : Table (5) : % inhibition of lipid Phycoerythrienroxidation by phycocyanin and total bilipigment ex-
tracted from  Spirulina platensis treated with Se, NaCl (0.25M) and  H

2
O

2
 (0.2mM) or

in their combination .
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Table (6) :Table (6) : IC
50

 (µg/ ml) for Fe chelation ,scavenging of hydroxyl radical, reducing power and  hypochlorous
acid by bilipigments extracted from Spirulina platensis treated with Se in combination with NaCl
or H

2
O

2
.

Table (7) : Table (7) : IC
50

 (µg/ ml) for Fe chelation, scavenging of hydroxyl radical, reducing power and  hypochlorous
acid by phycocyanin extracted from Spirulina platensis treated with Se in combination with
NaCl or H

2
O

2

Table  (8)  :  Table (8) : IC
50

 of phycocyanin extracted from Spirulina platensis treated with different
substances including stress against HeLa cell.
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CONCLUSIONCONCLUSION
The antioxidants activities and inhibition of

lipid peroxidation by phycocyanin extracted

from Spirulina platensis previously grown un-

der stress assistance clarified the phycocya-

nin has a good efficiency to inhibit lipid perox-

idation and exhibits free radicals scavenging

property.
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اĠلخص العربى

نشاطات مضادات الأكسدة  لطحلب سبيرولينا بلاتينسيس تحت ظروف مختلفة من النمو

عـــبد الفتـــاح ســـــرور          ياســـě محمــــود العيوطـــى
كلية العلوم - قسم النبات – جامعة الزقازيق- الزقازيق - مصر

تهـدف هذة الـدراسة إلى زيـادة قدرة  phycocyanin الفـيكـوسيـانě  اĠـستـخلص من طـحلب سـبيـروليـنا بلاتـنسـيس لاستـخدامه فى
تثبيط  الشـوارد الأيضية. ولتـحقيق  هذا الهدف سـمح للطحلب بـالنمو تحت مستـويات مختلـفة من عنصر الـسيلينيـوم عند تركيز (10جزء فى
اĠليون) ,كلوريد الصوديوم عند تركيز ( ,0.25 مول) و فوق أكسيـد الهيدروجě عند تركيز (0.2 مللى مول)  وكـذلك تنميته فى مخاليط
لهـذه اĠواد Ġـدة تسعـة أيام. ģ فـصل الطحـلب وتجفـيفه وقيـاس تراكم الـسيلـينيـوم فى  خلاياه وكـذلك قدرته عـلى تحويل عنـصر  الـسليـنيوم من

الصورة غير العضوية إلى الصورة العضوية . ولقد بينت النتائج ما يلى:-

زادت قـدرة   الفيكـوسيانـě اĠستخـلص من طحلب سـبيرولـينا واĠعـالج بالسـيليـنيوم على تـراكم عنصـر السليـنيوم بـنسبة (26.77%) ,
وبنـسـبة (%14.45) فى حـالـة النـمـو تحت تـأ ثـير فـوق أكـسـيد وبنـسـبة (%17.39) فـى حالـة الـنـمو تحـت تأثـيـر كـلوريـد الـصـوديوم , 
الـهيدروجě. وفى الوقت نـفسة أدت مخالـيط هذه اĠواد إلى رفع قدرة    الفـيكوسيانě عـلى تراكم السيلـينيوم خصـوصا فى حالة السـيلينيوم +
كلوريد الصوديوم حيث بلغت 1.2ملج/جم/وزن جاف . ومن الجدير بالذكر أن إضافـة السيلينيوم إلى الوسط الغذائى الذى يحتوى على كلوريد

الصوديوم أو فوق أكسيد الهيدروجě حسن  ذلك من التأثير السلبى لعوامل الإجهاد المختلفة على إنتاجية النيتروجě الكلى للطحلب.

لوحـظ أن   الفـيـكـوسـيـانـė ěـتلك  كـفـاءه جـيـدة فى مـنع أكـسـدة الـدهون (%27) وحـدثت زيـادة فى هـذه الـقـدرة عـنـد مـعـالجـة الـطحـلب
بـالسـيلـينـيوم حيـث بلـغت النـسبة  % 83, %88 فى حالة bilipigments. ومن نـاحيـة أخرى لـوحظ انخـفاضـا واضحـا عنـد معـاملة

الطحلب ب سيلينيوم + كلوريد الصوديوم حيث بلغت النسبة  %27 بينما سيلينيوم + فوق أكسيد الهيدروجě كانت النسبة .61%

IC وكان أفضـلها عـند إĥاء
50

  ěعـلى إزالة الشـوارد الأيضيـة قد أعطت نـتائج قـيمة وذلك من خلال تـعي ěلوحظ أن قـدرة  الفيـكوسيـان
IC وفى العيـنة الضابطه  , g/mlµ 4.13 وفى عـينة كلـوريد الصوديوم , 5.59

50
=2.7µg/ml  الطـحلب على السـلينيوم حيث

سيلينيوم + فوق أكسيد الهيدروجě 11,7ميكروجرام. مللى . 

دللت النتائج على  أن القدرة التـدميرية للخلايا السرطانية بصـبغ   الفيكوسيانě اĠعامل بعنصـر السلينيوم فائقة حيث ازدادت إلى أضعاف
Hella cell عـلى تثبيط سـمية الخلايا ضد ěؤشرات التـأكيدية لـقدرة   الفيكـوسيانĠميتـة . ومن اĠالعينـة الضابطه وذلك من خلال الجـرعة ا

.DNA هو تفتيت الحمض النووى line 

حيث أثـبتت الـنتـائج أن  الفـيكوسـيانـě اĠعالـج بالسـيلـينيـوم هو أكـثر اĠـواد تحليلا ل  DNA يلـيه الغـير مـعالج ثم اĠـعالج بـفوق أكـسيد
الهيدروجě ثم أخيرا  الفيكوسيانě اĠعالج بكلوريد الصوديوم.
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