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ABSTRACT: Seven different Cyanobacterial species belonging to 4
genera were isolated from the alkaline Lake Lonar, situated in the
Buldhana district of Maharashtra. The phycocyanin producing ability of
all the isolates was screened. All the isolated alkaliphilic cyanobacteria
showed more than 10 mgL™ of phycocyanin. From the seven cultures
tested, Synechocystis aquatilis showed the highest production of
phycocyanin followed by Phormidium laminosum and Oscillatoria
amphibian, respectively. 2, 2 diphenyl-1-picrylhydrazyl (DPPH) assay
was performed for screening the highest percentage of radical scavenged
was shown by Spirulina platensis (40.28), followed by Synechocystis
aquatilis (36.32), Phormidium laminosum (34.80) respectively. All the
three Cyanobacterial cultures were put under salt stress of 100 to
1000mM. An increase in the % radical scavenging activity was seen
when all the three alkaliphilic cyanobacteria were under salt stress. 22%
increase in the radical scavenging activity was seen in Spirulina platensis,
while 16% increase was observed in the other two cultures. Thus, the
antioxidant potential of the alkaliphilic Cyanobacteria isolated from
Lonar Lake was revealed.

INTRODUCTION:

Antioxidant

defense  The use of synthetic anti-oxidants have been

mechanisms in biological systems mainly consist of
both enzymatic and non-enzymatic reactions. The
non-enzymatic anti-oxidant include nutrient anti-
oxidants like water and fat-soluble vitamins,
carotenoids, a-tocopherol, ascorbic acid,
glutathione, flavonoids, uric acid and plasma
proteins such as albumin, transferrin,
ceruloplasmin, metal othionein, etc. *
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decreased due to their suspected activity as
promoters of carcinogenesis 2 as well as the general
consumer’s rejection of synthetic food additions 3,
There is a current worldwide interest in finding
new and safe antioxidants from natural sources, e.g.
plant material to prevent oxidative deterioration of
food 4and to minimize oxidative damage to living
cells ™.

Use of microalgae for human consumption as a
source of high-value health food, functional foods
and production of biochemical products, such as
vitamins, carotenoids, phycocyanin and poly-
unsaturated fatty acids including the omega-3 fatty
acids have been developed *>®’. Among the various
microalgae that have been explored for their
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suitability for potential commercial Dunaliella,
Chlorella and Spirulina are three major types that
have been used successfully to produce high
concentrations of valuable compounds such as
lipids, protein, and pigments ® °. The algae have
developed defiance system against photooxidative
damage by anti-oxidative mechanisms to detoxify
and eliminate these highly reactive oxygen species.

This antioxidant defiance system includes
hydrophobic (carotenoids and a-tocopherol) and
hydrophilic  antioxidant (ascorbic acid and
glutathione) and antioxidant enzymes like
superoxide dismutase (SOD), catalase (CAT),
glutathione reductase (GR) ascorbic peroxidase
(APX) and peroxidase (POD) * - 12 -
Phycocyanin (CPC), isolated from Cyanobacteria,
IS a major component of the phycobiliprotein
family, is gaining increasing importance for its
promising antioxidant property. It has a structure
similar to bilirubin, a well-known effective
scavenger for various reactive species. Recently,
the antioxidant and anti-inflammatory properties of
CPC isolated from Arthrospira platensis have been
reported. Studies have also shown that CPC can
prevent and inhibit cancer in human and animals.
In the present study, the alkaliphilic Cyanobacteria
isolated from the alkaline Lake Lonar were
screened for their antioxidant properties.

MATERIALS AND METHODS:

Isolation and Identification of Alkaliphilic
Cyanobacteria: Samples collected from the
alkaline Lonar Lake were enriched in the presence
of light and BG.11 medium 3. All the enrichments
were done in the medium having pH 10 (Lake
water pH). The medium was sterilized at 121 °C for
15 min. In flat glass bottles, sterile enrichment
medium (50 ml) was inoculated with 5 ml of
sample collected from different sites from Lonar
Lake. The bottles were incubated under continuous
light illumination (fluorescent tubes) at 24 + 2°C.
The growth of Cyanobacteria was judged from
visual observations (7 day incubation). The
enriched samples were transferred to the same
medium having pH 10. The isolates were grown
axenically either in BG-11 at pH 10 and 24 + 2 °C
under continuous illumination at 2000 Lux. From
morphological  characteristics  Cyanobacterial
cultures were identified to genus and species level
as described by Rippka et al., & Desikachary ** **.
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Extraction of Photosynthetic Pigments: For
extraction of phycocyanin (PC) 12 days old
Cyanobacterial ~ cells were harvested by
centrifugation at 3000xg for 5 min at 20 °C. The
cell pellet was collected in methanol. To release
phycobiliproteins, the methanolic suspension was
subjected to repeated freeze-thaw cycles of -20 °C
and 4 °C temperature shocks.

The suspensions were further exposed to
ultrasonication at 20 KHz frequency (Sonics and
Materials Inc., USA) for 2 min. The cell mass was
separated by centrifugation at 5000xg for 20 min
and extraction procedure was repeated thrice. The
phycocyanin content of pooled supernatants was
taken for further analysis.

DPPH Assay: The 2, 2 diphenyl-1-picrylhydrazyl
(DPPH) test was carried out as described by Burits
and Bucar 16. 0.8 ml of each cyanobacterial extract
of the all the 7 isolates was mixed with 1 ml DPPH
reagent (0.2 M). Tubes were incubated for 30 min
in dark, and the absorbance was measured at 517
nm. % Antioxidant activity was calculated as
follows

% Antioxidant activity = Ac-At/ Ac x 100

Where, At is the absorbance of the Cyanobacterial
extract samples and Ac the absorbance of
methanolic DPPH solution.

Effect of Sodium Chloride on Anti-oxidant
Activity: The set of Cyanobacterial isolates were
tested for the effect of sodium chloride on the
antioxidant activity. A series of bottles containing
sterile growth medium amended with increasing
salt concentrations (100-1000 mM) were inoculated
with equal inoculum. The bottles were incubated at
24 + 2 °C for 12 days. The cell was harvested, and
phycocyanin was extracted, and DPPH assay was
performed.

RESULTS:

Alkaliphilic Cyanobacteria Cultures: 7 different
Cyanobacterial species belonging to 4 Genera were
isolated from alkaline Lake Lonar. Only one of the
seven isolates was unicellular (Synechocystis
aquatilis) and all other isolates were filamentous.
All the isolated cultures from Lonar Lake were of
non-heterocystous nature Table 1.

114



Deshmukh and Puranik, 1JP, 2014; Vol. 1(2): 113-18. E- ISSN: 2348-3962, P-ISSN: 2394-5583

TABLE 1: IDENTIFICATION OF ALKALIPHILIC CYANOBACTERIA FROM LONAR LAKE

S. no. Isolate no. Morphology Identification

1 Devl Filamentous, Non-heterocyst Spirulina platensis

2 Dev 2 Unicellular Synechocystis aquatilis
3 Dev 3 Filamentous, Non-heterocyst Oscillatoria minimus
4 Dev 4 Filamentous, Non-heterocyst Oscillatoria amphibia
5 Dev 5 Filamentous, Non-heterocyst Phormidium laminosum
6 Dev 6 Filamentous, Non-heterocyst Phormidium tenue

7 Dev 7 Filamentous, Non-heterocyst Phormidium fragile

Phycocyanin content of alkaliphilic cyanobacteria:  seven cultures tested, Synechocystis aquatilis
All the isolated Cyanobacterial cultures were showed the highest production of phycocyanin
screened for their ability to produce phycocyanin.  followed by Phormidium laminosum and
All the isolates showed more than 10 mg/L of Oscillatoria amphibian, respectively.

phycocyanin content as shown in Fig. 1. Out of
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FIG. 1: SCREENING OF ALKALIPHILIC CYANOBACTERIA FOR C-PHYCOCYANIN PRODUCTION

Antioxidant Activity of Alkaliphilic Cyano- phycocyanin isolated from seven alkaliphilic
bacteria: The percent radical scavenged by the  Cyanobacterial species is as shown in Fig. 2.

Phormidium fragile
Phormidium tenue
Phormidium laminosum
Oscillatoriaamphibia
Oscillatoria minimus
Synechocystis agquatilis

Spirulina platensis
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FIG. 2: PERCENT RADICAL SCAVENGED USING DPPH ASSAY FROM ALKALIPHILIC
CYANOBACTERIA ISOLATED FROM LONAR LAKE

International Journal of Pharmacognosy 115



Deshmukh and Puranik, 1JP, 2014; Vol. 1(2): 113-18.

The highest percentage of radical scavenged was
shown by Spirulina platensis (40.28), followed by
Synechocystis aquatilis (36.32) and Phormidium
laminosum (34.80) respectively. None of the
Oscillatoria species showed a significant amount of
antioxidant activity. The lowest antioxidant activity
was reported by Phormidium fragile (9.27). Based
on their percent radical scavenging activity the
above three alkaliphilc Cyanobacterial cultures
were considered for further studies.

Effect of Sodium Chloride on Antioxidant
Activity: An increase in the antioxidant activity

E- ISSN: 2348-3962, P-ISSN: 2394-5583

was observed as the concentration of salt increases.
At 1M concentration, there was a significant
increase in the % radical scavenging activity of
phycocyanin of all the three cultures Fig. 3.

Among the three cultures, Spirulina platensis
showed the highest antioxidant activity (54.01), an
increase by 22% of the activity was reported under

salt stress of 1M. The unicellular culture
Synechocystis aquatilis and the filamentous
Phormidium laminosum exhibited an average

increase of 16% of antioxidant activity under salt
stress.
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FIG. 3: EFFECT OF SALT ON ANTIOXIDANT ACTIVITY OF PHYCOCYANIN ISOLATED FROM

ALKALIPHILIC CYANOBACTERIA

DISCUSSION: Purified CPC has nutraceutical and
pharmaceutical potentials. The antioxidant and
radical scavenging activities of CPC from different
Cyanobacteria are well-documented " & 19 20. 21,
These activities are mainly attributed to the
phycocyanobilin groups. CPC is bleached during
scavenging of peroxyl radicals ?* %, antioxidative
activities of free phycocyanobilin are comparable
to phycocyanobilin bound in CPC ? and anti-
oxidative activity is increased by denaturing or
trypsin digestion of CPC #°. Alkaliphilic micro-
organisms offer a multitude of actual or potential
applications in various fields of biotechnology.

Not only do many of them produce compounds of
industrial interest, but they also possess useful
physiological properties which can facilitate their
exploitation for commercial purposes. The
alkaliphilic Cyanobacteria isolated from Lonar
Lake were the promising candidates in the field of
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biotechnology. Spirulina often dominates the
alkaline lakes sp. and other Cyanobacteria like
Synechocystis sp. and Phormidium sp. and are well
known for their phycocyanin production. Anti-
oxidant potential of the alkaliphilic Cyanobacteria
isolated from Lonar Lake was revealed.

In the present study among the set of cultures,
Spirulina platensis showed the highest antioxidant
activity compared to the other Cyanobacterial
cultures. The antioxidant activity of all the cultures
was found to increase with an increase in the salt
concentration. The methanolic extracts of
phycocyanin  from the three alkaliphilic
Cyanobacterial cultures were compared with earlier
reports. Shalaby and Shanab reported a
maximum yield of 68.5. They also reported the use
of polar solvents for the extraction under salt stress.
Extracts of S. platensis by organic solvents of
different polarities and concentrations showed that
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the polar solvents (ethanol and water) extracts at
higher concentration (100 pg/ml) exhibited higher
antioxidant activity (85.0 and 89.9% by DPPH and
ABTS, respectively) compared to the standard
antioxidant, BHA (86.5 and 91.8%). The obtained
results revealed that polar antioxidant substances
might be present in the polar Spirulina extract to
which attributed the antioxidant activity. These
polar substances were found in extracts of different
red, brown and green seaweeds 2"+ 28 2930313233 5
well as in microalgae and Cyanobacterial species *
19.33 These substances mainly include phycocyanin
pigment, sulphated polysaccharides and phenolic
compounds which are largely present in most
macro, micro and Cyanobacterial species which
exhibited pronounced antioxidant activity.

CONCLUSION: Seven different Cyanobacterial
cultures were isolated from the saline alkaline Lake
Lonar. All the cultures were screened for their
ability for the production of phycocyanin. The
highest percentage of radical scavenged was shown
by Spirulina platensis (40.28), followed by
Synechocystis  aquatilis  (36.32), Phormidium
laminosum (34.80) respectively using DPPH assay.
An increase in the % radical scavenging activity
was seen when all the alkaliphilic Cyanobacteria
were under salt stress. An increase of 22% activity
was seen in Spirulina platensis, while 16%

ACKNOWLEDGEMENT: The author Devendra
V. Deshmukh is grateful to School of Life sciences,
North  Maharashtra  University, Jalgaon for
providing the laboratories for carrying out research
work. We also acknowledge the financial support
for instrumentation received from UGC, New Delhi
under SAP-DRS and DST, New Delhi under the
FIST program.

CONFLICT OF INTEREST: Nil

REFERENCES:

1. Ronald L: Antioxidant capacity and health benefits of
fruits and vegetables. NABC Meeting in Portland. Oregon
1998.

2. Namiki M: Antioxidants/antimutagenics in food. In CRC
Crit Rev Food Sci Nutr 1990; 29: 273-300.

3.  Mirada, MS, Cintra RG, Barros SM and Mancini-Filho J:
Antioxidant activity of the microalga Spirulina maxima.
Braz J Med Biol Res 1998; 31: 1075-1079.

4. Pratt DE: Natural antioxidants from plant material,
Phenolic compounds. In: Food and their Effects on Health.
American  Chemical  Society, Washington, ASC
Symposium Series 1992; 507: 54-71.

International Journal of Pharmacognosy

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21,

22,

23.

E- ISSN: 2348-3962, P-ISSN: 2394-5583

Richmond A: Handbook of Microalgal Mass Culture. CRC
Press Inc. Boca Raton, Florida 1986.

Borowitzka MA: Algal biotechnology products and
processes matching science and economics. J Appl Phycol
1992; 4: 267-79.

Pugh N, Ross SA, EISohly HN, EISohly MA and Pasco
DS: Isolation of three high molecular weight poly-
saccharide preparations with potent immunostimulatory
activity from Spirulina platensis, Aphanizomenon flos-
aquae and Chlorella pyrenoidosa. Planta Med 2001; 67:
737-42.

Abe K, Nishmura N and Hirano M: Simultaneous
production of B-carotene, vitamin E and vitamin C by the
aerial microalga Trentepohia aurea. J Appl Phycol 1999;
11: 33-6.

Abd El-Baky HH, Moawd A, El-Behairy AN and El-
Baroty GS: Chemoprevention of benzo[a]pyrene-induced
carcinogen and lipid peroxidation in mice by lipophilic
algae extracts (phycotene). J Med Sci 2002; 2: 185-93.

Rao MV, Paliyath G and Ormnod DP: Ultraviolet-B and
ozoneinduced biochemical changes in antioxidant enzymes
of Arabidopsis thaliana. Plant Physiol 1996; 110: 125-136.
Malanga G, Calmanovici G and Puntarulo S: Oxidative
damage to chloroplasts from Chlorella vulgaris exposed to
ultraviolet-B radiation. Physiol Plant 1997; 101: 455-462.
Rijstenbil JW: Assessment of oxidative stress in the
planktonic diatom Thalassiosira pseudonana in response
to UV-A and UV-B radiation. J Plankton Res 2002; 24:
1277-1288.

Kaushik BD: Laboratory Methods for Blue-Green Algae.
Associated Pub. Co., New Delhi, India 1987.

Rippka R, Deruelles J, Waterbury JB, Herdman M and
Stanier RY: Generic assignments, strain histories and
properties of pure cultures of Cyanobacteria. J Gen Microb
1979; 111: 1-61.

Desikachary TV: Cyanophyta. Indian Council of
Agricultural Research, New Delhi 1959.

Burits M and Bucar F: Antioxidant activity of Nigella
sativa essential oil. Phtother Res 2000; 14: 323-328.
Romay C, Armesto J, Remirez D, Gonzalez R, Ledon N.
and Garcia I: Antioxidant and anti-inflammatory properties
of C-phycocyanin from blue-green algae. Inflamm Res
1998; 47: 36-41.

Bhat VB and Madyastha KM: C-phycocyanin: a potent
peroxyl radical scavenger in-vivo and in-vitro. Biochem
Biophys Res Commun 2000; 275: 20-25.

Benedetti S, Benvenutti F, Pagliarani S, Francogli S,
Scoglio S and Canestrari F: Antioxidant properties of a
novel phycocyanin extract from the blue-green alga
Aphanizomenon flos-aquae. Life Sci 2004; 75: 2353-2362.
Bermejo P, Pinero E and Villar AM: Iron-chelating ability
and antioxidant properties of phycocyanin isolated from a
protein extract of Spirulina platensis. Food Chem 2008;
110: 436-445.

Soni B, Visavadiya NP and Madamwar D: Ameliorative
action of cyanobacterial phycoerythrin on CCl,-induced
toxicity in rats. Toxicol 2008; 248: 59-65

Atanasiu R, Stea D, Mateescu MA, Vergely C, Dalloz F,
Briot F, Maupoil V, Nadeau R and Rochette L: Direct
evidence of caeruloplasmin antioxidant properties. Mol
Cell Biochem 1998; 189: 127-135.

Hirata T, Tanaka M, Ooike M, Tsunomura T and
Sakaguchi M: Antioxidant activities of phycocyanobilin
prepared from Spirulina platensis. J Appl Phycol 2000; 12:
435-439.

117



Deshmukh and Puranik, 1JP, 2014; Vol. 1(2): 113-18.

24.

25.

26.

27.

28.

Lissi E, Pizaro M and Romay C: Kinetics of
phycocyanine bilin groups destruction by peroxyl radicals.
Free Radical Biol Med 2000; 28: 1051-1055.

Zhou ZP, Liu LN, Chen XL, Wang JX, Chen M, Zhang
YZ and Zhou BC: Factors that affect antioxidant activity if
C-phycocyanin from Spirulina platensis. J Food Biochem
2005; 29: 313-322.

Shalaby EA and Shanab SMM: Salt stress enhancement of
antioxidant and antiviral efficiency of Spirulina platensis.
J American Sci 2010; 6: 38-51.

Anggediredja J, Andy, Hayati R and Muawanah H:
Antioxidant  activity of  Sargassum  polycystum
(Phaeophyta) and Laurancia obtusa (Rhodophyta) from
Seribu Islands. J Appl Phycol 1997; 9: 477-479.
Matsukawa R, Dubinsky Z, Kishimoto E, Masaki K,
Masuda Y, Takeuchi T, Chihara M, Yamamoto Y, Niki E
and Karube I: A comparison of screening methods for
antioxidant activity in seaweeds. J Appl Phycol 1997; 9:
29-35.

29.

30.

31.

32.

33.

E- ISSN: 2348-3962, P-ISSN: 2394-5583

Lim SN, Cheung PCK, Ooi VEC and Ang PO: Evaluation
of antioxidant activity of extracts from brown seaweed,
Sargassum siliquastrum. J Agric Food Chem 2002; 50:
3862-3866.

Santoso J, Yoshie-Stark Y and Suzuki T: Antioxidant
activity of methanol extract from Indonesian seaweeds in
an oil emulsion model. Fisheries Sci 2004; 70: 183-188.
Zhang J, Zhan B, Yao X, Gao Y and Shong J: Evaluation
of 28 marine algae from the Qingdao coast for anti-
oxidative capacity and determination of antioxidant
efficiency and total phenolic content of fractions and
subfractions derived from Symphyocladia latiuscula
(Rhodomelaceae). J Appl Phycol 2007; 19: 97-108.
Shanab SMM: Antioxidant and antibiotic activities of
some seaweed (Egyptian Isolates). Int J Agri Biol 2007; 9:
220-225.

Shalaby EAA: Biochemical and biotechnological studies
on some marine algae. Ph.D. Thesis, Cairo University, 20.

How to cite this article:
Deshmukh DV and Puranik PR: Study of antioxidant potentials of alkaliphilic Cyanobacteria isolated from Lonar Lake, India. Int J
Pharmacognosy 2014; 1(2): 113-18. doi link: http://dx.doi.org/10.13040/1JPSR.0975-8232.1JP.1(2).113-18.

This Journal licensed under a Creative Commons Attribution-Non-commercial-Share Alike 3.0 Unported License.

This article can be downloaded to ANDROID OS based mobile. Scan QR Code using Code/Bar Scanner from your mobile. (Scanners are
available on Google Playstore)

International Journal of Pharmacognosy

118



http://dx.doi/

