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ABSTRACT

The present study deals with the growth charadfesisof several cyanobacterial strains (Anabaena
variabilis, Oscillatoria sp., Chroococcus sp. Nastsp., Plectonema boryanum and Scytonema sp.),
evaluation of their antibacterial activity and freadical scavenging ability. The maximum specific
growth rate was noticed in Nostoc sp. and Scytonapa followed by Plectonema boryanum,
Chroococcus sp. and Oscillatoria sp. whereas, Apabavariabilis exhibited minimum growth rate.
Antibacterial activity of hexane and methanol estsaof cyanobacteria was assayed by disc diffusion
method against Staphylococcus epidermidis bacterithne tested bacterium responded differently to the
types of extracts and cyanobacterial strains ustekane extracts exhibited more antibacterial pagnt
as compared to methanol. Free radical scavengintivigae by using 2, 2-diphenyl-1-picrylhydrazyl
(DPPH) indicate the maximum antioxidant potentitiPo boryanum followed by Scytonema sp. whereas,
Nostoc sp. showed least activity. Though this lohdnvestigation creates quite a general view of
cyanobacterial possibility to produce biologicalletive compounds still it points out the necessfty
exploring cyanobacterial strains as potentially etkent sources of these substances and revealnadise
prospective strains for further investigations.

Key words: antibacterial, antioxidant, bioactive compoundgniass, cyanobacteria, specific
growth.

INTRODUCTION

With an increasing number of bacteria, fungi andises developing resistance to commercial
antibiotic and its derivatives, the cyanobacter@dhgreat promise for novel medicines in

472



Mohd. Zeesharet al J. Chem. Pharm. Res., 2011, 3(2):472-478

modern times as they are found to be rich sourcgtratturally novel and biologically active
metabolites [1, 2]. Secondary or primary metabslipeoduced by these micro-organisms may
even prove to be potential bioactive compoundsigfrest in the pharmaceutical industry [3,4,5].
These include antibacterial compounds which in fatooy tests inhibited bacteria that are
responsible for many deadly diseases in humansABrt from the threats imposed by the
microorganisms, cancer and cardiovascular as ahitiseases are among the leading causes of
death in the world, where oxidative stress inducgdeactive oxygen species (ROS) is one of
the foci related to these diseases. Oxidative sigemiitiated by ROS, which are highly reactive
oxidant molecules that seek stability through etectpairing with biological macromolecules
such as proteins, lipids and DNA in healthy humaliscand cause protein and DNA damage
along with lipid peroxidation [7]. These free raalik are endogenously generated through regular
metabolic activities, lifestyle, and diet. Henckere is strong evidence that this damage may
contribute to cancer, atherosclerosis, cardiovasaliseases, ageing and inflammatory diseases

[8].

The presence of certain substances acting as atambor free radical scavenger may protect the
body from the consequences of oxidative stresss,Témtioxidants play an important role in the
protection of cells against oxidative damage causgdROS [9]. The occurrence of many
compounds possessing antioxidant activity in biigalg systems in higher plants is well
documented, while in microalgae little informatisravailable [10].

Since very little attempthas been made to investigate the free radical sgawg and
antibacterial potential of the extracts of cyandbaa. An attempt has been made to screen the
cyanobacterial extracts for their bioactive potandis they appear to be largely unexplored and
represent a rich opportunity in the search of neeehpound of pharmacological importance.

EXPERIMENTAL SECTION

Collection of cyanobacterial strains and growth coditions

Six axenic cyanobacterial strailsngbaena variabilisOscillatoria sp.,Chroococcusp.Nostoc
sp., Plectonema boryanumand Scytonemasp) were selected in the present stulizabaena
variabilis was obtained from Dr. Abhishek Chris, DepartmdriBiological Sciences, Allahabad
Agricultural Institute, Deemed University, AllahabaRest of the strains were isolated from rice
paddy fields of different cities of UP. India. Tls&rains were purified and maintained in the
cyanobacterial culture room, Department of Biotetbgy, Integral University, Lucknow.
Strains were grown in BG-11 medium with or withaxtra supplementation of combined
nitrogen depending upon the heterocystous and neterdctystous cyanobacteria used.
Cyanobacteria were grown for twenty days in thespective growth media before experimental
use and maintained in the culture room at 27 + ufi@er 75umol m?s™ photon flux density
(PFD) with a photoperiod of 14:10 h.

Growth measurement

Chlorophylla from each sample was extracted in 80% acetonehanddntent of the pigments
was determined from absorbance at 663 nm usinghgtbod of Myers and Kratz [11]. Specific
growth rate was calculated by using the equation [In (B; /B;)] / 10. Where Bis the initial
chlorophylla and B is the chlorophylia at the end of 10 day of incubation. Productivity was
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calculatedrom the equation P= (Xi -X0) / ti, where P = praduity (mg L*day"), X0 = initial
biomass density (mg1), Xi = biomass density ame i (mg L) and ti =time interval (h)
between X0 and Xi [10].

Extract preparation

Cyanobacterial strains grown for twenty days in ligeid medium were harvested and dried

with the help of dryer at room temperature. Theedirmass was extracted with hexane and
methanol separately by using soxhlet extractor0at@ in order to extract non-polar and polar

compounds [12]. The crude extracts were then éttehrough Whatman No. 1 filter paper and

extracts were subsequently dried under a fan ah teoperature.

Test Bacteria
In the present studgtaphylococcus epidermidigas used for testing antibacterial activity. These
strains were obtained from the National Chemicdldratory (NCL), Pune, India.

Antibiotic sensitivity testing

The antibiotics Erythromycin, Amoxicillin and Chiemphenicol were used to test the sensitivity
of bacterial strain by the standard disc diffusiethod of Bauet al.[13]. The potency of each
antibiotic was 1Qug per disc.

Antibacterial assay

The antibacterial assay was performed by agar difélision method [14]. The 0.1 ml of diluted
inoculum (18 CFU/ ml) of test bacteria was spread on Muellamtbti (MH) agar plates. Wells
of 5 mm diameter were punched into the agar medindpoured with 2%l of extract prepared
in DMSO (10 mg mif). DMSO without extract was used as blank. Aftauipation for 24 h at
37 °C in an. Antibacterial activity was evaluatedrbeasuring the zone of inhibition against the
test organism.

Determination of free radical scavenging activity

The DPPH radical scavenging capaafycyanobacterial strain was determined followihg t
method of Williamset al, [15] modified by Miliauskaset al, [16]. 3 mL of freshly prepared
DPPHe solution in methanol (6 x £0M) was mixed with 10Q.L of methanolic extracts of
cyanobacteria. The samples were incubated for 20ahiB37 °C in a water bath, and then the
decrease in absorbance at 515 nm was measfEd A blank sample containing 1QQ of
methanol in the DPPHe solution was prepared, asdaliisorbance was measurédd), The
experiment was carried out in triplicate. Radiced\&nging activity was calculated using the
following formula:

% inhibition = [(AB-AE)/AB] x 100
whereAB = absorbance of the blank sample, Akd= absorbance of the cyanobacterial extract.

Statistical analysis

The Data were statistically analysed by using sfgssion10. The values are mean + S.E. of
three measurements.

474



Mohd. Zeesharet al J. Chem. Pharm. Res., 2011, 3(2):472-478

RESULTS AND DISCUSSION

The results of the present study show growth claratics of six cyanobacterial strains, their
antibacterial and free radical scavenging potenfibk strains were examined for their growth
pattern in terms of chlorophyll a content (Fig. ha¢, d and e). All the growth phases as well as
specific growth rate and productivity showed vaoiatamong the strains.

Table 1. Specific growth rate and biomass productio (dry mass) of six cyanobacterial strain

Microorganisms Specific growth rate Productivity
Umax(dayl) PZBE (mg dry maSSE dayl)
Anabena variabilis 0.08 £ 0.005 4.3+0.03
Oscillatoria sp. 0.07 £0.003 3.8+0.05
Chrococcussp. 0.09 £ 0.003 6.2 +0.08
Nostocsp. 0.15 +0.008 6.8 +0.06
Plectonema boryanum 0.13 £ 0.005 8.9+0.08
Scytonemap. 0.15 £ 0.008 5.2+0.10

The data refer to mean value of three replicat&E:
wmax =maximum specific growth rate
P,g= productivity in terms of dry mass measured af@8h = 12 days.
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Fig. 1: Growth characteristic of Anabaena variabilis (a), Oscillatoria sp. (b),Chroococcus sp. (c)Nostoc sp. (d),
Plectonema boryanum (e) andScytonema sp (f).
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The variation in growth pattern could be explained the basis of their morphological,
nutritional or metabolic differences [8]. Similan this Tiwari et al., [17]also observed the
variation in the dry mass of some cyanobacterralrss isolated from different habitats of Uttar
Pradesh under laboratory conditiorRlectonema boryanunexhibited greater productivity
followed by Nostocsp. whereas least productivity was observedstillatoria sp. Greater
productivity indicates the high cell density of thdture. The culture with high cell density have
several advantages in industrial application ay tieeuce the expense of extraction and other
downstream operations [18].

During the growth microorganisms synthesized médimso of different nature that is
accumulated in the cells or excreted into the nmadior the support in growth and metabolic
activities. The antimicrobials production abilitgay be significant not only as a defensive
instruments for algae but also as a good sourcexadkel bioactive compounds from a
pharmaceutical point of view [19]. The antibactepatential of the cyanobacterial strains was
determined by disc diffusion method and resultspaiesented in figure 2 and 3. Disc diffusion
assay showed thaB. epidermidiswas sensitive to hexane extract of all the stramhs
cyanobacteria. The maximum sensitivity measureteims of zone of inhibition was noticed
against the hexane extract ®tytonemg19 mm) followed byPlectonema boryanurl7mm)
and Oscillatoria (14 mm). HoweverNostoc sp., A. variabilis and Chrococcussp. showed
inhibitory zone of 12, 12 and 11 mm against thé b@steria, respectively (Fig. 2). As compared
to the hexane extract, methanol extract showeddesisacterial potential against the bact&ia
epidermidis The zone diameter of 9, 9, 10, 10, 14 and 15 mas wecorded agains$.
epidermidiswith the methanol extract @scillatoria sp., Plectonema boryanumi\. variabilis,
Chrococcussp. Nostocsp. andScytonemap., respectively (Fig 3). The antibacterial attiof
the extracts could be due to the presence of diffechemical agents that may include
flavonoids and triterpenoids and other compoundphanolic nature or free hydroxyl group
[18]. Zeeshan et al., [20] reported the presenceedfiin metabolites such as tannin, alkaloids,
protein, and flavonoids in the extract of cyanobaat Singh and Chowdhary, [21] also
identified antimicrobial agents in algathophora
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Fig. 2: Antibacterial activity of hexane extract ofAnabaena variabilis (AVB), Oscillatoria sp. (OSC),
Chroococcus sp. (CHR), Nostoc sp.(NOS),Plectonema boryanum (PBR) and Scytonema sp (SCY) againstS.
epidermidis. Values are means = SE witim = 3

476



Mohd. Zeesharet al J. Chem. Pharm. Res., 2011, 3(2):472-478

18
16 -
14 -
12 -
10

Zone of Inhibition (mm)

o N A O ©

AVB osC CHR NOS
Cyanobacterial strains

Fig. 3: Antibacterial activity of methanol extract of Anabaena variabilis (AVB), Oscillatoria sp. (OSC),
Chroococcus sp. (CHR), Nostoc sp.(NOS),Plectonema boryanum (PBR) and Scytonema sp (SCY) againstS.
epidermidis. Values are means = SE witim = 3

The antioxidant potential of the methanol extradtdifferent cyanobacteria was determined and
the results are presented in figure 4. Among theaets of different cyanobacteriBlectonema
boryanumand Scytonemasp. exhibited greater antioxidant activity as itswa0% and 27%
inhibition of DPPH than the positive control (25 %) 50g ml™*. Other species which have
shown potent radical scavenging activity incli@gillatoria sp., Chroococcus sgdgllowed by
Anabaena variabilisandNostocsp. (Fig.4).
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Fig. 4: Effects of cyanobacterial extracts and thascorbic acid on the scavenging of DPPH. The data
represent the percentage DPPH scavenging. All datae expressed as mean = S.E. (n = 3). ASC = Ascarbi
acid, AVB= Anabaena variabilis.,, OSC =Oscillatoria sp, CHR =Chroococcus sp., NOS=Nostoc sp., PBR=

Plectonema boryanum., SCY=Scytonema sp.

Similar to this Abd El-Bakyet al, [22], observed pronounced anti-oxidant activitya crude
extracts ofSpirulina maximaSpirulinaand its antioxidant activity are well documentedAid
El-Baky [23], Khanet al.[9] and Athukorelaet al. [24]. The potent antioxidant activity of the
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extract of different cyanobacteria might be du¢he total phenolics, phycocyanin, triterpenoids
present in the extracts [25].

Acknowledgement

The author gratefully acknowledges the financigsart provided by the Council of Science and
Technology, U.P. and Vice Chancellor of Integralivénsity, U.P., Lucknow, for providing
necessary facilities.

REFERENCES

[1] S Singh; K Bhushan; U Banerje@rit. Rev. in Biotech2005,25 (3), 73-95.

[2] M Namikoshi; K L RinehartJ. Ind. Microbiol, 1996,17, 373-384.

[3] R. Ely; T Supriya; CG Naaikl. Exp. Biol. Eco|.2004,309, 121-127.

[4] C | Febles; A Arias; M C Gill-RodrigueAnuario del Estudios Canario$995,34, 181-192.
[5] | B Tuney; D Cadirci Unal; A. Sukatafurk. J. Biol.,2006,30, 171-175.

[6] M M Kulik.. Eur. J. Plant Path.1995,101(6), 585-599.

[7] B Hazra; S Biswas; N Mandd&MC Compl. and Alt. Med2008,8, 63.

[8] H Imai; H Chang; S Nakano. Environmental Chemgis— Environmental Research in Asia,
(Eds., Y. Obayashi, T. Isobe, A. Subramanian, Sulsuand S. Tanabe2009,pp. 269-275.

[9] M Khan; C J Shobha; U M Rao; C M Sundaram; 8g8j J | Mohan; P Kuppusamy; K V
Kutala.Phytother. Res2005 19, 1030 — 1037.

[10] L M Colla; C O Reinehr; C J Reichert; AV CadBiores. Technol2007,98, 1489-1493.
[11] J Myers; W A KratzJ. Gen. Physiol1955,39, 11-21.

[12] E E Elgorashi; J Van Stadeh.of Ethnopharmacql2004,90, 27-32.

[13] A W Baur; W M M Kirby; J C Sherris; M TurctAm. J. of Clin. Pathol.1966 45, 494—
496.

[14] C Perez; M Pauli; P Bazerqukcta Biologiae et Medicine Experimentali®©90, 15, 113—-
115.

[15] B W Williams; M E Cuvelier; C BersetWT, 1995,28, 25-30.

[16] G Miliauskas; P R Venskutonis; T A Van Bedkood Chem.2004 85, 231-237.

[17] ON Tiwari; R Prasanna; AK Yadav; D W Dhar; FBnhgh.Biofertil soil,, 2001, 34, 291-
295.

[18] H Yu; S Jia; Y DaiJ. Appl. Phyco).2009,21, 127-133.

[19] Y Ghasemi; A Moradian; A Mohagheghzadeh; Si®aei; M H Morowvat.J. of Biol. Sci.,
2007,7 (6), 904-910.

[20] M Zeeshan; S Suhail; D Biswas; A Farooqul Arif. Biochem. Cell. Arch201Q 10 (2):
163-168.

[21] A P Singh; B R Chaudhary. Algal Biomass Utin201Q 1 (2), 33-41

[22] H H Abd El-Baky; F K El Baz; G S El-Baroty. of Med. Plants Re2008,2(10), 292-300.
[23] H H Abd EI-Baky.J. Med. Scj.2003,3, 314-324

[24] Y Athukorala; K Nam; Y Jeorzood Chem. Toxicql2006,44, 1065-1074.

[25] A Rojas; L Hernandez; R Pereda-Miranda; R Mat&thnopharmacaol1992,35, 275-283.

478



