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Abstract : The study was undertaken to investigate
antibacterial activity of different organic extra
prepaed from biomass and spent medium
laboratorygrown  Anabaena  variabilis agains
Staphylococcus aureuMTCC-740, Escherichia co
MTCC-739, Pseudomonas aeruginostMTCC-741,
Salmonella typhi MTCC-733 and Klebsiellg
pneumoniae MTCC-139. Antibacterial activiy wag
evaluated by disc diffusion assay ardinimum
Inhibitory Concentration of all the active crude extr
was determined by broth micro dilution assay.
methanol extract showed more potent activity
hexane and ethyl acetate extracts. Howg
dichloromethane extract and spent medium were f
to be inactive against all the test organisms.
inhibitory effect was found againstKlebsiellg
pneumoniae Minimum Inhibitory Concentration of 3
the active crude extracts was determined by |
microdlution assay. The MIC of methanol extr
againstStaphylococcus aurewsnhd Escherichia coliare
256 and 512
than 512 ¢ @Bséustdmonasgaarugmaesnd
Salmonella typhi Methanol extracts was furth
analysed by UW:is spectroscopy and HPLC. T
antibacterial activity was compared with stand
antibiotic Ciprofloxacin.

Key words: Antibacterial activity, Cyanobacteria
HPLC, Minimum inhibitory concentrationAnabaen
variabilis.

the Introduction

cts
of In recent times, the rapid development of multiresistant

bacterial strains of clinically important pathogens
fetches thdnterest of scientist to develop newer broad
spectrum antimicrobial agents. The less availability and
high cost of new generation antibiotics necessitates
looking for the substances from alternative medicines
with claimed antimicrobial activity. Cyanobadte
acts(blue-green algae) are a group of extraordinary diverse
TheGramnegative prokaryotes that originated 3.5 billion
haryears ago. The medicinal and nutrient qualities of
svercyanobacteria were first appreciated as early as 1500
oun®C, when Nostoc species were used tweat gout,
Ndistula and several forms of cancer (Liu and Chen,
2003). Their diversity ranges from unicellular to
Il multicellular, coccoid to branched filaments. They exist
rotiin almost all conceivable habitats. Most species of
act cyanobacteria are frding, freshwater, marine or
terrestrial: planktonic, or benthic; and comprise major

t
i

e g/ mlit was mcsep ecomppnents| of micrapipl jmate. Some cyanobacterial

species are thermophilic and growing in hot springs. A
er few cyanobacteria are symbionts of liverworts, water
he ferns and cycads; while number of them are found as
ardthe phototrophic component of lichens.

Various strains of cyanobacteria are known to produce
intracellular and extracellular metabolites with diverse
biological activities such as antibacterial (Fakthal,
1995; Mundtetal., 2001; Raeet al, 2007; Kaushik and
Chauhan, 2008), antifungal (MacMillagt al, 2002),
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cytotoxic (Lueschet al, 2000), algaecide (Papk al,
1997), immunosuppressive (Koehn et al., 1992) and

and antiviral activities (Hayashi & Hayashi, 1996). Thenai

Microbiology, Gurukul Kangri University Hardwar Of Study reported here was to investigate the

(U.K.), India, Mob: +919868457810,
E-mail: abhimicrol19@rediffmail.com

11

antibacterial activity of various crude extracts of
Anabaena variabilis The cyanobacterium belongs to
family Nostocaceae. The study was further extended to
find the minimum inhibitory concentrations of adiv
crude extracts. These extracts were further subjected for
UV (ultra-violet spectroscopy) and HPLC (high
performance liquid chromatography) analysis.
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Materials and Methods the well in assay ptas (Kaushik and Goyal, 2008). Plates
were incubated at 3T for overnight. The plates were
Organism and Growth Conditions. Starter culture of oObserved for the zone of inhibition and diameter of these
Anabaena variabilisvas colleted from National Center for zones was measured. All the tests were performed under
Conservation and Utilization of Blugreen Algae, Indian sSterile conditions and repeated three times. Thiesbd
Agricultural ~ Research  Institute, New  Delhi.The control revealed no activity.
cyanobacterium was grown and maintained in -BG
11)( Stanier, 1971) growth medium (at pH 7) under rotatoryDetermination of Minimum Inhibitory Concentration.
conditions. The dture was illuminated continuously at a Minimum inhibitory concentration of active crude extract(s)
light intensity of 3500 LUX. was determined by broth microdilution method as
recommended by National Committee for Clinical
Chemical composition of BG11 growth medium.Medium  Laboratories Standards (NCCLS 1997). The test was
contains the following nutrients (values in parenthesis showe@erformed in 96 wils microtiter plates. Two fold serial
the concentration); MgS@H20 (0.75 gr®), NaNQ, (1.5 gL dilutions of all active extracts were made in Cation Adjusted
1y, caCh.2H,0 (0.036 glY), K,HPO,3H,0 (0.04 g LY, Muller-Hinton Broth (CAMHB from HiMedia) ranging from

Na, EDTA (.001 gL*), N&CO0; (0.02 gLY), Ferricammonium 1 to 512 eg/ml. Ciprofloxacin w
citrate (0.006 gL), citric acid (0.006 gI}) as macronutrients for the assay. Each inoculum was @egg in the same
along with 1 ml of micronutrients BO; (2.86 gL}, medium at a density adjusted to a 25% transmittance turbidity

ZnSQ.7H,0 (0.22 gL', MnCL4H0O (1.8 gL?Y), standard (1bcfu/ml) and diluted to 1:100 for the assay. The

CuSQ.5H,0 (0.08 gl'), N&M00,.2H,0 (0.39 gtY) and final volume in the wells was 2

CO(NQ),.6H,0 (0.049 gr2. at 37°C, the calculated amount of nitrogen dried
cyanobacterial material present in the most diluted extract that

Preparation of Extracts. At the stationary phase of growth Produced a visible inhibition was defined as MIC.

(25 days), the culture was harvested. Spent media and

biomass were separated by filtration. Biomass wasddri a ~ UV-Vis spectroscopic analysisThe absorption spectrum of

hot-air oven at 60°C for 1 h. Aidried biomass was further methanol extract oAnabaena variabilisvas recorded in the

subjected to extraction by mixing well in the organic solvent.UV-Vis spectrophotometg{Shimadzu; Model No. UM700

The mixture was left for few hours at room temperature and®harmaspec) capable of producing monochromatic light in the

then sonicated for 10 min. The mixture was centrifuged afange of 20eB00 nm for measuring the absorbance.

4000 rpmfor 10 min. After centrifugation, supernatant was

collected in a preweighed test tube where it was concentrateédPLC analysis. High performance liquid chromatography of

using nitrogen gas until completely dried. Test tube was agaifethanol extract oAnabaena variabilisvas performed on

weighed and then dried sample was resuspended in thefimadzu HPLC (Model No; 10 AVP) equipped with

appropriate solvent to makehe solution of known constant temperature column compartment, a sample injector

concentration for the antibacterial assay. capable of injecting 20 el alli
variable photodiode array detector and an integrator. Fhe C

Bacterial Strains. The microorganisms used in antibacterial 18, 4.6 X 250 mm stainless steel cotu(waters) was used at

assay were collected from Institute of Microbial Technologyroom temperature. Extracts was eluted with mobile phase

(IMTECH), Chandigarh, India. Four Grapositive bacteria ~water: methanol (80:20) at the wavelength of 260 nm.

namely Staplylococcus aureusMTCC-740, four Gram

negative bacteria namelyEscherichia coli MTCC-739,

Pseudomonas aeruginosMTCC-741, Salmonella typhi Results
MTCC-733 and Klebsiella pneumoniaegMTCC-139 were
screened for present evaluation. Antibacterial activity of different extracts of laboratery

grown cyanobacteriumAnabaena variabilisagainst
various test bacteria has been represented in Table 1.

then suspended in saline solution 0.85% NaCl and adjusted g\élti.thanol thrtact" Otfh thlts iyznOb.aCte”um .Was foundt
yield approximately 1.0x101.0x1¢ cfu/ml by using active against a € lested microorganisms €excep

spectrophotometer (25% transmittance at 530 nm) as ger tH<lebsiella pneumonigea Gramnegative bacterium.
guidelines given in Indian Pharmacopoeia (2007).Medial he highest effective zone of inhibition was observ

component were purchased from Hi Media, Mumbai, India.againstStaphylococcus aurey8.56 mm) followed by
All the chemicals used were of analytical grade. 7.59 mm againsEscherichia coli 4.36 mm against
Pseudomonas aeruginosand only 3.38 mm against
Determination of Antibacterial Activity. Antibacterial  Saimonella typhiHexane extract showed little activity
activity of different crude extracts ofas evaluated using the againstStaphylococcus aurewsith only 3.32 mmsize

agar well diffusion assay (Perez et al., 1990). Adjusted cultur: . P
(100 e1) was mixed with 103°cMaeivezope Omh\b'['oe”-rahﬂ pSIpIE extragivas

(MHA). Media (25 ml) was poured into sterile Petri dish (90 found .ac.tlve _agalnstS aphylpcoccus aureusan
mm diameter). Media was allowed to solidify and then Escherichia coliwith the effective zone of inhibition

individual plates were marked for the test organisms®-37 mm and 4.42 mm, respectively. Dichloromethane
inoculated. After solidification, plates were punched to makeextract and spent medium were founddtive against

the well of 6 mm diameter with the help of sterile borer. all the test bacteria (Fig. 1).

Respective cyanobacteri al extracts (100 ¢€1) were pipetted
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Inoculum Preparation. The bactesl strains were inoculated
on Tryptone Soya Agar (TSA) and incubated for 24 h &€ 30



MIC values ofAnabaena variabilihave been shown in

Table 2. The results indicated that the MICs ofFalch BS, Konig GM, Wright AD, Sticher O,

met hanol extract wer e AngeBdber CK dPézmito JM,aBpehimans tH. 1995.
Staphylococcus aureusa n d 512 ¢ g / nBiologiealgaativities bf cyanobacteria: Evaluation of
Escherichia coliwhereasi t was mor e t ledracts &d fure ecompoumts. Planta Med. 613281
againstPseudomonas aeruginosad Salmonella typhi

MI C of et hyl acetate extFista SA CodilsGA5 1924. 8igatctivd comppand n s t
Staphylococcus aureus and more thaagainst production by thermophilic and thermotolerant
Escherichia coli MIC of hexane extract was found cyanobacteria (blugreen algae). World J Microbiol
>512 ¢ g/ Bthphydogoaus auetgFig. 2). Biotech. 10:338341.

Ghasemi Y, Yazdi MT, Shafiee A, Amini M, Shokravi
Discussion S, Zarrini G. 2004. Parsiguine, a novel antimicrobial
substance fromFischerella ambigua Pharma Biol.
Various workers had studied the antimicrobial 42:318322.
properties of Cyanobacteria. In different studies,
various crude extracts frofischerella sp (Asthanaet  Hayashi T, Hayashi K. 1996. Calciuspirulan, an
al., 2006), Oscillatoria anguistisima and Calothrix  inhibitor of enveloped virus replication, from a blue
parietina (Issa, 1999), Anabaena, Oscillatoria, green algaSpirulina platensis]. Nat Prod. 59:887.
Pseudoanabaena, Synechocyé@tireitlow et al, 1999),
Nostoc(Bloor & England, 1989)Phormedium(Fish &  Indian Pharmacopoeia. 2007. Microbiological assay of
Codd, 1994)Fischerella ambigua(Ghasemiet al, antibiotics . The Indian Pharmacopoeia Commission,
2004), Spirulina platensis (Kaushik and Chauhan, Central Indian Pharmacopodiaboratory, Government
2008) were evaluatefor their antimicrobial effects on of India, Ministry of Family Welfare, Ghaziabad,
pathogenic microorganisms. They have also reporte@01002, 2.2.10.
that the extracts prepared in different solvents were
effective against both Grapositive and Gram Issa AA. 1999. Antibiotic production by the
negative organisms. This is in agreement with ourcyanobacterigDscillatoria angustissimand Calothrix
findings, since te Anabaena variabilisextracted in  parietina Env. Toxic. Pharm. 8:337.
different solvents had similar effects on both types of
organisms used in this study. In this work, methanoKaushik P, Chauhan A. 200& vitro antibacterial
extract was found to be most active when compared tactivity of laboratory grown culture ofSpirulina
the other extracts. This extract was further selected foplatensisindian Journal of Microbiology. 48.
its UV-Vis spectra and HPLC chromatogram as shown
in figure 3. Several peaks were observed indicating th&aushik P, Goyal P. 2008n vitro evaluation of
presence of active compounds in respective extract. ThRatura innoxia(thornapple) for potential antibacterial
antibacterial activity of these extracts might be due taactivity. Indian Journal fo Microbiology.DOI:
the presence of one or more compourdese extracts 10.1007/s120880800207.
can further be subjected to various advanced techniques
such as Nuclear Magnetic Resonance (NMR) and Maskoehn FE, Longley RE, Reed JK. 1992.Microcolins A
Spectroscopy to determine the exact chemical moleculend B, new immunosuppressive peptide from the-blue
responsible for their bioactivity. This would definitely green algd.yngbya majusculal Nat Prod. 55:61819.
be turning point for pharmaceutical sciences in
determining a novel antibacterial compound. Kreittow S, Mundt S, Lindequist U. 1999.
Cyanobactaa-a potential source of new biologically
active substances. J. Biotechnol.7063L
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Table 1 Antibacterial activity of various extracts of Anabaena variabilis

Effective Zone of Inhibition* (in mm diameter)

Extracellular Standard
Organic Extracts
Test Substances Antibiotic *
Microorganisms Ethyl Dichloro-
Hexane Methanol Spent Media Ciprofloxacin
Acetate methane
Staphylococcus
3.32+1.5 5.37+.78 NZ 8.56+1.1 NZ 25.33+.15
aureus
Escherichia coli NZ 4.42+13 NZ 7.59+.63 NZ 23.46%.40
Pseudomonas
NZ NZ NZ 4.36x1.4 NZ 21.35+.22
aeruginosa
Klebsiella
NZ NZ NZ NZ NZ 17.35+.22
pneumoniae
Salmonella typhi NZ NZ NZ 3.38+1.7 NZ 28.44+.28

Results are the means of diameter values + standard deviation.
NZ: No Zone of Inhibition,

*Effective zone of inhibition = total zone of inhibitiediameter of well
“Ciprofloxacin (5¢ g/ ml )
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Table 2 Minimum inhibitory concentration(s) of active crude extracts of Anabaena

Variabilis
Mi ni mum inhibitory concentration
Test Organic Extracts Standard Antibiotic
Microorganisms Hexane Ethyl Acetate Methanol Ciprofloxacin
Staphylococcus
>512 512 256 <1
aureus
Escherichia coli ND >512 512 <1
Pseudomonas
ND ND >512 <1
aeruginosa
Salmonella typhi ND ND >512 <1

ND-Not Detected
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Fig. 1. Zone of inhibition exhibited by different extracts of Anabaena
variabilis: 1, S. aureus; 2, E. coli; 3, P. aeruginosa; 4, K. pneumoniae;

5, S. typhi; H, hexane extract; E, ethyl acetate extract; D, dichloromethane
extract; M, methanolic extract; S, spent medium.
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Fig. 2. MIC analysis for Anabaena variabilis extracts:
A ninty six well microtiter plate showing the inhibition of growth
Rows:- A-Hexane extracts against S. aureus.
B-Ethyl acetate extract against S. aureus
C-Ethyl acetate extract against E. coli
D-Methanolic extract against S. aureus
E-Methanolic extract against E. coli
F-Methanolic extract against P. aeruginosa
G-Methanolic extract against S. typhi
H-Ciprofloxacin against S. aureus
Column:- 1-Negative control(MHB)
2-11-Dilution range 512 pg/ml to 1 pg/ml.
2- 512 pg/ml, 3-256 pg/ml, 4-128 pg/ml
5-64 pg/ml, 6-32 pg/ml, 7-16 pg/mil, 8- 8 png/ml
9-4 png/ml, 10-2 pg/ml, 11-1 pg/ml.
12-Positive control (MHB+Culture)
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Figure 3. UV-Vis spectrum (A) and HPLC chromatogram (B) of methanolic
extract of Anabaena variabilis
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