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ackground: This study describes the evaluation of antimicrobial, antialgal and cytotoxic activities of crude 
extracts from cyanobacterial strains isolated from rhizospheric and freshwater environment. 

Methods: Four cyanobacterial strains were isolated from freshwater and rhizospheric samples collected from 
various sites of University of the Punjab, Lahore, Pakistan. Selected strains were identified by 16S rDNA 
ribotyping as species of genera, Cyanothece (CY1), Synechococcus (CY2), Leptolyngbya (CY3) and 
Synechococcus (CY4). The organic extracts i.e., methanolic, ethanolic and acetonic of selected cyanobacterial 
strains were checked for antibacterial and cytotoxic activity. Antibacterial and antialgal activities of 
cyanobacterial extracts were determined against, four Gram positive and three Gram negative bacteria using 
Muller-Hinton (MH) agar well diffusion assay and two algal species using 96-well microtiter plate respectively. 
Cytotoxic activity was determined against Vero cells and Huh-7 cells. 

Results: The results showed that all cyanobacterial extracts showed activities against Gram positive bacteria 
while some of the extracts showed activity against Gram negative bacteria. Acetonic extract of CY4 and CY2 
showed moderate discoloration against Chlamydomonas sp. and Chroococcus sp. respectively. In cytotoxicity 
bioassay, methanolic extracts of strain CY1 and CY2 were most active with an IC50 of 0.625 mg/ml against Vero 
cells while acetonic extract of strain CY1 showed highest activity against Huh-7 cells (p<0.05). 

Conclusion: The data of current study conclusively suggest that selected cyanobacteria may be an excellent 
source for further fractionation to obtain novel antibacterial, antialgal and anticancer substances. 
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Introduction  

In the current age of modern technology, natural 
products are still playing a leading role in the discovery 
and development of new drugs for curing different 
human diseases. In early times, plants were considered 
as major source of biologically active natural 
compounds [1]. In recent times, microorganisms have 
gained attraction of scientists to be considered as major 
source of bioactive compounds. Algae, comprised of 
micro- and macro algae, are the most populous 
organisms found on surface of the Earth. They live in the 
most extreme environments. Due to the adaption of 
algae under extreme environmental conditions, the 
most of them produce a variety of secondary metabolites 
which sometimes show promising biological activities 
[2].   

Cyanobacteria are Gram negative prokaryotes with 
abilities 1) to synthesize their own food by 
photosynthesis and 2) to inhabit on every conceivable 
habitat for over two billion years ago on the Earth [3]. 
Several factors are involved in their successful survival 
in such a vast range of environmental niches. Among 
them, the most important one is their potential to 
produce different types of secondary metabolites. 
Recent studies about the discovery of new 
pharmacologically active compounds have shown 
cyanobacteria as an untapped natural resource for new 
bioactive compounds. Such studies have focused on 
screening and identification of new bioactive 
compounds such as anticancer, antiviral, antibacterial, 
antifungal, antialgal, anti-inflammatory, 
anthelminthic, antiprotozoal, protease inhibiting 
activities and other toxic metabolites produced by 
cyanobacteria [4-8]. The actual role of these compounds 
in producer organisms is yet to be completely 
investigated but they may have major role in the survival 
of cyanobacteria in diverse range of habitats.  

The first study of cyanobacteria was focused on their 
impact on environment and public health due to their 
ability to produce different types of toxins imposing 
lethal effects on plants, invertebrates and vertebrates, 
including humans [9,10]. In humans, cyanobacterial 
toxins such as microcystins, nodularins and 
cylindrospermopsin have been found to cause damage to 
liver, kidneys, nervous system and gastrointestinal 
system [11]. Recently, a number of studies have shown 
that cyanobacteria can produce compounds having 
biotechnological and pharmacological importance 
[5,12,13]. 

Secondary metabolites produced by cyanobacteria 
have diverse range of structures which may be due to the 
diversity of cyanobacteria. These metabolites have 
shown a range of biological activities including 

anticancer, antibacterial, antiviral, antifungal and 
antiprotozoal activities [14,15]. Marine environments, 
especially benthic species of cyanobacteria are among 
the best source of bioactive compounds. Screening for 
anticancer compounds has been mainly focused by the 
scientists now a days. Territorial species of 
cyanobacteria have produced interesting antiviral 
compounds by showing promising anticancer leads. 
Apart from this, a wide range of linear and cyclic 
peptides have also been isolated from planktonic 
cyanobacteria [16].        

Recent studies on bioactive compounds produced by 
cyanobacteria are mainly focused on freshwater and 
marine species [17-20]. Keeping in mind the diverse 
range of cyanobacterial compounds, the main objective 
of the present study is to evaluate the antimicrobial, 
antialgal and cytotoxic activities of extracts obtained 
from rhizospheric and freshwater cyanobacteria.  

Methods 

Cyanobacteria and culture conditions 
Different freshwater and rhizospheric samples were 
collected from different sites of the University of the 
Punjab, Lahore, Pakistan (latitude/ longitude = 31.49° N, 
74.29° E) as given in Table 1. All the samples were 
serially diluted and 100 µl from 106 and 107 dilutions 
were spread on BG-11 agar medium [21]. The plates were 
incubated under illumination with 16 h:8 h of light: dark 
cycle and 200 µE m-2 s-1 light intensity at 25-28˚C for 
three weeks. After incubation, single and isolated 
colonies were obtained which were then purified on 
fresh prepared BG-11 medium. The process was 
repeated three times for getting single, isolated and 
purified colonies. For 16S rDNA ribotyping, four purified 
colonies were sent to Macrogen Sequencing Facility, 
Korea. The obtained sequences were aligned with 
already reported species of cyanobacteria in NCBI 
database. Selected four colonies were characterized as 
species of genera Cyanothece, Synechococcus, 
Leptolyngbya and Synechococcus. Biomass of four 
selected strains was produced by culturing in BG-11 
medium. Cultures were grown under same conditions as 
described above. At the stationary phase of growth, the 
cultures were harvested by centrifugation (model 3K30, 
SIGMA laborentifugen) at 10,000×g for 15 min for 
obtaining high yield of biomass. The biomass was 
freeze-dried and stored at -20˚C until further use.  

Preparation of crude extract 
Extraction of cyanobacterial biomass was carried out 
with the solutions of acetic acid: methanol, acetic acid: 
ethanol and acetic acid: acetone respectively. One ml of 
acetic acid: methanol (10:1) solution was added to 100 
mg of freeze dried biomass and sonicated with an ultra-
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sound probe for 5 min (cycles: 5s on/10s off) on ice. The 
solution was centrifuged at 10000×g for 10 min. The 
supernatant was filtered, condensed and freeze-dried to 
obtain crude methanol extract. Stock solution (200 
mg/ml) of methanol extract was prepared by dissolving 
20 mg of dried methanol extract in 1 ml of dimethyl 
sulfoxide (DMSO). Similarly, the extraction was 
performed with the acetic acid solutions of ethanol and 
acetone respectively. The DMSO stock solutions of all 
extracts were filtered (0.2 µm) and stored at -20˚C until 
use for bioassays. The concentrations from stock 
solution were prepared freshly for each bioassay. 

Strain Genera Source 
CY1 Cyanothece sp. Freshwater 
CY2 Synechococcus sp. Freshwater 
CY3 Leptolyngbya sp. Rhizosphere 
CY4 Synechococcus sp.  Rhizosphere 

Table 1: Cyanobacteria strains and their source of isolation used 
in this study. 

Antimicrobial screening bioassay  
Test microorganisms 
Antibiotic activity of cyanobacteria extracts was tested 
against four Gram positive bacteria as Bacillus subtilis 
(ATCC 6633), Staphylococcus aureus (ATCC 25923), 
Staphylococcus epidermidis (ATCC 12228) and 
Micrococcus luteus (ATCC 9341), three Gram negative 
bacteria as Escherichia coli (ATCC 25922), Pseudomonas 
aeruginosa (ATCC 27853) and Proteus mirabilis (ATCC 
49565) and two algal species of genera, Chlamydomonas 
sp. and Chlorococcus spp.  

Antibacterial sensitivity test 
Agar well diffusion method was used to determine the 
antibacterial activity of cyanobacterial extracts. Fresh 
colonies of selected overnight bacterial cultures were 
suspended in saline solution (0.9% NaCl) and streaked 
on surface of Muller-Hinton (MH) agar plate [22]. Wells 
were prepared on MH agar surface with the help of 
sterile Pasteur pipette and 10 µl of methanolic, ethanolic 
and acetonic cyanobacterial extract (stock conc. 200 
mg/ml) was transferred to each well of respective MH 
agar plate of test bacterial strains. Wells with DMSO 
were used as negative controls and with antibiotic i.e., 
penicillin (15 µg/well) were used as positive controls. All 
the plates were incubated at 37˚C for 24 h for each 
bacterial strain. The results were measured as zone of 
inhibition in millimeters. The experiment was 
performed in triplicates.  

Antialgal sensitivity test 
Antialgal assay was performed in 96-well microtiter 
plate [23]. Algal culture was concentrated by 
centrifugation at 5000×g for 10 min (SIGMA 
laborentifugen model 3K30) and 100 µl of suspension 
(105 cells/ml) was transferred to each test well. An 

aliquot of 10 µl of cyanobacterial extract (stock conc. 200 
mg/ml) was transferred to each test well and –ve control 
contained only DMSO solution. The plates were 
incubated at 28˚C under continuous illumination (25-30 
µmol photon m-2 s-1) for 48-72 h. The results were 
recorded as discoloration of the algal culture caused by 
extract.  

In vitro cytotoxicity assay  
Cell lines used 
Two cell lines, Vero cells (derived from kidney of African 
green monkey) and Huh-7 cells (Human hepatocyte 
derived cellular carcinoma cell line) were used for 
cytotoxicity bioassay. 

Culture conditions 
For testing cytotoxicity effect of selected cyanobacterial 
extracts against Vero cells and Huh-7 cells, Glasgow 
Minimum Essential Medium (GMEM) and Dulbecco’s 
Minimum Essential Medium (DMEM) were prepared and 
supplemented separately with 10% fetal bovine serum 
(FBS), 100 U/mL penicillin, and 100 μg/mL streptomycin. 
Both cell lines i.e., Vero cells and Huh-7 cells were 
maintained as a monolayer culture on GMEM and DMEM 
respectively in a humidified atmosphere of 5% CO2 at 
37˚C.  

Neutral red uptake assay 
Selected cell lines were seeded in a 96-well microtiter 
plate for overnight to evaluate the cytotoxicity effect of 
cyanobacterial extracts. Each well of microtiter plate 
was filled with 100 µl of new media by replacing the old 
media. The wells of first row of the plate were filled with 
100 µl of each extract with concentration of 5 mg/ml and 
then serially diluted to a conc. of 0.039 mg/ml. Culture 
media containing the corresponding DMSO 
concentration was used as a negative control for each 
extract. The microtitre plate was incubated at 37˚C in 5% 
CO2 chamber for 48-72 h. Cytotoxicity was measured 
using neutral red uptake assay which was designed to 
measure cell viability. The cells seeded in microtiter 
plate for appropriate period, were treated with media 
containing neutral red dye for 2 h. In the next step, the 
washing was done and then the dye was extracted from 
each well by adding acidified ethanol. The absorbance 
(O.D.) was measured using UV-VIS spectrophotometer 
[24]. 

MTT bioassay and IC50 value 
The experiment was carried out for the quantitative 
determination of viable cells of Vero and Huh-7 by the 
reduction of 3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-
2H-terazolium bromide (MTT) (yellow color) to 
formazan (a blue colored product) [25]. For this 
experiment, the medium in each well of 96-well 
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microtiter plates was replaced by MTT solution (20 
cell/well, 5 mg/ml in phosphate-buffered saline) and 
incubated for 24 h humid conditions as 5% CO2 and 95% 
air at 37ºC. After the formation of monolayer of actively 
dividing cells and then trypsinization, 105 cells/ml were 
seeded in the wells containing culture media and 
different concentrations of cyanobacterial extracts 
(stock conc. 200 mg/ml). Culture media containing the 
corresponding DMSO concentration was used as a 
negative control for each extract. The microtitre plate 
was then incubated for 48 h at optimum conditions as 
described above. After incubation, 20 µl (5 mg/ml) of 
MTT reagent was added and incubated at same 
conditions for 4 h. After incubation, MTT reagent was 
removed, and the formazan crystals produced by viable 
cells were dissolved in 100 DMSO and gently shaken. 
The absorbance at 492 nm was determined by ELISA 
reader. The results were recorded as % cell death caused 
by extract in test wells as compared to control well 
without extract. IC50 was calculated via through dose 
dependent curve and by the formula given below was 
applied for each dilution to calculate the growth 
inhibition rate. 
  
Thin Layer Chromatography (TLC) 
The experiment was performed on 0.5 mm thick 
preparative silica gel TLC plates (www.merck.com). An 
aliquot of 10 µl of methanolic extract of CY1 and Cy2 
(was loaded to the bottom of plate and developed with 
desired solvent system i.e., CH2Cl2: MeOH (9:1 v/v). 
After the development, the plate was dried and observed 
under UV trans-illuminator. 

Statistical Analysis 
All the experiments were performed in triplicates and 
the data were expressed as mean ± SD. Analysis of 
variance (ANOVA) of all the data was performed using 
SPSS software.  

Results 

Antimicrobial activity 
Antibacterial activity of all the extracts was determined 
against three Gram negative bacteria i.e., Escherichia 
coli (ATCC 25922), Pseudomonas aeruginosa (ATCC 
27853) and Proteus mirabilis (ATCC 49565), and four 
Gram positive bacteria i.e., Bacillus subtilis (ATCC 
6633), Staphylococcus aureus (ATCC 25923), 
Staphylococcus epidermidis (ATCC 12228) and 
Micrococcus luteus (ATCC 9341). The results were 
recorded as zones of inhibition after 18-24 h of 
incubation. All the extracts (methanolic, ethanolic and 
acetonic) of CY1 showed less activity against Gram 
negative bacteria as compared to Gram positive bacteria. 
Among Gram positive bacteria, ethanolic extract 

showed highest activity against M. luteus with a zone of 
inhibition of 16 mm followed by S. aureus with 13 mm 
and B. subtilis with 10 mm. Among the extracts of CY2, 
methanolic extract showed highest antibacterial activity 
against test bacteria. The extract of CY2 showed good 
inhibiting activity against Gram positive bacteria with 
zone of inhibition of 18 mm against B. subtilis, followed 
by S. aureus with 14 mm, M. luteus with10 mm and S. 
epidermidis with 10 mm. Among the extracts of CY3, the 
ethanolic extract showed highest activity against M. 
luteus with a zone of 18 mm. Other extracts of this 
cyanobacterial strains showed moderate activity. The 
extracts of CY4 were moderately active against all 
bacteria except ethanolic extract which showed a zone 
of 10 mm against M. luteus. All the extracts were mostly 
active against Gram positive bacteria and were less 
active against Gram negative bacteria. The results are 
summarized in Table 2. 

Antialgal activity 
For antialgal assay, the results were recorded as 
discoloration of the algal culture, Chlorococcus spp. and 
Chlamydomonas sp. after three days of incubation with 
cyanobacterial extracts. Methanolic extract of CY1 
showed highest activity showing complete discoloration 
of the Chlamydomonas sp. culture after 48 h. Methanolic 
extracts of all other strains showed moderate antialgal 
activity against Chlamydomonas sp. Ethanolic extract of 
all the strains showed moderate activity against 
Chlamydomonas sp., by causing minimal discoloration of 
the culture after 48 hours of incubation. Acetonic 
extract of CY1, CY2 and CY3 showed no activity whereas 
CY4 showed less activity against Chlamydomonas sp. In 
case of cyanobacterial activity against Chlorococcus spp., 
the methanolic and ethanolic extracts of all four 
cyanobacterial strains showed moderate activity causing 
minimal discoloration of the culture after 48 hours of 
incubation. Acetonic extract of strains, CY1, CY3 and 
CY4 showed no activity against Chlorococcus spp., while 
only extract of CY2 showed minimal inhibitory activity. 
The results are given in Table 3.  

Minimum Inhibitory Concentration (MIC)  
MIC (minimum inhibitory conc.) of cyanobacterial 
extracts was determined using broth microdilution 
method. Methanolic extract of all strains showed good 
results with MIC of 0.1 mg/ml against S. aureus MIC of 
ethanolic extract of CY3 was 0.1 mg/ml against B. 
subtilis. Acetonic extract of CY4 showed MIC of 0.1 
mg/ml against B. subtilis, while extract of CY1 showed 
MIC of 0.1 mg/ml against S. aureus and S. epidermidis.   

Cytotoxic activity  
Two cell lines, African green monkey kidney cell line 
(Vero) and human hepatocyte derived cellular 
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carcinoma cell line (Huh-7) were used to determine the 
cytotoxicity of cyanobacterial extracts. The results of 
MTT assay were recorded as % cell death in test wells as 
compared to control. Among the acetonic extracts, the 
extract of strain CY1 at a conc. of 5 mg/ml showed good 
cytotoxic activity by causing 58% cell death. Cell death 
(%) was gradually decreased as the conc. of the extract 
was lowered. Extract of CY3 caused 31% cell death at 
same conc. while CY4 caused only 10% cell death at 
conc. 5 mg/ml as shown in Fig. 1. A significant difference 
was measured among the activities of different 
cyanobacterial extracts against Vero cells (p<0.0014). 
Methanolic extracts of all strains showed the highest 
activity by causing cell death. At a conc. of 5 mg/ml, CY1, 
CY2, CY3 and CY4 extracts caused death in 67%, 61%, 
70% and 58% of cells as shown in Fig. 2. Among the 
ethanolic extracts, extract of CY1 was the most active 
causing 58% of cell death at conc. of 5 mg/ml, while CY2 
caused death of 48% cells at the same concentration. 
Extract of strains CY3 and CY4 caused death of 12% and 
16% cells, respectively at conc. of 5 mg/ml as shown in 
Fig. 3. 

 
Different Concentrations of acetonic extracts (mg/ml) 

Figure 1: Cytotoxicity of different concentrations of acetonic 
extracts of selected cyanobacterial strains (CY1, CY3 and CY4) 
against Vero cells. 

IC50 value of extracts 
IC50 (minimum conc. causing death of 50% cells) was 
calculated for all the extracts. Methanolic extract of 
strain CY1 (Cyanothece) and CY2 (Synechococcus) were 
the most active with an IC50 of 0.625mg/ml as shown in 
Fig. 4. IC50 for CY3 and CY4 was 1.25 mg/ml and 2.5 
mg/ml, respectively. Among the acetonic extracts, only 
CY1 showed IC50 at conc. of 2.5 mg/ml by causing death 
of 50% cells. IC50 was showed by ethanolic extracts of 
CY1 and CY2 at the conc. of 1.25 and 2.5 mg/ml 
respectively whereas ethanolic extract of the other 
strains did not show IC50. Four extracts i.e., CY1, CY4 
(acetonic), CY1 and CY4 (methanolic) were assessed for 
their activity against Huh7 cells. Acetonic extracts of 
CY1 and CY4 caused 88% cell death at conc. of 5 mg/ml 
by showing good cytotoxic activity. By lowering the 

conc. of extracts, the activity was also decreased as 
shown in Fig. 5. Cell death was calculated as 66% and 
55% by methanolic extracts of CY1 and CY2 respectively 
at conc. of 5 mg/ml. A gradual decrease in activity was 
observed with decrease in conc. of extract as shown in 
Fig. 6. IC50 was calculated as 0.625 mg/ml and 1.25 
mg/ml for Acetonic extract of CY1 and CY4 respectively. 
The methanolic extracts did not show IC50 against 
selected cell lines. 

 
(a) Different Concentrations of methanolic extracts (mg/ml) 

 
(b) Different Concentrations of ethanolic extracts (mg/ml) 

Figure 2a, b: Cytotoxicity of different concentrations of 
methanolic extracts of selected cyanobacterial strains (CY1, CY2, 
CY3 and CY4) against Vero cells. 

Figure 3: Cytotoxicity against Vero cells with different 
concentrations (IC50= 0.625mg/ml) of methanolic extract of CY2 
(Synechococcus). 

 
Different Concentrations of extracts (mg/ml) 

Figure 4: Cytotoxicity of different concentrations of acetonic 
extracts of CY1 and CY2 against Huh-7 cells. 
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Different Concentrations of extracts (mg/ml) 
Figure 5: Cytotoxicity of different concentrations of ethanolic 
extracts of CY1 and CY4 against Huh-7 cells. 

 
Figure 6: TLC of methanolic extracts of CY1 and CY2 

TLC of cyanobacterial extracts 
The development of different spots of extracts of CY1 
and CY2 confirmed the presence of different compounds  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

which might be involved in antibacterial, antialgal and 
cytotoxic activities. 

Discussion 

Cyanobacteria are known to produce a diverse range of 
bioactive compounds [5,26]. Antimicrobial compounds 
are produced by a range of cyanobacteria belonging to 
different genera [27-29]. In the perspective of 
antibacterial activity, the results of this study are in 
strong agreement with previous results showing that 
antibacterial activity of cyanobacteria is mostly shown 
against Gram positive bacteria [30-32]. The results of 
this study can also be related to the fact that Gram 
negative bacteria are resistant to chemicals due to 
presence of extra lipopolysaccharides layer on their 
outer membrane [33].  

By the ecological point of view, cyanobacteria and 
Gram-negative bacteria have same morphology so they 
both produce compounds against Gram positive bacteria 
[19,34]. The difference in activity may also be due to 
difference in mechanism of action of these compounds 
in both cells. The results also showed that the change in 
activity may be due to change in permeability of both 
membranes towards these compounds [7]. Out of all the 
extracts tested, methanolic extract was the most active 
in inhibiting growth of all Gram-positive bacteria tested. 
These results give an indication that active components 

Cyanobacterial 
extract 

Gram 
staining 

Bacterial 
strains 

Zone of inhibition of cyanobacterial extracts (mm) 
CY1 CY2 CY3 CY4 -ve Cont. +ve Cont. 

Methanolic 

Gram (+ve) 

M. luteus 4 ± 0.07 10 ± 0.07 8 ± 0.14 6 ± 0.14 0 20 ± 0.08 
S. aureus 8 ± 0.14 14 ± 0.14 4 ± 0.07 0 0 19 ± 0.15 
S. epidermidis 9 ± 0.07 10 ± 0.07 4 ± 0.14 6 ± 0.21 0 19 ± 0.20 
B. subtilis 6 ± 0.21 18 ± 0.21 0 8 ± 0.07 0 20 ± 0.08 

Gram (-ve) 
P. aeruginosa 0 0 0 0 0 20 ± 0.08 
P. mirabilis 0 0 0 0 0 19 ± 0.15 
E. coli 10±0.14 8±0.14 10±0.21 0 0 20 ± 0.08 

Ethanolic 

Gram (+ve) 

M. luteus 16 ±0.21 0 18 ±0.14 10 ±0.21 0 19 ± 0.15 
S. aureus 13 ±0.14 8 ±0.21 4 ±0.21 4 ±0.14 0 19 ± 0.20 
S. epidermidis 0 8 ±0.14 0 0 0 20 ± 0.08 
B. subtilis 10 ±0.21 0 8 ±0.14 8 ±0.21 0 19 ± 0.15 

Gram (-ve) 
P. aeruginosa 8 ±0.14 6 ±0.21 0 6 ±0.14 0 20 ± 0.08 
P. mirabilis 0 0 8 ±0.07 6 ±0.21 0 19 ± 0.15 
E. coli 0 0 7 ±0.07 6 ±0.14 0 20 ± 0.08 

Acetonic 

Gram (+ve) 

M. luteus 6 ±0.21 6 ±0.21 0 0 0 20 ± 0.08 
S. aureus 7 ±0.14 0 6 ±0.07 4 ±0.14 0 19 ± 0.15 
S. epidermidis 5 ±0.21 0 4 ±0.14 4 ±0.07 0 20 ± 0.08 
B. subtilis 0 6 ±0.28 0 7 ±0.14 0 19 ± 0.15 

Gram (-ve) 
P. aeruginosa 0 8 ±0.21 5 ±0.14 0 0 20 ± 0.08 
P. mirabilis 8 ±0.28 10 ±0.14 0 0 0 19 ± 0.15 
E. coli 0 0 0 6 ±0.07 0 20 ± 0.08 

+ve Cont= Positive Control, -ve Cont= Negative Control, The results are mean of triplicates ±Standard Deviation. 
Table 2: Antibacterial activity of different extracts of cyanobacteria. 

Test organisms Type of extracts Discoloration by cyanobacterial extracts 
CY 1 CY 2 CY 3 CY 4 -ve Cont. 

Chlamydomonas sp. Ethanolic  + + + + - 
Methanolic +++ + + + - 
Acetonic - - - + - 

Chlorococcus sp. Ethanolic + + + + - 
Methanolic + + + ++ - 
Acetonic  - + - - - 

= No activity, + = Less activity, ++ = Moderate activity, +++ = High activity, -ve Cont= Negative Control 
Table 3: Antialgal activity of cyanobacterial extracts against Chlamydomonas sp. and Chlorococcus spp. 
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of the extract were mostly soluble in methanol. 
Ethanolic extract was found active against all Gram-
negative bacteria. It can be hypothesized that that by 
using different solvents, the different compounds can be 
extracted with activity against different type of 
microorganisms [35,36]. The extracts, CY1, and CY2 and 
CY4 of unicellular strains, Cyanothece and 
Synechococcus were more active respectively than the 
extract of filamentous strain CY3 (Leptolyngbya). It 
showed that the compounds produced by the unicellular 
strains are soluble in these solvents. It also showed that 
the unicellular strain has more potential than 
filamentous strain.   

Cyanobacteria are known to produce compounds 
showing cytotoxicity against different cell lines. These 
compounds have different mechanism of action 
targeting different cell organelles [37]. The results of 
this study showed that cyanobacteria have the potential 
to produce different cytotoxic compounds which can be 
used to outcompete other organisms in late phases of 
growth. The results are in agreement with previous 
studies which also showed the cytotoxic potential of 
cyanobacteria [11,38-40].  

The current study also showed that extracts of 
cyanobacterial strains inhibiting bacterial growth also 
possess cytotoxic activity, especially in case of CY1 and 
CY2. It can be concluded that these extracts can affect 
both eukaryotic and prokaryotic cells or the same 
cyanobacteria produce different compounds affecting 
both type of cells. Cyanobacteria is an untapped natural 
resource of bioactive compounds which provides an 
excellent opportunity for global scientists to screen 
them for potential new drug lead compounds. As the 
rate of discovery from traditional microbial drug 
producers like actinomycetes and hyphomycetes is 
decreasing so it is time to switch to cyanobacteria to 
fight against resistant pathogens and new emerging 
diseases. The current study shows the potential of 
cyanobacteria to produce compounds against 
prokaryotic and eukaryotic cells, so this fertile field of 
research needs more attention of global scientists. 
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