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Abstract 

 

Two strains of cyanobacteria form backwaters mangrove forest were isolated and examined for potential antagonist 

activity against clinical and environmental strains of bacteria and yeast. The cyanobacterial fractions (from sea and distilled 

water, ethanol, sodium hydroxide) exhibited variable activity. Results from agar spot assay revealed that the ethanolic 

fraction of Phormidium breve and seawater extract of Aphanocapsa litoralis, exhibited positive antagonistic activity against 

Candida albicans. Most of bacterial strains were resistant to test extracts. The cytotoxicity test was employed using Artemia 

salina. The probit analysis (95% confidence interval) revealed that the bioassay was highly sensitive against Phormidium 

breve ethanolic extract and moderately sensitive against Aphanocapsa litoralis sea water fraction. The undiluted crude 

fractions of ethanolic and seawater were found to be lethal and effective. Median lethal concentration (LC50) values of 

Phormidium breve ethanolic extract was 0.02 mg/ml (20 ppm) and Aphanocapsa litoralis sea water fraction was found to be 

6.2 mg/ml (6200 ppm) after 24-hours respectively. These findings indicate the fractions were biologically active and provide 

a baseline for further antifungal protein research of mangrove associated cyanobacterial strains. 
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Introduction 

 
Cyanobacteria are ubiquitous in moist environments 

and are highly adaptable under extreme conditions 
(Golubic, 1994; Golubic, 2000). They are commonly found 
in soils and saline environments (Bhatnagar et al., 2008; 
Abed et al., 2011) and are responsible for microbial mat 
formation on mangrove forest floors (Stal, 2000; Ahmed et 
al., 2016). Cyanobacteria serve as a natural source of 
bioactive substances. Some cyanobacteria have nutritional 
health benefits (Morton & Steve, 2008; Keming et al., 
2018), others are treated for first generation biofuel 
production (Bigogno et al., 2002). Several cyanobacteria 
produce metabolites that are agriculturally, 
pharmaceutically and ecologically significant (Schwartz et 
al., 1990; Schaeffer & Krylow, 2000; Kim & Lee, 2006; 
Prabakaran, 2011). Marine cyanobacteria are among the 
most extensively researched organisms and are a prolific 
source of novel marine natural products of pharmaceutical 
interest (Gerwick & Moore, 2012). In Pakistan, several 
studies on marine cyanobacteria have been performed. 
While most studies have assessed the identity of 
cyanobacteria from coastal areas (Mansoor et al., 2000; 
Zaib-un-Nisa et al., 2000; Shameel, 2001; Siddiqui & 
Bano, 2001; Saifullah & Ahmed, 2007), fewer have 
focused on the bioactivity and properties of marine and 
freshwater cyanobacteria. Aftab & Shameel, (2006) 
analyzed the metabolite composition of Microcystis 
aeruginosa whereas Hameed, (2009) reported the 
antimicrobial and cytotoxic activity of some marine 
cyanobacteria. To date there are no reports on the detailed 
metabolite composition or activity of mangrove associated 
cyanobacteria. Many strains of cyanobacteria in the genera 
Microcystis and Oscillatoria are known to produce 
extracellular and intracellular metabolites with antibacterial 
properties (Ishida et al., 1997; Mundt et al., 2003; 

Prabakaran, 2011; Sakthivel & Kathiresan, 2012; Abd et 
al., 2015). Moreover, metabolites derived from Mycrocystis 
affect the feeding pattern and reproduction of Daphnia 
(Hietala et al., 1995; Herrera et al., 2015) and are cytotoxic 
or hepatotoxic (Gullege et al., 2002; Hameed, 2013) it also 
adversely affects the quality of fish in marine (Harke et al., 
2016) and aquaculture pond systems (Soares et al., 2004) 
and compromise human health (Carmichael & Boyer, 
2016). Sandspit mangrove backwaters in the Karachi coast 
harbor extensive microbial mats (Ahmed et al., 2016) 
which may be a source of bioactive compounds of 
commercial and economical interest. As part of our 
ongoing research, this study is an initial approximation 
towards the study of natural products from estuarine 
cyanobacteria from Pakistan. 

The aim of the present study was to evaluate the 
cytotoxic and antagonistic activity of crude organic 
extracts from cyanobacteria present in the microbial mat 
belonging to the genera Microcystis and Oscillatoria 
against common clinical bacterial and yeast strains. Two 
environmental bacterial strains Klebsiella pneumoniae 
SSC14011 and Proteus sp. SSC1407 (native of microbial 
mats of test cyanobacterial cultures) were also evaluated.  

 

Material and Methods 

 
Site and sampling: Sampling was conducted at the 
Sandspit mangrove backwaters forest (24º49’05.63” N, 
66º56’37.21” E) in Karachi, Pakistan (Fig. 1). Samples 
were collected from the top soil of mangrove forest floor 
during the monsoon season. 5cm sections of green 
microbial mats were collected with a glass slide. They were 
preserved in sterile seawater (autoclaved at 15 lb pressure, 
121ºC for 20 minutes) and modified ASN III medium 
(Rippka, 1988). Samples were kept in an ice box during 
transport and stored in the laboratory samples at 4ºC. 



YASMEEN ZAMIR AHMED ET AL., 1482 

 

 
Fig. 1. Map of experiment site, Sandspit Mangrove Area, 

Karachi (showing the position of mangrove Backwater channel 

and the location of the sampling area).  

 

Pure culture isolation: Modified culture medium BG-

11(Stiner et al., 1971, adjusted with seawater or 25g/L of 

NaCl,) was used to culture filamentous Phormidium and 

modified ASN III was used for isolation of Aphanocapsa. 

Cyanobacteria were isolated and purified as follows, field 

samples were transferred into BG-11 or ASN III media 

and observed periodically for two weeks. After this 

period, sub samples were transferred into fresh media 

under sterile conditions. This method was repeated for 3 

months. Later, to facilitate cyanobacterial purification the 

streak plate method (Phang & Chu, 1999) was used. Agar 

plates of the two respective media were prepared and the 

liquid cultures previously established were serially diluted 

and aseptically spread over the agar plates and incubated 

at 28ºC under continuous 2500 Lux light regimen, for 15 

days. After successive sub culturing for 3 months, isolated 

colonies (in case of the unicellular form-Microcystis) and 

single filament (in case of the filamentous form-

Oscillatoria) was picked by the capillary isolation method 

(Acreman, 1994; Andersen & Kawachi, 2005; Bui, 2014). 

Pure cultures were further recultured for 3 months. 

Cultures were then inoculated in Erlenmeyer flasks 

containing fresh 100o ml of fresh culture media and 

recultured (1:10 culture/media) after 1 month until further 

analysis (Bui, 2014). 

 

Culture identification: Two pure strains were selected 

for further analysis and were identified according to 

Desikachary (1959), Komárek & Anagnostidis, (1999) 

and Komárek & Hauer, (2013). 0.1 ml culture samples 

were examined using an Olympus 40X microscope. 50 

fields were examined to assess the dimensions of a single 

cell (unicellular form) or filament (filamentous form). 

Photographs were taken with a digital camera (Olypmpus-

100, 12M.P). 

 

Preparation of cyanobacterial extracts: Pure cultures 

were placed in fresh media and incubated for 15 days. 

Biomass was harvested by filtration (Whatman No.1) and 

weighed. The following protocol was used for protein 

based extraction (Barbarino & Lourenço, 2005; Aniket, 

2012). Once prepared, all extracts were stored at 4ºC until 

further analysis (Fig. 2). 

 

 

Fig. 2. Flow chart of extraction of bioactive protein extracts from cyanobacterial strains. 
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Step 1: The aqueous extracts from Aphanocapsa and 
Phormidium were obtained 1-10% w/v biomass in an 
autoclaved seawater and heated in water bath up to 50ºC 
for 60 minutes. The samples slurries were centrifuged 
(10,000 rpm, 10 minutes) to obtain extract in supernatant 
(liquid phase). The pellets (sediment phase) were used for 
the following phase. These aqueous extracts were named 
MCE01 (Aphanocapsa), OCE01 (Phormidium).  

 
Step 2: After step 1, the resulting pellets were 
resuspended 1-10% w/v in distilled water and heated in 
water bath to 50ºC for 60 minutes. Slurries were then 
centrifuged (10,000 rpm, 10 minutes) and a second set of 
aqueous crude extracts (MCE02, OCE02) was obtained. 
The pellets were used in the third step.   

 
Step 3: Pellets from Step 2 were suspended in ethanol 
(Sigma), 70% w/v mixture. They were heated at 75 ºC for 
60 minutes and centrifuged (10,000 rpm, 10 minutes). The 
supernatant was collected and stored (MCE03, OCE03). 
Sediments were used for the final step. 

 

Step 4: In the final extraction phase, the pellets were 

suspended in an alkaline of aqueous sodium hydroxide 

(NaOH, pH 9). The slurries 70% w/v mixture, were 

heated at 50ºC for 60 minutes and centrifuged (10,000 

rpm, 10 minutes). The resulting liquid phase (MCE04, 

OCE04) was stored for further analysis. 
 

Screening for antagonistic activity: To evaluate the 
antimicrobial potential of selected cyanobacterial species, 
common clinical strains were obtained from Microbiology 
Reference culture collection laboratory, Department of 
Microbiology and Department of Biotechnology, 
University of Karachi. Two environmental microbial 
strains, Klebsiella pneumoniae SSC14011 and Proteus sp. 
SSC1407 were isolated by the author from a cyanobacterial 
mat. This was achieved by serial dilutions and subsequent 
sub culturing on NaCl-LB agar and broth. The bacterial 
strain was maintained and grown for tests on LB (Luria-
Bertani) broth and agar at 37ºC. The yeast strain was 
cultured and maintained on Sabouraud dextrose agar at 

30ºC. 0.5 MacFarland turbidity index was used to assess 
the bacterial population for all test strains. 

 

Spot agar method for screening of antagonistic 

activity: 50l extracts of two cyanobacterial cultures 

were spot inoculated on LB/SD agar plates seeded with 

test cultures and incubated for 18 hours at 37ºC. The spot 

lawn plates were then incubated for further 24 hours (for 

all bacterial test strains, at 37ºC) and 72 hours (for yeast 

strain, at 30ºC) respectively. The antagonistic activity was 

examined by measuring the inhibition zone diameter in 

mm (Schlegel et al., 1998; Pawar & Puranik, 2008). 

 

Protein determination by Bradford assay: As the 

cyanobacterial extracts in this research are protein in 

nature, the protein contents present in the crude extracts 

were measured using Bradford assay (Bradford, 1976). 

Bovine serum albumin (BSA) was used to obtain 

standard curve. The protein was estimated both in mg/ml 

and g/ml. 

 
Cytotoxic assay: Artemia salina is a highly euryplastic 
organism widely used for assessing the cytotoxic activity 
of various natural and synthetic substances (Panagoula et 
al., 2002). For the assay, 50mg of Artemia salina cysts 
were hatched in 500 ml of filtered (0.45 m, Whatman) 
and autoclaved aged seawater for 24-48 hours at ambient 
temperature in a dark round bottom flask and aerated with 
an automated aerator motor. Within 48 hours, nauplii were 
observed. The nauplii were collected by beaming a light 
source at one side of the dark flask. The nauplii were 
gathered towards the light source and transferred into test 
vials (10 in each vial) using sterile Pasteur pipettes. 2-fold 
serial dilutions of each cyanobacterial extract were 
prepared in autoclaved seawater. 1 ml of each dilution 
was transferred into each vial. The tests were conducted 
in duplicate. Seawater was used as positive control and 
distilled water was used as negative control.  Final test 
concentrations were determined in g/ml dose (Table 1). 
The results obtained were expressed as medium lethal 
concentrations LC50 (Finney, 1971). 

 
Table 1. Cytotoxic assay of crude extracts of cyanobacteria. 

Cyanobacteria 
Sample concentration 

(g/ml) 

Concentration  

(Log) 

Mortality  

(%) 

LC50 

(g/ml) 

Aphanocapsa litoralis 

MCE01*1 

0 0.0 0 
 

779 2.9 10 
 

1558 3.2 40 
 

3116 3.5 30 5900.7 

6232 3.8 60 
 

12465 4.1 40 
 

24930 4.4 90 
 

Phormidium breve 

OCE03*2 

0 0 0 
 

23 1.4 80 
 

47 1.7 100 
 

94 2.0 100 20.3 

188 2.3 100 
 

375 2.6 100 
 

750 2.9 100 
 

1500 3.2 100 
 

where, *1 is the fraction from seawater extract, *2 is the fraction from Ethanolic extract. The data of extracts showing brine shrimp 

mortality are presented in tabular form 
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Statistical analysis: Experiments were performed in 
triplicate except for the cytotoxicity assay which was 
conducted in duplicate. Data are presented as the 
arithmetic mean (± standard error). To assess the LC50 of 
cyanobacterial extracts of two test species, a Probit 
analysis was performed using the Minitab 17 statistical 
software. Microsoft Excel 2016 was used to analyze raw 
data and draw graphs and tables. 

 

Results and Discussions 

 
Two cyanobacterial strains were isolated from a mixed 

microbial mat culture thriving at Sandspit mangrove forest. 
Two culture media were used to obtain the pure cultures. For 
the coccoid/circular form, ASN III medium worked best. For 
the filamentous form, BG- 11 was most favorable medium 
for primary isolation and sub culturing. After pure cultures 
were successfully established, ASN-III medium was used for 
long term maintenance of both growth forms. Cyanobacterial 
strains were grown in high salinity (25 to 35 PSU) media. 
The optimum temperature for growth was 30±2ºC. 
Cyanobacterial strains were identified on the basis of their 
shape, color, dimensions, colony morphology and motility. 

(1) Kingdom: Eubacteria, Phylum: Cyanobacteria, Class: 

Cyanophyceae, Order: Synechococcales, Family: 

Merismopediaceae 

 

Aphanocapsa litoralis (Hansgirg) Forti 1907: 89 

(Basionym: Aphanocapsa litoralis Hansgirg, 1892) 

(Desikachary, 1959, Komárek & Anagnostidis, 1999, 

Guiry & Guiry, 2016). Identification characters: Colonies 

macroscopic, long, irregularly arranged, covered with 

transparent and amorphous mucilage. Cells unicellular, 

dark green in color, spherical, 5 m broad, non-motile, 

cells divide by binary fission, gas vacuoles absent. Found 

with other cyanobacteria throughout year (author 

observation). Bano & Siddiqui, (2003) described this 

specie (as Microcystis litoralis) from the intertidal rocky 

shores of Buleji, Karachi (Fig. 3. A, B, C, D). 

 

(2) Kingdom: Eubacteria, Phylum: Cyanobacteria, Class: 

Cyanophyceae, Order: Oscillatoriales, Family: 

Oscillatoriaceae. 

 

   
 

  
 
Fig. 3. Aphanocapsa litoralis circular cyanobacteria found in the microbial mat at Sandspit mangrove area. (A) at stationary stage, 

40x, (B) and (C) at exponential stage, 100x, (D) at l ate exponential stage, 100x.  

A B 

C D 

10 m 
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Fig. 4. Phormidium breve filamentous cyanobacteria found in the microbial mat at Sandspit mangrove backwaters. (A) at early 

stationary phase, 100x, (B) at mid exponential phase and close to stationary phase, 100x, (C) left flask containing Phormidium breve 

culture, forms sheath like mats, right flask containing Aphanocapsa litoralis culture, forms fine granular suspension. Both flasks 

contain modified ASN III medium.  

 
Phormidium breve Kützing ex Gomont 1892 (Desikachary, 
1959; Komárek & Anagnostidis, 2005; Komárek & Hauer, 
2013; Guiry & Guiry, 2016). Identification characters: 
Colonies macroscopic, transparent mucilage. Filament 
green, unbranched, densely aggregated, filament straight 
composed of disc like cells stacked together in filament, 
cell 5 m broad, end filament slightly bent, terminal region 
cell attenuated, cells with granules, calyptra absent, 
heterocystes absent, motile resembles waving motion. 
Found with other cyanobacteria abundantly in all seasons 
throughout the year (author observation). Bano & Siddiqui, 
(2015) observed this cyanobacterium from the tide pool of 
Buleji, Karachi (Fig. 4 A, B).  

The results obtained from the antagonistic activity 
test revealed that only two extracts MCE01 (Aphanocapsa 
litoralis, seawater extract) and OCE03 (Phormidium 
breve, ethanol extract) were found to have significant 
inhibitory effect against Candida albicans (Table 2). 
MCE01 showed minimal zone of inhibition against 

Staphylococcus aureus (2 mm) (LH) and SSC14011 (3 
mm). MCE02 (Aphanocapsa litoralis, distilled water 
extract) exhibited minor zone of inhibition (2 mm) against 
Staphylococcus aureus (LH). OCE03 also revealed a 
small zone of inhibition (5 mm) against SSC14011 strain 
respectively. It was observed that the antagonistic activity 
against test microorganisms differed with respect to 
cyanobacterial species and extraction method (Rao, 
1994). For instance, the ethanolic fractions of filamentous 
Phormidium breve were highly potent against Candida 
albicans than other fractions and form clearer zones of 
inhibition. (Fig. 5 A, B, C). On the other hand, 
Aphanocapsa litoralis extracts exhibited lower potency 
and formed turbid zones of inhibition. The sodium 
hydroxide extracts were least effective. Most of the 
clinical test organisms did not respond to all the extracts. 
This may be due the presence of some inhibitory 
substances in extract that effect the antibacterial activity 
against clinical strains (Martins et al., 2008). 

A B 

C 
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Fig. 5. Spot agar test of cyanobacterial extracts on potato dextrose agar plates seeded with clinical strain of Candida albicans. (A) (B) 

(C), plates showing zone of inhibition formed, MCE01 is the Aphanocapsa litoralis seawater extract, OCE03 is the Phormidium breve 

ethanolic extract. 50 l Undiluted crude extracts were tested. 
 

Table 2. Antagonistic activity of mangrove associated cyanobacteria (crude extracts) against different strains. 

Cyanobacterial fractions/  

Test strains 

Aphanocapsa litoralis Phormidium breve 

Sea 

water 

Distilled 

water 
Ethanol NaOH 

Sea 

water 

Distilled 

water 
Ethanol NaOH 

Clinical strains 

        Escherichia coli 1030 - - - - - - - - 

Staphylococcus aureus 1161 - - - - - - - - 

Staphylococcus aureus (LH) + + - - - - - - 

Klebsiella pneumoniae - - - - - - - - 

Beta Haemolytic Streptococci G - - - - - - - - 

Pseudomonas aeruginosa - - - - - - - - 

Micrococcus sp.  - - - - - - - - 

Acinetobacter sp. - - - - - - - - 

Proteus O - - - - - - - - 

Candida albicans ++ - - - - - ++ - 

Environmental strains 

        SSC14011 + - - - - - + - 

SSC1407 - - - - - - - - 

where, (+) zone of inhibition 2-5(mm) , (++)zone of inhibition 10 mm, (-) No zone of inhibition, (LH) This Localized strain was 

isolated form civil hospital, Karachi and provided by department of biotechnology, University of Karachi, (Klebsiella pneumoniae 

SSC14011) gram negative, short rods isolated from microbial mat of native cyanobacteria, (Proteus sp. SSC1407) gram negative, 

short rods isolated from microbial mat of native cyanobacteria. Concentrations of crude extracts were 300 g/ml 

 

Bradford assay revealed that Phormidium breve was 

found to contain 1.49 mg/ml protein whereas, 

Aphanocapsa litoralis contained 24.93 mg/ml protein 

content. In both cyanobacterial extracts the mortality rate 

was lower in diluted fractions as compared to undiluted 

fractions. In case of cyanobacterial culture of Aphanocapsa 

litoralis, out of four concentrated crude extracts only one 

extract MCE01 (Sea water fraction) exhibited cytotoxic 

activity. The toxicity of Aphanocapsa litoralis (MCE01) 

towards Artemia salina showed an LC50 of 6.2 mg/ml 

(6237.3 g/ml) (Table 1). The remaining extracts were not 

cytotoxic and showed 100% survival rates in fractions of 

MCE02 (distilled water), MCE03 (ethanol) and MCE04 

(NaOH). In case of Phormidium breve, out of four extracts, 

OCE03 was found to be the most effective and showed 

cytotoxic activity against Artemia nauplii LC50 0.02 mg/ml 

(20.3 g/ml). The crude undiluted OCE03 (Ethanol 

fraction) demonstrated 100% lethality which remained 

constant upon subsequent dilutions. The LC50 of OCE03 

was 0.02 mg/ml (20.3g/ml). The other fractions which 

were eluted in seawater (OCE01), distilled water (OCE02) 

and NaOH (OCE04) showed no lethality to Artemia. Probit 

analyses revealed that between the two most active 

extracts, OCE03 exhibited an increased potency compared 

to MCE01. This suggests that there might be highly toxic 

compounds in the extract that were lethal to Artemia salina 

in increased dilutions. The Probit results also suggest that at 

stress level of 0.9 log dose, 99% of test of the Artemia 

nauplii exposed to MCE01 and 100% exposed to OCE03 

might be killed (Figs. 6 and 7, Tables 3 and 4). 

In this study two members of cyanobacteria, a 

filamentous form and coccoid form belonging to the 

genera Phormidium and Aphanocapsa respectively, were 

evaluated for their antibiotic and cytotoxic activity. It was 

found that the filamentous form was more potent 

compared to the coccoid cyanobacterium against the yeast 

Candida albicans. The same was also true for the 

cytotoxic activity against Artemia nauplii. Our results 

agree with an earlier study by Scholz & Liebezeit, (2012) 

where most of the bioactivity was detected in biomass 

A B C 
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extracts. As temperature and light intensity also play a 

significant role in the antagonistic protein production in 

both cyanobacterial genera (Sivonen, 1990; Utkilen & 

Gjolme, 1992), it was observed in the current 

investigation that and increased amount of biomass was 

obtained when the cultural conditions were at pH 6.8, 

even light source 2000 lux, temperature 29-30ºC, 10-15 

days incubation period and 2 minutes agitation/day 

respectively. Under natural field conditions it was 

observed that the monsoon period was more favorable, in 

terms of biomass production for both strains as compared 

to the pre-monsoon and post- monsoon seasons. Both 

strains were observed to be among the primary members 

of the green microbial mat at Sandspit mangrove forest. 

Aphanocapsa litoralis was also reported earlier by Bano 

& Siddiqui, (2003) on the rocky shores of Buleji, Karachi. 

Present research showed that cyanobacterial strains of 

Sandspit mangrove forest were found to be halotolerant 

and retain bioactive substances. These strains were 

selected because there are several studies related to the 

natural products chemistry of Aphanocapsa and 

Phormidium demonstrating the production of compounds 

that can be effective against microorganisms of clinical 

and ecological significance.  Aphanocapsa litoralis can be 

found in benthic mats under stressed environments (Abed 

& Pichel, 2001; Srivastava et al., 2013). It has been 

taxonomically studied (Shah et al., 2001; Silambarasan et 

al., 2012); Sakthivel & Kathiresan, 2013) but there was 

some antagonistic activity research on this strain by 

Veerabadhran et al., (2014). On the other hand, studies on 

Phormidium breve both from fresh water and saline water 

sources are not rare. This cyanobacterial species has been 

investigated for its antimicrobial activity (Metting & 

Pyne, 1986; Scholz & Liebezeit, 2012), taxonomic 

assessment (Nagarkar, 2002), presence of odorous 

compounds such as geosmin and 2-methylisoborneol 

(Berglind, 1983; Naes et al., 1985) and heavy metal 

tolerance (Tong et al., 2002) respectively. This reinforces 

the importance of investigating cyanobacterial strains 

from native mangrove areas. Hameed, (2009) evaluated 

the antimicrobial and cytotoxic activities of Synechocystis 

sp., Chroococcus sp., Pseudoanabaena sp. and 

Geitlerinema sp. from Pakistan’s coastal region but there 

are no recent studies related to the currently tested 

cyanobacterial strains.  

Therefore, the present research acknowledges the 

antibiotic potential of estuarine cyanobacteria from the 

Sandspit mangrove backwaters. Further molecular and 

natural product chemistry studies according to the works 

by Engene et al., 2013, Gerwick & Moore, 2012, Golubic 

et al., (2010), Esquenazi et al., 2008, Richert et al., (2005) 

and Abed et al., (2003) are recommended to fully 

examine the pharmaceutical potential of these two 

cyanobacteria. 

 
Table 3. Probit analysis of Aphanocapsa litoralis (seawater fraction). 

S. No. Parameters 

1) 

Statistics log dose g/ml 

Mean 3.7709 
   

St. Dev 0.871227 
   

Median 3.7709 
   

IQR 1.17527 
   

2) 

Regression 

Variable Coefficient Standard error Z P 

Constant -4.32826 0.417732 -10.36 0.00 

log Dose 1.14781 0.11285 10.17 0.00 

3) 

Goodness-of-fit tests 

Method Chi-Square DF P 
 

Pearson 55.9524 5 0.00 
 

Deviance 55.8714 5 0.00 
 

4) 

Tolerance distribution 

Parameter Estimate Standard error 
95.0% CI 

Lower Upper 

Mean 3.7709 0.048538 3.67577 3.86603 

St. Dev 0.871227 0.085658 0.718526 1.05638 

5) 

Table of percentiles 

Percent Percentile Standard error 
95.0% CI 

Lower Upper 

10 2.65438 0.110579 2.39089 2.83953 

50 3.7950 0.048538 3.67776 3.87182 

90 4.88742 0.128783 4.67289 5.19585 

6) 

Table of survival probabilities 

Stress Probability 
95.0%CI 

 Lower Upper 

0.9 0.999508 0.997217 0.999976 
 

where, St. Dev = Standard deviation, IQR = Interquartile, Z= Z-Value, DF = Degree of freedom, P= Probability, CI= Confidence interval 
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Fig. 6. Probit analysis plot showing effect of Aphanocapsa 

litoralis seawater extract towards Artemia salina (brine 

shrimps). 50% mortality is expected at log dose  3.8 g/ml 

whereas, 90% mortality is expected at  4.4 g/ml of log dose. 

LC50 is computed as 10^ (log dose50) g/ml.  

 
 
Fig. 7. Probit analysis plot showing the cytotoxic effect of 

Phormidium breve ethanol fraction towards Artemia salina (brine 

shrimps). 50% mortality is expected around log dose  1.3 g/ml 

whereas, 90% mortality is expected at   1.4 g/ml of log dose 

respectively. LC50 is computed as 10^ (log dose50) g/ml. 

 
Table 4. Probit analysis of Phormidium breve (Ethanolic fraction). 

S. No. Parameters 

1) 

Statistics log dose g/ml 

Mean 1.30803 
   

St. Dev 0.063806 
   

Median 1.30803 
   

IQR 0.086073 
   

2) 

Regression 

Variable Coefficient Standard error Z P 

Constant -20.5002 996.518 -0.02 0.98 

log Dose 15.6726 731.804 0.02 0.98 

3) 

Goodness-of-fit tests 

Method Chi-Square DF P 
 

Pearson 6E-07 6 1.00 
 

Deviance 1.2E-06 6 1.00 
 

4) 

Tolerance distribution 

Parameter Estimate Standard error 
95.0% CI 

Lower Upper 

Mean 1.30803 2.50746 -3.6065 6.22256 

St. Dev 0.063806 2.97929 0 - 

5) 

Table of percentiles 

Percent Percentile Standard error 
95.0% CI 

Lower Upper 

10 1.22626 6.32557 - - 

50 1.30803 2.50746 - - 

90 1.3898 1.31071 - - 

6) 

Table of survival probabilities 

Stress Probability 
95.0%CI 

Lower Upper 
 

0.9 1.00 - - 
 

where, St. Dev= Standard deviation, IQR= Interquartile, Z= Z-value, DF= Degree of freedom, P= Probability, CI= confidence interval 
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