
BEPLS Vol 3 [7] June 2014      75 | P a g e            ©2014 AELS, INDIA 

Bulletin of Environment, Pharmacology and Life Sciences 
Bull. Env. Pharmacol. Life Sci., Vol 3 [7] June 2014: 75-80 
©2014 Academy for Environment and Life Sciences, India 
Online ISSN 2277-1808 
Journal’s URL:http://www.bepls.com 
CODEN: BEPLAD 
Global Impact Factor 0.533 
Universal Impact Factor 0.9804 

 

ORIGINAL ARTICLE 
 

Toxicity Assessment of Cyanobacteria from Shahid Rajaee 
hydrothermal fish pool in Sari City and some cryothermal fish pools in 

Damavand City 
 

Fatemeh Maghsood Ahmadi 1, Farzaneh Hosseini 1, Anita Khanafari 1 

Department of Microbiology, Islamic Azad University, North Tehran Branch, Tehran, Iran 
Email: farzaneh953@yahoo.com 

 
ABSTRACT 

Cyanobacteria sp., the broadest Prokaryotes and the most common producers in aquatic ecosystems, currently have 
compromised a wide range of applications in biotechnology because of their diverse compounds.the objectives of this 
thesis are to investigate the different Cyanobacteria genera producing toxins. The Cyanobacteria strains were isolated 
from some cryothermal fish pools in Damavand City and Shahid Rajaee hydrothermal fish pools in Sari City in spring, in 
order to study their toxic effects on mammals like mice and Daphnia magna.   BG-11 specific culture medium was used 
for growing Cyanobacteria sp. The samples were incubated on a 120 rpm shaker at the temperature of 30oC with white 
and yellow illumination (100W, 220V, E27) for 45 nights and days which then were examined by microscope. After 
determining the dry weight of the culture containing Cyanobacteria sp, two different isolated Cyanobacteria genera 
named as Oscillatoria sp. and Anabaena sp. were identified. Later, by using Mouse Bioassay method, one of these genera, 
i.e. Oscillatoria sp., was identified as toxic alga. LD50 level with intraperitoneal was 250mg/ml and LC50 levels by using 
Bioassay method on Daphnia have been shown 1/5mg/ml respectively. Intoxication signs and symptoms caused by 
Oscillatoria sp.  in a mouse show heptotoxic  and neurotoxic  character. Results revealed that Oscillatoria sp. water-
extract was toxic to Daphnia magna as well as to mice. Acute 24h- LD50 for mice was 250mg/kg as dry weight. Acute 
24h- LC50 of daphnids was 1/5mg/ml mg/ml as wet weight of Oscillatoria sp. While Anabaena sp. was nontoxic. The 
study indicated that high amount of cyanobacteria may be source of BG-11 growth medium to water. 
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INTRODUCTION 
The phytoplankton community is often dominated by cyanobacteria in eutrophic ecosystems. At high 
densities, cyanobacteria may produce toxins, endangering public health [1]. Cyanobacterial toxins can be 
divided into eurotoxins, hepatotoxins and dermatotoxins. According to their effects on mammals, 
however, the most common and most hazardous are hepatotoxins. They are protein phosphatase 
inhibitors that may cause severe liver damage , and also appear to be potent liver tumor promoters [2] 
.Cyanobacterial blooms in freshwater usually comprise both toxin and non-toxin producing species [3]. 
The main toxin producing cyanobacteria genera include Anabaena, Aphanizomenon, Microcystis, 
Planktothrix, Lyngbya and Cylindrospermopsis(4). Cyanotoxins (hepatotoxins and neurotoxins) are 
responsible for intoxication of wild and domestic animals, drinking water contamination, also inducing 
fish mortality and eliminating other aquatic biota, [5, 6]. Nowadays Microcystins are  known to be 
produced by four planktonic cyanobacteria genera. Three are filamentous, Anabaena , Oscillatoria and 
recently Nostoc [7], while one is coccoid; Microcystis. Microcystis sp. produces the greatest variety of 
toxins differing in L- amino acid variant [8,9].  The cladoceran Daphnia magna is a well-known standard 
test species in freshwater and ecotoxicological studies, and detailed protocols for its use in both 
ecological risk assessment and prenormative tests with chemicals are available [10].This is due to their 
small size, easy handling and laboratory culture, wide distribution , availability throughout the year, 
predominantly parthenogenic reproduction, ecological relevance in food chains and high sensitivity [11, 
12]. It has been established that bioassay is the first convenient test for toxicity estimation in screening 
water-bloom material and laboratory cultures or cell extracts [13].This study was aimed to investigate 
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the water-extract effects of cyanobacterial Oscillatoria sp. on the water flea; Daphnia magna and mice as 
test organisms. 
 
MATERIALS AND METHODS 
Description of the study site, Shahid Rajaee Fish Pool:  Shahid Rajaee Fish Pool located at 14 Km 
distance from Sari City with phenomenal degree of 36/563, linear degree of 53/059 and altitude of 52 m 
was one of the studied sites. Water sampling: The samples were taken from the ponds of Shahid Rajaee 
Fish Pools initiated from December 2010.  
Description of the study site, Damavand Fish Pool: cryothermal fish pools in Damavand located at east 
of Tehran City with phenomenal degree of 35/720, linear degree of 52/08   and altitude of 1941 m was 
another studied site.   
Water sampling: This study started from December 2012 from the ponds of the pool fish in Damavand 
City. The samples were collected from the surface of the ponds for phytoplankton identification and 
counting meanwhile other samples were transported to the laboratory for toxicity testing in ice box in 
order to protect them from light. 
Isolation of cyanobacteria: The cyanobacterial samples were collected from various collection spots in 
Shahid Rajaee hydrothermal fish pools of Sari City and cryothermal fish pools in Damavand City. The 
standard microbiological methods were followed for cyanobacterial strain isolation and purification. 
Algal samples were microscopically examined and maintained in BG-11 growth medium. 
Toxicity bioassay tests: The test organisms used in this study were two animals; the crustacean water 
flea, Daphnia magna and mouse (as a mammal). The both organisms were subjected to acute toxicity 
testing of algal extracts. 
Organism and Growth Conditions: The cyanobacterium was grown and maintained in BG-
11(14)growth medium (at pH 7) under rotatory conditions. The culture was illuminated continuously at a 
3500 LUX light intensity. 
Chemical composition of BG-11 growth medium: The medium contains the following components as 
nutrients (values in parenthesis showed the concentration); MgSO4. 7H2O (0.75 g/L), NaNO3 (1.5 g/L), 
CaCl2. 2H2O (0.036 g/L), K2HPO4. 3H2O (0.04 g/L), Na2.EDTA (.001 g/L), Na2CO3 (0.02 g/L), Ferric 
ammonium citrate (0.006 g/L), citric acid (0.006 g/L) as macronutrients along with 1 ml of 
micronutrients H3BO3 (2.86 g/L), ZnSO4.7H2O (0.22 g/L), MnCl2.4H2O (1.81 g/L), CuSO4. 5H2O (0.08 
g/L), Na2MoO4. 2H2O (0.39 g/L) and CO(NO3)2. 6H2O (0.049 g/L). 
Preparation of Extracts: At the growth stationary phase (25 days), the culture was harvested. The used 
media and biomass were separated by filtration. Biomass was dried in a hot-air oven at 60°C for 1 h. 
Daphnia magna: The freshwater D. magna strain that had been successfully grown in the laboratory in 
synthetic freshwater medium(15), was one of the test organisms used for this study. Gravid females were 
transferred at regular intervals to 1-L glass beakers containing the culture medium; synthetic freshwater 
medium. The experiment was carried out in 250-ml glass beakers, containing 100 ml synthetic freshwater 
medium as control and inoculated with 20 neonates < 24 h for both control and all treatments of the 
study, and placed in a 70x60x30 cm3 water-filled glass. Temperature was maintained constantly at 20± 2 
º C by automatic heater (thermostat "hydor" model, Italy). A mercury thermometer was used to measure 
temperature in the test containers. Acute toxicity testing was conducted in triplicates, where groups of 10 
Daphnis < 24 h-old were placed in 250-ml beakers, each containing 100 ml medium and subjected to test 
conditions for 24 h. Tests were run without food addition. The number of live organisms after a 24h 
elapse was recorded. Control test was run in parallel. Treatments with different concentrations of wet 
weight Oscillatoria (collected from the fish pool and bioassay test) water-extract at 0/2 
,0/4,0/8,2/1,2,2/5,3,5,10,20mg/ml and three or more partials were performed to assess median lethal 
concentration LC50 to D. magna. 
Mice: The mouse bioassay is widely used as a routine analysis. It has advantage to give a rapid  answer if 
the algal extraction is toxic or non-toxic, which is often a requisition  from the  local  authorities. The 
toxicity of the freeze-dried algal material was determined by  using male mice weighing 20-25 gr. Toxicity 
was tested by intraperitoneal  injection (IP) of lysate  algal cells by  freeze-thawing. The material was 
dissolved in 0.9% NaCl at a concentration of 2000, 700,400 and 100 mg/kg wet weight per ml and 
suspended  by vortexing for 30 min followed by 30 min centrifugation at 4000 rpm [16].The mice were 
observed during the following 24 h for any poisoning signs. 
 
RESULTS  
Acute toxicity test: 
Acute toxicity test (Short-Term Toxicity) was carried out by exposing Daphnia magna (24 h old neonates) 
to water extract of the dominating  blue green algae (Oscillatoria sp. and Anabaena sp.) collected from  
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Shahid Rajaee fish pool in Sari City and cryothermal fish pools in Damavand City. Bioassay test conducted 
at concentrations (0/2 ,0/4,0/8,2/1,2,2/5,3,5,10,20mg/ml) for wet weight of Oscillatoria sp. 20 animals 
(Daphnia) were introduced to beakers containing 100 ml of each alga´s extract (triplicate beakers).A 
control test was applied at the same time (100 ml Daphnia magna synthetic fresh water medium + 20 
daphnids) Effects were observed after 24 by counting live D.magna neonates (Table:4). For mouse-
toxicity-bioassay, male mice (20-25gr) were used for the experiments. 6 mice for Oscillatoria sp. and 6 
mice for Anabaena sp.  Extracts were used. Mice were IP injected with 1 ml of the test extract solution 
containing equivalent final concentrations per mouse of 2000,700,400 and 100 mg/kg.Control mice were 
injected with 1 ml of the solution used for extraction containing only 0.9% NaCl. The injected animals 
were observed in different times up to 24 h. Behavioral symptoms and survival time were recorded by 
(Table :1,2,3).The results showed that the injection of Anabaena sp . extract into mice did not yielded any 
signs of neuro as well as hepatotoxicity. (Table 3) but the injection of oscillatoria sp . extract into mice 
yielded toxicity. Consequently Oscillatoria sp. was identified as toxic alga. Intoxication signs and 
symptoms caused by  Cyanobacteria called Oscillatoria sp.  in a mouse show heptotoxic  and neurotoxin  
character.Postmortem examination failed to show changes in gross morphology or appearance in the 
liver and heart (Fig. 1,2,3).  This toxin belongs to Cyclicpeptides of Micricystines group. Table (1) 
illustrates that the extract was toxic to mice. From concentrations used (100, 400, 700, and 2000 mg/kg), 
24h-LD50 was 250 mg/kg, calculated by schema logarithm. Illustrates that the  extract was toxic to 
Daphnia. From concentrations used (0/2,0/4,0/8,2/1, 2,2/5,3,5, 10,20mg/ml) , 24h-LC50 was 1/5mg/ml  
calculated by schema logarithm. (17) in this research the toxins of extracted cyanobacteria have been 
tested on mice too. The experiment shows that  cyanobacteria Anabaena sp. in mouse bioassay is not toxic 
and the symptoms of toxicity were temporary in the studied groups and lasted for a couple of hours. But 
all of the mice that had been received  Oscillatoria sp. by injection died, so cyanobacteria are definitely 
toxic and these results are similar to Daphnia ’ s tests. The liver of the mice that had taken Oscillatoria 
were bigger than a normal liver. The proportion of liver to mice’s weight in control group was  6-7% and 
the other group that had taken Anabaena sp. had normal liver like control group. These findings showed 
that liver has not been damaged. But the group that had taken Oscillatoria sp. had bigger liver and the 
proportion of liver’s weight to mice’s weight was 9-17%. Increasing livers’s weight in proportion to 
mice’s weight reveals more bloody livers. These results illustrate that hepatotoxin causes sinusoidal 
tissue loss and extremely serious liver bleeding that kills mice in a couple of hours or causes liver failure 
in some days [5] . According to symptoms, death time and mice’s anatomy, it can be concluded that the 
toxins in Oscillatoria sp. are a kind of hepatotoxin and norotoxin. 
 
DISCUSSION 
In present study the use of Daphnia magna reveals that the LC50 amount of 24h exposure by Oscillatoria 
sp. cyanobacteria coincides with other research about such field. In similar study that was done in 1997 
by Hietala  and Lauren-Matta, LC50 in 48h by using  10 colons of Daphnia pulex were about 450-2140 µg/L 
microcystis. In another experiment different colon of  Daphni pulex has shown sensitivity difference about 
thrice against Microcytic aeroginosa [18]. In present study  LC50 of Oscillatoria cyanobacter in Daphni 
Magna was reported 1/5mg/ml after 24h that is less expanded than  the results obtained by Hietala  and 
Lauren-Matta in 1997.From acute toxicity test, it can be concluded that the toxins of Oscillatoria sp. are 
toxic to Daphnia and also to mice. The same results reported by Nizan et al. have demonstrated that the 
toxicity of Microcystis strains to mice does not always coincide with the toxicity to Daphnia.Nizan et al. 
[19], by study of acute toxic effects have stated that various axenic strains of the cyanobacterium M. 
aeruginosa were found to have different short term toxic effects on Daphnia magna. M. aeruginosa 7820, 
recorded as being toxic in the mouse assay, causes food uptake blocking. This mechanism does not 
prevent rapid mortality of D. magna, despite the small amount consumed. On the other hand, M. 
aeruginosa 004, also toxic to mice, did not cause mortality of D. magna, although it did block food uptake. 
Since the observations show that the bioassay results of vertebrate and invertebrate are different. [5]. 

Table 1: Symptom and Multiplicity Mortality  of Blue-Green Oscillatoria sp. Extracts on Mice 
Concentrations 
cyanobacteria  

(mg/kg) 

100 mg/kg 400 mg/kg 700 mg/kg 1000 mg/kg (%) 

Oscillatoria sp Inactive, Stolid Inactive, Stolid 
Gasp ،Blind ،Cramp 

Bloodshed ear 5  dead 

6 dead 6 dead 0/09-0/17 

Anabaena sp NE NE NE NE 0/06-0/07 

Control (0.9% NaCl 
only) 

NE NE NE NE 0/06-0/07 

NE = No Effect 
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Table 2: Toxicity of Blue-Green Oscillatoria sp. Extracts on Mice 

Hepato+Neuro Toxic (15-30 
min) 

Hepatotoxin (45-240 min) Neurotoxin (1-30 min) Concentrations  
(mg/kg) 

NE NE NE Control (0.9% NaCl only) 

NE NE NE 100 

5 dead NE NE 400 

6 dead NE NE 700 
6 dead NE NE 1000 

NE = No Effect 
 

Table 3: Toxicity of Blue-Green  Anabaena sp. Extracts on Mice 

Hepato+Neuro Toxic 
(15-30 min) 

Hepatotoxin (45-240 
min) 

Neurotoxin (1-30 min) Concentrations  
(mg/kg) 

NE NE NE Control (0.9% NaCl 
only) 

NE NE NE 100 

NE NE NE 400 
NE NE NE 700 
NE NE NE 1000 

NE = No Effect 
 

     
1                                                                       2 

 
 

Fig. 1: Gross Anatomy of Mice 
 

Table 4: Effect of Blue-Green Oscillatoria sp on Daphnia magna 

 

Death  Neonates After  24h Initial Neonates Number  Control concentrations( mg/ml) 

0 20 0/2 
1 20 0/4 

4 20 0/8 
9 20 1/2 

11 20 2 
11 20 2/5 
17 20 3 
20 20 5 
20 20 10 

20 20 20 
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a                                                                                   b 

Fig. 2: a-Seepage cell tumult alone nucleus and bloodshed 
b-Liver tissue in  control mouse  

 

  
                                                                                                                                                                                                   

a                                                                    b 
Fig. 3 :  a -  Blood shed ,b -  Hearth tissue in control mouse 
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