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Abstract. To identify the possible clastogenic effects of the water environment of the Hrazdan 

River, a micronucleus test was used on hepatocytes of liver and erythrocytes of peripheral blood of the 
frogs living in its various parts. Data on the effect of pollution of the aquatic environment were also 
obtained by studying the morphological features of the nuclei of hepatocytes and erythrocytes. 

According to the data, obtained in our work, a large number of hepatocytes and erythrocytes with 
micronuclei , relatively high percentage of nuclei with protrusions, as well as vacuolated nuclei are found 
in frogs inhabiting in the parts of Hrazdan river which are characterized with a high degree of pollution 
(villages Darbnik and Geganist). A positive correlation was revealed between the data of the micronucleus 
test and the data obtained as a result of study of the morphology of the nuclei of erythrocytes. 

Thus, the data obtained makes it possible to draw a conclusion about the clastogenic effect of the 
waters of the Hrazdan River in the areas of the villages Darbnik and Geghanist. 
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Introduction. Amphibians are successfully used nowadays for the biological monitoring of 

ecosystems (1,2,6,7,9). 
Pylophylax ridibundus which runs the coastal as well as an aquatic lifestyle is a very suitable 

object for assessing the environmental pollution exposure as it absorbs various environmental 
pollutants with its skin during breathing and with water as well as with food because it eats terrestrial 
and aquatic food. (5). Therefore the disruptions of different morphophysiological features of these 
frogs can be used as a reliable testing system criteria for measuring terrestrial and aquatic 
environments harmful impact degree (4): In order to assess the degree of reservoirs‘ pollution for the 
identification of the mutagenic effect of the aquatic environment, the study of morphological changes 
of different formulated elements is used as a reliable indicator criterion.  

Micronuclei test is succesfully used nowdays to test/assess the environmental harmful imact. 
Among the studies conducted for this purpose, a valuable information is obtained by using a 
micronucleus test on erythrocytes of the aquatic animals (1,2,3,4,5). The erythrocytes of the blood of 
amphibians are especially used, since they are very sensitive to the influence of adverse environmental 
conditions, including - its pollution (7). The liver hepatocytes are extremely sensitive to the 
environmental impact of man-made pollution, which plays an importnat role in maintenance of 
organisms‘ homeostasis. (10,11, 12, 14): 

The micronuclei apear in cells from nuclear chromatin because of different harmful impact, when 
the processes of spindle formation and chromosome segregation are violated. These are the round 
chromatin structures detected during the interphase in the cytoplasm of cells which arise from the parts of 
chromosomes. Micronuclei may include complete chromosomes as well as its separate parts(13).  

According to the data published by the Center of Armecomonitoring of the Ministry of Nature 
Protection of RA, different points of the Hrazdan River are characterized by different degrees of pollution. 
Samples of waters taken from Qaghsi and Argel are characterized by the second - "good" - degree. 

The fifth – "poor" - degree of pollution characterizes the waters of Darbnik which is caused by the 
existence of ions of an ammonium, phosphates and nitrites, of the common inorganic nitrogen (15). 

The relevance of studying the impact of water pollution on organisms is due to the importance 
of Hrazdan River for the economy and the population of the Republic of Armenia. 

Material and methods: 35 frogs of Pelophylax Ridibundus weighting 15-20 g were used in 
this research. The catching was carried out in 5 sections of the Hrazdan River indicated by the 
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Ministry of Nature Protection of the Republic of Armenia, in 2009. As control used frogs, catching 
from the Ttu jur (Sour water) near village Hanqavan. The frogs were euthonised, smears were 
prepared from their livers, which were put in wthyl alcohol for 30 minutes and were painted by Schiff 
solution according to Feulgen. 

Smears were prepared from the samples of frogs' blood and liver stamps, which were fixed in 
ethyl alcohol for 30 minutes. The preparations were stained with Schiff's solution according to 
Feulgen. Hydrolysis was carried out in 5N H-HCl at 22° C for 60 minutes. The counting of 
hepatocytes and erythrocytes with micronuclei and percentage of erythrocytes with morphological 
anomalies of nuclei was carried out under the increase of microscope by 1000 times. 2,000 cells were 
counted on each animal‘s blood smears and liver stamps. The acquired/ obtained data were subjected 
to statistical processing using the computer program ―Statistica 8‖ by the help of which the mean 
value, the quadratic deviation, the reliability of the values, and the correlation were determined. 

The results and discussion. According to the data, obtained in our work, a large number of 
hepatocytes and erythrocytes with micronuclei are found in frogs inhabiting in the parts of Hrazdan 
river which are characterized with a high degree of pollution, caused by the exceeding maximum 
permissible concentration of nitrite ions, ammonium ions, vanadium, manganese, chromium, copper, 
the amount of oxygen and chemical oxygen demand (Table 1, Table 2).  

In comparison to hepatocytes and erythrocytes of Pelophylax Ridibndus living near Hanqavan 
village have statistically reliable difference. 

 
Table 1. The number of micronuclei in liver hepatocytes of frogs living in different parts of 

the Hrazdan River. 
 

Name of the place Micronuclei number (%) P 

village Hanqavan (Sour water) 0.008772  0.008772 - 

village Argel 0.228070  0.051428 p < 0.05 

village Qaghsi 0.185841  0.044531 p < 0.05 

Arzni hydroelectric power station 0.210526  0.044007 p < 0.05 

village Geghanist 0.421053  0.065809 p < 0.05 

village Darbnik 0.447368  0.057225 p < 0.05 

 
Table 2. The number of micronuclei in erythrocytes of peripheral blood of frogs living in 

different parts of the Hrazdan River 
 

Name of the place Micronuclei number (%) P 

village Hanqavan (Sour water) 0,046 ± 0,0262 - 

village Argel 0,156 ± 0,0457 p < 0.05 

village Qaghsi 0,107 ± 0,0388 p < 0.05 

Arzni hydroelectric power station 0,123 ± 0,0411 p > 0.05 

village Geghanist 0,313 ± 0,0699 p < 0.05 

village Darbnik 0,375 ± 0,0686 p < 0.05 

  
Thus the erythrocytes of frogs have an oval form. Under the influence of various harmful 

factors, their form can be violated (Fig. 1.). 
The morphological study of the nuclei of erythrocytes of the lake frog, inhabiting in different 

parts of the Hrazdan River, allowed us to identify the following changes: nuclei with protrusions, 
vacuolated nuclei, piknotically altered nuclei. The data illustrated in Table 3 indicate the presence of a 
relatively high percentage of nuclei with protrusions, as well as vacuolated nuclei in the erythrocytes 
(red blood cells) of frogs living in the areas of the villages Darbnik and Geganist. 

 It is interesting to note that a positive correlation was revealed between the data of the 
micronucleus test and the data obtained as a result of the above stated study of the morphology of the 
nuclei of erythrocytes. 
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Fig. 1. Erythrocytes of Pelophylax Ridibndus. 1. Erythrocyte with micronuclei, 2. Erythrocyte with 
protrusion. Hematoxylin-eosin staining, magnification 1000x 

 
Table 3. The number of violated nuclei in erythrocytes of peripheral blood of frogs living in 

different parts of the Hrazdan River 
 

Observatory name Nuclei with protrusions (‰) Vacuolized nuclei (‰) Picnotic nuclei (‰) 

village Hanqavan (sour water) 3,00 ± 1,00 1.834 ± 0.334 1.334 ± 0.167 

village Argel 
4,67 ± 1,167 1,00 ± 0.289 2.50 ± 0.764 

p < 0.05 p < 0.05 p < 0.05 

village Qaghsi 
6,167 ± 0.167 0.667 ± 0.667 1.50 ± 0.289 

p < 0.05 p < 0.05 p > 0.05 

Arzni hydroelectric power 
station 

2,50 ± 0,289 0.834 ± 0.334 1.834 ± 0.334 

p > 0.05 p < 0.05 p > 0.05 

village Geghanist 
11,33 ± 1,856 3.834 ± 0.601 2.00 ± 0.50 

p < 0.05 p < 0.05 p < 0.05 

village Darbnik 
15,00 ± 2,517 3.334 ± 1.093 4.167 ± 1.424 

p < 0.05 p < 0.05 p < 0.05 

 
The negative effect of Hrazdan water pollution on hepatocytes is expressed by the increase in 

the number of violated niclei, and their quantity increases direct to ratio of the level of water pollution. 
The morphological study of the nuclei of hepatocytes of the lake frog liver have shown the large 
number of hepatocytes with different disruptions of nuclei (table 4).  

In this case, statistically valid positive correlation is also observed between different nuclei 
disturbances. 

Based on this factor, it can be concluded that the morphological study can also be used for 
environmental monitoring purposes. 

Thus, the data obtained makes it possible to draw a conclusion about the clastogenic effect of 
the waters of the Hrazdan River in the areas of the villages Darbnik and Geghanist. 
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Table 4. The number of violated nuclei in hepatocytes of liver of frogs living in different parts 
of the Hrazdan River 
 

Observatory name 
Nuclei with 

protrusions (‰) 
Vacuolized 
nuclei (‰) 

Picnotic 
nuclei (‰) 

Kariorexis (%) 
Kariolysys 

(%) 

village Hanqavan 
(sour water) 

0.105±0.031 0.097±0.035 0.053±0.021 0.070±0.024 0.044±0.019 

village Argel 
1.176 ± 0.122 0.360±0.065 0.535±0.090 0.737±0.086 0.099668 

p < 0.05 p < 0.05 p < 0.05 p < 0.05 p < 0.05 

village Qaghsi 
0.478±0.062 0.061±0.026 0.202±0.044 0.369±0.056 0.588±0.074 

p < 0.05 p > 0.05 p > 0.05 p < 0.05 p < 0.05 

Arzni hydroelectric 
power station 

1.377±0.152 0.456±0.072 0.211±0.046 0.667±0.090 0.649±0.090 

p < 0.05 p < 0.05 p < 0.05 p < 0.05 p < 0.05 

village Geghanist 
1.623±0.122 0.553±0.086 0.640±0.087 0.640±0.073 0.842±0.086 

p < 0.05 p < 0.05 p < 0.05 p < 0.05 p < 0.05 

village Darbnik 
2.167±0.114 0.676±0.073 0.447±0.056 0.833±0.093 1.053±0.108 

p < 0.05 p < 0.05 p < 0.05 p < 0.05 p < 0.05 
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