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ABSTRACT 
 

The increase of the applications of ionizing radiation in several areas and sectors of 
modern society has given rise to a greater probability of occurrence of accidents. These 
accidental occurrences have revealed the need for methods that provide quantitative 
data on the radiation doses absorbed by biological systems. The mollusk Biomphalaria 
glabrata presents as a good bioindicator in several works referenced in the literature. In 
this way, the objective of this work was to evaluate the morphological and quantitative 
alterations of hemocytes of the Biomphalaria glabrata exposed to ionizing radiation. 
For the experiments, adult mollusks of the species B. glabrata pigmented were used. 
The selected mollusks were divided into six groups: five submitted to doses of 10, 20, 
30, 40, 50 Gy of 60Co gamma radiation and the control group. After 48 h, the slides 
were prepared and then read in a microscope. Quantitative analysis showed a decrease 
in the total number of hemocytes after irradiation. In the cell classification, a higher 
number of hyalinocytes were observed in relation to the number of granulocytes, except 
for the animals exposed to a dose of 30 Gy. The presence of micronuclei and 
binucleations were observed at all doses used. Apoptosis was observed at doses starting 
at 30 Gy. Therefore, it is possible to conclude that the morphological and quantitative 
analysis of B. glabrata hemocytes provided significant data for the identification of 
biological damage caused by ionizing radiation, allowing the beginning of 
standardization of the morphological alteration counting technique in B. glabrata 
hemocytes as An environmental biomarker for the action of physical agents. 
 
 

1. INTRODUCTION 
 
The discovery of ionizing radiations and compounds with natural radioactivity soon aroused 
interest in biology and medical sciences, through possible damage to biological systems and 
their great value in the treatment and diagnosis of diseases. With the advancement of science, 
humanity was able to learn to manipulate, control and produce radioactive substances allowing 
them to be used and stored with the protection and safety methods developed over time [1]. 
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It is known that ionizing radiation can induce gene mutations, chromosomal aberrations 
and even cell death [2]. Irradiated cells have a tendency to increase or decrease 
chromosome numbers and many of the cellular effects are due to changes during the 
doubling or repair of DNA damage. These changes may cause transmissible 
chromosomal instability, resulting in varied effects, even after several mitotic cycles [3]. 
 
Nowadays, with the development of researchers, techniques are sought that may aid in 
the understanding of these biological damages that arise after exposing organisms to 
certain doses of ionizing radiation and chemical agents. Among them are the dominant 
lethal test [4], comet assay [5], micronucleus test [6] and chromosomal aberrations [6]. 
 
These techniques have also been used in environmental monitoring. This study is 
important because of the various physical and chemical agents that are released into the 
environment from various human activities [7]. The aquatic and marine environment, 
with the passage of the anthropogenic activities, began to serve as a place for the deposit 
of tailings from various agricultural and industrial activities and, as of 1950, from the 
nuclear area [8]. Living organisms in these environments may suffer damage to their 
biomolecules, which can be passed from one generation to another or to other organisms 
through the food chain. For this reason, the development of sensitive and low-cost techniques 
for detecting these effects becomes necessary. 
 
The use of bioindicators is of great importance because it allows evaluating the 
magnitude of environmental impacts in an ecosystem through its own presence, 
quantity, and distribution [9]. And these organisms are highly sensitive to pollutants, 
toxins and environmental disturbances, which can lead to physiological, morphological, 
adaptive changes or even extinguishing sensitive species by small physicochemical 
variations of the environment [10]. 
 
Due to its biological and environmental characteristics such as wide geographic 
distribution, easy laboratory maintenance, short life cycle and easy reproduction, the 
mollusk Biomphalaria glabrata has been presented as a good experimental model, 
allowing the evaluation of effects produced by physical and chemical agents [11]. 
 
Therefore, the present work evaluated the action of ionizing radiation on B. glabrata 
mollusk through the study of hemocyte alterations, aiming to standardize the 
morphological alteration counting technique as an environmental bioindicator of the 
action of physical and chemical agents. 
 
 

2. MATERIALS AND METHODS 
 
2.1. Experimental model 
 
In order to carry out the experiments, young adult mollusks of the species Biomphalaria 
glabrata pigmented, natural of São Lourenço da Mata, located in the state of 
Pernambuco, and kept in the molluscary of the Departamento de Biofísica e 
Radiobiologia of the Universidade Federal de Pernambuco in plastic aquariums with a 
volume of approximately 20 L of filtered and dechlorinated water, pH around 7.0 and 
temperature of 25 ºC. Aquariums were properly cleaned twice a week, and the feeding was 
done daily with organic lettuce (Lactuca sativa). 
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2.2. Irradiation of animals 
 
The selected mollusks were divided into six groups (n = 15): five submitted to the dose 
of 10, 20, 30, 40, 50 Gy of gamma radiation of 60Co (model II 200 Excel - MDS 
Nordion with a dose rate of the 4.509 kGy/h) and non-irradiated control. 
 
To perform the irradiations the mollusks were packed in 50 mL plastic test tubes 
(FALCON), separated by thin layers of moist gases, to avoid dissection, and then the 
animals were irradiated. After irradiation, the mollusks were conditioned, separated by 
groups, in containers containing 280 mL of filtered water and fed with fresh lettuce. 
After 48 h the collection of hemocytes was performed to prepare the slides. 
 
2.3. Preparation of slides 
 
After collection of the hemolymph, 100 μL of the same was placed on each slide and 
equal amount of ethylenediaminetetraacetic acid (EDTA) in a concentration of 10 mM 
mixed with Ringer. After this procedure, the slides were placed for 30 minutes in a 
humid chamber. After waiting time the cells were fixed with 200 μL glutaraldehyde 1% 
for 5 minutes, then washed with Ringer's solution and stained with Giemsa. 
 
2.3.1. Conventional staining (Giemsa) 
 
To color the slides, a stock solution of Giemsa (Merck), Azur-eosin-methylene blue, 
diluted in phosphate buffer, pH 6.8, was used to obtain a final 5% solution. The slides 
were submerged in this solution for 7 minutes and then washed with distilled water and 
subsequently subjected to drying at room temperature. 
 
2.4. Statistical analysis 
 
In this study, a descriptive analysis of the cellular characteristics observed was 
performed and the data were organized as tabular representation with the distribution of 
the absolute and relative frequencies. 
 
 

3. RESULTS AND DISCUSSION 
 
For the morphological classification of invertebrate hemocytes, some aspects should be 
considered as size, shape, number, dye affinity and cytoplasm staining [12]. 
 
According to Cheng [13], there are two cell types present in the hemolymph of 
Biomphalaria glabrata, being: hyalinocytes and granulocytes. These cells differ in size, 
in the morphotintoral characteristic, in the development of their organelles and in their 
behavior [14]. For Knaap and Loker [15], hyalinocytes have nuclei proportional to the 
size of the cytoplasm, have few lysosomal structures and show a low tendency to form 
pseudopods or phagocyte particles, whereas granulocytes have more cytoplasm and 
lysosomes, form pseudopods and actively phagocytose. 
 
The results found in the present work are compatible with the description of Knaap and 
Loker [15]. Large cells were found with the presence of star-shaped basophilic granules 
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and adhesions forming pseudopods, being called granulocytes. In these cells, the 
granules are present both at the periphery and at the cell center. The second group of 
cells was the hyalinocytes, which have a higher ratio nucleus/cytoplasm, homogeneous 
cytoplasm and do not have granules. (Figure 1). 
 
 
Figure 1: (A) non-irradiated B. glabrata hemocytes (objective of 40x); (B) granulocyte (objective of 

100x); (C) hyalinocyte (objective of 100x). 

 
 
 
Differences in the number of cellular subpopulations (hyalinocytes and granulocytes) 
were found after irradiation at different doses. The results obtained are shown in Table 
1. 
 
 

Table 1:  Classification and quantification of B. glabrata cells exposed to ionizing radiation. 

Dose 

(Gy) 

Nº of 

hyalinocytes 
% 

Nº of 

granulocytes 
% 

Control 6013 89 736 11 

10 3925 73.4 1422 26.6 

20 4304 83 878 17 

30 1704 60 1135 40 

40 3389 66.8 1684 33.2 

50 4105 70.2 1740 29.8 

 
 
The data demonstrate the presence of a greater number of hyalinocytes present in B. 
glabrata hemolymph in the control group (non-irradiated) than in the other doses. These 
results are confirmed in the study by Seta et al. [16], where the hemolymph of B. 
glabrata found a greater number of hyalinocytes (75.8%) than granulocytes (24.2%). 
 
Hose et al. [17] evaluated the difference of hemocytes subpopulations in three different 
species of crustaceans, noting that in the Panulirus interruptus species the number of 
hyalinocytes prevailed over the subpopulation of granulocytes. The opposite was 
observed in the other two species (Homarus americanus and Loxorhynchus grandis). 
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The results obtained by Delgado et al. [18] demonstrate that the geographical location of 
mollusks can interfere with the number of circulating cells in B. glabrata hemolymph. 
The hemocytes of mollusks collected in Puerto Rico presented 83.8% of granulocytes, 
while in the Caribbean, the animals presented 92.5% of circulating granulocytes. 
 
Seasonality may also be a factor capable of influencing the production of hemocytes in 
mollusks. Studies using Crassostrea virginica showed that the granulocyte population 
in the studied mollusks was higher in January, February, and March (60%), significantly 
decreasing in May (32%) [19]. Such data from different authors suggest that 
subpopulations of hemocytes can be variable according to the geographic location of the 
animals, the species, the life time, the seasonality and possible environmental stimuli. 
 
The information in Table 1 reports the decrease in a number of hyalinocytes present in 
the hemolymph of the irradiated mollusks at all doses and in particular the dose of 
30 Gy, where the lowest number of hyalinocytes is observed and the number of 
granulocytes reaches 40%. These results may relate the granulocytes to the defense 
mechanism used by mollusks against damage caused by radiation, since, from this dose, 
the cells are reproduced in greater numbers and a number of hyalinocytes increases 
again, but with a number of changes, as shown in Table 2. 
 
Alterations were observed due to the interaction of the radiation with the hemocytes, 
such as binucleations, micronucleus, and apoptotic cells. 
 
The changes induced by ionizing radiation showed variations due to the different doses 
used. The results obtained are shown in Table 2. 
 
 

Table 2:  Cellular alterations resulting from exposure to ionizing radiation. 

Dose (Gy) N° of cells with changes % 

Control 6 0.08 

10 14 0.20 

20 48 0.92 

30 82 2.80 

40 552 10.80 

50 1247 21.30 
 
 
According to Table 2, the ionizing radiation was able to induce damage to the studied 
cells presenting a dose-dependent relationship. All the doses evaluated showed 
alterations after the irradiation process, and these are highlighted in Tables 3, 4 and 5. 
 
 

Table 3:  Micronuclei found in B. glabrata hemocytes submitted to ionizing radiation. 
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Barbosa [20] describes micronuclei as being the result of chromosomal fragments or 
whole chromosomes that are lost during metaphase due to exposure to radiation, giving 
the appearance of a small nucleus next to the cell nucleus itself, is easily observed by 
the staining of Giemsa, as was verified in the present work. 
 
It is a parameter capable of quantitatively measuring structural or numerical aberrations 
induced by ionizing radiation and chemical agents. It is a sensitive, simple, fast and 
low-cost method, being a good indicator of genetic risk induced by environmental 
mutagens. [21]. 
 
According to the results indicated in Table 3, micronucleus was found in all irradiated 
groups, increasing in number up to the dose of 30 Gy and declining at doses of 40 and 
50 Gy. It was demonstrated that the ionizing radiation favored the appearance of 
micronuclei, but this relation was not dose-dependent. 
 
Silva [22], when analyzing the frequency of B. glabrata micronuclei submitted to 
ionizing radiation, greater amounts were observed in the dose of 45 Gy in relation to the 
control group, this value decreased in the next dose of 55 Gy. This difference between 
the results can be explained by the difference in the dose rate used since the appearance 
of radioinduced lesion is directly related to the radiosensitivity of the biological 
structure and the time of radiation exposure. In the present work, a 60Co source with a 
dose rate of 4.509 kGy/h was used, while in the Silva experiment [22] the dose rate was 
6.912 kGy/h. 
 
There are reports in the literature of the appearance of binucleate cells due to toxic and 
mutagenic agents in several cell types. The observation of these cellular alterations 
demonstrates that the hemocytes can be used as biomarkers of anthropic actions in a 
variety of organisms, in several ecosystems [23]. The ionizing radiation, being a 
physical mutagenic agent, was also able to cause binucleations in this work. 
 
 

Table 4:  Binucleations of B. glabrata hemocytes after exposure to ionizing radiation. 

Dose (Gy) Nº of micronucleus % 

Control 1 0.01 

10 3 0.05 

20 22 0.42 

30 23 0.81 

40 26 0.51 

50 34 0.58 

Dose (Gy) Nº of binucleate cells % 

Control 5 0.07 
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The data are shown in Table 4 point to a correlation between exposure to ionizing 
radiation and the appearance of binucleate cells. The dose that presented the most 
binucleations was the dose of 30 Gy, and from there this number was declined in the 
following doses (40 and 50 Gy), noting, therefore, a behavior independent of the dose of 
radiation. 
 
Some studies report the appearance of binucleate cells after irradiation [23] and after 
exposure to chemical mutagens [24], confirming that the results obtained in Table 6 
were due to exposure to ionizing radiation. 
 
Anbumani and Mohankumar [25] observed in their studies that there is a correlation 
between the frequency of micronuclei found and nuclear abnormalities, suggesting the 
importance of these alterations as possible biomarkers. In their studies, checking the 
frequency of micronuclei in fish cells, various nuclear abnormalities were found, such 
as deformation of the nucleus, nuclear shoots, vacuolated nuclei. Acute and prolonged 
doses are used in this test. 
 
Apoptosis is a defense mechanism activated when cell damage is no longer amenable to 
repair. In addition, the interaction of cells with ionizing radiation may produce an 
increase in reactive oxygen species, which, at high levels, lead the cell to apoptosis [26]. 
The induction of apoptosis by ionizing radiation is related to the number of DNA tape 
breaks, the rate at which they occur and the speed and efficiency of the repair system 
[27].  
 
The patterns of cellular morphological and biochemical changes associated with normal 
cell death schedule and certain pathological processes in vivo include formation of 
cytoplasmic vacuoles, shrinkage and decreased contact between neighboring cells, 
nuclear membrane fragmentation and chromatin condensation [28]. These changes can 
be observed through the optical microscope. 
 
Apoptosis was observed in this study, where their numbers are presented in Table 5. 
 
 
 
 
 
 

10 11 0.20 

20 26 0.50 

30 18 0.63 

40 23 0.45 

50 35 0.59 
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Table 5: Hemocytes in apoptosis of B. glabrata exposed to ionizing radiation. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The results show a dose-dependent relationship for the appearance of apoptosis, from 
the dose of 30 Gy. The decline in the number of micronuclei and binucleate hemocytes 
previously presented in Tables 3 and 4 is also observed, suggesting that less aggressive 
damage (micronucleus and binucleation) converge to more critical damage, culminating 
in cellular apoptosis, which has a higher dose number of 50 Gy. 
 
Silva et al. [23], in their studies, confirm the results obtained in this work, where 
irradiated B. glabrata hemocytes, apoptosis was observed, suggesting that apoptosis had 
started in the DNA strand breaks, without repair, the cell was induced to death to 
preserve the biological system. 
 
Mesquita [29], when evaluating the alterations resulting from the use of X-ray devices 
by dental surgeons in cells of their oral mucosa, verified the presence of apoptosis, 
necrosis, micronuclei, karyorrhexis, karyolysis and binucleate cells. These results 
indicate that the radiation induces damage to the genetic material of cells of the oral 
mucosa and that these effects can establish a prognosis of the incidence of the 
development of cancer, being an important step in the planning of safety measures. 
 
 

4. CONCLUSIONS 
 
The results obtained with the irradiation of B. glabrata mollusks with doses of 10, 20, 
30, 40 and 50 Gy of gamma radiation of 60Co allowed to conclude that:  
 
The technique of obtaining hemocytes made it possible to clearly identify granulocytes 
and hyalinocytes as well as morphological changes; 
 
Hyalinocytes are present in greater numbers than granulocytes in B. glabrata 
hemolymph; 
 
The hemocytes of the irradiated mollusks presented morphological alterations and 
nuclear anomalies in all doses of radiation used; 
 
Mollusks irradiated with 30 Gy presented greater number of binucleations and 
micronuclei; 

Dose (Gy) Nº of apoptosis % 

Control 0 0 

10 0 0 

20 0 0 

30 41 1.4 

40 503 9.9 

50 1178 20.1 
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The dose of 50 Gy was more radiotoxic with a greater number of cellular alterations, 
mainly apoptosis; 
 
The results allowed the beginning of the standardization of the morphological alteration 
counting technique in Biomphalaria glabrata hemocytes as an environmental 
bioindicator of the action of physical and chemical agents. 
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