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THREATS OF ARSENIC ON MORPHOLOGICAL SHIFT  
OF HEMOCYTES OF MOLLUSCS: A HINT TOWARDS 

ARSENIC-INDUCED CELL DEATH 

SRIKANTA GURIA 

Immune system is strongly influenced by environmental conditions. Arsenic is an 
important environmental pollutant. Due to high distribution worldwide, the molluscs 
accumulate large amount of pollutants, which is responsible for immune challenge. 
Cellular response in molluscs is carried out by hemocytes that can kill microbes 
through phagocytosis and cytotoxic reactions. In the present study significant changes 
were observed in the cytomorphology of hemocytes of aquatic molluscs (Pila sp.) upon 
treatment with arsenic. Treated cells showed different phases of cellular death like 
formation of membrane blebs, rupture of plasma membrane. Small cytoplasmic 
vacuoles were found in arsenic (As) treated hemocytes. This report has suggested 
nature of cell death may be used as an effective biomarker of aquatic pollution. 
Hemocytes thus serve as a unique tool for the testing of the toxicity of environmental 
pollutant.  
Hemocytes will help to establish an effective bio-indicator which may provide good 
systems to evaluate the toxic effects of environmental contaminants. 
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INTRODUCTION 

There is a wide distribution of arsenic (As) in the environment. Over the 
years, several epidemiological and scientific reports have revealed the adverse 
effects of arsenic in plants, animal and humans (Tseng, 1977; Wang et al., 2002). 
Arsenic is an important environmental pollutant, whose risk of poisoning in 
humans is a public health issue worldwide (Rossman, 2003). Several scientific data 
suggest that the inorganic forms of arsenic (As) exhibit the highest toxicity level, 
while organo-arsenicals are usually less toxic (Duker et al., 2005). This article 
discusses effect of arsenic and its role on cytomorphology and death of 
hemocytes. Aquatic invertebrates have ecological, nutritional significance (Ray et al., 
2015). Recent evidences have shown that the contamination of freshwater and 
marine ecosystem by various pollutants produces threat to the natural habitats for 
invertebrates (Ray et al., 2015). 

Freshwater molluscs like Pila sp. (Mollusca: Gastropoda) are the vital aquatic 

resources of India (Subba & Dey., 1989; Prabhakar et al., 2009). Hemocytes, the 
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principal immune effector cells of molluscs (Humphries & Yoshino, 2003), execute 

varied immunological functions like phagocytosis (Cheng, 1977; Hillyer et al., 2003), 

cytotoxicity (Adema et al., 1991; Bogdan, 2001), aggregation (Chen & Bayne, 1995) 

and encapsulation (Humphries & Yoshino, 2003). By considering the important 

role of hemocytes in molluscs, it has been decided to study hematological analysis 

of freshwater species Pila sp. at cellular level. 

MATERIAL AND METHODS 

Laboratory maintenance and acclimatization 

 

42 specimens of Pila sp. were manually collected from the selected natural 

habitats of West Bengal, India. The specimens were transported to the laboratory 

and maintained the ambient temperature of 25–30◦C.  

 

Treatment 

 

Pila specimens (Mollusca: Gastropoda) were maintained in two separate 

aquariums. One group of Pila specimens was maintained in aquarium containing 

0.025 mg/L of (sodium arsenite) NaAsO2 for ten days (Nath et al., 2012; Guria 

et al., 2016). Control specimens were untreated by any toxic metals. 

 

Collection of hemolymph 

 

Hemolymph was collected aseptically by shell puncture method (Renwrantz 

et al., 1981) and from the heart of Pila sp (Ray et al., 2013 a,b). The total hemocyte 

count was determined by hemocytometer under light microscope. 

 

Staining of hemocytes 

 

Hemolymph was placed and smeared directly on sterilized glass slides and 

were stained by Giemsa, Methylene Blue, and observed under light microscope. 

 

Trypan Blue dye exclusion test 

 

Cells were treated with 50 μl of 0.25% Trypan blue dye solution for 5 minutes 

and mortality index was calculated (Guria et al., 2016). 

 

Number of cells with blue stained cytoplasm
Mortality index = 100

Total number of cells
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RESULTS 

Normal cytomorphological profile of hemocyte of Pila  

 

Normal cell morphotypes were noticed in control molluscs.  

 

Effect of toxic metal on cell-structure of haemocytes 

 

Significant changes were observed in the cytomorphology of hemocytes when 

compared with the control group. Higher magnification of treated cells showed 

different phases of cellular death like formation of membrane blebs (Fig. 1A) and 

rupture of plasma membrane (Fig. 1B). 

Small cytoplasmic vacuoles found in arsenic (As) treated hemocytes (Fig. 2A). 

Normal ultra structural morphology was predominately found in the control cells, 

showing a well-defined plasma membrane and intact nucleus. A significant percentage 

of hemocytes become pyknotic in treated condition (Fig. 2B). 
 

 
Fig. 1A. Giemsa stained sodium arsenite treated cells showing  

altered cell surface indicating cellular apoptosis (× 400). 
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Fig. 1B. Rupture of plasma membrane of treated hemocytes (× 400). 

 
 
 

 
Fig. 2A. Control cells showing a well-defined plasma membrane and intact nucleus.  

After arsenic treatment, the cell cytoplasm displayed vacuoles  

(N = nucleus; C = cytoplasm; CV = cytoplasmic vacuole) (× 400). 
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Fig. 2B. Normal cell architecture and deformed cell structure.  

Note morphological aberrations of hemocytes due to arsenic treatment  

(N = nucleus; C = cytoplasm) (× 400). 
 

 

Calculation of mortality index 

 

Mean mortality index was significantly increased in treated group (Fig. 3). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3. Mean mortality index in normal and treated group. 

Values are expressed as Mean ± SEM. P-Value < 0.05 is considered to be statistically significant. 
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Total count of hemocytes 

 

Mean cell count was significantly decreased in treated group (Fig. 4). 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 4. Mean cell count in normal and treated group. Values are expressed as Mean ± SEM. 

P-Value < 0.05 is considered to be statistically significant. 

DISCUSSION 

Immunity of animals is strongly influenced by environmental conditions and 
factors (Girón-Pérez, 2010). Altered environmental conditions produce stress that can 
affect immunity by changing the functional efficiency of immune cells (Girón-Pérez, 
2010; Mydlarz et al., 2006). 

Due to high distribution worldwide, the molluscs accumulate large amount of 
pollutants, which is responsible for immune challenge (Bernal-Hernandez et al., 
2010). Cellular immunity is carried in molluscs by hemocytes which can kill microbes 
through phagocytic reaction (Pruzzo et al., 2005; Ray et al., 2013 a, b). In the present 
study significant changes were observed in the cytomorphology of hemocytes 
when compared with the control group under light microscopy. Current scientific 
reports suggest apoptosis as an effective biomarker of aquatic pollution (Kiss, 2010; 
Ray et al., 2013 a,b). Cell death images in present study displayed nuclear 
degeneration, membrane blebbing which are the indication of apoptosis. Some 
percentages of hemocytes showed necrosis like features (rupture of plasma membrane). 
Treated cell cytoplasm in some cases, also exhibited vacuoles which resemble 
another type of programmed cell death (PCD), called paraptosis. 
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Guria et al. (2016) reported the toxic effect of arsenic and lead on the 
cytomorphology of hemocytes of grasshopper. Guria (2018) reported that lead (Pb) 
treatment led to formation of membrane blebs, rupture of plasma membrane, 
degeneration of nuclei and vacuolization in the cytoplasm of hemocytes of 
Lamellidens marginalis. The present study corroborated the earlier studies. 

CONCLUSIONS 

Many of the chemical pollutants are potent immunosupressors. The results 
reveal that arsenic affected molluscs may play a significant role in accumulating 
and further transferring toxic metals to higher trophic levels in the food chain. It is 
clear that exposure to arsenic (As) alters normal biological functions, resulting in 
disease or, at least, predisposition of an organism to it. Regular monitoring of 
arsenic levels and their associated health effects in aquatic organisms may act as 
bio indicator for potential impacts on food chain (Kumari et al., 2016). In general, 
the presence of toxicants in aquatic media exerts its effect at the cellular or 
molecular level, which results in significant changes in biochemical parameters. 

By analysing the morphology, cell death of hemocytes, one can assume how 
much the concerned ecosystem is polluted. Hemocytes will help to establish an 
effective bio-indicator which may provide good systems to evaluate the toxic effects 
of environmental contaminants. 
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