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Abstract

Snail species are commonly used as bioindicators. Detailed information of the ecotoxic
responses of a species is helpful for its conservation as well as environmental protection.
Environmental pollutants like herbicides, pesticides, metals, others chemicals and genotoxic
agents impose severe impacts on invertebrate cells. The freshwater snail P. globosa is very
susceptible to organophosphates and various chemicals used as insecticides, pesticides,
herbicides and pollutants. Live freshwater molluscs Pila sp. was manually collected from
selected areas of Nadia district of West Bengal. The assessed parameters were cell morphology
and histology of foot, digestive gland and intestine of Pila sp. The average number of
pyknotic/necrotic cells of foot, digestive gland from the specimens collected from the sites
associated with human effluents and agricultural fields was increased significantly. The
histopathological alterations of digestive gland/tubules, intestine examined were disintegration
of basement membrane, loss of epithelial cell lining in the samples collected from sites
associated with human effluents and agricultural fields. The histopathological lesions in
digestive glands/tubules, foot may result in the disturbances of overall metabolism and several
related physiological processes.
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INTRODUCTION Leguille, 2003; Gomot de Vaufleury and Pihan, 2000).

Biological markers are sensitive biological techniques
for assessing stress induced by pollution (Marigomez
et al., 2013; Radwan et al., 2024). They can be
evaluated at several biological levels like molecules,
cells and individuals which follow exposure to
different types of pollutants (Vasseur and Cossu-

Snail species are commonly used as bioindicators.
Based on Gomot de Vaufleury, (2000) land snails
exhibit remarkable tolerance to environmental
pollution as because they can provide
ecotoxicological effects due to environmental
challenges.
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Detailed information of the ecotoxic responses of a
species are helpful for its conservation as well as
environmental protection (Paital and Chainy, 2012).
Recent researches showed much attention to find
out cellular and physiological responses in
invertebrates under the fluctuation of environmental
factors and stress (Stankovic and Jovic, 2012; Sousa
et al., 2014). Environmental pollutants like
herbicides, pesticides, metals, others chemicals and
genotoxic agents impose severe impacts on
invertebrate cells (Karimi et al., 2017; Sigurnjak et al.,
2021; Panda et al., 2022). Therefore, snails can be an
ideal model of biomarker in freshwater as well as
grassland ecosystems (Panda et al., 2021; Stankovic
and Jovic, 2012; Sousa et al., 2014; Karimi et al.,
2017; Sigurnjak et al., 2021; Panda et al., 2022).

The freshwater snail P. globosa is very susceptible to
organophosphates such as phorate, formothion and
trichlorfon and carbamates such as aldicarb,
herbicides such as butachlor (Singh and
Agarwal,1981; Sivaramakrishna et al., 1991; David et
al., 2003). Various chemicals used as insecticides,
pesticides, herbicides and pollutants can affect the
non-target species like P. globosa.

P. globosa can be consumed as a food source, as it
has a high source of protein and is cheaper than
other animal protein sources (Nargis et al., 2011). So,
it may negatively impact on human health (Panda et
al., 2022).

MATERIALS AND METHODS

Live freshwater molluscs Pila sp. was manually
collected from the selected areas of Nadia district of
West Bengal like Morali River (Ballabhpur and near
Morali bridge, Silinda-Darappur - Dudhpukur Rd,
Hariankha, Nadia) and different sites of
Raghunathpur, Nakashipara. Some collection sites
were not associated with human habitats, human
effluents and agricultural fields (site A). Some areas
(site B) were associated with human effluents and
agricultural fields (Guria, 2025).

Tissues of the foot, digestive gland/tubules and
intestine were removed and mashed through the cell
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strainer into the petridish in presence of trypsin-
EDTA. Cell suspension was smeared on glass slides,
fixed by methanol and stained by Giemsa (Guria,
2025). Cell viability test was done by trypan blue
assay. Cell counting was performed by
hemocytometer. Investigated tissues were fixed in
Bouin’s fluid. Histological sections were made and
stained with haematoxylin and eosin. Statistical
analysis was done by GraphPad InStat.

RESULTS

Giemsa-stained cells from digestive gland/tubules,
intestine and foot in Pila sp. collected from the sites
associated with human effluents and agricultural
fields (site B) were necrotic indicating rupture of cell
membrane (Fig.1 and 5). The histopathological
alterations of digestive gland/tubules, intestine
examined were disintegration of basement
membrane, loss of epithelial cell lining, disruption of
tubules, disappearance of cellular integrity and
occurrence of cell debris in luminal space in the
samples collected from site B when compared with
site A. Digestive and secretory cells detached from
basement membrane and from each other and
adhesiveness of cells in digestive glands of Pila sp.
was reduced in specimens of site B (Fig. 2, 3 and 4).
H-E-stained histological section of foot muscle of Pila
sp. collected from site B showed disrupted
connective tissue and necrotic columnar epithelia
(Fig.6).

The mean number of Trypan Blue (TB) positive dead
cells from digestive gland/tubules and foot was
significantly increased in the specimens (Pila sp.)
collected from the sites B (Fig. 7, 8 and 9).

Increased pyknosis of cells was noted site B (Fig. 10).
Mean number of digestive cells showing membrane
rupture and mean percentage of digestive cells
showing membrane blebbing were significantly
increased in the specimens (Pila sp.) collected from
the sites B when compared with sites A (Fig. 11 and
12).
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Fig. 1A: Giemsa-stained cells (indicated by arrow) from digestive glands in Pila sp. collected from the sites
not associated with human effluents, human habitats and agriculture lands (site A).

Fig. 1B: Giemsa-stained necrotic cells (indicated by arrow) from digestive glands in Pila sp. collected from
the sites associated with human effluents and agricultural fields showing progressive changes of cell

membrane (site B).
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Fig. 2B: H-E-stained histological sections of digestive glands/tubules of Pila sp. collected from site B.

Disintegration of epithelial
cell lining

3A 3B

Fig. 3A: H-E-stained histological section of intestine of Pila sp. collected from site A.
Fig. 3B: H-E-stained histological section of intestine of Pila sp. collected from site B.
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4A 4B
Fig. 4A: H-E-stained histological section showing compact adhesiveness of cells in digestive glands of Pila

sp. collected from site A.
Fig. 4B: H-E-stained histological sections showing gradual loss of adhesiveness of cells in digestive glands of

Pila sp. collected from site B.

5A 5B
Fig. 5A: Giemsa-stained cells (indicated by arrow) from foot in Pila sp. collected from the sites not
associated with human effluents, human habitats and agriculture lands (site A).
Fig. 5B: Giemsa-stained necrotic cells (indicated by arrow) from foot in Pila sp. collected from the sites
associated with human effluents and agricultural fields (site B).

6A 6B

Fig. 6A: H-E-stained histological section of foot muscle of Pila sp. collected from site A.
Fig. 6B: H-E-stained histological section of foot muscle of Pila sp. collected from site B.
ct, connective tissue; ics, intercellular spaces; ml, muscle layer; ce, columnar epithelia
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Fig. 7A: Trypan Blue (TB) positive foot cells in Pila sp. collected from site A.
Fig. 7B: Trypan Blue (TB) positive foot cells in Pila sp. collected from site B.
Trypan Blue (TB) negative cells (indicated by red arrow)

Trypan Blue (TB) positive cells represented dead cells (indicated by black arrow)
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Fig. 8: Mean number of TB positive digestive gland cells in Pila sp.

A=cells from the specimens from the sites not associated with human effluents and agricultural fields,

B=cells from the specimens from the sites associated with human effluents and agricultural fields
Values are expressed as Mean * SEM. P-Value < 0.05 is considered to be statistically significant
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Fig. 9: Mean number of TB positive foot cells in Pila sp.

A=cells from the specimens from the sites not associated with human effluents and agricultural fields,
B=cells from the specimens from the sites associated with human effluents and agricultural fields
Values are expressed as Mean * SEM. P-Value < 0.05 is considered to be statistically significant
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Mean number of pyknotic cells from digestive
glands of Pila sp.
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Fig. 10: Mean number of pyknotic cells from digestive gland in Pila sp.
A=cells from the specimens from the sites not associated with human effluents and agricultural fields,
B=cells from the specimens from the sites associated with human effluents and agricultural fields
Values are expressed as Mean * SEM. P-Value < 0.05 is considered to be statistically significant
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Fig. 11: Mean number of digestive cells showing membrane rupture in Pila sp.
A=cells from the specimens from the sites not associated with human effluents and agricultural fields,
B=cells from the specimens from the sites associated with human effluents and agricultural fields
Values are expressed as Mean * SEM. P-Value < 0.05 is considered to be statistically significant
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Fig. 12: Mean percentage of digestive cells showing membrane blebbing in Pila sp.
A=cells from the specimens from the sites not associated with human effluents and agricultural fields,
B=cells from the specimens from the sites associated with human effluents and agricultural fields
Values are expressed as Mean * SEM. P-Value < 0.05 is considered to be statistically significant
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DISCUSSION AND CONCLUSION

This work is the extended work of Guria, (2025).
Collection sites B were associated with human
habitats and human effluents and agricultural fields
may pollute the environment of aquatic bodies
through anthropogenic activities rather than
collection sites A which were not associated with
human habitats and human effluents and agricultural
fields.

Guria, (2025) showed cells from hepatopancreas in
molluscs collected from the sites associated with
human effluents and agricultural fields were
necrotic. The average number of pyknotic cells from
hepatopancreas from the specimens collected from
the sites associated with human effluents and
agricultural fields was increased significantly (Guria,
2025). Water pollution occurs because of synthetic
pesticides which are commonly used in agricultural
practices and industrial organic chemicals which are
harmful in terrestrial and aquatic environments
(Demi and Sicchia, 2021).

Pesticides are vital to modern agriculture but their
improper use has resulted in a significant
environmental challenge (Pathak et al., 2022).
Previous researches showed snails subjected to 0.02
pug/mL indoxacarb displayed histo-architectural
damages, alteration of digestive cells and excretory
cells with numerous vacuoles. On the other hand, the
group of snails exposed to 0.2 pg/ml indoxacarb
exhibited rupture of digestive cells, increased
number of vacuoles and the presence of excretory
cells with clumps (Radwan et al., 2024).

Plant fertilizers are used to enhance the growth of
the different parts of the plant. Several studies
showed beside the role of fertilizers in the growth of
the plant it has a molluscidal effect. Sheir, (2015)
found that Caselio (plant fertilizer) caused damage of
tissue in the digestive tubules showing necrosis of
cells in the freshwater snail, Lanistes carinatus. El-
Deeb et al, (2015) exposed Biomphalaria
alexandrina snails to the fertilizers with high
phosphorus and high nitrogen content and showed
histological alterations in the digestive glands.
Triebskorn, (1989) studied the effect of metaldehyde
molluscicides on the digestive tract of Deroceras
reticulatum and found mucus deficiency in the
digestive tract. Hamed et al., (2007) found severe
vacuolization in digestive cells of Eobania
vermiculata treated with molluscicidal carbamates,
methiocarb and methomyl. The results showed
degenerative changes of epithelia.

Triebskorn and Kiinast, (1990) reported that
carbamate molluscicides caused damages of basal
parts of the epithelial cells, the underlying
connective and muscle tissues in the digestive gland

Int J Pharm Biol Sci.

of the land snail, Monacha obstructa treated with
methomyl.

Abd-El Azeem & Sheir, (2018) showed the effect of
exposure to 200 pl/l Caselio, plant metabolism
regulator (PMR) in slugs™ (Deroceras reticulatum)
skin and foot showed cellular degeneration in the
epithelial layer indicating detachment of connective
tissue from the foot muscles and formation of gaps
between muscle fibers. Exposure to 500 ul/l of PMR
caused appearance several vacuoles in the muscle
layer. The effect of 800 pl/I of PMR showed complete
necrosis of the columnar epithelia (Abd-El Azeem &
Sheir, 2018).

Present results showed cells from digestive
gland/tubules and foot in Pila sp. collected from site
B were necrotic. The histopathological alterations
included disintegration of basement membrane, loss
of epithelial cell lining. The mean number of Trypan
Blue (TB) positive dead cells from digestive
gland/tubules and foot was significantly increased in
the specimens (Pila sp.) collected from the sites B.
The histopathological lesions in  digestive
glands/tubules may result in the disturbances of
overall metabolism and several related physiological
processes.
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