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A B S T R A C T 

The feeding behaviour of animal is quite disciplinary in normal mode of life but has quick 
responses to induced metal. In the study present study, control group of molluscan slug were 
moving normally in the bioassay trough for feeding and they found feed in normal mode. But 
after intoxication of experimental metal slug has quick response to intoxication and slow down 
the feeding. Feeding rate was directionally proportional to the time of exposure period. As like 
feeding the histological structure of reproductive organs also found altered or damged.72 hr and 
96 hr of exposure period showed highly altered architecture of dart gland, ovotesties, penis and 
prostate gland. 
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Introduction 

Problem of pollution attracting the attention of 

people throughout the world, Increase in 

agriculture development, urbanization and 

industrialization has intensified the 

environmental pollution disposal of industrial 

effluents and municipal waste become major 

problem in developing cities. The major source 

of terrestrial   and aquatic contamination is due to 

industrial discharge domestic waste and disposal 

of the agrochemical in farmland. Thus the end of 

19th century pollution has remarkable increased 

which has challenged new demands before 

society (Londhe and Kamble, 2013). Pollution is 

when some harmful substances are added in the 

environment which alters its natural composition. 

There are 3 types of pollution i.e. Air pollution, 

Noise pollution, Water pollution. 

It is shocking to known that India is on 13th 

number in polluted country Allahabad, Agra, 

Lakhanav, Kanpur, Amritsar are the most 

polluted cities. The study of WHO has revealed 

that about 7 million people die because of air 

pollution. The capital of India i.e. Delhi has been 

recognised as most polluted in the world by 

WHO(2014) we are aware of the ill and toxicants 

on health status of humans as well as animals 

(Gosh and Parida 2015) The most toxic effect of 

pollution are on children’s and old peoples. 

Disease like cancer and asthma etc are increasing 

due to air pollution. 

Gupta (2016) reported, water is the renewable 

source essential for sustaining all forms of life 

like food production , economic development etc. 

water is one of the most manageable natural 

resource as it is capable of diversion, transport, 

storage etc .In last few decades there has been a 

tremendous increase in the demand for 

freshwater due to rapid growth of population 

(Ramakrishnaiah 2009). Human health is 

threatened by most of the agricultural 

development activities particularly in relation to 

excessive application of fertilizers and condition 

(Okeke and Igboanua 2003)    

Heavy metals are generally defined as metals 

with relatively high densities, atomic weights or 

numbers. The criteria used and whether 

metalloids are included very depending on the 

author and context.  Heavy metals effect on 

animals – It has been observed that both humans 

as well as animals are daily contaminated by 

heavy metals the heavy metals like Hg and light 

metals like Al are poising  and animals every day 

in air and water and from the foods the heavy 

occur from high ambient air concentration near 

emission sources or eating the contaminated food 

e.g. pb and cd the environmental pollution by  

heavy metals is due to both the natural 

abundance of metals within earthcrust the 

chronic exposure by pollutant heavy metals are 

mutafenicity, carcigenicity, teratogenicity, 

immune suppression, poor body condition and 

impaired reproduction several experiments have 

been done to the excess exposure of heavy metals 

in wild animals both the pg and cd heavy metals 

are deposited in liver and kidney and pb heavy 

metal I deposited in bone (Govind and madhuri 

2014). 

Mollusca is the second largest phylum of 

invertebrate animals. The members are known as 

molluscs. Molluscs are the largest marine 

phylum, Molluscs also live in freshwater and 

terrestrial habitats. They are highly diverse, not 

just in size and in anatomical structure, but also 

in but also in behaviour and in habitat. The 

phylum is typically divided into 8 or 9 taxonomic 

classes of which two are entirely extinct. In 1969 

David Nicol estimated the probable total number 

of living molluscs species at 1,07,000 of which 

were about 12000 fresh water gastropods and 

35000 terrestrial. 

Freshwater molluscan are common animals in 

lakes and streams the worldwide diversity is 

estimated at somewhat over 5000 species. 
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freshwater gastropods coprise 4000 species 

whereas bivalves number is about 1200 species 

in total (Bogon, 2008) and include 900 unionid 

mussels (Graf and Cummings, 2007) 196 clams 

in the family sphaeriidae and several less species 

orders. Bivalve and gastropod molluscans are 

excellent seninel organisms for the study of toxic 

effects of metals in aquatic ecosystem (Naimo 

1995 Reddy and Rao 1987 Byrne and Halloran 

2001; pietrock et al., 2008 salanki et al., 1991) 

reported uninoid molluscs as bio indicators and 

recommended in a particular way for to use of 

gills tissue a indicator organs for the heavy metal 

biomagnifications reviews showed that a mussel 

plays a key role in aquatic environment and is 

considered to be ecosystem engineers as they 

modify aquatic habitat for making it more 

suitable to them and for other organism one of 

the valuable function performed by mussels is  

capturing organic  matter from the water column 

through siphon processing it to build body and 

shell excreting nutrients that are immediately 

available to plant life and then depositing it to 

remaining organic material it available for 

investment and fish to be consumed 

(www.dnr.state.us/mussels). Slug particularly 

derocears reticulatum are important pestes in 

agriculture and horticulture in many parts of the 

world (Barker, 1989; Beer, 1989; Byers and 

Calvin, 1994; Ferguson, 1994) 

Mollluscan are also called as molluscs these are 

soft bodied, unsegmented animals with a body 

organized into muscular foot, head , visical mass 

containing most of the organ system . The 

phylum mollusc has about 1,00,000 species yet 

to described(Mark pyron and Kenneth brown 

2015). Physical and chemical characterizations of 

heavy metal need to be treated with caution as 

the metals involved are not always consistently 

defined. As well as being relatively easy to 

distinguish a heavy metal such as tungsten from a 

lighter metal such as sodium. 

Molluscs have been and still are an important 

food source for anatomically modern humans. 

There is a risk of food poisoning from toxins 

which can accumulate in certain molluscs under 

specific conditions, however and because of this, 

many countries have regulations to reduce this 

risk. Molluscs have regulations to reduce this 

risk. Molluscs have, for centuries, also been the 

source of important luxury goods, notably pearls, 

mother of pearl, Tyrian purple dye and sea silk. 

Their shells have also been used as money in 

some preindustrial societies. Molluscs species 

can also represent hazards or pests for human 

activities. Can also be serious agriculture pests, 

and accidental or deliberate introduction of some 

snail species into new environments has seriously 

damaged some ecosystems. 

Rapid industrial development in agricultural field 

leads to organic and inorganic contamination 

from hazardous chemicals and heavy metals from 

hazardous chemicals and heavy metals of aquatic 

and terrestrial ecosystems. These form a major 

group of aquatic and terrestrial contaminants 

showing deleterious impact on terrestrial and 

aquatic media ( Sanchez 2008 ; Davidson et al., 

2011; pack et al., 2014) Uycar et al., (2009) 

reported that heavy metals enter the environment 

through anthropogenic sources, such as industrial 

effluent, traffic , smelting . 

However, there seem to be insufficient data on 

the influence of Cobalt nitrate on various 

physiological aspects of terrestrial molluscs. This 

study was designed to investigate the growth 

response, and histological alterations in 

reproductive organs i.e. Dart gland, Ovotestis, 

penis and prostate gland of the terrestrial slug 

Semperula maculata after acute exposure to 

Cobalt nitrate. 

Material and Methods   

Collection and Laboratory maintenance of 

experimental animals   

Adult herbivorous, hermaphrodite, terrestrial 

slugs S. maculata (Approximately of 67 cm L, 

11.5 cm W, 34 g wt) were collected from natural 

habitats of Panmala at Budhalmukh Dist- 
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Belgaum Tal- Chikkodi, Kernataka, India. 

Animals were carried in aerated plastic bottles to 

the lab. Experimental animals were kept in open-

air trough covered with aerated plastic lead 

covering to provide proper ventilation. 

Experimental animals were allowed to feed on 

fresh leaves of mulberry plant (Morus indica). 

All the animals were kept under controlled lab 

conditions of water, temperature, and fresh air 

for better acclimatization. 

Induction of toxicant and Tissue preparation 

for Histological observations 

Experimental animals, S. maculata, were acutely 

exposed to previously determined mean LC50 

(464.7 ppm) concentration of Co (NO3)2. 

(Londhe and Kamble,  2014) . Control and 

experimental animal were dissected after 24, 48, 

72, or 96 hr, respectively, for dart gland and 

ovotesties and fixed in Bouin’s solution (75 ml 

picric acid + 25 ml formalin+5 ml acetic acid) for 

6-7 hr at room temperature followed by washing 

with 70% ethanol for three days, dehydrated with 

ethanol-graded series, cleaned with xylene, and 

embedded in wax. Tissue blocks were prepared 

and sectioned with a rotary microtome at 6 µm 

thickness and for histological study. 

Slug feeding experiment 

The slugs were selected by considering average 

size of (4 - 5 cm length, 1 - 1.5 cm width) and 

weight (8 - 4 mg) was kept in to the plastic 

troughs. Animal were starved for 6 days prior to 

experiment in order to minimize physiological 

differences and provided acclimation to 

laboratory condition. Metal intoxication was 

among average weight 100 mg of total animals. 

Mean temperature during assays was 22°C and 

relative humidity was maintained by using moist 

soil. Daily, animals and troughs were cleaned 

and water was spread by using spray machine. 

During experiment of slug feed by green, fresh 

and clean leaves of Mulberry. Predetermined 

LC50, concentration of Co, was applied to the 

animal by Topical application  method.  Finally 

food consumption was calculated for the duration 

of 24, 48, 72 and 96 h of exposure period and 

compared with control. For the growth 

determination, slug was analyzed using the total 

weight and growth coefficient for each duration 

of exposure respectively actively. 

Statistical analysis  

All the statically data were analyzed by using In 

stat software. 

Hematoxylene Technique 

For histological study, tissue sections were 

dewaxed in xylene, hydrated in alcohol grades of 

100%, 90%, 70%, 50%, and 30%, finally in 

distilled water. Sections were stained with 

aqueous hematoxylin for 7 min. Stained sections 

were differentiated in distilled water, again 

dehydrated in 30%, 50%, and 70% alcohols, 

respectively. All sections were treated with eosin 

for 45 sec. Furthermore, sections were 

differentiated in 70% alcohol, dehydrated in 90% 

absolute alcohol, cleared in xylene, and mounted 

in Di-N-butyl phthalate in xylene (DPX). 

Result and Discussion 

Anatomy of Reproductive System 

Anatomically, The Reproductive tract of S. 

maculata is found well developed. The 

Reproductive tract of S. maculata divided into: 

Penis, Dart gland, Ovotestis and Prostate gland 

etc. Our result supported by Londhe et al., 

(2014). 

Feeding activities:  

Effect of cobalt nitrate after exposure period 24, 

48, 72 and 96 h to S. maculata showed decreased 

food consumption from 7.90 mg food 

consumption /100 mg of slug (control group) to 

the 1.58 mg food consumption /100 gm of slug 

(treated). The data revealed that, food 

consumption rate was decreased as per increasing 

time of exposure. Reduced food consumption 

was noticeable after the 48, 72 and 96 hr of 

exposure for predetermined LC50  (464.7 ppm) 
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of cobalt nitrate by topical application method. 

This was illustrated graphically. 

Growth response: Effect of Co(NO3)2 on the 

growth (mean weight) of S. maculata was 

determined. The growth of slug found depends 

upon time of exposure and concentration of 

metal. For slug predetermined LC50 was given 

by the contact action. Growth was decreased with 

slightly significant difference as compared to the 

control during the 24 hr of exposure. We found 

that growth of slug was significantly inhibited/ 

reduced as per exposure time of 48, 72 and 96 hr. 

This was presented in Table 1. 

Mean LC50 of cobalt nitrate (464.7 ppm) 

Time exposure 
Starting experiment 

weight of Slug (gm) 

Cobalt nitrate treated 

Mean weight of Slug 
G.C G.I 

24 

4.310 

3.593 8.76.9 13.40 

48 3.389 811.7 20.49 

72 3.036 615.7 32.34 

96 2.793 666.9 37.10 

Table 1: Effect of Co(NO3)2 on the growth of Semperula maculata by contact action exposed up to 96 hr 

 

Growth coefficient = Mean weight of 

treatmentx100/mean weight of the starting 

experiment, G.I: Growth inhibition = Mean 

weight of control- mean weight of 

treatmentx100/ mean weight of control. 

Histological study 

Current study related to the dart gland was 

studied by applying the standard histological 

techniques for slug S. maculata exposed to 

Co(NO3)2.  

Dart gland 

Histologically, the dart gland showed large 

peripherally arranged glandular cells with basal 

uninucleated circular cells, muscle fibers with 

lumen in it (Plate – I Fig - A). The luminal part 

showed several granular droplets, which 

exhibited pink spots stained with H&E. 

Histological features visualized in the control 

section of the dart gland were similar with the 

observation of Nanaware and Varute (1973b).  

After the exposure to Co (NO3)2, alterations in 

the internal architecture of dart glands were 

noted. After 24 and 48 hr, slight hypertrophic 

change was found in peripheral-arranged 

glandular cells (Plate – I Fig- B and C). The 

lumen content was also disturbed. These 

alterations were more severe after the 72- and 96-

hr exposure (Plate – I Fig- D and E). Peripheral 

glandular cells were lost due to their regular 

membrane content.  

Ovotestis 

Microscopic structure of Ovotestis consists of a 

number of follicle or acini (Plate – V Fig- A). 

The growing pre-vitellogenic oocytes were 

observed with prominent nuclei and nucleoli. 

The spermatocytes and mature spermatidis were 

found scattered in the sectional view of ovotestis 

(Plate – II Fig- A). Spermatocytes I in the 

meiotic prophase and spermatocytes II in the 

rosette-forming form were observed in the 

control section of ovotestis. A similar type of 

structural architecture was described by 

Nanaware and Varute (1975).  

Structure of ovotestis after 24 and 48 hr remained 

unaltered showing the similarity to the control. 

Sectional view showed scattered spermatozoa 

along with vacuolization in growing pre-

vitellogenic oocytes (Plate – II Fig- B and C). 

After the 72- and 96-hr exposure, it was observed 

that spermatocytes were more disturbed and 

hypertrophic by their internal content. Growing 
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pre-vitellogenic oocytes and early vitellogenic 

oocytes were vacuolated and some without 

nucleoli (Plate – II Fig- D and E). After acute 

exposure for long time, ovotestis exhibited major 

disruption in follicles of acini. The intensity of 

sperm degeneration was significantly increased.  

Penis 

Penis was covered with thin chitinous sheath 

consisting of thin protective connectives present 

on the outer surface, followed by the muscular 

layer. The outer surface of the penis sheath was 

embedded with a small group of multicellular 

glands. Some unicellular glands were observed 

on the surface of the penis stained pink as a 

secretary material (Plate – III Fig- A). Magnified 

view of the penis showed that it is made up of 

loose tissues and muscular fibers followed by a 

central space as lumen (Plate – III Fig- A). 

Histological structure of the penis from the 

control group was found similar as described by 

Nanaware and Varute, (1973a). After the 24- and 

48-hr exposure, the penis sheath of slugs showed 

a degenerated protective covering, dilated 

unicellular and multicellular glands (Plate – III 

Fig- B and C). 

Magnified view showed the dilation of muscle 

fibers with disturbed internal lumen (Plate – III 

Fig- B and C). Similar phenomenon was 

observed in the 72- and 96-hr exposure period 

(Plate – III Fig- D and E). Glandular portion of 

the penis became hypertrophic and intracellular 

content was found disturbed.  

Prostate gland 

Light microscopic observation of the prostate 

gland showed the number of secretary cells 

embedded in thin connective tissues whereas the 

luminal content was found well-established at 

center. This covered the outer surface of the 

whole gland. Secretary cells were found in 

groups and showed an ample secretion in the 

luminal region (Plate – IV Fig- A). After H&E 

staining, secretory cells were deep blue and non-

secretory ones stained red. Microscopic structure 

of the prostate gland was similar with the earlier 

observation of Nanaware and Varute (1976).  

After the 24- and 48-hr exposure, slightly 

increased dilated secretory cells and damaged 

connective tissues were observed in the sectional 

view (Plate – IV Fig- B and C). These alterations 

became more complicated after the 72- and 96-hr 

exposure, which are photographically shown in 

Plate – IV Fig- D and E. The major alterations in 

prostate glands were hypertrophy of secretory 

cells, degenerated outer surface, and disturbed 

luminal content. 

Toxicity mechanisms underlying Co(NO3)2 in 

gastropod involved disturbances in the rate of 

reproduction and different aspects of behavior. In 

our earlier study, it was found that Co(NO3)2 was 

toxic to the neuronal and respiratory physiology 

of the terrestrial slug S. maculata and freshwater 

snail Bellamya bengalensis (Kamble and Londhe 

2012a; 2012b; 2012c). Otitoloju, Ajikobi, and 

Egonmwan (2009) reported that molluscs were 

found to have higher capacity to accumulate 

metals to varying degree depending upon the 

concentration of exposure and the type of metal. 

Jantataeme et al., (1996) studied the 

bioaccumulation of Pb in the intestine, prostate 

gland, digestive gland, ovary, albumin gland, 

testis, stomach, and cerebral ganglia and noted a 

maximal uptake in the intestine and less in the 

prostate gland, digestive gland ovary, and testis. 

Londhe and Kamble (2013) observed exposure 

dependent bioaccumulation of Hg and Zn and Co 

(NO3)2 in the nervous system and the gill tissue 

of freshwater snail B. bengalensis. Tanhan et al., 

(2005) noted that Cd accumulated in the 

proboscis, esophagus, stomach, digestive gland, 

rectum, and gill of snail Babylonia areolata 

(spotted Babylon) and was increased with the 

time of exposure. 

In this study, the terrestrial slug S. maculata tried 

to escape from trough due to acute intoxication 

by Co(NO3)2. After intoxication, foot movements 

were slowed down. Wedgwood and Bailey 
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(1988) reported altered motility in animals 

exposed to neurotoxic gramoxone. Ebenso et al., 

(2004) observed swollen foot of Limicolaria 

aurora after the 96-hr exposure to gramoxone. 

Similar type of sluggishness and swelling of the 

body were recorded in S. maculata after the 72-

hr intoxication period. Triebskom (1989) 

reported morphological changes in slug 

Deereoceras reticulatum induced by the sub-

lethal concentration of carbamate and 

metaldehyde. Mucus secretion of the body and 

the foot of slug S. maculata were found higher in 

the presence of Co(NO3)2 after 72 and 96 hr. 

Extruded mucus proved to be barrier in 

protective mechanism and prevented contact 

between the toxicant and skin epithelia (Port and 

Port 1986). Higher mucus production indicated 

toxic stress produced by Co(NO3)2 in trough. 

Other alterations, such as decreased mechanical 

stimuli or chemical reactions were also mediated 

by metaldehyde (Triebskom , Christensen, and 

Heim 1998). Similar results were observed in S. 

maculata against Co(NO3)2. 

 

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Plate- I Co (NO3)2 induced alteration in Dart gland of slug S. maculata at different exposure period. Fig.- 

A - Control group 400 X, 1000X. Fig.- B- 24 hr 1000 X, Fig.-  C - 48 hr 1000 X , Fig.- D - 72 hr 1000 X 

Fig.- E - 96 hr 1000 X, Pgc- peripheral glandular cells, Lc- luminal content. 
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Plate- II Co (NO3)2 induced alteration in Ovotesties of slug S. maculata at different exposure period. Fig.-  

A - Control group 400 X, 1000X. Fig.-   B- 24 hr 1000 X,C - 48 hr 1000 X , Fig.-  D - 72 hr 1000 X Fig.-  

E - 96 hr 1000 X, Sc- secretary cells, Ct- connective tissue, Lcluminal content 
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Plate-III: Co (NO3)2 Induced alteration in penis of slug S. maculata at different exposure period.  Fig.-  A 

- Control group 400 X, Fig.-  B- 24 hr 400 X, Fig.-  C - 48 hr 400X, Fig.- D - 72 hr 400 X, Fig.-  E - 96 hr 

400 X, Ps- penis sheath, Ugunicellular gland, Mg- multicellular gland, Pm- penis muscles, L- lumen. 
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Plate-IV: Co(NO3)2 induced alteration in penis of slug S. maculata at different exposure period.  Fig.-  A - 

Control group 400 X, Fig.-  B- 24 hr 400 X, Fig.-  C - 48 hr 400X, Fig.-  D - 72 hr 400 X, Fig.-  E - 96 hr 

400 X, Sc- secretary cells, Ct- connective tissue, Lc- luminal content 
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Several studies of effect of metals and other 

contaminants on the physiology of organism had 

lead to the development of several toxicity tests 

that can be used as tools for environmental 

assessments (Handy and Depledge, 1999). The 

neuronal system plays important role in the 

physiological activates like feeding and growth 

of body and also to locomotion. In molluscan 

species, neuronal secretion like gastrin, 

cholecystokinin (CCk8) and acetyl cholinesterase 

are take part in the feeding and growth responses. 

The neuronal alteration inhibits these secretions 

when treated with the mercuric chloride resulting 

in changed feeding behavior of slug. Wedgwood 

and Bailey (1988) observed that, neurotoxic 

action of carbamates was due to the inhibition of 

acetyl cholinesterase (AchE) activity and the 

accumulation of acetylcholine (Ach) at synaptic 

junctions that results in the alteration in growth, 

locomotion and feeding behavior. In another 

study, neuronal secretion like gastrin, 

cholecystokinin (CCK8) may be involved in 

some integrated sensory functions, such as 

feeding related behavior and neurohormonal 

communication etc. (Vigna et al., 1984; Gesser 

and Larsson, 1990; Sonetti and Fasolo, 1990). 

Normal growth of slug was under the control of 

neuronal secretion. In this study we have 

observed that, neuronal alteration inhibits the 

growth of slug. Similarly, Gondan (1983) 

observed that, carbomate such as methiocarb 

were found to cause loss of muscle tones in 

terrestrial gastropods and exhibit neurotoxic 

effects on the nerve controlling the locomotion, 

growth and feeding behavior (Wright and 

Williams, 1980; Bailey, 1989). Similarly, in our 

finding we notice altered feeding behavior and 

growth response of terrestrial slug.  

Dart gland showed changes in the structure 

which included the dilation of unicellular and 

multicellular glands, the degeneration in the 

muscular fiber, the dilation in secretory cells, and 

the disruption in the luminal content.  

Wangsomnuk et al., (1997) reported that 

ovotestis was the major organ in the reproductive 

mechanism of Indoplanorbis exustus. When 

ovotestis is exposed to Co(NO3)2, the disruptions 

were observed within acini, gametic cells, and 

limiting membrane. Other alterations included 

the spermatocytic degeneration, oocytic 

disruptions, and the decreased number of acini 

with the vacuolization of growing pre-

vitellogenic oocytes. Similar results were 

reported by Wangsomnuk et al., (1997), in 

Indoplanorbis exustus. Zhou et al., (1993) noted 

reduction in the number of acini, spermatozoa, 

and oocytes in Biomphalaria glabrata after the 

exposure to niclosamide. Basophilic adenoma 

was recorded in ovotestis and dart gland by 

Otitoloju, Ajikobi, and Egonmwan (2009) in 

Archachatina marginata after being exposed to 

the sub-lethal Cu concentration. 

Conclusion 

This study reaffirms toxic effects of Co (NO3)2 

as evidenced by the growth response and 

Histopathological alterations in slug S. maculata. 

Animal showed rapid changes in feeding 

behavior and growth of slug to exposure with 

Co(NO3)2 effects. The Histopathological 

changes represented end point contamination in 

the terrestrial media, which will be hazardous for 

the survival of the terrestrial as well as aquatic 

fauna. The major contaminations provide an 

imbalance to the ecological diversity in the 

region. Hence, this study was designed to create 

awareness to protect these animals against severe 

toxic pollution and to maintain Eco balance 

through food chain. 

Acknowledgement 

We sincerely thank DST sponsored common 

facility center of Devchand College for providing 

necessary facility to carry out our research work. 

References 

Berger, B. and Dallinger, R. (1993): “Terrestrial 

Snails as Contetative Indicators of 



ESSENCE—IJERC | Londhe, et al., (2020) | XI (SP2): 1 — 15 

 

12 
 

Environmental Metal Pollution.” 

Environmental Momnitoring and 

Assessment, 25: 65-84.  

Beaby, A. and Eaves, S. L. (1983): “Short Term 

Changes in Ca, Pb, Zn and Cd 

Concentrations of the Garden Snail Helix 

aspersa Muller Form a Control London 

Car Park.” Environmental Pollution 

(Series A)., 30: 233-244.   

Boer, H. H., Mooer van Delft, C. M., Mullar, L. 

J., Kibur, B., Bermorkal, G. B. and 

Heimans, J. J. (1995):“Ultrastructural 

Neuropathology Effects of Taxol on 

Neurons of the Freshwater Snail 

Lymmnea stagnalis.” Journal of 

Neurology Oncology., 25: 49-57.  

 Bryan, G. W. and Langston, W. J. (1992): 

“Bioavalability, Accumulation and 

Effects of Heavy Metal in Sediments 

with Special Reference to United 

Kingdom Estuaries: A Review.” 

Environmental Pollution., 76: 89-131.  

Coughtrey, P. J. and Martin, M. H. (1977): “The 

Distribution of Pb, Zn, Cd and Cu 

Within the Pulmonate Mollusc Helix 

aspersa Muller.” Occologia, 23:315-322. 

 Coeurdassier, M. A., Gomot de Vaufleury, and 

Badot, P. M. (2000): “Dose-Dependent 

Growth Inhibition and Bioaccumulation 

of Hexavalent Chromium in Land Snail 

Helix aspersa.” Environmental 

Toxicology and Chemistry, 19: 2571-

2578.  

Cuypers, A., Vangronsveld, J. and Clijsters, H. 

(1999): “The Chemical Behavior of 

Heavy Metals Plays a Prominant Role in 

the Induction of Oxidative Stress.” Free 

Radical Research, 31: 39-43. 

 Davidson, M. S., Croteau, M. C., Millar, C. S., 

Trudeau, V. L. and Lean, D. R. (2011): 

“Fate and Developmental Effects of 

Dietary Uptake of Methylmercury in 

Silurana tropicalis Tadpoles.” Journal of 

Toxicology and Environmental Health 

A., 74: 364-379 

Duruibe, J. O., Ogwuegbu, M. O. C. and 

Egwurugwu, J. N. (2007): “Heavy Metal 

Pollution and Human Biotoxic Effects.” 

International Journal of Physical 

Science., 2: 112-118.  

Ebenso, I. E., Chukwu, S., Udo, S., Ukpai, C. U., 

Udo, M. T., Umanah, U., Isang, A. and 

Akam, A. (2004): “Some Behavioural 

Responses of Limicolaria Aurora 

Exposed to Gramoxone.” Nigerian 

Journal of Physiological Science, 19: 82-

85.  

Ferner, D. J. (2001): “Toxicity, Heavy Metals.” 

eMedical Journal, 2(5): 1.  

 Gomot, A. and Pihan, F. (1997): “Comparison 

of the Bioaccumulation Capacities of 

Copper and Zinc in Two Snail 

Subspecies (Helix).” Ecotoxicology and 

Environmental Safety, 38: 85-94.  

Hernadi, L., Hiripi, L., Vehovszky, A., Kemenes, 

G. S. and Rozsa, K. (1992): 

“Ultrastructural, Biochemincal and 

Electrophysiological Changes Induced 

by 56- dihydroxytryptamine in the CNS 

of the Snail Helix omatia L.” Brain 

Research, 578:221-234.   

Hopkins, S. P. (1989): Ecophysiology of Metals 

in Terrestrial Invertebrates. London: 

Elsevier Applied Science.  

Jantataeme, S., Kruatrachue, M., 

Kaewsawangsap, S., Chitramvong, Y., 

Sretarugsa, P. and Upatham, E. S. 

(1996): “Acute Toxicity and 

Bioaccumulation on Lead in the Snail, 

Filopaludian (Siamopaludina) Martensi 

martensi (Frauenfeldt).” Journal of 

Science Society Thailand, 22: 237-247.  

 Khalid, M. S., Radi, S. and Rabbo, A. A. (2001): 

“Levels of Trace Metals and Effects of 



ESSENCE—IJERC | Londhe, et al., (2020) | XI (SP2): 1 — 15 

 

13 
 

Body Size on Metal Content of the Land 

Snail Levantia bierosylima from the 

West Bank-Palestine.” Journal of 

Environmental Science and Health, 36: 

1373-1388.  

Kamble, N. A. and Londhe, S. R. (2012a): 

“Mercuric Chloride Induced 

Neuropathology and Physiological 

Responses in Slug Semperula maculata.” 

International Journal of Zoological 

Research, 8: 33-42.  

Kamble, N. A. and Londhe, S. R. (2012b): 

“Epileptic Activity in Neuronal Cells, 

Induced by Mercuric Chloride and 

Cadmium Chloride in Terrestrial Slug 

Semperula maculata: Fine Structure 

Investigated by Histology and 

Histochemistry.” Toxicological and 

Environmental Chemistry, 94: 109-120.  

 Kamble, N. A. and Londhe, S. R. (2012c): 

“Neurochemistry in Molluscan Species: 

Focus on Extracellular Matrix.” 

Invertebrate Neuroscience, 12: 129-138.   

Kiffney, P. M. and Clement, W. H. (1996): 

“Bioaccumulation of Heavy Metal by 

Benthic Invertebrates at the Arkansas 

River, Colorado.” Environmental 

Toxicology and Chemistry, 12: 1507-

1517.  

 Lanno, R. P. and Mc Carty, L. S.  (1997): 

“Earthworms Bioassays: Adopting 

Techniques from Aquatic Toxicity 

Testing.” Soil Biology and Biochemistry, 

29: 693-697.  

Laskowski, R. and Hopkins, S. P. (1996): “Effect 

of Zn, Cu, Pb and Cd on Fitness in Snails 

(Helix aspersa).” Ecotoxicology and 

Environmental Safety, 34: 59-69.  

 Londhe, S. R. and Kamble, N. A.  (2013): 

“Histopathology of Cerebro Neuronal 

Cells in Freshwater Snail Bellamya 

bengalensis: Impact on Respiratory 

Physiology, by Acute Poisoning of 

Mercuric and Zinc Chloride.” 

Toxicological and Environmental 

Chemistry, 95: 304-317.  

Marigomez, J. A. and Angulo, E. and Saez. 

(1986): “Feeding and Growth Responses 

to Copper, Zinc, Mercury and Lead in 

the Terrestrial Gastropod Arion ater 

(Linne).” Journal of Molluscan Studies, 

52: 68-78.  

 Nanaware, S. G. and Varute, A. T. (1973a): 

“Studies on the Mucosubstances 

Elaborated by the Glands in Penis of 

Land Pulmonate Semperula maculata in 

Seasonal Breeding  Aestivation Cycle.” 

Annals of Histochemistry, 18: 327-341.  

 Nanaware, S. G. and Varute, A. T. (1973b): 

“Studies on the Mucosubstances 

Elaborated by Dart Glands of a Land 

Pulmonate Semperula maculata in 

Seasonal Breeding Aestivation Cycle.” 

AnnAls of Histochemistry, 18: 227-243.  

Nanaware, S. G. and Varute, A. T. (1975): 

“Histochemical Studies on 

Mucosubstances in the Ovotestis of a 

Hermaphrodite Pulmonate Semperula 

maculata in Seasonal Breeding 

Aestivation Cycle.” Acta Histochemica, 

54:107-122.  

 Nanaware, S. G. and Varute, A. T. (1976): 

“Histochemical Studies on 

Mucosubstances in the Prostate Gland of 

the Pulmonate Snail Semperula maculata 

in Annual Breeding  Aestivation Cycle.” 

Folia Histochemica 14: 19-38.   

Ni, M., X. Li, J.B. Rocha, M. Farina, and M. 

Aschner. 2012. “Glia and 

Methylmercury Neurotoxicity.” Journal 

of Toxicology and Environmental Health 

A 75: 1091-1101.  

 Otitoloju, A.A., D.O. Ajikobi, and R.I. 

Egonmwan. 2009. “Histopathology and 



ESSENCE—IJERC | Londhe, et al., (2020) | XI (SP2): 1 — 15 

 

14 
 

Bioaccumulation of Heavy Metals (Cu 

and Pb) in the Giant Land Snail, 

Archachatina marginata (Swainson).” 

Open Environmental Pollution 

Toxicology Journal 1: 79-88.  

Pack, E.C., C.H. Kim, S.H. Lee, C.H. Lim, D.G. 

Sung, M.H. Kim, K.H. Park, S.-S. Hong, 

K.M. Lim, D.W. Choi, and S.W. Kim. 

2014. “Effects of Environmental 

Temperature Change on Mercury 

Absorption in Aquatic Organisms with 

Respect to Climate Warming.” Journal of 

Toxicology and Environmental Health A 

77: 1477-1490.  

Pinto, E., T.C.S. Sigaud-Kutner, M.A.S. Leitao, 

O.K. Okamoto, D. Morse, and P. 

Colepicolo. 2003. “Heavy Metal Induced 

Oxidative Stress in Algae.” Journal of 

Phycology 39: 1008-1018.  

Port, C. M. and Port, G. R. (1986): “The Biology 

and Behaviour of Slug in Relation to 

Crop Damage and Control.” Agricultural 

Zoology Review, 1: 253-297. 

 Ratcliffe, H. E., Swanson, G. M. and Fischer, L. 

J. (1996): “Human Exposure to Mercury: 

A Critical Assessment of the Evidence of 

Adverse Health Effects.” Journal of 

Toxicology and Environmental Health, 

49: 221-270. 

 Sanchez, M. L. (2008): Causes and Effect of 

Heavy Metal Pollution. Hauppauge, NY: 

Nova Science Publishers.  

Swaileh, K. M. and Ezzughayyar, A. (2000): 

“Effects of Dietary Cd and Cu on 

Feeding and Growth Rates of the 

Landsnail Helix engaddensis.” 

Ecotoxicology and Environmental 

Safety, 47: 253-260. 

Tanhan, P., Sretarugsa, P., Pokethitiyook, P., 

Kruatachue, M. and Upatham, E. S. 

(2005): “Histopathological Alterartion in 

the Edible Snail, Babylonia areolata 

(Spotted Babylon), in Acute and 

Subchronic Cadmium Poisoning.” 

Environmental Toxicology, 20: 142-149. 

 Triebskom, R. (1989): “Ultrastructural Changes 

in the Digestive Tract of Deroceras 

reticulatum Induced by Carbamates 

Molluscicide and Metaldehyde.” 

Malacologia, 31: 141-156.  

Triebskom, R., Christensen, R. and Heim, I. 

(1998): “Effect of Orally and Dermally 

Applied Metaldehyde on Mucus Cells of 

Slugs (Deroceras reticulum) Depending 

on Temperature and Duration of 

Exposure.” Journal of Molluscan 

Studies, 64: 467-487.  

Uyear, G., Avcil, E., Oren, M., Karaca, F. and 

Oncel, M. S. (2009): “Determination of 

Heavy Metal Pollution in Zonguldak 

(Turkey) by Moss Analysis (Hypnam 

cupresssiforme).” Environmental 

Engineering Science, 26: 1-12. 

Walker, C. H., Hopkin, S. P., Sibly, R. M. and 

Peakall, D. B. (2003): Principles of 

Ecotoxicology. 2nd ed. London: Taylor 

and Francies Group, Fetter Lane. 

Wangsomnuk, P., Upatham, E. S., Kruatrachue, 

M., Chitramvong, Y. and Sertarugsa, P.  

(1997): “Histological Alterations in the 

Reproductive, Nervous and Digestive 

Systems of Indoplanorbis exustus 

Intoxicated with Molluscicides.” Journal 

of Science Society Thailand, 23: 281-

296. 

Wensen, J. V., Vegter, J. J. and Van Straalen, N. 

N. (1994): “Soil Quality Criteria Derived 

from Critical Body Concentration of 

Metals in Soils Invertebrates.” Applied 

Soil Ecology 1: 185-195. 

 Wedgwood, M. A. and Bailey, S. E. R. (1988): 

“The Inhibitory Effects of Molluscicide 

Metaldehyde on Feeding, Locomotion 

and Faecal Elimination of Three Pest 



ESSENCE—IJERC | Londhe, et al., (2020) | XI (SP2): 1 — 15 

 

15 
 

Species of Terrestrial Slug.” Annals of 

Applied Biology, 112: 439-457. 

 Williamson, P. (1980): “Variables Affecting 

Body Burdens of Lead, Zinc and 

Cadmium in a Roadside Population of 

Snail Cepaea hortensis Muller.” 

Oecologia, 44: 213-220.  

Zhou, X., Upatham, E. S., Krustachue, M. and 

Sretarugsa, P. (1993): “Effect of 

Niclosamide and Eucalyptus 

camalduiensis on Biomphalaria slabrata 

the Snail Intermediate Host of 

Schistosoma mansoni.” Journal of 

Science Society Thailand, 19: 117-128. 

 

 


