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A B S T R A C T 

We study the structural architecture and chemical component in gills of the freshwater bivalve Lamillidens 

corrianus following acute treatment with mercuric chloride (HgCl2) zinc chloride (ZnCl2). Histological 

alteration includes increased hyperchromatic anaplastic cells, fibrosis in interlamellar junction and measure 

damages in epithelial lining. The distribution of mucopolysacchride was analyzed in gills of different regions. 

Exposure to HgCl2and ZnCl2enhanced deposition of acidmucians in the gills and this increased with 

time.Results are discussed in the context of histopathology in gills associated with chemical component in 

freshwater bivalve L. corrianus. 
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Introduction 

Disposal of industrial effluents and municipal 

waste become major problem in developing 

cities. The major sources of terrestrial and 

aquatic contamination are due to industrial 

discharges, domestic waste, and disposal of 

the agrochemicals in the farmland. Thus at the 

end of 19th century and in the beginning of 

20th century pollution has remarkably 

increased which has challenged new demands 

before society.  

Ghosh and Singh (2005), reported 

uncontrolled disposal of agricultural waste, 

drainage, spillage, mining and smelting of 

metalliferous contaminants into non-

contaminated sites to disturb the ecosystem. 

Many of small scale, backyard industries have 

developed in the last ten years. Agricultural 

activities, aquaculture, orchards, oil palm and 

rubber exacts, poultry, cattle and pig farm has 

increased problems of transportation, 

medication and housing. Deterioration of 

environment has contributed the 

accumulation of hazardous chemical 

including heavy metals, organotin compounds 

and organochlorine compound in 

environment especially in the aquatic 

ecosystem (Ahmed Ismail, 2006). Wills 

(2000), reported advancement in technology 

with increase in population resulting to 

dumping of refused industrial effluents, 

petroleum waste and crude oil spills with most 

commonly heavy metals in the environment. 

Due to this contamination, animal fauna are 

under threat in the nature. In the last few 

decades, much attention has been paid to 

study the relationship between the 

contamination of heavy metals and their 

impact on terrestrial animal fauna.From other 

invertebrate, molluscs are recognized as 

important animals principally involved in 

food chain and agricultural pests but it is very 

sensitive to toxic chemicals producing 

alterations at the cellular level (Hernadi et al., 

1992; Boer et al., 1995). A molluscs is known 

to possess mechanisms to deal with the 

bioaccumulation of several chemicals in their 

tissues (Ferner 2001). 

Toxicity with heavy metals leads to the 

disrupts normal cellular processes (Pinto et 

al., 2003). Neuronal and behavioral effect 

where described by Duruibe, Ogwuegbu, and 

Egwurugwu (2007) in terrestrial animals. 

Considering the importance of metal toxicity 

and invertebrate fauna, the present study 

designed to investigate laboratory effect of 

lethal concentration of mercuric chloride and 

zinc chloride on the freshwater molluscs 

Lamillidens corrianus. 

Materials and Methods 

Experimental animals 

The experimental animals slug Lamillidens 

corrianus were collected from the different 

sites of Rajaram lake, Shivaji University 

campus, Kolhapur, Maharashtra, India. 

Collected animals carried in the sterile and 

aerated plastic container to the laboratory.For 

laboratory accumultization, animals were 

transferred in the aerated plastic containerfor 

two weak. After accumultization animals 

were used for the experiments. 

Metal exposure  

Accumultized animalsL. corrianus, were 

exposed to previously determined mean 

LC50concentration of HgCl2 (3.11 ppm) 

ZnCl2(291.12 ppm).  
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Tissue preparation 

Control and experimental animalwere 

dissected at each exposure period i.e. 24, 48, 

72, or 96 hr. The gill tissue were fixed in 

Bouin’s solution 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 Paraplast. 4-5 mm 

thickensectioned tissue were proceed for 

histological study. 

Histological study 

For histological study, experimental tissue 

were stained with standard Hematoxylin and 

eosin technique (H&E) described by Londhe 

et al., (2015). 

Histochemical study 

Alcian blue pH 1.0 and 2.5 

Weak and strong acidic i.e. sailomucians, 

sulfomucians were detected from the 

experimental tissues by previously described 

method by Kamble and Londhe (2011). 

PAS technique 

Polysaccharides and mucosaccharides 

containing hexoses or deoxyhexoses with vic-

glycol groups from experimental animals 

were detected by using Periodic acid Schiff’s 

stain method described by Kamble and 

Londhe (2011). 

Microscopic observation 

Visually observed histopathology of gills 

were assessed by using a quantitative score 

ranging from – to +++; depending on the 

degree and extent of lessons such as; (-) none, 

(+) mild, (++) moderate, and (+++) 

severe.The staining intensity scoring in 

control and excremental group was noted as 

follows: Strong intensity - +++,   Moderate 

intensity - ++,   Pale / light intensity - +. 

Result 

Anatomy of Gills 

Gills of L. corrianus can easily located in the 

mantle cavity.  In each animal there were two 

gills or ctenidia, one on right of the visceral 

mass and other to left side. Each gill was 

formed by two demibranchs, outer and inner, 

arranged in V shape (Fig-1 A, B). 

Histologically, Each gill filament get divided 

into three zones viz; frontal, intermediate and 

abfrontal (Fig-1 C, D, E, F).  

Histopathology of gills after intoxication of 

HgCl2, and ZnCl2 

i. Control group  

The gill architecture of L. corrianus 

composed of two plate like demibranchs (gill 

plate ) extended anterio– posteriorly on each 

side of the visceral mass Each demibranch  

formed by two lamella like structures 

consisting  vertically arranged parallel 

filaments. (Fig-2 A).  In the control group, gill 

filaments were connected to lamellary 

processes.  Frontal cells marked by ovoid 

nuclei with short cilia. Lateral cells has 

rounded nucleus.  Skeletal road found in each 

laemelle. Well arranged water channel with 

hyperchromatic anaplastic cells were 

observed (Fig - 2 B).  Interlamellar junction 

has marked musculature (Fig-2 C). 

ii. HgCl2 induced gills of L. corrianus 

After 24 hr of HgCl2 intoxication, 

hyperchromatic anaplastic cells were 

increased in water channel with slight fibrosis 

in interlamellar junction (Fig-2 D, E). After 
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48 hr, frontal and lateral cells were dissolved. 

Ciliated margin was disturbed (Fig-2 F, G). 

After 72 hr and 96 hr, fibrosis was found in 

matrix of the gill filament. The water channels 

were clogged with the hyperchromatic 

anaplastic cells (Fig-2 H, I, J, K). Tip of the 

lamellar epithelium was severely 

damagedFig-2 H, I, J, K). The detailed gills 

lesions after intoxicated with HgCl2 were 

noted in Table -1 

iii. ZnCl2 induced gills of L. corrianus 

After 24 and 48 hr, hyperchromatic anaplastic 

cells were increased in the water channel. 

Slightly damaged gill lamellae was seen after 

48 hr of exposure (Fig-3 D, F). Increased 

fibrosis was also observed after 24 and 48 hr 

of exposure (Fig-3 E, G). After 72 hr, 

hyperchromatic anaplastic cells were 

increased. Dilation of frontal and lateral cells. 

With reduction in ciliary length was noted 

(Fig - 3 H, I). Fibrosis was more prominent 

after 96 hr of exposure, whereas gill lamellae 

was damaged with fragmented frontal and 

lateral cells (Fig - 3 J, K). The detailed gills 

lesions after intoxicated with ZnCl2 were 

noted in Table -1 

Hitochemical study 

i. Control group 

Control gills of L. corrianus, PAS positive 

material was ample in the gill lamellae with 

frontal cells, lateral cell and abfrontal cells 

and in the water channel, showing the 

presence of polysaccharides (Fig-4 and 5 A,). 

Whereas acidic content showed very 

negligible amount in the frontal cells, lateral 

cell and abfrontal cells (Fig-4 and 5 B). The 

protein and lipid content were more in frontal 

cells, lateral cell and abfrontal cells, at the 

frontal zone and in the skeletal loop 

respectively (Fig-4 and 5 A, F) 

ii. HgCl2 treated gills of L. corrianus 

After intoxication of HgCl2, The PAS staining 

intensity of frontal cells, lateral cell, abfrontal 

cells and in the water channel found slightly 

reduced after the 24 and 48 hrs. The acidic 

content was moderately stained (Fig-6 A, E, 

F, B, G, H). The interlamellar junction 

showed reduced neutral mucins with 

increased acidic mucosubstances after 72 hr.  

After 72 and 96 hr, intensively increased 

strong and weak acid were found in the frontal 

cells, lateral cell and abfrontal cells (Fig-6 C, 

I, J). After 96 hr, totally reduced PAS content 

were observed in gills of bivalve. Whereas, 

the protein and lipid content in cells were 

decreased after intoxication of HgCl2 after 24, 

48, 72 and 96 hr (Fig-6 B, C, D, E, G, H, I, J).  

iii. ZnCl2 treated gills of L. corrianus 

ZnCl2 intoxication showed, reduced 

carbohydrate moiety in the frontal cells, 

lateral cell, abfrontal cells after 24 hr and 48 

hr (Fig-7 A, E, F, B, G, H). Section showed 

reduced protein and lipid content in the gill 

lamellae (Fig - 7 B, G). The interlamellar 

junction showed increased acidic 

mucosubstances after 72 hr and 96 hr (Fig-7 

C, I, J, D, K, L). Whereas, neutral 

mucosubstances from cells decreased after 

intoxication of ZnCl2 up to 96 hr (Fig-7 B, C, 

D, E, G, H, I, J).  The comparative 

histochemical alterations were recorded in 

Table – 2. 

Discussion 

Gills in aquatic animals were found important 

organ for respiration, osmoregulation, ion 

transfer and ionic balance (Tkatcheva et al., 
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2004). Histologicaly, gill architecture in 

Histologically, two gill lamellae were found 

joined with each other by intrelamellar 

junctions. Nogarol et al., (2012), reported 

similar structure in bivalve D. expanses and 

documented that, these structure arise as a 

response to the need for structural support of 

the filaments in order to maintain the proper 

and constant space for filtration and to avoid 

the passage of larger particles of food between 

adjacent filaments.  In addition, there are two 

specialized structure that helps in the 

structural support of the gill filaments i.e. 

skeletal road and skeletal loop.  Hebling and 

Penteado (1974) reported similar structure in 

gill filaments of D. Rotundusgratus. In gills of 

Anodonta woodianalauta histologicaly 

observed presence of a pair of small chitinous 

rods, arranged parallel within gill filament. 

For the estuarine bivalve Mytella falcate, 

structure was called as connective tissue due 

to its composition, which includes collagen 

and neutral polysaccharides (David et al., 

2008). Gills architechture of freshwater 

bivalve L. corrianus, mainly composed of 

three zones viz; frontal, intermediate and 

abfrontal. Frontal zone consists of frontal, 

latero and latrral cells. The intermediate zone 

composed by flatted non-ciliated cells and 

abfrontal zone consist of ciliated cells. Cilia 

were arranged to the gill filament. The similar 

gill architecture was reported by Nagarol et 

al., (2012) in freshwater bivalve Diplodon 

expanses. Lemaire-Gony and Boudon (1997) 

documented three types of cilia on the outer 

surface of some epithelial cells as frontal, 

latero-frontal and lateral cilia.  

The gills of bivalve often studied as models to 

assess and evaluate the effects of toxicants 

and heavy metals in relation to their 

antioxidant and immunological properties 

(Box et al., 2009; Moraga et al., 2005). In the 

present investigation, after intoxication of 

HgCl2, and ZnCl2 gills architecture was 

altered. Major alterations or changes damage 

of frontal and lateral cells, deceased length of 

cilia, degeneration of skeletal rod and fibrosis 

on the interlameller junction. Similar results 

were observed by Chkraborty et al., (2010) in 

economical important freshwater bivalve L. 

maginalis after intoxication of Sodium 

asenite.  

 

 
 

Lesion 

Heavy metal induced alteration in gills at different exposure period 
HgCl2 ZnCl2 

24 hr 48 hr 72 hr 96 hr 24 hr 48 hr 72 hr 96 hr 
 
Damaged gill epithelia 

 
+ 

 
++ 

 
+++ 

 
+++ 

 
+ 

 
++ 

 
++ 

 
+++ 

 
Decreased length of cilia 

 
+ 

 
+++ 

 
+++ 

 
+++ 

 
+ 

 
++ 

 
+++ 

 
+++ 

Damage of water channel and 
skeletal rod 

 
+ 

 
+++ 

 
+++ 

 
+++ 

 
- 

 
+ 

 
++ 

 
+++ 

Increased hyperchromatic 
anaplastic cells 

 
+ 

 
+++ 

 
+++ 

 
+++ 

 
+ 

 
+ 

 
++ 

 
+++ 

Fibrosis in interlamellar junction  
++ 

 
++ 

 
++ 

 
+++ 

 
+ 

 
+ 

 
++ 

 
+++ 

Score values, - = none, + = mild, ++ = moderate,    +++ = severe. 
 Table – 1: Quantified lesions scoring in gills of L. corrianus at different exposure 

time.  
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Fig- 1 Anatomy and histomorphology of respiratory organ (gills) of freshwater bivalve L. corrianus. A - Location 

of gills: in dissected L. corrianus. B – Magnified view of gills.C – Histomorphology of gills. D, E - Magnified structure 

of frontal zone and abfrontal zone with haemolymph vessel respectively, stained with HE 1000X. HV- haemolymph 

vessel, FZ- frontal zone, IZ- intermediate zone, AZ- abfrontal zone, FC- frontal cilia, LFC- latero frontal cell, LC- 

lateral cilia, SR- skeletal rod, SL- skeletal loop, EP- epithelium, NCC- nonciliated cells, HC- haemocytes. Figure D, F 

- Diagrammatic presentation of gill filament in L. corrianus showing frontal zone, intermediate zone and abfrontal 

zone. HV- haemolymph vessel, FZ- frontal zone, IZ- intermediate zone, AZ- abfrontal zone, FC- frontal cilia, LFC- 

latero frontal cell, LC- lateral cilia, SR- skeletal rod, SL- skeletal loop, EC- endothelial cells, NCC- nonciliated cells 

 
 

Heavy metal Procedure Staining intensity 

 
 
HgCl2 
induction 

 
 
AB pH– 1.0 
AB pH – 2.5 
PAS 

Control 24 hr 48 hr 72 hr 96 hr 
 
+T 
+T 
+++M 

 
++T 
++T 
++M 

 
+++ T 
+++T 
+M 

 
+++T 
+++T 
+M 

 
+++T 
+++T 
+M 

ZnCl2 
induction 

AB pH– 1.0 
AB pH– 2.5 
PAS 

+T 
+T 
+++M 

+T 
+T 
+++M 

++T 
++T 
++M 

+++ T 
++T 
++M 

+++T 
+++T 
+M 

AB- Alcian blue, PAS- periodic acid, T- turquoise, M- magenta, +- moderate reaction, ++- strong reaction, +++- very 
strong reaction, T- turquoise, M- magenta 
 Table – 2: Staining intensity of neutral and acidic mucosubstances in gills of control and intoxicated 

bivalve L. corrianus.  
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Fig- 2: HgCl2 induced alteration in gill of freshwater bivalve L. corrianus stained with HE. 

A, B, C - Gills of control animal, D, E - 24 hr intoxicated gills, F, G - 48 hr intoxicated Figure H, I -72 hr intoxicated, 

J, K - 96 hr intoxicated. Bold arrow – lamellar epithelium, Hallow arrow –haemocytes (HC), Double arrow .head – 

Skeletal road, Small arrow – fiber, ILJ- interlamellar junction, HAC- hyperchromatic anaplastic cells, WC – Water 

channel. 
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Fig- 3: HgCl2 induced alteration in gill of freshwater bivalve L. corrianus stained with MT. Figure A, B, C - Gills 

of control, D, E - 24 hr intoxicated ,F, G - 48 hr intoxicated, H, I -72 hr intoxicated. J, K - 96 hr intoxicatedBold arrow 

– lamellar epithelium, Hallow arrow –haemocytes (HC), Double arrow head – Skeletal road, Small arrow – fiber, ILJ- 

interlamellar junction, HAC- hyperchromatic anaplastic cells, WC – Water channel. 
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Fig- 4: Mucins in the gills of L. corrianus from HgCl2 control group. A- PAS – positive glycogen material in the 

gills,  B - C – A acidic mucosubstances in the gills stained with AB pH – 1.0, 2.5, respectively. Bold arrow – indicate 

positive staining, Hollow arrow – indicate increased acid mucins 
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Fig- 5: Mucins in the gills of L. corrianus from ZnCl2 control group. A- PAS – positive glycogen material in the 

gills,  B - C – A acidic mucosubstances in the gills stained with AB pH – 1.0, 2.5, respectively. Bold arrow – indicate 

positive staining, Hollow arrow – indicate increased acid mucins 
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Fig- 6: Histochemical alterationsin the gills of bivalve L. corrianus after HgCl2 intoxication. 

A - D Showed reduced glycoprotein elements in the gills, E- H AB- 1.0, 2.5 stained increased strong and weak acid in 

the gills, A, E - 24 hr,  B, F - 48 hr , C, G - 72 hr, D, H - 96 hr 400 X.Bold arrow – indicate decreased carbohydrate, 

Hollow arrow – indicate increased acid mucins 

 



ESSENCE—IJERC |  Londhe et al., (2020) | XI (SP2): 23 — 37 

 

34 
 

 
Fig- 7: Histochemical alterationsin the gills of bivalve L. corrianus after ZnCl2 intoxication. 

A - D Showed reduced glycoprotein elements in the gills, E- H AB- 1.0, 2.5 stained increased strong and weak acid in 

the gills, A, E - 24 hr,  B, F - 48 hr , C, G - 72 hr, D, H - 96 hr 400 X.Bold arrow – indicate decreased carbohydrate, 

Hollow arrow – indicate increased acid mucins 

 

Andhale et al., (2011) reported that, nickel 

exposure induced major damage to cilia, 

chitinous rods and to other epithelia. The 

epithelial lining at the tip of gill filament were 

disintegrated. Cillary lining was damaged 

with ruptured blood vessels causing 

hemorrhage.  After intoxication, 

hyperchromatic anaplastic cells were 
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increased in the water channels in 

proportional to the time of exposure. 

Similarly, Chkraborty et al., (2010) 

documented increased hyperchromatic 

anaplastic cells in the water channel after 

intoxication of Sodium arsenite in L. 

maginalis. David and Fontanetti (2005) 

reported that, lateral cilia were responsible for 

pumping water into the bivalve shell and also 

transporting water through the ostia, creating 

the food and respiratory flow  

In the present study respiratory organs 

showed abundant concentration of 

carbohydrate moiety. David and Fontanetti 

(2005), observed PAS- positive collagen and 

polysaccharides in the gill lamellae of the 

freshwater bivalve Mytella facata and noted 

collagen and polysaccharides gives 

sustentation to gill and the haemolymph 

vessels. Similar observations were reported 

by Ingale (1981), studied the nature of 

mucosubstances in the epithelial cells and 

mucous cells of variety of fishes from 

different aquatic habitat and found species 

diversity with having different 

mucoplysaccharides in them. Carmignnani 

and Zaccone (1974) reported sulfomucins and 

neutral mucopolysaccharides in the epithelial 

cells of gill in young forms of T. ocellata. 

Normally negligible amount of acidic 

elements were found in the mantle, gill tissue 

of the slug, snail and bivalve.  

In present study the acidic 

mucopolysaccahride as chondrotin, 

chondrotinsulphate, keratosulphate, 

hyaluronic acid, heparin, heparinsulphate was 

significantly increased due to exposure of 

HgCl2, and ZnCl2. Valarmathi (2000) reported 

the decreased concentration of neutral 

mucosubstances in the different organs of 

Sesarmaquadrium after aquatic 

contamination). Kamble and Londhe (2012), 

documented toxicity of HgCl2 and CdCl2, 

where the neutral mucians decreased with 

increased acidic mucosubstances in the ECM 

of cerebro neurons in terrestrial slug S. 

maculata. Krishnakumar et al., (1990) 

observed decreased level of neutral 

mucosubstances and increased acidic 

mucosubstance in the green mussels 

Pernaviridisdue to toxicity of heavy metal 

mercury.  Carbohydrate, protein and lipid are 

the primary source of energy, in intoxication 

as per exposure period these elements were 

highly utilized by experimental animal 

against the toxic stress of heavy metals.  In 

toxicity point of view the HgCl2 found more 

toxic than the ZnCl2. 

In conclusion, structural architechture was 

altered in experimental bivalve L. corrianus 

because of acute toxicity of HgCl2andZnCl2. 

The acid mucians with AB PH 1.0, 2.5 in 

targeted gill was increased on acute exposure 

to Hg and Zn, implying that decreased 

expression of the mucopolyssachride may 

either be mediating some of these affects or be 

an attempt by the animal to overcome them. 
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