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The present study aimed to investigate the possible effects of acute exposure of monocrotophos on behavioural
response, inhibition of protein and glycogen activity, and histopathological changes in mantle and muscle tissues
of freshwater bivalve, Lamellidens marginalis. Animals were exposed to sub lethal LC5 concentration (47.45 ppm)
of monocrotophos. The glycogen and protein content decreased significantly (p<0.05) in mantle (28.27%,
35.96%) gill, (16.59%, 53.05%) foot (28.05%, 71.41%) and adductor muscle (27.37%, 64.21%) respectively
after 96 hours exposure to monocrotophos. Decrease in glycogen content shows greater utilization of glycogen
for metabolic purposes and to combat with monocrotophos stress. Fragmentation of muscle fibre and hypertrophy in mucous cells of mantle was observed after acute exposure to monocrotophos. Protein and glycogen
content recovered significantly (p<0.05) in mantle and muscle after 14 days, while all the tissues recovered
significantly (p<0.05) after 28 days. These results revealed that there was a significant recovery in biochemical
parameters in bivalve after a recovery period of 28 days.
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pesticides not only constitutes a loss of money but also causes
a lot of undesirable side effects on human health, environment,
food quality, and biodiversity (Rathore and Nollet, 2012; PAN
Europe, 2010). It is known that less than 0.1% of the applied
pesticide actually reaches the targeted pests, while the rest
99.9% has the potential to move into the environment,
including ground water and surface water (Racke, 2003;
Younos and Weigmann, 1988). ). The exposure of aquatic
organisms to even very low levels of pesticides in their
environment may result in various bio-chemical, physiological
and histological alterations in vital tissues of aquatic organisms
(Bayne et al., 1979; El-Shenawy et al., 2009; Dash et al., 2011).

INTRODUCTION
Mussels are sedentary, widely available, distributed in a variety
of habitats, easy to sample, sufficiently long-lived to allow the
sampling and, have a high filtration rate which favours the
uptake and bio-concentration of toxic chemicals (Fisher et al.,
1993). Sessile lifestyle, resistance to stress, filter feeding
mechanism , high accumulation potential of a wide range of
contaminants, and suitability as a model for toxicity testing
are useful characteristics of fresh water bivalves for biomonitoring studies ( Bernal Hernandez et al., 2010).
Now-a-days, decline of freshwater mussels is observed due to
several factors such as siltation, pollution, commercial harvest,
and construction of dams. Bivalve molluscs represent
interesting specimens in eco-toxicological studies since they
exist in direct contact with contaminated aquatic sediments
and they are exposed to water-borne contaminants. Exposure
assessment is essential in understanding the potential effects
of contaminants to non-target animal populations, like mussels
which are considered to be excellent indicator organisms for
reflecting bio-available concentrations of environmental
contaminants (Jayakumar et al., 2008).

Monocrotophos may induce stress and interfere with the
behaviour and biological activity of Lamellidens marginalis.
In the gill of L. marginalis, sodium arsenite induced histological
alterations were observed by Chakraborty et al., (2010).
However, scanty information is available on the
histopathological effects of monocrotophos on the mantle and
muscle tissue of bivalve L. marginalis.
Therefore, the present study aims to determine the protein
and glycogen content as well as to observe histopathological
effects on mantle and muscle tissues in L. marginalis exposed
to sub lethal concentration of monocrotophos and to assess
recovery in biochemical estimations, after transfer of
organisms, to pesticide free water for 14 and 28 days

According to the ‘Stockholm Convention on Persistent
Organic Pollutants’, 9 of the 12 most dangerous and
persistent organic chemicals are pesticides (Gilden et al.,
2010). In agricultural land, pesticides are widely used for pest
control. The runoff from treated area enters the river which
gets contaminated. Wide use of pesticides has resulted in their
widespread distribution in the environment and increased
toxicity risk to non-targeted organisms. Large scale use of

MATERIALS AND METHOD
Experimental organism and their maintenance
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The freshwater mussels L. marginalis with shell- length 7-9 cm
were collected from reservoirs around Pune. Animals were
acclimatized at laboratory condition for seven days in dechlorinated stored water. Animals were fed with 1 gm of
Spirulina powder per 10 litres of stored water every day
(Vaughn and Hakenkamp, 2001; Nath, 2007). The water was
renewed after every 24 hours (Jayakumar et al., 2008).
Behavioural changes of test animals were closely followed
and recorded. The results were evaluated by comparing the
mean durations of the open and closed positions of the valves
before the treatment and during the treatment.

they were dehydrated through standard alcoholic gradation
and embedded in paraffin. The tissue sectioning was done
with a rotary microtome with an average tissue thickness of
5μ. Staining was done with Harris haematoxylin and eosin
stain. Stained slides were observed under a light microscope.
For the purpose of recovery, six animals after 96hr of exposure
were kept in pesticide free water for 14 and 28 days. The
conditions during the recovery experiment were the same as
those in the exposure experiment. At the end of the recovery
period, tissues were isolated and processed for further analysis.
For statistical analysis one way ANOVA was used.

Experimental design
The pesticide toxicant selected for exposure was
monocrotophos (Phoskill 36%). Toxicant exposure was done
by following a 24 hours renewal bioassay system (Jayakumar
et al., 2008). Animals were maintained without feeding during
exposure period. Fifteen animals were exposed to sub lethal
(47.45 ppm) concentration of monocrotophos for 96 hours.
The test solution was prepared by mixing the required quantity
of formulated monocrotophos in stored water having dissolved
oxygen 8.5mg/L, pH 7.6±0.1, Total alkalinity 75 to 150 ppm
(Janakiram, 2003) and water temperature 27±3ºC. Parallel
control groups were also maintained without addition of
pesticide.

RESULTS AND DISCUSSION
Behavioural observations
The toxicant causes stress on the organisms; the behavioural
changes are the immediate responses to the toxicant and are
indicators of possible stress (Ait et al., 2011). All shells in the
control were shut firmly and required a scalpel to open and to
keep shell open. At higher concentrations the shells were easily
opened, even by hand, and remained open for sustained
periods consistent with a decline in neuromuscular control.
The impact of environmental pollution results in a significant
change in the behaviour pattern of non target organisms
(Surwase, 2009). Present study showed that, with increasing
concentration of pesticide, animals become lethargic, same
trend was observed by Bharathi, 1994. Increased mucus
secretion and decrease in shell closure responsiveness of the
freshwater mussel may be used as biomarker for the assessment
of actual health of the organisms living in the polluted water
(Kumar et al., 2012).

At the end of the exposure period (96h), shells were cleaned
with distilled water and sacrificed to collect foot, gill, mantle
and muscle. The tissues were used for glycogen estimation,
protein estimation and histology. Glycogen estimation was
done with the help of De-Zwaan and Zandee’s (1972) method.
Protein estimation was done with the help of Lowry et al.
(1951) method.

Behavioural observations of L. marginalis when exposed to
monocrotophos are explained in Table 1

Histopathology
Animals were dissected. Mantle and muscle tissues were
removed with the help of fine, sharp and sterile blade. The
tissues were immediately fixed in Bouin’s solution and later

Protein and carbohydrates are the primary sources for various
metabolic processes. Carbohydrates in the tissues of the
aquatic animals exist as glycogen. It is well-known that the

Table 1: Behavioural pattern of L. marginalis in different exposure concentrations
Sr. No. Conc. (ppm/lit) Behavioural responses of mussels during 96h exposure to different concentrations of monocrotophos
1

0

2

20

3

40

4

60

5

80

6

100

7

120

Initially, the shell valves were closed .After 14 hours, Bivalves began to open the shell valves. Two pallial edges
were extended out of the valves.After 48 hours, extended Pallial edges, foot as well as siphons were observed.
After 48, 72 and 96 hours, the gentle mechanical stimulus made the extended organs to retract in shell valves
immediately (Duration of retraction response- 10 seconds).
After 24 hours, Bivalves began to open the shell valves, Pallial edges, foot and siphons were extended out of the
valves. After 24, 48, 72 and 96 hours, the gentle mechanical stimulus made the extended organ to retract in shell
valves immediately (Duration of response -10seconds).
The shell valves were closed up to 36 hrs. After 48 hours, Extended foot was observed and gentle stimulus made
the extended foot to retract in shell valves slowly (Duration of response- 30 seconds).After 72 hours, Pallial edges
were at the border of shell valves but siphons were protruded outside the shell valves. Slow retraction of organs
was observed after stimulus(Duration of response- 70 seconds)
After 48 hours, Swollen foot was observed extending through the shell valves and gentle stimulus made the
extended organ to retract in shell valves slowly as compared to earlier concentrations (Duration of response- 100
seconds).After 72 hours, Shell remained open slightly, as valves could not close tightly because of swollen foot.
mucous secretion was observed
After 48 hours, The shell valves trapped the swollen foot slightly along with the Pallial edges and siphon outside
the shell valves, Shell remained open slightly. ( Duration of response- 300 sec) Large secretion of mucous
was observed
After 48 hours, Bivalves were inactive and shells remained widely open with well extended swollen foot. After
72 hours, Large secretion of mucous was observed.(Duration of response-15 minutes )
After 96 hours, 100% mortality was observed. Open shell valves with extended swollen foot. (No response at all.)
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Figure 1: Alteration in the glycogen (a) and protein (b) content of L. marginalis when exposed to monocrotophos for 96 hr
a. (p< 0.05) between the control and treated groups, b. (p< 0.05) between the treated and 14 day recovery, c. (p< 0.05) between the treated
and 28 day recovery, e. (p< 0.05) between the 14 and 28 day recovery

The observed reduction in glycogen content indicates the
utilization of stored glycogen possibly through anaerobic
glycolysis to meet the extra energy requirement under hypoxia
or because of toxic stress of pesticide. Under chemical or
toxicant stress L. marginalis reduces the oxygen consumption
(Chati, 2009). Decrease in glycogen content indicates greater
utilization of glycogen for metabolic purposes and to combat
with stress (Tendulkar and Kulkarni, 2012).
After 14 days of recovery period, foot, muscle and mantle
recovered significantly (p< 0.05). While after 28 days, Mantle,
muscle and gill showed significant (p< 0.05) recovery when
compared with treated group.

Figure 2: Mantle (H&E, ×400) a. Regular arrangement of columnar
epithelial cells, mucus cells in control b. swelling due to hypertrophy of mucous cells in treated animals, cec: columnar epithelial
cells, mc: mucous cells; Muscle (H&E, ×400) Muscle tissues of L.
marginalis c. normal arrangement of muscle in control d. muscle
fragmentation in treated animal, fr: fragmentation

Protein was estimated from foot, gill, mantle and muscle
(Fig.1b). Foot showed maximum content of protein compared
to other tissues in control condition. Reduction in Protein
content is observed in foot (71.41%), gill, (53.05%)
mantle(35.96%) and muscle (64.21%)tissues in treated animals
as compared to control. Vijayavel (2006), Waykar and Pulate
(2012), Shandilya et al., (2010) also observed same trend of
reduction in protein content, which suggests an increase in
proteolytic activity and possible utilization of its products for
metabolic purpose. Fall in protein level during exposure may
be attributed to increased catabolism and decreased anabolism
of protein due to toxic stress of monocrotophos (Patil, 2011).

glycogen serves as energy reserve for various metabolic
processes.
Glycogen was estimated from foot, gill, mantle and muscle
(Fig.1a). Mantle showed maximum storage of glycogen
compared to other tissues in control condition. Glycogen
reduction in foot (28.05 %) mantle (28.27%), gill (16.59%)
and muscle (27.37%) in treated animals is significant (p<
0.05) when compared with control. Similar reduction in the
stored tissue glycogen content has been reported in L.
marginalis when exposed to copper sulphate
(Satyaparameshwar, 2006).

Mantle and muscle showed significant (p< 0.05) recovery of
protein after 14 day. All tissues showed significant (p< 0.05)
recovery after 28 days.
Many investigators have reported toxicant induced
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histopathological abnormalities and degenerative changes in
certain tissues of various animals (Chakraborty et al., 2010;
Shaikh and Mane, 2013)

and roundup: a laboratory study. Ocean Science J. 44(1): 27-34.
Fisher, S. W., Gossiaux, D. C., Bruner, K. A. and Landrum, P. F.
1993. Preliminary investigations of the toxicokinetics of hydrophobic
contaminants in the zebra mussel, Dreissena polymorpha Pallas. In
Zebra Musssels: Biology, Impacts and Control. eds T. F. Napela and
D.W Schloesser. Chelsea, Mich. Lewis Publishers. pp. 465-490.

In T.S. of mantle of control animal (Fig. 2a) regular arrangement
of mucous cells, columnar epithelial cells with cilia and muscle
filament was observed.
In T. S. of mantle of the treated animal hypertrophy was
observed in mucous cells. Vacuoles were observed in
columnar epithelial cells. Fragmentation of muscle was also
observed (Fig. 2b).
T.S. of muscle of control animal showed normal arrangement
of muscle fibres (Fig. 2c). While Fragmentation of muscle fibres
was observed in muscle when treated with sub lethal
concentration of monocrotophos (Fig. 2d).
All the histopathological observations indicated that exposure
to sub lethal concentrations of monocrotophos caused
degenerative changes to some extent in mantle and muscle
tissues of animal.

Gilden, R. C., Huffling, K. and Sattler, B. 2010. Pesticides and health
risks. J Obstet Gynecol Neonatal Nurs. 39(1): 103-110.
Janakiram, K. 2003. Freshwater pearl culture technology development
in India, J. Applied Aquaculture. 13(3-4): 341-349.
Jayakumar, P., Jothivel, N. and Paul, V. 2008. Heavy metals induced
alterations in the acid phosphates activity in the edible freshwater
mussel Lamellidens marginalis (Lamark). The International J.
Toxicology. 5(2): DOI: 10.5580/2559.
Kumar, S. Pandey, R. K. Das, S. and Das, V. K. 2012. Acute toxicity
and behavioural responses of a freshwater mussel Lamellidens
marginalis (Lamarck) to dimethoate exposure. Recent Research in
Science and Technology. 4(11): 39-45.
Lowry, O. H. Rosenbrough, N. J. Farr, A. L. Randall, R. 1951. Protein
measurement with folin phenol reagent. J. Biological Chemistry. 193:
265–270.

ACKNOWLEDGEMENT

Nath, M. R. 2007. Estimation of gut contents of freshwater mussel,
Lamellidens marginalis L. Aquaculture Research. 38: 1364-1369.

The authors are grateful to ‘Board of College and University
Development’ and ‘University Grant Commission- Career
Advancement Scheme’ for the financial assistance and grateful
to Head, Department of Zoology for laboratory facilities and
encouragement.

PAN Europe (Pesticide Action Network Europe) 2010. International
year of biodiversity: Biodiversity and pesticides. Pesticides News. 88.
Patil, A. G. 2011. Protein Changes in Different Tissues of Freshwater
Bivalve Parreysia cylindrica after Exposed to Indoxacarb. Recent
Research in Science and Technology. 2011, 3(3): 140-142.
Racke, K. D. 2003. Release of pesticides into the environment and
initial concentrations in soil, water and plants. Pure Appl. Chem.
75:1905-1916.

REFERENCES
Ait, M. A., Ait, M. F. and Mouabad, A. 2011. Effects of Cypermethrin
(Pyrethroid Insecticide) on the Valve Activity Behavior, Byssal Thread
Formation, and Survival in Air of the Marine Mussel Mytilus
galloprovincialis. Arch. Environ. Contam. Toxicol. 60: 462-470.

Rathore, H. S. and Nollet, M. L. 2012. Pesticides: Evaluation of
Environmental Pollution. CRC Press. pp. 1-659.
Satyaparameshwar, K. 2006. Study of carbohydrate metabolism in
selected tissues of freshwater mussel, Lamellidens marginalis under
copper sulphates toxicity. J. Environmental Biology. 27(1): 39-41.

Bayne, B. L., Moore, M. N., WiddoWs, J., Livingstone, D. R. and
Salkeld, P. 1979. Measurement of the responses of individuals to
environmental stress and pollution: studies with bivalve molluscs.
Phil. Trans. R. Soc. Lond. B. 286: 563-581.

Shaikh, Y. and Mane, U. H. 2013. Changes in Hepatopancreas of the
Bivalve Molluscs Lamellidens marginalis Exposed to Acute Toxicity of
Cadmium in Summer. World J. Fish and Marine Sciences. 5(4): 437440.

Bernal-Hernandez, Y. Y., Medina-Diaz, I. M., Robledo-Marenco, M.
L., Velazquez-Fernandez, J. B., Giron-Perez, M. I., Ortega-Cervantes,
L., Maldonado-Vazquez, W. A. and Rojas-Garcia, A. E. 2010.
Acetylcholinesterase and metallothionein in oysters (Crassostrea
corteziensis) from a subtropical Mexican Pacific estuary. Ecotoxicology.
19(4): 819-25.

Shandilya, M. V. Lomate, V. S. and Patel, S. I. 2010. Biochemical
studies on fresh water bivalves Parreysia favidens exposed to the
distillery effluent. Bionano Frontier. 3(2): 201-204.
Surwase, S. S. 2009. The effect of change environmental parameters
on behavior of Lamellidens marginalis. Shodh, samiksha aur Mulyankan
(International Research J.). II (7): 160-164.

Bharathi, C. 1994. Toxicity of insecticides and effects on the behavior
of the blood clam Anadara Granosa. Water, Air and Soil Pollution.
75: 87-91.
Chakraborty, S. Ray, M. and Ray, S. 2010. Toxicity of sodium arsenite
in the gill of an economically important mollusc of India. Fish and
Shellfish Immunology. 29: 136-148.

Tendulkar, M. and Kulkarni, A. 2012. Cypermethrin-Induced Toxic
Effect on Glycogen Metabolism in Estuarine Clam, Marcia Opima
(Gmelin, 1791) of Ratnagiri Coast, Maharashtra Hindawi Publishing
Corporation J. Toxicology. 3:

Chati, R. S. 2009. Effect of detergent on oxygen consumption on the
fresh water bivalve Lamellidens marginalis. Shodh samiksha aur
Mulyankan. II(7): 155-157.

Vaughn, C. C. and Hakenkamp, C. C. 2001. The functional role of
burrowing bivalves in freshwater ecosystems. Freshwater Biology.
46(11): 1431-1446.

Dash, G., Yonzone, P., Chanda, M. and Paul, M. 2011.
Histop1athological changes in Labeo rohita (Hamilton) fingerlings to
various acclimation temperatures. Chronicles of Young Scientist. 2(1):
29-36.

Vijayavel, K. 2006. Interactive effect of monocrotophos and
ammonium chloride on the freshwater fish Oreochromis mossambicus
with reference to lactate/pyruvate ratio Pesticide Biochemistry and
Physiology. 86: 157-161.

De-Zwaan, A. and Zandee, B. 1972. Body distribution and seasonal
changes in glycogen content of the common sea mussel, Mytilus
edulis Comp. Biochem Physiol. 43A: 53-58.

Waykar, B. and Pulate, P. 2012. Ameliorating effect of l-ascorbic acid
on profenofos induced alterations in the protein contents of the
freshwater bivalve, Lamellidens marginalis (lamarck). The Bioscan.
7(1): 35-38.

El-Shenawy, N. S., Moawad, T. I. S., Mohallal, M. E., Abdel-Nabil, I.
M. and Taha, I. A. 2009. Histopathologic biomarker response of
clam, Ruditapes decussates, to organophosphorous pesticides reldan

Younos, T. M. and Weigmann, D. L. 1988. Pesticides: A continuing
dilemma. J. WPCF. 60: 1199-1205.

1056

