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Genotoxicity is considered as one of the endpoints in assessing toxic effect of pollution. In the present study 
genotoxic effects of pesticides in the Perna viridis have been evaluated by the induction of micronuclei 
(MN). The aim of the present study was to assess the MN frequency in the haemolymph of green mussel 
(Perna viridis) after exposure to different concentrations of organophosphate pesticides (chlorpyrifos, 
malathion), synthetic pyrethroid pesticide (cypermethrin, lambda-cyhalothrin) and herbicide (buctril). 
Haemocytes of bivalve play an important role in immune defense and detoxification of contaminants. The 
bivalves were exposed to different concentrations of test pesticides in a static system. The MN frequencies 
of all the pesticide treated mussel groups increased significantly (p< 0.05) until the end of the exposure 
period as compare to control. The highest MN frequencies were recorded after cypermethrin exposure on 
day 12 (7, 8.5 and 11‰ for 0.5 ppm, 1 ppm and 1.5 ppm concentrations respectively) in haemolymph. 
However the lowest MN frequencies were recorded after buctril exposure (3.5, 3.5 and 5‰ for 0.5 ppm, 
1 ppm and 1.5 ppm concentrations, respectively) in haemolymph. The use of haemocytes of green mussel 
(Perna viridis) in MN assay proved to be a sensitive tool for the assessment of genetic damage.

INTRODUCTION

Wide varieties of pesticides are used for crop 
protection against pest in Pakistan at the same 

time they have adverse effects on environment. Pollution 
is a major threat to marine organisms, especially 
bivalves living in coastal environments. Mussels have 
great commercial and nutritional value. Mussels have 
been considered as bioindicator organisms because of 
their wide geographical distribution, and sensitivity to 
environmental pollutants. They are sessile, filter feeders 
as they accumulate and concentrate pollutants within their 
tissues (Bernal-Hernandez et al., 2010). The mussel has 
been used as a sentinel species in many biomonitoring 
research programmes (Widdows et al., 1995; O’Connor, 
1996; Dixon et al., 2002). Pollutants in marine 
environment can adversely affect DNA of filter-feeding 
mollusks (Hamoutene et al., 2002). Micronucleus (MN) is 
considered as the marker of cytogenetic damage, appearing 
after the impact of genotoxic compound. Micronuclei are 
made from piece or whole chromosomes that lag in cell 
division due to defect in cytokinesis. These small secondary 
structures of chromatin, present in the cytoplasm form a 
small nucleus (Seelbach et al., 1993; Zoll-Moreux and 
Ferrier, 1999). In marine organisms due to genotoxicity, 
stunted growth, infertility and sterility have been reported 
at the same time have harmful effects on human health by 
food chain. In marine organisms genotoxic effect cause 
mortality and sometimes development of tumors takes 
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place (Folmar, 1993).
Micronucleus test is one of the most popular and 

promising tests (Fenech et al., 2003). It is considered 
as a sensitive, fast and extensively used method in the 
detection of genotoxicity of chemical substances in the 
environment (Mersch and Beauvais, 1997; Kassie et al., 
2000). Moreover, the endpoint is easily recognizable, and 
scoring of MN can be done considerably faster (Siu et al., 
2004). The MN test is one of the best biological marker 
that relates with pollution load, and has been shown by 
many studies (Bolognesi et al., 2006a; Baršienė et al., 
2004, 2006).

Micronuclei analysis is used to assess in both marine 
and freshwater organisms, fewer studies on marine 
invertebrate organisms have been carried out (Dixon et 
al., 2002). MN assay has been used in both laboratory and 
field studies in vertebrates e.g. fishes (Cyprinus carpio, 
Gambusia holbrooki, Poecilia latipinna, Salmo trutta, 
Phoxinus Phoxinus, Ictalurus nebulosus and Oreochromis 
mossambicus) (Hai et al., 1997; Sanchez-Galan et al., 
1999; Ayllon and Garcia-Vazquez, 2000; Buschini et 
al., 2004; Russo et al., 2004; Naqvi et al., 2016), and 
different species of invertebrates e.g. bivalves (Anodonta 
cygnea, Crassostrea corteziensis, Crassostrea gigas, 
Mytilus galloprovincialis, Mytilus edulis, Mya arenaria, 
D. polymorpha and Perna viridis) (Burgeot et al., 1995,   
1996; Dopp et al.,1996; Mersch and Beauvais, 1997; Jha 
et al., 2006; Eskandari et al., 2012; Benitez-Trinidad et al., 
2014; Ali et al., 2018).

Haemocytes have been extensively used for MN 
assay (Kalpaxis et al., 2004; Baršiene et al., 2006). For MN 
assay, haemocytes are reliable, sensitive, and reproducible 
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(Pavlica et al., 2000; Klobučar et al., 2003; Jha et al., 
2005). Haemocytes has an important role in uptake of 
contaminants (Galtsoff, 1964), transportation to various 
tissues (Cunningham, 1979), and its final elimination. 
Haemocytes are responsible for the transportation of 
pollutants from the organ of entry i.e., gill and mantle to 
tissues where detoxification or accumulation takes place 
(Ruddel and Rains, 1975; George et al., 1978).

The aim of the present study is to assess the MN 
frequency in the haemolymph of green mussel (Perna 
viridis) after exposure to different concentrations of 
organophosphate pesticides (chlorpyrifos, malathion), 
synthetic pyrethroid pesticide (cypermethrin, lambda-
cyhalothrin) and herbicide (buctril).

MATERIALS AND METHODS

Insecticides used
Pesticides were procured from the market 

organophosphate (chlorpyrifos 40% EC, malathion 57% 
EC) and synthetic pyrethroid pesticide (cypermethrin 10% 
EC, lambda-cyhalothrin 2.5% EC) and herbicide (buctril 
60% EC) were used.

Experimental design 
The bivalves Perna viridis (shell length 5-6 cm) 

were collected from rocky shore of Manora by handpick 
method. The bivalves were transported in coolbox safely 
to the laboratory. The bivalves Perna viridis were cleaned 
to remove biofouling organisms and acclimatized in the 
laboratory condition at room temperature for three days. 
Temperature 26+2°C, salinity 35+2 ppt and pH 7.4 of 
seawater were maintained in aquarium (92 cm Length x 
39 cm width x 47 cm height). Seawater in aquarium was 
replenished every day in order to remove faeces and to 
maintain the water quality. The acclimatized bivalves of 
approximately same size were selected for experiment. 
The bivalves were exposed to different concentrations 
(0.5ppm, 1ppm and 1.5 ppm) of test pesticides in a static 
system. The test water was replenished every day during 
the experimentation and proper oxygenation in the test 
solution was ensured. The tests and controls for each 
experiment were in triplicate and the controls had only 
seawater. The other experimental conditions, such as, 
temperature 26±2°C, salinity 35±2 ppt and pH 7.4 were 
maintained throughout the experiment. The physico-
chemical parameters of the test water were analyzed using 
standard methods (APHA, AWWA, WPCF, 2005). From 
each group, the tissue samplings were done on days 1, 4, 
8 and 12 after pesticide exposure for performing the MN 
test. Haemolymph were used for MN analysis.

Micronucleus test
The micronucleus analysis in haemolymph of bivalves 

method of Siu et al. (2004) was followed. Haemolymph 
from individual mussels was collected from the posterior 
adductor muscle using a 1ml hypodermic syringe. The 
haemolymph was dropped on to a clean microscopic slide 
and air-dried completely at room temperature (26±2°C). 
The slides were fixed in methanol for 1 min at room 
temperature and stained with 10% Giemsa in phosphate 
buffered saline, pH 6.6 for 10 min. The slide was then 
dried. Four replicate slides per specimen were prepared 
for every sampling time. The slides were observed under 
a light microscope using oil immersion (2000 cells from 
each specimen were examined for the presence of MN). 
The criteria used for the identification of MN were as 
described by Tates et al. (1980) (their size lesser than one-
third of the main nucleus, no attachment with the main 
nucleus, same color and intensity as the main nucleus). The 
result was calculated as MN frequency using the following 
formula: % of X = (number of X/2,000) x 1,000, where X 
is MN (Montero et al., 2006). The results obtained for each 
experiment, for control and for test group were compared 
with each other using two-tailed Student t-test. Differences 
between means were considered significant when P <0.05.

RESULTS

The MN frequencies of haemocytes of mussels of the 
control group is observed to be low (ranging from 0.0 to 
1.5‰) as compared to the pesticides exposed groups in 
all the five pesticides treated mussels (Fig. 1). The MN 
frequencies of the pesticides treated mussels are observed 
to increase significantly (p<0.05) in a dose-dependent 
relationship at all exposure periods. The MN frequencies 
of all the pesticide treated mussel groups continuously 
increased significantly (p<0.05) until the end of the 
exposure period as compare to control. The highest MN 
frequencies were recorded after cypermethrin exposure on 
day 12 (7, 8.5 and 11‰ for 0.5 ppm, 1 ppm and 1.5 ppm 
concentrations, respectively) in haemolymph. However 
the lowest MN frequencies were recorded after buctril 
exposure (3.5, 3.5 and 5‰ for 0.5 ppm, 1 ppm and 1.5 
ppm concentrations, respectively) in haemolymph. The 
frequencies of MN formation at day 12 were significantly 
(p< 0.05) higher as compare to, day 1, 4 and 8 in all 
pesticides treated mussels. The genotoxicity of pesticides 
on Perna viridis in this study is found to be in the order 
of cypermethrin, chlorpyrifos, malathion, lambda-
cyhalothrin and buctril, in haemolymph.
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Fig. 1. Effect of chlorpyrifos (A), malathion (B), cypermethrin (C), cyhalothrin (D) and buctril (E) on micro nuclei of haemolymph 
of Perna viridis.

DISCUSSION

The analysis of MN in haemocytes of mollusk 
(Anodonta cignea, Crassostrea gigas, Mytilus 
galloprovincialis, Mytilus edulis and Mya arenaria) has 
been reported in several studies (Scarpato et al., 1990; 
Bolognesi et al., 1992, 1996; Wrisberg et al., 1992; Burgeot 
et al., 1995, 1996; Dopp et al., 1996). In the present 
study the MN frequencies of heamocytes of mussels after 
exposure to organophosphate pesticides (chlorpyrifos, 
malathion), synthetic pyrethroid pesticide (cypermethrin, 
lambda-cyhalothrin) and herbicide (buctril) are studied. 
The MN frequency of the pesticides treated mussels are 
observed to increase in a dose-dependent relationship at 
all exposure periods. Similar results were observed by 
Bolognesi et al. (1996), Venier et al. (1997), Jha et al. 
(2005), Koukouzika and Dimitriadis (2008) and Ali et al. 
(2018).

The open vascular system of the mussels is composed 
of haemocytes (Mersch et al., 1996) and can be used 
for observing cytogenetic damage (Pavlica et al., 2001). 
Different fish and shellfish cell types were used for the MN 
analysis such as gill, fin, kidney, hepatic cells and peripheral 
erythrocytes (Al-Sabti and Metcalfe, 1995). However in 
the foregoing study we use haemocytes for MN assay in 
Perna viridis. Haemocytes are most frequently used for 
MN assay in bivalve (Kalpaxis et al., 2004; Baršiene et al., 
2006). Haemocytes are the target tissues considered for MN 
determination in bivalves (Perna viridis) as they constitutes 
a massive part of a mussel’s soft tissue, as circulating 
cells of an open vascular system, and are continuously 
exposed to contaminants. Haemocytes perform several 

functions for example elimination of noxious substances 
and small particles, transport and digestion of nutrients 
and restoration of tissue lesions (Soares-da-Silva et. al., 
2002), they represent cells of significant importance in the 
mussel’s response to pollutants.

In the present study the MN frequencies of 
haemocytes of mussels after exposure to organophosphate 
pesticides, synthetic pyrethroid pesticide and herbicide 
shows significant genotoxic effect and increases with the 
passage of time. Bolognesi et al. (2006b) concluded that 
magnitude of the genotoxic response is correlated with 
the duration of exposure and age is considerably related 
with the increase in occurrence of MN. In addition, 
haemolymph readily provides a single-cell suspension, 
it is easily collectable and its usage permits repeatable 
tissue sampling of the same individuals for the MN assay. 
Therefore haemocytes are used in bio-monitoring as they 
provide a relatively non-invasive source of material (Fossi 
et al., 1994; Mitchelmore and Chipman, 1998; Taddei et 
al., 2001) and they can be quickly and easily sampled and 
cell dissociation is not required so they are appropriate 
for MN assay (Belpaeme et al., 1998). The extent of 
proteolytic cell detachment and artificial cellular damage 
from mechanical source is minimum. These properties 
short the time for slide preparation and facilitate sample 
processing. Moreover, haemocytes play an important part 
in immune defense, phagocytosis, and detoxification of 
xenobiotics (Cheng, 1975); their multifunctional work 
has been suggested to make them more vulnerable than 
other cells towards contaminants such as the genotoxic 
xenobiotics (Venier et al., 1997).
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The results of our study show that MN test in mussels 
can be used for the genotoxicity assessment in a marine 
environment. This is in agreement with earlier and recent 
studies by other researchers (Hose et al., 1987; Al-Sabti 
and Hardig, 1990; Al-Sabti and Metcalfe, 1995; Ayllon 
and Garcia-Vazquez, 2000; Bombail et al., 2001; Dailianis 
et al., 2003; Naqvi et al., 2016; Ali et al., 2018). According 
to Mersch et al. (1996) MN frequencies are strongly 
affected by experimental factors, such as the histological 
method selected, the staining method used, the criteria for 
the scoring of MN, the test chemicals and concentrations 
used and the period of exposure. The last two factors may 
be the reason for relatively high MN frequencies recorded 
in our pesticide treated mussels.

The number of MN formation in different organisms 
may be different as organisms respond to stress differently 
due to transcription of specific genes, or different levels 
of absorption and metabolisms of genotoxic agents, DNA 
repair, cell death and defense mechanisms (Pavlica et 
al., 2000; Rodriguez et al., 2003). These differences are 
connected to cell removal kinetics or to the development 
of adaptive mechanisms of tolerance to chemical stress 
that help an increase in the replacement rate of dead 
cells to maintain normal physiological conditions or 
inhibition of nuclear division which is required for 
MN expression (Cavas and Ergene-Gozukara, 2005). 
During the current research it was observed that green 
mussel Perna viridis represent variation in sensitivity 
towards the organophosphate pesticides (chlorpyrifos, 
malathion), synthetic pyrethroid pesticide (cypermethrin, 
lambda-cyhalothrin) and herbicide (buctril). Although 
organophosphate, pyrethroid pesticides and herbicide 
are not persistent in the environment but continuous use 
of these pesticides may have hazardous effect on marine 
environment, on marine organisms and subsequently to 
human health, due to bioaccumulation.

Marine pollution possesses a threat to the ecological 
balance of the marine environment and biodiversity 
(Vosyliene and Jankaite, 2006). Present study clearly 
reveal the genotoxic potential of pesticides and suggest a 
serious concern towards the potential danger of pesticide 
to aquatic organisms and its use in agriculture practices. 

CONCLUSION

Pesticides are widely used for controlling pest for 
increasing production of agricultural products, vegetables, 
food grain and to control insects’ vectors of diseases. The 
development of MN in haemocytes of mollusk in the 
present study after exposure to pesticides clearly indicates 
genotoxic nature of pesticides. Micronucleus studies have 
received considerable attention in recent years, from 

a growing interest in the evaluation of genotoxicity of 
environmental toxicants and carcinogens. Current study 
clearly demonstrates Micronucleus assay test can be 
used for the genotoxic effects as the main biomarkers in 
assessment of pollution related toxicity.

ACKNOWLEDGEMENTS

The authors would like to thank Ex Director, Professor 
Dr. Pirzada Jamal Ahmad Siddiqui for his support and 
guidance and financial assistance provided by the Centre 
of Excellence in Marine Biology, University of Karachi. 

Statement of conflict of interest
The authors have declared no conflict of interests.

REFERENCES

Al-Sabti, K. and Hardig, J., 1990. Micronucleus test 
in fish for monitoring the genotoxic effects of 
industrial waste products in the Baltic Sea, Sweden. 
Comp. Biochem. Physiol., 97C: 179–182. https://
doi.org/10.1016/0742-8413(90)90189-G

Al-Sabti, K. and Metcalfe, C.D., 1995. Fish micronuclei 
for assessing genotoxicity in water. Mutat. Res., 
343: 121–135. https://doi.org/10.1016/0165-
1218(95)90078-0

Ali, M.A., Shoaib, N., Naqvi, G.Z. and Siddiqui, P. J.A., 
2018. . Genotoxic effect of pesticides on gill tissues 
of green-lipped mussel Perna viridis (L.). Ind. J. 
Exp. Biol., 56: 611-615.

APHA, AWWA, WPCF, 2005. Standard methods for 
the examination of water and waste water, 21sted. 
American Public Health Association, Washington, 
DC, pp. 401.

Ayllon, F. and Garcia-Vazquez, E., 2000. Induction 
of micronuclei and other nuclear abnormalities 
in European minnow Phoxinus phoxinus and 
mollie Poecilia latipinna: an assessment of the 
fish micronucleus test. Mutat. Res., 467: 177–186. 
https://doi.org/10.1016/S1383-5718(00)00033-4

Baršienė, J., Lazutka, J., Šyvokienė, J., Dedonytė, V., 
Rybakovas, A., Bjornstad, A. and Andersen, O.K., 
2004. Analysis of micronuclei in blue mussels and 
fish from the Baltic and the North Seas. Environ. 
Toxicol., 19: 365-371. https://doi.org/10.1002/
tox.20031

Baršienė, J., Lehtonen, K., Koehler, A., Broeg, K., 
Vourinen, P.J., Lang, T., Pempkowiak, J., Šyvokienė, 
J., Dedonytė, V., Rybakovas, A., Repečka, R., 
Vountisjarvi, H. and Kopecka, J., 2006. Biomarker 
responses in flounder (Platichthys flesus) and 

https://doi.org/10.1016/0742-8413(90)90189-G
https://doi.org/10.1016/0742-8413(90)90189-G
https://doi.org/10.1016/0165-1218(95)90078-0
https://doi.org/10.1016/0165-1218(95)90078-0
https://doi.org/10.1016/S1383-5718(00)00033-4
https://doi.org/10.1002/tox.20031
https://doi.org/10.1002/tox.20031


1327                                                                                        

 

mussel (Mytilus edulis) in the Klaipėda-Būtingė 
area (Baltic Sea). Mar. Poll. Bull., 53: 422-436. 
https://doi.org/10.1016/j.marpolbul.2006.03.009

Belpaeme, K., Cooreman, K. and Kirsch-Volders, M., 
1998. Development and validation of the in vivo 
alkaline comet assay for detecting genomic damage 
in marine flatfish. Mutat. Res., 415: 167–184. 
https://doi.org/10.1016/S1383-5718(98)00062-X

Benitez-Trinidad, A.B., Bernal-Hernández, Y.Y., 
Moreno-Hernández, C.L., Medina-Díaz, I.M., 
Robledo-Marenco, M.L., Barrón-Vivanc,o B.S., 
Domínguez-Ojeda, D., Romero-Bañuelos, C.A., 
Girón-Pérez, M.I. and Rojas-García, A.E., 2014. 
Acetylcholinesterase inhibition and micronucleus 
frequency in oysters (Crassostrea corteziensis) 
exposed to chlorpyrifos. Inverteb. Surviv. J., 11: 
247-256.

Bernal-Hernández, Y.Y., Medina-Díaz, I.M., Robledo-
Marenco, M.L., Velázquez-Fernández, J.B., Girón-
Pérez, M.I., Ortega-Cervantes, L., Maldonado-
Vázquez, W.A. and Rojas-García A.E. 2010. 
Acetylcholinesterase and metallothionein in oysters 
(Crassostrea corteziensis) from a subtropical 
Mexican Pacific estuary. Environ. Monit. Assesst., 
169: 473-485. 

Bolognesi, C., Parrini, M., Roggieri, P., Ercolini, C. and 
Pellegrino C., 1992. Carcinogenic and mutagenic 
pollutants: impact on marine organisms. In: 
Proceedings of the FAOrUNEPrIOC Workshop 
on the biological effects of pollutants on marine 
organisms. Malta, 10–14 September 1991. MAP 
Technical Reports Series, 69, pp. 113–121.

Bolognesi, C., Rabboni, R. and Roggieri, P., 1996. 
Genotoxicity biomarkers in M. galloprovincialis 
as indicators of marine pollutants. Comp. 
Biochem. Physiol., 113C: 319–323. https://doi.
org/10.1016/0742-8413(95)02103-5

Bolognesi, C., Perrone, E., Roggieri, P. and Sciutto, 
A., 2006a. Bioindicators in monitoring long term 
genotoxic impact of oil spill: Haven case study. 
Mar. Environ. Res., 62: S287-S291. https://doi.
org/10.1016/j.marenvres.2006.04.047

Bolognesi, C., Perrone, E., Roggieri, P., Pampanin, D.M. 
and Sciutto, A., 2006b. Assessment of micronuclei 
induction in peripheral erythrocytes of fish exposed 
to xenobiotics under controlled conditions. Aquat. 
Toxicol. 78: 93–98. https://doi.org/10.1016/j.
aquatox.2006.02.015

Bombail, V., Aw, D., Gordon, E. and Batty, J., 2001. 
Application of the comet and micronucleus assays 
to butterfish (Pholis gunnellus) erythrocytes 
from Firth of Forth, Scotland. Chemosphere, 

44: 383–392. https://doi.org/10.1016/S0045-
6535(00)00300-3

Burgeot, T., His, E. and Galgani, F., 1995. The 
micronucleus assay in Crassostrea gigas for 
detection of sea water genotoxicity. Mutat. Res., 
342: 125–140. https://doi.org/10.1016/0165-
1218(95)90022-5

Burgeot, T., Woll, S. and Galgani, F., 1996. Evaluation of 
the micronucleus test on Mytilus galloprovincialis 
for monitoring applications along the French 
coasts. Mar. Poll. Bull., 32: 39-46. https://doi.
org/10.1016/0025-326X(96)89526-9

Buschini, A., Martino, A., Gustavino, B., Monfrinotti, 
M., Poli, P., Rossi, C., Santoro, M., Dörr, A.J.M. and 
Rizzoni, M., 2004. Comet assay and micronucleus 
test in circulating erythrocytes of Cyprinus carpio 
specimens exposed in situ to lake waters treated 
with disinfectants for potabilization. Mutat. 
Res., 557: 119–129. https://doi.org/10.1016/j.
mrgentox.2003.10.008 

Cavaş, T. and Ergene-Gözükara, S., 2005. Micronucleus 
test in fish cells: a bioassay for in situ monitoring 
of genotoxic pollution in the marine environment. 
Environ. Mol. Mutagen., 46: 64–70. https://doi.
org/10.1002/em.20130

Cheng, T.C., 1975. Functional morphology and 
biochemistry of molluscan phagocytes. Annls. 
Acad. Sci. N.Y., 266: 343–379. https://doi.
org/10.1111/j.1749-6632.1975.tb35116.x

Cunningham, P.A., 1979. The use of bivalve molluscs 
in heavy metal pollution research. In: Marine 
pollution: Junctional responses (eds. W.B. 
Vernberg, F.P. Thurberg, A. Calabrese and F.J. 
Vernberg). Academic Press, New York, pp. 183-
222.

Dailianis, S., Domouhtsidou, G.P., Raftopoulou, 
E., Kaloyianni, M. and Dimitriadis, V.K., 
2003. Evaluation of neutral red retention assay, 
micronucleus test, acetylcholinesterase activity and 
signal transduction molecule (cAMP) in tissues 
of Mytillus galloprovincialis (L.), in pollution 
monitoring. Mar. environ. Res., 56: 443–470. 
https://doi.org/10.1016/S0141-1136(03)00005-9

Dixon, D.R., Pruski, A.M., Dixon, L.R.J. and Jha, A.N., 
2002. Marine invertebrate ecogenotoxicology: a 
methodological overview. Mutagenesis, 17: 495–
507. https://doi.org/10.1093/mutage/17.6.495

Dopp, E., Barker, C.M. Schiffmann, D. and Reinisch, 
C.L., 1996. Detection of micronuclei in hemocytes 
of Mya arenaria: association with leukemia and 
induction with an alkylating agent. Aquat. Toxicol., 
34: 31–45.

Pesticide Genotoxicity in Perna viridis 1327

https://doi.org/10.1016/j.marpolbul.2006.03.009
https://doi.org/10.1016/S1383-5718(98)00062-X
https://doi.org/10.1016/0742-8413(95)02103-5
https://doi.org/10.1016/0742-8413(95)02103-5
https://doi.org/10.1016/j.marenvres.2006.04.047
https://doi.org/10.1016/j.marenvres.2006.04.047
https://doi.org/10.1016/j.aquatox.2006.02.015
https://doi.org/10.1016/j.aquatox.2006.02.015
https://doi.org/10.1016/S0045-6535(00)00300-3
https://doi.org/10.1016/S0045-6535(00)00300-3
https://doi.org/10.1016/0165-1218(95)90022-5
https://doi.org/10.1016/0165-1218(95)90022-5
https://doi.org/10.1016/0025-326X(96)89526-9
https://doi.org/10.1016/0025-326X(96)89526-9
https://doi.org/10.1016/j.mrgentox.2003.10.008
https://doi.org/10.1016/j.mrgentox.2003.10.008
https://doi.org/10.1002/em.20130
https://doi.org/10.1002/em.20130
https://doi.org/10.1111/j.1749-6632.1975.tb35116.x
https://doi.org/10.1111/j.1749-6632.1975.tb35116.x
https://doi.org/10.1016/S0141-1136(03)00005-9
https://doi.org/10.1093/mutage/17.6.495


1328                                                                                        

 

N. Shoaib and A.M. Ali

Eskandari, S., Mozdarani, H., Mashinchian, M.A. 
and Shahhosseiny, M.H., 2012. Cytogenetic 
damage induced by crude oil in Anodonta cygnea 
(Mollusca, bivalvia) assessed by the comet assay 
and micronucleus test. Int. J. mar. Sci. Eng., 2: 215-
224.

Fenech, M., Chang, W.P., Kirsch-Volders, M., Holland, 
N., Bonassi, S. and Zeiger, E., 2003. HUMN 
project: detailed description of the scoring criteria 
for the cytokinesis-block micronucleus assay 
using isolated human lymphocyte cultures. Mutat. 
Res., 534: 65–75. https://doi.org/10.1016/S1383-
5718(02)00249-8

Galtsoff, P.S., 1964. The American oyster, Crassostrea 
virginica Gmelin. Bull. Fish Wildl. Serv., 64: 1-480.

George, S.G., Pirie, B.J.S., Cheyne, A.R., Coombs, 
T.L. and Grant, P.T., 1978. Detoxication of metals 
by marine bivalves: an ultrastructural study of 
the compartmentalization of copper and zinc in 
the oyster, Ostrea edulis. Mar. Biol., 45: 147-156. 
https://doi.org/10.1007/BF00390550

Hai, D.Q., Varga, S.I. and Matkovics, B., 1997. 
Organophosphate effects on antioxidant system 
of carp (Cyprinus carpio) and catfish (Ictalurus 
nebulosus). Comp. Biochem. Physiol., 117C: 83–
88. https://doi.org/10.1016/S0742-8413(96)00234-
4

Hamoutene, D., Payne, J.F., Rahimtula, A. and Lee, 
K., 2002.  Use of the Comet assay to assess DNA 
damage in hemocytes and digestive gland cells of 
mussels and clams exposed to water contaminated 
with petroleum hydrocarbons. Mar. environ. Res., 
54: 471-474. https://doi.org/10.1016/S0141-
1136(02)00162-9

Folmar, L.C., 1993. Effects of chemical contaminants on 
blood chemistry of teleostean fish: A bibliography 
and synopsis of selected effects. Environ. Toxicol. 
Chem., 12: 337-375. https://doi.org/10.1002/
etc.5620120216

Fossi, M.C., Leonzio, C. and Peakall, D.B., 1994. 
The use of nondestructive biomarkers in the 
hazard assessments of vertebrate populations. In: 
Nondestructive biomarkers in vertebrates (eds. 
M.C. Fossi and C. Leonzio). CRC Press, Boca 
Raton, pp. 1–28.

Hose, J.E., Cross, J.N., Smith, S.G. and Diehl, D., 
1987. Elevated circulating erythrocyte micronuclei 
infishes from contaminated sites of Southern 
California. Mar. environ. Res., 22: 167–176. https://
doi.org/10.1016/0141-1136(87)90034-1

Jha, A.N., Dogra, Y., Turner, A. and Millward, G.E., 
2005. . Impact of low doses of tritium on the marine 

mussel, Mytilus edulis: genotoxic effects and tissue-
specific bioconcentration. Mutat. Res., 586: 47–57. 
https://doi.org/10.1016/j.mrgentox.2005.05.008

Jha, A.N., Dogra, Y., Turner, A. and Millward, G.E., 
2006. Are low doses of tritium genotoxic to Mytilus 
edulis? Mar. environ. Res., 62: 297–300. https://
doi.org/10.1016/j.marenvres.2006.04.023

Kalpaxis, D.L., Theos, C., Xaplanteri, M.A., Dinos, 
G.P., Catsiki, A.V. and Leotsinidis, M.N., 2004. 
Application of a biomarker suite elevating of 
translation efficiency in Mytilus galloprovincialis 
cells. Environ. Res., 94: 211. https://doi.
org/10.1016/S0013-9351(03)00048-3

Kassie, F., Parzefall, W. and Knasmuller, S., 2000. 
Single cell gel electrophoresis assay: A new 
technique for human biomonitoring studies. Mutat. 
Res., 463: 13–31. https://doi.org/10.1016/S1383-
5742(00)00041-7

Klobučar, G.I.V., Pavlica, M., Erben, R. and Papeš, 
D., 2003. Application of the micronucleus and 
comet assays to mussel Dreissena polymorpha 
haemocytes for genotoxicity monitoring of 
freshwater environments. Aquat. Toxicol., 64: 15. 
https://doi.org/10.1016/S0166-445X(03)00009-2

Koukouzika, N. and Dimitriadis, V.K., 2008. Aspects of 
the usefulness of five marine pollution biomarkers, 
with emphasis on MN and lipid content. Mar. Pollut. 
Bull., 56: 941–949. https://doi.org/10.1016/j.
marpolbul.2008.01.043

Mersch, J., Beauvais, M.N. and Nagel, P., 1996. 
Induction of micronuclei in haemocytes and gill 
cells of zebra mussels, Dreissena polymorpha, 
exposed to clastogens. Mutat. Res., 371: 47-55. 
https://doi.org/10.1016/S0165-1218(96)90093-2

Mersch, J. and Beauvais, M.N., 1997. The micronucleus 
assay in the zebra mussel, Dreissena polymorpha, 
to in situ monitor genotoxicity in freshwater 
environments. Mutat. Res., 393: 141–149. https://
doi.org/10.1016/S1383-5718(97)00099-5

Mitchelmore, C.L. and Chipman, J.K., 1998. DNA 
strand breakage in aquatic organisms and the 
potential value of the comet assay in environmental 
monitoring. Mutat. Res., 399: 135–147. https://doi.
org/10.1016/S0027-5107(97)00252-2

Montero, R., Serrano, L., Araujo, A., Dávila, V., Ponce, 
J., Camacho, R., Morales, E. and Méndez, A., 
2006. Increased cytogenetic damage in a zone 
in transition from agricultural to industrial use: 
comprehensive analysis of the micronucleus test 
in peripheral blood lymphocytes. Mutagenesis, 21: 
335-342. https://doi.org/10.1093/mutage/gel040

Naqvi, G.Z., Shoaib, N. and Ali, A.M., 2016. Genotoxic 

https://doi.org/10.1016/S1383-5718(02)00249-8
https://doi.org/10.1016/S1383-5718(02)00249-8
https://doi.org/10.1007/BF00390550
https://doi.org/10.1016/S0742-8413(96)00234-4
https://doi.org/10.1016/S0742-8413(96)00234-4
https://doi.org/10.1016/S0141-1136(02)00162-9
https://doi.org/10.1016/S0141-1136(02)00162-9
https://doi.org/10.1002/etc.5620120216
https://doi.org/10.1002/etc.5620120216
https://doi.org/10.1016/0141-1136(87)90034-1
https://doi.org/10.1016/0141-1136(87)90034-1
https://doi.org/10.1016/j.mrgentox.2005.05.008
https://doi.org/10.1016/j.marenvres.2006.04.023
https://doi.org/10.1016/j.marenvres.2006.04.023
https://doi.org/10.1016/S0013-9351(03)00048-3
https://doi.org/10.1016/S0013-9351(03)00048-3
https://doi.org/10.1016/S1383-5742(00)00041-7
https://doi.org/10.1016/S1383-5742(00)00041-7
https://doi.org/10.1016/S0166-445X(03)00009-2
https://doi.org/10.1016/j.marpolbul.2008.01.043
https://doi.org/10.1016/j.marpolbul.2008.01.043
https://doi.org/10.1016/S0165-1218(96)90093-2
https://doi.org/10.1016/S1383-5718(97)00099-5
https://doi.org/10.1016/S1383-5718(97)00099-5
https://doi.org/10.1016/S0027-5107(97)00252-2
https://doi.org/10.1016/S0027-5107(97)00252-2
https://doi.org/10.1093/mutage/gel040


1329                                                                                        

 

potential of pesticides in the peripheral blood 
erythrocytes of fish (Oreochromis mossambicus). 
Pakistan J. Zool., 48: 1643-1648.

O’Connor, T.P., 1996. Trends in chemical concentrations 
in mussels and oysters collected along the US coast 
from1986 to 1993. Mar. environ. Res., 41: 183–200. 
https://doi.org/10.1007/BF00394343

Pavlica, M., Klobučar, G.I.V., Vetma, N., Erben, R. 
and Papeš, D., 2000. Detection of micronuclei in 
haemocytes of zebra mussel and great ramshorn 
snail exposed to pentachlorophenol. Mutat. Res., 
465: 145-150. https://doi.org/10.1016/S1383-
5718(99)00222-3

Pavlica, M., Klobucar, G.I.V., Mojas, N., Erben, R. 
and Papes, D., 2001. Detection of DNA damage 
in haemocytes of zebra mussel using comet assay. 
Mutat. Res., 490: 209–214. https://doi.org/10.1016/
S1383-5718(00)00162-5

Rodriguez-Cea, A., Ayllon, F., Garcia-Vazquez, E., 2003. 
Micronucleus test in freshwater fish species: An 
evaluation of its sensitivity for application in field 
surveys. Ecotoxicol. environ. Safe., 56: 442–448. 
https://doi.org/10.1016/S0147-6513(03)00073-3

Ruddell, C.L. and Rains, D.W., 1975. The relationship 
between zinc, copper, and the basophils of two 
crassostreid oysters, C. gigas and C. virginica. 
Comp. Biochem. Physiol., 51: 585-591. https://doi.
org/10.1016/0300-9629(75)90345-X

Russo, C., Rocco, L., Morescalchi, M.L., and Stingo, 
V., 2004. Assessment of environmental stress 
by the micronucleus test and the Comet assay 
on the genome of teleost populations from two 
natural environments. Ecotoxicol. environ. Safe., 
57: 168–174. https://doi.org/10.1016/S0147-
6513(03)00027-7

Sanchez-Galan, S., Linde, A.R. and Garcia-Vazquez, 
E., 1999. Brown trout and european minnow as 
target species for genotoxicity tests: Differential 
sensitivity to heavy metals. Ecotoxicol. environ. 
Safe., 43: 301-304. https://doi.org/10.1006/
eesa.1999.1794

Scarpato, R., Migliore, L. and Barale, R., 1990. The 
micronucleus assay in Anodonta cygnea for the 
detection of drinking water mutagenicity. Mutat. 
Res., 245: 231–237. https://doi.org/10.1016/0165-
7992(90)90151-9

Seelbach, A., Fissler, B., Strohbusch, A. and Madle, S., 
1993. Development of a modified micronucleus 
assay in vitro for detection of aneugenic effects. 
Toxicology In Vitro, 7: 185–193. https://doi.
org/10.1016/0887-2333(93)90130-W

Siu, W.H.L., Mak, E., Cao, J., De Luca-Abbott, 
S.B, Richardson, B.J. and Lam, P.K.S., 2004. 
Micronucleus induction in gill cells of green-lipped 
mussels (Perna viridis) exposed to mixtures of 
polycyclic aromatic hydrocarbons and chlorinated 
pesticides. Environ. Toxicol. Chem., 23: 1317–
1325. https://doi.org/10.1897/03-225

Soares-da-Silva, I.M, Ribeiro, J., Valongo, C., Pinto, 
R., Vilanova, M., Bleher, R. and Machado, J., 
2002. Cytometric, morphologic and enzymatic 
characterisation of haemocytes in Anodonta 
cygnea. Comp. Biochem. Physiol. A, 132: 541-553. 
https://doi.org/10.1016/S1095-6433(02)00039-9

Taddei, F., Scarcelli, V., Frenzilli, G. and Nigro, M., 
2001. Genotoxic hazard of pollutants in cetaceans: 
DNA damage and repair evaluated in the bottlenose 
dolphin (Tursiops truncatus) by the comet assay. 
Mar. Pollut. Bull., 42: 324–328. https://doi.
org/10.1016/S0025-326X(00)00159-4

Tates, A.D., Neuteboom, I., Hofker, M. and Den Engelse, 
L., 1980. A micronucleus technique for detecting 
clastogenic effects of mutagens/carcinogens (DEN, 
DMN) in hepatocytes of rat liver in vivo. Mutat. 
Res., 74: 11-20. https://doi.org/10.1016/0165-
1161(80)90187-9

Venier, P., Maron, S. and Canova, S., 1997. Detection of 
micronuclei in gill cells and haemocytes of mussels 
exposed to benzo[a]pyrene. Mutat. Res., 390: 33–
44. https://doi.org/10.1016/S0165-1218(96)00162-
0

Vosyliene, M.Z. and Jankaite, A., 2006. Effect of heavy 
metal model mixture on rainbow trout biological 
parameters. Ekologija, 4: 12-17.

Widdows, J., Donkin, P., Brinsley, M.D., Evans, S.V., 
Salkeld, P.N., Franklin, A., Law, R.J. and Waldock, 
M.J., 1995. Scope for growth and contaminant 
levels in North Sea mussels Mytilus edulis. Mar. 
Ecol. Prog. Ser., 127: 131–148. https://doi.
org/10.3354/meps127131

Wrisberg, M.N., Bilbo, C.M. and Spliid, H., 1992. 
Induction of micronuclei in hemocytes of Mytilus 
edulis and statistical analysis. Ecotoxicol. environ. 
Safe., 23: 191–205. https://doi.org/10.1016/0147-
6513(92)90058-B

Zoll-Moreux, C. and Ferrier, V., 1999. The Jaylet test 
(Newt micronucleus test) and the micronucleus 
test in Xenopus: two in vivo tests on Amphibia 
evaluation of the genotoxicity of five environmental 
pollutants and of five effluents. Water Res., 33: 
2301–2314. https://doi.org/10.1016/S0043-
1354(98)00464-3

Pesticide Genotoxicity in Perna viridis 1329

https://doi.org/10.1007/BF00394343
https://doi.org/10.1016/S1383-5718(99)00222-3
https://doi.org/10.1016/S1383-5718(99)00222-3
https://doi.org/10.1016/S1383-5718(00)00162-5
https://doi.org/10.1016/S1383-5718(00)00162-5
https://doi.org/10.1016/S0147-6513(03)00073-3
https://doi.org/10.1016/0300-9629(75)90345-X
https://doi.org/10.1016/0300-9629(75)90345-X
https://doi.org/10.1016/S0147-6513(03)00027-7
https://doi.org/10.1016/S0147-6513(03)00027-7
https://doi.org/10.1006/eesa.1999.1794
https://doi.org/10.1006/eesa.1999.1794
https://doi.org/10.1016/0165-7992(90)90151-9
https://doi.org/10.1016/0165-7992(90)90151-9
https://doi.org/10.1016/0887-2333(93)90130-W
https://doi.org/10.1016/0887-2333(93)90130-W
https://doi.org/10.1897/03-225
https://doi.org/10.1016/S1095-6433(02)00039-9
https://doi.org/10.1016/S0025-326X(00)00159-4
https://doi.org/10.1016/S0025-326X(00)00159-4
https://doi.org/10.1016/0165-1161(80)90187-9
https://doi.org/10.1016/0165-1161(80)90187-9
https://doi.org/10.1016/S0165-1218(96)00162-0
https://doi.org/10.1016/S0165-1218(96)00162-0
https://doi.org/10.3354/meps127131
https://doi.org/10.3354/meps127131
https://doi.org/10.1016/0147-6513(92)90058-B
https://doi.org/10.1016/0147-6513(92)90058-B
https://doi.org/10.1016/S0043-1354(98)00464-3
https://doi.org/10.1016/S0043-1354(98)00464-3

