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Abstract

Background and Objective: Acetamiprid is a neonicotinoid pesticide and it is used by the farmers to protect their crops. This pesticide
residue reaches to the aquatic ecosystem by many ways and affects the aquatic fauna. The aim of the study was to analyze
the effect of pesticide-acetamiprid on electrophoretic protein patterns of liver, brain and gill tissues of Oreochromis mossambicus
(O. mossambicus). Materials and Methods: Lethal concentration (LCs) of acetamiprid for O. mossambicus has been calculated by probit
analysis. Sublethal or safe level concentrations were derived from 96 h LCy. In the present study 1/15 of the 96 h LCs, were selected as
sublethal concentration and the fishes were exposed to this concentration fora period of 7and 14 days. Results: The electrophoretogram
of 7thand 14th day exposure represents the decrease in the intensity of liver, brain and gill protein subunits and increase in protein bands
due to acetamiprid toxicity, when compared to control. Studies revealed that due to the toxic effect of the pesticides the protein bands
get denatured, as a result there was a decrease in the intensity of protein bands and there was an increase in new protein bands due to
the enhancement of stress proteins. Conclusion: The alterations in electrophoretic protein patterns observed in various tissues of the
experimental fish could serve as sensitive biochemical indicators of acetamiprid pollution, which might help in aquatic management.
It may be concluded that long term exposure to acetamiprid creates a continuous health hazard for Oreochromis mossambicus.
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INTRODUCTION

Pesticides have brought tremendous benefits to mankind
by increasing food production and controlling the vectors of
man and animal diseases. At the same time use of these
pollutants has posed potential health hazards to the life of
fishes'. Pesticides are major cause of concern for aquatic
environment because of their toxicity, persistency and
tendency toaccumulate in the organisms?. Pesticides become
part of the water column and fish ingest the pesticides, usually
through their gills, although sometimes through their scales?.
The pesticides diffuse into their organs and fat tissues and
sequestered there causes severe alterations in the tissue
biochemistry and histology of fishes*®. Fish is considered as
the most important and vital link in the food chain of
ecosystem and the inland fisheries are important sources of
protein in a nation’s diet, a thorough understanding of
pesticide effects on fishes would be really vital for fish
conservation and fisheries development®. Many pesticides
have been reported to produce a number of biochemical
changes in fish both at lethal and more often, at sublethal
level changes in ion concentrations, organic constituents,
enzyme activity, endocrinal activity and osmoregulationinfish
has been attributed to pesticides’. Oreochromis mossambicus
showed a declining trend of protein, carbohydrate and lipid
content in the tissues like brain, gill, kidney, liver and muscles
upon exposure to organochlorine and carbamate pesticides®’
and thereisanincrease in chromatid break and chromosomal
exchange due to carbamate pesticides®. Proteins are the
primary effector molecules of all living systems and any
adaptive responses to environmental, physiological or
pathological conditions will be reflected by alterations in
protein activity or content®''. Global techniques such as
proteomics, therefore provide effective strategies for
toxicological studies and are regarded as a powerful tool to
investigate the cellular responses to environmental
pollutants'?, such as pesticides. The electrophoresis of proteins
is an effective technique for generating systematic data
from macromolecules. SDS-PAGE, sodium dodecy! sulfate
polyacrylamide gel electrophoresis, is a technique widely
used in biochemistry, forensics, genetics and molecular
biology to separate proteins according to their electrophoretic
mobility. Reduction in total serum protein content induces
proteinaemia and may be correlated with reduced protein
synthesis by liver'3. Protein synthesis can be disturbed either
by affecting the nucleic acid metabolism or structure, orin
the protein forming system itself. Proteomic analysis of
Sparus latus liver treated with methyl parathion and identified
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16 differentially expressed proteins that are involved in cell
redox homeostasis, metabolic processes and cytoskeleton
system. Proteomics, or the study of the proteins expressed
by a genome, is gaining application as a measure of
environmental stress, providing more meaningful data and a
more accurate reflection of functional status compared with
mRNA expression™. The underlying principle is that a
proteome differs from cell to cell and constantly changes via
biochemical interactions with the genome and environment.
Accordingly, environmental conditions drive the expression of
aunique set of proteins in the exposed organism, tissue, or cell
type's. Alterations in the cytoplasmic protein fractions of the
liverand the skeletal muscle of fish Clarias batrachus exposed
to endosulfan and methyl parathion was demonstrated for
1-28 days's.  Sublethal concentration of cadmium and
diazinon has showed slight reduction or decrease in intensity
of proteins in the muscle and gills of O. mossambicus. These
protein fractions could be stress proteins ,which indicates that
these proteins were highly affected by the stress caused by
the pesticides'”". This study aimed to determine the effect of
pesticide-acetamiprid on electrophoretic protein patterns of
liver, brain and gill tissues of Oreochromis mossambicus.

MATERIALS AND METHODS

Specimens of O. mossambicus were obtained from local
vicinity and introduced into large glass tank (30X 30X 60 cm)
disinfected with potassium permanganate and washed
thoroughly prior to introduction of fish (to prevent fungal
infection). Fishes with same weight were acclimatized for
about 20 days before the commencement of the experiment.
They were fed on commercial fish food which was given daily
at morning hours. The LCs, of acetamiprid was calculated by
the log-dose/probit regression line method® and was
recorded. Sublethal or safe level concentrations were derived
from 96 h LCs, as per the procedure given by APHA? to
observe various responses of the test fishes on prolonged
exposure to acetamiprid. In the present study 1/15 of the
96 h LCg, were selected as sublethal concentration and the
fishes were exposed to this concentration for a period of 7 and
14 days. A control batch corresponding to each test group
was simultaneously experimented to compare the toxicated
effect of acetamiprid in various tissues. The electrophoretic
analysis (SDS-PAGE) was done by the method of Laemmli?2,
Fresh concentrations were supplied daily to maintain a
constant toxic media. At the end of each exposure period,
fishes were sacrificed and tissues such as liver, brain and gill
were dissected and were used for the analysis.
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Fig. 1: Protein profile showing difference in protein fractions
in comparison with standard, control and acetamiprid
treated tissues of Oreochromis mossambicus at

7th day exposure
(CL, CB, CG: Control liver, brain and gill, AL, AB, AG: Acetamiprid treated
liver, brain and gill and M: Protein marker)
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Fig. 2: Protein profile showing difference in protein fractions
in comparison with standard, control and acetamiprid
treated tissues of Oreochromis mossambicus at

14th day exposure
(CL, CB, CG: Control liver, brain and gill, AL, AB, AG: Acetamiprid treated
liver, brain and gill and M: Protein marker)

RESULTS

Thefishes were exposed to lethal (96 h LC,o) and sublethal
concentrations of acetamiprid for 7 and 14 days. Liver, brain
and gill tissues were dissected out and subjected to SDS PAGE
electrophoretic analysis. Result indicates the presence of
protein bands in control and treated liver, brain and gill
tissues. In electrophoretic analysis, several changes were
observed in protein banding patterns of the pesticide
treated fish in comparison with those of controls. The
electrophoretogram (Fig. 1 and 2 ) of 7th and 14th day
exposure represents the decrease in the intensity of liver,
brain and gill protein subunits and increase in protein bands
due to acetamiprid toxicity, when compared to control.

In the pesticide exposure tissue samples, the gill tissue
protein sub units showed more decreased intensity in
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banding pattern compared to the acetamiprid treated liver
and brain tissue sample. The protein bands get denatured
due to pesticidal stress and there was an increase in new
protein bands due to the enhancement of stress proteins,
which indicates the deleterious effect of acetamiprid. The
decrease in the intensity of protein bands was due to the toxic
effect of the pesticides. The pesticides in turn cause protein
degradation in all the treated tissues.

DISCUSSION

The pesticides may inhibit the expression of some genes
(or) activate the others to produce specific mRNAs which may
subsequently be translated into specific proteins called stress
induced proteins?*?°. An alteration of protein metabolism was
observed in fish exposed to various types of environmental
stresses like metals and pesticides?. Qualitative assessment of
electrophoretic pattern of tissue proteins revealed the
reduced intensity of some protein bands after prolonged
exposure of 7-14 days to the insecticide acetamiprid. In the
present study SDS polyacrylamide gel electrophoresis was
performed for the tissues of liver, brain and gill of Oreochromis
mossambicus exposed to acetamiprid. When compared to
control the protein subunits of pesticide exposed tissues
showed decrease in intensity and some protein sub units
were disappeared. The proteins showed decreased intensity
(or) significant fading in liver, brain and gill tissue samples in
the initial exposure. The variations in protein sub unit band
patterns may be due to change in the turn over
(synthesis/degradation) of various proteins. The appearance
of new protein bands at different time intervals after the
exposure of the pesticide demonstrated clearly the alterations
in the cytoplasmic protein pattern. This might be due to the
inhibitory effect of the insecticide on the protein anabolic
actions. The insecticide might have altered the functional
conformations of the structural proteins in the cells and
tissues. This is expected to result in the denaturation of these
high molecular weight proteins. This might have impaired
the normal metabolic processes. Similar but a few studies
have been carried out to reveal the effect of pesticide on
piscine serum electrophoretic pattern. Similar trend was
reported in the serum proteins of Channa punctatus under
chronic exposure to organophosphorus and organochlorine
insecticides in study by Sahai”’ and Ravinder et a/?® in the
catfish Clarias batrachus exposed to Desis 2.8 E C. In a study
by Rita et a/? the fishes (0. mossambicus) were exposed to
various concentrations of the carbamate pesticide methomyl
for different durations revealed a definite pattern of variation
in protein fractions. Anumber of authors have reported similar
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observations. Studies on Clarius batrachus under sublethal
malathion exposure revealed variations in serum proteins,
this may be due to the alterations of protein mobility by
malathion binding3’. Kumar and Devi}' demonstrated, that
malathion, showed profound effect on the protein pattern of
Heteropneustes fossilis and found new electrophoretic
protein bands and some others disappeared after the
treatment.

CONCLUSION

Measurement of biochemical parameters can be
especially useful to help identify target organs of toxicity as
well as the general health status of animals. The significant
modulation of insecticide stress suggests that these
compounds might have direct or indirect interactions with
corresponding genes in Oreochromis mossambicus. The
alterations of protein bands observed in different tissues of
the insecticide treated fish could serve as sensitive
biochemical indicators of acetamiprid pollution in the
aquatic environment, which might help in water quality
control and management. From the present study it may be
concluded that long term exposure to acetamiprid means a
continuous health hazard for the fish population. Therefore,
it is required to monitor the aquatic system and predict the
toxic effect of pesticides on fish.

SIGNIFICANCE STATEMENTS

This study discovers the toxic effect of acetamiprid on
electrophoretic protein pattern and that can be beneficial for
monitoring the aquatic system ,especially fish population. This
study will help the researcher to uncover the critical areas of
aquatic toxicology that many researchers were not able to
explore. Thus a new theory on the toxic effect of pesticide,
acetamiprid on fish may be arrived at.

REFERENCES

1. Malla, FA, G. Sharma and S. Singh, 2009. Chlorpyrifos
pesticide toxicity on erythrocyte sedimentation rate in fish,
Channa punctatus (Bloch.). Biol. Med., 1: 54-55.

2. Joseph, B.and S.J. Raj, 2011. Impact of pesticide toxicity on
selected biomarkers in fishes. Int. J. Zool. Res., 7: 212-222.

3. Aktar, MW, D.Sengupta and A. Chowdhury, 2009. Impact of
pesticides use in agriculture: Their benefits and hazards.
Interdisciplin. Toxicol., 2: 1-12.

123

4.

Muthukumaravel, K., O. Sathick and S. Raveendran, 2013.
Lambda cyhalothrin induced biochemical and histological
changes in the liver of Oreochromis mossambicus (peters).
Int. J. Pure Applied Zool., 1: 80-85.

Raj,S.J.and B.Joseph, 2015. Impact of acetamiprid toxicity on
biochemical biomarkers (protein and carbohydrate) in some
tissues of the fish Oreochromis mossambicus. nt. ). Zool.
Res., 11:222-227.

Banaee, M., AR. Mirvagefei, G.R. Rafei and B.M. Amiri, 2008.
Effect of sub-lethal diazinon concentrations on blood plasma
biochemistryl. Int. J. Environ. Res., 2: 189-198.

Ganesan, RM., S.RD. Jebakumar and J. Jayaraman, 1989.
Sublethal effects of organochlorine insecticide (endosulfan)
on protein, carbohydrate and lipid contents in liver tissues of
Oreochromis mossambicus. Proc. Indian Acad. Sci., (Anim.
Sci.), 98: 51-55.

Rita, JJ.A. and M.CJ. Milton, 2006. Effect of carbamate
pesticide lannate (methomyl) on some cataboliticenzymes of
the freshwater cichlid Oreochromis mossambicus (Peters).
Pollut. Res., 25: 655-658.

Bradley, B.P., E.A. Shrader, D.G. Kimmel and J.C. Meiller, 2002.
Protein expression signatures: An application of proteomics.
Mar. Environ. Res., 54: 373-377.

Huang, Q.Y. and H.Q. Huang, 2011. Differential expression
profile of membrane proteins in zebrafish (Danio rerio) brain
exposed to methyl parathion. Proteomics, 11: 3743-3756.

. Huang, Q., J. Zhang, S. Peng, M. Du and S. Ow et a/, 2014.

Proteomic analysis of perfluorooctane sulfonate-induced
apoptosis in human hepatic cells using the iTRAQ technique.
J. Applied Toxicol., 34: 1342-1351.

Dowling, V.A.and D. Sheehan, 2006. Proteomics as a route to
identification of toxicity targets in environmental toxicology.
Proteomics, 6: 5597-5604.

Sharma, G., F.A. Malla and S. Singh, 2009. An assay on the
effect of indofil toxicity on the total serum protein content of
Channa punctatus (Bloch). Biol. Med., 1: 25-27.

Chen, H.B. and H.Q. Huang, 2011. Proteomic analysis of
methyl parathion-responsive proteins in Sparus /atus liver.
Fish Shellfish Immunol., 30: 800-806.

Nesatyy, V.J. and M.J.F. Suter, 2007. Proteomics for the
analysis of environmental stress responses in organisms.
Environ. Sci. Technol., 41: 6891-6900.

Tripathi, G. and S. Shukla, 1990. Malate and lactate
dehydrogenases of a freshwater catfish: Impact of
endosulfan. Biomed. Environ. Sci., 3: 52-64.
Muthukumaravel, K., P. Kumarasamy, A. Amsath and
G. Paulraj, 2007. Toxic effect of cadmium on the
electrophoretic protein patterns of gill and muscle of
Oreochromis mossambicus. E-J. Chem., 4: 284-286.

Manna, GK. and P.K. Mukherjee, 1986. Effect of
organophosphateinsecticide, malathion on chromosome cell
division and total muscle proteins of cichlid fish Tilapia. Cytol.
Genet,, 5: 225-235.



19.

20.

21.

22.

23.

24.

25.

Int J. Zool. Res,, 13 (3): 120-124, 2017

El-Sherif, M.S., M.T. Ahmad, M.A. El-Danasoury and
N.H.K. EI-Nwishy, 2009. Evaluation of diazinon toxicity on nile
tilapia fish (O. niloticus). ). Fish. Aquat. Sci., 4: 169-177.
Finney, D.J., 1971. Probit Analysis. 3rd Edn., Cambridge
University Press, Cambridge, UK, Pages: 318.

APHA., 2005. Standard Methods for the Examination of
Water and Wastewater. 21st Edn., American Public
Health Association, Washington, DC, USA. ISBN-13:
978-0875530475, Pages: 1200.

Laemmli, UK., 1970. Cleavage of structural proteins during
the assembly of the head of bacteriophage T4. Nature,
227:680-685.

Frigo, D.E., Y. Tang, B.S. Beckman, A.B. Scandurro, J. Alam,
M.E. Burow and J.A. Mclachlan, 2004. Mechanism of
AP-1-mediated gene expression by select organochlorines
through the p38 MAPK pathway. Carcinogenesis, 25: 249-261.
Cheshenko, K., F. Pakdel, H. Segner, O. Kah and R.l.L. Eggen,
2008. Interference of endocrine disrupting chemicals with
aromatase CYP19 expression or activity and consequences
for reproduction of teleost fish. Gen. Comp. Endocrinol.,
155:31-62.

Senturk, M., S.B. Ceyhun, O. Erdogan and O.l. Kufreviogly,
2009. /n vitro and in vivo effects of some pesticides on
glucose-6-phosphate dehydrogenase enzyme activity from
rainbow trout (Oncorhynchus mykiss) erythrocytes. Pestic.
Biochem. Phys., 95: 95-99.

124

26.

27.

28.

29.

30.

31.

Agrahari, S. and K. Gopal, 2009. RETRACTED: Fluctuations of
certain biochemical constituents and markers enzymes as a
consequence of monocrotophos toxicity in the edible
freshwater fish, Channa punctatus. Pest. Biochem. Physiol.,
94:5-9.

Sahai, S., 1990. Pesticide Pollution and its Impact on
Some Fish Tissues. A Review. In: Trends in Ecotoxicology,
Deshmukh, P.B.,  Y.N. Sahai, Vijayakumar and
M. Selvanayagam (Eds.). The Academy of Environmental
Biology (AEB), Lucknow, Uttar Pradesh, India, pp: 63-72.
Ravinder, V., N. Suryanarayana and G. Narayana, 1988. Decis
induced biochemical alterations in a fresh water catfish,
Clarias batrachus. Indian J. Comp. Anim. Physiol., 6: 5-12.
Rita, A. and M.CJ. Milton, 2007. Carbamate pesticide
methomyl (lannate) induced changes in the protein
characterization of the freshwater cichlid Oreochromis
mossaaibiclis (Peters). Asian J. Microbiol. Biotechnol. Environ.
Sci., 9: 49-52.

Mukhopadhyay, P.K. and P.V. Dehadrai, 1980. Studies on
air-breathing catfish Clarias batrachus (Linn.) under sublethal
malathion exposure. Indian J. Exp. Biol., 18: 400-404.

Kumar, K.B.and K.S. Devi, 1992. Teratogenic effects of methyl
parathion in developing chick embryos. Vet. Hum. Toxicol.,
34: 408-410.



	IJZR.pdf
	Page 1




