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Pesticides impact on protein in fish (Oreochromis mossambicus) tissues
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Indiscriminate use of agrochemicals to control pests in agriculture to increase the yield of crop causes chemical pollution. The
pesticides are extremely toxic to non-target organisms, like fish and affect fish health through impairment of metabolism,
sometimes leading to mortality, adversely affecting the complex food-web and population dynamics. In the present study, an
attempt has been made to investigate the acute toxicity of organophosphate pesticides (chlorpyrifos and malathion), synthetic
pyrethroid pesticides (cypermethrin, lambda-cyhalothrin) and herbicide (buctril) on total protein content of the fish
(Oreochromis mossambicus). For this regard fish were treated for 24 and 48 hrs with different concentrations of pesticides. Total
protein content in fish tissues were determined by Biuret method. The present study show that total protein content was inhibited
in Oreochromis mossambicus after exposure to organophosphate pesticides (chlorpyrifos, malathion), synthetic pyrethroids
(lambda-cyhalothrin, malathion) and herbicide (buctril). The levels of total protein content showed decrease for pesticide treated
fish in the order of cypermethrin, malathion, chlorpyrifos, lambda-cyhalothrin and buctril respectively at 48 hrs. The present
study reports metabolic dysfunction in response to pesticide toxicity in the fish. Pesticide acts as stress inducing agents which

affect the functional state of tissues of the exposed organisms.
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Introduction

Pesticides are extensively used to enhance the
agriculture production by controlling different
kind of pests’. But at the same time severe
environmental problems arise due to pesticides
which influence structure and function of
ecosystem®.  Pesticides enter the aquatic
environment through rivers, by direct application,
spray, drift, aerial spraying, and washing, from
the atmosphere by precipitation, erosion and
runoff from agricultural land, factory effluents
and sewage®. Marine organisms are prone to
xenobiotic substances and their bioaccumulations
are serious risk to life. Such toxic substances enter
the human body through food chain, as fishes
constitute an important part of animal protein.
Pesticides affect non-target animals such as
fish*>®. Pesticides are highly toxic, not only to
fishes but also to other organisms, which form
food of the fishes®. The intake of pesticides
affects the biochemical composition of fishes”*®.
Organophosphates  pesticides are used in
agriculture in different parts of the world due to
their biodegradability, high effectiveness and low

persistence in the environment'®. Although other
groups of insecticides with a shorter life and
comparatively very low mammalian toxicity are
available (e.g. pyrethroids). In Pakistan both
pyrethroids and organophosphates are extensively
used in agricultural land™.

Fish are susceptible to aquatic pollutants as
fishes are in direct contact with the surrounding
water through their gills*?. Gills surface comprises
over half the body surface area of fish and only a
few microns of gill epithelium separate the
internal environment of the fish from external
environment'®.  Proteins are macromolecules
considered as the architecture of cell. Proteins are
involved in physical and chemical activities to
maintain the homeostasis of the cell. Amino acids
are regarded as building blocks of proteins.
Amino acids are essential intermediates in protein
synthesis and its degradation products appear in
the form of different nitrogenous substances.
Therefore, the assessment of the total protein
content can be considered as a diagnostic tool to
determine the physiological process of the cell*.


mailto:nafisashoaib@yahoo.com

INDIAN J. MAR. SCI., VOL. 46, NO. 09, SEPTEMBER 2017

Oreochromis mossambicus is found in tropical
and subtropical habitats, live in rivers, lagoons,
creeks and streams. Oreochromis mossambicus
are euryhaline fish that can live in a wide range of
salinity from fresh water to full seawater *°. This
sturdy fish tolerates wide temperatures, has a
broad, omnivorous diet, its firm texture and mild
taste make it very popular for eating. It is used for
aquaculture as it readily adapts to new situations,
breeds quickly. In the present study, an attempt
has been made to investigate the acute toxic effect
of organophosphate pesticides (chlorpyrifos and
malathion), synthetic  pyrethroid pesticides
(cypermethrin, lambda-cyhalothrin) and herbicide
(buctril) on total protein content of the fish
(Oreochromis mossambicus).

Material and Methods

Preparation of Chemicals

Pesticides were purchased 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.

Fish

The fishes Oreochromis mossambicus were
collected from Chilya hatchery Thatta. The fish
were transported in clean aerated water to the
laboratory ensuring minimum stress. The fishes
were acclimatized in the laboratory conditions for
48 hours prior to experiments. The fishes were
kept in clean aerated seawater in glass aquaria (92
cm Length x 39cm width x 47 cm height) at
temperature (23°C + 1°C), with photoperiod 16
hour of light and 8 hour of dark (16 L: 8 D) cycle.
Seawater in each aquarium was replenished
everyday in order to remove faeces and remaining
food everyday and to maintain the water quality
and oxygen saturation level above 60%. Fishes
were fed ad libitum and commercial diet two
times a day. Fishes (2.7cm + 1cm) length, (5gm
+1) weight were used in this experiment.

All the glassware was acid washed prior to the
tests' and natural seawater was used throughout
the experiments. Fish were exposed to different
concentrations of selected pesticides. Experiments
were carried out in glass aquarium (30.5 cm
length x 30.5cm width x 30.5 cm height). All
pesticide concentrations were prepared with
filtered seawater. The experiment was performed
in triplicate. Three controls were also set up for
each experiment. The control has only seawater.
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The experiment was performed at temperature
(23°C £+ 1°C), Salinity 30 ppt, pH 7.5,
photoperiod 16 hour light and 8 hour dark.

Total Protein

Total protein content in tissues of fish exposed
to five pesticides was analyzed to determine
degree of impact according to procedures
described earlier’. Known weight of fish (six
replicates; both test and control) tissue was
homogenized with distilled water (2ml) using
mortar and pestle. Content was centrifuged at
15000 rpm for 15 min. Supernatant was
immediately analyzed for total protein using
analysis kits which employs Biuret method’
Randox kit (TP 245)). Cupric ions, in an alkaline
medium, interact with protein peptide bonds
resulting in the formation of a coloured complex.
Measure the absorbance at 546 nm of the sample
and of the standard against the reagent blank.

Calculation
Total Protein Conc = A Sample x Standard conc
A Standard

A Sample = Absorbance of sample
A Standard = Absorbance of standard

Result

The present study show that total protein
content ~was inhibited in  Oreochromis
mossambicus after exposure to organophosphate
pesticides (chlorpyrifos, malathion), synthetic
pyrethroid (lambda-cyhalothrin, malathion) and
herbicide (buctril) (Figure 1). Total Protein
contents were reduced in fish (Oreochromis
mossambicus) tissues with increase in exposure
period as compare to control (Figure 1). The
present study shows that at 24 hrs the order of
toxicity to fish (Oreochromis mossambicus) is
malathion, lambda, cypermethrin,  buctril,
chlorpyrifos (Figure 1). On the contrary at 48 hrs
the order of toxicity to fish is cypermethrin,
malathion, chlorpyrifos, lambda-cyhalothrin and
buctril (Figure 1). It is noticed that the changes in
the total protein content fluctuated during
different intervals of time.

In case of lambda-cyhalothrin and malathion
significant percent activities (p<0.05) were
noticed in all the concentration treated fish at 24h
and 48h but on the contrary at concentration
0.0001ppm percent activity was not significant. In
buctril treated fish only two concentrations
0.001ppm and 0.0003ppm showed the significant
percent activity (p<0.05) at 24 hours exposure.
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Discussion
Effect of pesticides on protein has been reported
by different scientist on fish #9221 Reduction
B in protein levels in tissues of fish exposed to
pesticides, as indicated in the present study, is in
conformity with observation made earlier on fish
exposed to  benthiocarb®,  fenvalerate®,

Control 00001 00002 00003 0001 0.01

Concentration

120 " 24hrs malathion?,  cypermethrin, permethrin and

100 ,.. ashrs fenvalerate®®,  fenitrothion®®,  diazinon and
Z s ¥ endosulfan®, endosulfan and thimet® and
3 x Ey * chloropyrifos®*® methomyl®,  cypermethrin®,
H ¥ * methyl parathion and chloropyrifos®, fenvalerate
g and fenpropathrin®.

20

In the present study inhibition of protein

0 Z 2. Z Z increased in pesticides treated fish expose to 48h
Confrol 0.0001 00002 00003 0001 001 as compare to 24h. This may be attributed to the
Coneentration constantly increasing contact of the pesticide with

C the bio-system which ultimately resulted in

protein breakdown.
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Increased circulation of blood in gills may
increase the possibility of greater uptake of
contaminants from the surrounding medium and
intensifying the stress Srivastava et al.*.

The decreased protein content might also be due
to tissue destruction, disturbance of cellular
fraction and consequent impairment in protein
synthetic machinery® . The present work indicates
that pesticides caused alterations in the protein
metabolism of fish treated tissues. The altered
mobility and low content of proteins reflects a
change in the rate of synthesis and degradation of
protein. Proteins are mainly involved in the
architecture of the cell. During stress conditions
they are a source of energy as fish need more
energy to detoxify the toxicant and to overcome
stress. The amount of carbohydrates in fish is less
so protein is the alternative source of energy to
meet the increased energy demand. The depletion
of total tissue protein may be due to the effect of
pesticides on the following: i) the physiological
adaptability of the fish to compensate for
pesticide stress®, i) increased proteolytic
activity®**, iii) reduced protein synthesis®*® and
utilization of their products for metabolic
purposes and cause damage to tissues®, iv)
hormonal balance, which affect the tissue protein
levels®*", v) DNA damage, destruction or
necrosis of cells®, vi) altered enzymatic
activities®.

Fish is an integral part of the diet of a
population and is one of the sources of protein for
the people living in coastal areas. The nutritional
value of different species of fish depends on their
biochemical components such as protein. The
alteration in the proximate component could
disturb the metabolic system in fish, affecting the
food value of fish, thus affecting the fishery
industry. Furthermore, the data generated in the
present study could be useful in the environmental
risk assessment of marine organisms.

Ackowledgements

The authors would like to thank Dr Pirzada
Jamal Ahmed Siddiqui Director Centre of
Excellence in Marine Biology University of
Karachi for his guidance and valuable advice. The
financial assistance provided by the Centre of
Excellence in Marine Biology, University of
Karachi is well appreciated.

References
1. Oros, D.R., Hoover, D., Rodigari, F., Crane, D. and
Saricano, J., Levels and distribution of polybrominated

10.

11.

12.

13.

14.

15.

16.

17.

1867

diphenyl ethers in water, surface sediments and
bivalves from the San Francisco Estuary. Environ. Sci.
Tech., 39 (2005) 33-41.

Chinni, C.S., Khan, R.N. and Yallapragada PR., Larval
growth in post larval of penacus indicus on exposure to
Lead. Bull Environ Contam.Toxicol., 67 (2001)24-34.
Edwards C. A. Pesticides residues in soil and water.
Environmental Pollution by Pesticides, Plenum Press,
London, (1973).

Naveed, A., Venkateshwarlu, P.and Janaiah, C., Impact
of Sublethal Concentration of Triazophos on
Regulation of Protein Metabolism in the fish Channa
punctatus (Bloch). African Journal of Biotechnology.
9(45) (2010) 7753-7758.

Shoaib, N., Siddiqui, P.J.A. and Ali, A., Acute Toxic
Effects of Organophosphate Pesticides on Killifish
Fish (Aphanius dispar) Juveniles. Pak. J. Zoo., 44 (2)
(2012a) 569-572.

Shoaib, N., Siddiqui, P.J.A. and Khalid, H., Toxicity of
synthetic pyrethroid pesticides, fenpropathrin and
fenvalerate, on Kkillifish Aphanius dispar juveniles.
Pak. J. Z00.45 (4) (2013) 1160-1164.

Prasad, M., Bandyopadhaya., Aditya, A.K. 2002
Xenobiotic impact on sensitivity in Anabas testudineus
(Bloch). J. Ecobiol., 14(2) (2002) 117-124.

Shoaib, N., Siddiqui, P.J.A. and Khalid, H., Acute
toxic effect of pesticides on brine shrimp and opossum
shrimp. Pak. J. Z0o.,44(5), (2012b) 1753-1757.

Indra, V. and Sivaji, S.. Metals and organic
compounds of sewage and sludges. J. Environ. Biol.,
27 (2006) 723-725.

Fulton, M.H. & Key, P.B. Acetylcholinesterase
inhibition in estuarine fish and invertebrates as an
indicator of an organophosphorus insecticide exposure
and effects. Environ. Toxicol. Chem., 20 (2001) 37-45.
Ahmad, L., Khan, A. and Khan, M.Z., Cypermethrin
induced biochemical and hepato-renal pathological
changes in rabbits. Int. J. Agric. Biol., 13 (2011) 865—
872.

Pratap, H.B., FU, H., Lock, R.A.C. and Bonga, S.E.,
Effect of water borne and dietary cadmium on plasma
ions of the teleost. Oreohromis mossambicus in
relation to water calcium levels. Arch. Environ.
Contam. Toxicol., 18 (1989) 568-575.

Wood, C.M. and Soivio, A., Environmental effects on
gill function: An Introduction. Physiol. Zool., 64
(1991) 1-3.

Munshigeri, Samdanad, B., Effect of fenvalerate on
metabolism of Indian major carp Cirrhinus mrigala
Ph.D. Thesis submitted to, Karnataka University,
Dharwad, Karnataka, India., (2003).

Philippart, J.C. and RuwetJ.C.,_ Ecology and
distribution of tilapias R.S.V. Pullin, R.H. Lowe-
McConnell (Eds.), The biology and culture of tilapias,
ICLARM Conference Proceedings 7, International
Center for Living Aquatic Resources Management
(1982), pp. 15-59.

Bellan, G., Manual of methods in aquatic environment
research. Part 7. Selected bioassays for the
Mediterranean (Tests used by the FAO (GFCM UNEP
joint Coordinated Project on Pollution in the
Mediterranean). FAO Fish. Tech (1981) Pap., 208, 31.
Tietz, N.W., Clinical guide to laboratory tests.
3"Edition. WB Saunders company. Phildelphia. PA.
pp. (1995) 518-519.


http://www.sciencedirect.com/science/article/pii/S0044848605000888#bib21

1868 NAQVIetal.: ACUTE EFFECTS OF PESTICIDES ON PROTEIN IN FISH (OREOCHROMIS MOSSAMBICUS) TISSUES

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Jaroli, D. P. and Sharma, B. L., 2005. Asian J. exp.
Sci., 19 (2005) 121-129.

Rita. and Milton , J .J. Arockia, M.C., John., Effects of
Carbanate Pesticide (methonyl) on the bio-chemical
components of the fresh water Oreochromis
mossambicus  (Peteva) Ind. J. Environ &
Ecoplaning,12(1) (2006) 1-8.

Korkmaz, N., Cengize.l., Unlu, E., Uysal \E., Yanar,
M., Cypermethrin-induced histopathologica and
biochemical changes in Nile tilapia (Oreochromis
niloticus), and the protective and recuperative effect of
ascorbic acid. Environ Toxicol Pharmacol., 2009;
28(2) (2009) 198-205.

Kumar, S and Gautam R.K., Study of biochemical
toxicity of nuvan in channa punctatus (bloch.) Adv.
Res. Agri. Vet. Sci., Vol. 1, No. 1(2014) 31-34.
Seshagiri, R., Sreenivasa, M. K., Reddy, K. B., and
Sreeramulu, C. C. Effect of benthiocarb on protein
metabolism of freshwater teleost Sarotherodon
mossambicus. Indian J. Environ. Health, 29 (1987)45—
51.

Reddy, M. and Bashamohideen, M.D., Curr. Sci.,57
(1988) 211-212.

Khattak, I. U. D., Hafeez, M. A., Effect of malathion
on blood parameters of the fish, Cyprinion watsoni.
Pak. J. Zool., 28 (1996) 45-49.
Singh, A. and Agarwal,
Hydrobiol., 22 (1994) 237-340.
Sancho, E., Ferrando, M. D., Andrew, E., Sublethal
effects of an organophosphate insectidide on the
European eel, Anguilla anguilla. Ecotoxicol. Environ.
Saf., 36 (1997) 57-65.

Gautam K. and Gautam R.K. Diazinon and Endosulfan
showed marked decrease in basic proteins in
gastrointestinal tract of Channa punctatus. J N
Conser., 2001. 12(2) (2001) 181-184.

R.A., Act. Hydroch.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Jadhav,T.J., Effect of organic pesticides (endosulfan
and thimet) on reproductive activities of edible fish and
crab: A comparative study. Ph.D. thesis. Dr.
Babasaheb ~ Ambedkar  Marathwada  University,
Aurangabad (M.S.) India (2002).

Tilak, K.S., Veeraiah, K. and Rao, D.K., J. Environ.
Biol., 26 (2005) 341-347.

Srivastava, A.K, Mishra, D., Shrivastava, S., Srivastav,
S.K, and Srivastav, Ajai. K., Int.J. Pharm. Biol. Sci.,
1(2010)359-363.

Bradbury, S. P., Mckim, J. M., Coats, J. R,
Physiological response of  rainbow  trout
(Salmogairdneri) to acute fenvalerate intoxication.
Pestic.Biochem.Physiol., 27(1987) 275-288.
Jagadeessan, G. and Mathivanan, A., Organic
constituent’s changes induced by three different sub
lethal concentrations of mercury and recovery in the
liver tissue of Labeo rohita fingerlings. Poll. Res.,
18(2) (1999) 177-181.

Radha, G., Logaswamy, S. and Logankumar, K.,
Nature Environ. Pollut. Techn., 4 (2005) 307-310.
Mastan, S.A. and Rammayya, P.J., Biochemical profile
of Channa gachua (Ham) exposed to sublethal doses
of Dichlorovas (DDVP). The internet journal of
Toxicology, 8 (2010) 27-32.
Kumari, AS. and Kumar,
Zool.,15(1995) 124-126.

Murthy, A.S, Priyamvada, D.A The effect of
endosulfan and its isomers on tissue protein glycogen
and lipids in the fish Channa punctatus. J. Pestic.
Biochem. Physiol., 17 (1982) 280-286.

Khilare Y.K, Wagh SB. Long term effects of pesticides
Endosulfan, Malathion and sevin on the fish Puntius
stigma. J. Environ. Ecol., 6(3) (1988) 589-593.

Lett, P.F., Farmers, G.J., Bearnish, F. W. H.,. J. Fish
Res. Board Can, 33 (1976)1335-1342.

SRN,UP. J.



