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Manifestation of Toxic Effects of Propoxur on Acetylcholinesterase and Histology
of Liver of Tilapia mossambica (Peters)
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Abstract : The present study was carried out to evaluate the deleterious effects of propoxur (2- isopropoxyphenyl
N-methyl carbamate) on the liver of Tilapia mossambica (Peters) to assess the toxicity to its behaviour, histology
and enzyme acetylcholinesterase (AChE, EC 3.1.1.7). Propoxur can be considered as highly toxic to Tilapia
mossambica with a median lethal concentration (LC50) of 0.52±0.01 ml/L. Various parameters of liver AChE and
histology were studied after exposure to a sublethal concentration (0.065 ml/L) for 15 and 30 days. Propoxur
showed signiﬁcant (P<0.001) AChE inhibition of 22.77% for 15 days and 43.89% for 30 days of exposure. Kinetic
studies reveal competitive inhibitory nature of propoxur. Recovery upto 69.3% was noticed after 30 days. The
alterations in hepatic tissues like cellular vacuolization, hemorrhage, narrowed and disappeared wall of central
vessel were observed. The impaired behavioural responses showed adverse consequences of propoxur on the ﬁshes.
The results are indicative of propoxur harmful nature to environment and subsequently to human population.
Key Words: Propoxur, Liver, Tilapia mossambica, Acetylcholinesterase inhibition, AChE kinetics, Histology.
on ﬁsh tissue acetylcholinesterase were performed earlier
by many investigators using wide range of pesticides
(Satyadevan et al., 1993; Silva Filho et al,. 2004). The liver
performs many vital functions and detoxiﬁes the
xenobiotics, so it is much affected and possesses
histopathological alterations under pesticide stress (Ortiz,
2011). Singh and Srivastava (1998) reported vacuolation
and heavy necrosis in the hepatic cells. However, swollen
hepatocytes and necrosis of cell with granular cytoplasm,
and detached hepatic cells appeared in the liver of tilapia,
Oreochromis mossambicus due to exposure of
chlorpyriphos (Kunjamma et al., 2008). Study of recovery
of pesticide induced AChE inhibition is important as it
reveals status of pesticide-AChE complex (Tembhre et al.,
2006). Detailed studies of the toxic effect of propoxur on
AChE of aquatic species are lacking. Therefore, the
present investigation was aimed to estimate the effect of
propoxur on Tilapia mossambica AChE inhibition and its
recovery, kinetics and histopathology in liver tissues to
explore the potency of propoxur exposure.

Introduction
The variety of toxicants including pesticides are constantly
discharged into water bodies from major sources like
domestic, agricultural and industrial wastes. The
accumulation of such toxicants especially synthetic
pesticides yields some physiological, biochemical as well
as histological detrimental effects in fresh water fauna by
affecting various activities like metabolism and enzymes
(Cope, 2004; Wang et al., 2009). Different kind of
biological responses can be used as biomarkers to assess
the toxic effects of pollutants. Estimation of AChE and
histopathology of ﬁsh liver is increasingly being employed
as biomarkers of xenobiotic exposure (Fernandes et al.,
2008, Sheikh and Tembhre, 2018). Carbamates are most
preferred pesticides on account of its less persistent life and
effectiveness on pests and insects. Carbamates are
anticholinergic agents that bind to the esteric site of the
AChE. Because of the speciﬁcity of this relationship,
AChE inhibition is widely used as a speciﬁc biomarker for
these insecticides (Fukuto, 1990; Hualing Fu, 2018).
Propoxur is a carbamate pesticide, widely used for
protection of crops from variety of insects and pests. It is
also used in pest control as a replacement for DDT against
malaria vector. However, the use of propoxur on a large
scale has caused serious environmental pollution. The
primary effect of propoxur is the inhibition of the
acetylcholinesterase (AChE), which causes accumulation
of acetylcholine (ACh) at nerve synapses and disrupts
nerve function (Fernandes et al., 2015; Srivastava and
Singh, 1982). Propoxur has an ecotoxicological potential
on ﬁsh, a non-target organism. Propoxur have been
reported to inhibit blood and brain AChE activity to 50%
after oral administration of 10 mg/kg b.wt. propoxur
(Yadav et al., 2010). At 0.0538 ppm concentration
Propoxur signiﬁcantly lowered brain AChE activity in the
ﬁsh Tor tambroides (Ahmad et al., 2016). Kinetic studies

Materials and methods
Fish and Treatment
20% EC propoxur, (C11 H15 O3 N ) 2- isopropoxyphenyl Nmethyl carbamate, mol. Wt. 209.29, a light yellow liquid,
was selected for the present study. Fish (Tilapia
mossambica, length: 10±2 cm, weight: 10±2 gm ) were
collected from Patra ﬁsh seed farm, located in Bhopal,
M.P., India and were acclimatized to the laboratory
conditions for 15 days in glass aquaria. They were fed daily
with palletized supplementary feed, and water was
renewed daily. The physico-chemical characteristics of
water were determined ( APHA, 1995 ), and were :
temperature- 26 ± 2oC, pH- 7.1 ± 0.2, dissolved oxygen6.8 ± 0.3 mg/L, total alkalinity- 170 ± 10 mg/L and total
Hardness- 15 ± 1 mg/L . 96 h LC50 of propoxur was
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determined (Duodoroff et al., 1951), and estimated to be
0.52 ml/L. A sublethal concentration, ( 0.065 ml/L or 65
ppm ), which was 1/8th from 96 h LC50 value of propoxur for
Tilapia mossambica, was selected for 15 and 30 days
exposure. Control was also maintained for the same
duration. The behaviour of the ﬁsh during the experiment
was observed.

of the tanks violently (escape behaviour). Prolonged
exposure i.e. 15 and 30 days, the ﬁsh became hypoactive,
struggled for breathing, restricted swimming movements,
ﬁnally led to lethargic condition and loss of equilibrium.
Normal behaviour was observed during the recovery
period of the experiment.

Enzyme Assay

Acetylcholinesterase activity in the liver tissue was
monitored after exposure of 0.065ml/L of propoxur for 15
and 30 days. As shown in Table-1 & Fig.-1 a signiﬁcant
decrease of AChE activity was observed in all tested
samples after exposure of 0.065ml/L of propoxur in the
liver of T. mossambica, and this reduction was timedependent. The liver AChE activity of T. mossambica
decreased signiﬁcantly by 22.7% (15 days) and 43.89%
(30 days) as compared to the control. The AChE activity
was declined to 1.39±0.15 (15 days) and to 1.01±0.20 (30
days) against the control which was 1.80±0.22 (micro
moles of AChI hydrolysed/mg protein/hour) at 0.065ml/L
of propoxur (Table-1).

AChE Activity and Inhibition

At the end of the experiment, ﬁsh were sacriﬁced. 5%
tissue homogenate was prepared in ice-cold 0.25 M
sucrose solution and centrifuged at 12,000 rpm for 7
minutes. AChE activity was measured
spectrophotometrically at 540 nm by the method of
Metcalf (1951), using Acetylcholine iodide (AChI) as
substrate. Protein estimation was done according to Lowry
et al. (1951) using Bovine serum albumin as standard.
Kinetic constants like Km and Vmax were determined by
applying Lineweaver Burk plot. The recovery was
assessed at similar intervals. Graphs of results were
prepared by applying Excel 2016. Data were statistically
analyzed by Student's t-test.

Recovery of Inhibited AChE

For assessment of recovery of inhibited AChE, the test
ﬁshes were removed at the end of 15 and 30 days of
exposure of 0.065ml/L of propoxur and were transferred to
toxicant-free water. Fish were removed and dissected at 15
and 30 days to study recovery of inhibited AChE.

The recovery in AChE activity in the liver after exposure to
0.065ml/L of propoxur for 15 and 30 days was encouraging
in the present study. AChE did not recover signiﬁcantly
after 15 days, which could restore to 7.9 %. However a long
duration of 30 days in toxicant free water inhibited AChE
recovered to almost 69%.

Histopathological Investigation
For assessment of histopathological changes, liver tissues
were ﬁxed in aqueous Bouin's ﬂuid for 24 hours, washed,
dehydrated in graded series of alcohol, cleared in xylene,
inﬁltrated and embedded in parafﬁn wax; sections were cut
at 5-6 micron thickness and stained with Haematoxylin
and Eosin. Slides were photographed at 100 X and 400 X.

AChE Kinetics
The Km for AChE in control liver was observed as 1.05±
0.25×10-3M. After propoxur treatment the Km increased to
2.70±0.17×10-3M for 15 days and 4.30±0.98×10-3M for 30
days of exposure. The Vmax for propoxur treated and
control liver AChE was constant and it was measured to 1.2
Absorbance/mg protein/30 min. (Fig.-1 & Table-1).

Results
Behavioural Changes
The treated ﬁsh showed erratic, speedy and jerky
movements at lower concentration (0.065 ml/L for 48 h)
and at the higher concentration (0.52ml/L for 48 h) ﬁsh
exhibited hyperactivity, violent behaviour and jumping out

Table: 1. AChE speciﬁc activity, % inhibition, ACh content, % increase in ACh content, Km and Vmax of the liver of T.
mossambica treated with 65 ppm of propoxur for 15 and 30 days. Values are mean +/- S.D. of ﬁve individual observations.
The AChE speciﬁc activity is expressed in μ moles of AChI hydrolyzed / mg protein /hour. Vmax expressed in A/mg protein/
30 min (P values *P<0.05,**P<0.02,***P<0.001 ).

Parameters

Control

AChE Speciﬁc activity
AChE % inhibition
ACh contents
% increase in ACh
Km X 10-3 M
Vmax
% Recovery

1.80±0.14
0
20.20±0.98
0
1.05±0.25
1.2
-

Treatment with 65 ppm of Propoxur
15-day exposure 30-day exposure
1.39**±0.15
1.o1***±0.20
-22.77
-43.89
26.40***±0.04
29.80***±0.50
+30.39
+47.52
2.70***±0.17
4.30***±0.98
1.2
1.2
-

20

Recovery of inhibited AChE
15- day recovery 30 –day Recovery
1.50**±0.01
1.71***±0.01
-16.66
-5.0
23.2**±0.02
20.40***±0.01
+14.85
+1.01
7.91
69.30
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Fig. : 1 Lineweaver-Burk plot of inhibitory effect of 65
ppm propoxur on AChE of liver of T. mossambica treated
for 15 and 30 days. S is the concentration of AChI. Each
point is the mean (N=5).
Histological Alterations in Liver
A histopathological examination was carried out to
determine the extent of hepatotoxicity as a consequence of
propoxur treatment in liver tissue. As illustrated in Fig. 2, 3
& 4, the liver in the control group presented normal
features and showed hexagonal hepatic cells within the
network of bile canaliculi. Portal vein covered with
pancreatic acini known as hepatopancreas was noticed.
Hepatocytes surrounding the central vessels like rosette
pattern and in lumen there were erythrocytes.

Fig.2 : Photomicrograph of transverse section of the liver
of T. mossambica Fig. 2: control showing diffused
pancreatic tissue; Fig. 3: control hepatic cords and diffused
pancreatic tissue; Fig. 4: control showing arrangement of
hepatic cells. Fig. 5: Exposure to 65 ppm propoxur for 15
days showing, vacuolization, necrotic patches, extrusion
of blood cells from the blood vessels, reduced pancreatic
tissue and large space around pancreatic tissue. Fig. 6:
Exposure to 65 ppm propoxur for 30 days showing large
space around the pancreatic tissue and shrinkage in
pancreatic tissue.
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Histopathological changes in the liver of ﬁsh intoxicated
with 65ppm of propoxur for 15 days were conspicuous and
included considerable degradation in cellular structure viz.
vacuolization, ruptured blood capillaries and hemorrhage,
narrowed and disappeared wall of central vessel were
observed. Severe necrotic patches, lesions, nucleus
enlargement, hepatic cords disarray, complete destruction
of hepatic cell membrane, cell proliferation, congestion
and sinusoidal spaces were also observed in liver of ﬁsh
(Fig. 5).

Rath & Mishra (1981) and Oruc (2012). The present results
as well as previous ﬁndings (Sancho et al., 1997; Oruc &
Usta, 2007; Patil & David, 2009) reﬂected the afﬁnity of
propoxur for ﬁsh AChE. AChE recovery was reported also
in ﬁshes exposed to pesticides (Dembele et al., 1999; Dutta
and Arends, 2003; Rao, 2004; Rao, 2008; Oruc, 2012).
Bashamoiddin and Shailbala (1989) observed signiﬁcant
recovery (90-97%) recovery in AChE after 20 days
exposure to malathion in the liver of Cyprinus carpio.
However, Chebbi and David (2009) recorded recovery of
inhibited AChE due to quinalphos in a short period of
seven days in the liver of Cyprinus carpio.

However, exposure to 65ppm of propoxur for 30 days,
liver showed karyolysis, necrosis, severe hepatic cords
disarray, parenchymal vacuolization, severe irregular
shaped cells with irregular nucleus, necrotic patches,
ruptured sinusoids and increasing sinusoidal spaces
(Fig.6). These results of HE staining in liver tissues
suggested that the exposure of propoxur induced hepatic
injury.

In the current investigation the Km in the liver increased
from control ﬁshes to 2.70±0.17×10-3M at 15 days and
4.30±0.98×10-3M at 30 days of exposure to propoxur. The
Vmax was unaffected with the propoxur and calculated 1.2
A/mg protein/30 min (Table 1). The kinetic constant Km
indicates afﬁnity of enzyme and substrate. Large Km
indicates less enzyme activity while small Large value
denotes higher enzyme activity. The kinetic inhibition
activity of propoxur on AChE in the liver of ﬁsh has not
been reported, therefore this work is ﬁrst to demonstrate its
competitive inhibitory nature to AChE.

Discussion
Propoxur is a carbamate and is known to cause
neurotoxicity; the exact mechanism by which this effect is
mediated is still unknown. The major biological role of this
enzyme is the termination of impulse transmission by rapid
hydrolysis of the cationic neurotransmitter acetylcholine.

Liver plays a key role in storing, metabolism and
biochemical transformation of pollutants (Veeraiah,
2001). Liver is mostly associated with detoxiﬁcation due to
its function, position and blood supply and it is most
affected organ by toxicants (Camargo and Martinez,
2007). In present investigation at the end of 15 days
exposure the cellular degeneration was started with
sequence of events like vacuolization, lesions, necrosis,
congestion and pyknosis in liver. The sublethal
toxicological potential of propoxur causes passive
hyperemia, albumin, and hydropic degeneration in the
liver of Cyprinus carpio L (Gul et al., 2012). The
glyphosate exposure develops vacuolation in cytoplasm,
large vacuoles and pyknotic nuclei in many areas in liver of
Nile tilapia O. niloticus (Jiraugkoorskul et al., 2002).
These alterations might indicate imbalance between
synthesis of biochemical substances and their release
(Jiraugkoorskul et al., 2002). Histopathological changes in
the liver of Cyprinus carpio exposed to dimethoate were
conspicuous and included disruption of regular
arrangement of hepatocytes, congestion and rupture of
vein, extensive hemorrhage, cytoplasmic vacuolization,
indistinct cellular boundaries, pyknotic nuclei, nuclear
degeneration and necrosis (Singh, 2013). Most of the
alterations like lipid inﬁltration, ruptured blood vessels,
blood cells inﬁltration and disappearance of wall of central
vessel as well as severe necrotic patches, karyolysis,
hepatic cords disarray and hypertrophy were observed in
present study, which are similar to those reported in earlier
studies on different ﬁshes exposed to different toxicants.
The severe necrosis might be due to inability of ﬁsh to
regenerate new liver cells (Abubakar et al., 2014). From
the results obtained in the present study and that reported
by earlier investigators, it is suggested that AChE activity
in the liver affected adversely due to exposure to sublethal
concentration of propoxur for a prolonged period of 30
days to T. mossambica.

The alteration in behaviour has been considered to be
related to toxic effects of surroundings. When AChE
activity decreases, ACh is unable to break and build up
within synapses and cannot function in a normal way
(Dutta & Arends, 2003). In the current study we observed
some alterations in behaviour of test ﬁshes which include
hyperactivity, violent behaviour at short exposure to
propoxur, while at long exposure ﬁsh showed slow
breathing and swimming movements and lethargic
condition with loss of equilibrium. The altered locomotor
behaviour of ﬁsh could be attributed to the accumulation of
acetylcholine which interrupted coordination between the
nervous and muscular junctions (Rao et al., 2005; Rao,
2006).
The inhibition of AChE leads to excessive ACh
accumulation at the synapses and neuromuscular
junctions, resulting in overstimulation of ACh receptors
(Gupta, 1994). In the present study the liver AChE activity
of T. mossambica decreased signiﬁcantly by 22.7% (15
days) and 43.89% (30 days) at 0.065mL/L of propoxur
(Table1) as compared to the control. Similarly, AChE
inhibition in various tissues of the ﬁsh has been reported by
various workers (Kumar & Chapman, 2001; Rao et al.,
2003; Joseph & Raj, 2011). The higher the exposure time,
the greater is the negative impact. The inhibition observed
in the activity of AChE, is in agreement with the ﬁndings of
other workers (Das & Mukherjee, 2003; Rao, 2006;
Crestani et al., 2007; Joseph & Raj, 2011). The average
hepatic activity in Tilapia mossambica reared in treated
sewage water was signiﬁcantly lowered (26.6% P < 0.01 )
than that found in control (Saif and Ghais, 2013).
Findings of present study reveal that inhibited AChE in
liver of Tilapia mossambica recover slowly and takes
about a month time to restore gradually in toxicant free
water (Table-1). This is in concurrence with the ﬁndings of
22
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Toxicol., 62: 731-742.

Conclusion
Present work showed that propoxur is strongly hepatotoxic
and severely affects AChE activity, kinetics and histology
of ﬁsh liver. Thus it is concluded that liver histology and
biochemical parameters can be used as rapid and sensitive
biomarkers of pesticide stress in ﬁsh.

Duodoroff P., Anderson B.G., Burdwick G.E., Galtsaff
P.S., Hart W.B., Patrick R., Strong E.R., Surber E.W.
and Vanhern, W.M. (1951) : Standard methods for
determination of LC50 values., Sew.Indust. Water, 23,
130

Acknowledgment

Dutta H.M. and Arends D.A. (2003): Effects of endosulfan
on brain acetylcholinesterase activity in juvenile
bluegill sunﬁsh. Environ. Res., 91: 157-162.

The ﬁrst author is thankful to the VC and Dean, Bioscience
department of Barkatullah University, Bhopal, India for
providing laboratory facilities to conduct the research
work.

Fernandes C. A. Fontainhas-Fernandes E. Rocha and M.A.
Salgado (2008): Monitoring pollution in EsmorizParamos lagoon, Portugal: Liver histological and
biochemical effects in Liza saliens. Environ. Monit.
Assess., 145: 315-322.

References
Abubakar M.I. Ezeri G.N.O. Omoniyi I.T. and Akinloye
O.A. (2014): Histopathology of the gills, livers and
kidney of Clarias gariepinus (burchell, 1822) exposed
to sniper 1000EC under laboratory conditions. J. of
Med. and Appl. Biosci., 6 (1): 44-60.

Fernandes L. S. Emerick G. L. Santos N. A. de Paula E. S.
Barbosa F. B. F. Jr. Santos A. C. (2015): In vitro study
of the neuropathic potential of the organophosphorus
compounds trichlorfon and acephate. 29 522–528.
10.1016/j.tiv.2015.01.001 [PubMed] [CrossRef]
[GoogleScholar].

Ahmed S.A. Sabullah, M.K. Shamaan, N.A. Shukor,
M.Y.A. Jirangon H. Khalid A. Syed M.A. (2016):
Evaluation of Acetylcholinesterase Source From Fish,
Tor Tambroides for Detection of Carbamate. J Environ
Biol. . 2016 Jul;37(4):479-84.

Fukuto T. R. (1990): Mechanism of action of
organophosphorus and carbamate insecticides. 87
245–254. 10.1289/ehp.9087245 [PMC free article]
[PubMed] [CrossRef] [GoogleScholar]

APHA. (1995): Standard Methods for the Examination of
Water and Waste Water. (19th ed.) American Public
Health Association, Washington D.C.

Gül A. Çağlan Karasu Benli. Ayşen Ayhan. Burcu Koçak
Memmi. Mahmut Selvi. Aylin Sepici Dinçel. Gül
Çelik Çakiroğullari. Figen Erkoç. Sublethal propoxur
toxicity to juvenile common carp (Cyprinus carpio L.,
1758). (2012): Biochemical, hematological,
histopathological, and genotoxicity effects.
Environmental Toxicology, 31(9) , 2085-2092.

Bashamohideen M. and Shailbala T. (1989): AChE
activity in the tissues of Cyprinus carpio subjected to
the sublethal exposure of malathion. J. Environ. Biol.
10(1): 51-57.
Camargo M.M. and Martinez C.B. (2007): Histopathology
of gills, kidney and liver of a neitropical ﬁsh caged in
an urban stream. Neotrop Icthyol., 5 (3): 327-336.

Gupta R.C. (1994): Carbofuran toxicity: invited review. J.
Toxicol. Environ. Health, 43: 383-418.
Hualing Fu. Yingjie Xia. Yangsheng Chen. Tuan Xu. Li
Xu. Zhiling Guo. Haiming Xu. Heidi Qunhui Xie , and
Bin Zhao. (2018): Acetylcholinesterase Is a Potential
Biomarker for a Broad Spectrum of Organic
Environmental Pollutants, Environ. Sci. Technol.
52(15), 8065–8074.

Chebbi, S.G. and David, M. (2009): Neurobehavioural
responses of the freshwater teleost, Cyprinus carpio
(Linn) under quinalphos intoxication. Biotechnology
in Animal Husbandary 25 (3- 4), 241-249.
Cope W.G. (2004): Exposure classes, toxicants in air,
water soil, domestic and occupational settings. In: A
T.B. of Modern Toxicology (Ed.: E. Hodgson). John
Wiley and Sons Inc., New Jersey, USA, pp. 33-48.

Jiraungkoorsku W. Upathama E.S. Kruatrachuea M.
S a h a p h o n g c S . Vi c h a s r i G r a m s a S . a n d
Pokethitiyooka P. ( 2002): Histopathological effects of
roundup, a glyphosate herbicide, on Nile tilapia
(Oreochromis niloticus). Science Asia, 28: 121-127.

Crestani M. Menezes C. Glusczak L. Dos Santos Miron D.
Spanevello R. Silveira A. Gonçalves F.F. Zanella R.
and Loro V.L. (2007): Effect of clomazone herbicide
on biochemical and histological aspects of silver
catﬁsh (Rhamdia quelen) and recovery pattern.
Chemosphere, 67: 2305–2311.

Joseph B. and Raj S.J. (2011): Impact of pesticide toxicity
on selected biomarkers in ﬁshes. Int. J. Zool. Res., 7:
212-222.
Kumar A. and Chapman J.C. (2001): Profenofos residues
in wild ﬁsh from cottongrowing areas of New South
Wales, Australia. J. Environ. Qual., 30: 740–750.

Das B.K. and Mukherjee S.C. (2003): Toxicity of
c y p e r m e t h r i n i n L a b e o ro h i t a ﬁ n g e r l i n g s :
biochemical, enzymatic and haematological
consequences. Comp. Biochem. & Physiol. Part C.,
134: 109-121.

Kunjamma, A., Philip, B., Bhanu, S.V. and Jose, J. (2008) :
H i s t o p a t h o l o g i c a l e ff e c t s o n O r e o c h r o m i s
mossambicus, tilapia exposed to chlorpyriphos.
Journal of Environmental Research and Development,
Vol. 2, No. 4, pp. 553-559.

Dembélé K. Haubruge H. and Gaspar C. (1999): Recovery
of acetylcholinesterase Activity in the common carp
(Cyprinus carpio) after inhibition by organophosphate
and carbamate compounds. Bull. Environ. Contam.

Lowry O.H. Rosenbrough N.J. Farr A. L. and J. Randall.
23

Online available on :
www.ajesjournal.com, ISSN : 0971-5444

Asian J. Exp. Sci., Vol. 34, No. 2, 2020; 19-24
(1951). Protein measurement with the folin-phenol
reagent. J. Biol. Chem. 193, .265-275, 1951.

209.
Satyadevan S. Kumar S. and Tembhre M. (1993):
Acetylcholinesterase activity and enzyme kinetics in
the brain of common carp, Cyprinus carpio subjected
to sub lethal exposure to dimethoate. Biosci. Biotech.
Biochem. 57 (9): 1566-1567.

Metcalf R.L. (1951) : Methods in biochemical Analysis.
D.Click (Ed.), .New York; Intrinsic Publishers Inc. 1.
Ortiz-Hernández M.L. Sánchez-Salinas E. Olvera-Velona
A. and Folch-Mallol J.L. (2011): Pesticides in the
Environment: Impacts and its Biodegradation as a
Strategy for Residues Treatment. En: PesticidesFormulations, Effects, Fate. (M. Stoytcheva, Ed.).
InTech. Croatia, 551-574.

Sheikh M.A. and Tembhre M. (2018): Liver Toxicity and
its Amelioration by Natural Antioxidants - A Review.
Asian Journal of Experimental Sciences 32(1), 35-43.

Oruc E. (2012): Oxidative stress responses and recovery
patterns in the liver of Oreochromis niloticus exposed
to chlorpyrifos-ethyl. Bull. Environ. Contam.
Toxicol., 88(5): 678-84.

Silva Filho M.V. Oliveira M.M. Salles J.B. Bastos V.L.
Cassano V.P. and Bastos J.C. (2004): Methyl-paraoxon
comparative inhibition kinetics for
acetylcholinesterases from brain of neotropical ﬁshes.
Toxicol Lett., Nov 2; 153(2): 247-54.

Oruç E.Ö. and Usta D. (2007): Evaluation of oxidative
stress responses and neurotoxicity potential of
diazinon in different tissues of Cyprinus carpio.
Environ. Toxicol. Pharmacol., 23(1): 48-55.

Singh R.N. (2013). Effects of dimethoate (30% EC), an
organophosphate pesticide on liver of common carp,
Cyprinus carpio. Journal of Environmental Biology,
34, 657-661.

Patil V.K. and David M. (2009): Hepatotoxic potential of
malathion in the freshwater teleost, Labeo rohita
(Hamilton) Veterinarski. Arhiv., 79(2): 179-188.

Singh S. and Srivastava N. (1998): Histopathological
changes in the liver of the ﬁsh, Nandus nandus
exposed to endosulfan and carbaryl. J. Ecotoxicol.
Environ. Monit. 8 (2), 139-144.

Rao J.V. (2004). Effects of monocrotophos and its analogs
in acetylcholinesterase activity's inhibition and its
pattern of recovery on euryhaline ﬁsh, Oreochromis
mossambicus. Ecotoxicol. Environ. Safe., 59:
217–222.

Srivastava A.K. and Singh N N. (1982). Acute toxicity of
propoxur on carbohydrate metabolism of Indian
catﬁsh (Heteropneustes fossilis). Toxicology Letters 11(12)31-34.

Rao J.V. (2006): Toxic effects of novel organophosphorous
insecticide (RPR-V) on certain biochemical
parameters of euryhaline ﬁsh, Oreochromis
mossambicus. Pest. Biochem. and Physiol., 86: 78-84.

Tembhre, M. Ahirwar S. Gour S. And Gaur M. (2006):
Chlorpyriphos induced inhibition of AChE in
Cyprinus carpio and recovery during drug leaching.
Journal of Cell and Tissue Research 6 (2) 793-796.

Rao J.V. (2008): Biological response of earthworm,
Eisenia foetida( Savigny) to an organophosphorus
pesticide, profenofos. Ecotoxicol. Environ. Safe., 71:
5–222.

Veeraiah K. (2001): Cypermethrin toxicity and its impact
on histochemical and histological changes in the
Indian major carp L. rohita. Acharya Nagarjuna
University, Guntur, (AP) India.

Rao J.V. Begum G. Sridhar V. and Reddy N.C. (2005):
Sublethal effects of monocrotophos on locomotor
behavior and gill architecture of the mosquito ﬁsh,
Gambusia afﬁnis. J. Environ. Sci. Health., 40(6): 81325.

Wang C. Lu G. and Cui J. Wang P. (2009): Sublethal
effects of pesticide mixtures on selected biomarkers of
Carassius auratus, Environmental Toxicology and
Pharmacology, Volume 28(3), 414-419.
Yadav C. Kumar V. Suke S. and Ahmad R.S. (2010):
Propoxur induced acetylcholinesterase inhibition and
impairment of cognitive function; Attenuation by
Withania somnifera.Indian J.Biochem.Biophys,
47:117-120.

Rao J.V. Shilpanjali D. Kavitha P. and Madhavendra S.S.
(2003): Toxic effects of profenofos on tissue
acetylcholinesterase and gill morphology in a
euryhaline ﬁsh Oreochromis mossambicus. Arch.
Toxicol. 77: 227–232.
Rath S. and Misra B.N. (1981): Toxicological effects of
dichlorvos (DDVP) on brain and liver
acetylcholinesterase (AChE) activity of Tilapia
mossambica Peters Toxicology,19: 239–245.
Saif M. and Al-Ghais (2013) Acetylcholinesterase,
glutathion and hepatosomatic index as potential
biomarkers of sewage pollution and depuration in ﬁsh.
Marine Pollution Bulletin, 74: 183-186.
Sancho E. Ferrando M.D. and Andreu E. (1997): Response
and recovery of brain acetylcholinesterase in the
european eel, Anguilla anguilla, exposed to
fenitrothion. Ecotoxicol. and Environ. Safe., 38: 20524

