
INTRODUCTION

Chlorpyrifos (O,O-diethyl-O-3,5,6-trichlor-
2-pyridyl phosphorothioate; CPF) is a broad
spectrum organophosphate insecticide (OP) that
is commercially used to control foliar insects that
affect agricultural crops1 and subterranean termites2

CPF, since it was first introduced into the
marketplace in 1965, has been used globally as
an insecticide to control pests agriculturally and in
the home. It is the second largest selling OP and
found to be more toxic to fish than organochlorine
compounds3. Earlier reports revealed that fish kill
incidents in association with chlorpyrifos in water
reaching several hundred parts per billion4.  CPF
has an average soil half-life of 30 days and two
months in less alkaline soils. It also can persist
indoors for weeks to months5. CPF passes via air
drift or surface runoff into surrounding waters and
gets accumulated in different aquatic organisms,
particularly fish, adversely affecting them6. This OP
insecticide is known to inhibit acetylcholinesterase,
which plays an important role in neurotransmission
at cholinergic synapses by rapid hydrolysis of
neurotransmitter acetylcholine to choline and
acetate7. The inhibitory effects of CPF insecticide is
dependent on its binding capacity to the enzyme
active site and by its rate of phosphorylation in
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ABSTRACT

Chlorpyrifos (CPF) is a broad spectrum organophosphate insecticide (OP) which is
commercially used for more than a decade to control insect pest. It is the second largest selling
OP and found to be more toxic to fish than organochlorine compounds. CPF passes via air drift or
surface runoff into natural waters, where it is accumulated in different organisms living in water,
especially in fish, thus making it vulnerable to several prominent effects. CPF is known to inhibit
acetylcholinesterase, cause behavioural, neurological, oxidative, histopathological, endocrine and
other effects at low doses. The present study reviews the various effects of CPF in fish.
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relation to the behaviour and age8,9 and is widely
used for rapid detection to predict early warning of
pesticide toxicity10. It is reported to be activated by
contact, ingestion and vapour action, causing
convulsions and paralysis. CPF can enter the body
either by inhalation of air containing CPF, ingestion
of contaminated food or by dermal contact with CPF.
It can cause acute poisoning and well known
symptoms include myosis, increased urination,
diarrhoea, diaphoresis, lacrimation and salivation11.
It is also reported to be involved in multiple
mechanisms like causing hepatic dysfunction12,
genotoxicity13, neurobehavioral and neurochemical
changes14. CPF intoxication is shown to cause a
significant decrease in the reduced glutathione
(GSH), catalase (CAT) and glutathione S-
transferase (GST) activities15.  Although the United
States Environmental Protection Agency (USEPA)
has terminated indoor residential use since 2000,
CPF is still one of the most widely used insecticides,
and more than 8 million pounds of CPF are used
each year for agricultural purposes in the United
States16,17. CPF is also widely used in agriculture
as the substitutes for methamidophos and parathion
in China, and has become one of the major
pesticides detected in farm products18,19. Since
agricultural uses on orchards and row crops persist,
CPF has been frequently detected in air, food and
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water. Although various standards exist to minimize
its exposure in food and water, CPF is frequently
used and bio-accumulates in certain scenarios6,20.
Fish are probably the most important non-target
victims of pesticide over exposure as they have an
important role in food chain. The present study thus,
aims at reviewing existing literatures on the
probable adverse effects of pesticide chlorpyrifos
in fish.

Developmental effects
A variety of studies have shown that

exposure to CPF during development can cause
persisting neurobehavioural dysfunction, even with
low doses that do not elicit acute toxicity. CPF
exposure during early development in zebrafish
caused long lasting neurobehavioral deficits. Effects
of CPF on zebrafish hatchling’s swimming
behaviour were studied26. Results show that a
persistent behavioural impairment was caused that
lasts into adulthood. This early behavioural effect
can be used to help determine which critical
molecular mechanisms of CPF underlie the
behavioural impairment26.  Zebrafish, with their clear
chorion and extensive developmental information
base, provide an excellent model for assessment
of molecular processes of toxicant-impacted
neurodevelopment26.  Recently, it was found that
embryonic exposure of zebrafish to CPF causes
significant impairment in discrimination learning
and swimming speed27 The results of the study
indicate that the administration of sub-chronic dose
of 1 µM CPF to zebrafish larvae from 0 to 7 day post
fertilization significantly impacted body
morphology28. The results also show that even
extremely low sub-chronic doses of CPF
administered induced specific behavioural defects
or morphological deformities.

Neurotoxic effects
CPF can produce neurotoxic effects.

Several studies have assessed the cognitive
alterations after acute or chronic exposure to CPF
in mammalian models29,30 but in fish the data
available are sparse. CPF causes persistent
neurobehavioral impairment in zebrafish, where
tests of sensorimotor response (tap startle response
and habituation), stress response (novel tank diving
test) and learning (3-chamber tank spatial
discrimination) were conducted with adult zebra
fish after early developmental CPF exposure. The
study demonstrated that CPF caused selective long-
term neurobehavioral alterations in zebrafish31. In
another study, a significant decrease in whole brain
activity of zebrafish after exposure to CPF has been
found32.

AChE activity
Currently, reports on the toxicity of CPF on

AChE activity in aquatic species focused on acute

Scheme 1: Structure of chlorpyrifos

Common name
CPF is also known by its trade names

Dursban and Lorsban

Acute toxicity
96 h LC50 values for technical grade CPF

in Bluegill sun fish, Lepomis macrochirus, is 3.3
ppb, in rainbow trout, Oncorhynchus mykiss is 3ppb
and for channel catfish, Ictalurus punctatus is13.4
ppb. 96 h LC50 values for 97.0% CPF (active
ingredient, a.i.) in lake trout, Salvelinus namaycush
at pH 6.0 is 140ppb, at pH 7.5 is  98 ppb and at pH
9.0 is 205 ppb while for cutthroat trout, Salmo clarki,
at pH 7.5 96 h LC50 is 18.4 while at pH 9.9 it is 5.4
ppb.  96 h LC50 values for 99.9% CPF (a.i.) in fathead
minnow, Pimephales promelas is 203ppb, while
96 h LC50 values for 99.0% CPF (a.i) in golden shiner,
Notemigonus crysoleucas is 35ppb21. The 96 h LC50

values of CPF in juvenile and adult of Oreochromis
niloticus were determined to be 98.67 µgL”1 and
154.01 µgL”1, respectively, which reveals that CPF
can be rated as highly toxic to fish22. The 96 h LC50

value of CPF to Poecila reticulata was found to be
0.176 ppm/L23.  LC50 for 96 h in mosquito fish,
Gambusia affinis was found to be 297mg/ L 24 and
LC50 value of chlorpyrifos in common carp was
found to be 580 µg/L25. In addition, during toxic stress
of CPF, several behavioural anomalies like gulping,
increased opercular movement, erractic swimming
and subsequent lethargy can be observed23.
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toxicity, but there are few reports on subchronic
toxicity of this pesticides on AChE activity in aquatic
species. CPF is well known as an AChE inhibitor33.
Symptoms of high level exposure to OPs include
muscle twitching, hyperactivity, paralysis, loss of
equilibrium and eventually death34 whereas low
level exposures have been implicated in various
behavioural and physiological impairments34.
Acetylcholinesterase (AChE) and carboxylesterase
(CbE) have been used as a specific biomarker for
pesticides24,35. AChE in fish is mainly cholinergic
and its activity is essential for normal behaviour
and muscular function36. The acute systemic toxicity
of CPF is caused by inhibition of cholinesterase
through the active metabolite chlorpyrifos oxon,
chlorpyrifos is more toxic in immature animals
despite their ability to recover rapidly from
cholinesterase inhibition. Chlorpyrifos itself, rather
than chlorpyrifos oxon is stated, directly targets
events that are specific to the developing brain and
that are not necessarily related to inhibition of
cholinesterase. Acetylcholinesterase is critical to
the normal development of the zebrafish nervous
system37, therefore zebrafish studies of the
neurobehavioral teratology of acetylcholinesterase
inhibitors like CPF are particularly relevant. CPF
was a potent inhibitor of AChE activity in fingerling
channel catfish38. In a study with Gambusia affinis
exposed to lethal concentration of CPF for 96 h, an
inhibition of AChE activity was observed24. The
inhibition of AChE leading to the accumulation of
ACh at synaptic junctions might have been altered
the locomotor behaviour of exposed fish. A positive
correlation was found between the recovery pattern
of AChE activity and locomotor behaviour. The
current findings clearly illustrated that the locomotor
behaviour of test organism as a promising tool in
ecotoxicology, to assess the recovery status of test
organism after adverse affects. In a study in Poecila
reticulate, brain AChE showed dose-dependent
inhibition in fish. Exposure to the higher
concentrations of CPF showed upto 66% inhibition
of AChE23.

Likewise, CbE is widely distributed in
living organisms and its physiological role is still
unclear, but it might be related to lipid metabolism
and steroidogenesis39. Some environmental
pollutants found to inhibit AChE activity may also
inhibit CbE activity40-42 demonstrated that muscle

ChE of mosquito fish was more sensitive than brain
to chlorpyrifos exposure. In a study on carp, CbE
activity exhibited a dose–response relationship,
with activity decreasing with increasing CPF. Effects
of CPF on carp suggest toxic action of low dose
CPF on fish recovered after a period of time and
toxic action of high dose CPF on fish which was not
easily recovered, but the relevant mechanism need
further study43.

Behavioural toxicity
Behaviour is also considered a promising

tool in ecotoxicology behaviour44 is an integrated
result of endogenous and exogenous processes
and low level of exposures have been implicated
in various behavioural and physiological
impairments34. In a study in zebrafish, persisting
behavioral dysfunction after developmental CPF
exposure was observed31,26. Swimming behaviour
of fish is frequently observed as a response in toxicity
investigations because altered locomotor activity
can indicate effects to the nervous system. In a
study, the exposure of Poecila reticulata to CPF
resulted in the exhibition of aggressive behaviour,
rapid gulping of water, increased opercular
movement and abnormal and erractic swimming
movements. Fish was stressed progressively with
time before death. They were lethargic and at the
time of death exhibited transient hyperactivity before
collapsing23.

Oxidative stress
For the last decade pesticide induced

oxidative stress has also become a very popular of
toxicological research as a possible mechanism of
toxicity45,46.  An antioxidant defense system (ADS)
is needed to protect biomolecules from the harmful
effects of reactive oxygen species (ROS). Fish are
endowed with defensive mechanisms to neutralize
the impact of reactive oxygen species (ROS)
resulting from the metabolism of various chemicals.
These include various antioxidant defense
enzymes such as superoxide dismutase (SOD),
catalase (CAT), glutathione peroxidase (GPOx),
glutathione S-transferase (GST), and glutathione
reductase (GR). Low molecular weight antioxidants
such as glutathione (GSH), ascorbate (vitamin C),
and vitamin A are also reported to contribute in the
quenching of oxyradicals47. ROS which is not
neutralized by this antioxidant defense system
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damages all biomolecules. One of the most
important targets of ROS is the membrane lipids
which undergo peroxidation (LPO). Thus, LPO
estimation has also been successfully employed
to signify oxidative stress induced in aquatic animals
by such chemicals48,49. Pesticides may cause
generation of reactive oxygen species (ROS), which
may lead to oxidative stress, indicating the role of
ROS in pesticide toxicity50. Pesticide induced
oxidative stress has been also a focus of
toxicological research for the last decade as a
possible mechanism of toxicity51,45. The antioxidants
in fish could be used as biomarkers of exposure to
aquatic pollutants52. Lipid peroxidation (LPO) is one
of the molecular mechanisms involved in pesticide
toxicity53. In Gambusia affinis exposed to lethal
concentration of CPF for 96 h, an elevated lipid
peroxidation level was observed24. The same study
found decreased levels of antioxidant enzyme (SOD,
CAT and GR) activities in the exposed fish can also
be effectively used for better assessment of
chlorpyrifos toxicity in biomonitoring of aquatic
environment. The treatment of Oreochromis
niloticus with chlorpyrifos results in an increase in
GST activity22. Inductive effects on GST activity have
been observed in studies with Salmo trutta after
propiconazole exposure 54. GST-mediated
conjugation may be an important mechanism for
detoxifying peroxidized lipid breakdown products
which have a number of adverse biological effects
when it presents in higher amounts55. Induced GST
activity indicates the role of this enzyme in protection
against the toxicity of xenobiotic-induced lipid
peroxidation. Elevated GST activity may reflect the
possibility of better protection against pesticide
toxicity. In guppy, Poecila reticulate exposed for 96
h to different sublethal concentrations of
CPF,estimated the oxidative stress-induction
potential in brain, liver and gill tissues. MDA content
is induced in all tissues but maximum rise was
observed in gills (153% for CPF). In the same study,
with regard to antioxidant defense system (ADS),
GSH level showed increase in brain and gills CPF
treated (23% and 21% respectively). CAT, GST, GR
and SOD levels fluctuated in all treatment groups
relative to the control. Collective findings
demonstrated that pesticide exposure of fish
induced an increase in MDA and fluctuated ADS
along with inhibited AChE activity.

Endocrine function
Chlorpyrifos can interfere with steroid

hormone production. CPF is suspected as triggers
for harmful effects on the reproductive system in
fish. In Tilapia, Oreochromis niloticus, CPF exposure
decreased serum estrogen and testosterone levels.
Estradiol level after 15 days of exposure decreased
by 60.45%, 48.65%, 56.93% after 5, 10, 15 ppb
chlorpyrifos treatments22. Cortisol, a corticosteroid
hormone, is considered to be an important
physiological effector of homeostasis in all
vertebrates, through its effects on metabolism and
immune function56. Cortisol level in Oreochromis
niloticus was found to be lower than that of control
level after 10 ppb (59.97%) and 15 ppb (39.41)
chlorpyrifos treatments22.

Genotoxicity and Mutagenic effect
The genotoxic properties of CPF have

been studied in a variety of assays in the past, but
the results were contradictory57,58. Since there is
growing a concern over the presence of genotoxins
in the aquatic environment, the development of
sensitive biomarkers for detection of genotoxic
effects in aquatic organisms has gained
importance59. It has been reported to be genotoxic
in Channa punctatus60. The exposure to 0.08 lg/l of
CPF caused reproductive impairment in Daphnia
magna61. In a study on Channa punctatus, it was
observed that CPF produced a concentration-
dependent increase in DNA single-strand breaks
in the form of comet induction and a time-dependent
decrease in the damage, due to the DNA repair62.
The decrease in DNA damage has been observed
in the tissues of fishes exposed to different
concentrations of CPF, although the decrease was
non-linear, which may indicate repair of damaged
DNA, loss of heavily damaged cells, or both63. This
inverse relationship between time of exposure and
DNA damage may be due to toxicity of contaminants
that could disturb the enzymatic processes in the
formation of DNA damage64. Another possible
explanation could be the gene activation of
metabolizing enzymes such as cytochrome P450
in various tissues that provides a defensive
mechanism against the persistent organic
pollutants65.

Histopathological changes
Morphological alterations in fish livers and
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gills are useful biomarkers to indicate prior
exposure to environmental stressors or toxicants.
Although the liver is the main organ of detoxification,
due to their lipophilicity, CPF have a high rate of gill
absorption; this could be a contributing factor in the
sensitivity of the fish to this pesticide exposure62.
The aberrant hepatocytes could disturb the normal
metabolism of the organisms, thereby inducing
diseases or even death. Gills, on the other hand,
are extremely important in respiration,
osmoregulation, acid–base balance and excretion
of nitrogenous wastes in fish, and they are the first
area of contact of the animal with the external
environment. Therefore, gill morphology is
considered a useful indicator in environmental
monitoring.

In a study on common carp, CPF altered
the structure of the gills and liver. The liver tissue of
common carp revealed different degree of hydropic
degeneration, vacuolisation, pyknotic nuclei, and
fatty infiltration while the gills of common carp
displayed varied degrees of epithelial hypertrophy,
telangiectasis, oedema with epithelial separation

from basement membranes, general necrosis, and
epithelial desquamation66.

CONCLUSION

The present paper reviews the works on
effects of CPF in fish. All the workers were of the
opinion that widespread use of this pesticide for
agricultural as well as domestic purposes can
adversely affect the non-target organisms like fish.
Investigations on the effects of pesticide on fish have
diagnostic significance as the results obtained can be
used to predict probable mechanisms of toxicity in
human. Besides, fish have proven to be useful
experimental models for the evaluation of the health of
aquatic ecosystems exposed to environmental
pollution and the associated biochemical changes. It
was found that the primary toxicity associated with acute
exposure to CPF pesticides is acetylcholinesterase
inhibition in cholinergic synapses and at
neuromuscular junctions. Besides, oxidative stress,
disruption of endocrine system, behavioural, neuro and
developmental toxicity are some of the probable
manifestations of CPF toxicity in fish.
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