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The current study is an attempt to compare the potential effects of acute exposure of two widely used
insecticides, chlorpyrifos (CPF) and indoxacarb (IDC), on the histopathology of fish brain and its impact on
locomotory behavior of a catfish, Heteropneustes fossilis, as a non-target species. In our study, fishes of lentic
habitats (n = 12/group) were exposed to LC, doses of CPF (1.92 mg/l) and IDC (0.075 mg/l) for 96 hours.
During the experiment, locomotory activities of control and exposed fishes (n = 6/group) were recorded at
a regular period by ANY-MAZE software (Stoelting Co., Chicago, IL). At the endpoint of 96 hours, fishes
were sacrificed for the histopathological study of the telencephalon region of the brain. The CPF toxicity
induced highly degenerative changes and vacuolization in the neuronal cells of dorsal pars medialis (dDm)
of the telencephalon, and substantial disturbances in the swimming pattern of mobile and immobile episodes,
rotational locomotory movements; whereas IDC induced mild pathological changes in the dDm of telencephalon
of fish brain, and irregular locomotory behavior in H. fossilis when compared to the control group. Thus, the
present study concludes that IDC was found to be less toxic than CPF. Hence, IDC could be an alternate choice
of the CPF at equal concentrations.

1. INTRODUCTION

Chlorpyrifos (CPF)andindoxacarb (IDC)are moderately hazardous
pesticides that belong to organophosphate and oxadiazine groups.
These insecticides are commonly used to control the foliar insects
in a variety of agriculture crops. The mechanism of action of
CPF leads by the inhibition of acetylcholinesterase (AChE)
activity in the neuromuscular junction [1-3], whereas IDC blocks
sodium ion channels in the nerve cells [4,5]. After application
in the agricultural fields, these insecticides’ residue ultimately
reached into the nearby aquatic bodies through surface run-off
and adversely affected non-target aquatic organisms, including
fishes. These organisms are sensitive bio-indicators for the aquatic
health of an ecosystem. Any environmental changes in the aquatic
ecosystem may lead to subtle changes in the swimming (horizontal
and vertical) and respiratory behavior of resident fishes (gill
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breathers or air breathers). In these fishes, the depletion of oxygen
or hypoxic state in the lotic and lentic water triggers physiological
(respiratory)-mediated mechanisms at cellular, biochemical, and
molecular levels, leading to abnormal pathology in some tissues
or organs. Similarly, acute or chronic exposure to CPF or IDC (as
a stressor) may also induce adverse effects on different anatomical
and physiological systems of the fishes.

The majority of the literature is available on CPF toxicity (acute,
sub-chronic, or chronic)-induced histopathological changes in
gills, liver, kidney, and skin; however, limited literature is available
on different brain regions of fishes [6—8], Although some literature
is available on the effects of CPF on different brain regions of
fishes, including the telencephalon but literature is almost silent
on IDC-induced toxicity on histopathological changes in the
telencephalon region of fish brain.

The brain plays a regulatory role in fish physiology, especially
when pesticides are involved in their mode of action in the
nervous system [9,10]. The telencephalon is the most peculiar
part of the teleost’s brain, consisting of rostrally located olfactory
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bulbs, olfactory lobe, and more caudally cerebral hemisphere. The
outer layers or roof of the cerebral hemisphere, the pallium, may
be equivalent to mammalian neocortex with a lack of distinct six-
layered cortex or even-layered structure [ 11—13]. The area dorsalis
telencephali (D) and ventral telencephali (V) are considered to be
homologous approximately to the pallium and subpallium of other
vertebrates [14—16]. The telencephalon in fish is most probably
equivalent to the hippocampus and amygdala in mammals [17,18].
Some behavioral studies have demonstrated that telencephalon
helps in the processing of visual inputs and also plays a
significant role in feeding, defense, schooling, and aggressive and
reproductive behavior [19-22]. Additionally, telencephalon is also
involved in the manifestation of learning and memory and spatial
learning [23-25].

The subtle changes in the behavior of fishes by the addition of
any Xenobiotic compounds are an indicator of environmental
suitability [26,27]. As fishes and some aquatic insects are essential
aquatic biological indicator, hence any change in the behavior
of fishes and aquatic insects also indicates deterioration of water
quality or the health of the aquatic body which is an indicator of
environmental suitability and ecological risk [28,29]. Previously,
several investigators have reported substantive changes in the
swimming/locomotory behavior of fishes after exposure to
insecticides in general and CPF in particular under laboratory
conditions [30-33], but limited literature is available on IDC-
induced behavioral changes in fishes [4,5,34].

In light of the above views, the present study was undertaken to
evaluate the acute toxic effects of CPF and IDC on histopathological
changes of the telencephalon of the fish brain and swimming/
locomotory behavior of facultative air-breathing Asian catfish,
Heteropneustes fossilis, in the laboratory environment.

2. MATERIALS AND METHODS

2.1. Experimental Design

Live specimens of H. fossilis were collected from local unpolluted
ponds of Prayagraj, Uttar Pradesh, India, and transported under a
mild anesthetic condition to the laboratory to minimize handling
and transportation stress. These fishes were segregated according
to standard length (15.53 = 0.42 cm) and weight (33.09 + 0.78
g). After dip treatment with 0.1% KMNO,, fishes were placed
in a large-sized plastic pool (121 x 45 x 50 cm) containing de-
chlorinated tap water (120 1) for acclimatization for 15 days under
standard laboratory conditions (room temp, 24°C + 2°C; water
temp, 23°C + 2°C). During acclimatization and experimental
period, fishes were fed daily with goat liver and commercial fish
pallet, and pool water was replaced daily. After completing the
acclimatization period, fishes were divided into three groups,
i.e., control, CPF, and IDC treatment groups (n = 12/group). The
selected fishes of each group were placed in the experimental
aquaria (24 x 12 x 12 cm) with a predetermined concentration
of 0.192 mg/l of CPF and 0.075 mg/l of IDC (equivalent doses
of LC, ) under the semi-static condition for 96 hours. During the
exposure period, the swimming/locomotory behavior of fishes
was recorded. At the end of the exposure, fishes were sacrificed (n
= 3) and the brain was excised immediately, and the brain tissue
was fixed in formalin for histopathological examination.

2.2. Procedure for the Recording of Swimming/Locomotory
Behavior

Individual fish of each group were placed in a recording aquarium
(24 x 12 x 12 cm) to record swimming/locomotory behavior. After
the settling down of erratic movements of a fish in the recording
aquarium, individual fish behavior was recorded by an Automated
Video tracking device, ANY-MAZE software (Stoelting Co.,
Chicago, IL), for a 5-minute test period. Similarly, selected
individuals (n = 6) of each control and exposed groups were
recorded at regular time intervals, 24, 48, 72, and 96 hours.

2.3. Procedure for Histopathological Study

After adopting the standard procedures for histological study,
paraffin blocks of the whole brain were prepared, and the entire
brain was cut at 810 p thickness using a rotatory microtome.
After stretching and de-paraffinizing the micro sections (mounted
on slides) in descending alcohol grades they were finally stained
with hematoxylin and eosin (H&E) staining. The photograph of the
dorsal pars medialis (dDm) of telencephalon area of stained slides
was captured by a Nikon photomicroscope at 400x magnification.

2.4. Statistical Analysis

All the data represented the mean = SEM (Standard Error Mean)
values and tested the significance of locomotory behavior
between control and exposed fishes using the Student’s “#’-test. A
probability level below 0.05 was taken as statistically significant.

3. RESULTS

3.1. Effects of CPF and IDC on the Behavioral Assessment of
Fish

The CPF and IDC-exposed fishes showed significant changes in
the mobile and immobile episodes, with a decrease in rotational
(both clockwise and anti-clockwise) movements at 24, 48,
72, and 96 hours compared with the control fishes. The mobile
episodes in CPF-exposed fishes were significantly (p < 0.05-p <
0.001) decreased at 24, 48, 72, and 96 hours, whereas the same
were substantially (p < 0.05) declined in IDC-exposed fishes
at 24 hours (Fig. 1). The immobile episodes in CPF-exposed
fishes were significantly (p < 0.05—p < 0.01) increased at 24
and 48 hours, while this index was non-significantly elevated in
IDC-exposed fishes (Fig. 2). In CPF-exposed fishes, clockwise
and anti-clockwise rotational movements were significantly
decreased (p < 0.01-p < 0.001) at different periods (24, 48, 72,
and 96 hours). Similarly, in IDC exposed fishes, these movements
were significantly (p < 0.05-p < 0.01) decreased at 24, 48, and
72 hours only (Figs. 3 and 4). These results indicate that CPF
induced marked and notable changes in the stereotyped swimming
movements than IDC. Overall, IDC was found less toxic than CPF
at equal concentration of doses (LC,)) and time intervals (24-96
hours) as shown in Figures 1-4.

3.2. Effects of CPF and IDC on dDm of Telencephalon Region

After acute exposure at 96 hours, the CPF-exposed fishes showing
degeneration and vacuolization highly around neuronal cells of the
dDm of telencephalon region (Fig. 5C), while less degeneration of
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Figure 1: Effects of acute toxicity of CPF and IDC on mobile episodes at 24, 48, 72, and 96 hours at an equivalent
concentration of LC, doses. All data represent mean = SEM values. *, **, and *** represent a level of significance at
p<0.05, p<0.01, and p < 0.001, respectively, after Student’s “z”-test.
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Figure 2: Effects of acute toxicity of CPF and IDC on immobile episodes at 24, 48, 72, and 96 hours at an equivalent
concentration of LC, doses. All data represent mean + SEM values. * and ** represent a level of significance at p <
0.05 and p < 0.01, respectively, after the Student’s “#’-test.
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Figure 3: Effects of acute toxicity of CPF and IDC on clockwise rotational movements at 24, 48, 72, and 96 hours at
an equivalent concentration of LC,, doses. All data represent mean + SEM values. *, **, and *** represent a level of
significance at p < 0.05, p <0.01, and p < 0.001, respectively, after Student’s “s’-test.
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Figure 4: Effects of acute toxicity of CPF and IDC on anti-clockwise rotational movements at 24, 48, 72, and 96 hours
at an equivalent concentration of LC, doses. All data represent mean += SEM values. *, **, and *** represent a level of
significance at p < 0.05, p <0.01, and p < 0.001, respectively, after Student’s “s’-test.

neuronal cells in the telencephalon region after exposure of IDC
(Fig. 5D) when compared to control fish brain (Fig. 5A and B)

4. DISCUSSION

The present study revealed that acute toxicity (96 hours) of CPF
and IDC induced histopathological changes in the telencephalon
region of the fish brain and subsequently reduced locomotory
responses, including loss of feeding and defense behavior in an
air-breathing catfish, H. fossilis.

To assess various stressors, like microbial pathogens, toxic
compounds, and nutritional and adverse environmental conditions,
in both laboratory and field studies, histopathology is an essential
tool to envisage the stress-encouraged structural changes in cells
and tissues and has been extensively used biomarkers [35] and can
also be used as bio-monitoring tools for toxicity studies [36].

Although the relationships between different ecological factor
influences on the relative proportion of brain size are well
established for some teleost [37]. In the present study, neuronal
cell necrosis and vacuolization were observed after CPF and
IDC exposure at 96 hours. This study is in agreement with other
findings that reported mild necrosis and vacuolar changes of the
fish brain of Channa punctatus after exposure of endosulfan at 96
hours [38], pycnosis, karyorrhexis, and karyolysis in the neuronal
cells of the telencephalon, other lobes of common carp exposed to
cypermethrin [39], and occasional necrosis and vacuolization of
neuronal cells of telencephalon after exposure of Copper sulfate
[40].

The toxicity of CPF and atrazine induces degeneration of Purkinje
cells and granular cell loss in Cyprinus carpio [41]. Furthermore,
physiological and biochemical studies indicate neurotoxic
changes in the fish brain after imidacloprid exposure [42]. In an
experimental toxication study based on the brain tissue of rats,
severe lesions, such as the degeneration and necrosis in neurons,
have been found after DLM (deltamethrin) exposure [43].

In our study, the acute toxic concentration of CPF induces highly
degenerative changes in the neuronal cells of the telencephalon

region as compared to IDC and associated swimming behavior.
Although various possible mechanisms of CPF and IDC in the
brain tissues of targeted and non-targeted aquatic animals were
assumed, potential mechanisms are that the CPF inhibits AChE
irreversibly, whereas the IDC inhibits AChE reversibly. Another
inducing mechanism may be speculated that the molar mass of
CPF (350.59 g/mol) is lesser than the molar mass of IDC (527.8
g/mol). Therefore, CPF easily crosses the blood—brain barrier and
cause severe degenerative and behavioral changes in brain tissue.
Furthermore, IDC does not cross the blood—brain barrier easily
and cause less neurodegenerative and behavioral changes.

In the present study, alteration in locomotory behavior with
decreased rotational locomotory movements was observed,
which might be related to histopathological lesions in neuronal
cells of the telencephalon. The immunohistological lesions of the
telencephalon in zebrafish display alterations of aggressive and
swimming behavior after deltamethrin exposure [44]. Previous
studies also indicate that the appearance of vacuoles and necrotic
cells in the brain after exposure to dietary copper (without
measurable increases in brain Cu content) results in changes
in circulating serotonin/melatonin levels and loss of circadian
locomotor activity patterns [45,46].

Some researcher believed that the CPF causes persistent
neurobehavioral impairment in zebrafish, where tests of
sensorimotor response, stress response, and learning were
conducted with adult zebrafish after early developmental CPF
exposure. The study demonstrated that CPF caused selective
long-term neurobehavioral alterations in zebrafish [47]. In another
study, a significant decrease in whole-brain activity of zebrafish
after exposure to CPF was noted [48]. Additionally, CPF exposure
caused a 20% reduction in the sensory function in juvenile Coho
salmon (Oncorhynchus kisutch), which can be recognized for its
neurotoxic effects [49]. Likewise, CPF also induced neurotoxicity
in two different fish species, Cnesterodon decemmaculatus and
Cheirodon interruptus [50].

Previously, the toxicity of IDC induces behavioral and
morphological abnormalities in C. carpio, including dark
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Figure 5: Effect of acute toxicity of CPF and IDC on dDm of telencephalon region of fish brain, H. fossilis, at 96 hours. Photograph A shows the telencephalon
region of control fish brain at a low magnification (40%) (scale bar =200 um). Microphotograph B shows normal neuronal cells (arrowhead) of the dDm of
telencephalon of the control fish brain at a high magnification (400x). Microphotograph C shows highly vacuolized (arrowhead) and degenerative neuronal cells after
CPF exposure. Microphotograph D shows mild neurodegeneration (arrowhead) after IDC exposure (scale bar = 20 um; magnification = 400x) (Dm, pars dorsalis;
dDm, dorsal pars medialis; dDmm, medial portion of dDm; dDml, lateral portion of dDm; vDm, ventral region of Dm).

coloration, unilateral or bilateral exophthalmia, loss of equilibrium,
lateral swimming near the surface, motionless on the bottom of the
tank, hyper excitement, and lethargy [34]. Meanwhile, the lethal
and sublethal concentrations of IDC exposure induce behavioral
abnormality, including swimming near the water surface, hyper-
excitability, muscular incoordination, hyperactivity, erratic
movement, loss of buoyancy, increased gill mucus secretion, and
restlessness before death [5]. The alteration in the behavior of
Labeo rohita is also related to decreased glycogen and protein level
in fish brain tissue after IDC exposure [51]. The abnormalities in
locomotory behavior might also be related to energy production
failure or the release of stored metabolic energy due to low food
intake [52]. Previously, our laboratory established the acute
toxicity of CPF on the degeneration of neuronal cells in the optic
tectum and cerebellar region of the fish brain with alterations in
locomotory behavior of H. fossilis [53].

5. CONCLUSION

The present study concludes that acute (1.92 mg/l or LC50) and
short exposure (24-96 hours) of CPF-induced histopathological
changes in neuronal cells of the telencephalon region results in
abnormal locomotory behavioral responses in H. fossilis under
laboratory environment. On the contrary, an equivalent dose (0.075
mg/l or LC, ) of IDC could not induce severe pathological changes
in the telencephalon area of the fish brain, followed by mild
irregular and less powerful swimming/locomotory performances

in a non-target fish species. Moreover, IDC was found to be less
toxic than CPF. Hence, IDC could be an alternate choice of the
CPF at equal concentrations.
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