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Abstract

The objective of this study is to investigate in detail the histopathological changes in gill, liver, brain, spinal cord, ovary and
kidney of zebra fish exposed to combination pesticide. Twenty one days semi static exposure to sublethal concentration of
8.4 and 4.2 pg/L of Chloropyrifos 50% + Cypermethrin 5% EC was conducted and it was followed with a reversal period of
7 days without pesticide in the exposure water. Three fish were collected from control and treatment group periodically.
Whole body fixation of zebra fish as per OECD guidance document 123 was adopted for obtaining the histopathology
sections. Structural damages of gill observed were of inflammatory cell infiltration, minimal congestion in primary
lamellae, fusion of secondary lamellae, diffused epithelial hyperplasia and multifoci mucus cell hyperplasia. In liver,
moderate, diffused to severe cytoplasmic vacuolation, diffused minimal to mild sinusoidal congestion, steatosis, pyknotic,
karyorrhectic nuclei with complete dissolution of necrotic hepatocytes was observed. Minimal focal tubular degeneration
was observed in kidney. Minimal to mild multifocal follicular atresia was observed in the ovary. In spinal cord neuronal
cell degeneration, cytoplasmic vacuolation and enlargement of neuronal body was observed. In brain, mild to moderate
demyelination in the neurophil and mild necrotic changes observed in the cerebrum. Some of the lesions were less
pronounced after recuperation period. Pesticide in exposure water was analyzed using Agilent QQQ GC-MS/MS equipped
with Election Impact lonization mode. Limit of detection and quantification was 1 pg/L with a Correlation Co-efficient (CC)
0f 0.999. The recovery of active content of Chlorpyrifos for 4.2 and 8.4 pg/L at 0 hour was 88.1%, 90.3% and at 48 hour was
83.48%, 85.70%), respectively. Similarly, Cypermethrin active content recovered at 0 hour for 4.2 and 8.4 pg/L was 78.74%,
86.24% and at 48 hour was 57.85%, 62.09%), respectively. Further, this is the first study to report pathological findings in
Zebrafish exposed to a combination pesticide formulation. The histopathological finding of this investigation reveals the
potential toxic hazard from exposure to sub lethal level of the combination pesticide. Few literatures have reported on
the mixture toxicity of pesticides and this research work throws light on histopathological lesions of Zebrafish. Further,
this is the first study to report spinal lesions in fish due to pesticide exposure. Pesticides usage in pest management or in
agriculture practice should be applied safely to prevent pollution and contamination.
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1. Introduction

Synthetic pesticides are important group of aquatic
pollutants affecting health of fish'. Physiological and bio-
chemical alterations in an animal under any physiological
stress can be correlated with the structural and functional
changes of cellular proteins®. Wide use of pesticides in agri-
culture to control the pests has indirectly created problem
of pollution to aquatic environment®. Histopathological
evaluation is an important part of the assessment of the
adverse effects of xenobiotics on the whole organism®.
Exposure to sub-lethal concentrations of environmental
chemicals may lead to the histological structure altera-
tions which can significantly alter the function of tissues
and organs. Histological and ultrastructural changes in
cells, tissues or organs can afford good biomarkers of pol-
lutant stress®. Histopathological studies are conducted to
establish fundamental relationships of contaminant expo-
sure and its biological responses®. Due to increased public
awareness of the potential of persistent pesticides that
cause harm to environment and public health, great stress
is being laid for developing least persistent and selective
pesticides. Problem of agricultural pest control has been
dealt by formulating new and more potential pesticides’.
Chlorpyrifos and cypermethrin pesticide combination
pesticide are extensively used in pest control and agricul-
ture. Chlorpyrifos and cypermethrin residues were found
in canal water of all stations at Kedah, Malaysia and these
insecticides were transported from their application sites.
High concentrations of cypermethrin and chlorpyrifos
were detected in December 2010 and March 2011, dur-
ing this time the farmers applied insecticides to control
pests in rice fields. The highest concentration of 3.97
ug/mL of cypermethrin and 4.42 pg/mL of chlorpyrifos
was observed®. Though Pyrethroid when compared to
Organophosphate pesticides are reported for less stabil-
ity, need is to screen the combination pesticide product in
very low concentration. It is hypothesized that sub-lethal
concentrations could have detrimental effect to pesticide
exposed fish and affect the susceptible organs, thus it can
be observed histopathologically. Potential reason for this
histopathological evaluation is that there are no published
data on this combination pesticide.

2. Materials and Methods

Danio rerio procured from commercial fish farm were
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quarantined for 30 days and acclimated in glass aquaria

for 7 days in the laboratory condition. Fish were fed with
commercial fish pellets. Chlorpyrifos 50% + Cypermethrin
5% EC was purchased from commercial market. Twenty
fish in each group was exposed semi-statically for 21 days
to the sub lethal concentration of 8.4 and 4.2 pg/L, control
group without pesticide was also maintained. The physi-
cochemical parameter of exposure water was measured
prior to semi static water change, pH (7.5-7.6), water tem-
perature (26.8-27.0°C), dissolved oxygen (7.6-7.8 mg/l),
conductivity (623-658 ps/cm) and hardness (CaCO,) was
218 - 220 mg/l. During the conduct of the experiment the
exposure water was analyzed initially for dose verification
of the spiked pesticide at 0" and 48" hour.

The experimental and control fish were sacrificed at
the end of 7, 14", 21+ and 28" day. Fish was euthanized
by transferring the fish using a fish net to buffered MS-222
(Tricaine methanesulfonate) solution approximately 2
minutes prior to necropsy. Fish was fixed in whole in mod-
ified Davidson’s fixative’ overnight followed by transfer to
individual containers of 10 % neutral buffered formalin
the next day. For optimal penetration of fixative, a small
incision was made near the abdomen by surgical blade.
After fixation for 24-30 hours, tissues were dehydrated
through a graded series of ethanol, cleared in xylene, and
infiltrated with the paraffin. Sections of 5 um were pre-
pared from paraffin blocks by using a rotary microtome.
These sections were then stained with Hematoxylin-
Eosin. Histopathological lesions were examined and
photographed using Leica photomicroscope.

Concentrations of the pesticide 4.2 ug/L and 8.4 pg/L
were analyzed at 0" hour and 48" hour. The exposure
water sample was analyzed using Agilent QQQ GC-MS/
MS equipped with Election Impact Ionization mode.
Mass Hunter software supplied by Agilent USA was used
for system control and data acquisition. For the separa-
tion of residues of chlorpyrifos and cypermethrin HP-5
MS fused silica capillary column (30 m length, 0.25 mm
i.d. and 0.25 pum film thickness) was used. Carrier gas
was Helium at 1.8 mL/min, temperature of injector was
set at 310°C with a split ratio of 1:5 and 310°C as source
temperature. The column temperature was maintained
at 70°C. The Injection volume was 3.0 uL. Chlorpyrifos
and Cypermethrin retention time was 11.8 and 24.1.
The exposure water samples was transferred to 250 mL
separatory funnel and residues extracted with 2x25 mL
of dichloromethane. The dichloromethane layer was col-
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lected into a separate flask and evaporated using turbovap,
the residues reconstituted with 2 mL hexane.

3. Results

The method has the linearity over the concentration range
of 1 pg/L to 200 pg/L for chlorpyrifos and cypermethrin.
The limit of detection and quantification was 1 ug/L and
Correlation Co-efficient (CC) was 0.999 for chlorpyrifos
and cypermethrin. Chlorpyrifos active content recovered

Cypermethrin active content recovered at 0 hour for 4.2
and 8.4 pg/L was 3.31 (78.74%) and 7.24 (86.24%) and at
48th hour it was 2.43 (57.85%) and 5.22(62.09%) (Figure
1 and Figure 2).

All the histopathological tissues are compared with
tissue sections of control group. Histopathological lesions
observed in fish exposed to 4.2 and 8.4 pg/L on final sacri-
fice on day 7%, 14", 21 and 31* day when compared with
control group are represented in Figure 3, 4 and 5 and
histological changes noticed in the pesticide exposed and
control fishes are shown in Table 1.

at 0 hour for 4.2 and 8.4 ug/L was 3.70 (88.1%) and 7.58
(90.3%) and at 48" hour 3.50 (83.48%) and 7.19 (85.70%).
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Figure 1. (a) Standard Chromatogram of Chlorpyrifos — 100 pg/L. (b) Standard Chromatogram of
Cypermethrin - 100 ug/L.
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Figure 2. (a) Representative Sample Chromatogram - Concentration 4.2 pg/L. (b)
Representative Sample Chromatogram — Concentration 4.2 ug/L.

Table 1. Summary Incidence of Histopathology Lesions
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Table 1. Summary Incidence of Histopathology Lesions

Day (Sacrifice time point) 7 14 21 28*
Dose Group (ug/L) 0 42 84 0 42 84 0 42 84 0 42 84
Total No. of live fish 20 20 20 15 15 15 10 10 10 05 05 05
No. of mortality 00 00 00 00 00 00 00 00 00 00 00 00
Examined 05 05 05 05 05 05 05 05 05 05 05 05
GILLS

Infiltration, mononuclear,
primary lamellae

Minimal 00 00 00 00 00 00 00 01 00 00 00 00
Mild 00 00 00 00 00 00 00 00 00 00 00 00
Moderate 00 00 00 00 00 00 00 00 00 00 00 00
Swelling (aneurism),
secondary lamellae
Minimal 00 00 00 00 00 00 00 04 02 00 00 00
Mild 00 00 00 00 00 00 00 01 03 00 00 00
Hyperplasia, mucus cells
Minimal 00 00 00 00 00 00 00 01 01 00 00 00
Mild 00 00 00 00 00 02 00 02 01 00 00 02
Moderate 00 00 00 00 00 00 00 00 03 00 00 00
Hyperplasia, epithelial
Mild 00 00 00 00 05 01 00 00 00 00 01 03
Moderate 00 00 00 00 00 04 00 03 00 00 01 02
Marked 00 00 00 00 00 00 00 02 00 00 00 00
Fusion, secondary lamellae
Moderate 00 00 00 00 02 00 00 03 00 00 01 03
Marked 00 00 00 00 00 05 00 02 05 00 01 02
LIVER
Congestion, sinusoidal
Minimal 00 00 00 00 01 00 00 01 00 01 01 00
Mild 00 00 02 00 01 03 00 03 02 00 00 00
Moderate 00 00 00 00 00 02 00 01 03 00 00 01
Vacuolation, cytoplasmic,
hepatocytic
Minimal 00 00 00 01 00 00 00 00 00 00 00 00
Mild 00 00 02 00 00 00 00 00 00 00 00 00
Moderate 00 00 00 00 00 01 00 03 00 00 00 02
Marked 00 00 00 00 00 04 00 02 05 00 00 00
Fanty change (Steatosis),
hepatocytic
Mild 00 00 00 00 00 00 00 02 00 00 00 00
Moderate 00 00 00 00 00 03 00 01 04 00 00 00
Necrosis, hepatecytic
Mild 00 00 00 00 00 00 00 01 02 00 00 02
Moderate 00 00 00 00 00 00 00 00 01 00 00 00

Number indicates the total number of zebrafish showing the particular lesion out of total number of fishes examined at
the particular sacrifice timepoint;, ¥*Reversal group
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Table 1. Summary Incidence of Histopathology ILesions (Continued)

Day (Sacrifice time point) 7 14 21 28*

Dose Group (ug/L) 0 42 84 0 42 84 0 42 84 0 42 84

Total No. of live fish 20 20 20 15 15 15 10 10 10 05 05 05

No. of mortality 00 00 00 00 00 00 00 00 00 00 00 00

Examined 05 05 05 05 05 05 05 05 05 05 05 05
BRAIN, CEREBRUM
Demyelination / Necrosis

Minimal 00 00 00 00 00 00 00 02 01 00 00 01

Mild 00 00 00 00 00 00 00 00 00 00 00 01

Moderate 00 00 00 00 00 00 00 00 02 00 00 00

SPINAL CORD

Degeneration, neuronal

body
Minimal 00 00 00 00 00 00 00 00 01 00 00 00
Mild 00 00 00 00 00 00 o0 02 01 00 00 01
Moderate 00 00 00 00 00 00 00 00 02 00 00 01
KIDNEYS
Degeneration / Necrosis,
tubular
Minimal 00 00 00 00 00 00 00 01 00 00 00 01
Moderate 00 00 00 00 00 00 00 01 02 00 00 00
Marked 00 00 00 00 00 00 00 01 02 00 00 00
Regeneration, tubular
Mild 00 00 00 00 00 00 00 00 02 00 00 00
Moderate 00 00 00 00 00 00 00 00 02 00 00 00

Number indicates the total number of zebrafish showing the particular lesion out of total number of fishes examined at
the particular sacrifice timepoint, *Reversal group
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Figure 3. Histopathological changes observed in liver. Histopathological changes observed in liver of treated zebrafish in
comparison with non-treated control fish. A - Normal liver histology of non-treated control fish at the final sacrifice time
point; B — Cytoplasmic vacuolation of hepatocytes (encircled) observed in the liver of zebrafish treated with pesticide 8.4
ug/L and sacrificed at 7th day. A minimal to mild sinusoidal congestion (arrows) was observed diffusely; C - Moderate and
diffuse cytoplasmic vacuolation observed in the liver of zebrafish treated with pesticide 4.2 pg/L and sacrificed at 14th day;
D - Multifocal macrovesicular fatty change (steatosis) observed in the liver of zebrafish treated with pesticide 8.4 pg/L and
sacrificed at 14th day; E - Marked to severe cytoplasmic vacuolation intermingled fatty change (steatosis) observed in the
liver of zebrafish treated with with pesticide 4.2 pg/L and sacrificed at 21st day. Note the pronounced sinusoidal and venous
congestion (arrow). The inner picture shows the high power magnification of cytoplasmic vacuolation; F — Multifocal areas of
hepatocyte necrosis observed in the liver of zebrafish treated with pesticide 8.4 ug/L and sacrificed at 21st day. Note the pyknotic
and karyorrhectic nuclei and the complete dissolution of majority of the necrosed hepatocytes.
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Figure 4. Histopathological changes observed in Gill. Histopathological changes observed in gills of treated zebrafish in
comparison with non-treated control fish. A - Normal gill histology of non-treated control fish at the final sacrifice time
point; B - Inflammatory cell infiltration (arrow) with a minimal congestion (arrow head) in primary lamellae observed in
the gill of zebrafish treated with pesticide 8.4 ug/L and sacrificed at 7th day; C - Diffuse epithelial hyperplasia and fusion
of secondary lamellae observed in the gill of zebrafish treated with pesticide 4.2 pg/L and sacrificed at 21st day; D - Diffuse
epithelial hyperplasia, fusion of secondary lamellae and multifocal mucus cell hyperplasia (arrows) observed in the gill of
zebrafish treated with pesticide 8.4 ug/L and sacrificed at 21st day.
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Figure 5. Histopathological changes observed in Ovary, Kidney, Cerebrum, Spinal cord . (A) Minimal, multifocal follicular
atresia observed in the ovary of zebrafish treated with pesticide 4.2 pg/L and sacrificed at 21st day. Inlet figure shows the higher
magnification of an atretic follicle; (B) Mild, multifocal follicular atresia (arrow) observed in the ovary of zebrafish treated with
pesticide 8.4 ug/L and sacrificed at 21st day; (C) Minimal, focal tubular degeneration (encircled) observed in the kidney of
zebrafish treated with pesticide 4.2 pg/L and sacrificed at 21st day; (D) Mild to moderate tubular degeneration (encircled) along
with focal, moderate tubular regeneration (arrow)surrounded by ongoing peritubular inflammation observed in the ovary of
zebrafish treated with pesticide 8.4 ug/L and sacrificed at 21st day. (E) Mild to moderate demyelination in the neuropil and mild
necrotic changes observed in the cerebrum of zebrafish treated with pesticide 8.4 pg/L and sacrificed at 21st day. (F) Neuronal
degeneration characterized by cytoplasmic vacuolation and enlargement of neuronal body (arrow heads) observed in the spinal
cord of zebrafish treated with pesticide 8.4 ug/L and sacrificed at 21st day. The arrow indicates normal neuronal body.
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4. Discussion

Pesticides cause physiological and biochemical changes
in fish species and influence their activities. Gill is a mul-
tifunctional and complex organ with which fish make
intimate contact with the surrounding water'®. Fusions
of lamellae, diffused hyperplasia are due to changes in
pavement cells of gill. Inflammatory cell infiltration with
congestion is an adaptive response to the pesticide con-
taminant. The multifocal mucous cells hyperplasia is
a protective mechanism of mucous cells reducing pes-
ticide exposure of the gill. Clarius gariepinus exposed
to cypermethrin were observed with cellular infiltra-
tion and congestion''. Channa punctatus gill showed
lamellar fusion of secondary lamellae, congestion and
infiltration when exposed to sub-lethal concentrations of
Chlorpyrifos'2. Multifocal mucous cell hyperplasia was
observed in fish exposed to dichlorovos'™. In our present
study, inflammatory cell infiltration, minimal congestion,
diffuses epithelial hyperplasia and fusion of secondary
lamellae, multifocal mucus cell hyperplasia was observed
and is in accordance with previous reports of "%,

Liver regulates metabolism, transforms, excretes xeno-
biotics and helps in detoxification. It is a major storage
organ of lipids and site of metabolic processes in fish and
hepatocytes carry xenobiotics to bile for elimination14.
Exposure of malathion for 4 days induced degeneration of
hepatocytes characterized by cytoplasmic vacuolization®.
After 21 days of chlorpyrifos 20% EC exposure liver of
Heteropneustes fossilis was observed with congestion
of central vein, degeneration of hepatocytes, cytoplas-
mic vacuolization large number of hepatocytes appeared
with pyknotic nuclei, thrombosis in hepatoportal blood
vessel, haemorrhage around central vein and necrosis in
liver has been reported'. Vacuolar degeneration, hyper-
trophy in the hepatocytes with nuclear pyknosis and
vacuolation of the hepatocytes in liver of fish exposed
to sublethal concentration of chlorpyrifos'?. In the pres-
ent experiment cytoplasmic vacuolation of hepatocytes,
multifocal macrovesicular fatty changes (steatosis), pro-
nounced sinusoidal and venous congestion and multifocal
areas of hepatocyte necrosis, were observed in the liver
of fish exposed. The results in the present study could be
correlated with previous reports of 1> 51,

Malathion affected detoxifying organ kidney of
Channa punctatus and caused shrinkage of glomeruli,
degeneration of renal tubules and collecting tubule'. The
renal tissues are at risk since they receive large volumes
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of blood flow from both renal portal venous system and
renal arteries”. Focal necrosis, leucocytic infiltration,
shrinkage in renal corpuscles of Tilapia nilotica exposed
to chlorpyrifos clearly indicated kidney damage and the
pesticide is capable of producing a wider spectrum of sig-
nificant histopathologic impairments in fish with even sub
lethal concentrations'®. Histological damage caused to the
fish Cirrhinus mrigala exposed to lethal (5.13 pg/l) and
sublethal (1.026 pg/1) concentration of Pyrethroid deriva-
tive cypermethrin had induced marked abnormalities in
the kidney initiated with disruption of tubular organi-
zation', Vacuolation due to degeneration of cytoplasm,
hypertrophy of tubular cells, nuclei of epithelial cells
infiltrating into the surrounding tissue and perforation
of kidney tubules. Zebrafish exposed to sublethal con-
centration of chlorpyrifos caused changes in the kidney,
shrunken glomeruli, dilated lumina of the renal tubules®.
Non-detoxified pesticide molecules must be eliminated
through the kidney of fish and hence, it is susceptible to
chemical compounds when exposed to lethal or sublethal
dose, Cypermethrin 10% EC eliminated through kidney
might have caused degenerative changes in renal tubules
and glomeruli, necrosis in the proximal tubule with devel-
opment of vacuoles?'. The pathological changes observed
in the present study such as focal tubular degeneration
and regeneration along with peritubular inflammation is
in agreement with '>#21,

Brain and spinal cord is the important organ it con-
trols of movements. In our investigation we did not
find any clinical signs of toxicity which could be due
to the fact that the sub lethal concentrations did not
cause any changes in the synaptic ends of the nerves by
Acetylcholine inhibition or alter the voltage-gated sodium
channels. Hyperplasia, edema, necrosis and an increase in
brain cells were observed in the brain of the fish Cyprinus
carpio exposed to sub-lethal concentration of quinol-
phos toxicity*. Histological investigation of the brain of
Channa punctatus in response to acute and subchronic
exposure to the pesticide Chlorpyrifos revealed detach-
ment in the superficial zone of the Stratum opticum,
Stratum marginale due to degeneration of neuronal cells,
spongiosis, congestion, necrosis and appearance of clear
areas around the nucleus of mononuclear cells in the lin-
ing of the Stratum fibrosum griseum superficiale, Stratum
griseum centrale, Stratum album centrale. Granular cells
found in the innermost layer of optic tectum, i.e. the
Stratum periventriculare severely degenerated and vacu-
olized and migrated toward the Torus semicircularis®.
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Neuronal degeneration and tissue damages were observed
in brain of fish treated with dichlorvos and methyl*. The
96 hour acute toxicity of cypermethrin to juvenile African
catfish was investigated and the brain revealed neuronal
degeneration and spongiosis''. In this study brain showed
demyelination of neuropil and mild necrotic changes in
the cerebrum. Neuronal degeneration, cytoplasmic vacu-
olation, and enlargement of neuronal body were observed
in the spinal cord. Pathological alteration in the brain is
consistent with previous studies of ' *>*%. This study is the
first to report the changes in the spinal cord due to expo-
sure to combination pesticide.

In the present study the most notable changes
appeared in ovary are atretic follicle, multifocal fol-
licular atresia, focal tubular degeneration, peritubular
inflammation. Dimethoate organophosphate pesticide
in low concentrations revealed disrupted follicular epi-
thelial cells, nucleolus condensation of crescent shaped
dark granules and degeneration of epithelials cells caus-
ing vacuolation®. Channa striatus exposed to sub lethal
concentration of cypermethrin revealed degenerated
ovary*. The most important significance of follicular
atresia during the normal course of reproduction is to
limit the number of eggs that could be supported for vitel-
logenesis, maturation and ovulation of the female fish”.
Gonads are preserved for histopathology to evaluate and
assess the reproductive fitness of the fish and it adds to
the weight of evidence of other endpoints®. Toxicants
produce physiological and biochemical changes in fresh-
water organisms®. Chlorpyrifos and Cypermethrin could
be Endocrine Disrupting Chemicals and suppress repro-
ductive activities and could have direct effects on gonads
and gametes quality™.

5. Conclusion

The sub lethal concentration of pesticides (Chlorpyrifos
50% + Cypermethrin 5% EC) caused considerable path-
ological alterations. Pesticide residues detected above
the permissible environmental concentrations impose a
significant biological risk, thereby affecting the aquatic
fauna. Diligent usage of the pesticide product could pro-
tect the environmental contamination.
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