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a b s t r a c t

The aim of the present study was to investigate the comparative effects of pesticides Chlorfenapyr,
Dimethoate and Acetamiprid on the health of Cirrhinus mrigala under long term exposure. Eighty C. mri-
gala were divided in four equal groups; one control and three treated groups. The blood was collected
from both control and treated groups at intervals of 10th, 20th and 30th days for hemato-
biochemistry and histopathological alterations. The result indicates significant difference (P < 0.05) in
RBCs, Hb, PCV and MCHC whereas elevation in WBCs and Platelets counts were recorded. In 10th day
sampling, MCV value of Dimethoate and Acetamiprid treatment had no difference in comparison with
the control group, however it is significantly increased (P < 0.05) in rest of sampling. The MCH value
of exposed fish showed significant increased (P < 0.05) after 20th and 30th days for Chlorfenapyr and
after 30th days for Acetamiprid exposure while insignificantly increased for rest of sampling. It was also
found that these pesticides significantly decrease (p < 0.05) the T3 and T4 levels while increase in the TSH,
cortical, ALP, AST, ALT and LDH levels in the serum of the treated fishes in contrast to control group.
Similarly, histopathological analysis of gills and liver showed significant alterations in all the treated
groups. Toxicity trends of these pesticides was ranked as Chlorfenapyr > Acetamiprid > Dimethoate. It
is concluded that indiscriminate use of such pesticides poses a noxious threat to non-target organisms,
harm the ecosystems and jeopardizes human health.
� 2020 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Cirrhinus mrigala is an indigenous major carp widely found in
freshwater of Indo-Pak sub-continent is also called Mrigal or Nain.
It is bottom feeder and significantly important species in polycul-
ture (Singh et al., 2018; Ujjania and Soni, 2018). Pesticide residues
enter into the aquatic environment along with water runoff and
where they seriously affect the non-target species like fishes and
finally enter to the food chain threatening the biodiversity of the
nature and ecological equilibrium (Dar et al., 2016). In addition,
the pesticides also possess bioaccumulation property and
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bioaccumulate in the tissues of aquatic organisms (Maurya and
Malik, 2016; Yadav et al., 2018). It is estimated that the total pol-
lution surface water receive about 50% from agricultural sources
(Gavrilescu et al., 2015). Chlorfenapyr is a halogenated pyrrole-
based insecticide which is presently applied on different crops
for the control insects and mites (Ullah et al., 2016). Acetamiprid
is a neonicotinoid chemical pesticide (Shengyun et al., 2005) which
is extensively applied in agriculture for pest management in
numerous countries (Zhang et al., 2011). Dimethoate is an
organophosphorus insecticide used against a wide range of insects
and mites, which is sanctioned for application in the European
Union and in other different countries of the world (Tarbah et al.,
2007). As fishes are very sensitive to the presence of pollutants
in water, so they can be used as bioindicator in the study of differ-
ent aquatic ecosystems. In comparison to other aquatic bioindica-
tors fishes occupy the top position of the aquatic trophic, therefor
they offer an integrated image of whole aquatic ecosystem. They
represents a risk to human health when these fishes are used as
a source of food (Abdel-Moneim et al., 2012). Fish have the ability
to accumulate toxic substances from environment in different
body parts (Aghoghovwia et al., 2016; Izah and Angaye, 2016).
Hematological investigation offers a blueprint of health condition
and internal environment of the animal which indicate internal
alterations before the animal display any external indications of
toxic anxiety (Harabawy and Ibrahim, 2014; Kumar et al., 2011;
Narra et al., 2015; Osman et al., 2010; Saravanan et al., 2011).
Histopathological alterations have been commonly used as bio-
indicators in assessing the health of fish exposed to pollutants,
both in the laboratory as well as field studies. Therefor histopatho-
logical alterations can be used as indicators for monitoring the
effects of numerous contaminants on organisms and are a reflec-
tion of the overall health status of the whole ecosystem (Drishya
et al., 2016; Olaniyi, 2020). To evaluate the health status of aquatic
organisms, alterations in biochemical parameters could be used as
biomarker (Poopal et al., 2017). The important function thyroid
hormone is regulates the growth and development in fishes espe-
cially in early stages of life, therefor thyroid disruption due to pol-
lutants hinder the growth in both cultured and wild fish species,
reduce fish seed production which lead to decline in wild fisheries
(Nugegoda and Kibria, 2017). Cortisol is one of the most active glu-
cocorticoids hormone produced by adrenal cortex and is involved
in the metabolism of protein, lipids and carbohydrates (Simonato
et al., 2013). During stress condition serum cortisol level increases
to convert proteins into glucose for more energy production
(Bhanu, 2016). The present study aims to evaluate time-
dependent negative effect of Chlorfenapyr, Dimethoate and Aceta-
miprid exposure on different health biomarkers of on a particular
freshwater fish (C. mrigala) during chronic toxicity.
2. Materials and methods

2.1. Fish collection

One hundred healthy freshwater fish C. mrigala an Indian major
carp having average weight 70 ± 8.0 g was collected from fish Farm
service road Karma Panjab, Pakistan which is relatively free from
pollutants. Fish were transported to the laboratory of Zoology
Department, Govt Postgraduate College Haripur, within well
packed polythene bags containing aerated water.
2.2. Acclimatization

The fish were acclimatized in laboratory environment for
14 days before beginning of the experiment and fed with commer-
cial fish food. The aquariums were connected with constant system
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of aeration with a 12 ± 1:12 ± 1 light–dark cycle. Dissolved oxygen
concentration was retained from 93% to 98%, temperature from 20
to 22 �C and pH from 7.0 to 7.6. In order to reduce the metabolic
waste contamination, the water was renewed after every 24 h.

2.3. Chemicals

Three different formula grade pesticides namely Chlorfenapyr,
Acetamiprid and Dimethoate were used in the present study pur-
chased from local Agro-chemical market Haripur KP, Pakistan.

2.4. Experimental design

The experimental fish was exposed to three different formula
grade pesticides namely Chlorfenapyr, Acetamiprid and Dimetho-
ate in water at concentration of 3 ppb for each chemical. The accli-
matized fish was randomly divided into four groups with 20 fish in
each group. Group-I serve as primary control group and main-
tained under normal conditions of control water for the whole
periods of the experiment. The Groups-II, III and IV was exposed
to Chlorfenapyr, Dimethoate and Acetamiprid respectively. Every
effort was made to provide optimal condition for fish in order to
avoid mortality during experimental time period. The experiment
was conducted for a period of 30-day with 10 days sampling
frequency.

2.5. Hematological analysis

Five fish were randomly selected from both control and treated
groups upon completion of the sublethal exposure period of 10th,
20th and 30th days to pesticides, and anesthetized with clove oil.
Blood was collected from the caudal vein by the using heparin
coated syringe and shifted to EDTA tubes for estimation of total
erythrocyte count, total leucocyte count, hemoglobin percentage,
hematocrit, MCV, MCH, MCHC and platelets count through hema-
tology analyzer.

2.6. Biochemical analysis

Similarly, blood was collected from the caudal vein by using
syringe and shifted to clotted tubes. Centrifugation of collected
blood was done at 3000 rpm for 10 min in order to obtained the
serum, for analysis of T3, T4, TSH, Cortisol ALP, AST, ALT and LDH
through biochemical analyzer.

2.7. Histological analysis

For histological investigation gills and liver samples were col-
lected from both control and pesticides treated groups after each
sampling period (10th, 20th & 30th days). The collected tissues
were rinsed with saline solution (0.9% NaCl) to remove, blood,
mucus and debris stick to the tissues and fixed in 10% formalde-
hyde. After this, these tissues were dehydrated through a graded
alcohol series as dehydrating agent. The dehydrated tissues were
cleared in xylene and then embedded in paraffin wax. Tissue sec-
tions were cut at 5 lm using a rotary microtome and stained with
hematoxylin and eosin. The prepared slides were analyzed under
an Olympus optical microscope and photographed at 40� and
100� magnification.

2.8. Statistical analysis

By using SPSS software (version 24) statistical significance
between groups was determined. The data was expressed as
mean ± SD. Significant differences between groups were identified
using t-test. The significance level was set at P < 0.05.
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3. Results

3.1. Physico-chemical properties of water

The physico-chemical properties of water were examined dur-
ing experiment at regular interval. The recorded values of
Mean ± SD values of temperature, dissolve oxygen, pH, conductiv-
ity and total hardness were range from 22 ± 2.76 �C, 6 ± 1.92 mg/L,
7.3 ± 0.9, 180 ± 25.13 lM cm�1 and 130 ± 15.45 mg/l respectively.

3.2. Behavioural response of C. mrigala

The behavioural response of C. mrigala on exposure to Chlorfe-
napyr, Dimethoate and Acetamiprid started after 1-week of treat-
ment. The change in the behavior pattern of C. mrigala exposed
to these pesticides as well as control group are summarized in
Table 1. No mortality was recorded in Dimethoate treated group,
while in Chlorfenapyr and Acetamiprid treated group mortality
was recorded after 22 and 26 days respectively.

3.3. Hematological analysis

In present study haematological variations in the C. mrigala
were evaluated on exposure to sub-lethal concentration of Chlorfe-
napyr, Dimethoate and Acetamiprid at long term (10, 20 and
30 days) periods for each chemical. Effect of these chemicals on
blood parameters including RBCs, WBCs, Hb, Hct, MCV, MCH,
MCHC and platelets of C. mrigala are presented in Fig. 1. A time
dependent significant decrease in RBCs, Hb and PCV values was
observed in blood of C. mrigala after 10th, 20th and 30th days pes-
ticides exposure (Fig. 1. A, C & D). RBCs was insignificantly decrease
after 10th exposure to dimethoate. Non-significant decrease in the
value of MCHC after 10th days while significant increased after
20th and 30th days were observed for each pesticide (Fig. 1. G).
In 10th day sampling, MCV value of Dimethoate and Acetamiprid
treatment had no difference in comparison with the control group.
However, it is significantly increased in rest of sampling on treat-
ment with Chlorfenapyr, Dimethoate and Acetamiprid compared
to control group (Fig. 1. E). A significant increase in MCH level
was recorded after 20th and 30th days to Chlorfenapyr and 30th
days to Acetamiprid while non-significant increase for rest of sam-
pling frequencies (Fig. 1. F). The values of WBCs and platelets of C.
Table 1
Impact of Chlorfenapyr, Acetamiprid and Dimethoate on the behavioural pattern of C. mri

Parameters Duration Control

Colour of skin 10 days –
20 days –
30 days –

Loss of balance 10 days –
20 days –
30 days –

Hyperactivity 10 days –
20 days –
30 days –

Rate of swimming 10 days –
20 days –
30 days –

Rate of opercular activity 10 days –
20 days –
30 days –

Surfacing activity 10 days –
20 days –
30 days –

Convulsions 10 days –
20 days –
30 days –

(*) sign indicate abnormal behavioural parameters while (–) sign indicate normal behav
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mrigala exposed to pesticides (Chlorfenapyr, Dimethoate and Acet-
amiprid) exhibited significant increase as compared to control for
10th, 20th and 30th days of exposure (Fig. 1. B & H). Maximum
increase or decrease in the values of various haematological
parameters was recorded at Chlorfenapyr followed by Acetamiprid
and Dimethoate treatment respectively.

3.4. Biochemical analysis

It was evident from the present study that on exposure to
Chlorfenapyr, Dimethoate and Acetamiprid during chronic toxicity
C. mrigala shows time dependent significant reduction in tri-
iodothyronine (T3) and tetraiodothyronine (T4) activity except
for Dimethoate in 10th day sample where they show non-
significant decrease (Fig. 2. A & B). In contrast significant increase
in the levels of (thyroid stimulating hormone) TSH and cortisol
was recorded in all the treated groups as compared to control
group (Fig. 2 C & D). The activities of hepatic function enzymes
alkaline phosphate (ALP), aspartate aminotransferase (AST) and
Alanine aminotransferase (ALT) were significantly elevated on
exposure to Chlorfenapyr, Dimethoate and Acetamiprid 10th,
20th and 30th days in contrast to control group (Fig. 2. E, F & G).
Similarly, serum lactate dehydrogenase (LDH) was also signifi-
cantly higher than the control group except for Dimethoate in
10th day sampling where it shows non-significant increase
(Fig. 2. H).

3.5. Liver histopathology

Liver sections of control group fish revealed polygonal hepato-
cytes containing spherical, large centrally placed nucleus with
homogeneous cytoplasm. Sinusoids are seen as communication
channels between the hepatocytes containing blood cells and giv-
ing chord like structure to the hepatic parenchyma (Fig. 3. L1).
After 10 days, the treated fish liver exhibited blood congestion,
lymphocytes infiltration, pyknotic nuclei with mild necrosis
(Fig. 3. L2). After 20 days, the pesticide inflicted aggregation of mel-
anomacrophage, foamy cells, blood sinusoid dilation, vacuolation
and hypertrophy along with blood congestion, lymphocytes infil-
tration, pyknotic nuclei and necrosis (Fig. 3. L3 & L4). Prolonged
treatment with pesticides for 30 days caused severe histopatholog-
ical alterations in liver (Fig. 3. L5 & L6).
gala for 30 days.

Chlorfenapyr Dimethoate Acetamiprid

* – –
** – *
*** * **
* – –
** – *
*** * **
** – *
* * **
– ** *
** – –
* * **
* ** *
** * *
** * **
* ** *
** * *
* * *
** * **
– – –
* – *
** * *

iour of C. mrigala.



Fig 1. RBC, WBC, Hb, Hct, MCV, MCH, MCHC and platelets of C. mrigala after Chlorfenapyr, Dimethoate and Acetamiprid exposure. Values are expressed as mean ± SE from
triplicate groups. Bars with * indicate significant differences while Bars with ** indicate highly significant differences between control and treated groups.
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3.6. Gills histopathology

A histological sections of control group gills do not show any
morphological anomalies throughout the experimental period
(Fig. 4. G1). Compared to control group pesticides treated groups
revealed significant histopathological changes in the gill architec-
ture. After 10 days, the treated fish gills revealed fusion of
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secondary gill lamellae, epithelial lifting of secondary gill lamellae,
hyperplasia of gill epithelium and curling of secondary gill lamellae
(Fig. 4. G2). The severity of the histopathological alterations was
increased in all treated groups after 10 days (Fig. 2. G3 & G4) and
30 days (Fig. 4. G5 & G6) including telangiectasia, shortening of
secondary gill lamellae, disruption of cartilaginous core, lamellar
disorganization and lamellar atrophy along with fusion of



Fig 2. Serum T3, T4, TSH, ALP, AST, ALT and LDH cortisol levels of C. mrigala after Chlorfenapyr, Dimethoate and Acetamiprid exposure. Values are expressed as mean ± SE
from triplicate groups. Bars with * indicate significant differences while Bars with ** indicate highly significant differences between control and treated groups.

S. Ghayyur, Muhammad Fiaz Khan, S. Tabassum et al. Saudi Journal of Biological Sciences 28 (2021) 603–611
secondary gill lamellae, epithelial uplifting of secondary gill lamel-
lae, curling of secondary gill lamellae and hyperplasia of gill
epithelium.
4. Discussion

The current investigation was conducted to understand the poi-
sonous level induced by Chlorfenapyr, Acetamiprid and Dimetho-
ate pesticide on hemato-biochemistry and histopathological
aspects of C. mrigala. The C. mrigala in the control group were
observed to be normal and no mortality was recorded in it while
under Chlorfenapyr, Acetamiprid and Dimethoate intoxication it
showed several abnormal behaviours i.e. Rapid swimming, surface
activity, increase in opercular activity, convulsions, hyperactivity
and loss of balance with time. The results were in line with
(Ghelichpour et al., 2020) reporting similar results in Cyprinus car-
pio exposed to lufenuron. Similar behavioral changes were also
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testified earlier in the Oreochromis mossambicus treated with chlor-
pyrifos (Ghayyur et al., 2019).

Hematology is among one of the most key method in evaluating
the hazard effects of pollutants on aquatic organisms (Hedayati
et al., 2019), because blood variables respond to low doses of pol-
lutants (Osman et al., 2018). In our finding, a time dependent sig-
nificant decline in RBCs count, Hb and PCV was observed among all
the treated groups compared to control group, which are in accor-
dance with the study of (Woryi et al., 2020) who also testified sig-
nificant reduction in RBC count, Hb level and PCV in Clarias
gariepinus treated with Paraquat during chronic toxicity. RBCs
along with Hb play a key part in providing oxygen to various parts
of the body, while packed cell volume (PCV) is the percentage of
RBCs in the blood which depend upon the number as well as size
of RBCs. Therefore, any change in the size and number of RBCs or
Hb change the PCV percentage. Similar to present study,
(Ghayyur et al., 2019) found that Chlorpyrifos treated fish had
low RBC count, Hb level and PCV. Similarly, (Ko et al., 2019) also



Fig 3. Light micrographs of H & E stained sections of liver of Cirrhinus mrigala: (L1) Control group liver showing normal structure, (L2 to L6) treated groups liver showing
various histopathological alterations including blood congestion (BC), lymphocytes infiltration (LI), pyknotic nuclei (PK), aggregation of melanomacrophage (Mm), necrosis
(N), foamy cells (FC), blood sinusoid dilation (BS), vaculation (V) and hypertrophy (H).

Fig 4. Light micrographs of H & E stained sections of Gills of Cirrhinus mrigala: (G1) Control group gills showing normal structure, (G2 to G6) treated groups gills showing
various histopathological alterations including fusion of secondary gill lamellae (F), epithelial uplifting of secondary gill lamellae (E) hyperplasia of gill epithelium (H), curling
of secondary gill lamellae (C), telangiectasia (T), shortening of secondary gill lamellae (S), disruption of cartilaginous core (DC), lamellar disorganization (LD) and lamellar
atrophy (A).
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reported significant reduction in RBCs count, Hb and PCV of Pla-
tichthys stellatus after four weeks exposure to hexavalent chro-
mium. The raise in WBCs number can be linked with more
antibodies formation, which aids in recovery and survival of the
fish exposed to different pesticides (Malik and Maurya, 2014). In
the present investigation significant elevation in total WBC & pla-
telets count was noted in all the treated groups after 10th, 20th
and 30th days but maximum elevation was observed in Chlorfe-
napyr treated group. A similar trend in WBCs & platelets count
was reported when O. mossambicus were treated with different
concentrations of Chlorpyrifos (Ghayyur et al., 2019). Our results
are supported by the similar investigations of (Hasan et al., 2015)
in Ctenopharyngodon idella exposed to Endosulfan during acute
toxicity. The hematological alterations in mean cell hemoglobin
(MCH), mean cell volume (MCV), and mean cell hemoglobin con-
centration MCHC values also change because the calculation of
these parameters depend on RBCs, Hb and PCV values. The selected
pesticides tested in this study had significantly increased MCH and
MCV values while reduced MCHC value. Similar observations are
reported in O. mossambicus exposure to chlorpyrifos (Ghayyur
et al., 2019) and C. carpio exposed to silver nanoparticles (Vali
et al., 2020). The increase in MCV and MCH values on treatment
with pesticides designates that decrease in RBCs count may be
resulted from destruction of RBCs or their lessened synthesis in
bone marrow.

The findings of present investigation displayed significant
declining trend of both T3 & T4 plasma levels with significant ele-
vation plasma TSH level of pesticides exposed fish in contrast to
control group. This result was in agreement with that reported
by (Bhanu, 2016) in C. carpio treated with cypermethrin. The result
of the effect lufenuron in common carp plasma T3 level was in line
with the present findings (Ghelichpour et al., 2020). The decrease
in plasma T3 level occur due to the reduction in T4 synthesis or
its secretion (Li et al., 2008). In fishes thyroid hormones regulate
osmoregulation, growth, development, skin pigmentation, repro-
duction, metamorphosis, behaviour and all aspects of protein and
lipid metabolism (Lacasana et al., 2010; Yu et al., 2015). But a num-
ber of pesticides are found to decrease the activity levels of T3 and
T4 in freshwater fishes (Ghelichpour et al., 2017; Khatun and
Mahanta, 2014; Nugegoda and Kibria, 2017; Zhang et al., 2013).
Cortisol is an adrenocortical steroid hormone mainly involve in
ions regulation and energy metabolism, now a day it is frequently
used as marker in ecotoxicological studies because it indicates the
degree of stress faced by an organism (Ramesh et al., 2009). In our
study, a significant increase in cortisol level was found in the
serum of pesticides exposed fishes. This finding agrees with a
recent study of (Woo and Chung, 2020) who reported a significant
increase in cortisol level of C. carpio treated with various concen-
trations of trichlorfon. Similar observations were also reported by
many researchers in various fish species like O. mossambicus trea-
ted with Chlorpyrifos (Ghayyur et al., 2019) Chanos chanos treated
with endosulfan (Kumar et al., 2016), Scatophagus argus treated
with dazinon (Ghasemzadeh et al., 2015) and Labeo rohita treated
with deltamethrin (Suvetha et al., 2015). As liver of fish is one of
the prime targeted organ for various types of water pollutants
due to its involvement in removal and detoxification of harmful
substances showing alterations in biochemistry (Salamat and
Zarie, 2012). In this investigation, pesticides treated fish exhibited
significant elevation in serum ALT, AST, ALP, and LDH level.
Increase in the level of these enzymes is due to oxidative stress
caused by pesticides treatment which result in the cell membrane
destruction of hepatocytes and outflow of these enzymes to the
blood (Rahman et al., 2019). The significant increase in serum
ALT, AST, ALP, and LDH level was testified in C. carpio treated with
profenofos (Rahman et al., 2020). Similar findings were also
reported in serum of Oreochromis niloticus exposed to endosulfan,
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C. carpio exposed to lufenuron, Oreochromis niloticus exposed to
deltamethrin (Dawood et al., 2020a; Ghelichpour et al., 2020;
Hussein et al., 2019).

Our results demonstrate that Chlorfenapyr, Dimethoate and
Acetamiprid severely affects the gills and liver of C. mrigala and
the degree of histopathological alterations are time dependent
i.e. the severity of alterations increased with time of exposure.
Liver is an important organ of the body controlling many functions
like homeostasis, detoxification, enzyme production and metabo-
lism etc therefore serve as a reliable biomarker organ for eco-
toxicological studies (Sharma et al., 2019). The histopathological
alterations detected in liver during the present investigation are
blood congestion, lymphocytes infiltration, pyknotic nuclei, aggre-
gation of melanomacrophage, necrosis, foamy cells, blood sinusoid
dilation, vacuolation and hypertrophy. These alterations are in
agreement with those observed in O. niloticus treated with delta-
methrin (Dawood et al., 2020b) and in Venus verrucosa exposed
to lambda-cyhalothrin (Fouzai et al., 2020). Our findings are also
coherent with (Sharma and Jindal, 2020), reported similar alter-
ation in Catla catla treated with 0.21 lg/L and 0.41 lg/L of cyper-
methrin for 45 days. Similar liver lesions in fish liver were also
reported on exposure to different pesticide (Gunal et al., 2020;
Hasan et al., 2015; Khan et al., 2019; Qureshi et al., 2016). Due to
large surface area of gills and their direct communication with
the outside aquatic environment, fish gills are considered a chief
target organ of pollutants and fluctuations in water quality
(Macirella et al., 2019). In current investigations significant
histopathological alterations were reported in the gill architecture
of all the treated groups, the alterations in the gills are very much
similar to alterations caused by cypermethrin in C. catla at the con-
centration of 0.12 lg/L and 0.41 lg/L for a period of 15th, 30th and
45th day treatment (Sharma and Jindal, 2020). Recent research
using deltamethrin (Dawood et al., 2020b) also validated similar
alterations in gills architecture of O. niloticus. All these morpholog-
ical changes in the gills especially gill epithelium uplifting and
hyperplasia of the epithelium cells dilate the space among the
exterior medium and the blood flow which act as an obstacle to
prevent the uptake of unwanted substances (Raibeemol and
Chitra, 2016). Similar alterations were also reported in gills of
Carassius auratus treated with chlorpyrifos (Macirella et al.,
2020), C. carpio treated with endosulfan (Khan et al., 2019) and L.
rohita treated with sub-lethal concentration of cypermethrin.

5. Conclusion

This investigation clearly demonstrated the adverse impacts of
Chlorfenapyr, Dimethoate and Acetamiprid pesticides on selected
hormonal, haematological and histopathological biomarker of a
freshwater fish C. mrigala. It is concluded that parameter studied
in present investigations can be used effectively as potential
biomarkers of pesticides toxicity to the fish as well as other aquatic
organisms in the field of environmental biomonitoring.
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