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Abstract

This study investigates the novel combined effects of Emamectin Benzoate
(pesticide), Acetochlor (herbicide), and Topsin-M (fungicide) on hematological
and biochemical profiles in grass carp (Ctenopharyngodon idella), to fill critical
gaps in understanding their ecotoxicological impacts on aquatic health and
sustainable fisheries. Fishes from farm in Gujranwala were acclimatized in a
freshwater aquarium laboratory for a week, then divided into four groups (E1,
E2, E3, and E4) exposed to pesticide, herbicide, and fungicide concentrations for
5 and 14 days. Blood samples were collected for hematological and biochemical
parameters. Exposure to Emamectin Benzoate induces significant increase in
WBCs, neutrophils, MCV, MCH, and platelets, while a significant decrease was
found in RBCs, lymphocytes, hemoglobin, PCV,and MCHC concentration. Acute
toxicity of Acetochlor showed an increase in WBCs, neutrophils, MCV, MCH
contents, and platelets, while a decrease in RBCs, lymphocytes, hemoglobin,
PCV, and MCHC contents was noted. Effects of Topsin-M showed an increase in
WBCs, neutrophils, MCV, MCH contents, and platelets. However, a significant
decrease in RBCs, lymphocytes, hemoglobin, PCV, and MCHC contents has
been observed. It reveals that Uric acid, serum lipase, Sodium, Phosphorous,
Bilirubin, and Potassium increased significantly. Exposure to chemicals induced
significant declines in the levels of Lactate dehydrogenase (LDH), Triglyceride,
HDL Cholesterol, SGPT (ALT) Creatinine, and ALK Phosphatase which caused
illness in fish. This work demonstrates the potential for biomonitoring aquatic
ecosystems, providing early warning indications for aquatic biomonitoring, and
contributing to safer aquaculture methods.
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1. Introduction

One of the main causes of water contamina-
tion is pesticide use. Over 200 distinct kinds of or-
ganic pesticides are utilized in hundreds of different
things, according to (Akram ez a/., 2022). Many heavy
metals, including Fe, Cr, Cd, Ni, Cu, Pb, Zn, and Mn,
are included in these insecticides. These substances
eventually find their way into water bodies, where they
have a negative impact on fish and other non-target
aquatic creatures’ physiology, growth, reproduction,
and even survival (Chaudhary er al., 2023). Among
these pesticides, synthetic organic chemicals such as
Emamectin Benzoate, although promoted as envi-
ronmentally benign continue to provide considerable
hazards to aquatic organisms. Emamectin Benzoate,
a semi-synthetic insecticide derived from the fermen-
tation of avermectin B1, is characterized by its excep-
tional efficacy, broad-spectrum activity, and minimal
toxicity to non-target organisms in comparison to con-
ventional heavy metal-based pesticides (Okoboshi ef
al., 2023). However, its extensive application in aqua-
culture, particularly for addressing sea lice (Lepeoph-
theirus salmonis) infestations in cultivated Atlantic
salmon (Salmo salar), has led to reservations of un-
wanted ecological implications (Perveen et a/., 2019).
Although emamectin benzoate is considered safer, its
residues in aquatic environments have been linked to
adverse hematological, immunological, and behav-
ioral changes in fish, challenging its ecological safety
profile (Shahjahan et al., 2022).

The most widely used active component in the
herbicide compound chloroacetanilide is acetochlor.
Acetochlor is taken by the roots and leaves of weeds,
and it prevents the weeds from synthesizing proteins
(Tomlin, 2001). Acetochlor’s effects on human health
at low ambient concentrations are unclear (Makled e?
al., 2024). Acetochlor possesses a low acute toxic ef-
fect. Chronic animal trials revealed no developmental
or fetal toxicity, but it did cause testicular shrinkage,
renal damage, and neurologic movement problems
(EPA, 2006). A systemic fungicide called Topsin-M is
used to manage diseases including wheat rust, brown
rust, downy mildew, smut, and powdery mildew (Das
et al., 2023). According to studies, whatever physio-
logical changes brought about by toxicants affecting
the water quality would be seen in the results of one
or more aquatic animals’ hematological parameters
(Opute and Oboh, 2021). The fish’s physiological state
and overall health are determined in large part by he-
matological indicators (Suchana et a/., 2021). Further-
more, these metrics accurately capture changes in an
organism and are crucial for identifying illnesses and
determining the metabolism of fish that inhabit vari-
ous ecological niches (Giri et al., 2021; Sharma and
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Behera, 2022).

Immunological and hematological param-
eters are key indicators of fish health, and aquacul-
ture’s hematological profile can help identify diseases
and stressors, improving disease therapies’ effective-
ness(Hasan ef a/., 2015). Hematocrit values are influ-
enced by various factors, including species, tempera-
ture, age, stress, photoperiod, nutritional status, sexual
maturity, health condition, water quality, fluctuations
in dissolved oxygen, gender, lotic or lentic environ-
ments, handling stress, transportation, fish inflamma-
tion, size, feeding habits, stocking density, and micro-
bial infection or parasitism (Adeyemo et al., 2009).
Precise assessment of these parameters requires appro-
priate reference values for each species. The assess-
ment of hematologic analysis enhances aquaculture
by enabling the early detection of stress and illnesses,
hence preventing detrimental impacts on productivity
(Jones et al., 2013). Blood parameters are significant
indications of physiological alterations in intensively
farmed fish and provide essential insights for disease
diagnosis and prognosis (Siwicki ef al., 1994). Recent
years have seen a sharp increase in the application of
hematological techniques in fish culture for toxico-
logical research, monitoring of the environment, and
fish medical conditions (Tahir ez /., 2024). Rapid de-
tection of hematological and clinical chemistry mark-
ers makes them useful for diagnosing and predicting
pesticide damage. Variations in these measures reveal
toxic stress on the blood and organs that generate
blood in the treated animals in particular (Rahman and
Siddiqui, 2006; Alammar, 2019). Many experimental
investigations have shown that sub-lethal pesticide
exposures, including glyphosate, endosulfan, cyper-
methrin, chlordane, dieldrin, aldrin, lambda-cyhalo-
thrin (Karate), and sulfoxaflor cause negative hema-
tological changes in fish. These alterations show up
as major disturbances in packed cell volume (PCV),
red and white blood cell counts (RBCs, WBCs), and
hemoglobin levels across many fish species (Afzal et
al., 2024). The main objective of present research was
to determine the effect of sub-lethal concentrations of
Emamectin Benzoate, Acetochlor and Topsin-M on
biochemical and hematological parameters including
erythrocytes count, leucocytes count, hemoglobin and
platelets and then comparison of the effects produced
by these chemicals (Park er a/., 2021). The novelty
of this research lies in its first comprehensive and de-
tailed investigation of the effects of toxic agrochemi-
cals Emamectin Benzoate, Acetochlor, and Topsin-M
on hematological parameters in Grass carp (Cteno-
pharyngodon idella). These parameters include total
leukocyte count (TLC), red blood cells (RBCs), neu-
trophils, lymphocytes, hemoglobin, packed cell vol-
ume (PCV), mean corpuscular volume (MCV), mean



corpuscular hemoglobin (MCH), mean corpuscular
hemoglobin concentration (MCHC), and platelets (Sa-
tyanarayan ef al., 2004)

2. Materials and Methods
2.1 Materials

2.1.1 The equipments

The equipments that were used in this study,
freshwater aquarium, where the fish were kept for
an acclimatization period before exposure to the test
chemicals. To maintain proper oxygen levels, air
pumps (Hailea HX88 series water pump, UK) were
used for continuous aeration in the aquariums. For
blood sample collection, heparin syringes (Lovenox,
LLC, USA) were utilized, ensuring that the samples
were drawn effectively. For the collected blood sam-
ples which were transferred into EDTA tubes (BD,
Vacutainer®, USA). Digital pH Meter (VIVOSUN®,
USA) was used for measuring pH.

2.1.2 The materials

A systematic approach was applied for the
sample collection and preparation. The experimental
work of this study was conducted at Department of
Chemistry, Government Postgraduate College Har-
ipur, Khyber Pakhtunkhwa Pakistan. Forty healthy
Grass carp fish were purchased from Atif farm, Gu-
jranwala, Pakistan. Fish were collected within plastic
bags containing water and transported to the labora-
tory for study. Three different types of commercial
chemical/pesticides have been used for experimental
work. These were Emamectin Benzoate, Acetochlor
and Topsin-M of analytical grade all the chemicals
purchased of Sigma-Aldrich©, Germany. During the
sampling process, clove oil (Piping Rock® LLC,
USA) was used to anesthetize the fish, ensuring mini-
mal stress and discomfort.

2.1.3 Ethical approval

This research study was conducted in compli-
ance with ethical guidelines and was approved by the
Animal Ethics Committee of Government Postgradu-
ate College Haripur, affiliated with the University of
Haripur, Pakistan. The approval was granted under
case number G/GE-24302 on March 14, 2024. All pro-
cedures involving the use of fish were carried out in
accordance with the ethical standards and regulations
established by the committee to ensure the humane
treatment and welfare of the animals.

2.2 Methods

2.2.1 Acclimatization period
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Fishes were allowed to adjust with laboratory
conditions for a week before the start of experiment.
Fishes were kept in 40 L oxygenated glass aquaria
having de-chlorinated tap water having temperature
20-25°C, dissolved oxygen 100% saturation (bub-
bling) and pH 7.6-7.8 respectively. In this period fish
were given pelleted commercial food. About 70 % of
water was renewed on daily basis during the whole
study.

2.2.2 Sample collection

The experiment was conducted for 14 days.
Grass Carp fishes were captured with a hand net and
were made unconscious using clove oil. Blood sam-
ples were taken from the veins with the help of hepa-
rin syringes containing ethylene diamine tetra acetate
(EDTA) as anticoagulant and immediately transferred
to EDTA tubes. The EDTA tubes were shaken very
slowly and smoothly for anticoagulant.

2.2.3 Hematological parameters

The collected blood was used for biochem-
ical and hematological tests; total red blood cells
(RBCs) content, total white blood cells (WBCs) con-
tent, hemoglobin (Hb) content, neutrophils content,
lymphocyte content, pack cell volume (PCV) content
and platelets content. Similarly, the mean corpuscu-
lar volume (MCV), mean corpuscular hemoglobin
(MCH), and mean corpuscular hemoglobin concentra-
tion (MCHC) constituted the corpuscular indices. All
groups’ biochemical and hematological parameters
(aquaria) were analyzed.

2.2.4 Experimental design

Three different types of solutions (5ppb) for
each of Emamectin Benzoate, Acetochlor, and Top-
sin-M were prepared. Four aquaria were taken and
filled with 40 L of fresh tap water. Forty Grass Carp
fish were divided randomly in 4 groups, 10 fish for
each group in each aquarium. Group 1 served as con-
trol (without any treatment), Group 2 treated with
pesticide, Emamectin Benzoate, Group 3 treated with
herbicide, Acetochlor, Group 4 treated with fungicide,
Topsin-M, Constant amount of chemicals and water
were changed every 24 hours during this experiment.
The water in each aquarium was aerated using air
pumps at room temperature (20-25°C).

2.3 Analysis Data

After the experiment, statistical data from
all four groups was compared using one-way analy-
sis of variance (ANOVA) to see if at least one type
of treatment is significantly different from the others
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and significant difference value is p < 0.05. This was
done using Statistical Package for the Social Sciences
(SPSS) version 20. The next section presents the ana-
lyzed results in the form of tables and graphs (Fiandini
et al.,2024).

For the assumptions of normality
H=12/(N(N+1))3*_ (Ri2-3)/ni(N+1)......ccoeunenee, (1)
For all four groups comparison

HSD = qua, k, df

within V(S within yn) ©*© "+ + e ens (i1)

Where :

q = critical value from Studentized range distribution

3. Results and Discussion
3.1 Results
3.1.1 Hematological parameters

Exposure to pesticides (Emamectin Benzo-
ate), herbicides (Acetochlor), and fungicides (Top-
sin-M) by taking same concentration of 5 ppb has
affected the hematology of Grass carp. Several chang-
es in their hematological parameters; number of red
blood cell, white blood cell and platelets, neutrophils
content, lymphocytes content, hemoglobin concentra-
tion, mean corpuscular hemoglobin, mean corpuscu-
lar volume and mean corpuscular hemoglobin con-
centration during acute toxicity were observed.

3.1.1.1 Effects of emamectin benzoate on hematological
parameters

Exposure of Grass carp to pesticides i.e.,
Emamectin Benzoate, number of WBCs significantly
p < 0.05 increased 373.93 £ 10.12 /uL in this group
than control group 132.53 + 7.1.0 /uL. On the oth-
er hand, total RBCs significantly p < 0.05 decreased
1.58 + 0.13x10°/uL as compared to control group
6.38 £ 0.55x10° /uL. Likewise, hemoglobin content
also significantly p < 0.05 decreased 7.3 = 0.4 g/dL in
this group as compared to control group 13.9 + 0.92
g/dL. Lymphocytes content slightly decreased 90.33
+ 1.53 % as compared to the control group 94.33 +
0.58 % and Neutrophils content slightly increased
9.67 = 1.53 % as compared to the control group 5.67
+ 0.58 %. The PCV contents, significantly p < 0.05
decreased 23.03 + 1.40 % in treated group as com-
pared to the control group 77.4 £ 3.45 %. While MCH
content a significant p < 0.05 increased 46.57 £+ 6.59
pg in treated group as compared to the control group
21.90 £+ 3.06 pg and a significant p < 0.05 increase in
MCYV content 147 + 21.79 fL as compared to control
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group 53.96 + 9.62 fL. was noted. The MCHC con-
tents were significantly p < 0.05 decreased 31.7 +
0.53 g/dL in treated group than control group 40.85
+ 2.85 g/dL. Similarly, the number of platelets sig-
nificantly p < 0.05 increased 250.49 + 10.81x10°/uL
in treated group as compared to control group 82.5 +
7.00%103/uL due to exposure to 5 ppb concentration
of Emamectin Benzoate. The results of the effects of
Emamectin Benzoate are shown in Table 1.

3.1.1.2 Effects of acetochlor on hematological pa-
rameters

Exposure of Grass carp to Acetochlor has
shown several changes in the total blood cells count
of treated fishes. Overall, WBCs count significantly
p < 0.05 increased 202.91 + 2.61 /uL in the treated
group than control group 132.53 = 7.10/uL. Oth-
erwise, total RBCs count significantly p < 0.05 de-
creased 3.41 = 0.51x10%/uL in the treated than con-
trol group 6.38 = 0.55x10°/uL. Likewise, hemoglobin
content also significantly p < 0.05 decreased 9.54 +
0.73 g/dL as compared to control group 13.9 + 0.92
g/dL. While both Lymphocytes 93.67 £ 1.53 % and
Neutrophils 6.33 = 1.53 % content of treated group is
just like the control group. The MCV contents were
increased non-significantly p > 0.05 in this group
84.08 + 17.56 fL than control group 53.96 £+ 9.62 fL
and MCH contents showed non-significant p > 0.05
increased 28.19 £ 2.64 pg than control group 21.90 +
3.06 pg. The PCV content showed non-significant p >
0.05 decrease 28.10 £ 2.23 % in treated group as com-
pared to the control group 77.4 + 3.45 %. The value of
MCHC significantly p < 0.05 decreased 34.18 £ 5.14
g/dL as compared to the control group 40.85 +2.83 g/
dL. Similarly, the number of platelets increased sig-
nificantly 179.76 + 2.04x10%/uL in treated group as
compared to the control group 82.5 + 7.00x10* /uL
during the exposure to 5 ppb of Acetochlor. The re-
sults of the effects of acetochlor are shown in Table 1.

3.1.1.3 Effects
parameters

of topsin-M on hematological

Exposure of Grass carp to fungicides i.e.,
Topsin-M has affected the hematological parame-
ters. Overall, number of WBCs significantly p < 0.05
increased 141.77 £ 2.86 /uL in treated group than
control group 132.53 + 7.10 /uL. On the other hand,
total RBCs significantly p < 0.05 decreased 5.17 +
0.30%10°/uL than control group 6.38 &= 0.55x10°/uL.
Likewise, hemoglobin content non-significantly p >
0.05 decreased 12.65 £ 1.93 g/dL in treated group as
compared to control group 13.9 £ 0.92 g/dL. Lympho-
cytes and Neutrophils contents were slightly affected
i.e., less than 1 % decrease noted as compared to con-



trol group 94.33 £ 0.58 % and less than 1 % increase
noted as compared to control group 5.67 + 0.58 %
respectively. In case of PCV content, a non-signif-
icant p > 0.05 decreased 32.39 + 0.81 % in treated
group occurred as compared to control group 77.4 +
3.45 %. While MCH content was slightly increased
24.5 £ 4.82 pg in treated group as compared to con-
trol group 21.90 + 3.06 pg and an increase in MCV
content 62.74 + 4.22 fL. as compared to control group
53.96 + 9.62 fL has occurred. In case of MCHC con-
tent a decreased 38.97 = 5.10 g/dL in treated group
than control group 40.85 + 2.83 g/dL was noted. Sim-
ilarly, the number of platelets significantly p < 0.05
increased 132.13 + 2.20x10%/uL in treated group as
compared to the control group 82.5 + 7.00x10* /uLL
with the exposure of 5 ppb of Topsin-M. The results
of the effects of Topsin-M are shown in Table 1.
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content, hemoglobin concentration, mean corpuscu-
lar hemoglobin, mean corpuscular volume and mean
corpuscular hemoglobin concentration as shown in
Table 1. In case of Emamectin Benzoate, a significant
p < 0.05 increase in WBCs, neutrophils, MCV, MCH
contents and platelets, while a significant p < 0.05 de-
crease in RBCs, lymphocytes, hemoglobin, PCV and
MCHC contents have been observed. An exposure
to Acetochlor showed an increase in WBCs, neutro-
phils, MCV, MCH contents and platelets, while a de-
crease in RBCs, lymphocytes, hemoglobin, PCV, and
MCHC contents was noted. However, the observed
effects of Acetochlor were lesser then Emamectin
Benzoate. In case of Topsin-M, an increase in WBCs,
neutrophils, MCV, MCH contents and platelets have
been shown, while a decrease in RBCs, lymphocytes,
hemoglobin, PCV and MCHC contents were noted.

Table 1. Summarized Hematological parameters of both control and treated groups on grass carp.

;’0. H;:;z:;)lle(i%icsal Control Groups Emame(cstli)rln,ll)a)enzoate Ac(est;);::;or Topsin-M (Sppb)
1. T.L.C 132.53+7.10 373.93+10.12* 202.91+£2.61%* 141.77+2.86*
2. RBCs 6.38+0.55 1.58+0.13* 3.41+0.51* 5.17+0.30*
3. Neutrophils 5.67+0.58 9.67+1.53* 6.33+£1.53 6.33+0.58
4. Lymphocytes 94.33+0.58 90.33+1.53* 93.67+1.53 93.67+0.58
5. Hemoglobin 13.9+0.92 7.3+0.4%* 9.54+0.73* 12.65+1.93
6. PCV 77.4+3.45 23.03+1.40* 28.10+2.23 32.39+0.81
7. MCV 53.96+9.62 147421.79%* 84.08+17.56 62.74+4.22
8. MCH 21.90+3.06 46.57+6.59* 28.19+2.64 24.5+4.82
9. MCHC 40.85+2.83 31.7+0.53* 34.18+5.14 38.97+5.10
10. Platelets 82.5+7.00 250.49+10.81* 179.76+2.04* 132.13+£2.20*

3.1.1.4 Comparison of the results of toxic effects of
emamectin benzoate, acetochlor and topsin-M on
hematological parameters of grass carp

Comparison of the results of toxic effects of
Emamectin Benzoate, Acetochlor and Topsin-M in
case of all the treated groups of Grass carp fish have
shown several changes in their hematological pa-
rameters i.e., number of red blood cell, white blood
cell and platelets, neutrophils content, lymphocytes

However, the observed effects Topsin-M were lesser
than Acetochlor.

Units of measurement: T.L.C (/uL), RBCs (x10%/
uL), Neutrophils (%), Lymphocytes (%), Hemoglo-
bin (g/dL), PCV (%), MCV (fL), MCH (Pg), MCHC
(g/dL) and Platelets (x10%/uL). Values are expressed
as Mean = S.D (n=3 fish per treatment). Mean with *
expresses differences statistically significant in com-
parison to the control group at p < 0.05.
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3.1.2 Biochemical parameters

3.1.2.1 Effects of emamectin benzoate on biochemical
parameters

Exposure to pesticides Emamectin Benzoate,
number of total Bilirubin significantly increased 4.00
+ 0.65 than control group 0.07 + 0.17. Uric Acid also
increased 7.43 + 0.50 than control group 0.80 + 0.55.
Likewise, Sodium content also increased 164 + 5.56
as compared to control group 75.00 + 5.29. Potas-
sium content showed huge increase 15.66 + 3.05 as
compared to control group 2.63 + 0.40 and Phospho-
rous increased 22.63 £ 5.84 than control group 2.70
+ 0.300. In case of Serum Lipase, it increased 10.66
+ 4.04 as compared to control group 1.33 + 0.35. In
case of HDL Cholesterol, it decreased 15.33 + 6.50
than control group 58.33 + 4.16. LDH content de-
creased 569.3 + 5.50 in treated group as compared to
the control group 940 + 9.45. Similarly, the number
of Creatinine decreased 0.45 + 0.47 as compared to
the control group 1.33 + 0.07. Triglycerides also de-
creased 16.00 + 4.58 than control group 62.00 = 6.55
and same SGPT (ALT) also decreased 31.66 =4.16 as
compared to the control group 53.66 = 6.02 and de-
creased in alkyl phosphatase content 5.66 + 3.05 than
control group 16.00 = 3.00 with the 5-ppb concentra-
tion of Emamectin Benzoate Table 2.

3.1.2.2 Effects
parameters

of acetochlor on biochemical

Exposure to herbicide acetochlor, number of
total bilirubin significantly increased 2.46 + 0.83 as
compared control group 0.07 = 0.17. Uric Acid also
increased 3.70 + 0.72 than control group 0.80 + 0.55.
Likewise, Sodium content also increased 133.6 + 4.04
as compared to control group 75.00 £ 5.29. Potassium
content show huge increase 7.50 + 0.30 as compared
to control group 2.63 + 0.40 and Phosphorous in-
creased 13.66 + 4.36 than control group 2.70 = 0.300.
In case of Serum Lipase, it increased 5.66 = 3.51 as
compared to control group 1.33 + 0.35 and increased
in alkyl phosphatase content 6.33 + 2.08 than control
group 16.00 £ 3.00. In case of HDL Cholesterol, it de-
creases 39.33 + 4.50 than control group 8.33 + 4.16.
LDH content decreased 842 + 4.58 in treated group as
compared to control group 940 + 9.45. Similarly, the
number of Creatinine decrease 0.85 + 0.30 as com-
pared to control group 1.33 + 0.07. Triglycerides also
decreased 24.66 + 5.50 than control group 62.00 +
6.55 and similarly SGPT (ALT) also decreased 43.00
+ 6.245 as compared to control group 53.66 £ 6.02
with exposure of 5 ppb concentration of Acetochlor
as shown in Table 2 and in Figure 1.

3.1.2.3 Comparison of the results of toxic effects of
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emamectin benzoate and acetochlor on biochemical
parameters of grass carp

Comparison of all the treated groups which
showed several changes in their biochemical parame-
ters that are number of total bilirubin, uric Acid, sodi-
um, potassium, phosphorous, serum Lipase increased
while number of creatinine, triglyceride, HDL choles-
terol, SGPT (ALT), LDH and alkyl phosphatase de-
creased as compared to control group during chronic
toxicity shown in Table 2. In case of Emamectin Ben-
zoate (Sppb), which showed increase of total Biliru-
bin, uric acid, sodium, potassium, phosphorous, serum
lipase in number, while a significant decrease in cre-
atinine, triglyceride, HDL cholesterol, SGPT (ALT),
LDH and alkyl Phosphatase was noted as compared
to untreated (control) group. In case of acetochlor
(5ppb), which shows increase of total bilirubin, uric
acid, sodium, potassium, phosphorous, serum lipase
in number, while a significant decrease in creatinine,
triglyceride, HDL cholesterol, SGPT (ALT), LDH and
alkyl phosphatase was noted as compared to untreated
(control) group.

Different types of chemicals; like insecticides,
herbicides and fungicides, are in use to produce high
yield of crops. However, their excessive use cause
harmful effect to the human health and contaminate
the environment. The current study aimed to deter-
mine the effects of sub-lethal concentrations (5 ppb)
of insecticide (Emamectin Benzoate), herbicide (Ace-
tochlor), and fungicide (Topsin-M) on hematological
parameters including erythrocytes count, leucocytes
count, hemoglobin and platelets of Grass carp fish
during acute toxicity (120 hours).

3.2 Discussion

The Grass carp was first described by Valen-
ciennes in 1844, they are commercially available for
food in Pakistan. According to Gabriel ez al. (2007a),
an aquatic animal, fish are directly exposed to the
aquatic environment, which may influence their hema-
tological traits. Blood is an excellent bio-indicator of
an organism’s health and is one of the hematological
indicators used to assess the health state of fish (Joshp
et al., 2002). Since fish blood has been demonstrated
to be susceptible to stress caused by pesticides, an-
alyzing hematological features is crucial to compre-
hending both healthy and unhealthy processes as well
as the effects of toxins (Erlista et al.,, 2023; Fazio et
al., 2014).

Hematological profile analysis and histology
analysis are the standard techniques used to investi-
gate the negative impacts of various toxicants. The
changes in blood parameters show how stressed out
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Table 2. Summarized Biochemical parameters of both control and treated groups on grass carp.

S. Biochemical Control Emamectin Acetochlor (5ppb)

No. Parameters Groups Benzoate (Sppb) PP
Metabolites

j,  Touwl Bﬂ(;rLu)bm (mg/ 0.07+0.17 2.46+0.83* 4.00+0.65*

2. Creatinine (mg/dL) 1.33+0.07 0.85+0.30 0.45+0.47*

3. Uric acid (mg/dL) 0.80+0.55 3.70+0.72* 7.43+0.50%*

4. T“glycfiric)les (mg/ 62.00+6.55 24.66+5.50* 16.00+4.58*

5 HDL Cholesterol 58.33+4.16 39.33+4.50* 15.33£6.50*

(mg/dL)
6. SPGT(ALT) (U/L) 53.66+6.02 43.00+6.245 31.66+4.16*
Enzymes
7. Serum Lipase 1.33£0.35 5.66+3.51 10.66 +4.04*
8. ALK Phosphatase 16.003.00 6.33£2.081* 5.66 £3.055%
(WL)

9. LDH (U/L) 9404+9.45 84244 58* 569.3+5.50*
Electrolytes

10. Phosphorous 2.70+0.300 13.66+4.36* 22.63 £5.84*

11. Sodium (mmol/L) 75.00+5.29 133.6+4.04* 164+5.56*

12. Potassium 2.63+£0.40 7.50 £0.30* 15.66 £3.05*

fish are when they are subjected to various toxicants,
including pesticides, rodenticides, heavy metals, and
biocides (Singh er al., 2008). So, the hematologi-
cal parameters of blood can provide the information
about the body of the fish and can indicate the symp-
toms of disease.

3.2.1 Impact of environmental toxicants on fish he-
matology

The results of this study demonstrate that
grass carp exposed to the same concentration of 5
ppb of Acetochlor, Topsin-M, and Emamectin Ben-
zoate alters hematological parameters, such as plate-
lets, neutrophils, and white blood cells (WBCs), all of
which significantly increase. In contrast to the control
group, the treated groups showed a substantial drop

in red blood cells (RBCs), pack cell volume (PCV),
lymphocytes, hemoglobin (Hb) level, and mean cor
puscular hemoglobin concentration (MCHC) values.
According to David er al. (2015), the decrease in
RBCs may be due to decrease iron uptake by intestine
or due to the damage of intestinal villi and mucosal
lining. In the present work, the significant p <0.05 de-
crease in the RBCs were observed, which showed the
breakdown of RBCs of Grass carp fish on exposure
to Emamectin Benzoate, Acetochlor and Topsin-M.
It was proposed that the drop in RBC counts during
exposures may be brought on by the emergence of
hypoxia, which might result in an increase in RBC
destruction or a decrease in RBC genesis since the Hb
levels in the cellular medium are unavailable (Akin-
rotimi and Gabriel, 2012). Marked reduction in the
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Figure 1. (a) Showing comparison between RBCs of control and treated group of fish (b) WBCs of control and treated
group of fish (c) Neutrophils of control and treated group of fish (d) Lymphocytes of control and treated group of fish ()
Hemoglobin of control and treated group of fish (f) PCV of control and treated group of fish (g) MCV of control and treated
group of fish (h) MCH of control and treated group of fish (i) MCHC of control and treated group of fish and (j) Platelets
of control and treated group of fish.
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RBC, Hb and PCV in fishes infected by hemiparasites
had been reported (Shahi ez a/., 2013). However, it
may be concluded that pesticides caused harmful ef-
fects on erythrocytes during the acute toxicity.

3.2.2 Immunomodulatory effects of pesticides on fish
leukocytes

In the present study, the white blood cell was
significantly p < 0.05 increased in all treated group as
compared to the control group. A significant p < 0.05
increased in the number of WBCs was noted due to
immunological response of fish exposed to sub-lethal
concentration of Emamectin Benzoate, Acetochlor
and Topsin-M. The rise in white blood cell count
was a pathological reaction since WBCs are import-
ant throughout infestation because they stimulate the
immune system and hemopoietic tissues to produce
chemicals that act as defense against infection and an-
tibodies (Lebelo ef al., 2001). In the present investi-
gation significant p < 0.05 increase in WBCs indicate
the effect of Emamectin Benzoate, Acetochlor and
Topsin-M on the immune system of fish.

The primary blood components that protect
the body against damage, bleeding, and the admission
of foreign antigen particles into the body are white
blood cells (Velmurugan et a/., 2016). During stress,
the number of leukocytes increases significantly to
cope with conditions of stress and defend organism
(Deshmukh, 2016). In this study, significant p < 0.05
increase in WBCs during acute toxicity showed pro-
tective response and recovery of the fish on exposure
to Emamectin Benzoate, Acetochlor and Topsin-M.

Experimental results show that across treat-
ment groups, exposure to Emamectin Benzoate,
Acetochlor, and Topsin-M each given at an identi-
cal dose of 5 ppb markedly raised neutrophil level.
However, Lymphocytes got decreased by exposure to
these three pesticides. Lymphocytes make up around
85% of all leukocyte cells and are the most prevalent
type of leukocyte detected in the blood of several fish
(Groff and Zinkl, 1999). Emamectin Benzoate caused
the increase and decrease in number of neutrophils
and lymphocytes respectively as compared to Ace-
tochlor and Topsin-M. However, later two chemicals,
both numbers of neutrophils and lymphocytes were
noted to be same.

3.2.3 Agrochemical effects on RBC indices

The results of exposure of Grass carp to Ema-
mectin Benzoate, Acetochlor and Topsin-M noted to
cause alteration in Mean Corpuscular Volume (MCV),
Mean Corpuscular Hemoglobin (MCH), Mean Cor-
puscular Hemoglobin Concentration (MCHC) and
Pack Cell Volume (PCV). Potential erythrocyte shrink-
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age and physiological disturbance of red blood cells
(RBCs) owing to agrochemical interference are sug-
gested by the observed decrease in packed cell volume
(PCV) and hemoglobin (Hb) levels. The inverse link
between MCV (mean corpuscular volume) and MCH
(mean corpuscular hemoglobin) levels served to con-
firm these phenomena even further (Atamanalp ef a/.,
2002). Consistent with macrocytic anaemia a disease
marked by fewer but bigger, haemoglobin-enriched
erythrocytes this research shows a significant decrease
in RBC count across treated groups compared to con-
trols in PCV amid increased MCV and MCH levels.
According to Dzenda et al. (2004), MCHC is a good
indicator of red blood cell swelling. Hence it reduced
as concentration of toxicant increased. Our experimen-
tal study showed a significant decrease in the MCHC,
which is the indication of red blood cell swelling and
hence a decrease in hemoglobin of fish (Zhou ef al.,
2016).

Decreased in Hemoglobin (Hb) have been ob-
served in the treated groups of fishes on exposure to
three different chemicals of this study compared to
the control group. Numerous researchers examined
how toxicants affected the hematology of diverse
fish species, reporting varying degrees of hemato-
logical alterations and speculating that a decrease in
hemoglobin, red blood cells, and platelet count was
connected to the blood’s ability to transport oxygen
(Adhikari et al., 2004; Gabriel et al., 2007b) It has
been discovered that hemoglobin is degraded when
fish are exposed to pesticides.

The latest study exhibited a significant in-
crease in platelet count p < 0.05 across all treatment
groups exposed to 5 ppb of Emamectin Benzoate,
Acetochlor, and Topsin-M, in all cases. According to
Singh and Srivastava, (2010), platelets play a crucial
role in blood coagulation by absorbing numerous sub-
stances essential for clotting and transporting them to
the site of hematological changes. The findings in-
dicate that a considerable increase in platelet count
p < 0.05 enhances blood coagulation in Grass carp
exposed to pesticides.

3.2.4 Hepatic and plasma triglyceride alterations in
Grass carp from pesticide exposure

Grass Carp subjected to a 5-ppb dosage of
Emamectin Benzoate and Acetochlor exhibited signif-
icant changes in biochemical markers. The objective
was to investigate the biochemical changes in Grass
Carp subjected to equivalent concentrations of Ema-
mectin Benzoate and Acetochlor for a duration of 14
days. After statistical analysis of triglyceride shows a
regular decreasing trend in the result as compared to
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control group. According to the finding of Abdali et
al. (2011), which are compatible to our result. They
exposed the Grass carp against different diluted con-
centration of atrazine for 30 days and found the tri-
glyceride to be decreased compared to control group.
Studies have been done on the effects of increased
toxin concentration on the liver, digestive tract, and
associated enzymes, as well as on fish hormone levels
and natural metabolic imbalances, and on the decrease
of triglyceride volume in blood plasma (Robinson,
1990). According to the results concluded by Rajini
et al. (2014), the elevation is reported in the value of
triglyceride when 50 % of alachlor was introduced for
biochemical alteration in Calarias batrachus during
the cessation exposure. Triglycerides were shown to
be significantly elevated in the liver tissue of fish sub-
jected to 0.32 mg/L and 0.65 mg/L following the ex-
posure, as compared to the control group. Following
the reversal phase, fish exposed to 0.32 mg/L and 0.65
mg/L. showed a substantial reduction in triglycerides
in their liver tissues and a rise in their gill tissues; the
elevation in gill tissue was not significant in either of
the exposed fish.

Exposure of Grass Carp to 5 ppb of Ema-
mectin Benzoate and Acetochlor resulted in signifi-
cant modifications of the biochemical parameters.
The current investigation found a reduction in SGPT
levels when exposed to equivalent concentrations of
Emamectin Benzoate and Acetochlor compared to the
control group. According to the finding of (Singh and
Zahra, 2019), which was not compatible to present re-
sults showed an increasing order of SGPT, for fresh
water fishes Heteropneustes fossilis exposed against
Cypermethrin for 15 days. This study found that the
CYP treated group had higher concentrations of SGPT
enzyme activity in their serum during both acute and
long-term exposure periods. This finding may be relat-
ed to the harmful effects of nitroso compounds, which
are formed in the stomach’s acidic environment and
cause enzymatic changes because of cellular damage.
Many enzymes that are typically found in the cytosol
are released into the bloodstream when the liver cell
membrane is disrupted. An increase in SGPT signifies
the use of amino acids in oxidation processes to re-
lease energy (Fazlolahzadeh er al., 2011).

To investigate the biochemical changes in
Grass carp subjected to equivalent concentrations of
Emamectin Benzoate and Acetochlor over a 14-day
period. The statistical analysis of uric acid demon-
strated a consistent upward trend in comparison to the
control group. According to the finding of Qadir ez al.
(2014), which was not compatible to our result showed
decreasing trend Labeo rohita for sub lethal dose of
120 mgL-' of Imidacloprid for 16 days. According to
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(Alwan et al., 2009), which was compatible to pres-
ent result showed an increasing trend of uric acid in
For ninety-six hours, freshwater fish (7ilapia zillii)
were exposed to aluminum. The blood analysis in this
investigation revealed a considerably higher level of
uric acid than in the control. Increased muscle tissue
catabolism, impaired glucose metabolism, or glomer-
ular insufficiency might all be contributing factors to
this elevation in uric acid (Murray ez al., 1990).

3.2.5 Emamectin and acetochlor effects, bilirubin
rise, creatinine/ALP drop in Grass carp

Exposure of Grass Carp to 5 ppb of Ema-
mectin Benzoate and Acetochlor resulted in signifi-
cant changes in biochemical parameters. The current
investigation found an elevation in total bilirubin lev-
els upon exposure to Emamectin Benzoate and Ace-
tochlor compared to the control group. A significant
elevation in total bilirubin levels was found in all
treatment groups. The result reported by (Inyang er
al., 2016), were same when common African catfish
(Clarias gariepinus) was exposed to different concen-
tration of fluazifop-p-butyl to determine the biochem-
ical parameter. The bilirubin was showing increased
value which was compatible with result of present
study. The results indicated a reduction in Creatinine
levels in the treatment groups relative to the control
group. A significant reduction in creatinine levels
was found in all treatment groups. The result reported
by (Inyang et al., 2016) were different when common
African catfish (Clarias gariepinus) was exposed to
different concentration of fluazifop-p-butyl to deter-
mine the creatinine and was showing an increase,
which was not compatible with present result.

Grass Carp exposed to comparable concen-
trations of Emamectin Benzoate and Acetochlor for
14 days exhibited a consistent decline in ALP levels,
as shown by statistical analysis, relative to the con-
trol group. According to the findings of Adedeji et al.
(2009), acute effect of diazinon on plasma biochem-
ical values of African catfish (Clarias gariepinus)
a decrease in ALP was observed after exposure to
alachlor for 21 days during which reduction as well
as elevation was reported. Changes in alkaline phos-
phatase may be caused by the effects of pesticides,
as multiple researchers have observed. Alkaline phos-
phatase is involved in the maintenance of the ortho-
phosphate pool transport of phosphoryl groups as well
as the hydrolysis and esterification of the metabolites
through the membrane transport (Rana ez al., 2002).
The organism’s damage may be the cause of the al-
kaline phosphatase enzyme’s activity. In a freshwater
edible fish species called Sarotherodon mossambicus
(Peters), the impact of a sub-lethal dosage of a carba-



mate pesticide was investigated on the activity of the
enzyme’s acid and alkaline phosphatase in the liver
and muscle following 24, 48, 72, and 96 hours of ex-
posure. The drastic decrease in tissue alkaline phos-
phatase enzyme may have been an adaptive response
by the fish to satisfy energy requirements, facilitating
the anaerobic breakdown of glycogen (Shaikila ez al.,
1993).

To find out the biochemical alteration in
Grass Carp, it was exposed to similar concentration
of Emamectin Benzoate and Acetochlor for 14 days
after the statistical analysis of LDH showed a regular
decreasing trend as compared to control group. Find-
ings of (Christo Queensly ez al.,, 2015), were compat-
ible to the outcome of this investigation for Cypri-
nus carpio (L) treated to 0.129 mg/L of cypermethrin
and organ phosphorus insecticide for 96 hours. Heart,
liver, kidney, pancreas, spleen, lung (gill), red blood
cells, and brain tissue all contain LDH. These tissues
are impacted by illnesses or injuries, and the cells are
killed, particularly in the liver. According to Yaji et
al. (2011), the substantial drop in LDH activity in the
blood serum of Oreochromis niloticus indicates liver
dysfunction, which might have impacted the liver’s
ability to synthesize triglycerides or caused a slow-
down in metabolic rate because of exposure to cyper-
methrin. Also observed in similar findings by Naveed
et al. (2011), that substantial drop in LDH activity in
Channa punctatus blood plasma moreover indicates
that exposure to triazophos has caused a reduction in
the glycolytic process because of the lowered meta-
bolic rate.

To determine the biochemical alteration in
Grass carp, they were exposed to similar concentra-
tion of Emamectin Benzoate and Acetochlor for 14
days. After the statistical analysis of serum lipase
showed a regular increasing trend as compared to
control group. The result reported by Samanta ef al.
(2014), was compatible with our result and an increas-
ing trend was shown when teleostean fish exposed to
Almix herbicide for 30 days. Lipase activity was sig-
nificantly elevated from control value. Stomach, liver
and intestine showed increased activity of lipase. The
result reported by Rani er a/. (2017), was not com-
patible with result of this study and decreasing trend
was shown when L. rohita exposed to organophos-
phates for 30 days. Fish treated to all three herbicides
separately or in combination have shown a significant
dose-dependent decrease in lipase activity levels.
When L. rohita is exposed to malathion together with
dimethoate and chlorpyrifos at 0.001 ppm and 0.0001
ppm concentrations, respectively, lipase activity in
blood serum is reduced by up to 23.1 % and 15.1%,
respectively.
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To determine the biochemical alteration in
Grass Carp, they were exposed to similar concentra-
tion of Emamectin Benzoate and Acetochlor for 14
days. After the statistical analysis of data for potas-
sium showed a regular increasing trend in the result
as compared to control group. The result reported by
(Adedeji et al., 2009), was compatible with our result
and increasing trend was shown when African catfish
(Clarias gariepinus) was exposed to different concen-
tration of diazinon for 96 hours. To examine the bio-
chemical alteration in Grass Carp for 168 hours, when
it was exposed to similar concentration of Emamectin
Benzoate and Acetochlor the phosphorous being elec-
trolyte was increased in results. Electrolytes play a
fundamental role in the body by regulating fluid dis-
tribution, preserving intra- and extracellular acid-ba-
sic balance, preserving bodily fluid osmotic pressure,
and promoting appropriate neuro-muscular irritability
(Harper, 1997).

Emamectin Benzoate, Acetochlor, and Top-
sin-M are hematotoxin agents that induce oxidative
stress, dysfunction of the organs, and disruption of
hematopoiesis in fish. Emamectin Benzoate changes
the flow of ions and the activity of neurons and mus-
cles. It also changes how the body regulates osmoreg-
ulation and absorbs oxygen, which causes low oxygen
levels and damage through reactive oxygen species
(ROS). Acetochlor, Emamectin Benzoate, and Top-
sin-M are hematotoxic chemicals that damage organs,
cause oxidative stress, and mess up the process of he-
matopoiesis in fish. Emamectin Benzoate affects the
transport of ions and neuromuscular activity, affect-
ing osmoregulation and intake of oxygen, resulting
in systemic hypoxia or damage from reactive oxygen
species (ROS). Acetochlor, a chloroacetanilide herbi-
cide, stimulates an increase in metabolism in the liv-
er, which results in peroxidation of lipids and meth-
ylation of DNA, hence affecting hematopoiesis in the
kidneys and spleen. Topsin-M, which has thiophan-
ate-methyl in it, stops hematopoietic stem cells from
putting together microtubules. This stops mitosis and
erythropoiesis, which causes microcytic anemia and
lower hemoglobin levels. Its estrogen-mimicking
characteristics enhance immune system dysfunction
and chronic inflammation. The level of toxicity is
based on how quickly Emamectin affects important
ion channels and makes reactive oxygen substances.
Acetochlor, similarly, requires an accelerated metab-
olism, while Topsin-M provides a reduced influence
on mitosis. Further study on oxidative indicators and
transcriptome analyses is necessary to identify dys-
functional hematopoiesis pathways. The herbicide ac-
etanilide enhances metabolic activity.

Copyright ©2025 Faculty of Fisheries and Marine Universitas Airlangga




Badshah et al. / JIPK, 17(2):389-403

|

4. Conclusion

In this study, it has been concluded that by ex-
posing the Grass carp (Ctenopharyngodon idella) at
room temperature to concentration (5 ppb) of Ema-
mectin Benzoate (an insecticide), Acetochlor (a herbi-
cide) and Topsin-M (a fungicide), the Biochemical and
Hematological parameters like RBCs, WBCs, Plate-
lets count, Neutrophils, Lymphocytes, Hemoglobin,
Pack Cell Volume (PCV), Mean Corpuscular Volume
(MCV), Mean Corpuscular Hemoglobin (MCH), Mean
Corpuscular Hemoglobin Concentration (MCHC) get
altered in different extents in treated groups of fish.
This has been also concluded that Emamectin Benzo-
ate is more toxic than Acetochlor and Acetochlor is
more toxic than Topsin-M. They noted to cause harm-
ful effects on hematological profile of Grass carp fish
and hence are deleterious to aquatic life and environ-
ment. This study recommend that great care must be
done to control aquatic pollution and to present aquat-
ic life by the minimum or controlled usage of investi-
gated three pesticides because the use or presence of
such pesticides in aquatic environment is the cause of
ailment in fish. In this study only single species were
used and presumably evaluated acute effects a short-
term exposure, but chronic, low-dose exposure is
more pertinent for analyzing long-term consequences
on fish populations and ecosystems. Future studies can
examine long-term ecotoxicological assessments of
agrochemical combinations, new remediation meth-
ods, stronger regulations, and pesticide toxicity using
omics technologies. Aquatic biodiversity protection
requires community-based awareness campaigns and
a coordinated science, policy, and public engagement
strategy. The findings emphasize the need for stricter
environmental monitoring policies and suggest further
investigations using molecular and chronic exposure
endpoints to assess long-term ecosystem risks.

Acknowledgement

We would like to extend our heartfelt appre-
ciation to the entire team at GPGC Haripur for their
invaluable contributions to this research. Your dedi-
cation and hard work made this achievement possible.
Thank you for your commitment and collaboration.

Authors’ Contributions

Khan Dil Badshah: Experimental work, Writ-
ing, Supervision, Data analysis, Bilal Riaz: Experi-
mental work, Writing, Editing, Data analysis, Rameen
Ejiz: Experimental work, Writing, Editing, Data anal-
ysis, Ashfaq A. Khan: Experimental work, Writing,
Data editing, Supervision, Data analysis, Kamran

Mehdi: Writing, Editing, Data analysis, Saqib Khan:
Writing, Editing, Data analysis, Curation, Sania Riaz:
Writing, Editing, Data analysis, Naseer Ahmed: Writ-
ing, Editing, Data analysis, curation, Graphing.

Conflict of Interest

The authors declare that they have no compet-
ing interests.

Declaration of Artificial Intelligence
(AI)

The author(s) affirm that no artificial intelli-
gence (Al) tools, services, or technologies were em-
ployed in the creation, editing, or refinement of this
manuscript. All content presented is the result of the
independent intellectual efforts of the author(s), ensur-
ing originality and integrity.

Funding Information

There was no source of funding.

References

Abdali, S., Yousefi, J. A., Kazemi, R., & Yazdani,
M. A. (2011). Effects of atrazine (herbicide) on
blood biochemical indices of grass carp (Cteno-

pharhyngoden idella). Journal of the Persian
Gulf, 2(5):51-56.

Adedeji, O., Adeyemo, O., & Agbede, S. (2009). Ef-
fects of diazinon on blood parameters in the Afri-
can catfish (Clarias gariepinus). African Journal
of Biotechnology, 8(16):1-7.

Adeyemo, O. K., Okwilagwe, O., & Ajani, F. (2009).
Comparative assessment of sodium EDTA and
heparin as anticoagulants for the evaluation of
haematological parameters in cultured and fe-
ral African catfish (Clarias gariepinus). Brazil-

ian Journal of Aquatic Science & Technology,
13(1):19-24.

Adhikari, S., Sarkar, B., Chatterjee, A., Mahapatra, C.,
& Ayyappan, S. (2004). Effects of cypermethrin
and carbofuran on certain haematological param-
eters and prediction of their recovery in a fresh-
water teleost, Labeo rohita (Hamilton). Ecotoxi-
cology and Environmental Safety, 58(2):220-226.

Afzal, G., Ali, H. M., Hussain, T., Hussain, S., Ahmad,
M. Z., Naseer, A., Igbal, R., Aslam, J., Khan, A.,
Elsadek, M. F., Al-Mungedhi, B. M., & Hussain,
R. (2024). Effects of sub-lethal concentrations of
lindane on histo-morphometric and physio-bio-

400

JIPK: Scientific Journal of Fisheries and Marine



https://doi.org/10.52547/aqudev.16.4.83
https://academicjournals.org/app/webroot/article/article1379930856_Adedeji%20et%20al.pdf
https://www.academia.edu/1883034/Comparative_assessment_of_sodium_edta_and_heparin_as_anticoagulants_for_the_evaluation_of_haematological_parameters_in_cultured_and_feral_african_catfish_Clarias_
https://doi.org/10.1016/j.ecoenv.2003.12.003
https://doi.org/10.1371/JOURNAL.PONE.0304387

JIPK

Vol 17 No 2. June 2025 | Bio-Monitoring of Aquatic Environment: Hematological and Biochemical Changes in..

chemical parameters of Labeo rohita. Plos One,
19(7):1-24.

Akinrotimi, O., & Gabriel, U. (2012). Haematological
profiles of Clarias gariepinus brood fish raised in
water recirculating aquaculture system. Advanc-
es in Agriculture, Sciences and Engineering Re-
search, 2(2):97-103.

Akram, R., Igbal, R., Hussain, R., & Ali, M. (2022).
Effects of bisphenol a on hematological, serum
biochemical, and histopathological biomarkers in
bighead carp (Aristichthys nobilis) under long-
term exposure. Environmental Science and Pol-
lution Research, 29(15):21380-21395.

Alammar, M. (2019). Benthic foraminifera as a nov-
el bio-monitoring tool in the assessment of envi-
ronmental impacts linked to marine aquaculture
(Thesis). University of St. Andrew, Scotland.

Alwan, S., Hadi, A., & Shokr, A. (2009). Alterations
in hematological parameters of fresh water fish,
Tilapia zillii, exposed to aluminum. Journal Sci-
ence and Its Application, 3(1):12-19.

Atamanalp, M., Yanik, T., Haliloglu, H. 1., & Aras, M.
S. (2002). Alterations in the haematological pa-
rameters of rainbow trout, Oncorhynchus mykiss,
exposed to cypermethrin. The Israeli Journal of
Aquaculture — Bamidgeh, 54(3):99-103.

Chaudhary, A., Javaid, K. G., & Bughio, E. (2023).
Toxic effects of chromium chloride on hematol-
ogy and histopathology of major carp (Labeo
rohita). Egyptian Journal of Aquatic Research,
49(3):291-296.

Christo Queensly, C., Venkadesh, B., & Kumaran, T.
(2015). Impact of cypermethrin on some haema-
tological parameters in a freshwater fish, Cypri-
nus carpio L. International Journal of Develop-
ment Research, 5(1):2899-903.

Das, S., Kar, 1., & Patra, A. K. (2023). Cadmium in-
duced bioaccumulation, histopathology, gene
regulation in fish and its amelioration — A review.
Journal of Trace Elements in Medicine and Biol-
ogy, 79(5):1-21.

David, M., Sangeetha, J., Shrinivas, J., Harish, E., &
Naik, V. (2015). Effects of deltamethrin on hae-
matological indices of Indian major carp, Cirrhi-
nus mrigala (Hamilton). International Journal of
Pure and Applied Zoology, 3(1):37-43.

Deshmukh, D. (2016). Haematological response in a
freshwater fish Channa striatus exposed to endo-

sulfan pesticide. Bioscience Discovery, 7(1):67-
69.

Dzenda, T. A., Jo, A. A., & Adaudi, A. (2004). Effect of
crude mathanolic leaf extract of Tephrosia vogelii
on contraction of isolated rabbit jejunum. Paper
presented at the XXIV Annual Science Confer-
ence Physiology Sosial Nigeria Delta State Uni-
versity.

EPA, U. (2006). National primary drinking water reg-
ulations: Ground water rule; final rule. Fed Reg-
ist, 71(216):65574-65660.

Erlista, G. P., Ahmed, N., Swasono, R. T., Raharjo,
S., & Raharjo, T. J. (2023). Proteome of mono-
cled cobra (Naja kaouthia) venom and potent anti
breast cancer peptide from trypsin hydrolyzate of

the venom protein. Saudi Pharmaceutical Jour-
nal, 31(6):1115-1124.

Fazlolahzadeh, F., Keramati, K., Nazifi, S., Shirian,
S., & Seifi, S. (2011). Effect of garlic (Allium sa-
tivum) on hematological parameters and plasma
activities of ALT and AST of Rainbow trout in
temperature stress. Australian Journal of Basic

and Applied Sciences, 5(9):84-90.

Fazio, F., Piccione, G., Tribulato, K., Ferrantelli, V.,
Giangrosso, G., Arfuso, F., & Faggio, C. (2014).
Bioaccumulation of heavy metals in blood and
tissue of striped mullet in two Italian lakes. Jour-
nal of aquatic animal health, 26(4):278-284.

Fiandini, M., Bayu, A., Nandiyanto, D., Fitria, D.,
Husaeni, A., Novia, D., & Mushiban, M. (2024).
How to calculate statistics for significant differ-
ence test using SPSS: Understanding students
comprehension on the concept of steam engines
as power plant. Indonesian Journal of Science
and Technology, 9(1):45-108.

Gabriel, U. U., Amakiri, E. U., & Ezeri, G. N. O.
(2007a). Haematology and gill pathology of
Clarias gariepinus exposed to refined petroleum
oil under laboratory conditions. Journal of Ani-
mal and Veterinary Advances, 6(3):461-465.

Gabriel, U., Anyanwu, P., & Akinrotimi, O. (2007b).
Blood characteristics associated with confine-
ment stress in black chin tilapia Sarotherodon

melanotheron. Journal of Fish International,
2(2):186-189.

Giri, S. S., Kim, M. J., Kim, S. G., Kim, S. W., Kang,
J. W., Kwon, J., Lee, S. B., Jung, W. J., Sukuma-
ran, V., & Park, S. C. (2021). Role of dietary cur-

Copyright ©2025 Faculty of Fisheries and Marine Universitas Airlangga



https://doi.org/10.1371/JOURNAL.PONE.0304387
https://www.sciepub.com/reference/3997
https://doi.org/10.1007/s11356-021-17329-1
https://doi.org/10.17630/10023-18964
https://www.sciepub.com/reference/2023
https://www.researchgate.net/publication/349291877_Alterations_In_The_Hematological_Parameters_Of_Rainbow_Trout_Oncorhynchus_Mykiss_Exposed_To_Cypermethrin
https://doi.org/10.1016/j.ejar.2023.01.003
https://www.researchgate.net/publication/281237906_IMPACT_OF_CYPERMETHRIN_ON_SOME_HAEMATOLOGICAL_PARAMETERS_IN_A_FRESH_WATER_FISH_CYPRINUS_CARPIO_L
https://doi.org/10.1016/j.jtemb.2023.127202
https://www.researchgate.net/publication/277601926
https://jbsd.in/Vol%207%20No%201/Deshmukh%2067-69.pdf
https://jbsd.in/Vol%207%20No%201/Deshmukh%2067-69.pdf
https://doi.org/10.1016/j.apjtb.2015.07.002
https://www.epa.gov/ground-water-and-drinking-water/national-primary-drinking-water-regulations
https://doi.org/10.1016/j.jsps.2023.04.001
https://www.cabidigitallibrary.org/doi/full/10.5555/20113381066
https://doi.org/10.1080/08997659.2014.938872
https://doi.org/10.17509/ijost.v9i1.64035
https://funaab.edu.ng/wp-content/uploads/2012/03/ezeri.pdf
https://www.researchgate.net/publication/287210235_Blood_Characteristics_Associated_with_Confinement_Stress_in_Black_Chin_Tilapia_Sarotherodon_melanotheron
https://doi.org/10.1016/j.ecoenv.2021.112318

Badshah et al. / JIPK, 17(2):389-403

cumin against waterborne lead toxicity in com-
mon carp Cyprinus carpio. Ecotoxicology and
Environmental Safety, 219(13):1-9.

Groft, J. M., & Zinkl, J. G. (1999). Haematology and
clinical chemistry of cyprinid fish: Common carp
and goldfish. Veterinary clinics of North Ameri-
ca: Exotic animal practice, 2(3):741-776.

Harper, H. A. (1997). Pfeiheld fysiologické chemie.
Avicenum, Praha, 14(2):639.

Hasan, Z., Ghayyur, S., Hassan, Z. U., & Rafique, S.
(2015). Histomorphometric & haematological
profile of grass carp (Ctenopharyngodon idella)
during acute endosulfan toxicity. Pakistan Veteri-
nary Journal, 35(1):23-27.

Inyang, I. R., Okon, N. C., & Izah, S. C. (2016). Effect
of glyphosate on some enzymes and electrolytes
in Heterobranchus bidosalis (a common African
catfish). Biotechnological Research, 2(4):161-
165.

Jones, P., Hammell, K., Gettinby, G., & Revie, C. W.
(2013). Detection of emamectin benzoate toler-
ance emergence in different life stages of sea lice,
Lepeophtheirus salmonis, on farmed Atlantic

salmon, Salmo salar L. Journal of Fish Diseases,
36(3):209-220.

Joshp, P., Bose, M., & Harish, D. (2002). Changes in
certain haematological parameters in a siluroid
cat fish Clarias batrachus (Linn) exposed to cad-
mium chloride. Pollution Research, 21(2):129-
131.

Lebelo, S. L., Saunders, D. K., & Crawford, T. G.
(2001). Observations on blood viscosity in striped
bass, Morone saxatilis (Walbaum) associated
with fish hatchery conditions. Transactions of the
Kansas Academy of Science, 104(3):183-195.

Makled, W. A., El Garhy, M. M., & Mahmoud, A.
(2024). Bio-monitoring of coral reef health based
on benthic foraminifera in Makadi Lagoon,
Hurghada, Red Sea Coast, Egypt: Application
of the standard foram index. Journal of African
Earth Sciences, 218(10):1-10.

Murray, R. K., D. K. Grannies, P. A. Mayes, & Rod-
well, V. (1990). Harper’s Biochemistry 23.

Naveed, A. Janaiah, C. & Venkateshwarlu, P. (2011).
The effects of lihocin toxicity on protein metabo-
lism of the fresh water edible fish, Channa punc-
tatus (Bloch). Journal of Toxicology and Envi-
ronmental Health, 1(3):18-23.

Okoboshi, A. C., Agaoru, C. G., Ezea, J., Ibeh, R.,
Udeme, J., & lke, K. E. (2023). Hepatosomatic
index and haematological profile: A bio moni-
toring tools for assessing African catfish juve-
niles (Clarias gariepinus) exposed to dimethoate
40% EC toxicity. Tropical Freshwater Biology,
31(1):17-29.

Opute, P. A., & Oboh, I. P. (2021). Hepatotoxic ef-
fects of atrazine on Clarias gariepinus (Burchell,
1822): Biochemical and histopathological stud-
ies. Archives of Environmental Contamination
and Toxicology, 80(2):414-425.

Park, C.-B., Kim, G.-E., Kim, D.-W., Kim, S., &
Yeom, D.-H. (2021). Biomonitoring the effects of
urban-stream waters on the health status of pale
chub (Zacco platypus): A comparative analysis of
biological indexes and biomarker levels. Ecotox-
icology and Environmental Safety, 208(2):1-10.

Perveen, S., Hashmi, 1., & Khan, R. (2019). Evalu-
ation of genotoxicity and hematological effects
in common carp (Cyprinus carpio) induced by
disinfection by-products. Journal of Water and

Health, 17(5):762-776.

Qadir, S., Latif, A., Ali, M., & Igbal, F. (2014). Effects
of imidacloprid on the hematological and serum
biochemical profile of Labeo rohita. Pakistan
Journal of Zoology, 46(4):1085-1090.

Rabinson, D. S. (1990). Plasma triglyceride metabo-
lism. Journal of Clinical pathology, 5(26):5-10.

Rahman, M., & Siddiqui, M. (2006). Haematolog-
ical & clinical chemistry changes induced by
subchronic dosing of a novel phosphorothionate
(RPR-V) in Wistar male and female rats. Drug
and Chemical Toxicology, 29(1):95-110.

Rajini, A., Gopi, R., Bhuvana, V., Goparaju, A., &
Anbumani, S. (2014). Alachlor 50% EC induced
biochemical alterations in Clarias batrachus
during and after cessation of exposure. Interna-
tional Journal of Fisheries and Aquatic Studies,
2(2):59-63.

Rani, M., Gupta, R., Yadav, J., & Kumar, S. (2017).
Assessment of organophosphates induced acetyl-
cholinesterase inhibition in Indian major carps.

Journal of Entomology and Zoological studies,
5(2):1369-1371.

Samanta, P., Pal, S., Mukherjee, A. K., Senapati, T.,
& Ghosh, A. R. (2014). Effects of almix herbi-
cide on metabolic enzymes in different tissues of
three teleostean fishes Anabas testudineus, Het-

402

JIPK: Scientific Journal of Fisheries and Marine



https://doi.org/10.1016/j.ecoenv.2021.112318
https://pubmed.ncbi.nlm.nih.gov/11229053/
https://www.jstor.org/stable/1585907?origin=crossref
https://www.researchgate.net/publication/274019742
http://br.biomedpress.org/index.php/br/article/view/728
https://onlinelibrary.wiley.com/doi/10.1111/jfd.12022
https://www.researchgate.net/publication/279600518
https://www.jstor.org/stable/3627812
https://doi.org/10.1016/j.jafrearsci.2024.105370
https://doi.org/10.1128/cmr.3.1.46
https://academicjournals.org/app/webroot/article/article1379413550_Naveed%20et%20al.pdf
https://doi.org/10.4314/tfb.v31i1.2
https://doi.org/10.1007/s00244-020-00792-1
https://doi.org/10.1016/j.ecoenv.2020.111452
https://doi.org/10.2166/wh.2019.261
https://api.semanticscholar.org/CorpusID:86206344
https://doi.org/10.1136/jcp.s1-5.1.5
https://doi.org/10.1080/01480540500408697
https://www.fisheriesjournal.com/vol2issue2/Pdf/17.1.pdf
https://www.entomoljournal.com/archives/2017/vol5issue2/PartR/5-2-46-647.pdf
https://www.researchgate.net/publication/261401900_Effects_of_Almix_Herbicide_on_Metabolic_Enzymes_in_Different_Tissues_of_Three_Teleostean_Fishes_Anabas_testudineus_Heteropneustes_fossilis_and_Oreochromis_niloticus

JIPK

Vol 17 No 2. June 2025 | Bio-Monitoring of Aquatic Environment: Hematological and Biochemical Changes in..

eropneustes fossilis and Oreochromis niloticus.
International Journal of Scientific Research in
Environmental Sciences, 2(5):156-163.

Satyanarayan, S., Bejankiwar, R. S., Chaudhari, P.,
Kotangale, J., & Satyanarayan, A. (2004). Impact
of some chlorinated pesticides on the haematol-
ogy of the fish Cyprinuscarpio and Puntius ticto.
Journal of Environmental Sciences, 16(4):631-
634.

Shahi, N., Yousuf, A., Rather, M., Ahmad, F., & Ya-
seen, T. (2013). First report of blood parasites
in fishes from Kashmir and their effect on the

haematological profile. Open veterinary journal,
3(2):89-95.

Shahjahan, M., Taslima, K., Rahman, M. S., Al-Em-
ran, M., Alam, S. 1., & Faggio, C. (2022). Effects
of heavy metals on fish physiology — A review.
Chemosphere, 300(24):1-18.

Sharma, J., & Behera, P. K. (2022). Abundance & dis-
tribution of aquatic benthic macro-invertebrate
families of river Ganga and correlation with en-
vironmental parameters. Environmental Monitor-
ing and Assessment, 194(8):1-14.

Shaikila, B., Thangavel, P., & Ramaswamy, M. (1993).
Adaptive trends in tissue acid and alkaline phos-
phatases of Sarotherodon mossambicus. Indian
Journal of Environmental Health, 35(1):36-39.

Singh, A., & Zahra, K. (2019). Effect of garlic extract
on mortality & biochemical parameters of fresh
water fishes Heteropneustes fossilis against Cy-
permethrin. Journal of Drug Delivery and Thera-
peutics, 9(2):14-19.

Singh, D., Nath, K., Trivedi, S., & Sharma, Y. (2008).
Impact of copper on haematological profile of
freshwater fish, Channa punctatus. Journal of
Environmental biology, 29(2):253-257.

Singh, N. N., & Srivastava, A. K. (2010). Haemato-
logical parameters as bioindicators of insecticide

exposure in teleosts. Ecotoxicology, 19(5):838-
854.

Siwicki, A. K., Anderson, D. P., & Rumsey, G. L.
(1994). Dietary intake of immunostimulants by
rainbow trout affects non-specific immunity and
protection against furunculosis. Veterinary Im
munology and Immunopathology, 41(2):125-139.

Suchana, S. A., Ahmed, M. S., Islam, S. M. M., Rah-
man, M. L., Rohani, M. F., Ferdusi, T., Ahmmad,
A. K. S., Fatema, M. K., Badruzzaman, M., &
Shahjahan, M. (2021). Chromium exposure caus-
es structural aberrations of erythrocytes, gills,
liver, kidney, and genetic damage in striped cat-
fish Pangasianodon hypophthalmus. Biological
Trace Element Research, 199(10):3869-3885.

Tahir, R., Samra, Afzal, F., Liang, J., & Yang, S. (2024).
Novel protective aspects of dietary polyphenols
against pesticidal toxicity and its prospective
application in rice-fish mode: A Review. Fish &
Shellfish Immunology, 146(3):1-21.

Tomlin C. D. S. (2001). The E-pesticide Manual. Ver-
sion 2.0. (12™ Ed). British Crop Protection Coun-
cil, [CD-ROM].

Velmurugan, B., Cengiz, E. I., Senthilkumaar, P.,
Uysal, E., & Satar, A. (2016). Haematological
parameters of freshwater fish Anabas testudineus
after sublethal exposure to cypermethrin. Envi-
ronmental Pollution and Protection, 1(1):32-39.

Yaji, A. J., Auta, J., Oniye, S. J., Adakole, J. A., &
Usman, J. I. (2011). Effects of cypermethrin on
behavior and biochemical indices of fresh water
fish Oreochromis niloticus. Electronic Journal of

Environmental, Agricultural & Food Chemistry,
10(2):371-382.

Zhou, L., Luo, F., Zhang, X., Jiang, Y., Lou, Z., &
Chen, Z. (2016). Dissipation, transfer and safety
evaluation of emamectin benzoate in tea. Food
chemistry, 1(202):199-204.

Copyright ©2025 Faculty of Fisheries and Marine Universitas Airlangga

403


https://www.researchgate.net/publication/261401900_Effects_of_Almix_Herbicide_on_Metabolic_Enzymes_in_Different_Tissues_of_Three_Teleostean_Fishes_Anabas_testudineus_Heteropneustes_fossilis_and_Oreochromis_niloticus
https://pubmed.ncbi.nlm.nih.gov/15495970
https://pubmed.ncbi.nlm.nih.gov/26623319
https://doi.org/10.1016/j.chemosphere.2022.134519
https://doi.org/10.1007/s10661-022-10158-w
https://www.cabidigitallibrary.org/doi/full/10.5555/19940501181
https://www.researchgate.net/publication/332256402_Effect_of_garlic_extract_on_mortality_and_biochemical_parameters_of_fresh_water_fishes_Heteropneustes_fossilis_against_Cypermethrin
https://pubmed.ncbi.nlm.nih.gov/18831385
https://link.springer.com/article/10.1007/s10646-010-0465-4
https://link.springer.com/article/10.1007/s10646-010-0465-4
https://doi.org/10.1016/0165-2427(94)90062-0
https://doi.org/10.1007/s12011-020-02490-4
https://doi.org/10.1016/j.fsi.2024.109418
https://www.researchgate.net/publication/257085125
https://dx.doi.org/10.22606/epp.2016.11004
https://api.semanticscholar.org/CorpusID:82363981
https://doi.org/10.1016/j.foodchem.2015.11.069

	Bio-Monitoring of Aquatic Environment: Hematological and Biochemical Changes in Grass Carp due to Toxicity of Emamectin Benzoate, Acetochlor, and Topsin-m
	1. Introduction
	2. Materials and Methods
	2.1 Materials
	2.1.1 The equipments
	2.1.2 The materials
	2.1.3 Ethical approval

	2.2 Methods
	2.2.1 Acclimatization period
	2.2.2 Sample collection
	2.2.3 Hematological parameters
	2.2.4 Experimental design

	2.3 Analysis Data

	3. Results and Discussion
	3.1 Results
	3.1.1 Hematological parameters
	3.1.1.1 Effects of emamectin benzoate on hematological parameters
	3.1.1.2 Effects of acetochlor on hematological parameters
	3.1.1.3 Effects of topsin-M on hematological parameters
	3.1.1.4 Comparison of the results of toxic effects of emamectin benzoate, acetochlor and topsin-M on hematological parameters of grass carp

	3.1.2 Biochemical parameters
	3.1.2.1 Effects of emamectin benzoate on biochemical parameters
	3.1.2.2 Effects of acetochlor on biochemical parameters
	3.1.2.3 Comparison of the results of toxic effects of emamectin benzoate and acetochlor on biochemical parameters of grass carp


	3.2 Discussion
	3.2.1 Impact of environmental toxicants on fish hematology
	3.2.2 Immunomodulatory effects of pesticides on fish leukocytes
	3.2.3 Agrochemical effects on RBC indices
	3.2.4 Hepatic and plasma triglyceride alterations in Grass carp from pesticide exposure
	3.2.5 Emamectin and acetochlor effects, bilirubin rise, creatinine/ALP drop in Grass carp


	4. Conclusion
	Acknowledgement
	Authors’ Contributions
	Conflict of Interest
	Declaration of Artificial Intelligence (AI)
	Funding Information
	References

