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Abstract
This study aimed to examine the side effects of selected neonicotinoids (Acetamiprid, Aceta, and Imidacloprid, Imid) on 
Oreochromis niloticus juveniles. The acute toxicity, Probit method, revealed an  LC50 of 195.81 and 150.76 ppm for Aceta/96 h 
and Imid/72 h respectively. The fish were divided into three groups that were exposed, for 21 days (n = 5/replicate), to 1/10 of 
the  LC50 of either neonicotinoids, however, the third was an unexposed control group. Results of erythrocytic micronucleus 
(MN), and nuclear abnormalities (NA) showed that Aceta and Imid exposure caused a significant (p < 0.05) increase in MN 
by ~ 2.2 and ~ 10 folds, respectively relative to control. NAs occurred at the order of kidney-shaped > budding > binucleated 
in Aceta, however, budding > binucleated > kidney-shaped was noticed in the Imid group. Histopathological changes in gills, 
liver, and muscles were observed significantly in both exposed groups with more severity in the Imid group. Collectively, 
Aceta and Imid have potential genotoxicity and histopathological alterations in O. niloticus.
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Neonicotinoids are highly water-soluble organic insecti-
cides commercialized in over 120 countries (Jeschke et al. 
2011). In comparison to nicotine, neonicotinoids are nico-
tinic receptor stimulants that specifically interact with the 
insect's nicotinic acetylcholine receptor (nAChR) (Simon-
Delso et al. 2015). They are categorized as nAChR com-
petitive modulators by the Insecticide Resistance Action 
Committee (IRAC) (Malhotra et al. 2021). Because neoni-
cotinoids are rapidly carried into surface water by leaching, 

percolation and runoff from agricultural regions, they pose 
a significant danger to environmental water quality, threat-
ening non-target species and aquatic organisms (Solomon 
et al. 2013; Yi et al. 2019; Marins et al. 2021). Belong-
ing to the chloronicotinyl neonicotinoids, imidacloprid and 
acetamiprid are two widely used insecticides. They have a 
broad insecticidal spectrum, excellent systemic and trans-
laminar properties, and highly active residuals (Horowitz 
et al. 1998). Firstly, acetamiprid (Aceta) is extensively used 
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in agriculture world-wide, mainly, to control lepidopteran 
and hemipteran pests in a variety of crops (Guedegba et al. 
2019; Cossi et al. 2020). The second is imidacloprid pesti-
cide (Imid) which is the most effective, widely and currently 
the best-selling neonicotinoid insecticide on rice paddies 
and other crops to control plant and leaf-hoppers, aphids, 
thrips, and insects (Demirci and Güngördü 2020; Naiel et al. 
2020; El-Garawani et al. 2021a, b). Long-term exposure to 
water contaminants, even at low concentrations, can cause 
morphological, histological, and biochemical alterations in 
fish tissues, lowering the quality and marketability of the 
fish (Haredi et al. 2020). Tilapia is a Cichlidae genus that is 
widely distributed throughout Africa, South America, and 
the Middle and Far East (Kadry et al. 2015). In Egypt, Nile 
tilapia (Oreochromis niloticus) is an important commercial 
fish accounting for a large percentage of the overall catch 
each year along the Nile (Kadry et al. 2015). It is a popular 
aquaculture fish that can withstand a broad range of environ-
mental conditions, including salinity and pollution, and has 
a low sensitivity to diseases (Tayel et al. 2008). In aquatic 
ecosystems with abundant accumulation of pesticides and 
related chemicals, fish organs such as liver, gills and muscles 
are usually the targets of pesticide accumulation leading to 
the highest injury (Stoskope 1993; Visoottiviseth et al. 1999; 
Haredi et al. 2020) due to their importance in the quality 
of fish farming and human consumption. Numerous studies 
revealed a variability of alterations affecting fish liver con-
sequential to the pesticides' exposure (Visoottiviseth et al. 
1999). Histopathological changes in Oreochromis niloticus 
induced by pesticides were monitored (Kan et al. 2012; Dim 
et al. 2015; Ansoar-Rodríguez et al. 2016). Ghaffar et al. 
(2020) reported that gill sections from fish treated with neo-
nicotinoid pesticides exhibited secondary lamellae atrophy, 
lamellar epithelial pillar cell pyknosis, of primary and sec-
ondary lamellae congestion and degeneration in exposed 
Labeo rohita fish. Time-dependently, acetamiprid affected 
the histopathological structure of C. mrigala gills and liver 
(Ghayyur et al. 2021). However, gill and liver tissues were 
histopathologically affected by imidacloprid exposure 
(Ansoar-Rodríguez et al. 2016; Günal et al. 2020), in gonads 
(Lee 2003) of O. niloticus, and in the kidneys of O. mossam-
bicus and L. rohita (Patel et al. 2016). In fish erythrocytes, 
the micronucleus (MN) test has been employed as an indi-
cator of environmental mutagenesis (Al-Sabti and Metcalfe 
1995; Sayed et al. 2016). Micronucleus (MN) and erythro-
cytic nuclear abnormalities (NA) assessment provides data 
on environmental quality, species health, genotoxicity, and 
possible risk (Al-Sabti and Metcalfe 1995; Mekkawy et al. 
2011; Sayed et al. 2016). The elevated nuclear abnormali-
ties were reported in O. niloticus erythrocytes exposed to 
deltamethrin insecticide (Kan et al. 2012), different concen-
trations of imidacloprid Ansoar-Rodríguez et al. (2015) and 
silver barb fish exposed to profenofos (Khan et al. 2018). 

The aim of this study was to comparatively evaluate the sub-
lethal hazards of selected neonicotinoids (acetamiprid and 
imidacloprid) on exposed Oreochromis niloticus juveniles. 
The extent of toxicity was assessed in liver, gill and muscle 
tissues as histopathological changes in addition to erythro-
cytic micronuclei and nuclear abnormalities.

Materials and Methods

The Fish Hatchery Station of Kafr El-Sheikh Governorate, 
Egypt, provided juveniles of O. niloticus (12.4 ± 3.4 g, 
9.9 ± 1.7 cm). Aquaria with dechlorinated tap water (50 L) 
were used to acclimate the fish for 14 days. The constant 
aeration was performed using electric air pumps. Stable 
conditions of water were maintained at 20.66 ± 0.825°C, 
6.88 ± 0.45 pH, 823 ± 40.1  µS/cm conductivity, 
0.045 ± 0.025 mg/L of ammonia concentration. Fish were 
fed on a commercial diet (25% protein, Tag-elmlook Com-
pany, Kafr-El-Sheikh). Feeding was postponed by about 24 h 
prior to the start of the experiment.

Acetamiprid, (CAS:20180430005, Telfast 20 SP, 20%, 
Shandong United Pesticide Industry Co., Ltd., Shandong, 
China).

Imidacloprid, [1-(6-chloropyridin-3-ylmethyl)-N-nitro-
imidazolidin-2- /ylideneamine], was provided by PHARMA 
CURE CO. (CLAS 35% SC, CAS. 1811, Wady Al-Natron, 
Egypt) as a commercial form.

Determination of half lethal concentration  (LC50) toxicity 
tests was carried out on fish (n = 10/group) exposed to six 
series of acetamiprid and imidacloprid concentrations (0, 50, 
100, 150, 200, 250 and 300 ppm) using the Probit procedure 
(Finney 1952). The cumulative mortality was obtained at 24, 
48, 72 and 96 h and represented by Probit regression for both 
insecticides. The 100% lethal concentration was recorded 
between 250 and 300 ppm for Aceta-96 h and Imid-72 h. 
Thus, the end point intervals for  LC50 were selected as 96 h 
for Aceta and 72 h for Imid.

To assess the toxic effects of Aceta and Imid, three 
groups were created using five fish each. In dechlorinated 
tap water-contained glass aquaria, fish at a stocking den-
sity of 1.24 g/L were maintained. The first group served as 
a control and the second was exposed to Aceta 19.5 ppm 
(1/10 of  LC50) and the third group was subjected to Imid 
at 15.0 ppm (1/10 of  LC50). The experiment was prolonged 
for 21 days according to Al-Anazi et al. (2015). In order 
to maintain the nominal concentration of both insecticides 
throughout the experiment, water was renewed (100%) daily 
to avoid Imid and Aceta degradation based on the results of 
HPLC analysis. A quantitative analysis of Aceta and Imid 
was conducted using an Agilent 1260 series HPLC–DAD. 
HPLC separation was performed on a Zorbax XDB C18 
(4.6 mm × 250 mm × 5 μm) column. Acetonitrile and water 
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(70:30, v/v, isocratic conditions) were used as the mobile 
phase for elution of Aceta, while methanol and water (60:40, 
v/v, isocratic conditions) were used for elution of Imid. A 
flow rate of 0.8 mL/min was used. The column thermostat 
temperature was controlled at 35°C during analysis, and 
the detection was done at a wavelength of 246 and 260 nm 
for Aceta and Imid, respectively. The injection volume was 
20 μL. Using samples spiked with the tested insecticides, 
the sensitivity and recovery were determined. The mean 
recovery in water samples for the tested insecticides ranged 
from 90% to 96%, with a relative standard deviation (RSD) 
of 5%–12.5%. Recovery rates and their relative standard 
deviation were acceptable. The limit of detection (LOD) for 
both insecticides (Aceta and Imid) was 0.1 ng/L. The refer-
ence standards of both compounds were run prior to analy-
sis to check the performance of the column, peak height, 
resolution, and limits of detection. For each set of samples 
to be analysed, a solvent blank, a calibration standard of 
each tested insecticide and a procedural blank were run in 
sequence to check for contamination, peak identification and 
quantification. The reference standards of acetamiprid and 
imidacloprid were purchased from Dr. Ehrenstorfer (Augs-
burg, Germany) with purities greater than 99%. The water 
measurements of temperature, pH, conductivity and levels 
of oxygen and ammonia were parallel to those of acclima-
tization conditions. Experiments were done in triplicates.

The collection of blood samples was done via a puncture 
of the caudal vein. Immediately, samples were processed 
for the MN test as blood smears (5 µL) on glass slides and 
left for air dryness. Samples of gill, liver and muscle tissues 
were quickly and carefully taken, washed in normal saline 
(0.7% NaCl) for histopathological analysis.

Fish erythrocytes were used to monitor the genotoxic 
potency by investigating micronuclei (MN) and nuclear 
abnormalities (NA) appearances following the treatments. 

In brief, fixation of dry smeared samples was done in abso-
lute methanol for 10 min then staining with Hematoxylin 
(15 min) and Eosin (15 min) was performed. Counting about 
2000 cells per fish was used to analyze the mean percent of 
MN and NA. Kidney-shaped, budding and binucleated cells 
were counted as NA.

The histopathological alterations were evaluated in gill, 
liver and muscle tissues. Samples were fixed in 10% neutral 
formalin for 24 h, washed overnight in running tap water, 
and then rinsed in distilled water. The fixed organs were 
dehydrated in a gradual series of ethanol (70%–100%), 
placed in 2 changes of xylene, and then embedded in par-
aplast paraffin (56–58°C). The paraffin sections were cut 
(about 5 μm) using a rotary microtome and then were put 
on clean slides on a digital hot plate at 40°C for section 
spreading and water evaporation. A routine histology study 
was done on paraffin sections stained by Haematoxylene and 
Eosin (H&E) staining method (Suvarna et al. 2018).

The method of Finney (1952) for evaluating the dose-
mortality response was followed using Probit and the fit 
goodness evaluation was performed by applying the Chi-
square (χ2) test using the IBM-SPSS software version 21.1 
(USA.( The normality test, Shapiro–Wilk’s, and Levene’s 
tests for variance homogeneity were used. One-way analysis 
of variance (ANOVA) was used to assess the normal data 
distribution and variance homogeneity. The significance was 
considered at p < 0.05.

Results

The  LC50 was assessed in this study by the Probit method 
using the serial concentration responses (Fig. 1). The  LC50 
concentrations of Aceta and Imid were calculated from Pro-
bit regression equations. Probit model of acetamiprid (Probit 

Fig. 1  Logarithmic concentration–Probit line for determination of 96 and 72 h-LC50 of acetamiprid and imidacloprid respectively on O. niloticus 
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(p) = − 13.404 + 5.849X, χ2 = 2.678, df = 5, Confident inter-
val (CI), 95% = 163.262–228.954, p = 0.749) and imidaclo-
prid (Probit (p) = − 8.327 + 3.823X, χ2 = 3.110, df = 5, CI 
(95%) = 115.043–186.751, p = 0.683) showed a good regres-
sion fit  (R2: 0.924 for Aceta-96 h and  R2: 0.93 for mid-72 h). 
Based on the  LC50 of Aceta and Imid, which were 195.813 
and 150.763 ppm respectively, the acute toxicity towards the 
O. niloticus of both insecticides did not show any significant 
differences (p < 0.05).

For the assessment of the stability of treatments in water, 
High Performance Liquid Chromatography (HPLC) analysis 
was performed. By detecting the measured concentration of 
tested compounds, results of the HPLC analysis, as shown in 
Fig. 2, revealed that there was no change in the nominal con-
centrations of Aceta or Imid in water after 24 h. However, 
after 3 days, Aceta showed a measured concentration equal 
to the nominal one (100% stability) and Imid had a measured 
value of ~ 35%. Based on these results, a 24 h static renewal 
protocol was utilized to ensure consistent exposure.

There was no mortality throughout the experiment 
(Aceta, 19.5 ppm and Imid, 15 ppm). However, in neoni-
cotinoid-treated groups, general color darkening, sluggish 
swimming, raised fins, and lethargy were noted. Enlarged 
dark gall bladders were also recorded compared with con-
trols among these groups (Fig. 3).

Nuclear erythrocytic alterations and micronucleus (MN) 
appearance were assessed in this study to monitor the gen-
otoxic effect of Aceta and Imid exposure (Fig. 4a). Fish 
exposed to Aceta and Imid revealed a significant (p < 0.05) 
elevated count of MN by ~ 2.2 and 10 folds respectively, 
when compared to control. However, relative to untreated 
fish, the kidney shape, budding and binucleated forms 
showed an elevation (p < 0.05) by 165.74%, 76.67% and 
10.32% respectively in fish exposed to Aceta and by 13.89%, 
334.44% and 26.07% respectively in Imid-exposed fish 
(Fig. 4b).

The H&E-stained sections of gills, liver and muscles of 
exposed and control fish were evaluated to assess the toxicity 
of Aceta and Imid exposures (Fig. 5). The Nile tilapia gills 
from the untreated fish consist of four cartilaginous arches 
on each side of the buccal cavity. Each one is comprised of 
primary filaments with a double row of secondary lamel-
lae which consists of a thin epithelium layer. Fish from the 
Aceta group (19.5 ppm) showed severe histopathological 
changes in their gills, which were edematous and suffered 
from hyperplasia, hemorrhage, and fusion of the secondary 
lamellae. Nile tilapia from the Imid-exposed group (15 ppm) 
exhibited a series of severe histological changes which were 
noticed in gill sections, such as the dilatation of congested 
capillaries, central venous sinus in filaments, a high thick-
ening of the epithelium of gill lamellae and hyperplasia 
(Fig. 5). Moreover, in the case of control liver sections, they 
consist of hepatocytes arranged in branched laminae, and 
separated by blood sinusoids. Hepatocytes are polygonal 
liver cells with a homogenous cytoplasm and a spherical 
nucleus. The pancreatic structure which is associated with 
venous vessels was also observed. Nile tilapia fish from the 
Aceta-exposed group (19.5 ppm) exhibited a degeneration 
in hepatic and pancreatic structures, necrosis, and cytoplas-
mic vacuolation in hepatocytes. Similarly, more severe his-
topathological changes and haemorrhage were observed in 
the hepatic parenchyma of Imid-exposed group (15 ppm) 

Fig. 2  HPLC chromatogram shows the concentration of acetamiprid and imidacloprid after one and 3 days in aquaria water. The unchanged con-
centration of Aceta was observed, however, Imid showed high degradation only after 3 days

Fig. 3  Representative photograph of O. niloticus gall bladders show-
ing the effect induced by acetamiprid (19.5  ppm) and imidacloprid 
(15 ppm) exposure for 21 days
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(Fig. 5). Muscles of Nile tilapia from untreated fish showed 
the muscle layers formed from muscle fibers (myomeres) 
with a typical morphologic pattern of multinucleated fib-
ers and peripheral nuclei. However, in the Aceta and Imid 
groups, suffering from the degeneration and necrosis in 
myomeres, associated with leucocytic infiltration and edema 
between myomeres was observed with more severity in the 
Imid-exposed group (Fig. 5).

Discussion

Chemicals that contaminate any system have the probabil-
ity of altering the structure and function of the community 
(Saeed et al. 2014; El-Garawani et al. 2021a). Neonicoti-
noid insecticides have a potential for leaching, drainage, 
run-off, or snowmelt (Berheim et al. 2019). A variety of 

Fig. 4  Erythrocytic nuclear 
abnormalities and micronu-
clei induced by acetamiprid 
(19.5 ppm) and imidacloprid 
(15 ppm) exposure on O. niloti-
cus for 21 days. A H&E-stained 
representative field of erythro-
cytes shows nuclear abnor-
malities where, micronucleus 
(black arrow), kidney shape 
(green arrow), budding (blue 
arrow) and binucleated (red 
arrow). All data were shown as 
mean ± standard deviation (B), 
(n = 5). a reveals significance 
(p < 0.05) relative to control

Fig. 5  Light micrographs of 
the gill, liver and muscle of 
Oreochromis niloticus showing 
the effect of acetamiprid (Aceta, 
19.5 ppm) and imidacloprid 
(Imid, 15 ppm) exposure. 
Where, A Control group, B 
Aceta group, and C Imid group. 
F filaments, L lamellae, Fusion 
of the secondary lamellae 
(Thin arrows), Hp hyperplasia, 
Hr hemorrhage, E edema, H 
hepatocytes, Pa pancreatic area, 
S sinusoid, CV cytoplasmic 
vacoulation, cvs central venous 
sinus, M Multinucleated fibers 
with peripheral nuclei (Thick 
arrow), N necrosis area, D 
degeneration, leucocytic infiltra-
tion (Li) and edema (E) between 
myomeres (H&E, Scale Bar: 
25 µm (gill), 50 µm (liver & 
muscle)
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these insecticides have been found in water bodies such as 
tanks, lakes, groundwater, and streams (Ansoar-Rodríguez 
et al. 2016; Hladik et al. 2018). Diverse effects on feed-
ing, movement, immunity, growth, and development were 
noticed in aquatic organisms after neonicotinoids' expo-
sure (Hayasaka et al. 2012; Nyman et al. 2013).

Neonicotinoids have a wide range of half-lives in the 
environment, ranging from a few minutes to many weeks 
in water (Anderson et al. 2015; Juan García 2021). Previ-
ous studies showed that the half-life time of acetamiprid in 
water was recorded as 4.7 days (Sánchez-Bayo and Hyne 
2014; Zoumenou et al. 2019). However, for imidacloprid, 
the half-life time in water was estimated at 3 days (Redlich 
et al. 2007). This is concurrent with our results of HPLC 
as acetamiprid showed stability without degradation up to 
3 days and imidacloprid degraded after 3 days by about 65%.

In this study, a significant increase in nuclear abnormali-
ties in Aceta and Imid-exposed groups was observed. The 
loss of a chromosomal part or the whole during cell divi-
sion usually leads to micronucleus (MN) formation which is 
considered as a genotoxicity indicator (Schmid 1975; Omar 
et al. 2021). Clastogenic agents may cause these abnormali-
ties by altering the integrity of DNA leading to chromosomal 
fragmentation or modifying mitosis and causing cell spindle 
breakdown as aneugenic agents (Abdel-Khalek et al. 2020). 
Herein, the high MN and NA formation suggested that the 
affected hematopoietic tissues which may be caused either 
by breaks in DNA strands or dysfunction of the mitotic spin-
dle (Alimba et al., 2017; Hathout et al., 2021). In parallel 
to our results, there was an increase in the MN and NAs 
frequencies in the Nile tilapia with various neonicotinoids' 
exposure (Vieira et al. 2018; Abdel-Khalek et al. 2020). Oxi-
dative stress and free radical generation could affect macro-
molecules such as nucleic acids, proteins and lipids leading 
to cell damage and even death (Murakami et al. 2020).

Fish gills are frequently used as bioindicators reflecting 
water quality and the effects of xenobiotic exposure due 
to their susceptible structure and direct contact with water 
(Mallatt 1985; Paulino et al. 2012). In agreement with the 
previous studies, the Aceta-exposed fish, herein, showed 
hyperplasia, fusion of secondary lamellae and edematous 
forms in gills (Figueiredo-Fernandes et al. 2007; Yoon et al. 
2015; Nofal et al. 2019; Ghayyur et al. 2020, 2021). Fur-
thermore, imid-exposed fish showed the epithelial thicken-
ing of gill lamellae and dilatation of congested capillaries 
(Visoottiviseth et al. 1999). Gill hyperplasia was observed 
too (Javed et al. 2016; Shan et al. 2020; Günal et al. 2020). 
It can be argued that gill epithelium was the principal entry 
point of contamination which would multiply, thereby caus-
ing hyperplasia (Javed et al. 2016). The hyperplasic changes 
such as epithelial hyperplasia and lamellar fusion are non-
specific defence responses that protect the organism from 
the increased up-take of various xenobiotics by maximizing 

the distance between blood vessels and toxicants (Xu et al. 
2014; Günal et al. 2020).

Similar to our findings, the liver of C. auratus exposed to 
Chromium showed hemorrhage which may have resulted due 
to the pressure of blood and congested blood vessels caused 
by toxicant exposure (Velma and Tchounwou 2010). Further, 
cytoplasmic vacuolation and necrosis were noticed among 
Imid and Aceta-exposed liver sections. These findings were 
in agreement with Visoottiviseth et al. (1999); Figueiredo-
Fernandes et al. (2007) who studied the effect of water borne 
copper and Triphenytin Hydroxide exposure on the liver of 
Nile tilapia. In parallel to our findings, concentrations of 
Imid exerted hydropic degeneration and vacuolization of 
hepatocytes (Günal et al. 2020) and hydropic degenera-
tion and pyknotic nuclei (Ansoar-Rodríguez et al. 2016) in 
the liver of Nile tilapia. Similarly, concentrations of Aceta 
showed necrotic areas and vacuolation in the O. niloticus 
liver. Hepatic and pancreatic degeneration may occur due 
to the accumulation of leucocytes (Javed et al. 2016). How-
ever, the hydropic degeneration is due to the accumulation 
of water and electrolytes inside the cell (Ansoar-Rodríguez 
et al. 2016). Liver cell injury has been identified by many 
mechanisms (Grattagliano et al. 2002; Lee 2003) such as 
mitochondrial dysfunction, inhibition of fatty acid beta-
oxidation and/or inhibition of respiratory enzymes or by a 
direct effect on mitochondrial DNA. The accumulation of 
lactate and reactive oxygen species may occur because free 
fatty acids are not metabolized. These radicals cause mito-
chondrial DNA damage leading to the breakdown of sinu-
soidal structures and pooling of blood in the liver through 
these mechanisms and eventually severe histopathological 
changes.

Neonicotinoids have a diverse effects on liver which 
affect the detoxification, enzyme production and metabo-
lism (Sharma et al. 2019). Further, they caused alterations 
in gills that are considered a chief organ of pollutants' target-
ing (Macirella et al. 2019). These effects could eventually 
harm the physiological status of the body including growth 
and muscles' components which is almost at risk of being 
harmed by various types of pollutants (Haredi et al. 2020). 
In this study, Aceta and Imid-exposed fish showed histo-
pathological alterations in muscles such as degeneration, 
focal areas of necrosis and edema (Kaoud and El-Dahshan 
2010), and leucocytic infiltration (Haredi et al. 2020). These 
histopathological alterations could be due to the oxidative 
stress and free radical generation induced by acetamiprid 
and imidacloprid exposure (Monteiro et al. 2006) leading to 
damage in the structure of muscle fibers (Long et al. 2022). 
Reactive oxygen species (ROS) may interact with suscepti-
ble biological macromolecules, causing lipid peroxidation 
(LPO), DNA damage, and protein oxidation which even-
tually lead to oxidative stress (Livingstone 2001). In the 
future, in-depth assessment of the neonicotinoids' potential 
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hazard to aquatic organisms should be conducted over vari-
ous concentrations and other neonicotinoids to generalize 
the findings and to investigate the underlying mechanism 
responsible for these adverse effects.

The current study indicates that acetamiprid and imida-
cloprid were genotoxic as assessed by erythrocytic nuclear 
abnormalities and histological adverse effects on gills, liver, 
and muscles. Imid showed more severity among the inves-
tigated issues than Aceta. Therefore, this study is important 
for O. niloticus due to its economic value and the effect on 
the quality and safety of human consumption.

Funding Open access funding provided by The Science, Technology & 
Innovation Funding Authority (STDF) in cooperation with The Egyp-
tian Knowledge Bank (EKB).

Declarations 

Ethical Approval Animal management procedures were undertaken in 
accordance with the requirements of the Institutional Animal Care and 
Use Committee (IACUC), Menoufia University, Egypt. The approval 
was granted by the Ethics Committee of Faculty of Science, Menoufia 
University, Egypt (ID: MUFS-F-EC-1-20).

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

References

Abdel-Khalek AA, Morsy K, Shati A (2020) Comparative assessment 
of genotoxic impacts induced by zinc bulk—and nano-particles in 
Nile tilapia, Oreochromis niloticus. Bull Environ Contam Toxicol 
104:366–372. https:// doi. org/ 10. 1007/ s00128- 020- 02799-9

Al-Anazi MS, MaE PV, MIS, (2015) Ameliorative effects of Rosmarry 
on cadmium. J Environ Biol 36:1401–1408

Alimba CG, Ajiboye RD, Fagbenro OS (2017) Dietary ascorbic acid 
reduced micronucleus and nuclear abnormalities in Clarias 
gariepinus (Burchell 1822) exposed to hospital effluent. Fish 
Physiol Biochem 43:1325–1335. https:// doi. org/ 10. 1007/ 
s10695- 017- 0375-y

Al-Sabti K, Metcalfe CD (1995) Fish micronuclei for assessing geno-
toxicity in water. Mutat Res Toxicol 343:121–135. https:// doi. org/ 
10. 1016/ 0165- 1218(95) 90078-0

Anderson J, Dubetz C, Palace VP (2015) Neonicotinoids in the Cana-
dian aquatic environment: a literature review on current use prod-
ucts with a focus on fate, exposure, and biological effects. Sci 

Total Environ 505:409–422. https:// doi. org/ 10. 1016/j. scito tenv. 
2014. 09. 090

Ansoar-Rodríguez Y, Christofoletti CA, Marcato AC, Correia JE, 
Bueno OC, Malaspina O, Fontanetti CS (2015) Genotoxic poten-
tial of the insecticide imidacloprid in a non-target organism 
(Oreochromis niloticus-Pisces)*. J Environ Prot (irvine, Calif) 
06:1360–1367. https:// doi. org/ 10. 4236/ JEP. 2015. 612118

Ansoar-Rodríguez Y, Christofoletti CA, Correia JE, de Souza RB, 
Moreira-de-Sousa C, de Castro Marcato AC, Bueno OC, 
Malaspina O, Silva-Zacarin ECM, Fontanetti CS (2016) Liver 
alterations in Oreochromis niloticus (Pisces) induced by insecti-
cide imidacloprid: histopathology and heat shock protein in situ 
localization. J Environ Sci Health B 51:881–887. https:// doi. org/ 
10. 1080/ 03601 234. 2016. 12405 59

Berheim EH, Jenks JA, Lundgren JG, Michel ES, Grove D, Jensen 
WF (2019) Effects of neonicotinoid insecticides on physiol-
ogy and reproductive characteristics of captive female and fawn 
white-tailed deer. Sci Rep 9:1–10. https:// doi. org/ 10. 1038/ 
s41598- 019- 40994-9

Cossi PF, Herbert LT, Yusseppone MS, Pérez AF, Kristoff G (2020) 
Toxicity evaluation of the active ingredient acetamiprid and a 
commercial formulation (Assail® 70) on the non-target gastro-
pod Biomphalaria straminea (Mollusca: Planorbidae). Ecotoxi-
col Environ Saf 192:110248. https:// doi. org/ 10. 1016/j. ecoenv. 
2020. 110248

Demirci Ö, Güngördü A (2020) Evaluation of the biochemical effects 
of an acetamiprid-based insecticide on a non-target species, 
Gambusia holbrooki. Water Environ J 34:481–489. https:// doi. 
org/ 10. 1111/ WEJ. 12549

Dim A, Hma M, Dina Alim CI (2015) Histopathological alteration 
induced in gills of juvenile Nile Tilapia Oreochromis niloti-
cus upon exposure to two Bio-pesticides. Int J Fish Aquat Stud 
(IJFAS) 2:80–83

El-Garawani I, Allam HK, Shehata YA, Fadel K, El Kattan A 
(2021a) Genotoxicity linked to occupational exposure in ura-
nium mine workers: Granzyme B and apoptotic changes. Envi-
ron Sci Pollut Res Int 28:36793–36802. https:// doi. org/ 10. 1007/ 
S11356- 021- 13323-9

El-Garawani IM, Khallaf EA, Alne-na-ei AA, Elgendy RG, Mersal 
GAM, El-Seedi HR (2021b) The role of ascorbic acid combined 
exposure on Imidacloprid-induced oxidative stress and genotox-
icity in Nile tilapia. Sci Rep 11:1–12. https:// doi. org/ 10. 1038/ 
s41598- 021- 94020-y

Figueiredo-Fernandes A, Ferreira-Cardoso JV, Garcia-Santos S, 
Monteiro SM, Carrola J, Matos P, Fontaínhas-Fernandes A 
(2007) Histopathological changes in liver and gill epithelium 
of Nile tilapia, Oreochromis niloticus, exposed to waterborne 
copper copper. Pesqui Vet Bras 27:103–109. https:// doi. org/ 10. 
1590/ s0100- 736x2 00700 03000 04

Finney DJ (1952) Probit analysis: a statistical treatment of the sig-
moid response curve, 2nd edn. Cambridge University Press, 
Cambridge

Ghaffar A, Hussain R, Noreen S, Abbas G, Chodhary IR, Khan A, 
Ahmed Z, Khan MK, Akram K, Ulhaq M, Ahmad Ali NF, Niaz 
M (2020) Dose and time-related pathological and genotoxic 
studies on thiamethoxam in fresh water fish (Labeo rohita) in 
Pakistan. Pak Vet J 40:151–156. https:// doi. org/ 10. 29261/ pakve 
tj/ 2020. 002

Ghayyur S, Khan MF, Tabassum S, Ahmad MS, Sajid M, Badshah 
K, Khan MA, Saira GS, Khan NA, Ahmad B, Qamer S (2020) A 
comparative study on the effects of selected pesticides on hemato-
biochemistry and tissue histology of freshwater fish Cirrhinus 
mrigala (Hamilton, 1822). Saudi J Biol Sci 28:603–611. https:// 
doi. org/ 10. 1016/j. sjbs. 2020. 10. 049

Ghayyur S, Fiaz M, Tabassum S, Saleem M, Sajid M, Badshah K, 
Azhar M, Ghayyur S, Ahmad N, Ahmad B, Qamer S (2021) A 

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1007/s00128-020-02799-9
https://doi.org/10.1007/s10695-017-0375-y
https://doi.org/10.1007/s10695-017-0375-y
https://doi.org/10.1016/0165-1218(95)90078-0
https://doi.org/10.1016/0165-1218(95)90078-0
https://doi.org/10.1016/j.scitotenv.2014.09.090
https://doi.org/10.1016/j.scitotenv.2014.09.090
https://doi.org/10.4236/JEP.2015.612118
https://doi.org/10.1080/03601234.2016.1240559
https://doi.org/10.1080/03601234.2016.1240559
https://doi.org/10.1038/s41598-019-40994-9
https://doi.org/10.1038/s41598-019-40994-9
https://doi.org/10.1016/j.ecoenv.2020.110248
https://doi.org/10.1016/j.ecoenv.2020.110248
https://doi.org/10.1111/WEJ.12549
https://doi.org/10.1111/WEJ.12549
https://doi.org/10.1007/S11356-021-13323-9
https://doi.org/10.1007/S11356-021-13323-9
https://doi.org/10.1038/s41598-021-94020-y
https://doi.org/10.1038/s41598-021-94020-y
https://doi.org/10.1590/s0100-736x2007000300004
https://doi.org/10.1590/s0100-736x2007000300004
https://doi.org/10.29261/pakvetj/2020.002
https://doi.org/10.29261/pakvetj/2020.002
https://doi.org/10.1016/j.sjbs.2020.10.049
https://doi.org/10.1016/j.sjbs.2020.10.049


1008 Bulletin of Environmental Contamination and Toxicology (2022) 109:1001–1009

1 3

comparative study on the effects of selected pesticides on hemato-
biochemistry and tissue histology of freshwater. Saudi J Biol Sci 
28:603–611. https:// doi. org/ 10. 1016/j. sjbs. 2020. 10. 049

Grattagliano I, Portincasa P, Palmieri VO, Palasciano G (2002) Over-
view on the mechanisms of drug-induced liver cell death. Ann 
Hepatol off J Mex Assoc Hepatol 1:162–168. https:// doi. org/ 10. 
1016/ s1665- 2681(19) 32160-x

Guedegba NL, Imorou Toko I, Agbohessi PT, Zoumenou B, Douny 
C, Mandiki SNM, Schiffers B, Scippo M-L, Kestemont P 
(2019) Comparative acute toxicity of two phytosanitary mol-
ecules, lambda-cyhalothrin and acetamiprid, on Nile Tilapia 
(Oreochromis Niloticus) juveniles. J Environ Sci Heal Part B 
54:580–589

Günal AÇ, Erkmen B, Paçal E, Arslan P, Yildirim Z, Erkoç F (2020) 
Sub-lethal effects of imidacloprid on Nile Tilapia (Oreochromis 
niloticus). Water Air Soil Pollut. https:// doi. org/ 10. 1007/ 
s11270- 019- 4366-8

Haredi AMM, Mourad M, Tanekhy M, Wassif E, Abdel-Tawab HS 
(2020) Lake Edku pollutants induced biochemical and histopatho-
logical alterations in muscle tissues of Nile Tilapia (Oreochromis 
niloticus). Toxicol Environ Health Sci 12:247–255. https:// doi. 
org/ 10. 1007/ s13530- 020- 00042-w

Hathout HMR, Sobhy HM, Abou-Ghanima S, El-Garawani IM (2021) 
Ameliorative role of ascorbic acid on the oxidative stress and 
genotoxicity induced by acetamiprid in Nile tilapia (Oreochromis 
niloticus). Environ Sci Pollut Res 28(39):55089–55101. https:// 
doi. org/ 10. 1007/ S11356- 021- 14856-9

Hayasaka D, Korenaga T, Suzuki K, Sánchez-Bayo F, Goka K (2012) 
Differences in susceptibility of five cladoceran species to two 
systemic insecticides, imidacloprid and fipronil. Ecotoxicology 
21:421–427. https:// doi. org/ 10. 1007/ S10646- 011- 0802-2

Hladik ML, Main AR, Goulson D (2018) Environmental risks and 
challenges associated with neonicotinoid insecticides. Environ 
Sci Technol 52:3329–3335. https:// doi. org/ 10. 1021/ ACS. EST. 
7B063 88

Horowitz AR, Mendelson Z, Weintraub PG, Ishaaya I (1998) Compara-
tive toxicity of foliar and systemic applications of acetamiprid and 
imidacloprid against the cotton whitefly, Bemisia tabaci (Hemip-
tera: Aleyrodidae). Bull Entomol Res 88:437–442

Javed M, Ahmad I, Usmani N, Ahmad M (2016) Studies on biomarkers 
of oxidative stress and associated genotoxicity and histopathology 
in Channa punctatus from heavy metal polluted canal. Chemos-
phere 151:210–219. https:// doi. org/ 10. 1016/j. chemo sphere. 2016. 
02. 080

Jeschke P, Nauen R, Schindler M, Elbert A (2011) Overview of the 
status and global strategy for neonicotinoids. J Agric Food Chem 
59:2897–2908. https:// doi. org/ 10. 1021/ jf101 303g

Juan García C (2021) Mycotoxins: toxicology, identification and con-
trol. Toxins (basel) 13:12–14. https:// doi. org/ 10. 3390/ toxin s1304 
0242

Kadry SM, Tayel SI, Afify MFH, El-sayed RA (2015) Eco-histopatho-
logical Studies on Oreochromis niloticus fish living in Damietta 
Branch in Egypt. World J Pharm Sci 3:815–825

Kan Y, Cengiz EI, Ugurlu P, Yanar M (2012) The protective role of 
vitamin E on gill and liver tissue histopathology and micronucleus 
frequencies in peripheral erythrocytes of Oreochromis niloticus 
exposed to deltamethrin. Environ Toxicol Pharmacol 34:170–179. 
https:// doi. org/ 10. 1016/J. ETAP. 2012. 03. 009

Kaoud HA, El-Dahshan AR (2010) Bioaccumulation and histopatho-
logical alterations of the heavy metals in Oreochromis niloticus 
fish. Nat Sci 8:147–156

Khan MM, Moniruzzaman M, Mostakim GM, Khan MSR, Rahman 
MK, Islam MS (2018) Aberrations of the peripheral erythro-
cytes and its recovery patterns in a freshwater teleost, silver barb 

exposed to profenofos. Environ Pollut 234:830–837. https:// doi. 
org/ 10. 1016/j. envpol. 2017. 12. 033

Lee WM (2003) Drug-Induced Hepatotoxicity. N Engl J Med 349:474–
485. https:// doi. org/ 10. 1056/ NEJMr a0218 44

Livingstone DR (2001) Contaminant-stimulated reactive oxygen spe-
cies production and oxidative damage in aquatic organisms. Mar 
Pollut Bull 42:656–666

Long S, Dong X, Tan B, Zhang S, Chi S, Yang Q, Liu H, Xie S, Deng J, 
Yang Y, Zhang H (2022) The antioxidant ability, histology, proxi-
mate, amino acid and fatty acid compositions, and transcriptome 
analysis of muscle in juvenile hybrid grouper (♀ Epinephelus 
fuscoguttatus × ♂ Epinephelus lanceolatus) fed with oxidized 
fish oil. Aquaculture 547:737510. https:// doi. org/ 10. 1016/j. aquac 
ulture. 2021. 737510

Macirella R, Sesti S, Bernabò I, Tripepi M, Godbert N, Brunelli E 
(2019) Lead toxicity in seawater teleosts: a morphofunctional and 
ultrastructural study on the gills of the Ornate wrasse (Thalassoma 
pavo L.). Aquat Toxicol 211:193–201

Malhotra N, Chen KHC, Huang J-C, Lai H-T, Uapipatanakul B, Roldan 
MJM, Macabeo APG, Ger T-R, Hsiao C-D (2021) Physiological 
effects of neonicotinoid insecticides on non-target aquatic ani-
mals—an updated review. Int J Mol Sci 22:9591. https:// doi. org/ 
10. 3390/ ijms2 21795 91

Mallatt J (1985) Structura changes induced and other. Can J Fish Aquat 
Sci 42:630–648

Marins AT, Severo ES, Cerezer C, Leitemperger JW, Müller TE, Flo-
riano L, Prestes OD, Zanella R, Loro VL (2021) Environmentally 
relevant pesticides induce biochemical changes in Nile tilapia 
(Oreochromis niloticus). Ecotoxicology 30:585–598. https:// doi. 
org/ 10. 1007/ s10646- 021- 02368-8

Mekkawy IA, Mahmoud UM, Sayed AEDH (2011) Effects of 4-non-
ylphenol on blood cells of the African catfish Clarias gariepinus 
(Burchell, 1822). Tissue Cell 43:223–229. https:// doi. org/ 10. 
1016/J. TICE. 2011. 03. 006

Monteiro DA, de Almeida JA, Rantin FT, Kalinin AL (2006) Oxi-
dative stress biomarkers in the freshwater characid fish, Brycon 
cephalus, exposed to organophosphorus insecticide Folisuper 
600 (methyl parathion). Comp Biochem Physiol C 143:141–149. 
https:// doi. org/ 10. 1016/j. cbpc. 2006. 01. 004

Murakami Y, Nakabeppu Y, Sonoda K-H (2020) Oxidative stress 
and microglial response in Retinitis Pigmentosa. Int J Mol Sci 
21:7170. https:// doi. org/ 10. 3390/ ijms2 11971 70

Naiel MAE, Ismael NEM, Abd El-hameed SAA, Amer MS (2020) 
The antioxidative and immunity roles of chitosan nanoparticle 
and vitamin C-supplemented diets against imidacloprid toxicity 
on Oreochromis niloticus. Aquaculture 523:735219. https:// doi. 
org/ 10. 1016/j. aquac ulture. 2020. 735219

Nofal AI, El-Shaer NH, Nofal AE (2019) Molecular and histological 
studies of salinity effect on gills and liver of coptodon zillii in 
Egypt. Egypt J Aquat Biol Fish 23:265–290. https:// doi. org/ 10. 
21608/ ejabf. 2019. 31015

Nyman AM, Hintermeister A, Schirmer K, Ashauer R (2013) The 
insecticide imidacloprid causes mortality of the freshwater amphi-
pod gammarus pulex by interfering with feeding behavior. PLoS 
ONE 8:e62472. https:// doi. org/ 10. 1371/ JOURN AL. PONE. 00624 
72

Omar RH, Hagras AA, El-Naggar AM, Mashaly MI (2021) Ecologi-
cal, hematological and parasitological studies on Oreochromis 
niloticus Linnaeus 1757 in the Nile Delta Region. Egypt EJABF 
25(1):795–819

Patel B, Upadhyay A, Parikh P (2016) Histological changes in the 
tissues of Oreochromis Mossambicus and Labeo Rohita on expo-
sure to Imidacloprid and Curzate. Int J Res Applied, Nat Soc Sci 
4:149–160

https://doi.org/10.1016/j.sjbs.2020.10.049
https://doi.org/10.1016/s1665-2681(19)32160-x
https://doi.org/10.1016/s1665-2681(19)32160-x
https://doi.org/10.1007/s11270-019-4366-8
https://doi.org/10.1007/s11270-019-4366-8
https://doi.org/10.1007/s13530-020-00042-w
https://doi.org/10.1007/s13530-020-00042-w
https://doi.org/10.1007/S11356-021-14856-9
https://doi.org/10.1007/S11356-021-14856-9
https://doi.org/10.1007/S10646-011-0802-2
https://doi.org/10.1021/ACS.EST.7B06388
https://doi.org/10.1021/ACS.EST.7B06388
https://doi.org/10.1016/j.chemosphere.2016.02.080
https://doi.org/10.1016/j.chemosphere.2016.02.080
https://doi.org/10.1021/jf101303g
https://doi.org/10.3390/toxins13040242
https://doi.org/10.3390/toxins13040242
https://doi.org/10.1016/J.ETAP.2012.03.009
https://doi.org/10.1016/j.envpol.2017.12.033
https://doi.org/10.1016/j.envpol.2017.12.033
https://doi.org/10.1056/NEJMra021844
https://doi.org/10.1016/j.aquaculture.2021.737510
https://doi.org/10.1016/j.aquaculture.2021.737510
https://doi.org/10.3390/ijms22179591
https://doi.org/10.3390/ijms22179591
https://doi.org/10.1007/s10646-021-02368-8
https://doi.org/10.1007/s10646-021-02368-8
https://doi.org/10.1016/J.TICE.2011.03.006
https://doi.org/10.1016/J.TICE.2011.03.006
https://doi.org/10.1016/j.cbpc.2006.01.004
https://doi.org/10.3390/ijms21197170
https://doi.org/10.1016/j.aquaculture.2020.735219
https://doi.org/10.1016/j.aquaculture.2020.735219
https://doi.org/10.21608/ejabf.2019.31015
https://doi.org/10.21608/ejabf.2019.31015
https://doi.org/10.1371/JOURNAL.PONE.0062472
https://doi.org/10.1371/JOURNAL.PONE.0062472


1009Bulletin of Environmental Contamination and Toxicology (2022) 109:1001–1009 

1 3

Paulino M, Souza N, Fernandes MN (2012) Subchronic exposure to 
atrazine induces biochemical and histopathological changes in 
the gills of a Neotropical freshwater fish, Prochilodus lineatus. 
Ecotoxicol Environ Saf 80:6–13. https:// doi. org/ 10. 1016/j. ecoenv. 
2012. 02. 001

Redlich D, Shahin N, Ekici P, Friess A, Parlar H (2007) Kinetical 
Study of the Photoinduced Degradation of Imidacloprid in aquatic 
media. CLEAN—Soil. Air, Water 35:452–458. https:// doi. org/ 10. 
1002/ clen. 20072 0014

Saeed M, Amen A, Fahmi A, Garawani IE, Sayed S (2014) The pos-
sible protective effect of Coriandrum sativum seeds methanolic 
extract on hepato-renal toxicity induced by sodium arsenite in 
albino rats. J Appl Pharm Sci 4(12):44–51. https:// doi. org/ 10. 
7324/ JAPS. 2014. 41208

Sánchez-Bayo F, Hyne RV (2014) Detection and analysis of neonicoti-
noids in river waters—development of a passive sampler for three 
commonly used insecticides. Chemosphere 99:143–151. https:// 
doi. org/ 10. 1016/J. CHEMO SPHERE. 2013. 10. 051

Sayed AEDH, Mahmoud UM, Mekkawy IA (2016) Erythrocytes alter-
ations of monosex tilapia (Oreochromis niloticus, Linnaeus, 1758) 
produced using methyltestosterone. Egypt J Aquat Res 42:83–90. 
https:// doi. org/ 10. 1016/j. ejar. 2015. 10. 004

Schmid W (1975) The micronucleus test. Mutat Res Mutagen Relat 
Subj 31:9–15. https:// doi. org/ 10. 1016/ 0165- 1161(75) 90058-8

Shan Y, Yan S, Hong X, Zha J, Qin J (2020) Effect of imidacloprid on 
the behavior, antioxidant system, multixenobiotic resistance, and 
histopathology of Asian freshwater clams (Corbicula fluminea). 
Aquat Toxicol 218:105333. https:// doi. org/ 10. 1016/j. aquat ox. 
2019. 105333

Sharma P, Chadha P, Saini HS (2019) Tetrabromobisphenol A induced 
oxidative stress and genotoxicity in fish Channa punctatus. Drug 
Chem Toxicol 42:559–564. https:// doi. org/ 10. 1080/ 01480 545. 
2018. 14418 64

Simon-Delso N, Amaral-Rogers V, Belzunces LP, Bonmatin JM, Chag-
non M, Downs C, Furlan L, Gibbons DW, Giorio C, Girolami 
V, Goulson D, Kreutzweiser DP, Krupke CH, Liess M, Long E, 
Mcfield M, Mineau P, Mitchell EA, Morrissey CA, Noome DA, 
Pisa L, Settele J, Stark JD, Tapparo A, Van Dyck H, Van Praagh 
J, Van Der Sluijs JP, Whitehorn PR, Wiemers M (2015) Systemic 
insecticides (Neonicotinoids and fipronil): trends, uses, mode of 
action and metabolites. Environ Sci Pollut Res 22:5–34. https:// 
doi. org/ 10. 1007/ s11356- 014- 3470-y

Solomon KR, Dalhoff K, Volz D, Van Der Kraak G (2013) Effects of 
herbicides on fish. Fish Physiol 33:369–409. https:// doi. org/ 10. 
1016/ B978-0- 12- 398254- 4. 00007-8

Stoskope MK (1993) Fish histology. Fish Med W. B. Saun:35–41

Suvarna KS, Layton C, Bancroft JD (2018) Bancroft’s theory and prac-
tice of histological techniques EBook, 8th edn. Elsevier Health 
Sciences 

Tayel S, Yacoub A, Mahmoud S (2008) Histopathological and hae-
matological responses to freshwater pollution in the Nile catfish 
Clarias gariepinus. J Egypt Acad Soc Environ Dev 9:43–60

Velma V, Tchounwou PB (2010) Chromium-induced biochemical, 
genotoxic and histopathologic effects in liver and kidney of gold-
fish, Carassius auratus. Mutat Res 698:43–51. https:// doi. org/ 10. 
1016/J. MRGEN TOX. 2010. 03. 014

Vieira CED, Pérez MR, Acayaba RDA, Raimundo CCM, dos Reis 
Martinez CB (2018) DNA damage and oxidative stress induced 
by imidacloprid exposure in different tissues of the Neotropical 
fish Prochilodus lineatus. Chemosphere 195:125–134. https:// doi. 
org/ 10. 1016/j. chemo sphere. 2017. 12. 077

Visoottiviseth P, Thamamaruitkun T, Sahaphong S, Riengrojpitak S, 
Kruatrachue M (1999) Histopathological effects of triphenyltin 
hydroxide on liver, kidney and gill of Nile tilapia (Oreochromis 
nilotica). Appl Organomet Chem 13:749–763. https:// doi. org/ 10. 
1002/ (sici) 1099- 0739(199910) 13: 10% 3c749:: aid- aoc927% 3e3.3. 
co;2-j

Xu N, Chen P, Liu L, Zeng Y, Zhou H, Li S (2014) Effects of com-
bined exposure to 17α-ethynylestradiol and dibutyl phthalate on 
the growth and reproduction of adult male zebrafish (Danio rerio). 
Ecotoxicol Environ Saf 107:61–70. https:// doi. org/ 10. 1016/J. 
ECOENV. 2014. 05. 001

Yi X, Zhang C, Liu H, Wu R, Tian D, Ruan J, Zhang T, Huang M, Ying 
G (2019) Occurrence and distribution of neonicotinoid insecti-
cides in surface water and sediment of the Guangzhou section of 
the Pearl River, South China. Environ Pollut 251:892–900. https:// 
doi. org/ 10. 1016/j. envpol. 2019. 05. 062

Yoon G, Al-Saadi N, Ambuali A (2015) Gill histology of Nile tilapia 
Oreochromis niloticus following chronic and acute exposure to 
ammonia. J Agric Mar Sci JAMS 20:66. https:// doi. org/ 10. 24200/ 
jams. vol20 iss0p p66- 72

Zoumenou MGY, Aïna MP, Imorou Toko I, Igout A, Douny C, Brose 
F, Schiffers B, Gouda I, Chabi Sika K, Kestemont P, Scippo M-L 
(2019) Occurrence of acetamiprid residues in water reservoirs in 
the cotton basin of Northern Benin. Bull Environ Contam Toxicol 
102:7–12. https:// doi. org/ 10. 1007/ s00128- 018- 2476-4

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1016/j.ecoenv.2012.02.001
https://doi.org/10.1016/j.ecoenv.2012.02.001
https://doi.org/10.1002/clen.200720014
https://doi.org/10.1002/clen.200720014
https://doi.org/10.7324/JAPS.2014.41208
https://doi.org/10.7324/JAPS.2014.41208
https://doi.org/10.1016/J.CHEMOSPHERE.2013.10.051
https://doi.org/10.1016/J.CHEMOSPHERE.2013.10.051
https://doi.org/10.1016/j.ejar.2015.10.004
https://doi.org/10.1016/0165-1161(75)90058-8
https://doi.org/10.1016/j.aquatox.2019.105333
https://doi.org/10.1016/j.aquatox.2019.105333
https://doi.org/10.1080/01480545.2018.1441864
https://doi.org/10.1080/01480545.2018.1441864
https://doi.org/10.1007/s11356-014-3470-y
https://doi.org/10.1007/s11356-014-3470-y
https://doi.org/10.1016/B978-0-12-398254-4.00007-8
https://doi.org/10.1016/B978-0-12-398254-4.00007-8
https://doi.org/10.1016/J.MRGENTOX.2010.03.014
https://doi.org/10.1016/J.MRGENTOX.2010.03.014
https://doi.org/10.1016/j.chemosphere.2017.12.077
https://doi.org/10.1016/j.chemosphere.2017.12.077
https://doi.org/10.1002/(sici)1099-0739(199910)13:10%3c749::aid-aoc927%3e3.3.co;2-j
https://doi.org/10.1002/(sici)1099-0739(199910)13:10%3c749::aid-aoc927%3e3.3.co;2-j
https://doi.org/10.1002/(sici)1099-0739(199910)13:10%3c749::aid-aoc927%3e3.3.co;2-j
https://doi.org/10.1016/J.ECOENV.2014.05.001
https://doi.org/10.1016/J.ECOENV.2014.05.001
https://doi.org/10.1016/j.envpol.2019.05.062
https://doi.org/10.1016/j.envpol.2019.05.062
https://doi.org/10.24200/jams.vol20iss0pp66-72
https://doi.org/10.24200/jams.vol20iss0pp66-72
https://doi.org/10.1007/s00128-018-2476-4

	The Effect of Neonicotinoids Exposure on Oreochromis niloticus Histopathological Alterations and Genotoxicity
	Abstract
	Materials and Methods
	Results
	Discussion
	References




