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Abstract. The article aimed to determine the effects of different doses of Imidacloprid on carp 

(Cyprinus carpio) fries, in order to determine whether their response could be used for the bioindication 

of the substance in aquatic environments in Turkey. The fish (weight 0.34±0.03 g, total length 2.97±0.21 

cm) were subjected to 2.8 and 5.6 mg/l of Imidacloprid concentration for 96 and 168 h. A drop of blood 

from the caudal vein of carp was obtained and smeared on clean dry slide. Micronucleus (MN) and 

nuclear abnormality (NAs) analysis were carried out on erythrocytes. The frequency of micronucleus and 

nuclear abnormality observed varied significantly among the treated individuals (p<0.05). Imidacloprid 

led to negative alterations in the MN and NAs. 
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Introduction 

The environmental mutagens have been classified into three groups, such as, living, 

physical and chemical mutagens (Manna, 1982, 1983). The consequences of these 

pollutions on fish and shellfish have been studied by toxicologists. The exploratory, 

research in this field has identified it as an important environmental problem, all over 

the world. The effectiveness of these chemicals on the hereditary components of 

living organisms were categorised in genetic toxicology (Bickham et al., 2000; 

Iturburu et al., 2017). Brusick (1980) reported that even if many toxic substances 

damage the genetic material in nonspecific manner, the effect of these agents are 

highly specific on nucleic' acid. Hence these are capable of producing harmful effect 

at sublethal level. 

The Imidacloprid can persist in soil, with 7-353 days for thiamethoxam and a half-

life (28 - 1250 days) of neonicotinoids highly variable which varies greatly among soil 

type and other factors, (Goulson, 2013; Ansoar-Rodríguez et al., 2015). Also, 

depending on soil and rainfall conditions, 2.4% to nearly 80% of the mass of 

neonicotinoids (including Imidacloprid) could make their way into water bodies 

(Kurwadkar et al., 2013; Ansoar-Rodríguez et al., 2015; Bonmatin et al., 2015). Due 

to its presence in various environments, inhabited by large numbers of organisms, 

toxicological studies are extremely important. Thus, the use of living organisms 

(bioindicator), capable of somehow indicating the presence of stresses generated by 

environmental pollutants (Carneiro and Takayanagui, 2009; Abdel-Mohsien and 

Mahmoud, 2015), is one way to monitor the negative effects in the environment. Due 

to the presence of significant levels that have been detected in water, it is very 
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important to conduct studies on the effects of Imidacloprid on aquatic organisms as 

bioindicators. Fish are widely to this end because their capacity to accumulate 

contaminants and show physiological, biochemical, histological or differentiated cell 

response (Fontanetti et al., 2012). These organisms may indicate variations in 

tolerance to environmental conditions created by the use of pesticides, including 

genetic change, which makes them excellent indicators with a high application for 

monitoring environmental genotoxicity (Yohannes et al., 2014). 

The micronucleus (MN) assay has been used as a measure of genotoxicity in fish 

under laboratory and field conditions. The formation of nuclear abnormalities (NAs) 

such as lobed, blebbed, and notched nuclei described by several authors have been 

reported in fish erythrocytes as a consequence of exposure to environmental and 

chemical contaminants with cytotoxic, genotoxic, mutagenic or carcinogenic activity. 

The micronucleus test in fish has the potential to detect clastogenic and aneugenic 

effects of environmental agents in aqueous media. Because teleost erythrocytes are 

nucleated, MN have been scored in fish erythrocytes as a measure of clastogenic 

activity (Heddle et al., 1983; Al-Sabti and Metcalfe, 1995; Fenech et al., 2003; 

Machado Da Rocha et al., 2009). 

Paralichthys olivaceus, in vitro cytotoxicity median inhibitory concentrations of 

38.5 mg/L to 41.9 mg/L of technical imidacloprid were reported, whereas other 

species like Oncorhynchus mykiss and Cyprinus carpio presented 96-h LC50 values of 

211 mg/L and 280 mg/L, respectively. Other negative effects, like the alteration of the 

neurobehavioral function in early-life and adult zebrafish (Crosby et al., 2015) or the 

stress syndrome in juvenile Oryzias latipes (Sanchez Bayo and Goka, 2005), have 

been described. Other vertebrates also suffer imidacloprid effects. For example, 

increased DNA damage in human peripheral blood lymphocytes exposed in vitro to 20 

mM imidacloprid (5 mg/L) have been reported (Costa et al., 2009). 

There was no published report on clastogenic effect of Imidacloprid on carp fry. 

Based on the observations from literature survey, it was investigated to study the toxic 

effect of Imidacloprid on erythrocytes of carp, C. carpio. 

Materials and Methods  

Fish and chemical supply 

Fish samples, weighing 0.34±0.03 g, were obtained from the Keban Fish Breeding 

Unit of IX. Region Directorate, the State Hydraulic Works in Turkey. They were 

brought to the laboratory and acclimated to laboratory conditions for 14 days. Water 

temperature in the tank was maintained at 24.0 ± 1.0 °C using a heater. Fishes were 

fed with pellet feeds during acclimating. Fish were fed ad libitum with a commercial 

feed throughout the experiments. Fish were stocked in 3 groups (25 fish/per group) in 

the tanks supplied. 

The first group was maintained in tap water as a control group. The fish in group 2 

and 3 were exposed to 2.8 and 5.6 mg/l of Imidacloprid (N-{1-[(6-chloro-3-pyridyl) 

methyl]-4,5-dihydroimidazol-2-yl} nitramide) concentration for 96 and 168 h (7 

days). The entire experiment was repeated two independent times; each replicate for 

each group contained twenty-five fish, for a total of 150 fish. At the 96 h and 168 h of 

the test, the fish were anaesthetized in an anaesthetic matter (50 ppm, benzocaine) and 

a drop blood was taken from the caudal vein. Water quality parameters were 

monitored daily for each tank. 
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Micronucleus assay 

The slides were prepared by smearing one drop of blood on clean microscopic 

slides, fixed in methanol for 10 min and left to air-dry at room temperature and finally 

stained with 5% Giemsa in Sorenson buffer (pH 6.9) for 20 min. A total of 1000 

erythrocytes were examined for each specimen under the light microscope. For the 

scoring of micronuclei, the following criteria were adopted from Fenech et al. (2003). 

The diameter of the MN should be less than one-third of the main nucleus. MN should 

be separated from or marginally overlap with main nucleus as long as there is clear 

identification of the nuclear boundary. MN should have similar staining as the main 

nucleus. 

Statistical analysis 

The one-way analysis of variance (ANOVA), Duncan’s Multiple Range Test was 

employed to compare the mean differences in MN frequency between control and 

different exposure periods and, in between successive exposure periods. 

Results 

Imidacloprid exposure elicited hyperactivity characterized by opercula movement, 

erratic swimming, loss of equilibrium, hanging in the water vertically and gasping for 

air. However, no fish died after the 168 h period of exposure to different Imidacloprid 

doses. 

Results of micronucleus assays with carp are shown in Tables 1, 2 and Figures 1, 2. 

In the 2.8 mg/L Imidacloprid group, the micronuclei cell number were not 

significantly different (p>0.05). As shown in the figure, Imidacloprid treatment 

significantly increased the micronucleus frequency in blood (P<0.05) in 5.6 mg/L 

treatment group. For the concentration of 5.6 mg/L Imidacloprid, the number of 

micronuclei cell was significantly higher than control after exposure of 168h, whereas 

the micronuclei abnormalities did not show any increase in relation to the control 

group up to 96 hours (Fig. 3). The number of nuclear abnormality (NA) moderate 

increased both 96h and 168 h in 5.8 mg/L Imidacloprid group. 

 
Table 1. Mean values of micronuclei frequencies in blood of fishes treaed with Imidacloprid 

 96h 168h 

Control 1.72±0.12 1.74±0.11 

2.8 mg/L 1.69±0.09 1.73±0.13 

5.6 mg/L 1.93±0.19a,b 2.28±0.20a,b 

 

 
Table 2. Mean values of binuclei frequencies in blood of fishes treaed with Imidacloprid 

 96h 168h 

Control 0.11±0.01 0.14±0.02 

2.8 mg/L 0.09±0.01 0.13±0.03 

5.6 mg/L 0.12±0.02 0.14±0.02 
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Figure 1. The erythrocytes from carp exposed to imidacloprid. (A) normal erythrocytes (B) 

micronucleus 

 

 

Figure 2. Mean values of binuclei frequencies in blood of fishes treaed with Imidacloprid 
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(A) 

 
(B) 

Figure 3. The erythrocytes from carp exposed to imidacloprid. (A) normal erythrocytes (B) 

micronucleus 

 

 

Discussion 

In the commercial formulation bioassay all fish exposed to 10 000mg/L İmidacloprid 

died after 3 h (Iturburu et al., 2017). In this study, Imidacloprid exposure elicited 

hyperactivity characterized by opercula movement, erratic swimming, loss of 

equilibrium, hanging in the water vertically and gasping for air. However, no fish died 

after the 168 h period of exposure to different Imidacloprid doses. 

This study, Imidacloprid caused a dose-dependent increase in the frequency of MN 

and other NAs, which was statistically significant (p < 0.05) in the highest concentration 

evaluated (5.6 mg/L) compared to the control (Tables 1, 2 and Figs. 1, 2). The results 

obtained in this study corroborate other pesticide studies using different species of fish, 

such as the evaluation of Imidacloprid (1-[(6-chloro-3-pyridinylmethyl]-N-nitro-2-
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imidazolidinimine; CASN˚138261-41-3; molecular formula C9H10ClN5O2), Aficida® 

and Endosulfan insecticides in fish erythrocytes from Oreochromis niloticus 

(Perciformes, Cichlidae), Cnesterodon decemmaculatus (Poeciliidae) and Carassius 

carassius (Cyprinidae) by the MN test (Candioti et al., 2010; Dar et al., 2015; Ansoar-

Rodríguez et al., 2015). These studies demonstrate the effectiveness of fish and the MN 

test as a model for the biomonitoring of aquatic ecosystems that may be affected by 

pesticides. 

At 100 mg/L and 1000 mg/L the imidacloprid micronucleus frequency was 

significantly higher than its negative control. Conversely, in the active ingredient 

bioassay the micronucleus frequency was significantly higher at 1000 mg/L 

imidacloprid in relation to its negative control (Iturburu et al., 2017). This study, for the 

concentration of 5.6 mg/L Imidacloprid, the number of micronuclei cell was 

significantly higher than control after exposure of 168 h, whereas the micronuclei 

abnormalities did not show any increase in relation to the control group up to 96 hours 

(Fig. 3). The number of nuclear abnormality (NA) moderate increased both 96 h and 

168 h in 5.8 mg/L Imidacloprid group. 

Conclusion 

Considering the genotoxic effects of Imidacloprid on C. carpio as obtained in this 

study by MN, there is serious apprehension about the potential danger of this drug to 

aquatic organisms. However, detailed studies using other assays having different end 

points may be needed to confirm the mutagenic and genotoxic status of the Imidacloprid 

and further explore the mechanism and interactions with the DNA metabolism in 

different aquatic organisms, especially fish. 
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