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Cyfluthrin is a synthetic pyrethroid that contaminates aquatic 

ecosystems and is also a potential toxic contaminant. This study, it was 

aimed to calculate the accumulation values of 0.5, 1, 5, 10, 20, and 50 

µg/L dosing solutions of the chemical cyfluthrin in zebrafish (Danio 

rerio), a model organism, for 96 hours The experiments were performed 

in triplicate and the static test method was used in the acute toxicity test. 

At the same time, behavioral changes such as a decrease in swimming 

speed and swimming on the side and bottom were observed at all 

cyfluthrin concentrations in fish. Data obtained from acute toxicity tests 

of cyfluthrin were evaluated using the Probit Analysis Statistical 

Method. The 96-hour LC50 value of zebrafish was calculated as 3.61 

µg/L. 
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  Siflutrin, su ekosistemlerini kirleten ve aynı zamanda potansiyel bir toksik 

kirletici olan sentetik bir piretroidtir. Bu çalışmada model bir organizma 

olan zebra balıklarında (Danio rerio) siflutrin kimyasalının 0,5, 1, 5, 10, 

20 ve 50 µg/L olan dozlama çözeltilerinin 96 saat süreyle birikim 

değerlerinin hesaplanması amaçlanmıştır. Deneyler üç tekrarlı olarak 

yapılmış ve akut toksisite testinde statik test yöntemi kullanılmıştır. Aynı 

zamanda balıklarda tüm siflutrin konsantrasyonlarında yüzme hızında 

azalma, yan ve dip kısımda yüzme gibi davranış değişiklikleri 

gözlemlenmiştir. Siflutrinin akut toksisite testlerinden elde edilen veriler 

Probit Analizi İstatistik Yöntemi kullanılarak değerlendirilmiştir. Zebra 

balığının 96 saatlik LC50 değeri 3,61 µg/L olarak hesaplanmıştır. 

 

To Cite: Koçak G., Günal AÇ., Dinçel AS. Investigation of Acute Toxicity of Cyfluthrin on Zebrafish (Danio rerio). 

Osmaniye Korkut Ata Üniversitesi Fen Bilimleri Enstitüsü Dergisi 2024; 7(3): 1021-1029. 

 

1. Introduction 

Pyrethroids, a class of pesticides with insecticidal activity, are widely used in agriculture to control 

ectoparasite infestation and also in animal husbandry. Unfortunately, many existing pyrethroids are 

toxic to humans, aquatic organisms, mammals, and other organisms. The use of these substances not 

only harms the ecosystem but also causes manufacturing workers and the public to be exposed to toxic 
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effects (Jokanovic, 2018; Tamagno et al., 2023). Pyrethroids act on neural sodium channels, which 

remain open for a long time, leading to insect death and hyper-excite the nervous system (Wang et al., 

2010; Zhu et al., 2020). Also, their excessive persistence in the environment can cause pollution, such 

as polluting groundwater and disrupting agricultural production. Together with the risk reduction 

decisions taken by the US Environmental Protection Agency (EPA), it has resulted in increased use of 

pyrethroid insecticides and thus increased human exposure to pesticides. In order to evaluate the 

potential health risks, the endocrine-disrupting effects of pyrethroids, especially hormone receptor 

activities, should be studied (Du et al., 2010).  

Lethal concentration 50 (LC50), is an abbreviation for the exposure concentration of a toxic substance 

that was fatal to half of the test animals. Values for fish toxicity vary among species in the literature. 

Fish are very important for aquatic creatures and humans as an important component of the food chain 

(Swiacka et al., 2022). Zebrafish, as they have a short reproductive cycle, low cost, and transparent 

embryos, high productivity it is generally used in aquatic toxicity studies at larval, embryonic, and 

adult stages (Teame et al., 2019). Zebrafish are preferred in acute toxicity tests to determine the 

relationship between exposure to toxic compounds in vertebrates (Bambino and Chu, 2017; Putra et 

al., 2022). The externally fertilized embryo of zebrafish shows rapid and transparent development, 

allowing relatively easy collection and drug treatment at the early embryonic stage, as well as 

microscopic examination throughout embryonic development (Shi et al., 2018; Fan et al., 2021; Zhang 

et al., 2022). At the same time, they are easy to find, easy to maintain, and cost-effective, high fertility, 

short life cycles, and being more sensitive to chemicals are among the reasons why they are preferred. 

Especially in recent years, it is frequently encountered in the literature as an advantageous model 

organism used in the study of the effects of endocrine disruptors (Ankley and Johnson, 2004; 

Lawrence, 2007; Ni et al., 2019; Segner, 2009; Spence et al., 2008). Cyfluthrin is the active ingredient 

in nonsystemic insecticides used for the control of insects, in the garden, for pets and livestock, for 

mosquito control, and where necessary for public health. Cyfluthrin is the active ingredient used in 

important areas for the control of chewing and sucking insects, especially public health. Increased 

toxic effects of cyfluthrin on fish Daphnia magna and other aquatic invertebrates have been studied in 

previous years. For example, various fish species have been reported: 22 µg/L in carp (Cyprinus 

carpio); channel catfish (Ictalurus punctatus); 1.5 µg/L in bluegill (Lepomis macrochirus); sheepshead 

minnow (Cyprinodon variegatus) (Hill, 1989); 0.68 µg/L in rainbow trout (Oncorhynchus mykiss). 

Fathead min now (Pimephales promelas) 96-h LC50 2.49 µg/L (Poore et al., 2001), Rainbow trout 

(Oncorhynchus mykiss) 96-h LC50 0.3 µg/L (Powell, 2001) and Sheepshead minnow (Cyprinodon 

variegatus) 96-h LC50 4.05 µg/L. Wolansky and Harrill (2008) studied pyrethroid toxicology in 

mammals, amphibians, and birds as well as terrestrial and aquatic invertebrates (Wolansky and Harrill, 

2008). In the studies conducted, synthetic pyrethroids; Have been shown to be highly toxic to fish, 

honeybees, and aquatic arthropods. Cyfluthrin affects the central nervous system and has a stimulating 
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effect on sodium ion channels, while also preventing neurotransmitter transmission through inhibition 

of calcium ion channels (Du et al., 2010; Kadiru, 2021).  The aim of the study was to determine the 

96-hour LC50 value of cyfluthrin. When the studies were examined, no studies were reported regarding 

the acute toxicity test of cyfluthrin on the model organism zebrafish. 

 

2. Material and Methods 

 

Zebrafish with a mean length of 3.59±0.67 cm, obtained from a commercial company in Ankara, were 

used in the study. The study was completed at the Gazi University Faculty of Medicine Medical 

Biochemistry Research Laboratory. To ensure adaptation to the experimental environment, 40 

experimental and control zebrafish (female/male equal distribution) were taken into the stock 

aquarium 15 days before the start of the experiment and were placed in 8 (5 fish in each) experimental 

aquariums with the size of 10x20x35 and one control aquarium. The fish were fed with flake fish food 

(Ahm Cichlid Flake Food), which was combined with vitamins and minerals and had high-quality 

protein content, rich in amino acids, carnivorous and plant-rich. Fish were dosed at the determined 

rates of 0.5, 1, 5, 10, 20, and 50 µg/L. It was dissolved in 0.052 g CYF/25 mL DMSO. Stock solutions 

were prepared by diluting the cyfluthrin weighed in determined amounts in dimethyl sulfoxide 

(DMSO). Two different control groups were used in the study, control and solvent control (DMSO). 

Control groups (Control and DMSO added control) were also conducted under the same conditions. It 

was observed that DMSO had no effect on the fish and there was no death in either control group. 

DMSO was dosed not to exceed 100 microliters per liter. The ambient temperature was kept constant 

at 23-24 ºC by providing a photoperiod of 12:12 in the research laboratory (Liu et al., 2016). The mean 

composition values of water used in the study; have a pH of 7.2, dissolved oxygen of 5.4 mg/L, and a 

conductivity of 75.7 μs/cm (21ºC). Stock solutions were prepared at concentrations of 0.5, 1, 5, 10, 20, 

and 50 µg/L for application for 96-h and using EPA Probit Analysis Program V 1.5. Five fish were 

placed in each of eight 10-litre aquariums and, excluding the control group, solutions concentrations 

were pipetted into the aquariums, respectively. After observation for 24, 48, 72, and 96-h, the dead 

fish were removed from the aquarium and the deaths were recorded. DMSO was used in the 

preparation of cyfluthrin (Cyfluthrin 95%) solution. Experimental aquariums were ventilated with the 

help of air motors and the subjects were not fed during the experiment. The 'probit analysis' was 

applied to the data obtained as a result of the experiment with the help of SPSS and the LC50 value 

was calculated. 
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3.Results 

In the bioassay system, the 96-h LC50 value of cyfluthrin was found to be 3.61 µg/L. The study was 

repeated three times and their behavior was monitored. Results are presented in Table 1 and Figure 1. 

It was observed that cyfluthrin was quite toxic to Danio rerio. The species used are recommended 

according to previously used reference/standard methods (Greally and Jacobs, 2013). Fish at 

concentrations of 0.5, 1, 5, and 10 µg/L showed normal behavior, similar to the behavior of the control 

group.  Behavioral changes began 1 hour after dosing at 20 and 50 µg/L. At the end of the study, no 

deaths were recorded in the control groups. Irregular swimming, hanging, loss of balance, swimming 

vertically in the water, contractions, and lying down were observed at the bottom of the aquarium. 

 

Table 1. 96-h toxicity of cyfluthrin to Danio rerio. 

Point Concentration 

(µg/L) 

95% confidence 

limits 

Intercept×S.E. Slope×S.E. 

LC 1.00 0.09 0.00-0.47 2.66-0.66 4.17±0.40 

LC 5.00 0.027 0.00-0.97   

LC10.00 0.48 0.01-1.45   

LC15.00 0.71 0.03-1.93   

LC50.00 3.61 1.06-9.18   

LC85.00 18.23 7.49-197.08   

LC90.00 26.74 10.21-474.16   

LC95.00 47.18 15.60-1802.02   

LC99.00 136.82 32.69-23294.57   
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Figure 1. Regression line and probits estimated at 96-h for cyfluthrin of Danio rerio. 
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4.Discussion 

Cyfluthrin is a potent pyrethroid insecticide with generally low toxicity. Due to its long degradation 

cycle, it can accumulate in the environment for a long time. Cyfluthrin poses a threat to both aquatic 

and other organisms, and ecotoxicological data are very limited and they do not dissolve easily in 

water (Niell et al., 2010; Lanteigne et al., 2015). It can also cause potential harm to living things due to 

their exposure to water, air, and soil. In such studies, zebrafish offer many advantages as model 

organisms, such as their genetic structure, high reproductive rate, rapid development, small size, and 

high reproductive structure. Cyfluthrin, a synthetic pyrethroid, damages nerve signals by negatively 

affecting membrane sodium channel systems in target organisms. Synthetic pyrethroids have been 

shown in laboratory studies to be toxic to fishies, honeybees, and aquatic arthropods (Antwi and 

Reddy, 2015; Hill, 1989; Weston et al., 2005; Zhan et al., 2020). There are different studies showing 

that it negatively affects AChE activity, and with the decrease in AChE activity, anxiety-like behaviors 

occur and impaired motor activity (Sarasamma et al., 2020; Zhang et al., 2022). AChE plays a role in 

decreased swimming distance, acute dysfunction, and disruptions in motor development, as well as 

regulating the development of the central nervous system in zebrafish larvae. (Irons et al., 2013; Shi et 

al., 2018). The cumulative mortality rate continues to increase depending on time and dose compared 

to the control group at every stage of the experiment, indicating that this substance is toxic. One 

researcher reported an LC50 value of 96-hour 21.07 µg/L for cyfluthrin in Nile tilapia fingerlings 

(Oreochromis niloticus). 48-hour LC50 value for cyfluthrin in guppy fish was estimated at 8.07 µg/L17 

and 0.68 µg/L in rainbow trout (Selvi et al., 2008; Singh et al., 2022). The toxicity of a chemical 

depends on the environment, the physiological conditions of the species exposed, and the purity of the 

chemicals used. Acute toxicity, as well as developmental effects of cyfluthrin, were analyzed in 

zebrafish embryos and larvae at 24, 48, 72, and 96-h. This study highlighted that short-term exposure 

to cyfluthrin could cause death in the early life stages of zebrafish besides severe developmental 

deformities. 

 

5.Conclusion 

This study revealed that cyfluthrin, widely used in agriculture, is a highly toxic synthetic pyrethroid 

pesticide. The increasing use of Cyfluthrin in recent years poses a threat to aquatic ecosystems. 

Therefore, caution should be exercised in agricultural use and awareness should also be exercised in 

domestic use. The use of environmentally friendly, effective, and appropriate pesticides is important 

for the health of many living organisms as well as aquatic ecosystems.  
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