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Abstract 

 

The extensive and indiscriminate use of 

insecticides gives rise to significant risks for both 

human health and the environment. Agricultural 

runoff into waterbodies like rivers and ponds 

results in unintended exposure of aquatic 

organisms to these insecticides. Beta-Cyfluthrin, a 

type II synthetic pyrethroid is widely used in India 

as an insecticide. In this study, we investigated the 

developmental toxicity of beta-Cyfluthrin at 

concentrations of 0.25, 0.5, 1.0, 2.0 and 4.0 µg/L 

on zebrafish (Danio sp.) embryos at 24, 48, 72, and 

96 hours post-fertilization (hpf). The cumulative 

mortality increased in a time and dose-dependent 

manner and LC50 was 2.869 at 96 hpf. The hatch 

rate and hatchability were inversely proportional to 

concentration of beta-Cyfluthrin. Spontaneous 

trunk contractions (STCs) also decreased in 

embryos exposed to higher concentrations. Severe 

cardiac abnormalities like pericardial edema, 

failure of the heart to loop properly and increased 

heartbeat rate were observed in the treatment 

groups. Additionally, beta-Cyfluthrin led to yolk 

sac edema and spinal curvature in the treated 

embryos. This research underscores that exposure 

to beta-Cyfluthrin during the early life stages of 

zebrafish results in developmental defects and its 

unintended release in to aquatic ecosystems could 

potentially cause environmental harm. 
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1. Introduction 
Being a global agricultural powerhouse, pesticides 

are used on a widespread scale in India. The most 

common method of pesticide application is 

spraying  

 

 

in the form of aerosols. In India, the irrigation and 

drainage systems in agricultural fields are closely 

interlinked with natural aquatic bodies. This leads 

to unintended entry of pesticides into ponds, lakes 

and rivers. This can result in exposure of non-target 

species like aquatic invertebrates and vertebrates 

like fishes to the harmful effects of pesticides 

(Smith and Stratton, 1986; Wijngaarden et al., 

2005). 

Synthetic pyrethroids (SPs) are one of the most 

commonly used pesticides in modern agriculture. 

They are neurotoxicants and are highly toxic to 

aquatic invertebrates and fishes (Benli, 2005; 

Morgan et al., 2007; Gan et al., 2008; Sepici-

Dinçel et al., 2009).       

Beta-Cyfluthrin is a second generation type II  

synthetic pyrethroid. It is used to control pests like 

ants, silverfish, cockroaches, termites, weevils, 

fleas, mosquitoes and flies and is easily available in 

the markets (Extoxnet, 1996). It acts as a contact 

and oral toxin. It affects the nerve function and 

disrupts the sodium channels leading to 

depolarization and hyperexcitability. It also shows 

weak anti-estrogenic activity (Johnson and Finley, 

1980; Tyler et al., 2000; Du et al., 2010). The 

LC50 values of beta-cyfluthrin toxicity for various 

fish species are 0.068 µg/L for rainbow trout 

(Oncorhynchus mykiss), 330.9 ng/L/96 hr for 

golden orfe (Leuciscus idus), and 28 ng/L/96 hr for 

bluegill sunfish (Lepomis macrochirus). In 

Mysidopsis bahia (Mysid shrimp), the LC50 was 

0.0022 µg/L. Bioaccumulation in the muscles of 

Nile tilapia (Tilapia nilotica) was 0.009 mg/L after 
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five days, when exposed to a dose of 0.001 mg/L ( 

Al-Makkawy and Madbouly, 1999; Tomlin, 2006). 

The half-life of beta-Cyfluthrin is approximately 12 

days in water with sunlight and 193 days in the 

dark (Casjens, 2008).  
 

 Cypermethrin, a synthetic pyrethroid was detected 

at different sites in the surface waters of 

Thamirabarani, a perennial river in Tamil Nadu, 

India ranging from 0.006 to 0.034 mg/kg. (Arisekar 

et al., 2018). This raises the concern of potential 

movement of pyrethroids to aquatic water bodies 

and its impact on non-target organisms. Even 

though synthetic pyrethroids are highly toxic to 

invertebrates and fishes, relatively few studies have 

been conducted to assess the impact of beta-

Cyfluthrin on aquatic organisms. 

Zebrafish (Danio sp.) is a very useful model for 

ecotoxicity impact studies due to its transparent 

embryos, small size, and short generation time and 

well tested protocols. The objective of the present 

study was to investigate the impact of beta-

Cyfluthrin on embryo and larval stages of zebrafish 

(Danio sp.). The results will provide better 

understanding of ecotoxicity of beta-Cyfluthrin and 

characterize accurately the environmental risk 

associated with pyrethroid runoff after its 

agricultural applications. 

 

2. Materials and Methods 
2.1 Chemicals 
Beta-Cyfluthrin (Cyfluthrin [(R)-cyano-(4-fluoro-

3-phenoxyphenyl) methyl] (1S)-3-(2,2-

dichloroethenyl)-2,2-dimethylcyclopropane-1-

carboxylate), 96.4%] was obtained from Sigma-

Aldrich, USA). 1% stock solution was prepared in 

acetone and stored in darkness at 4
o
C. The test 

solutions with concentrations of 0.25, 0.5, 1.0, 2.0 

and 4.0 µg/L were prepared by diluting the stock in 

E3 medium (Cold Spring Harbor Protocols, 2011).  

The above concentrations were selected based on 

literature survey as well as pilot trials conducted. 

All the other chemicals were of AR grade and 

obtained from SD-Fine Chem, India. 

  

2.2 Maintenance and acclimatization of 

zebrafish 
Five pairs of mature breeding zebrafish were 

obtained from the local aquarium. They were 

housed in 10 L glass aquaria under semi-static 

conditions. The aquarium was supplied with 

activated charcoal filtered tap water, which was 

aerated and filtered constantly. The fishes were 

exposed to 14:10 light dark cycle. The temperature 

of the water was maintained at 28±10°C. The fishes 

were fed with live artemia ad libitum. The aquaria 

was cleaned daily by siphoning the waste and by 

changing 10% of the water. The fishes were 

acclimatized for two weeks before breeding.  

 

2.3 Breeding and egg collection 

The eggs were obtained by mass spawning. The 

breeding pairs were kept in a breeding tank with a 

mesh at the bottom to prevent cannibalization of 

the eggs by the adults. Spawning was triggered by 

exposing the fishes to 30 mins of light in the 

morning. The eggs were collected, debris removed 

and rinsed repeatedly in E3 medium till clean. 

Unfertilized eggs were removed by checking under 

a dissection microscope.  

 

2.4. Experimental Setup and exposure to 

beta-Cyfluthrin 

Throughout the experimental study the fishes were 

maintained in the Sophia College for Women, 

CPCSEA registered zebrafish maintenance facility, 

Registration No. 1936/Po/Re/S/17/CPCSEA as per 

the protocols recommended by the IAEC. Seven 

24-well plates were set up with 2 ml of test solution 

in each well. The plates were as follows: one 

negative control, one solvent control (SC) (with 4.0 

µg/L of acetone) and five experimental groups with 

different concentrations of beta-Cyfluthrin (0.25, 

0.5, 1.0, 2.0 and 4.0 µg/L).  Fertilized embryos at 3 

hpf were added to the test plates – one egg in each 

well. The experimental groups had 20 embryos 

exposed to beta-Cyfluthrin with 4 internal control 

in each plate. The embryos were monitored once 

every 24 hours for a period of 4 days. The mortality 

in the negative control and solvent control plates 

were monitored at ≤ 90% according to FET 

guidelines (OECD, 2013). Any experimental plate 

with a mortality ≥ 10% in the internal control 

embryos were discarded. The entire experiment 

was done in triplicates. The eggs were incubated at 

28 ± ºC with a light dark cycle of 14:10 hours. The 

E3 medium was changed every 24 hours. The 

endpoints such as mortality, hatching, hatch rate, 

sinus venosus-bulbous arteriosus (SV-BA) distance 

and heart rate were measured every 24 hours. Any 
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malformations such as pericardial edema and yolk 

sac edema were observed. Any dead embryos were 

discarded every 24 hours. Lack of visible heartbeat 

was considered as an indicator of mortality. 

Observation of heart malformation was done from 

48 hpf onwards. The toxicity assays were done by 

following the OECD FET guidelines. The 

identification of the embryo stages was done using 

Kimmel et al, 1995. 

 

 

2.5. Statistical analysis  

 

The data was presented as mean ± standard 

deviation  (SD). Statistical differences between 

control and treatment groups were evaluated by 

one-way ANOVA, followed by Bonferroni and 

Holm pairwise comparison of means. The 

differences were considered statistically significant 

when **p<0.01. LC50 was calculated using 

Finney's Probit data analysis method.  

 

3. Results and Discussion  
3.1. Effect of Solvent  

Acetone in E3 medium was used as solvent control. 

Statistical analysis showed that there was no 

significant difference between the negative control 

and solvent control for all tests in this study.  

 

 3.2. Effect on Survival and Hatching   

The cumulative mortality was calculated for 24, 48, 

72 and 96 hpf. The cumulative mortality increased 

in a time and dose dependent manner (Fig.1). 

Cumulative mortality at 0.25 and 0.5 µ/L were the 

similar to control, while the embryos exposed to 

2.0 and 4.0 µg/L of beta-Cyfluthrin showed 

significant difference with respect to control from 

24 hpf onwards. This is in agreement with earlier 

work done on other synthetic pyrethroids like 

deltamethrin, trans-permethrin, fenvalerate, 

cypermethrin and flucythrinate where the 

increasing concentration of pesticide lead to 

increased mortality in fishes, especially in the early 

life stages (Clark et al., 1989; Rahmi et al., 2005; 

Amin and Hashem, 2012). 

  

3.3. Effect on hatch rate and hatchability  

Hatching is a crucial event in the developmental 

history of fishes where a complex set of 

biochemical and physical pathways enables the 

weakening and   

 

Table 1: LC50 of zebrafish embryos exposed to different 

concentrations of beta-Cyfluthrin (μg/L) at 24, 48, 72 and 96 

hpf. 

 

Exposure Time (hours) LC50 (µg/L) 

24 10.638 

48 4.830 

72 3.583 

96 2.869 

 

 

 
 
Fig. 1: Cumulative mortality of zebrafish embryos exposed to different concentrations of beta-Cyfluthrin (μg/L) at 24, 48, 72 and 96 

hpf. Data are expressed as mean ± SD (n=3 replicates of 20 embryos in each concentration). Asterisks denote significant differences 

between control and treatments at different time periods. (**p < 0.01), SC - Solvent Control
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destruction of the chorion, allowing the embryo to 

hatch (De Gaspar et al., 1999). In this study, we 

observed the hatching of embryos at intervals of 5 

hours starting from 50 hpf to 65 hpf.   The embryos 

started hatching asynchronously from 48 hpf. All 

the embryos had hatched out by 65 hpf. The hatch 

rate was calculated by the following formula: 

Hatch rate = No of eggs hatched at time „X‟/ No of 

eggs alive at time „X‟.  

It was observed that hatching was delayed with 

increase in exposure concentration. The hatch rate 

at 50 hpf was similar in both control and treated 

groups. However, by 55 hpf, the hatch rate 

embryos in concentrations 2.0 and 4.0 slowed 

down and showed significant difference with 

respect to control by 60 hpf (Fig.2).  

Hatchability is the ratio of eggs hatched with 

respect  

to the total number of fertile eggs. The hatchability 

of zebrafish was not affected by the increase in 

beta-Cyfluthrin concentration except for 

concentrations of 2.0 and 4.0 μg/L, which showed 

significant decrease with respect to control (Fig.3). 

Earlier work done shows that exposure to 

deltamethrin resulted in decrease in hatch rate in 

common carp (Cyprinus carpio L.) embryos and 

larvae (Köprücü and Aydin, 2004). Zebrafish 

exposed to different pyrethroid insecticides like d-

Tetramethrin, cyphenothrin, deltamethrin and l-

cyhalothrin showed a similar decrease in 

hatchability (Sharma and Ansari, 2010; Yang et al., 

2014; Mendis et al., 2018). However esfenvalerate 

accelerated hatching in zebrafish, while permethrin 

did not have any effect on hatchability (Zhang et 

al., 2017; Wang et al., 2020). 

 
 

Fig. 2: Hatch rate of zebrafish embryos exposed to different concentrations of beta-Cyfluthrin (μg/L) from 50 to 65 hpf expressed in 

%. Data are expressed as mean ± SD (n=3 replicates of 20 embryos in each concentration), SC - Solvent Control

 

 
 

Fig. 3: Hatchability of zebrafish embryos exposed to different concentrations of beta-Cyfluthrin (μg/L) after 96 hpf. Data are 

expressed as mean ± SD (n=3 replicates of 20 embryos in each concentration). Asterisks denote significant differences between 

control and treatments at different time periods. (**p < 0.01), SC - Solvent Control 
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Fig. 4: Number of spontaneous contractions (STC) occurring in zebrafish embryos exposed to different concentrations of beta-

Cyfluthrin (μg/L) at 24 hpf for 60 seconds. Data are expressed as mean ± SD (n=3 replicates of 20 embryos in each concentration). 

Asterisks denote significant differences between control and treatments (**p<0.01).  SC - Solvent Control 

 

3.4 Effect of beta-Cyfluthrin on 

spontaneous trunk contractions (STC) 
In zebrafish, involuntary movements termed 

spontaneous contractions start at 17 hpf. 

Spontaneous trunk contractions are indicated by 

jerky movements by the embryo within the chorion 

and are due to development of neurons adjacent to 

the somites. During the course of normal 

development, the frequency of spontaneous 

contractions reach their peak at 19 hpf and 

gradually decrease (Saint-Amant and Drapeau., 

1998; Fraysse et al., 2006; Jin et al., 2009).  

In this study, we recorded the STC for a period of 

60s at 24 hpf. It was observed that the frequency of 

STC was inversely proportional to the 

concentration of beta-Cyfluthrin. Embryos exposed 

to concentration of 1.0, 2.0 and 4.0 μg/L showed a 

concentration dependent decrease (Fig.4).  Kimmel 

et al., 1974 postulates that STC‟s lead to hatching 

as it helps in rupturing the chorion. This decrease 

in STC‟s on exposure to beta-Cyfluthrin aligns 

with the decrease in hatch rate (Fig.2). 

 

3.5 Effect on Cardiac Structure and 

Function  
During the development of zebrafish, the heart is 

one of the first organs to form and start 

functioning. Hence the development of the heart is 

a useful endpoint in toxicity studies. Lack of 

heartbeat is one of the lethal endpoints according to 

Fish Embryo Acute Toxicity (FET) Test guidelines 

(Stainier et al., 1993; Lee et al., 1994; OECD, 

2013). 

The organogenesis of the heart begins with 

formation of a tube which later loops into an S- 

 

shaped structure made up of two chambers, the 

atrium (A) and the ventricle (V) (Antkiewicz  et al., 

2005; Ramasubramanian et al., 2008). These two 

chambers lie side by side and can be easily seen in 

the lateral view (Manner et al., 2010). 

In the present study, we observed the cardiac 

morphology from 48 hpf to 96 hpf.  It was 

observed that the embryos exposed to beta-

Cyfluthrin showed failure in the looping process 

and as a result the ventricle was positioned in front 

of the atrium. The atrium and ventricle were 

narrower and string shaped compared to control 

(Fig. 8E). 

Pericardial edema was observed in the treated 

embryos at 48, 72 and 96 hpf. The embryos 

exposed to concentrations 2.0 and 4.0 μg/L showed 

significant difference from 48 hpf onwards, while 

embryos in 1.0 μg/L developed edema from 72 hpf 

onwards (Fig. 5). 

The distance between the junction of heart with 

inflow tract at sinus venosus (SV) and the junction 

of the heart with outflow tract at bulbous arteriosus 

(BA) can be measured as an index of the cardiac 

looping and is known as SV-BA distance (Fig. 8C) 

(Stainier et al., 1993; Lee et al., 1994). In the 

present study, the SV-BA distance was measured 

using oculometer under 100X magnification at 72 

and 96 hpf. It was observed that there was no 

significant difference in SV-BA distance between 

control and experimental embryos at 72 hpf. 

However, embryos exposed to 2.0 and 4.0 µg/L 

showed significant increase in SV-BA (µm) at 96 

hpf with respect to control. This indicates that the 

heart did not loop properly during development, 

resulting in increased SV-BA distance (Fig. 6). 
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Fig. 5: Pericardial edema occurring in zebrafish embryos exposed to different concentrations of beta-Cyfluthrin (μg/L) at 48, 72 and 

96 hpf. Data are expressed as mean ± SD (n=3 replicates of 20 embryos in each concentration). Asterisks denote significant 

differences between control and treatments at different time periods (**p < 0.01).

 

 
 
Fig. 6: SV-BA distance in zebrafish embryos exposed to different concentrations of beta-Cyfluthrin (µg/L) after 72 and 96 hpf. Data 

are expressed as mean ± SD (n=3 replicates of 20 embryos in each concentration). Asterisks denote significant differences between 

control and treatments at different time periods (**p < 0.01).

 

Comparison of the SV-BA distance between 72 and 

96 hpf indicates that in untreated embryos, the SV-

BA distance decreases from 72 to 96 hpf. This is 

due to the tube like heart folding into an S-shaped 

loop, thereby decreasing in length. However, Fig. 6 

shows that embryos in concentrations 2.0 and 4.0 

ug/L showed a significant increase in SV-BA 

distance from 72 hpf to 96 hpf, indicating failure of 

the looping of the cardiac tube. 

The rate of heart beat is one of the important 

cardiac functions and is an important indicator of 

early life stage toxicity (Henry et al., 1997). The 

embryos exposed to increasing concentration of 

beta-Cyfluthrin showed significant increase in the 

rate of heartbeat with respect to control in a time-

dependent manner (Fig. 7). The increased rate of 

heartbeat could be due to pericardial edema and 

abnormal looping of the heart (Yamauchi et al., 

2005).  A comparison of the heart rate with the 

incidence of pericardial edema shows that 

increasing levels of pericardial edema correlated to 

increasing heart rate (beats/min). The results 

suggest that beta-Cyfluthrin impairs both the 
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cardiac structure and function of zebrafish 

embryos.  

 

 
 

Fig. 7: Number of heart beats occurring in zebrafish embryos exposed to different concentrations of beta-Cyfluthrin (µg/L) at 

48/72/96 hpf for 60 s. Data are expressed as mean ± SD (n=3 replicates of 20 embryos in each concentration). Asterisks denote 

significant differences between control and treatments at different time periods (**p < 0.01).

 

It should be noted that abnormalities caused by 

beta-Cyfluthrin did not result from an inability to 

form a functional heart in the initial stages of 

development. With the increase in time and 

concentration, the beta-Cyfluthrin exposed 

embryos developed cardiac abnormalities and 

deteriorated in function compared to the control. 
Prior research have shown that synthetic 

pyrethroids like ectomethrin, tralomethrin and α-

cypermethrin can cause cardiovascular defects like 

pericardial edema and increased heart rate (Othman 

and Mahmoud, 2019; Ghazouani et al., 2020; Guo 

et al., 2023).  

 

3.6 Effect of beta-Cyfluthrin on the yolk sac  
In zebrafish developmental toxicity studies, yolk 

sac edema is a frequently observed malformation. 

Many compounds including pesticides have been 

shown to cause yolk sac edema in zebrafish 

embryos (Cao et al., 2016; Oliveira et al., 2017). 

“Blue sac syndrome” which is characterized by 

pericardial and yolk sac edema is observed in many 

developmental toxicity screens in zebrafish (Hill et 

al., 2004). This suggests that the incidence of yolk 

sac edema is an important toxicological outcome 

for zebrafish developmental studies (Sant and 

Laragy, 2018). 

Yolk sac edema was observed in the treated 

embryos at 48, 72 and 96 hpf. The embryos 

exposed to concentrations 2.0 and 4.0 μg/L showed 

significant difference from 48 hpf onwards, while 

embryos in 1.0 μg/L developed edema from 72 hpf 

onwards (Fig. 9). Earlier research show that 

exposure to deltamethrin, a widely used type II 

pyrethroid resulted in yolk sac edema in zebrafish 

(Kuder and Gundala, 2018). 

 

. 
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Fig. 8: Morphological effects of beta-Cyfluthrin on zebrafish developmental stages. A- Normal embryo at 48 hpf; B and C - embryo 

with pericardial edema (A-auricle, V ventricle) at 48 and 96 hpf respectively,   indicates the SV-BA distance; D – embryo with 

pericardial edema (PE) and yolk sac edema (YSE) at 72 hpf; E – embryo with pericardial edema (PE) at 72 hpf showing failure in 

looping of the heart tube, marked by  ; F- embryo with severe pericardial edema (PE) and yolk sac edema (YSE) (dorsal view) at 

72 hpf; G - embryo with scoliosis at 48 hpf, markd by  ; H - embryo with kyphosis at 48 hpf, marked by   and I- embryo with 

lordosis at 48 hpf, marked by  
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3.7 Effect of beta-Cyfluthrin on Spinal 

Curvature 
Skeletal and muscle tissue are vulnerable to organic 

chemical exposure. Exposure of zebrafish embryos 

to various type I pyrethroids like permethrin, 

resmethrin, and bifenthrin and type II pyrethroids 

like deltamethrin, cypermethrin, and λ-cyhalothrin 

have resulted in curvature of the spine (DeMicco et 

al., 2010). The current study shows that exposure 

to beta-Cyfluthrin resulted in defects in spinal 

curvature. There was significant difference in 

incidence of abnormal curvature of the spine in 

embryos exposed to 2.0 and 4.0 µg/L of beta-

Cyfluthrin at 72 and 96 hpf compared to control 

(Fig. 10). Scoliosis (sideways curvature of the 

spine –Fig. 8G), kyphosis (inward curvature of the 

spine – Fig. 8H) and lordosis (outward curvature of 

the spine Fig. 8I) were observed in embryos 

exposed to 1.0, 2.0 and 4.0 µg/L of beta-Cyfluthrin

 

 
 

Fig. 9: Yolk sac edema occurring in zebrafish embryos exposed to different concentrations of beta-Cyfluthrin (μg/L) at 48, 72, and 

96 hpf. Data are expressed as mean ± SD (n=3 replicates of 20 embryos in each concentration). Asterisks denote significant 

differences between control and treatments at different periods (**p < 0.01) 

 

 
 

Fig. 10: Abnormal curvature of the spine occurring in zebrafish embryos exposed to different concentrations of beta-Cyfluthrin 

(μg/L) at 72 and 96 hpf. Data are expressed as mean ± SD (n=3 replicates of 20 embryos in each concentration). Asterisks denote 

significant differences between control and treatments at different time periods (**p < 0.01). 
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4. Conclusion 
The results from the present study show that beta-

Cyfluthrin can lead to developmental defects in 

zebrafish. The increase in mortality and 

abnormalities showed a concentration-dependent 

and time-dependent manner. As the toxicity of 

beta-Cyfluthrin to the developmental stages of 

zebrafish have not been studied extensively, this 

study forms the initial basis for further exploration 

of developmental and cardiac toxicity of beta-

Cyfluthrin in zebrafish. Beta-Cyfluthrin is widely 

used in India as an insecticide and this results in 

significant potential risk to non-target species, 

especially aquatic life.  It is crucial to develop 

methods of application of beta-Cyfluthrin to crops 

which will minimize the likelihood of it entering 

aquatic ecosystems.  
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