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Abstract 

Chlordane is highly toxic organochlorine pesticides that have been widely used 

throughout the world for decades and posing adverse effects on the environment. 

Contents detected in tissue and blood samples have resulted in a raising concern for their 

potential effects on wildlife and humans. In this study, we investigate the potential effect 

of chlordane on the development of zebrafish embryos. Zebrafish larvae were treated 

with different concentrations (0, 25, 50, 100, 200 ng/L) of chlordane from 12 hours post-

fertilization (hpf). Different early stage parameters were observed at 1, 2, 3 and 4 day 

post-fertilization (dpf). Chlordane-exposed zebrafish larvae appeared significant lower 

survival rate, developmental and hatching time delay and decreased embryo productivity. 

The heartbeat rate and blood flow were decreased in a dose dependent manner. These 

results suggested that exposure to real life of chlordane led to direct morphological and 

phenotypic changes and effects systems related to development and reproduction even in 

short-term manner. 

 

Introduction 

Chlordane, belongs to organochlorine pesticides, is widely distributed 

contaminant in environments. Because of its high toxicity, stability, liposolubility and 

long biological halflives, chlordane has been considered one of the most-dangerous 

pesticides. Organochlorine pesticides, which have carcinogenic, teratogenic and 

endocrine-disruptive effects in animals [1-4], can maintain high concentrations of 

biomagnification and bioaccumulation within food chains [5-9]. Chlordane has been 

shown to have multi and alterable biological functions including estrogen-like functions 
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[10-12], thus has detrimental effects on animal reproductive systems [13-15]. Chlordane 

has been detected consistently in many animal ecosystems even though it has been 

prohibited to use for decades in world-widely range [16-18]. Therefore, the impact of 

chlordane residues on the health of wildlife and humans has become an intractable 

concern.  

Previous studies have reported that xenoestrogen treatment changes hormone 

levels and reproductive behaviors [19-21]. Zebrafish are frequently used as test animals 

in aquatic systems to examine the effect of endocrine-disrupting chemicals [22-25]. In 

zebrafish, the biological roles of the vertebrate-similar steroid hormones, testosterone and 

estrogen have been explored [26-28]. Expose to vertebrate estrogen can result in 

maturation in fish [29-31], which also affect the sexual development and sexual hormone 

regulation [32-35]. 

Zebrafish are well suitable for phenotypic screening and chemical toxicity [36-38]. 

The transparency of zebrafish embryos and high conservative evolutionary relationship to 

vertebrates, which make zebrafish a suitable model to investigate the genetic basis of 

human diseases [39-41]. The forward genetic screens of zebrafish makes this model 

powerful for discovery of novel gene functions in physiological process [42, 43]. 

Knockdown and knockout methodologies have been successfully applied in zebrafish [44, 

45]. The short life span of small laboratory animals such as zebrafish represents an 

important advantage model to test programs in the environmental risk assessment of 

chemical toxicities [46].   

In this study, we assessed the potential risk associated with the presence of 

chlordane in the aquatic environment by examining the morphological abnormalities, 
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survival, hatching and heartbeat rates of zebrafish treated with chlordane.  

 

Materials and Methods 

 

Chemical 

Technical-grade chlordane was purchased from Sigma-Aldrich (Cat. No: 45378-

250MG, USA.). Stock solution was prepared by dissolving 100 mg chlordane in 10 mL 

water and stored at -20 °C. Four selected concentrations were prepared by dilution of the 

stock solution with final concentration of E3 medium (5 mM NaCl, 0.17 mM KCl, 0.33 

mM CaCl and 0.33 mM MgSO4, PH 7.4). 

 

Zebrafish maintenance 

Wild type AB zebrafish (Danio rerio) were at 28.5 °C on a 14-h-light/10-h-dark 

cycle. Embryos were obtained from the natural spawning of adult fish set up in pairwise 

crosses. All studies were performed with approval of the Jianghan University Animal 

Care and Use Committee (IACUC), protocol number 16-051. Embryos were incubated in 

E3 medium and staged according to previous literature [47].  

 

Chlordane treatment 

Two hundred embryos of the same developmental stage were collected and place 

in 100 mL E3 medium and treated with four concentrations of chlordane (25, 50, 100, 

200 ng/L) from 12 hpf. Non-treated embryos were set as controls maintained in the same 

medium without chlordane. These embryos were incubated at 28.5 °C and fresh medium 
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were exchanged twice daily. Embryos were examined for survival rates at 1, 2, 3 and 4 

dpf, and dead embryos were discarded. All the experiments were repeated in three 

replicates.  

 

Microscopy observation  

Survival rates were calculated by counting the living larvae to the total embryos. 

Dead larvae were judged via the appearance of blood circulation, heartbeat and body 

color changes. Dead embryos were counted and discarded daily. The heartbeat rates of 

larvae from each group at corresponding time points were observed under a microscope 

and recorded (beats/minute) by using a timer. The hatching rates and morphological 

abnormalities were examined and observed daily.   

 

Statistical analysis 

Statistical analysis was performed using SPSS (IBM, Armonk, NY). Graphs show 

mean and standard error of the mean unless otherwise specified. Significance for 

normally distributed data sets was calculated using the two-tailed Student t-test. P values 

< 0.05 were considered significant.  

 

Results 

 

Exposed to chlordane caused increasing mortality and abnormalities in zebrafish 

To determine the toxicity of chlordane exposure to zebrafish, we treated zebrafish 

embryos with 0, 25, 50, 100, 200 ng/L chlordane from 12 hpf. The survival rates were 
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decreased with an increase in high concentrations of chlordane during developmental 

processes (Fig. 1). In non-treated group, we observed no overt mortality through the 

whole experimental period. At 2 and 3 dpf, chlordane induced significant mortality form 

a concentration of 100 ng/L whereas at 4 dpf, the mortality was induced significantly 

from a concentration of 200 ng/L. zebrafish embryos developed normally in control 

group. In the chlordane-exposed groups, we observed prominent morphological 

abnormalities listed in Table 1, which showed a concentration-dependent manner. At 

higher concentration of 200ng/L, the larvae did not response to touch and the blood flow 

was lower compared to other groups at the same point. These results suggested that the 

lowest toxic concentration of chlordane was 50 ng/L from 2 to 3 dpf zebrafish larvae. 

 

Lower hatching rate in chlordane-treated zebrafish embryos 

In the non-treated controls, zebrafish embryos were hatched sporadically between 

2 and 3 dpf, however, the hatching rates were lower in the chlordane-exposed groups and 

had no hatching at higher chlordane concentration (200 ng/L) (Figure 2). The hatching 

rate in control group was 20.2% and 45% at 2 and 3 dpf, respectively, and 96.2% of 

embryos were hatched at 4 dpf. The similar percentage of hatching rates was observed at 

25 ng/L chlordane-treated embryos. At concentrations of 50, 100 and 200 ng/L 

chlordane, zebrafish embryos started to hatch from 3 dpf and the percentage of hatching 

were significant lower compared to controls. The hatching rates of 50, 100 and 200 ng/L 

chlordane-treated groups were 40.6%, 15.1% and 5% at 4 dpf. The overall hatching rates 

in the embryos treated with chlordane were significantly decreased and the hatching time 

was obviously delayed.  
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Decreased heartbeat rates in chlordane-exposed zebrafish larvae 

The heartbeat rates in the different chlordane exposure groups were monitored at 

the four developmental stages (Fig. 3). In the control group, heart rates increased and 

became prominent during development. We found that the number of beats/minute in 

controls was from 120/min to 140/min at 2 and 4 dpf, respectively. The heartbeat rats 

were significantly decreased in the chlordane-treated embryos and appeared a dose-

dependent manner. In the 2 dpf, the number of beats/minute reduced from 110/min to 

50/min in the 50 and 100 ng/L chlordane-treated embryos, respectively. In the 4 dpf, the 

beats decreased from 120/min to 30/min in the 50 and 100 ng/L chlordane-exposed 

groups, respectively. Observation made at 4 dpf has also shown the same trend until 

death was noticed. The heart beat rates were significantly decreased in all developmental 

stages at the four concentrations of chlordane compared to control zebrafish larvae.  

 

Discussion  

Numbers of pollutants can specifically affect the physiological processes occur 

within cells, tissues and organs during the embryogenesis and development [48-53]. In 

this study, we investigated the effects of chlordane on embryogenesis at four different 

time points during the zebrafish developmental stages from 2 to 4 dpf.  

Early stage zebrafish embryos have been widely used for evaluating the toxicity 

and teratogenicity of chemicals might lead to severe impact on environmental and animal 

health [38, 54-58]. In the present study, we used four different concentrations of 

chlordane to examine the dose-dependent manner with developmental stages. These 
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assays are useful for evaluating potential impacts on growth, survival and development of 

animals in the polluted environment and which can be used as valuable tools for 

environmental monitoring.  

Chlordane led to a concentration-dependent manner increased in mortality (Fig. 

1). The mortality was less than 3% in the controls during the test time period. Embryos 

(before 24 hpf) were more resistant than the larvae (2-4 dpf) when exposed to chlordane. 

The egg chorion may act a protective role to the embryos in a toxic environment. The 

lower hatching rates in the higher chlordane treated groups may due to the incorporation 

of chlordane into the embryos.  

Hatching is an important point in the life cycle of fish and is well known as a 

crucial event during the embryogenesis [59-61]. Hatching rate delay in zebrafish embryos 

can happen when various reasons such as inhibition of the enzyme activities involved in 

hatching, which further result in behavioral defects and abnormal muscular movement. In 

the present study, we observed dose-dependent delay in the percentage of hatching rates 

(Fig. 2), which may be caused by these factors. Our data suggested that lower 

concentration of chlordane had little effect on hatching rates. However, further studies 

need be performed to investigate the role of chlordane on the enzymes activities involved 

in hatching process.  

The heart rate is a key toxicology end point in the zebrafish embryonic test [56, 

59, 62-64], which makes the heartbeat assessment as an important parameter in 

evaluating cardiac function. The number of beats/minute was slower in the chlordane-

exposed larvae compared to the non-treated controls (Fig. 3). This effect might be 

possibly caused by malformation of the heart [65-67]. A weak heart resulted in defective 
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functions and improper pumping of blood, which further led to retardation of body 

growth in larvae and slow blood flow (Table 1). These abnormalities in the chlordane-

treated larvae indicated that chlordane was a cardiotoxic chemical. Thus, cardiotoxicity 

of chlordane might be the reason for abnormal morphological in this study, which further 

caused the larvae more lethargic at higher concentrations.  

 

Conclusion 

Our study provided a good starting point for assessment of molecular mechanisms 

involved in development and embryogenesis that are impacted by chlordane. Further 

investigations will help to explore the potential mechanisms for pathogenesis as a 

consequence of chlordane exposure.  
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Table 1 Effect of chlordane on zebrafish embryogenesis at different concentrations 
 
 
Morphological 

abnormalities 

Time 

(dpf) 

0 ng/L 

 

25 ng/L 50 ng/L 100 ng/L 200 

ng/L 

Body 

pigmentation 

2 

 

87.3% 

 

76.9% 

 

45.3% 

 

21.4% 

 

2.1% 

 

Touch 

response 

2 91.8% 85.9% 67.5% 40.3% 10.5% 

Growth 

retardation 

3 4.7% 25.5% 37.6% 48.2% 86.3% 

Abnormal 

swimming  

3 1.6% 15.5% 23.0% 56.6% 92.6% 

Slow blood 

flow 

3 2.5% 12.4% 27.5% 52.8% 90.3% 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

.CC-BY-NC-ND 4.0 International licensea
certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made available under 

The copyright holder for this preprint (which was notthis version posted March 22, 2017. ; https://doi.org/10.1101/119248doi: bioRxiv preprint 

https://doi.org/10.1101/119248
http://creativecommons.org/licenses/by-nc-nd/4.0/


 15

Figure Legends  
 
Figure 1 Survival rates in zebrafish-treated with different concentration of 
chlordane.  
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Figure 2 Hatching rates in zebrafish-exposed to different concentration of 
chlordane.  
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Figure 3 Heartbeat rates in zebrafish exposed to chlordane.  
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