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Abstract 
Pesticides have become ubiquitous environmental pollutants and a part of the pesticides used for domestic and 

agricultural purpose reaches aquatic ecosystems. Pesticides, while eliminating pests can potentially affect non-target species, 

such as aquatic organisms. Phosmet is an organophophate used in control of aphids, suckers, mites, and fruit flies. In this study, 

developmental toxicity of phosmet at concentrations of 50, 100, 150, 200 and 250 µg/L was observed in zebrafish (Danio rerio) 

embryos at 24, 48, 72 and 96 hpf (hours postfertilization). The results showed that 96 hpf LC50 of phosmet to zebrafish embryos 

was 172.772 µg/L. Phosmet increased the hatch rate of embryos, while reducing their hatchability. Exposure to phosmet 

induced morphological abnormalities like yolk sac edema, pericardial edema, failure of hearts to loop properly and decreased 

rate of heart beat. This study shows that phosmet causes lethality and significant developmental defects in zebrafish in early life 

stages on short term exposure.  
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I. Introduction 

Pesticides are widely used in India for agricultural and domestic purposes. As a result, pollution of the environment 

due to extensive pesticide use is of immediate concern. In India, aquatic ecosystems serve as both a source of water and 

drainage. Thus agricultural systems and aquatic systems are closely interlinked with each other. The method of pesticide 

application in the fields results in a part of the pesticide entering the aquatic ecosystem. This potentially puts non-target species 

at risk of pesticide toxicity [1]-[2]. In India, major riverine systems like Ganga and Yamuna are polluted with effluents from 

industrial, agricultural and domestic sources [3]-[7].  

Organophosphates (OPs) are the most widely used pesticides today. They are used in agriculture, homes, gardens, and 

veterinary practice. OPs acts by disrupting the enzyme acetylcholinesterase (AChE) [8]. Prolonged exposure to OPs can lead 

can lead to increased risks for cardiovascular and respiratory disease, and cancer in human beings. In pregnant women, it can act 

as a teratogen, leading to permanent brain damage of the foetus and premature births [9]-[10]. 

Phosmet is a phthalimide-derived, organophosphate insecticide used on plants and animals. It is used on apple trees for 

control of codling moth. It is also used for control of aphids, suckers, mites, and fruit flies on fruit crops, ornamentals, and vines 

[11]. Phosmet inhibits AChE, which leads to prevention of hydrolysis of AChE. This results in a pathological excess of 

acetylcholine in the body, which accumulates at nerve junctions. This causes malfunction of the sympathetic, parasympathetic, 

and peripheral nervous systems and some of the central nervous system, resulting in cholinergic crisis [12]-[14]. 

The toxicity of phosmet to aquatic organisms is species-specific, varying from highly to very highly toxic. It is 

moderately hazardous to fishes [15]. In various fish species, the LC50 was 180 µg/L/24 hr in Chinook salmon (Oncorhynchus 
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tshawytscha) and 760 µg/L/24 hr in Rainbow trout (Oncorhynchus mykiss) fingerling. In Daphnia magna, the LC50 was 2.7 

mg/L for 24 hr. Phosmet has a reported bioconcentration factor of 6 to 37 in fish [16]-[18]. 

Based on the above data, the movement of phosmet to surface waters and its potential toxicity on non-target aquatic 

species is a matter of major concern. However, very few studies of toxicity of phosmet on aquatic organisms have been 

conducted.  

Zebrafish (Danio rerio) is an ideal toxicological model organism due to its small size, ease of handling, short life 

cycle, transparent embryos and its similarity to human organ systems. The objective of this study was to evaluate the effects of 

phosmet on early developmental stages of zebrafish (Danio rerio). The results would help us in better understanding of phosmet 

developmental toxicity. The endpoints measured would help in developing monitoring strategies for phosmet pollution.   

II. Materials and Methods 

A. Chemicals 

Phosmet, 2-(Dimethoxyphosphinothioylthiomethyl)isoindoline-1,3-dione, 98%] was obtained from Sigma (St.Louis, 

MO, USA). A stock solution was prepared in double distilled water and stored at 4oC in darkness. After initial range finding 

experiments, test solutions of five concentrations – 50, 100, 150, 200 and 250 µg/L were prepared by diluting the stock in E3 

medium [19]. All other chemicals were of analytical grade and were obtained from S D Fine-Chem.  

 
B. Maintainence of Zebrafish and Collection of Eggs 

Five pairs of zebrafish (Danio rerio) were obtained from local aquarium and kept in a 10L glass aquaria filled with 

charcoal filtered water. The water was continuously aerated and filtered. The fishes were exposed to a light-dark cycle of 14:10 

hr and the temperature was maintained at 28±1oC. They were fed twice a day, ad libitum with live bloodworms or readymade 

fish flakes. The tank was cleaned daily by siphoning the waste at the bottom of the tank and changing 10% of the water. After 

acclimatizing the fishes for a period of two weeks, the embryos were collected by mass spawning. For this purpose, the fishes 

were transferred to a spawning aquarium with a mesh at the bottom to prevent cannibalization of the eggs. The eggs were 

collected half an hour after the light was turned on in the morning. The eggs were collected and rinsed thrice in E3 medium. The 

eggs were observed under a dissection microscope and unfertilized eggs were discarded. 

C.  Toxicity Assay of Embryo-Larvae and Microscopic Observation 

Six 24-well plates were filled with 2 ml of test solution, one for negative control and five plates for different 

concentrations of phosmet – 50, 100, 150, 200 and 250 µg/L. The eggs at 3 hpf (hours post fertilization) were put into the plates, 

one egg in each well. Each of five plates of the treatment groups had 20 embryos in phosmet solution and 4 embryos as internal 

control. The mortality rate was kept at acceptable levels of one death in internal control in each plate and ≥ 90% survival rate in 

the negative control. The embryos were incubated at 28±1oC. The solutions in the wells were refreshed every 24 h. Each of the 

test concentration of phosmet was done in triplicates. The embryos were observed every 24 h and endpoints like mortality, hatch 

rate and hatchability were measured. An embryo was considered dead in the absence of a visible heartbeat. The heart beat and 

the SV-BA distance were also measured. The SV-BA distance was measured using an oculometer. Any gross abnormalities like 

yolk sac edema and pericardial edema were quantified. The toxicity assays were according to the guidelines of FET test [20]. 

All the stages of embryonic development of the zebrafish have been  identified using Kimmel et al. [21] as a source of 

reference. All the protocols have been carried out in accordance with Sophia College Ethical Committee with CPCSEA 

registration No. 1936/Po/Re/S/17/CPCSEA. 

International Journal of Scientific Research and Review

Volume 8, Issue 5, 2019

ISSN NO: 2279-543X

Page No: 379



D.  Statistical Analysis 
 

The results were analysed on the frequency of abnormalities observed. The date was presented as mean ± standard 

deviation (SD). The statistical differences between control and treatment groups were analysed by one-way ANOVA, followed 

by Bonferroni and Holm pairwise comparison of means. The differences were considered to be statistically significant when 

*p<0.05 and extremely significant when **p<0.01. 

 
III. Results and Discussion 

A. LC50 and cumulative mortality 
 

The LC50 was observed to be 172.772 µg/L at the end of 96 hpf. The cumulative mortality of the first two treatment 

groups, 50 and 100 µg/L was similar to the cumulative mortality of control group. The embryos treated in 150 µg/L 

concentration showed significant increase in cumulative mortality after 72 hpf as compared to control. The treatment groups of 

200 and 250 µg/L showed significant increase in cumulative mortality with respect to control from 24 hpf onwards (Fig.1).    

 

 
 

Fig. 1: Cumulative mortality of zebrafish embryos exposed to different concentrations of phosmet (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. (**p < 
0.01) 

 
B. Hatch rate and hatchability 

 
Hatching is an important event in the life cycle of a fish. It includes both physical biochemical processes, which 

eventually weakens and ruptures the chorion [22]. The embryos were observed for the hatching process from 48 to 60 hpf at 

intervals of 2 hrs. The zebrafish hatched out in an asynchronous manner. By 60 hpf, all the live embryos had hatched out from 

their chorions. 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’. The hatch rate increased in a dose and time dependent manner. Phosmet increased the hatch rate of zebrafish 

embryos in the entire treatment group compared to the control group (Fig.2).  
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The hatchability at 96 hpf was calculated by the formula: Hatchability = No of eggs hatched/Total no of fertile eggs. 

The hatchability of the zebrafish was decreased significantly in the concentrations of 200 and 250µg/L compared to the control. 

The concentrations of 50, 100 and 150µg/L showed hatchability which was similar to control. Thus, it can be concluded that 

phosmet affects hatchability at concentrations equal to or higher than 200µg/L (Fig. 3). 

 

Fig. 2: Hatch rate of zebrafish embryos exposed to different concentrations of phosmet (µg/L) from 48 to 60 hpf. Data are expressed as mean ± SD        
(n=3 replicates of 20 embryos in each concentration). Asterisks denote significant differences between control and treatments. (*p < 0.5, **p < 0.01) 

 
 

 
Fig. 3: Hatchability of zebrafish embryos exposed to different concentrations of phosmet (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. (**p < 0.01) 

C. Effect on Cardiac Structure and Function 
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 The number of heartbeats/min of zebrafish embryos were measured 48 to 96 hpf at intervals of 24 h. Any 

abnormalities in cardiac morphology were also recorded.  

 

The heart is one of the primary organs to form and start functioning during the development of zebrafish embryo [23]-[ 

24]. During organogenesis, the tube like heart loops to form a compact mature structure. This is very crucial in proper 

functioning of the heart [25]-[26]. In the control group, the heart shows normal looping to form an S-shaped structure, where the 

two chambers of the fish heart, the atrium and the ventricle lie side by side [27]. However, the hearts in embryos exposed to 

phosmet are elongated and string-shaped. Instead of lying side by side, the ventricle lies in front of the atrium. The ventricle is 

smaller and more compact, while the atrium is thinner and longer compared to the heart in control group (Fig. 8 - B & C). This 

indicates that phosmet induces a looping malformation during heart formation.  

 

Incidence of pericardial edema increased in a dose and time dependent manner. Embryos treated with 50µg/L of 

phosmet showed pericardial edema at levels similar to control group. However, the embryos exposed to 100, 150, 200 and 

250µg/L showed significant increase in pericardial abnormalities (Fig. 4). 

 

In zebrafish embryos, the distance between the junction of the heart and inflow tract at sinous venosus (SV) and the 

junction of the heart and outflow tract at bulbous arteriosus (BA) is known as SV-BA distance [28]-[29] (Fig.8. C).  It is an 

indicator of cardiac looping. In this study, the SV-BA distance was measured at 72 and 96 hpf. It was observed that in embryos 

exposed to phosmet, the SV-BA distance increased in a dose dependent manner. The SV-BA distance in zebrafish embryos 

exposed to control, 50 and 100 µg/L of phosmet showed reduction from 72 to 96 hpf, indicating normal looping of the heart.  

However, the SV-BA distance increased in embryos exposed to 150, 200 and 250µg/L of phosmet. This indicates that exposure 

to phomet brings about abnormal looping of the heart (Fig.5). 

 

 

Fig. 4: Pericardial edema occurring in zebrafish embryos exposed to different concentrations of phosmet (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. 
(*p < 0.05, **p < 0.01) 
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Fig. 5: SV-BA distance in  zebrafish embryos exposed to different concentrations of phosmet (µg/L)  after  72 / 96 hours exposure. Data are expressed 
as mean ± SD (n=3 replicates of 20 embryos in each concentration). Asterisks denote significant differences between control and treatments. (*p<0.05, 
**p < 0.01) 

The heart beat is an important indicator of cardiac function [30]. Embryos exposed to increasing concentrations of 

phosmet showed a corresponding decrease in the heartbeat rate, thus modifying cardiac function. This could be due to 

pericardial edema and abnormal looping of the heart. This study suggests that phosmet affects both cardiac structure and 

function of zebrafish embryos (Fig. 6). 

 
D. Effect on yolk sac 

 

The embryos showed increasing incidence of yolk sac edema in a dose and time dependent manner. There was no 

significant effect on the embryos at 48 hpf in all treatment groups. At 72 hpf and 96 hpf, treatment groups of 100, 150, 200 and 

250µg/L showed significant levels of yolk sac edema formation as compared to control. Treatment group of 50µg/L showed 

similar levels as that of control (Fig. 7, 8). 

 

In freshwater, the fishes are surrounded by a hypoosmotic environment as compared to their body fluids. In order to 

maintain their osmotic balance, they have to have mechanisms which reduce entry of water as well throw out excess water. So 

the kidneys in freshwater fishes produce large amounts of diluted urine. Both pericardial edema and yolk sac edema is seen in 

fishes exposed to phosmet. This leads to the conclusion that phosmet maybe impairing the kidney function in zebrafish. This 

allows excess of water to accumulate in the organs like yolk sac and pericardium. Some studies have shown that yolk sac edema 

can cause impairment in supply of nutrients to the heart resulting in pericardial edema [31]-[32]. Therefore, further studies have 

to be done to confirm the exact cause of edema formation.  
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Fig. 6: Number of heart beats occurring in zebrafish embryos exposed to different concentrations of phosmet (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. 
(**p < 0.01) 

 

   
Fig.7: Yolk sac edema occurring in zebrafish embryos exposed to different concentrations of phosmet (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. (*p < 0.05, 
**p < 0.01) 

Other studies have shown that similar increase in cumulative mortality, decrease in heart rate and and gross anatomical 

abnormalities like cardiac edema were also observed in zebrafish embryos exposed to chlorpyrifos, dichlorvos, and diazinon, 

three of the most commonly used OPs [33]-[34]. 

 

International Journal of Scientific Research and Review

Volume 8, Issue 5, 2019

ISSN NO: 2279-543X

Page No: 384



 

Fig. 8: A) indicates normal embryo in negative control at 60 hpf with normal pericardium and yolk sac B) indicates embryo exposed to 200 µg/L of 
phosmet at 72 hpf with mild pericardial edema C) indicates embryo exposed to 250 µg/L of phosmet at 72 hpf with severe pericardial edema (V- 
ventricle and A – atrium,     indicates the SV-BA distance (µm)) D) indicates embryo in negative control at 35 hpf with normal yolk sac and E) 
indicates embryo exposed to 250 µg/L of phosmet at 60 hpf with severe yolk sac edema 
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IV.Conclusion 

 
Developmental abnormalities are important endpoints in evaluating the teratogenicity of a chemical [35]. The results of 

the present study show that phosmet causes lethal developmental toxicity in zebrafish embryos in a dose and time dependent 

manner. Abnormalities like yolksac edema and pericardial edema were seen in the embryos exposed to phosmet. Phosmet is 

widely used as an insecticide and acaricide [36]. This will result in its direct release to the environment and may pose a threat to 

aquatic organisms in streams and rivers. Therefore scientific and discerning use of phosmet is necessary to avoid negative 

effects on aquatic organisms. 
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