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Objective The study was designed to investigate the effects of commercially avail-
able mosquito repellents on embryonic development of zebrafish.
Materials and Methods Transfluthrin is a type I pyrethroid present in all commercial 
mosquito and insect repellents. Pyrethrins are neurotoxins that target the nervous 
system of insects. Three popular brands of liquid vaporizer repellents coded as com-
pound A, B, and C that contained transfluthrin, ranging from 0.88 to 1.6% w/w, were 
used in this study. The effects of these compounds on the embryonic development of 
zebrafish were investigated. In addition, the ability of transfluthrin to induce oxidative 
stress was examined by analyzing the generation of reactive oxygen species in exposed 
embryos.
Results The exposure to mosquito repellents resulted in extensive morphological 
defects in zebrafish embryos. The severity of the anomalies correlated with the con-
centration of transfluthrin in the repellents. Exposure to pure transfluthrin generated 
high levels of reactive oxygen species in zebrafish embryos, suggesting the induction 
of oxidative stress.
Conclusion Liquid vaporizer repellents are generally used for control of mosquitos 
and are common in many households. This study demonstrated that its exposure to 
mosquito repellents causes severe morphological defects and embryonic lethality 
in zebrafish. The study also showed that transfluthrin, the active insecticide in these 
repellents, induces oxidative stress in zebrafish.
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Introduction
Control of mosquitos using commercially available electric 
repellent vaporizers is prevalent in many households around 
the world.1 India is endemic to several mosquito-related ill-
nesses and the use of liquid repellents is quite common. The 
majority of the mosquito repellents contain active synthetic 
pyrethroids such as transfluthrin, allethrin, and resmethrin, 
which are known neurotoxins.2 The repellents are available 
in different forms, such as synthetic liquid, creams, and 

natural oils. The pyrethroids are synthetic analogues of pyre-
thrins, class of organic compounds normally derived from 
Chrysanthemum cinerariifolium that act by targeting the ner-
vous systems of insects by blocking sodium channels hence 
affecting nerve conduction.3 The toxicity of pyrethroids is 
2,500 times higher in insects than mammals.4 Transfluthrin, 
a type I pyrethroid, is a fast-acting pyrethroid insecticide 
with low persistence and is used very effectively against 
flies, mosquitoes, moths, and cockroaches in indoor envi-
ronments. It is a relatively volatile substance which acts as 
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an inhalation agent. Accidental inhalation and skin contacts 
may cause symptoms of poisoning including nervousness, 
anxiety, tremor, convulsions, skin allergies, sneezing, run-
ning nose, and irritation in adults.5 The compound upon oral 
ingestion, shows high accumulation in liver and kidney.3,6 
According to World Health Organization (WHO), transfluth-
rins are considered as substances of low toxicity and there 
are no report on adverse health effect and acute toxicity of 
this compound.7 However, several studies on animals have 
shown potential detrimental effects on neurodevelopment, 
reproduction, and immune system after exposure to some 
pyrethroids.8 Accidental ingestion of these repellents by 
infants and small children may result in severe health issues. 
Long-term effects of daily transfluthrin exposure are not 
clear yet but there have been rising concerns over the risk 
of adverse toxic effects, especially in young children. Thus, 
investigating the effects of these compounds during early 
development using a suitable model system is very relevant.

In recent years, zebrafish (Danio rerio) has garnered con-
siderable attention as an effective vertebrate model system 
with applications in diverse areas of biomedical research. 
Zebrafish scores over other model systems by virtue of its 
favorable qualities such as high fecundity, short generation 
time, embryonic transparency, ex vivo development, and low 
set up cost. One of the most common applications of zebraf-
ish is in the field of toxicology to analyze the effects of drugs, 
environmental pollutants, and toxins. Zebrafish are small, 
inexpensive to maintain, and produce a large number of eggs 
in a single spawn, thus allowing for screening a wide range 
of chemicals in a relatively short time frame with high sta-
tistical significance. The larva can survive without external 
food for 7 days in a single well of 96 or 48 well microtiter 
plates. Embryos can be easily treated by waterborne expo-
sures as they readily absorb compounds from water. They are 
also tolerant of dimethyl sulfoxide, which allows screening 
of water-insoluble compounds as well. Besides, the transpar-
ency of the larva allows in vivo assessment of effects includ-
ing visual observation of important organs. Thus, the model 
system combines the scalability of the in vitro system with 
the ability to perform the whole animal-based phenotypic 
assays.8

Here, we describe the developmental defects associated 
with exposure of zebrafish embryos to commercially avail-
able liquid repellents that contain transfluthrin as the active 
insecticide. Our data also reveal that transfluthrin exposure 
generates ROS in zebrafish and causes oxidative stress.

Materials and Methods
Zebrafish Husbandry and Rearing
Adult zebrafish maintained at rearing facility with tempera-
ture 28 ± 0.5°C and 14/10 hours light and day dark cycle 
were used in the study. Pairwise mating of fishes was done 
to collect eggs. The fertilized eggs were collected the next 
morning, transferred into petri dishes containing embry-
onic (E3) medium and were maintained at 28°C in a cool-
ing incubator. The untreated/unexposed embryos served as  
control.

Types of Liquid Repellents
Three most popular commercially available liquid mosquito 
repellents were selected for the study and were coded as A, B, 
and C based on the concentration of transfluthrin. The repel-
lents were categorized into three types; one with high con-
centration of transfluthrin (code A, 1.6%), one with medium 
concentration of transfluthrin (code B, 1.22%), and one with 
low concentration of transfluthrin (code C, 0.88%).

Mode of Exposure
A semi-static methodology was followed where growth 
medium change and the renewal of the test solution were 
done twice a day. The embryos were exposed at 10 hours 
post fertilization (hpf) and the effects on development were 
monitored at 24, 48, 72, and 120 hpf, respectively. The exper-
iments were conducted in 12-well microtiter plate, with 
8–10 embryos in each well. Since the repellents used in the 
study were commercially available liquid vaporizers, the 
exposure to the compounds was done in percentage of total 
volume of embryonic water (E3 medium). A range of con-
centrations of repellents starting from 0.1 to 20% of the total 
volume of water was tested. Pure transfluthrin (99.2%, Sigma) 
was used in ppm levels.

Evaluation of Developmental Toxicity
The developmental toxicity was evaluated for each concen-
tration through visual observation and recording of a set of 
lethal and sublethal end points over a period of 5 days with a 
change of medium and renewal of test solution twice a day. 
The experiments were conducted in triplicates with 8 to 10 
embryos in each replicate. Images from three replicates for 
each end point for each concentration were recorded using a 
stereomicroscope (Leica S9D, Germany) and were compared 
with the control (unexposed) embryos. The teratogenic 
effects were recorded on day 1 (24 hpf), whereas the cardio-
toxicity evaluation was done on day 2 (48 hpf). The effects on 
hatching and swimming behavior were evaluated on day 3 
(72 hpf). The difference in the number of surviving embryos 
at each day was statistically compared with that of control. 
The p-value was calculated using a t-test, and a value of <0.05 
was considered statistically significant.

Evaluation of ROS Activity
The generation of ROS was checked by the addition of 2', 7'- 
dichlorodihydrofluorescein-diacetate (H2DCFDA) (Sigma, 
United States), a cell permeant, that acts as an indicator of 
ROS. During oxidation, the acetate groups are cleaved and 
the release of esterases converts a nonfluorescent H2DCFDA 
into a detectable fluorescent form. Pure transfluthrin was 
used to check the generation of ROS. Transfluthrin was 
exposed at 10 hpf and the evaluation of ROS was performed 
at 24 and 48 hpf. Embryos treated with H2O2 were used as 
positive control. Briefly, transfluthrin-treated embryos5-10 
were transferred into a new 24-well plate and washed with 
PBS. The washed embryos were incubated in 5-µM H2DCFDA 
for 2 hours. Post incubation, the embryos were washed and 
observed under a fluorescent microscope (Lieca DM2500, 
Germany).
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Results
Effects of Mosquito Repellents on Zebrafish Embryonic 
Development
The assays for developmental toxicities revealed that all 
the three repellents were highly toxic even at concentra-
tions ranging from 0.1 to 0.5%. The observations were made 
by counting the embryos at each day. The embryos were 
categorized into three groups: alive without defects, alive 
with defects, and dead. The absence of the heart beat was 
considered as an indication of mortality. The summary of 
the observations is shown in ►Tables 1 to 3. There was no 
significant death or morphological abnormalities at lower 
concentrations (0.1–0.5%) for any of the repellents on day 1 
and day 2 (►Figs. 1A, 2A, and 3A). However, at moderate (1 
and 5%) and higher concentrations (10 and 20%), the mor-
phological abnormalities and lethality of embryos were 
evident for all the three repellents from day 1. In addition, 
the difference in the number of surviving embryos (with or 
without morphological defects) in treated and control was 
statistically significant (p < 0.05) for all the repellents and the 
reduction in the number of embryos in treated conditions 

was directly proportional to the concentrations of the repel-
lents used. In case of repellents A and B, which contained 
high and moderate concentration of transfluthrin, respec-
tively (1.6 and 1.22%), the majority of the embryos showed 
lethality only on day 5 at lower concentrations (0.1–0.5%) 
without any significant difference in the number of surviving 
embryos at earlier time points (►Figs. 1A, 2A, and 3A). In con-
trast, in case of repellent C, which contained lower concen-
tration of transfluthrin (0.88%), the majority of the embryos 
were alive with or without morphological abnormalities 
(►Figs. 1A, 2A, and 3A) with 0.3% showing a significant differ-
ence between the treated and the control. Thus, the effects 
on morphological development were directly proportional 
to the concentration of transfluthrin in the repellents with 
repellent A being the most toxic and repellent C being the 
least toxic. At moderate concentrations (1–5%), exposure to 
repellent A and B resulted in significantly less number of 
surviving embryos at day 2 and day 3 with 100% lethality 
by day 3 (►Figs. 1A, 2A). In case of repellent C, despite a sig-
nificant difference in number of surviving embryos at day 2 
and day 3 (►Fig.  3A), complete mortality was seen only at 

Table 1   The summary of morphological observations of zebrafish embryos across 5 d of development after exposure to repellent A  
(transfluthrin: 1.6%)

Concentration 
of repellent
(% of embryo 
water) N = 30

Day 1 Day 2 Day 3 Day 5

Dead Alive  
without  
defects

Alive 
with 
defects

Dead Alive 
without 
defects

Alive 
with 
defects

Dead Alive 
without 
defects

Alive 
with 
defects

Dead Alive 
without 
defects

Alive 
with 
defects

0.1 0 30 0 2 28 0 1 4 23 27 0 0

0.2 0 30 0 0 30 0 2 0 28 28 0 0

0.32 0 30 0 2 28 0 0 8 20 28 0 0

0.5 0 30 0 1 29 0 0 0 29 29 0 0

1.0 0 30 0 0 30 0 20 0 10 10 0 0

5.0 2 0 28 1 0 27 27 0 0 – – –

10.0 9 0 21 20 0 1 1 0 0 – – –

20.0 4 0 26 22 4 4 0 0 – – –

Table 2  The summary of morphological observations of zebrafish embryos across 5 d of development after exposure to repellent B (transfluthrin:1.22%)

Concentration of 
repellent (% of 
embryo water) 
N = 30

Day 1 Day 2 Day 3 Day 5

Dead Alive 
without 
defects

Alive 
with 
defects

Dead Alive 
without 
defects

Alive 
with 
defects

Dead Alive 
without 
defects

Alive 
with 
defects

Dead Alive 
without 
defects

Alive with 
defects

0.1 0 30 0 0 30 0 10 10 10 10 0 10

0.2 0 30 0 0 30 0 2 10 18 10 0 10

0.3 0 30 0 0 30 0 1 0 29 28 0 1

0.35 0 30 0 2 28 0 0 8 20 28 0 0

0.5 0 30 0 0 3 27 1 0 29 29 0 0

1.0 1 29 0 5 0 24 24 0 0 – – –

5.0 2 0 28 3 0 25 25 0 0 – – –

10.0 0 0 30 1 0 29 29 0 0 – – –

20.0 0 0 30 22 8 8 0 0 – – –
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Table 3  The summary of morphological observations of zebrafish embryos across 5 d of development after exposure to repellent C 
(transfluthrin: 0.88%)

Concentration 
of repellent
(% of embryo 
water), N = 20

Day 1 Day 2 Day 3 Day 5

Dead Alive 
without 
defects

Alive 
with 
defects

Dead Alive 
without 
defects

Alive 
with 
defects

Dead Alive 
without 
defects

Alive 
with 
defects

Dead Alive 
without 
defects

Alive 
with 
defects

0.1 0 20 0 0 20 0 0 20 0 1 17 2

0.2 0 20 0 0 20 0 1 19 0 1 18 0

0.3 0 20 0 2 18 0 1 17 0 5 12 0

0.4 0 20 0 1 19 0 0 10 9 4 0 15

0.5 2 18 0 0 18 0 0 0 18 18 0 0

1.0 0 20 0 0 20 0 4 0 16 16 – –

5.0 0 20 0 0 0 20 5 0 15 15 – –

10.0 7 0 13 13 0 0 – – – – – –

20.0 20 0 0 – – – – – – – – –

Fig. 1 (A) Survival rates of zebrafish embryos treated with different concentrations of repellent A. The embryos were exposed at 10-hour 
post-fertilization (hpf) and the total number of embryos that survived with or without associated developmental defects and that died were 
recorded at 24 hpf (day 1), 48 (day 2), 72 (day 3), and 120 hpf (day 5). “*” indicates p < 0.05. (B) Representative images of zebrafish embryos at 
different stages of development after exposure to 0.1 and 0.2% of repellent A. Morphological anomalies such as pericardial edema, incomplete 
yolk absorption (roundish yolk), and upward body curvature are evident in treated embryos at day 5.

Fig. 2 (A) Survival rates of zebrafish embryos treated with different concentrations of repellent B. The embryos were exposed at 10-hour 
post-fertilization (hpf) and the total number of embryos that survived with or without associated developmental defects and that died were 
recorded at 24 hpf (day 1), 48 (day 2), 72 (day 3), and 120 hpf (day 5). “*” indicates p < 0.05. (B) Representative images of zebrafish embryos 
at different stages of development after exposure to 0.1 and 0.2% of repellent B. Morphological anomalies such as incomplete yolk absorption 
(roundish yolk) and mild pericardial edema are evident in treated embryos at day 3 and day 5.
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day 5 (►Fig. 3A), further suggesting a dose-dependent effect 
of transfluthrin. At higher concentrations (10 and 20%) all 
the three repellents were highly toxic with complete mor-
tality by day 2 and 3. Even at day 1, there were significantly 
less number of surviving embryos in case repellent A and C 
(►Figs. 1A and 3A). The morphological abnormalities asso-
ciated with repellent exposure included pericardial edema, 
incomplete yolk absorption, upward body curvature, and 
absence of gut-associated organs. The representative images 
are shown in ►Figs. 1B, 2B, and 3B.

Induction of Oxidative Stress by Transfluthrin
Pyrethroids are known to be capable of generating free radi-
cals and causing stress on cells. To investigate whether expo-
sure to transfluthrin generates reactive oxygen species (ROS) 
in zebrafish embryos, H2DCFDA staining was performed. 
Oxidative stress is a result of imbalance between free rad-
ical generation and antioxidant production. Increased gen-
eration of ROS is a hallmark of oxidative stress. The results 
of H2DCFDA staining indicated that transfluthrin exposure 
leads to the generation of high levels of ROS, suggesting 
the induction of oxidative stress. Representative images are 
shown in ►Fig. 4.

Discussion
Transfluthrin, a synthetic type I pyrethroid, is the most 
commonly used insecticide in mosquito repellents. 
Mosquito repellents are marketed in various forms such as 
creams, coils, one-push aerosols, and in liquid form. The 
liquid repellents, which work as vaporizers, are the most 
preferred one in households around the world. The actual 
concentration of transfluthrin in the liquid repellents 
varies and it generally ranges from 1.6 to 0.6%. Although 
pyrethroids are considered nontoxic for mammals, there 
have been reports of pyrethroid poisoning, particularly 
transfluthrin poisoning in human.10 The major symptoms 
of the transfluthrin poisoning in adults include headache, 

dizziness, drowsiness, epigastric pain, vomiting, anorexia, 
fatigue, muscle twitching, salivation, running nose, and 
convulsions.11

In this study, the toxicities of three commercially avail-
able mosquito repellents were analyzed in zebrafish model 
system. The results clearly indicated that transfluthrin is 
extremely toxic to zebrafish embryos and even low con-
centrations of 0.1 to 0.5%, it interfered with the survivabil-
ity of the embryos. The results further revealed that the 
deformities and the lethality associated with transfluthrin 
were dose-dependent with repellents containing higher 

Fig. 3 (A) Survival rates of zebrafish embryos treated with different concentrations of repellent C. The embryos were exposed at 10-hour 
post-fertilization (hpf) and the total number of embryos that survived with or without associated developmental defects and that died were 
recorded at 24 hpf (day 1), 48 (day 2), 72 (day 3), and 120 hpf (day 5). “*” indicates p < 0.05. (B) Representative images of zebrafish embryos 
at different stages of development after exposure to 0.1 and 0.2% of repellent C. Morphological anomalies such as incomplete yolk absorption 
(roundish yolk), lack of digestive track, and smaller body are evident in treated embryos at day 5.

Fig. 4 Detection of ROS in zebrafish embryos treated with pure 
transfluthrin. Representative images of H2DCFDA staining in zebraf-
ish embryos at 24 and 48 hpf after exposure to different concen-
trations of transfluthrin. Zebrafish embryos exposed to H2O2 served 
as positive control. H2DCFDA, 2', 7'-dichlorodihydrofluorescein- 
diacetate; ROS, reactive oxygen species.
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concentrations of transfluthrin (1.6%) being the most toxic 
compared with the type that contained lower concentra-
tion of transfluthrin (0.88%). Our data corroborated with 
an earlier study, which reported that the mortality of the 
zebrafish embryo increased with the increase in the con-
centration and exposure time of cypermethrin, a synthetic 
pyrethroid.12 Our data also demonstrated that transfluth-
rin induces the generation of ROS in zebrafish embryos. 
Cypermethrin and fenvalerate, which belong to the pyre-
throid family, have been shown to produce ROS in cotton 
bollworm.13 Thus, our results are in accordance with previ-
ously published reports.

Accidental ingestion of liquid mosquito repellents can 
result in transfluthrin poisoning which manifests as intra-
vascular hemolysis and methemoglobinemia, uncontrolled 
seizures, and rise in leucocytes counts in juveniles and 
adults.11 A study in mice has shown that chronic exposure 
to transfluthrin (20–25%) over a period of 15 days can lead 
to substantial damage to organs such as lung, liver, and 
kidney.14

Although the liquid repellents used in households are 
vaporizers, their extensive use makes them accessible to 
infants and children who might ingest them accidentally or 
inadvertently leading to disastrous consequences. The focus 
of this study was to analyze the effects of acute exposure of 
mosquito liquid repellents on zebrafish embryonic devel-
opment. Our data clearly indicated that these repellents 
are highly toxic to zebrafish at early stages of development. 
Even at very low concentrations, these repellents caused 
severe morphological deformities and mortality. In addi-
tion, the toxicity depended on the concentration of trans-
fluthrin, the active compound, in these repellents. Further 
studies would be required to understand the mechanisms 
of action and to decode the pathways involved in transflu-
thrin poisoning.
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