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Abstract The objective of the present study was to elucidate
the effects of cypermethrin on the embryo and the larvae of
Gangetic mystus, Mystus cavasius. Therefore, fertilized eggs
(n =100) and 1-day-old larvae (n = 100) were exposed to six
different concentrations of cypermethrin (0, 2, 4, 8, 16 and
32 ug L") in each of the 18 plastic bowls. Each of the treat-
ment and control was maintained in three replicates. The LCy,
and LCsq values for Gangetic mystus embryos and larvae
were calculated using probit analysis. Results showed the
mortality of embryos significantly increased with increasing
cypermethrin concentrations. The 24-h LC, and LCsq (with
95% confidence interval) values of cypermethrin for embryo
were 0.42 (0.14-0.81) and 5.60 (4.16-7.19) ug Lt respec-
tively. Hatching success decreased and mortality of larvae
increased significantly with increasing cypermethrin concen-
trations. The 24-h LC;¢ and LCsq values (with 95% confi-
dence limits) of cypermethrin for larvae were 1.72 (1.24—
2.20) and 11.57 (10.09-13.42) ug L', respectively; the 48-
h LC;¢ and LCsq for larvae were 1.34 (0.83-1.89) and 8.25
(6.87-9.91) g L', respectively; the 72-h LC,o and LCsj, for
larvae were 1.13 (0.63—1.66) and 6.12 (4.91-7.47) ug L
respectively. Furthermore, results showed several
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malformations in embryos and larvae when exposed to the
two highest concentrations of cypermethrin. The findings of
the study suggest that 2 pg L™ cypermethrin concentration in
the aquatic environment may have deleterious effects on the
development and the reproduction of Gangetic mystus.
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Introduction

Cultivation of high-yielding varieties of crops is a common
practice in Bangladesh to meet the ever-growing demand of
food. The important phenomenon of these high-yielding vari-
eties is that most of them are susceptible to pests and diseases
(Bagchi et al. 2009; Sumon et al. 2016a, b). Farmers use
pesticides indiscriminately to protect the crops and to increase
the quantity of agricultural yields (Rahman 2013). The use of
pesticide in Bangladesh was negligible until 1960 (Rahman
2013), but it has increased rapidly from 7350 MT in 1992 to
45,172 MT in 2010 (Hasan et al. 2014).

Pyrethroids, a class of broad-spectrum and high-efficiency
pesticides, are becoming increasingly popular in agricultural,
veterinary and home use over the decades; accounting for
about one-quarter of the world pesticides market (Oros and
Werner 2005; Shi et al. 2011). In recent years, residues of
pyrethroids have been extensively detected in soil, urban and
agricultural streams, as well as indoor dust, which poses a
potential risk to aquatic organisms and humans (Hladik and
Kuivila 2009; Kuivila et al. 2012). However, great attention
has been paid to pyrethroids residues in the runoff and stream
water because of their high toxicity towards aquatic organ-
isms, like fish and invertebrates (Werner and Moran 2008).
Pyrethroids have been shown to be up to 1000 times more
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toxic to fish than to mammals and birds (Edwards et al. 1986;
Bradbury and Coats 1989).

Cypermethrin [RS-a-cyano-3-phenoxybenzyl (1RS)-cis-,
trans-3-(2,2,-dichlorovinyl)-2,2-dimethyl cyclopropane car-
boxylate] and k-cyhalothrin [a-cyano-3-phenoxybenzyl-3-(2-
chloro-3,3,3,-trifluoropropenyl)- 2,2-dime-thyl-cyclopropane
carboxylate; CAS number: 52315-07-8] are widely used as
synthetic pesticides of pyrethroids, and they are among the
most effective pyrethroid preparations (Bradbury and Coats
1989; Lewis et al. 2016). They are the type II pyrethroid in-
secticides, used to control many pests including moth pests of
cotton, fruits and vegetable crops (Crawford et al. 1981).
These insecticides have emerged as a major agricultural pes-
ticide in both developing and developed countries owing to
their superior insecticidal activity and broad insecticidal
range. The mechanism of their effectiveness in the case of fish
is the same as that of other pyrethroids containing cyano-3-
phenoxy-benzyl groups. Cypermethrin acts by blocking sodi-
um channels and affecting the function of GABA receptors of
nerve filaments (Bradbury and Coats 1989; Dobsikova et al.
2006).

The pesticides used in the crop fields, animal husbandry,
post-harvest technology, public health and industry ultimately
reach the aquatic systems through different pathways like di-
rect deposition or spray drift, runoff, precipitation, soil condi-
tions and slope of the catchment area (Liess et al. 1999; Deka
and Dutta 2012). Application of these synthetic derivatives of
pyrethroids is highly toxic to a number of non-target aquatic
organisms even at low concentrations (Oudou et al. 2004;
Begum 2005; El-Sayed et al. 2007). Cypermethrin has poten-
tially deleterious effects on fish at sub-lethal levels (Saha and
Kaviraj 2009). Like other groups of vertebrates, however, fish
embryos and larvae are also considered to be the most sensi-
tive stages in the life cycle and sensitive to low levels of
environmental pollutants (Sumon et al. 2016b). A number of
studies have been conducted to assess the toxicity of
cypermethrin to various stages of different fishes (Das and
Mukherjee 2003; Adhikari et al. 2004; Gonzalez-Doncel
et al. 2004; Aydin et al. 2005; Kumar et al. 2007; Saha and
Kaviraj 2009; Suvetha et al. 2010; Shi et al. 2011; Jin et al.
2011).

Gangetic mystus (Mystus cavasius; order: Siluriformes;
family: Bagaridae), locally known as ‘gulsha’, is one of the
important small indigenous fish species (SIS) in Bangladesh.
The species is also abundant in India, Nepal, Pakistan, Sri
Lanka, Myanmar, Thailand, Indo-China, Malaysia, East
Indies, Syria and West Africa (Yadav 1997). M. cavasius is
commonly found in rivers, lakes, canals, floodplains, swamps,
ponds and ditches (Talwar and Jhingran 1991). The fish is
very popular to consumers because of its taste and nutritional
values. As per our literature survey, no study has been con-
ducted to investigate the toxicity of cypermethrin on the de-
velopmental stages of M. cavasius to date. Therefore, the
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present study aimed at assessing the toxicity of cypermethrin
on the embryo and the larvae of M. cavasius. The findings of
this study could serve as a baseline for other researchers in
using Gangetic mystus as a model fish for assessing the em-
bryonic and larval toxicity of environmental contaminants.

Materials and methods
Collection of experimental fish and pesticide

Mature male and female of M. cavasius were collected from a
local commercial fish breeding farm (Sharnalata Agro-
Fisheries Limited, Fulbaria, Mymensingh). Fish were
transported in oxygenated plastic bags to the Faculty of
Fisheries, Bangladesh Agricultural University, Mymensingh,
and were stocked in an earthen pond (length: 12 m; width:
6 m; water height: 1.5 m). Fish were fed daily in the evening
with a commercial floating catfish feed at a rate of 4%/kg body
weight. The experiment was approved by the Animal Care
and Use Committee of Bangladesh Agricultural University,
Mymensingh, Bangladesh.

Cypermethrin (10 EC, manufactured by Hayleys PLC, Sri
Lanka) was purchased from a local registered pesticide seller
(Mymensingh, Bangladesh).

Hormone administration, collection of gametes, artificial
fertilization and incubation of eggs

Healthy and fully matured male (n = 5; length:
12.97 £ 0.76 cm; weight: 15.64 = 2.22 g) and female
(n = 10; length: 14.56 + 0.70 cm; weight: 21.40 + 2.80 g)
fishes were selected for spawning. Matured males were iden-
tified by a slightly pointed genital papilla and females by a
swollen abdomen and a reddish swollen vent. The maturity of
each female was confirmed by slightly pressing the ventral
side of the fish for oozing of eggs. Fish were attificially in-
duced by intramuscular injection of carp pituitary powder
suspended in a 0.9% NaCl solution. The powder was admin-
istered at a rate of 10%/kg body weight of both male and
female fish. Hormone-injected fish were transferred in previ-
ously prepared aerated glass aquaria (45 cm x 30 cm % 32 cm)
containing 50 L dechlorinated tap water.

Fish were taken out from aquarium after 10 h of pituitary
administration and placed in an aluminium bowl for stripping.
Female fishes were stripped by gentle pressure on the abdo-
men to collect the eggs in the bowl, and simultaneously, testes
were collected from the male fishes by using a scalpel and cut
into small pieces to collect milt. Collected eggs and milt were
mixed properly by using a clean and soft poultry feather. Few
drops of water were added for proper mixing of eggs and milt
to ensure effective fertilization. A portion of the fertilized eggs
were placed into previously prepared experimental units for
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studying embryonic toxicity, and the rest of the fertilized eggs
were released into a glass aquarium. Continuous water supply
was ensured by providing shower in aquarium until hatching
of the eggs, and 1-day-old larvae were used to study larval
toxicity.

Study of embryonic and larval toxicity

In this study, 18 plastic bowls containing 2 L of dechlorinated
tap water were used for embryonic and larval bioassay. Six
different concentrations of cypermethrin (0, 2, 4, 8, 16 and
32 ug L") were used by adding cypermethrin stock solution
to study the embryonic and larval toxicity. Each of the control
and treatment was executed in three replicates. The stock solu-
tion was prepared by dissolving the weighed amount of
cypermethrin in distilled water containing 100 g L™
cypermethrin. Water quality parameters in the experimental
units were determined according to APHA (APHA 1985).
The values (mean = SD) for water quality were as follows:
temperature, 27.41 £ 0.09 °C; dissolved oxygen,
8.21 £ 0.11 mg Lfl; pH, 8.80 £ 0.02 and total alkalinity,
186 +2.42 mg L ™",

To study the embryonic toxicity, each of the 100 fertilized
eggs was released randomly in the 18 plastic bowls. The
hatching rate and incubation period were recorded for all the
treatment and control groups. The number of dead embryos
was counted at 24 h of cypermethrin exposure. The live em-
bryos were kept in the bowl until hatching. For the larval
bioassay, we selected 18 sets of 100 1-day-old larvae that were
released in 18 plastic bowls. The number of dead larvae was
counted at 24 h, 48 h and 72 h of cypermethrin exposure.
Dead embryos and larvae were identified as white opaque
colour and not responding to agitation of water by plastic
spoon.

Malformations were observed for embryos at every 6-h
interval and for larvae at every 12-h interval from each of
the 18 plastic bowls under a digital microscope (Olympus
CX 41). Images were snapped by using a camera (Magnus
analytics, Model-MIPS) connected between the microscope
and a computer.

Statistical analysis

The data on hatching success and mortality of embryo and
larvae were presented in this study as the average of three
replicates + standard deviation (SD). Data were analysed by
one-way analysis of variance (one-way ANOVA) followed by
Tukey’s post-hoc test to assess statistically significant differ-
ences among the different treatments. Statistical significance
was set at p < 0.05. The one-way ANOVA assumptions of
normality and homoscedasticity were evaluated using the
Shapiro-Wilks test and Levene’s test, respectively, before
analyses were performed. The LC;y and LCs, values were

calculated by using probit analysis. Statistical analysis was
performed using SPSS Version 23.0 for Windows (SPSS
Inc., Chicago, IL).

Results

A prolonged incubation period was observed with increasing
concentrations of cypermethrin (Table 1). The mortality of em-
bryos significantly increased (one-way ANOVA; Fs 1, = 92.43;
p = 0.000) with increasing cypermethrin concentrations
(Table 1). The 24-h LC,o and LCsq values (with 95% confi-
dence interval) of cypermethrin for Gangetic mystus embryos
were presented in Table 1. Hatching success significantly de-
creased with increasing cypermethrin concentrations (one-way
ANOVA; Fs 1, = 147.54; p = 0.000). Mortality of larvae at 24 h
(one-way ANOVA; Fs 1, = 142.28; p = 0.000), at 48 h (one-
way ANOVA; Fs ;, = 81.64; p = 0.000) and at 72 h (one-way
ANOVA; Fs 1, = 82.46; p = 0.000) significantly increased with
increasing concentrations of cypermethrin (Table 1). Table 1
presents the 24-h, 48-h and 72-h LC;, and LCsq values (with
95% confidence interval) of cypermethrin for Gangetic mystus
larvae.

In embryos, several malformations were observed includ-
ing dark and dark-brown yolk sac, broken eggshell and noto-
chord, unhatched eggs exposed to different cypermethrin con-
centrations (Fig. 1). In the present study, malformations were
also evident in Gangetic mystus larvae, like deformed and
broken notochord, yolk-sac edema, body arcuation, lordosis
and irregular caudal region when exposed to different
cypermethrin concentrations (Fig. 2). All malformations in
Gangetic mystus embryos and larvae were found when ex-
posed to the two highest concentrations of cypermethrin (i.e.
16 and 32 pg L™"). No obvious malformation was observed in
embryos and larvae when they were exposed to <16 pg L' of
cypermethrin concentrations (Figs. 1 and 2).

Discussion

The present study showed several effects of cypermethrin on
the hatching success, incubation period and mortality of em-
bryos and larvae of Gangetic mystus. Hatching success sig-
nificantly decreased with increasing concentrations of
cypermethrin. For example, eggs exposed to the lowest
cypermethrin concentration (2 g L") had 65% hatching suc-
cess, while those with the highest concentration (32 ug L)
had only 8% hatching success. Our study is in line with the
hatching success described by Aydin et al. (2005) for common
carp embryos exposed to cypermethrin. They found a hatch-
ing success of 87% for common carp eggs exposed to
0.0001 pg L™"; a hatching success of 23% for the same species
when exposed to 8 ug L' of cypermethrin concentration.
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Table 1  Toxicity of cypermethrin on the embryo and the larvae of Gangetic mystus (» = 100 embryos and 1-day-old larvae)

Concentration (ug L") Incubation ~ Number of dead Hatching Number of dead Number of dead Number of dead
period embryos at 24 h success (%) larvae at 24 h larvae at 48 h larvae at 72 h

0 19h 8+1 81.3+2.5 33£15 5+0.58 8+0.5

2 19 h 30 min 28 +£3* 64.6 £5.0% 10+2 13.6+1 17+1

4 20 h 30 min 51+5% 453 £3.2% 22 £ 2% 28.3 £ 3% 37 +£3*

8 22h 55 +6.2% 383 +£4.1% 47 £5.5% 56 + 6.6* 65.6 £ 6.6*

16 25h 62 +£3.2% 28.6 £3.2% 59 +£3.7* 70 +4.3% 75 +4.3%

32 29h 86 +7.6* 8.3 +£3.5% 72 +6.5% 79 +12.5% 87.6 + 12.5%

LC,, value with 95%
confidence limits
LCs value with 95%
confidence limits

0.42 (0.14-0.81)

5.60 (4.16-7.19)

1,72 (1.242.20) 134 (0.83-1.89)  1.13 (0.63-1.66)

11.57 (10.09-13.42) 825 (6.87-9.91)  6.12 (4.91-7.47)

*Significance level (p < 0.05)

Koprucu and Aydin (2004) reported a significant decrease in
hatching success of common carp embryos exposed to differ-
ent concentrations of pyrethroid deltamethrin. A similar find-
ing was reported by Ansari and Ansari (2012) for zebrafish
embryos exposed to alphamethrin. Richterva et al. (2014) also
observed reduced and delayed hatching success for common
carp embryos exposed to cyhalothrin. In another study,
Richterva et al. (2015) reported a significant decrease of
hatching success for common carp embryos when exposed
to cyperkill (a cypermethrin-based pesticide). Earlier reports
showed that other groups of pesticides than pyrethroids may
also have negative effects on the hatchability of different fish-
es. For instance, Aydin and Koprucu (2005) reported a signif-
icant decrease in hatching success of common carp embryos
due to different diazinon concentrations. A similar finding was
also reported by Mhadhbi and Beiras (2012) for turbot eggs
when exposed to diazinon concentrations. Another study by

e f

Fig. 1 Malformation observed in Gangetic mystus embryos due to
cypermethrin toxicity. a Normal fertilized embryo after 12 h of
exposure to 0 pg L' of cypermethrin. b Dark yolk sac after 12 h of
exposure to 16 ug L' of cypermethrin. ¢ Unhatched egg after 30 h of
exposure to 32 ug L' of cypermethrin. d Dark-brown yolk sac after 18 h
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Ansari and Ansari (2011) found a significant decrease of
hatching success for zebrafish embryos exposed to dimethoate
concentrations. A reduced hatching success was also observed
for African catfish embryos when exposed to different
buprofezin (Marimuthu et al. 2013) and endosulfan concen-
trations (Agbohessi et al. 2013) and for banded gourami em-
bryos when exposed to chlorpyrifos (Sumon et al. 2016b).
The present study observes a prolonged incubation period of
Gangetic mystus embryos due to the toxicity of cypermethrin.
This might be due to hypoxia or disturbances of the hatching
enzyme. During the normal hatching process of fish embryos,
the chorion is digested by the hatching enzyme, which is a
proteolytic enzyme secreted from hatching gland cells of the
embryo. The structure and function of the protease might be
destroyed by toxicants that block the pore canals of the cho-
rions; thus, resulting in shortage of oxygen supply for the de-
velopment of embryos (Fan and Shi 2002). The physiological

c d

of exposure to 16 g L™ of cypermethrin. e Eggshell broken after 18 h of
exposure to 32 g L~ of cypermethrin. f Notochord broken after 24 h of
exposure to 32 pg L' of cypermethrin. g Abnormal embryo after 24 h of
exposure to 32 pg L' of cypermethrin. h Notochord broken after 24 h of
exposure to 32 pg L' of cypermethrin
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Fig. 2 Malformation observed in Gangetic mystus larvae due to
cypermethrin toxicity. a Notochordal abnormality after 12 h of
exposure to 32 ug L of cypermethrin. b Broken notochord after 12 h
of exposure to 16 ug L™ of cypermethrin. ¢ Yolk-sac edema after 36 h of
exposure to 32 pg L' of cypermethrin. d Deformed notochord after 48 h
of exposure to 16 pg L™ of cypermethrin. e Notochordal abnormality and

processes involved, as well as the mechanism underlying neural
control in hatching of fish embryos are still unclear. Therefore,
it is important to know the normal biology of the hatching
process and how cypermethrin interferes with the development
of the hatching gland of Gangetic mystus.

The number of dead embryos of Gangetic mystus increased
significantly with increasing concentrations of cypermethrin.
The 24-h LCs, value of cypermethrin for Gangetic mystus em-
bryos was found to be 5.60 ug L', which is about five times
higher than those of the 24-h LCs, for common carp embryos
(Aydin et al. 2005). Koprucu and Aydin (2004) estimated the
48-h LCsg of 0.213 pg L™ of deltamethrin for common carp
embryos, which is several times lower than we reported for
Gangetic mystus embryo. The 72-h LCs value of alphamethrin
for zebrafish embryo was calculated to be 0.024 ug L' (Ansari
and Ansari 2012). Sumon et al. (2016b) reported the 24-h LCs,
of 11.8 pg L™ for banded gourami embryos exposed to chlor-
pyrifos which is two times higher than the present study report-
ed for Gangetic mystus embryos. The mortality of Gangetic
mystus larvae significantly increased with increasing
cypermethrin concentrations. In the present study, we observed
embryos of Gangetic mystus which are more toxic to
cypermethrin than 1-day-old larvae. However, during the early
development, fish show variable sensitivity to some com-
pounds displaying higher sensitivity in embryos whereas others
are more toxic to larvae (Arufe et al. 2010; Ansari and Ansari
2012). The LCs values of cypermethrin for Gangetic mystus
larvae at 24, 48 and 72 h were 11.57, 8.25 and 6.12 ug L
respectively. Aydin et al. (2005) estimated the 72-h LCsy of
cypermethrin to be 1.304 pg L™ for common carp larvae,
which is about six times lower than we reported for Gangetic
mystus. The 72-h LCs, of cypermethrin for Caspian roach
(Rutilus rutilus caspicus) and silver carp (Hypophthalmichthys
molitrix) larvae were estimated as 0.73 pg L' and 1.03 ug L™,

. s

yolk-sac edema after 48 h of exposure to 32 ug L' of cypermethrin. f
Deformed notochord after 72 h of exposure to 32 ug L' of cypermethrin,
g Body arcuation and yolk-sac edema after 72 h of exposure to 32 pg L™"
of cypermethrin. h Lordosis and irregular caudal region after 72 h of
exposure to 32 pg L' of cypermethrin

respectively (Shaluei et al. 2012); which were again several
times lower for both species than our study. Earlier studies
showed almost similar toxicity of deltamethrin for common
carp larvae (Koprucu and Aydin 2004), rainbow trout fry
(Ural and Saglam 2005), European catfish fingerling
(Koprucu et al. 2006) and spirlin larvae and fingerling
(Vajargah et al. 2013).

In the present study, malformations were evident in the em-
bryos and larvae of Gangetic mystus exposed to different
cypermethrin concentrations (Figs. 1 and 2). All deformities
were observed when the embryos and larvae were exposed to
concentrations higher than 8 ug L™". Shi et al. (2011) observed
malformation in zebrafish embryo and larvae when exposed to
different concentrations of cypemethrin. Almost similar
malformation was found by Shahjahan et al. (2017) in stinging
catfish when exposed to sumithion and Marimuthu et al. (2013)
in African catfish when exposed to buprofezin and Sumon et al.
(2016b) in banded gourami when exposed to chlorpyrifos. In
this study, the most observed notable malformation of banded
gourami embryo and larvae was notochordal deformity, when
they were mostly exposed to the two highest concentrations (16
and 32 ug L") of cypermethrin. Our study is supported by
earlier findings on zebrafish exposed to chlorpyrifos (Sreedevi
etal. 2014; Yu et al. 2015), cartap (Zhou et al. 2009), malathion
(Fraysse et al. 20006), bifenthrin (Jin et al. 2010), fipronil (Stehr
et al. 2006), acetofenate (Xu et al. 2008) and endosulfan (Moon
et al. 2016).

Conclusions
We report a first study assessing the developmental toxicity of

cypermethrin by using Gangetic mystus as a model.
Cypermethrin significantly affects the hatching, survival of
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embryo and larvae and induces malformations. The results of
the study suggest that 2 g L™ of cypermethrin in the aquatic
environment may have an adverse effect on the development
and the reproduction of Gangetic mystus. Our study also sug-
gests that Gangetic mystus fish could serve as an ideal model
species for evaluating the developmental toxicity of environ-
mental contaminants. This study, however, addresses only the
exposure of Gangetic mystus fish during their early develop-
mental stages. Therefore, for potential persistence of the toxic
effects in the long-term, we recommend future studies to eval-
uate the same endpoints in juvenile or adult of Gangetic
mystus to determine whether the effects of cypermethrin are
transitory or permanent.

References

Adhikari S, Sarkar B, Chatterjee A, Mahapatra CT, Ayyappan S (2004)
Effects of cypermethrin and carbofuran on certain hematological
parameters and prediction of their recovery in a freshwater teleost,
Labeo rohita (Hamilton). Ecotoxicol Environ Saf 58:220-226

Agbohessi PT, Toko II, Houndji A, Gillardin V, Mandiki SNM,
Kestemont P (2013) Acute toxicity of agricultural pesticides to
embryo-larval and juvenile African catfish Clarias gariepinus.
Arch Environ Contam Toxicol 64:692—700

Ansari S, Ansari BA (2011) Embryo and fingerling toxicity of dimethoate
and effect on fecundity, viability, hatchability and survival of
zebrafish, Danio rerio (Cyprinidae). World J Fish Mar Sci 3:167—
173

Ansari S, Ansari BA (2012) Alphamethrin toxicity: effect on the repro-
ductive ability and the activities of phosphates in the tissues of
zebrafish, Danio rerio. Int J Life Sci Pharma Res 2:89-100

APHA, American Public Health Association (1985) Standard methods
for the examination of water and wastewater ed 16th Washington
DC 1268

Arufe MI, Arellano JM, Albendin G, Sarasquete C (2010) Toxicity of
parathion on embryo and yolk-sac larvae of gilthead seabream
(Sparus aurata L.): effects on survival, cholinesterase, and
carboxylesterase activity. Environ Toxicol 25:601-607

Aydin R, Koprucu K (2005) Acute toxicity of diazinon on the common
carp (Cyprinus carpio L.) embryos and larvae. Pestic Biochem
Physiol 82:220-225

Aydin R, Koprucu K, Dorucu M, Koprucu SS, Pala M (2005) Acute
toxicity of synthetic pyrethroid cypermethrin on the common carp
(Cyprinus carpio L.) embryos and larvae. Aquacult Int 13:451-458

Bagchi S, Azad A, Alomgir M, Chowdhury Z, Uddin MA, Al-Reza SM,
Rahman A (2009) Quantitative analysis of pesticide residues in
some pond water samples in Bangladesh. Asian J Water Environ
Pollut 6(4):27-30

Begum G (2005) In vivo biochemical changes in liver and gill of Clarias
batrachus during cypermethrin exposure and following cessation of
exposure. Pestic Biochem Physiol 82:185-196

Bradbury SP, Coats JR (1989) Comparative toxicology of the pyrethroid
insecticides. Rev Environ Contam Toxicol 108:133—177

Crawford MJ, Croucher A, Hutson DH (1981) Metabolism of cis- and
trans-cypermethrin in rats. Balance and tissue retention study. J
Agric Food Chem 29:130-135

Das BK, Mukherjee SC (2003) Toxicity of cypermethrin in Labeo rohita
fingerlings: biochemical, enzymatic and haematological conse-
quences. Comp Biochem Physiol 134:109-121

@ Springer

Deka C, Dutta K (2012) Effects of cypermethrin on some haematological
parameters in Heteropneustes fossilis (bloch). Bisscan 7:221-223

Dobsikova R, Velisek J, Wlasow T, Gomulka P, Svobodova Z, Novotny L
(20006) Effects of cypermethrin on some haematological, biochemi-
cal and histopathological parameters of common carp (Cyprinus
carpio L). Neuroendocrinol Lett 27:91-95

Edwards R, Millburn P, Hutson DH (1986) Comparative toxicity of cis-
cypermethrin in rainbow trout, frog, mouse and quail. Toxicol Appl
Pharmacol 84:512-522

El-Sayed Y, Saad TT, El-Bahr (2007) Acute intoxication of deltameth-
rin in monosex Nile tilapia, Oreochromis niloticus with special ref-
erence to the clinical, biochemical and haematological effects.
Environ Toxicol Pharmacol 24:212-217

Fan TJ, Shi ZP (2002) Advances and prospect in fish hatching enzyme
research. Trans Oceanol Limn 1:48-56

Fraysse B, Mons R, Garric J (2006) Development of a zebrafish 4-day
embryo-larval bioassay to assess toxicity of chemicals. Ecotox
Environ Saf 63:253-267

Gonzalez-Doncel M, Fernandez-Torija C, Hinton DE, Tarazona JV
(2004) Stage-specific toxicity of cypermethrin to medaka (Oryzias
latipes) eggs and embryos using a refined methodology for an
in vitro fertilization bioassay. Arch Environ Contam Toxicol 48:
87-98

Hasan MN, Islam H, Mahmud Y, Ahmed K, Siddiquee S (2014)
Application of pesticides in rice-prawn (crustaceans) culture: per-
ceptions and its impacts. Annu Res Rev Biol 4(8):1219-1229

Hladik ML, Kuivila KM (2009) Assessing the occurrence and distribu-
tion of pyrethroids in water and suspended sediments. J Agric Food
Chem 57:9079-9085

Jin M, Zhang Y, Ye J, Huang C, Zhao M, Liu W (2010) Dual
enantioselective effect of the insecticide bifenthrin on locomotor
behavior and development in embryonic-larval zebrafish. Environ
Toxicol Chem 29:1561-1567

JinY, Zheng S, Fu Z (2011) Embryonic exposure to cypermethrin induces
apoptosis and immunotoxicity in zebrafish (Danio rerio). Fish
Shellfish Immunol 30:1049-1054

Koprucu K, Aydin R (2004) The toxic effects of pyrethroid deltamethrin
on the common carp Cyprinus carpio embryos and larvae. Pestic
Biochem Physiol 80:47-53

Koprucu SS, Koprucu K, Ural MS (2006) Acute toxicity of the synthetic
pyrethroid deltamethrin to fingerling European catfish, Silurus
glanis L. Bull Environ Contam Toxicol 76:59-65

Kuivila KM, Hladik ML, Ingersoll CG, Kemble NE, Moran PW, Calhoun
DL, Nowell LH, Gilliom RJ (2012) Occurrence and potential
sources of pyrethroid insecticides in stream sediments from seven
US metropolitan areas. Environ Sci Technol 4:4297-4303

Kumar A, Sharma B, Pandey RS (2007) Preliminary evaluation of the
acute toxicity of cypermethrin and k-cyhalothrin to Channa
punctatus. Bull Environ Contam Toxicol 79:613-616

Lewis KA, Tzilivakis J, Warner DJ, Green A (2016) An international
database for pesticide risk assessments and management. Hum
Ecol Risk Assess. doi:10.1080/10807039.2015.1133242

Liess M, Schulz R, Liess MHD, Rother B, Kreuzig R (1999)
Determination of insecticide contamination in agricultural headwa-
ter streams. Water Res 33:239-247

Marimuthu K, Muthu N, Xavier R, Arockiaraj J, Rahman MA,
Subramaniam S (2013) Toxicity of buprofezin on the survival of
embryo and larvae of African catfish, Clarias gariepinus (Bloch).
PLoS One 8(10):¢75545

Mhadhbi L, Beiras R (2012) Acute toxicity of seven selected pesticides
(alachlor, atrazine, dieldrin, diuron, pirimiphos-methyl,
chlorpyrifos, diazinon) to the marine fish (turbot, Psetta maxima).
Water Air Soil Pollut 223:5917-5930

Moon Y, Jeon H, Nam T, Choi S, Park B, Ok YS, Lee S (2016) Acute
toxicity and gene responses induced by endosulfan in zebrafish
(Danio rerio) embryos. Chem Spec Bioavailab 28:103—109


http://dx.doi.org/10.1080/10807039.2015.1133242

Environ Sci Pollut Res (2018) 25:3193-3199

3199

Oros DR, Werner 1 (2005) Pyrethroid insecticides: an analysis of use
patterns, distributions, potential toxicity and fate in the
Sacramento-San Joaquin delta and central Valley. SFEI
Contribution 415 San Francisco Estuary Institute, Oakland, CA

Oudou HC, Alonso RM, Bruun Hansen HC (2004) Voltammetric behav-
iour of the synthetic pyrethroid lambda-cyhalothrin and its determi-
nation in soil and well water. Anal Chim Acta 523:69-74

Rahman S (2013) Pesticide consumption and productivity and the poten-
tials of IPM in Bangladesh. Sci Total Environ 445:48-56

Richterva Z, Machova J, Stara A, Tumova J, Velisec J, Sevcikova M,
Svobodova Z (2014) Effects of a cyhalothrin-based pesticide on
early life stages of common carp (Cyprinus carpio L.) Biomed
Res Int. doi:10.1155/2014/107373

Richterva Z, Machova J, Stara A, Tumova J, Velisec J, Sevcikova M,
Svobodova Z (2015) Effects of a cypermethrin-based pesticide on
early life stages of common carp (Cyprinus carpio L.) Vet Med 60:
423-431

Saha S, Kaviraj A (2009) Effects of cypermethrin on some biochemical
parameters and its amelioration through dietary supplementation of
ascorbic acid in freshwater catfish Heteropneustes fossilis.
Chemosphere 74:1254-1259

Shahjahan M, Kabir MF, Sumon KA, Bhowmik LR, Rashid H (2017)
Toxicity of organophosphorus pesticide sumithion on larval stages
of stinging catfish Heteropneustes fossilis. Chin J Oceanol Limnol
35:109-114

Shaluei F, Hedayati A, Kolangi H, Jahanbakhshi A, Baghfalaki M (2012)
Evaluation of the acute toxicity of cypermethrin and its effect on
behavioral responses of Caspian roach (Rutilus rutilus caspicus) and
silver carp (Hypophthalmicthys molitrix). Glo Vet 9:215-219

Shi X, Gu A,JiG,LiY,DilJ,JinJ,HuF, Long Y, Xia Y, Lu C, Song L,
Wang S, Wang X (2011) Developmental toxicity of cypermethrin in
embryo-larval stages of zebrafish. Chemosphere 85:1010-1016

Sreedevi B, Suvarchala G, Philip GH (2014) Morphological and physio-
logical abnormalities during development in zebrafish due to chlor-
pyrifos. Indian J Sci Res 5:1-8

Stehr CM, Linbo TL, Incardona JP, Scholz NL (2006) The developmental
neurotoxicity of fipronil: notochord degeneration and locomotor de-
fects in zebrafish embryos and larvae. Toxicol Sci 92:270-278

Sumon KA, Rico A, Horst MMST, Van den Brink PJ, Haque MM,
Rashid H (2016a) Risk assessment of pesticides used in rice-
prawn concurrent systems in Bangladesh. Sci Total Environ 568:
498-506

Sumon KA, Saha S, Van den Brink PJ, Peeters ETHM, Bosma RH,
Rashid H (2016b) Acute toxicity of chlorpyrifos to embryo and
larvae of banded gourami Trichogaster fasciata. J Environ Sci
Health, Part B. doi:10.1080/03601234.2016.1239979

Suvetha L, Ramesh M, Saravanan M (2010) Influence of cypermethrin
toxicity on ionic regulation and gill Na+/K+-ATPase activity of a
freshwater teleost fish Cyprinus carpio. Environ Toxicol Pharmacol
29:44-49

Talwar PK, Jhingran AG (1991) Inland fishes of India and adjacent coun-
tries. Oxford IBH Publishing Co Pvt Ltd, New Delhi- Calcutta 2, pp
543¢-1158

Ural MS, Saglam N (2005) A study on the acute toxicity of pyrethroid
deltamethrin on the fry rainbow trout (Oncorhynchus mykiss
Walbaum, 1792). Pestic Biochem Physiol 83:124-131

Vajargah MF, Hossaini SA, Hedayati A (2013) Acute toxicity test of two
pesticides diazinon and deltamethrin on spirlin (Alburnoides
bipunctatus) larvae and fingerling. J Toxicol Environ Health Sci 5:
106-110

Werner I, Moran K (2008) Effects of pyrethroid insecticides on aquatic
organisms. In: Gan J, Spurlock F, Hendley P, Weston DP (eds)
Synthetic pyrethroids: occurrence and behavior in Aquatic
Environments American Chemical Society, Washington DC, pp
310-335

Xu C, Zhao M, Liu W, Chen S, Gan J (2008) Enantioselectivity in
zebrafish embryo toxicity of the insecticide acetofenate. Chem Res
Toxicol 21:1050-1055

Yadav BN (1997) Fish and fisheries. Daya Publishing House, Delhi, India
366

Yu K, Li G, Feng W, Liu L, Zhang J, Wu W, Xu L, Yan Y (2015)
Chlorpyrifos is estrogenic and alters embryonic hatching, cell pro-
liferation and apoptosis in zebrafish. Chem Biol Interact 239:26-33

Zhou S, Dong Q, Li S, Guo J, Wang X, Zhu G (2009) Developmental
toxicity of cartap on zebrafish embryos. Aquat Toxicol 95:339-346

@ Springer


http://dx.doi.org/10.1155/2014/107373
http://dx.doi.org/10.1080/03601234.2016.1239979

	Toxicity of cypermethrin on the embryo and larvae of Gangetic �mystus, Mystus cavasius
	Abstract
	Introduction
	Materials and methods
	Collection of experimental fish and pesticide
	Hormone administration, collection of gametes, artificial fertilization and incubation of eggs
	Study of embryonic and larval toxicity
	Statistical analysis

	Results
	Discussion
	Conclusions
	References


