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Abstract It is important to establish the toxicity pesticides
against non-target species, especially those pesticides used in
commercial formulations. Pyrethroid insecticides are widely
used in agriculture despite their toxicity to aquatic animals. In
this study, we determine the toxicity of commercial formula-
tion of two pyrethroid insecticides, cypermethrin and delta-
methrin, in two life stages of Physalaemus gracilis, a frog that
breeds in agricultural ecosystems and has potential contact
with pyrethroid pesticides. The acute toxicity test (96 h) was
carried out with embryos of stage 17:18 and larvae of stages
24:25. Embryos were more resistant to both pesticides than
larvae. In embryo mobility assays, we found that both pesti-
cides caused spasmodic contractions, suggestive of neurolog-
ical effects. In acute toxicity assays, we found that P. gracilis
is more resistant to these insecticides than other studied
species.

Keywords Pesticides - Pyrethroids - Amphibians -
Environment contamination - Aquatic organism

Introduction

The pesticides of the pyrethroid group are the most widely
used insecticides, among which are cypermethrin and
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deltamethrin. The low toxicity of these pyrethroids to mam-
mals and birds and their limited persistence in the soil make
them important products in agriculture (Solomon et al. 2001),
veterinary medicine, and in public health (malaria control or to
control other insects) (Montanha and Pimpao 2012).
However, pyrethroids are considered toxic to aquatic species
(Svartz et al. 2016), which might affect the environment.

Currently, organism models are used for conducting eco-
toxicological studies to evaluate pesticide toxicity. In aquatic
environments, mollusks, benthic worms, sponges, fish, and
amphibians (about fish and amphibians, see Johnson et al.
2017) have been used for such purposes. Amphibians are
good indicators because of their biphasic cycle, allowing con-
tact with the pesticide in both aquatic (as embryos and larvae)
and terrestrial environments (as young and adults; Branddo
et al. 2011), their permeable skin and eggs, and their sensitiv-
ity to environmental changes caused by pesticides (Gongalves
et al. 2014). Amphibians are non-target organisms to pesti-
cides but regularly met these substances because they tend
to live near or within agricultural ecosystems.

The effect of pyrethroids on amphibians has been well
studied. Several studies have addressed the effects of
cypermethrin (e.g., Agostini et al. 2010; David et al. 2012;
Izaguirre et al. 2000, 2006; Svartz and Pérez-Coll 2013;
Svartz et al. 2016) and deltamethrin (e.g., Aydin-Sinan et al.
2012; L’Hotellier and Vincent 1986; Salibian 1992) on am-
phibians, but there is an absence of information for most
species.

Physalaemus gracilis, also known as the crying frog, is a
small frog measuring 2.7 to 3.2 cm (Borges-Martins et al.
2007; Zank et al. 2014). The geographic range is from south-
ern Brazil and Uruguay to adjacent Argentina (Frost 2017) in
fields and marshes and lentic bodies of water in preserved or
environmentally disturbed areas (Borges-Martins et al. 2007),
such as agroecosystems.
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Here, we aimed to determine the toxicity of commercial
formulation of two pyrethroid insecticides, in two life stages
of P. gracilis, a frog that breeds in agricultural ecosystems and
has potential contact with pyrethroid pesticides.

Materials and methods
Pesticides

The studied pesticides were deltamethrin (commercial insec-
ticide Decis 25 emulsifiable concentrate [EC], 25 g L™" of
active ingredients and 886 g L' inert ingredients) and
cypermethrin (commercial insecticide cypermethrin [EC],
250 g L' of active ingredient and 723 g L™" inert ingredient).

Collection and acclimatization of spawns

P. gracilis spawns were collected within 24 h of oviposition at
the lake of the Federal University of Fronteira Sul (latitude
—27.728681°, longitude —52.285852°), the established point
of local reference. Samples were collected between October
2015 and March 2016. The spawns were collected manually,
stored in sterile plastic bags, and transported to the Ecology
and Conservation Laboratory at the Federal University of
Fronteira Sul, where they were transferred to 15-L capacity
tanks containing well water and with steady aeration. The
room was acclimatized with a temperature between
20 + 2 °C with humidity between 60 and 80% and controlled
lighting (12/12-h light-dark cycle). Dissolved oxygen
(71 mg L") and tank temperature (20 + 2 °C) were con-
trolled daily.

Embryo acute toxicity tests

The acute toxicity test (96 h) was carried out with embryos
of stage 17:18 (according to the generalized table of frog
development, Gosner 1960). Elongation of the body and
development of the tail bud and muscular activity begin in
stage 17:18 (Romero-Carvajal et al. 2009). The embryos
were monitored daily for mortality and metamorphosis.
The tests were performed in 24-well flat bottom cell culture
plates (3 mL capacity per well). One embryo was placed in
each well. Tests were performed in duplicate, with 40 tested
individuals per concentration, and eight control individuals
in each plate. In addition to the plate control, 48 individuals
were used to perform the negative control plates.

To establish the lethal concentration (LCsg), ten concen-
trations of cypermethrin were tested (25, 40, 50, 60, 80, 120,
140, 160, 180, and 200 mg L '. For deltamethrin, eight
concentrations were tested (0.5, 1.0, 1.5, 2.5, 3.5, 4.0, 4.5,
and 5.0 mg L ™).
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Larvae acute toxicity tests

The acute toxicity test (96 h) was carried out on larvae of
stages 24:25 (Gosner 1960). During stages 24:25, the larvae
can feed and swim freely, the mouthparts are essentially com-
plete, and the operculum develops (McDiarmid and Altig
1999). Larvae were placed in sterile glass flasks containing
500 mL of the test solutions (1 larva for each 100 mL). Each
flask contained five larvae in sextuplicates, totaling 30 tad-
poles exposed to each test concentration. This same number
of tadpoles was placed in water from the artesian well to
perform the negative control.

For cypermethrin, six concentrations were tested (2, 4, 5, 6,
7, and 8 mg Lfl). For deltamethrin, ten concentrations were
tested (0.01, 0.05, 0.1, 0.3, 0.4, 0.5, 0.6, 0.7, 1.0, and
3.0 mg L™"). These tests were evaluated every 24 h. Dead
individuals were counted and removed from the flasks.

For embryos and larvae of P. gracilis, we tested concentra-
tions smaller than that used in this study (pretest), based on the
literature (Izaguirre et al. 2000, 2006; Svartz et al. 2016;
Aydin-Sinan et al. 2012). However, there was no mortality at
these concentrations, and so they were excluded from the
LCs analysis.

Mobility analyses

For technical reasons, mobility analyses were performed only
on embryos. The embryos started the test at stages 17:18 and
ended at stages 19:20. Between stages 17 and 20, the muscular
response and elongation of the tail occur, with first move-
ments (McDiarmid and Altig 1999). This study uses the name
mobility to refer to the muscular activity, that is, the first
movements performed by the embryo.

The embryos were exposed to nine concentrations of
cypermethrin (5.0, 5.5, 6.0, 6.5, 8.5, 9.0, 10.0, 11.0, and
12.0 mg L 1) and six concentrations of deltamethrin (0.5,
1.0, 1.5, 2.0, 2.5, and 3.0 mg LY. The endpoints evaluated
were the following: (a) mobility lower than the control, (b)
mobility equal to the control, (c) mobility greater than the
control, and (d) spasmodic contractions.

Statistical analyses

The results obtained in the acute toxicity assays were analyzed
by the Trimmed Spearman-Karber (TSK) test. Comparisons
were performed by one-way analysis of variance (ANOVA),
and Tukey or Dunnet post hoc test when the P value was
<0.05. For this analysis, the Statistica software was used.

Ecological risk evaluation

The ecological risk was assessed using the hazard quotient
(HQ) approach, which was calculated as EEC/LCsq of
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lethality (acute hazard quotient [AHQ]). The estimated envi-
ronmental concentration (EEC) is an estimated (or maximum)
environmental contaminant concentration next to the geo-
graphic range of the species, using the maximum level of
cypermethrin reported in Argentina (0.194 mg L") (Marino
and Ronco 2005) and maximum level of deltamethrin report-
ed in Brazil (0.005 mg L") (Moraes et al. 2003). After the
AHQ had been calculated, it was compared to the USEPA
(The United States Environmental Protection Agency) level
of concern (LOC), in which the risk presumption for aquatic
animals is LOC = 0.5 (high acute risk).

Results
Cypermethrin

The tested commercial formulation of cypermethrin insecti-
cide presented greater toxicity to larvae than embryos
(Table 1). The LCsqy 96, observed for embryos was
117.41 mg L™' (-95% = 109.02 mg L™' and
+95% = 126.44 mg Lfl). For larvae, this value was
5.01 mg L' (4.52-5.55). The highest mortality of P. gracilis
embryos occurred in the last 24 h of the test (Fig. 1a). For
larvae, the highest mortality occurred within the first 24 h
(Fig. 1Db).

We detected no significant difference in mortality between
embryos and larvae of P. gracilis exposed to cypermethrin
(F146=0.31, p=0.58). Larvae and embryos were influenced
differently by the pesticide. The concentration was significant
for mortality in embryos (Fy 50 = 205.84, p < 0.01, significant
from 80 mg L', Tukey test, p < 0.01) and larvae
(F's20 = 164.78, p < 0.01, significant from 6.0 mg Lt

Tukey test, p < 0.01). The exposure time was significant for
mortality in embryos (F5,4 = 5.83; p < 0.01, significant for
96 h of exposure, Tukey test, p < 0.01) but not for larvae
(F316=1.57,p=0.23).

Deltamethrin

The tested commercial formulation of deltamethrin insecticide
presented greater toxicity to larvae than that for embryos
(Table 2). The LCsqy 96, observed for embryos was
3.04 mg L' (2.65-3.48). This value was 0.5 mg L™ (0.45—
0.55). For embryos (Fig. 1c), the highest mortality occurred
within the last 24 h of the test.

There was no difference in the number of deaths among
embryos and larvae exposed to deltamethrin (£ 37 = 1.41,
p = 0.24). The concentration was significant for mortality in
embryos (F7.40=24.51, p <0.01, significant from 3.5 mg L,
Tukey test, p < 0.01) and larvae (Fy 50 = 101.18, p < 0.01,
significant from 0.6 mg L', Tukey test, p < 0.01). There was
no influence of exposure time on the mortality of embryos
(F3.19 = 2.15, p = 0.12) but there was for larvae
(F3.12 = 3.63, p = 0.04, significant for 24 h of exposure,
Tukey test, p < 0.01). For larvae, a short-term pesticide expo-
sure is sufficient to cause mortality (Fig. 1d).

Mobility

Embryos exposed to cypermethrin (all tested concentrations)
showed mobility lower than the control after 48 h of exposure.
At 5.0 mg L', the majority of exposed individuals showed a
change in mobility (66.6%), with spasmodic contractions in
60% of those exposed at the end of the test. The concentration

Table 1 Mortality of embryos

and larvae of Physalaemus Concentration on mg L No. of exposed ~ No. ofalive ~ No. ofdead  Percent mortality

gracilis exposed to a commercial

formulation of cypermethrin Embryos 25 40 40 00 00
40 40 40 00 00
50 40 40 00 00
60 40 40 00 00
80 40 24 16 40
120 40 27 13 32.5
140 40 24 16 40
160 40 8 32 80
180 40 6 34 85
200 40 40 40 100

Larvae 2.0 30 27 3 10

4.0 30 24 6 20
5.0 30 24 6 20
6.0 30 1 29 96.6
7.0 30 0 30 100
8.0 30 0 30 100
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Fig. 1 Mortality of embryos and larvae of Physalaemus gracilis exposed to various concentrations of commercial cypermethrin (a and b) and

deltamethrin (¢ and d) formulations

of cypermethrin significantly affected the change in mobility
(embryos with lower than control and spasmodic contractions)
of the exposed individuals (Fg 63 = 2.43, p = 0.02, significant
for all concentrations compared to the control, Dunnet test,
p <0.05). The length of exposure was significant for changes
in mobility (F' = 475 = 6.51, p < 0.01, significant from 48 h,
Dunnet test, p < 0.05).

Embryos exposed to deltamethrin (2.5 and 3.0 mg L")
presented mobility lower than the control within 24 h of test-
ing (33.3% embryos exposed). After 96 h of exposure (1.5 and
3.0 mg L"), individuals presented spasmodic contractions
(37.9% embryos exposed). The concentration of deltamethrin
affected mobility (F = ¢ 40 = 27.23, p < 0.01, significant from
1.5 mg L™, Dunnet test, p < 0.05), but the length of exposure
was not significant (F' = 451 = 1.55, p = 0.20).

Ecological risk assessment

Acute risk evaluation analysis for embryos and larvae exposed
to cypermethrin and deltamethrin was performed using the
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acute hazard quotients (AHQ = EEC/LCs of lethality). The
EEC was 0.194 mg L' for cypermethrin (Marino and Ronco
2005) and 0.05 mg L ! for deltamethrin (Moraes et al. 2003).
We estimated AHQs of 0.0015 (embryos) and 0.036 (larvae)
for P. gracilis exposed to cypermethrin and 0.0014 (embryos)
and 0.0108 (larvae) for P. gracilis exposed to deltamethrin.
The AHQ is lower than the level of concern (LOC = 0.5).

Discussion

We found that the toxicity of both tested pyrethroids was
greater for larvae than for embryos of P. gracilis. In the early
stages, the pellicle protects the embryos from various environ-
mental disturbances (Biga and Blaustein 2013) and works as a
protective agent against certain chemicals (Edginton et al.
2006). Therefore, it is understandable that embryos were less
affected than larvae. The protective action of the gelatinous
pellicle to embryos is also clear when observing the mortality
time. Mortality was higher in the last 24 h of testing, exactly
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Table 2 Mortality of embryos

and larvae of Physalaemus Concentration onmg L™'  No. ofexposed ~ No. ofalive ~ No.ofdead  Percent mortality

gracilis exposed to commercial

formulation of deltamethrin Embryos 0.5 40 36 4 10
1.0 40 35 5 125
1.5 40 32 8 20
25 40 31 7 17.5
35 40 20 20 50
4.0 40 10 30 75
4.5 40 3 37 92.5
5.0 40 0 40 100

Larvae 0.01 30 29 1 33

0.05 30 29 1 33
0.1 30 29 1 33
03 30 27 3 10
0.4 30 27 3 10
0.5 30 24 6 20
0.6 30 3 27 90
0.7 30 0 30 100
1.0 30 0 30 100
3.0 30 0 30 100

when the embryos were at stages 19:20 and leaving the pelli-
cle (McDiarmid and Altig 1999). As they reach the larval
stage, the external gill filaments appear, and cardiovascular
activity begins (Sa 2015). In the larvae, where the gill breath-
ing was full, mortality was higher in the first 24 h. In this case,
the contact of the gills with insecticides was immediate.
During breathing, water enters the mouth of the amphibian
larvae, reaching the internal gills where gas exchange takes
place; then, the water is expelled through the spiracle (Alonso
2003). Therefore, the gills can increase the uptake of pesti-
cides, which explains the survival decrease of P. gracilis lar-
vae for the two insecticides.

To compensate for the toxic effects of some components,
amphibians spend energy trying to restore their physiological
balance. This energy expense can lead to mobility and phys-
iological fitness reduction (Greulich and Pflugmacher 2004).
In the present study, we tested the initial mobility of the am-
phibians and compared this to different concentrations of both
insecticides. When compared with the control, the exposed
individuals were slower and presented spasms during the last
test hours. The spasm occurrence in embryos exposed to
cypermethrin and deltamethrin may indicate neurological ef-
fects since pyrethroids can cause neurotoxic effects in verte-
brates (Montanha and Pimpao 2012). In the cypermethrin
case, the spasmodic contractions have been associated with
the occurrence of apoptosis in the central nervous system
(Izaguirre et al. 2000, 2006). Aquatic-phase amphibians are
critically important to amphibian populations (Johnson et al.
2017) and the high sensitivity of amphibian to pesticides
could lead to declining populations and multiple species.

The calculated acute risk evaluation analysis for embryos
and larvae exposed to cypermethrin and deltamethrin indicat-
ed minimal risks for acute toxicity. This indicates a high re-
sistance of this species to the commercial formulation of the
studied pesticides and highlights the need for further studies
on ecological risk using sublethal effects. Despite the low
acute risk, the geographic range of the P. gracilis includes
much agricultural area (and this species is adapted to heavily
disturbed and polluted areas; Lavilla et al. 2010). Therefore, P.
gracilis is expected to be in constant contact with pesticides.
Brazil has no legislation on the permitted value of
cypermethrin and deltamethrin in water. Only the state of
Rio Grande do Sul sets a limit on cypermethrin in water for
human consumption (0.3 mg L™'; BRASIL 2014).

It is important for conservation efforts to know the suscep-
tibility of non-target species to pesticides. P. gracilis is clearly
more resistant to insecticides than other studied species, ex-
cept for larvae of the Rhinella arenarum for cypermethrin
(LCsp of 28.07 and 11.20 mg L' (Svartz and Pérez-Coll
2013) and 6.43 mg L' (Svartz et al. 2016)). For embryos of
R. arenarum, the LCso was lower than that for P. gracilis
0.11 mg L' (Izaguirre et al. 2006). The acute toxicity of
cypermethrin has been reported as 0.129 mg L' for larvae
of Physalaemus biligonigerus (Izaguirre et al. 2000), 11.2 and
0.00334 mg L™ for Duttaphrynus melanostictus (David et al.
2012), and 0.1752 mg L™ for Hypsiboas pulchellus (Agostini
etal. 2010).

For deltamethrin, P. gracilis was also more resistant than
other species, including Bufo bufo (LCsy 0.00093 mg L
L’Hotellier and Vincent 1986), Xenopus laevis (LCsg
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0.00626 mg Lfl; Aydin-Sinan et al. 2012), and R. arenarum
(LCso 0.00000436 mg L™"; Salibian 1992). Pesticide resis-
tance is expected in non-target species that live in altered
locations exposed to these chemicals; if they were not resis-
tant, they would no longer exist. Nevertheless, it is essential to
know the toxicity of each pesticide, especially those in com-
mercial formulations.
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