Basic and Applied Herpetology 38 (2024) 63-76

Effects of alpha-cypermethrin and difenoconazole on
survival, growth and biomarkers in European green toad
tadpoles (Bufotes viridis, Laurenti 1768)

Bruno Beki¢!, Anamarija Zagar?3#4, Tatjana Simcic¢?, Branimir Hackenberger Kutuzovié!,
Olga Jovanovi¢ Glavas!*

! Department of Biology, Josip Juraj Strossmayer University of Osijek, Cara Hadtijana 8/A, 31000 Osijek,
Croatia.

2 National Institute of Biology (NIB), Department of Organisms and Ecosystems Research, Vec¢na pot 121,
1000 Ljubljana, Slovenia.

3 CIBIO Reseatch Centre in Biodiversity and Genetic Resources, InBIO, University of Porto, Rua Padre
Armando Quintas, No 7, 4485-661 Vairao, Portugal.

4 Biotechnical faculty, University of Ljubljana, Jamnikarjeva 101, 1000 Ljubljana, Slovenia.

* Correspondence: ojovanovic@biologija.unios.hr

Received: 17 January 2024; returned for review: 12 February 2024; accepted: 25 July 2024.

In recent decades, the decline of amphibian populations has become more pronounced and accel-
erated, with one of the contributing factors being the excessive use of pesticides. Alpha-
cypermethrin, an insecticide, and difenoconazole, a fungicide, are widely employed pesticides
globally. To gain a comprehensive understanding of the acute impact of these two pesticides on
amphibians, we used European green toad (Bufotes viridis) tadpoles as our model organisms. We
assessed mortality and mass as apical endpoints, and examined physiological biomarkers includ-
ing electron transport system (ETS) activity, catalase activity, and carbonyl protein content. Tad-
poles were exposed to varying concentrations of the two pesticides for 48 hours (0.2-10 ug/L for
alpha-cypermethrin; 10-100 pg/L for difenoconazole). Our results indicate that the exposure of
tadpoles to these pesticides significantly affected their physiology. Mortality was observed exclu-
sively in tadpoles treated with difenoconazole (LCso = 100.832 ug/L), while a decrease in mass oc-
curred in tadpoles exposed to both pesticides. No significant differences across treatments were
found for total ETS activity, catalase activity, or the presence of protein carbonyls. In conclusion,
our findings suggest that alpha-cypermethrin at environmentally relevant concentrations poses a
risk to European green toad tadpoles, while the effects of difenoconazole are become patent at
higher concentrations than those recorded in natural aquatic environments.
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The first major decline of amphibians  2004), with 40.7% of amphibian species
was observed in the 1980s, and species being threatened with extinction (LUEDTKE
numbers have continued to decline ever et al., 2023). Major reasons for their decline
since (Haves et al., 2010). The class of Am- include climate change, driving 39% of the
phibia is considered one of the most en-  declines, followed by habitat loss with
dangered groups of animals (Stuart et al.,  37%. Apart from that, various pathogens
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and diseases, UV-B radiation, the presence
of invasive species, and pesticide use are
the other major causes (Haves et al., 2010).
Amphibians interact with both aquatic and
terrestrial ecosystems during their life cy-
cle, and many environmental stressors
contribute significantly to reducing their
numbers (BLAUSTEIN & WaKE, 1990). Aquat-
ic forms of amphibians are highly sensitive
to water pollution (e.g. pesticides) due to
their highly permeable skin (Frypay &
TrompsoN, 2012). Adverse effects of pesti-
cides on tadpoles, among others, include
reduced growth and development, endo-
crine disruption, impaired metamorphosis,
the occurrence of malformations, and in-
creased mortality at environmentally rele-
vant concentrations (e.g. GREULICH &
PrrueMAcHER, 2003; HAYEs et al., 2010).
Alpha-cypermethrin (C22H19CL2NO:s)
belongs to the group of pyrethroid insecti-
cides that are used to control insect pests
in agriculture (GURkAN et al.,, 2016). It is a
widely used pesticide due to its low toxici-
ty levels to birds and mammals. However,
it is highly toxic to aquatic organisms, both
invertebrates and vertebrates, with median
lethal concentration (LCso) values for zebra
fish (Danio rerio) of 1.84 and 2.20 ug/L after
96 or 24 hours of exposure, respectively
(WHO, 2021). Considering the concentra-
tions found in the environment (e.g. con-
centrations of 0.2 to 150 pg/L were found
in streams near agricultural areas in Ar-
gentina; AcosTINI et al., 2010) it is highly
relevant to study as many different aspects
of this pesticide as possible on other aquat-
ic organisms, such as tadpoles.
Alpha-cypermethrin acts as a neurotox-
in and several studies have confirmed var-
ious negative effects on different amphibi-
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an species. It was shown to affect growth
in Hypsiboas pulchellus tadpoles after 96 h
exposure at concentrations of 0.83 pg/L
when used as commercial products and
3.44 ug/L as technical grade substance
(AcosTiINT et al., 2010). Also, it caused mor-
phological changes and deformities in
mouth and tail, visceral edema, and behav-
ioral changes at low concentrations (0.34-
418 pg/L), while a 100 % malformation
rate was observed at 34.4 ug/L (AGosTINI et
al., 2010). Increased oxidative stress, ex-
pressed as increased catalase activity and
lipid peroxidation, as well as increased
activity of the biotransformation enzyme
glutathione S-transferase, were recorded
after 96 h exposure to 0.3 ug/L of technical
grade substance in Duttaphrynus melanos-
tictus tadpoles (Davip et al., 2012). Similar-
ly, increased activity of antioxidant (i.e.
superoxide dismutase and catalase) and
glutathione S-transferase enzymes, togeth-
er with increased malondialdehyde (a bi-
omarker of lipid peroxidation) content,
shortened swimming distance and even
complete immobility, were recorded after
14 days of exposure of Pelophylax nigro-
maculatus tadpoles to a sublethal concen-
tration (0.5 ug/L) of technical grade alpha-
cypermethrin (Xu & Huang, 2017). Alt-
hough most of the aforementioned studies
recorded sublethal effects at concentra-
tions below 10 ug/L, concentrations caus-
ing mortality are very variable (from as
low as 1.73 pg/L; Xu & Huang, 2017; up to
479.7 pg/L; Acostint ef al., 2010), which
stresses the importance of new data on
other amphibian species. In addition, ex-
amining other sublethal effects is im-
portant as these data can assist in better
understanding of the threat posed by this
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pesticide to amphibians in the environ-
ment.

Difenoconazole (CioHi7Cl2N3QOs) is a
widely used triazole fungicide applied to
control various fungal diseases of fruits,
vegetables and cereals. As such, it is com-
monly detected in various types of surface
waters, with concentrations ranging from
negligible 0.09 ug/L to 16 pg/L detected in
Canada (HeartH CaNADA, 2021), while soil
lixiviate concentrations can reach up to 320
ug/L (Zuao et al., 2018). Fungicides gener-
ally cause amphibian malformation and
weight loss, reduction in tadpole growth
and survival, delay in metamorphosis, re-
duced mobility, weakening of the immune
system, and oxidative stress (BERNABO ef
al., 2016). Despite the wide use of difeno-
conazole, very few data are available on its
effects on amphibians.

Nowadays, studies focusing on suble-
thal effects that impair physiological pro-
cesses are becoming more important, as
this type of data can provide better insight
into long-term effects that may not be evi-
dent in general toxicity studies that focus
only on mortality as a single endpoint (e.g.
Puawm et al., 2017, BARRIGA-VALLEJO et al.,
2017). Pesticide exposure, as a common
environmental stressor, increases oxidative
stress in cells. Oxidative stress occurs
when more reactive oxygen species (ROS)
are present in cells than the capacity of
cells to detoxify them. This results in ROS
accumulation that can affect different mol-
ecules in the cell. For that reason, exposure
of organisms to stressors (e.g. pesticides)
can result in a higher energy demand, that
translates into increased metabolic activity,
including an increase in electron flow
within the electron transport system (ETS;

ZAGAR et al., 2015). In this context, studying
the electron flow in the transport system,
which results in production of ATP mole-
cules in the mitochondria, is a good exam-
ple of such mechanism (THomson, 2019).
The ETS, which is located in the inner
membrane of the mitochondria, acts as a
bridge between oxidizing organic matter
and oxygen (O2).

Increased oxidative stress can also be
assessed by two widely used biomarkers,
catalase activity and the presence of pro-
tein carbonyls (Ravi KiraN & ARUNAa,
2010). Catalase (1.11.1.6) is an antioxidant
enzyme that catalyzes the degradation re-
action of extremely harmful hydrogen per-
oxide (H202) to water (H20) and oxygen
(O2) (ZBANG et al., 2018). Protein carbonyls
are reactive aldehydes and ketones formed
by oxidation of the side chains of certain
amino acids (DarLe-DonNE et al., 2003).
They are very stable and can be formed in
several ways, the most important being the
oxidation of proteins by hydroxyl radicals
(-OH), which results from the accumula-
tion of free radicals (Irazusta et al., 2011).
This leads to changes in amino acid se-
quence, cleavage of peptide bonds and
formation of carbonyls (Dalle-Donne et al.,
2003).

The European green toad Bufotes viridis
(Laurenti 1768), of the family Bufonidae, is
an example of a species that frequently
occurs in urban areas, including suburban
agricultural landscapes (e.g. Donaufeld
near Vienna; Sistant, et al., 2021) that serve
as refugia for this species. Apart from
these anthropogenic habitats, it inhabits
steppes and wild floodplains (LANDLER et
al., 2023). In these habitats, it is highly like-
ly to be exposed to various pollutants,
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such as pesticides (BAnciLA et al.,, 2023).
Geographically, it is an extremely wide-
spread species, occurring throughout
much of Europe (Karakousis & Kyria-
KOPOULOU-SKLAVOUNOU, 1995; AGHASYAN et
al., 2017). According to the IUCN Red List
of Threatened Species, it is classified as
Least Concern (LC), although significant
population declines have been observed in
some parts of its range (e.g. AGHASYAN et
al., 2017).

In our study, we used B. viridis tadpoles
as a model organism to evaluate the effects
of two widely used pesticides (alpha-
cypermethrin and difenoconazole) on gen-
eral
omarkers. We hypothesize that B. viridis
tadpoles are susceptible to the adverse
effects of the aforementioned pesticides at
environmentally relevant concentrations.
We investigated this by measuring tadpole
mass and survival, as well as catalase ac-
tivity, protein carbonyl content, and ETS
activity. The outcome of our study will
provide valuable data on this widespread
species and will assist in better under-
standing of the potential effects of these
pesticides. As well, these results could be
applied to other amphibian species with
similar ecology and physiology.

endpoints and physiological bi-

MATERIALS AND METHODS
Test organisms and experimental setup

The experiments were conducted ac-
cording to the EU legislation for animal
experimentation. This research was ap-
proved by Ministry of Economy and Sus-
tainable Development of Republic of Croa-
tia (Institute for Environment and Nature
UP/1-612-07/20-48/205 ).
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We collected B. viridis tadpoles from a
small private artificial fishpond (2 m in
diameter) near Osijek, Croatia (Semeljci;
GPS: 45°21'36"N 18°32'24"E), where chanc-
es of exposure to agricultural runoff are
minimal, and transferred them to the la-
boratory. After 24 hours of acclimatization,
groups of seven tadpoles that were similar
in size were randomly selected (Gosner-
stage 25-26 determined by inspection of all
individuals under a loupe; GosNERr, 1960)
and placed in 250 ml glass flasks filled
with 100 ml of standardized FETAX solu-
tion (625 mg NaCl, 96 mg NaHCOs, 75 mg
MgS0Os, 75 mg CaSOs-2H20, 30 mg KCl, 15
mg CaCl: per liter of deionized water; pH
= 7.34; conductivity 1322 uS/cm), to which
a pesticide at a certain concentration was
added (see next paragraph). The sample
size was chosen as the lowest possible
number
enough material for subsequent analysis,
so the number of used animals was mini-
mized. The housing volume was selected
because tadpoles at Gosner-stage 25 are
relatively small and do not need much
space, especially since they were not fed
during the experiment. Apart from pH and
conductivity we did not measure other
physical and chemical parameters of the

of animals which provided

test solutions because previous studies
conducted under similar conditions re-
vealed a stability in such conditions (e.g.
Henry et al., 2013; Yu et al., 2013).

All used reagents were of analytical
grade. Tadpoles were kept at constant tem-
perature (21 + 1°C) under natural light
conditions and were not fed during the
experiment. Mortality was checked after 24
and 48 hours of exposure, and all dead
tadpoles were removed from the flasks.
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After 48 hours, live tadpoles were weighed
and stored at -80°C until further analysis

Pesticides

For experimental treatments, two pesti-
cides  were  used: difenoconazole
(commercial preparation DIFCOR, Agro-
Chem MAKS) with an active ingredient
(a.i.) concentration of 250 g/l, at concentra-
tions of 10, 20, 40, 60, 80 and 100 pg/l a.i.,
and alpha-cypermethrin  (commercial
preparation FASTAC® 10 EC, BASF) with
an active ingredient concentration of 100 g/
1, at the following concentrations: 0.2, 1,
25,5, 7.5 and 10 ug/l a.i.; for the control
treatment, FETAX solution was used. Con-
centrations for both pesticides were chosen
based on the existing data to have a range
covering from environmentally relevant
concentrations to concentrations known to
affect tadpoles or other organisms. All con-
centrations and control treatment were set
in three replicates.

Sample preparation and biochemical analysis

For all analyses, whole tadpoles were
used for preparation of homogenates. For
homogenization of tissue for carbonyl pro-
teins, 50 mM phosphate buffer, 0.5 M
EDTA and 100 mM phenylmethanesul-
fonyl fluoride were used, while for deter-
mining the activities of the ETS and cata-
lase, homogenization buffer consisted of 75
uM MgSOs, Polyvinylpyrrolidone 0.15%
w/v, Triton-x-100 0.2% (v/v) and phos-
phate buffer (pH 8.4).

Catalase activity was measured accord-
ing to the method proposed by Aes1 (1984)
using UV/Vis spectrophotometer Lambda
25 (Perkin-Elmer, USA) at 240 nm every 30
sec for 2 min at 25°C.

Activity of the ETS was determined

following the methodology described in
ZAGAR et al. (2015). Homogenates were
centrifuged for 4 min at 0°C and 10 000 g,
and supernatant was transferred to three
microtiter plates together with reagent so-
lution (substrate, 0.25 mM NADPH and 1.7
mM NADH, and iodonitrotetrazolium—
INT). Microtiter plates were incubated for
15 min at three different temperatures (20°
C, 24°C and 28°C). These temperatures
were selected based on the known range of
body temperatures of B. viridis when active
(Katz & Gir, 1997), to measure the actual
expression of metabolism. After incuba-
tion, formaldehyde and HsPOs were added
to the microtiter plates to stop the reaction.
Finally, the absorbance was measured at
490 nm using a microplate reader (Synergy
MX BioTek, USA). From the measured val-
ues, concentration of consumed oxygen
was calculated, which corresponds to the
amount of formazan produced by the re-
duction of INT.
Carbonyl content was measured using a
MAKO094 (Sigma-Aldrich) commercial car-
bonyl group assay kit. Protein carbonyl
groups are derivatized with 24-
dinitrophenylhydrazine, which leads to
the creation of stable dinitrophenyl-
hydrazone adducts. The quantity of these
adducts is directly proportional to the
amount of carbonyls in the sample, which
are detected spectrophotometrically at 375
nm. In addition, Pierce™ BCA protein
analysis kit (Thermo Scientific, USA) was
used to determine protein concentration of
each sample.
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Table 1: Recorded mean values + standard deviation (SD) for body mass (BM), catalase activity
(CAT) and carbonyl proteins (CARB) for different concentrations of alpha-cypermethrin and dif-
enoconazole treatments. Values in bold are different from those at the control group (P < 0.05).

Substance Concentration BM CAT CARB
(ug/L) (g) (U/g protein) (nmol carbonyl/mg protein)

a-cypermethrin 0 0.035 +0.003 48.94 +£17.26 7.89+£2.88
0.2 0.026 + 0.000 52.05+8.55 8.66 +3.80

1 0.026 £ 0.001 52.78 £9.01 7.32+1.32

2.5 0.026 £ 0.002 35.94* 9.81+£2.20

5 0.024 +0.001 33.87 £4.20 9.88 £6.03

7.5 0.025 + 0.000 35.94 + 8.69 12.31+9.41

10 0.024 £ 0.001 36.80£0.15 6.32£0.37

Difenoconazole 0 0.033 £ 0.003 45.19£19.85 590 +1.49
10 0.032 +0.003 45.98 +2.67 8.24+0.80

20 0.025 +0.001 25.15+8.09 9.62 +4.06

40 0.026 £ 0.000 37.78 £5.29 8.37 £2.06

60 0.025 £ 0.001 33.13+£9.75 14.61 +7.04

80 0.025 +0.001 36.90 £16.17 7.23+4.04

100 0.014 £ 0.010 64.32 £25.30 6.97 £1.06

*For two of the three replicates, it was not possible to determine protein content and calculate CAT activity

Statistical analysis

We performed one-way analysis of var-
iance (ANOVA) to determine the differ-
ences between control and each pesticide
treatment for all variables. For samples
that did not follow normal distribution, the
nonparametric equivalent, the Kruskal-
Wallis test, was used. We then used Tuk-
ey’s LSD post hoc test. All tests were per-
formed at a significance level of a = 0.05.
All statistical analyses were performed
using R statistical program v.3.6.1. (R De-
vELOPMENT CoORE TEaM, 2019). For difeno-
conazole after 48 hours of exposure, LCso
value was calculated using Probit analysis
(FinnEy, 1971).
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REesuLTs
Tadpole survival

After 24 hours of exposure of tadpoles
to various concentrations of difenocona-
zole, we observed mortality only at the
highest concentration (100 ug/l), with an
average mortality rate (+SD) of 42.9% (+
20.2) whereas after 48 hours of pesticide
exposure, we observed an average mortali-
ty rate of 4.7% (+ 6.7) at 80 ug/l and 47.6%
(£ 17.8) at 100 pg/l. At this exposure time,
the calculated LCso of difenoconazole as
the tested formulation (DIFCOR) was
100.832 pg/l (95% CI: 91.875-110.662). Al-
pha-cypermethrin caused no mortality to
tadpoles at any tested concentration dur-
ing the 48 hours of exposure.
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Tadpole mass

After 48 hours of exposure to different
concentrations of difenoconazole, the mass
of tadpoles exposed to 20, 40, 60 and 80
ug/l was lower than that in the control
group, whereas there was no significant
difference between the control and 10 ug/l
groups (Table 1). The mass of tadpoles was
lower than in the control group after expo-
sure to alpha-cypermethrin at all tested
concentrations (Table 1).

Biomarker analysis

Catalase activity after 48 h of exposure
to different concentrations of either difeno-
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conazole or alpha-cypermethrin did not
differ significantly between the control and
the different pesticide
(Table 1).

The activity of ETS after the exposure
of tadpoles to difenoconazole at all tem-
peratures did not show significant differ-

concentrations

ences between control and treatment
groups. However, there were significant
differences between various concentra-
tions of difenoconazole (Fig. 1); at 20°C
there was a significant difference in ETS
activity of tadpoles exposed to 20 and 100
ug/l (Fig. 1A). At 28°C, the results were
similar to those at 20 °C, with a decrease in
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Figure 1: ETS activity [ul O2/mg prot/h] after exposure of European green toad tadpoles (Bufotes
viridis) to different concentrations of difenoconazole at (A) 20°C, (B) 24°C and (C) 28°C. Dark
black line represent the median, boxes the interquartile range, and whiskers the total range. Statis-
tically significant differences of Tukey’s LSD post hoc tests are shown with different letters (P <

0.05).
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ETS activity at 20 pg/l and an increase at
100 pg/1 concentration (Fig. 1C).

ETS activity after the exposure of tad-
poles to alpha-cypermethrin at all temper-
atures did not show significant differences
between control and the different pesticide
concentrations. However, there were sig-
nificant differences between various con-
centrations of alpha-cypermethrin treat-
ment (Fig. 2); at 24°C there was an increase
in ETS activity at 1 ug/l in relation to 2.5
ug/l) (Fig. 2B), and at 28°C there was an
increase in ETS activity at 1 ug/l in relation
to 7.5 ug/l (Fig. 2C).

The presence of carbonyl groups after

exposure of tadpoles to difenoconazole or
alpha-cypermethrin showed no significant
differences between the control and the
different pesticide concentrations (Table 1).

DiscussioN

In this study, we investigated the
effects of two widely used pesticides, al-
pha-cypermethrin (an insecticide) and dif-
enoconazole (a fungicide), on B. viridis tad-
poles. Specifically, we examined their im-
pact on mortality and mass, as well as
effects expressed through oxidative stress
and metabolic activity. This was achieved
by analyzing catalase activity, carbonyl
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Figure 2: ETS activity [ul O2/mg prot/h] after exposure of European green toad tadpoles (Bufotes
viridis) to different concentrations of alpha-cypermethrin at (A) 20°C, (B) 24°C and (C) 28°C. Dark
black line represent the median, boxes the interquartile range, and whiskers the total range. Statis-
tically significant differences of Tukey’s LSD post hoc tests are shown with different letters (P <

0.05).
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content, and ETS activity. The obtained
results showed that both pesticides had
negative effects on B. viridis tadpoles. Ex-
posure to difenoconazole caused mortality
at concentrations of 80 and 100 pg/l, and
both pesticides caused a significant reduc-
tion in tadpole mass. In addition, exposure
to these pesticides impaired the physiolog-
ical processes of the animals.

Mortality is a critical indicator of the
harmfulness of certain pesticides because
it directly affects the number of individu-
als and thus can cause a reduction in pop-
ulations during exposure (McMAHON et al.,
2011). After a 24-hour exposure to difeno-
conazole, average mortality was found to
be 42.9% (+ 20.2) only at the highest con-
centration of 100 ug/l. After a 48-hour ex-
posure, average mortality was 47.6% (+
17.8) at 100 pg/l and 4.7% (+ 6.7) at 80 ug/l.
Mortality data for difenoconazole are not
available from amphibian tadpoles, but
available data from fish show that amphib-
ian larvae from our study would be more
sensitive than fish to this fungicide. Zebra
fish (Danio rerio) tolerated high concentra-
tions of difenoconazole, with a 48h-LCso of
1.4 mg/l (SancHEs et al., 2017) and a 96h-
LCso of 1.17 mg/l (Mu et al., 2013). Howev-
er, considering environmentally relevant
concentrations, our data suggest that dif-
enoconazole does not pose a direct threat
to the survival of B. viridis tadpoles.

After exposure to alpha-cypermethrin
no mortality was observed after either 24
or 48 hours. GUrRkAN et al. (2016) conducted
a study on the effect of alpha-
cypermethrin on the mortality of Bufotes
variabilis tadpoles, in which tadpoles were
treated for 96 hours with similar concen-
trations of the pesticide (0.1, 5, and 10 ug/1)

as used in the present study. They found
the highest mortality at a concentration of
10 pg/l, where 40% of the individuals died.
For the South American hylid species Bo-
ana pulchella, the LCso of 479.7 ug/l showed
this species to be tolerant to alpha-
cypermethrin regarding mortality, but low
concentrations (0.34-4.18 ug/l) caused mal-
formations, confirming adverse effects of
the exposure to this pesticide to amphibi-
ans (AcosTiINI ef al., 2010). These data show
differential sensitivity to
cypermethrin of different amphibian spe-
cies, with B. viridis expressing high re-
sistance to mortality. A possible explana-
tion for the high tolerance to lethal effects
shown by B. viridis tadpoles tested in the
present study could be the differences in
sensitivity of tadpoles depending on their
developmental stage. For example, more
developed tadpoles of the species Litho-
bates clamitans, appeared to be more sensi-
tive than younger individuals of the same
species. This may be attributed to the
mode of action of pyrethroid pesticides,
which primarily act on the nervous sys-
tem, i.e. sodium channels (BErriLL ef al.,
1993), so that tadpoles with a more devel-
oped nervous system are at greater risk of
exposure to these pesticides than younger

alpha-

individuals.

In our study, a difference in tadpole
mass was observed between the control
and all concentrations of the two pesticide
treatments (except at 10 pg/l of difenocon-
azole). Similar to our results, another
study on B. variabilis tadpoles using alpha-
cypermethrin exposure for 96 hours also
showed a significant reduction in mass of
exposed tadpoles at concentrations from
01 to 10 pg/l compared to controls
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(GURKAN et al., 2016).
Some studies indicate that both pesti-
cides, difenoconazole and  alpha-

cypermethrin, can increase oxidative stress
in aquatic species by generating large
amounts of ROS (Bagnyukova et al., 2005;
Moreira ef al.,, 2020). For example, when
alpha-cypermethrin enters the body, it is
degraded to a highly toxic and unstable
cyanide hybrid molecule, which can be
further degraded to cyanides and alde-
hydes, leading to increased free radical
formation and ultimately increased oxida-
tive stress (Xu & Huang, 2017). Catalase is
an antioxidant enzyme found in the cyto-
sol, peroxisomes, and mitochondria and is
responsible for the degradation of hydro-
gen peroxide due to oxidative stress
(ZuANG et al., 2018). Its activity can be en-
hanced or suppressed depending on the
degree of exposure to harmful chemicals,
such as pesticides (Rutkoskr et al., 2021).
Measurements of catalase activity after
difenoconazole and alpha-cypermethrin
treatments showed no significant differ-
ences between the control and the different
pesticide concentrations. A study on the
effects of difenoconazole on catalase activi-
ty in water fleas (Daphnia magna) showed
that sublethal concentrations of 50 ug/l1 did
not result in a significant increase in cata-
lase activity (MoREeIra et al., 2020). Another
study in common carp (Cyprinus carpio)
following exposure to another triazole fun-
gicide, tebuconazole, showed a decrease in
catalase activity at a concentration of 1190
ug/l, which might be due to inhibition of
the enzyme by excessive free radical pro-
duction (Tont et al., 2011). Similarly, a
study in walking catfish (Clarias batrachus)
found a decrease in catalase activity after
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exposure to pyrethroid insecticides due to
an overload of the enzyme defense system
against free radicals (TRIPATHI & BANDOONT,
2011).

ETS activity is a commonly used bi-
omarker to determine stress levels due to
chemical exposure and to determine meta-
bolic energy requirements (MOREIRA et al.,
2020). Measurements of ETS activity in
tadpoles showed no significant differences
in activity between control and individuals
treated with alpha-cypermethrin, which
may indicate that the metabolic apparatus
did not respond or was not enough dam-
aged to detect the differences. Measure-
ments of ETS activity in tadpoles treated
with difenoconazole showed that there
were no significant differences between
the control and exposed animals at all test-
ed concentrations, but there was a signifi-
cant difference between 1 ug/l and 10 g/l
concentrations at 24°C and 28°C. It is well
established that free radicals, including
hydrogen peroxide, can control mitochon-
drial ATP production by disabling or re-
ducing electron flow in the transport sys-
tem (THomson, 2019). In general, higher
ETS values for difenoconazole than for
alpha-cypermethrin at the same tempera-
tures suggest that tadpoles were more
stressed during difenoconazole treatment
and that metabolic activity was higher be-
cause they likely had higher energy de-
mands (ZAGAR et al., 2015).

Carbonyl groups are another indicator
of oxidative stress. They are known to be
produced by oxidative stress due to in-
creased accumulation of reactive oxygen
particles such as hydrogen peroxide,
which then damage cellular proteins and
lipids (Rutkoski et al., 2021). Measure-
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ments of both pesticides revealed no sig-
nificant difference in carbonyl groups com-
pared to the control; this is in line with the
results of a study that examined the effect
of the triazole fungicide tebuconazole at
concentrations of 590, 1190, 1780, and 2370
ug/l on common carp (C. carpio), which
found no significant difference in the
amount of carbonyl groups between ex-
posed and control groups (Tont et al.,
2011). However, it should be noted that
our results showed a slight trend of in-
creasing carbonyl groups with increasing
pesticide concentrations, after which the
levels decreased at the highest concentra-
tions. Therefore, a particular increase in
the amount of carbonyl groups in tadpoles
treated with difenoconazole and alpha-
cypermethrin might be attributed to an
increase in oxidative stress due to damage
and disruption of protein metabolism in
the cell (Rutkoski et al., 2021).

The results of this study suggest that
both difenoconazole and alpha-
cypermethrin have significant adverse
effects on tadpoles of B. viridis after acute
exposure. Difenoconazole induces tadpole
mortality at concentrations of 80 pg/l and
100 pg/l, while no mortality was observed
following exposure to environmentally
relevant  concentrations  of
cypermethrin. Both pesticides resulted in a
significant reduction in tadpole mass after
48 hours of exposure. Although there were
no significant differences in biomarker ac-
tivities, it is crucial to emphasize that these
effects could become more pronounced
with prolonged exposure. Furthermore,
the reduction in tadpole size may have
long-term implications at the population
level, as smaller tadpoles are more suscep-

alpha-

tible to various environmental impacts,
such as predation.

Considering environmental relevance
of our study, at concentrations of both pes-
ticides measured in the environment, al-
pha-cypermethrin seemed to pose a higher
risk than difeconazole to B. wviridis tad-
poles. Moreover, the large discrepancies
between the effects of alpha-cypermethrin
among different species of amphibians
raise the importance of our study. Further
studies are necessary to gain better insight
into the sensitivity of B. viridis tadpoles to
pesticides, given that this species is com-
monly found near agricultural lands and is
at high risk of exposure. As this species is
widespread, the results obtained are rele-
vant on a broad geographical scale, and
other species may similarly be affected by
these two pesticides.
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