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Abstract Different biological variables of tadpoles, in-
cluding survival, development and growth rates, and
biomarkers [cholinesterases, glutathione-S-transferases
(GST), and blood cell morphology] were evaluated in
two anuran species, Scinax squalirostris (Hylidae) and
Leptodactylus mystacinus (Leptodactylidae), using in situ
experimental chambers in a rice field (RF) sprayed with
insecticide Lambda-cyhalothrin (LTC) by aircraft in
Santa Fe Province, Argentina. We found a significant
decrease in body weight (0.62±0.04 g) of L. mystacinus
and an increased development rate of S. squalirostris in
individuals from RF (41±1; Gosner) with respect to
individuals from the reference site (RS: 0.93±0.04 g
and 37±0; respectively). In S. squalirostris, individuals
from RF mean values of butyrylcholinesterase activities
decreased at 48 (4.09±0.32 nmol min-1 mg-1 of TP) and
96 h (3.74±0.20 nmol min-1 mg-1 of TP), whereas inhi-
bition of acetylcholinesterase was observed at 96 h (47.44

±2.78 nmol min-1 mg-1 of TP). In L.mystacinus from RF,
an induction of acetylcholinesterase activity was ob-
served at 96 h (36.01±1.09 nmol min-1 mg-1 of TP).
Glutathione-S-transferase levels varied between species,
being higher in L. mystacinus individuals but lower in S.
squalirostris from RF at 48 (272.29 ±11.78 and 71.87
±1.70 nmol min-1 mg-1 of TP; respectively) and 96 h
(279.25±13.06 and 57.62±4.58 nmol min-1 mg-1 of TP,
respectively). Blood cell parameters revealed a lower
number of mitotic cells (MC: 0.36±0.31%o for S.
squalirostris and 0.08±0.05 %o for L. mystacinus)
and higher number of eosinophils (E: 3.45±1.75
%o for S. squalirostris and 7.64±0.98 %o for L.
mystacinus) in individuals from the RF than in
individuals from the RS (MC: 2.55±0.74 %o for S.
squalirostris and 1.87±0.72%o for L. mystacinus; and
E: 0.13±0.09 for S. squalirostris and 3.20±0.80 for L.
mystacinus). Overall, our results demonstrate the exis-
tence of apparent differences in sensitivity between
species in a series of sublethal responses to short-
term exposure in RF after the application of Lambda-
cyhalothrin. We suggest that the integral use of
biological endpoints (development and growth) to-
gether with biomarkers (cholinesterase, GST, and
blood cell parameters) may be a promising integral
procedure for investigating pesticide exposure in wild
frog populations.
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Introduction

Rice field (RF) expansion is one of the activities associ-
ated with the disappearance of wetlands throughout the
world (Juliano 1993; Millennium Ecosystem Assessment
2005; Machado and Maltchik 2010). Rice cultivation
demands the application of increasing amounts of agro-
chemicals (synthetic pesticides and fertilizers), which
leads to increased environmental degradation and reliance
on high capital costs and production inputs (Tilman et al.
2002). RFs, together with their adjacent aquatic habitats
and dryland, comprise a rich mosaic of fast-changing
ecotones that harbor biological diversity, which is
maintained by rapid colonization, and reproduction and
growth of organisms (Fernando 1995; 1996). Hence, rice
agriculture has been recognized as having considerable
potential value for many aquatic organisms such as fish,
amphibians, and birds (Czech and Parsons 2002; Elphick
and Oring 2003; Bambaradeniya et al. 2004). Conversely,
the health status and ecology of amphibians living in RFs,
and their intraspecific or interspecific biological responses
have not been sufficiently characterized worldwide (Hirai
and Matsui 1999; Hirai 2004; Attademo et al. 2011).

Exposure to pesticides can be particularly deleteri-
ous to amphibian species and may become an impor-
tant factor in population declines in agricultural land-
scapes (Mann et al. 2009). Amphibians may be sensi-
tive to water pollutants principally during the aquatic
embryonic and larval stages (Gibbs et al. 2005; García-
Muñoz et al. 2010); however, this sensitivity varies at
intraspecific and interspecific levels (e.g., Christin
et al. 2004; Navas and Otani 2007; Jones et al. 2009;
Relyea and Jones 2009).

Organisms that possess adaptive plastic traits have the
ability to alter their biological traits in response to envi-
ronmental cues to survive under new environmental con-
ditions (DeWitt and Scheiner 2004). The ability to with-
stand toxic chemicals and oxidative stress is crucial for
the survival of all organisms. In vivo inhibition or induc-
tion of biomarkers can be considered an appropriate tool
to evaluate exposure to xenobiotics and their potential
effects on organisms (McCarthy and Shugart 1990;
Walker 1998; Sánchez-Hernández 2007). The ChEs en-
zymes acetylcholinesterase (AChE, EC 3.1.1.7) and
butyrylcholinesterase (BChE, EC 3.1.1.8) have been rec-
ommended as useful indicators of amphibian exposure to
anti-cholinesterase chemicals (Attademo et al. 2007;
Attademo et al. 2011; Brodeur et al. 2011; Lajmanovich
et al. 2009; Lajmanovich et al. 2010; Lajmanovich et al.

2011). Moreover, glutathione-S-transferases (GST, EC
2.5.1.18) are a multigene family of cytosolic enzymes
involved in the conjugation of electrophilic metabolites
with the tripeptide glutathione to yield a water-soluble
conjugated metabolite. GST activity is also used as a
biomarker in ecological risk assessment of a pesticide-
contaminated environment (Greulich and Pflugmacher
2004; Attademo et al. 2007). Moreover, blood parame-
ters are other biomarkers that are being increasingly used
in herpetofaunal studies (Barni et al. 2007). Amphibian
blood is a very plastic tissue (Barni et al. 2007); varia-
tions in the morphology of several blood cells in
anurans have been reported as a response to stress in
agroecosystems (Stansley and Roscoe 1996; Cabagna
et al. 2005). Significant relationships between enzyme
activity and haematological parameters of amphibians,
and application of pesticides have been recently demon-
strated in anurans from Argentina (Attademo et al. 2011;
Brodeur et al. 2011).

Different tadpole biological variables, including sur-
vival, development, and growth rates, and biomarkers
(cholinesterase, GST, and blood cell morphology) in
two anuran species, Scinax squalirostris (Hylidae) and
Leptodactylus mystacinus (Leptodactylidae) were eval-
uated using in situ experimental chambers in RF from
Santa Fe Province, Argentina. This work provides a
basic scheme using related biological parameters as
endpoints for monitoring the health status of anurans
present in agricultural aquatic systems.

Material and methods

Study area

The study area was situated in the Mid-eastern region
of Argentina, precisely in Santa Fe Province. The
area is primarily devoted to irrigated transgenic rice
production, with a rainy season from October to March
and a dry season from April to September. Expansion of
rice production (229,711 ha in 2010), particularly in
Santa Fe, Entre Ríos, and Corrientes provinces, involves
deforestation and destruction of native forests. In
Santa Fe province, rice is produced mainly on the
floodplains of the Paraná River (Alvisio 1998). Rice
fields are surrounded by several forest fragments
characterized by native vegetation of the deltas and
islands of Paraná River and Espinal ecoregions (Burkart
et al. 1999).
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We selected two sites (Fig. 1), a reference site (RS)
and a RF. RS was located within a private native
reserve of the Paraná River floodplain in the Capital
department of the province (RS 31°39′34.7″S–60°35′
31.1″W). We considered the RS site free of anti-
cholinesterase chemicals because no agricultural activ-
ities or pesticide use have been observed in the nearby
areas (Lajmanovich et al. 2010). This site is dominated
by different trees such as Salix humboldtiana, Tessaria
integrifolia, Enterolobium contortisiliquum, and Acacia
caven. The ephemeral ponds and marshes present
Eichhornia crassipes, Pontederia cordata, Saggitaria
montevidensis, Typha latifolia, Cortaderia selloana,
Cyperus corymbosus, Salvinia biloba, and Pistia
stratiotes. RF was a transgenic rice plantation (Oryza
sativa) located in San Javier department (30°05′13.56″
S–59° 53′19.98″W). On 30 January 2011, we located

the chambers in the ditches and paths. The next day (31
January) the insecticide Lambda-cyhalothrin (LTC; trade
name CILAMBDA AGROS) was applied at a proportion
of 100 cm3 in 20 L of water by aircraft. LTC is a synthetic
type II pyrethroid insecticide (Meister 1992) that is widely
used in agricultural formulations to control numerous rice
pests (CASAFE 2005) such as the hemipterans Tibraca
limbativentris and Tibraca obscurata. LTC is moderately
persistent and relatively photostable under natural irradia-
tion with a half-life > 3 week (He et al. 2008).

At each site, pH, temperature (°C), conductivity
(μS s-1), and dissolved oxygen (mg L-1), ammonia
(NH4+, mg L-1), nitrate (NO3-, mg L-1), and ortho-
phosphate (PO4 mg L-1) concentrations were recorded
daily with digital instruments and standard Aquamerk®
kits. All water chemistry measurements were taken in
the morning.

Fig. 1 Location of sampling
sites in Mid-eastern Argen-
tina. Reference site (RS) and
rice field (RF) with Lambda-
cyhalothrin application
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Test organism and experimental design

Tadpoles of S. squalirostris and L. mystacinus were se-
lected for this study because of their extensiveNeotropical
distribution (Argentina, Paraguay, Uruguay, Bolivia, and
Brazil). These anurans are common in forests, wetlands,
riparian and urban areas, and agricultural lands; in the
latter areas, these species are likely exposed to xenobiotics
during their breeding season and early development
(Peltzer et al. 2006). These two tadpole species differ
in ecological habits, S. squalirostris being nektonic
and L. mystacinus being benthonic-nektonic (Peltzer
and Lajmanovich 2007).

Prometamorphic larvae (Gosner stage 26–29) of
both species were collected from temporary ponds in
Paraná River floodplain in January 2011. Despite the
wide distribution of rice agroecosystems in the area, all
the tadpoles were collected from nonagricultural sites,
so we assumed that exposure to pesticides was minimal
(Lajmanovich et al. 2010). All tadpoles were collected
with authorization of the Ministerio de Aguas, Servicios
Públicos y Medio Ambiente, and Santa Fe province,
Argentina. The tadpoles were acclimatized until reaching
Gosner stage 36–37 (Peltzer et al. 2008) at a 12 h
light/dark cycle with dechlorinated tap water (DTW) of
pH 7.4±0.05; conductivity, 165±12.5 μmhos m-1;
dissolved oxygen concentration, 6.5±1.5 mg L-1 hard-
ness, 50.6 mg L-1 of CaCO3 at 22±2 °C.

Because these two anuran species differ in spatial
habits, we constructed two experimental chambers based
on those traits. The experimental chambers used for S.
squalirostris consisted in 5-L plastic cylinders and trans-
parent bottles (35×17 cm; Fig. 2a). The chamber used for
L. mystacinus consisted in a 10-L bucket perforated
irregularly to allow water exchange. The buckets were
buried into the sediment with two iron supports (Fig 2b).
Initial body length (BL) of each species was recorded at
Gosner stage 36–37 with a digital caliper (to the nearest
0.01 mm). We also recorded the weight (W) of each
tadpole with a digital balance (to the nearest 0.1 g) to
determine initial wet weight. A number of 10 tadpoles of
similar Gosner development stage (Gosner stage 36–37),
body length (24.78±1.53 mm for S. squalirostris and
39.15±0.03 mm for L. mystacinus), and wet weight
(0.33±0.03 g for S. squalirostris and 0.93±0.04 g for L.
mystacinus) were then caged in each in situ chamber and
provided boiled lettuce as food source. Three replicates
of each in situ chamber were located in each field,
totalling 90 tadpoles per site and species.

Survival, development, and growth rates

Survival of tadpoles was recorded at each site after
168 h of in situ exposure (Peltzer et al. 2008; Attademo
et al. 2011); the surviving tadpoles were immediately
transported to the laboratory to determine biological var-
iables, using plastic buckets containing water from each
sampling site. We determined the developmental stages
of tadpoles according to Gosner (1960) table. Growth
parameters (body length and wet weight) were also
recorded. Development rates were estimated according
to the equation [development rates = (final stage-initial
stage)/number of days of experimentation; Teplitsky et al.
2003]. To minimize stress, tadpoles were submerged in
water during staging and measurement, except for mea-
surement of wet weight.

Enzymatic assays

For biomarker assessments, a subsample of tadpoles of
each species and from each site was taken at 48 and 96 h
after LTC application; tadpoles were euthanized according
to the criteria of ASIH and SSAR (2001) and
Biochemistry and Biological Sciences (UNL) animal
ethics committee. Whole tadpoles were homogenized on
ice in 0.1 %t-octylphenoxypolyethoxy ethanol (triton X-
100) in 25 mM tris (hydroxymethyl) aminomethane hy-
drochloride (pH 8.0) using a polytron. The homogenates
were centrifuged at 10,000 rpm at 4 °C for 15min, and the
supernatant was collected and frozen at -80 °C until
assayed for enzymatic determination. Total protein (TP)
concentrations in the supernatants were determined
according to the Biuret method (Kingbley 1942). When
sample volume was enough, enzyme kinetics assays were
performed in duplicate. AChE and BChE activities were
measured following Ellman et al. (1961). The reaction
mixture consisted of 0.01 mL extract, 2 mM dithio bis
2-nitrobenzoic acid, 20 mM acetylthiocholine, and
butyrylthiocholine iodide (AcSCh andBuSCh, respective-
ly); 25 mM Tris–HCl; and 1 mMCaCl2 (pH 7.6). Assays
were conducted at 25 °C. The variation in optical density
was recorded at 410 nm at 25 °C for 1min using a Jenway
6405 UV–VIS spectrophotometer. AChE and BChE ac-
tivities were expressed as nmol min-1 mg-1 of TP using a
molar extinction coefficient of 13.6×103 M-1 cm-1.

GST activity was determined spectrophotometrical-
ly by the method described by Habig et al. (1974) and
adapted by Habdous et al. (2002) for mammal serum
GST activity. The enzyme assay was performed at
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Fig. 2 Design of experimental chambers. a Chambers used for L. mystacinus (plastic cylinders plastic and transparent bottles). b
Chambers used for S. squalirostris (bucket)
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340 nm in 100 mM Na–phosphate buffer (pH 6.5),
2 mM 1-chloro-2, 4-dinitrobenzene and 5 mM reduced
glutathione. Enzyme kinetics assays were performed at
25 °C and whole GST activity was expressed as μmol
min-1 mg-1 of TP using a molar extinction coefficient
of 9.6×103 M-1 cm-1

Blood cell morphology

Blood samples were taken from surviving tadpoles after
168 h of in situ exposure by cardiac puncture and one
smear was prepared on clean slides, fixed and stained by
the May–Grünwald–Giemsa method (Dacie and Lewis
1984; Attademo et al. 2011). Erythrocyte cell morphol-
ogy was evaluated for evidence of immature erythrocyte
(IE), mitotic cells (MC), and micronuclei (MN) frequen-
cies. Genotoxicity was tested using the presence of
erythrocyte nuclear abnormalities (ENA), carried out
in mature peripheral erythrocytes according to the pro-
cedures of Guilherme et al. (2008), by determining the
frequency of the following nuclear lesions: MN, lobed
nuclei (L), binucleates or segmented nuclei (S), kidney
shaped nuclei (K), and notched nuclei (N). The results
were expressed as ENA frequency, the mean value (%)
of the sum (MN+L+S+K+N) for all the lesions ob-
served. In addition, the appearance of different leuko-
cytes was assessed before performing a differential eo-
sinophils count.

Data analysis

Data of enzymatic activity were expressed as the mean
and standard error of the mean (x±SEM). In all experi-
ments, replicates were tested for differences using
ANOVA (Hurlbert 1984). No significant differences
were found among replicates (p>0.05); thus, no experi-
mental chamber effect was identified, and replicates
were pooled. The influence of sampling sites (RF and
RS) and sampling period (48 and 96 h) on cholinesterase
and GST enzyme activities was analyzed with two-way
ANOVA using general linear models (GLMs) and by
Student’s t-test for comparison between RS and RF at 48
and 96 h. Differences in wet weight and body length
were analyzed using ANCOVA, followed by Fisher’s
pairwise LSD. Since tadpole size could also be a function
of developmental stage, we used the latter parameter as a
covariate for weight and length (Hogan et al. 2008). We
also used Student’s t-test for comparison of development
rates. Data were tested for homogeneity and normality of

variance (Kolmogorov–Smirnov test and Levene test).
Statistical analyses were performed using INFOSTAT/ P
1.1 for Windows software (Grupo InfoStat Professional,
FCA, Universidad Nacional de Córdoba, Argentina).
Blood cell morphology between anurans of the two sites
was evaluated with a binomial proportion test (Margolin
et al. 1983) with BioEstat software 5.0 (Ayres et al.
2008). The criterion for significance was p<0.05.

Results

Survival, development, and growth rates

Habitat variables and biological endpoints of each
tadpole species from each sampling site (RS and RF)
are summarized in Table 1. Concentrations of nitrate
and orthophosphate were higher in the RF than in the
RS. Levels of pH, dissolved oxygen, and conductivity
were lower in RF, than in RS. No mortality of S.
squalirostris and L. mystacinus tadpoles was recorded
in RS (Table 1). By contrast, dead tadpoles were de-
tected in RF (33 % in L. mystacinus and 15 % in S.
squalirostris). S. squalirostris tadpoles raised at RS
increased in body length after 7 days of in situ expo-
sure with respect to those present at RF site, showing
statistically significant differences (F=23.48, p<0.05),
whereas wet weight did not vary significantly between
sites (F=0.50, p>0.05). Conversely, tadpoles from RF
showed differences in wet weight (p<0.05) before and
after caging. Development rates increased only in tad-
poles from RF (t=3.33, p<0.05).

L. mystacinus tadpoles exposed in RF presented
significant differences in body length and wet weight
(F=6.31, p<0.05 and F=14.23, p<0.05; respectively;
Table 2), whereas development did not vary signifi-
cantly (t=2.33, p>0.05). By contrast, tadpoles from RS
did not show differences in body length (F=1.22,
p>0.05) or wet weight (F=1.91, p>0.05) before and
after caging. Development rates did not differ signifi-
cantly between sites (t=0.20, p>0.05).

Cholinesterase and GST

Responses of cholinesterases (AChE and BChE) to site
treatments and sampling periods (48 and 96) are sum-
marized in Table 2. In S. squalirostris, AChE activity
varied significantly between sampling periods (p<0.05,
Table 2), but not between treatment sites (p>0.05) or in
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the interaction between treatment sites and sampling
periods (p>0.05). AChE activity was lower for tad-
poles collected from RF than for those from RS at
96 h (Fig. 3a). Reference BChE activities were
5.95±0.69 nmol min-1 mg-1 of TP at 48 h and
6.78±0.80 nmol min-1 mg-1 of PTat 96 h. BChE activity
varied significantly between treatment sites (p<0.0001;
Table 2); however, variation was not significant between
sampling periods (p>0.05) or in the interaction between
factors (p>0.05). BChE activity was significantly lower
(Fig. 3b) in RF than in RS at 48 and 96 h. GST activitiy
in RS tadpoles was 129.17±14.18 μmol min-1 mg-1 of
TP at 48 h and 105.34±19.36 nmol min-1 mg-1 of TP at
96 h. GST activity was significantly influenced by treat-
ment sites (p<0.0001, Table 1), with lower values in
tadpoles collected from RF than in those from RS at 48
and 96 h (Fig. 3c).

In L. mystacinus tadpoles, the mean values of the
AChE activity were 32.28±1.88 nmol min-1 mg-1 of TP
at 48 h and 31.54±1.37 nmol min-1 mg-1 of TP at 96 h
in RS. AChE varied significantly between sampling
periods (p<0.05) and in the interaction between treat-
ment sites and sampling periods (p<0.05); however,
AChE did not vary between treatment sites
(p>0.05). AChE activity was statistically higher
for tadpoles collected from RF at 96 h than for
RS tadpoles (Fig. 4a). Control BChE activity in
RS was 10.36±0.93 nmol min-1 mg-1 of TP at 48 h and
11.50±1.00 nmol min-1 mg-1 of TP at 96 h. Enzyme
activity was not significantly influenced by sampling
site (p>0.05), sampling period (F=0.64, p>0.05), or the
interaction between those factors (p>0.05). BChE activ-
ity was similar among tadpoles from RS and RF
(Fig. 4b). GST activity in the tadpoles from RF was

Table 1 Biological variables and habitat characteristics of Leptodactylus mystacinus and Scinax squalirostris from a rice field and a
reference site evaluated with in situ bioassays in Mid-eastern of Argentina

Reference site Rice agroecosystem

S. squalirostris L. mystacinus S. squalirostris L. mystacinus

Beginning End Beginning End Beginning End Beginning End

Biological variable

Average development stage 37±0 38±2 37±0 38±0 37±0 41±1 37±0 38±1

Average body length (mm) 24.78±1.53 34.6±1.18 39.15±0.03 40.3±0.35 24.78±1.53 26.2±0.60 39.15±0.03 36.8±0.98

Average wet weight (g) 0.33±0.03 0.34±0.03 0.93±0.04 0.96±0.04 0.33±0.03 0.16±0.01 0.93±0.04 0.62±0.04

Tadpole mortality per site 0 % 0 % 15 % 33 %

Habitat variables b

Physicochemical variables

pH 6.0±0.5 4.5±0.5

Water temperature (°C) 27.7±1.7 31.5±2.0

Conductivity (μmS cm –1) 107±9.8 75±9.1

Dissolved oxygen (mg L-1) 5±1 1

Orthophosphate (mg L-1) <10 55±25.0

Nitrate (mg L-1) <0.025 2±0.5

Ammonia (mg L-1) <0.025 1.5

Data is expressed as mean ± SEM
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176.14±26.53 nmol min-1 mg-1 of TP at 48 h and
190.28±36.99 nmol min-1 mg-1 of TP at 96 h. GST
activity was only significantly influenced by treatment
sites (p<0.0001). GST activities were statistically higher
for tadpoles collected from RF than for those from RS at
48 and 96 h (Fig. 4c).

Blood cell morphology

The blood cell parameters of S. squalirostris and L.
mystacinus from agricultural site (RF) are similar from
those of RS (p>0.05, Table 3), with the exception of
MC and eosinophils tadpoles (Fig. 5)

Discussion

The results of this study show different adverse effects
on survival and health status of S. squalirostris and L.
mystacinus in relatively short in situ exposure in RF.
These results highlight the importance of testing mul-
tiple species of amphibians because the sensitivity of
each species within the community can be markedly
different (Relyea 2009)

In RF, inorganic phosphate concentrations are within
the range considered toxic for amphibians (Hamer et al.
2004). Inorganic phosphate is a product from fertilizer
applications that generally runoff from agricultural fields

(Andraski and Bundy 2003); high concentrations in water
bodies are related to tadpole impairments (Earl and
Whiteman 2010). Many investigations have clearly
shown that amphibian populations can be impacted by
the input of nutrients in water bodies (Hatch and
Blaustein 2000; Nebeker and Schuytema 2000) that gen-
erally interact with pesticides and increase toxic effects
(Sullivan and Spence 2003). For example, Bishop et al.
(1999) found that inorganic phosphate was responsible
for reduced diversity, density, and reproductive suc-
cess in two anuran species (Anaxyrus americanus and
Lithobates clamitans) in Ontario, Canada. Likewise,
Hamer et al. (2004) reported that the presence of phos-
phate affected each species differently, with survival be-
ing increased in Limnodynastes peronii but decreased in
Litoria aurea at phosphate concentrations ≥ 15 mg L-1.
Moreover, nitrate concentration was higher (2 mg L-1) in
RF than in RS. According to this value and nitrate levels
permitted for the protection of aquatic biota in Argentina
(<10 mg L-1) and literature (Rousse et al. 1999), the
concentration found in RF have not lethal effects on
two amphibian species. Moreover, ammonia was found
at 1.5 mg L-1 in RF during our study. Jofre and Karasov
(1999) reported a decrease in growth and development
and an increase in malformations in green frog larvae
exposed to ≥0.5 mg L-1 of ammonia. Clearly, more
studies are necessary on the effects of those nutrients on
different species of amphibian populations in RF.

Table 2 GLMs between acetyl-
cholinesterase (AChE),
butyrylcholinesterase (BChE)
and glutathione-S-transferase
(GST) activities, sites, and period

NS not significant

* p<0.05; ** p<0.01;
*** p<0.000

Species AChE BChE GST

S. squalirostris GLMs 2.54* 6.08* 8.52***

Sites 0.97 (NS) 18.13*** 23.04***

Period 4.06* 1.05(NS) 3.61(NS)

Sites×period 1.51 (NS) 0.17(NS) 0.14(NS)

R squared (%) 16.7 32.4 36.1

L. mystacinus GLMs 6.28** 0.38(NS) 5.50**

Sites 2.66(NS) 0.54(NS) 14.26***

Period 4.98* 0.64(NS) 1.01(NS)

Sites×period 6.64* 0.02(NS) 1.23(NS)

R squared (%) 30.0 2.5 27.0
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Our results demonstrated a decrease in body weight
of L. mystacinus in RF where LCT was applied; this
observation is consistent with some evidences that
LCT contribute to decrease the body weight of adult
rats (Fetoui et al. 2009). Moreover, the high metabolic
rate of animals exposed to pesticides may result in
reduced body weight (Rowe et al. 1998; Zaya et al.
2011). However, S. squalirostris development rate

increased in RF. An explanation of the last observation
may be that faster metamorphosis have been an out-
come of ‘stress’ condition, a common expression ap-
plied to any factor that increases corticosterone levels
and thus increases metamorphic rate (Hayes 1995).
Orton and Routledge (2011) reported a faster develop-
ment in the toad Bufo bufo tadpoles in agricultural sites
than in the RS. This variation in growth rates and time
to metamorphosis in two species to different water
chemistry has important implications for both field
exposure studies and laboratory toxicity testing, and
could be reflect genetic effects in water chemistry
tolerance (Parichy and Kaplan 1992).

Similarly to development and growth effects, we
found variation in cholinesterase (AChE and BChE)
and GST enzyme activities between RF and RS. S.
squalirostris was much more sensitive to the effects
of LCT on activities of both cholinesterase (AChE and
BChE) than L. mystacinus. AChE and BChE of S.
squalirostris tadpoles were significantly inhibited in
RF compared to enzyme activities of individuals from
RS at 48 and 96 h. Several studies have evaluated
BChE and AChE inhibition by pesticides in native
anuran tadpoles under laboratory conditions (e.g.,
Lajmanovich et al. 2009; 2010; 2011); however, sim-
ilar findings were observed in adult anurans in the
field. A significant reduction of BChE activity in RFs
with respect to the RS was determined in other native
adult amphibian species (Rhinella schneideri and
Leptodactylus chaquensis, Attademo et al. 2007,
2011). In the present work, reduction of BChE and
AChE activities in S. squalirostris from RF may be
attributed to LTC. This observation is in agreement
with findings of Khan et al. (2003), who determined
that this pesticide inhibits BChE activity of the anuran
adults Euphlyctis cyanophlyctis. AChE inhibition
would typically reduce normal neuron firing, which
would inhibit tadpole movement (Sparling and
Fellers 2007). This lower activity may have reduced
feeding rates and might account for the decrease in
body weight of S. squalirostris larvae exposed to
LCT. This pesticide has restricted uses in the USA
and European countries due to the threat that their
formulations pose to mammals, birds, and aquatic
organisms (He et al. 2008). A half-life of > 3 weeks
has been reported under natural irradiation (He et al.
2008). Based on this half-life, we can assume that
Lambda-cyhalothrin residue may be a potential risk
for aquatic life during a prolonged period. For instance,

Fig. 3 Comparative values of enzymatic activities in tadpoles of S.
squalirostris. a acetylcholinesterase (AChE). b butyrylcholinesterase
(BChE). c glutathione-S-transferase (GST). Bars represent the mean
± SEM. *p<0.05 compared with RS at 48 and 96 h
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Hill et al. (1994) demonstrated that this chemical may
accumulate in fish. By contrast, we found higher AChE

activity in L. mystacinus collected from RF at 96 h than
in enzyme activity of RF individuals. Cong et al. (2008)

Fig. 4 Comparative values
of enzymatic activities in
tadpoles of L. mystacinus. a
acetylcholinesterase (AChE).
b butyrylcholinesterase
(BChE). c glutathione-S-
transferase (GST). Bars rep-
resent the mean ± SEM.
*p<0.05 compared with RS
at 48 and 96 h

644 Environ Monit Assess (2014) 186:635–649



reported an influence of time on inhibition on AChE
activity followed by a gradual recovery up to the end of
experiment in the snakehead fish (Channa striata) after
pesticide spray application in RF. Reactivation of the
mediated anti-cholinesterase effect or even an enzyme
superproduction has been reported as a response to
inhibition, usually associated with the end of the treat-
ment (Hernández-Moreno et al. 2010). Farchi et al.
(2003) confirmed that overexpression of AChE activity
might induce malfunctioning beyond neuromuscular
transmission in mouse muscle. However, this assump-
tion needs to be tested in amphibian species.

Moreover, GST activity increased in L. mystacinus
fromRF at 48 and 96 h of exposure to LCT. This enzyme
may be generally involved in detoxication of environ-
mental toxicants including polyaromatic hydrocarbons,

pesticides, and other biochemical reactions (Ognjanovic’
et al. 2003; Ferrari et al. 2011; Lajmanovich et al. 2011).
GST activity is involved in the I-phase of xenobiotic
biotransformation together with CYP450-dependent
monooxygenases. The fact of finding an induction in
this enzyme activity suggests that there might be a higher
detoxification of contaminants (or endogenous com-
pounds) susceptible of interacting with GST; however,
this assumption must be taken as merely speculative.
Similarly, we reported an increase in GST activity in
plasma samples of the adult toad R. schneideri from an
agricultural area (Attademo et al. 2007). By contrast,
inhibition of GSTactivity has also been reported in other
species treated with various pesticides. Accordingly, a
lower level of GST activity in S. squalirostris from RF
was observed. These results are in agreement with studies
of Frasco andGuilhermino (2002) and Lajmanovich et al.
(2011), who demonstrated that dimethoate and glypho-
sate inhibit GST activity in fish (Poecilia reticulata) and
toad tadpoles (Rhinella arenarum). The interspecific en-
zymatic responses reinforce the assumption of Greulich
and Pflugmacher (2004) and Martínez-Alvarez et al.
(2005) that GST expression and activity may be an
adaptive response to toxic stress in an organism.

On the other hand, variations of several haematological
parameters and their relationships with natural or human-
induced changes in the environment have been described
in amphibians (Stansley and Roscoe 1996; Cabagna et al.
2005; Barni et al. 2007). We observed a decrease of
mitotic erythrocytes in S. squalirostris and L. mystacinus
collected from RF. This decrease in mitotic index could
lead to a false reduction of MN and nuclear alterations,
because the erythrocytes must be on division. Beyond this

Table 3 Erythrocyte cell mor-
phology and eosinophil count in
tadpoles of Scinax squalirostris
and Leptodactylus mystacinus
sampled in a rice field (RF) and a
reference site (RS)

Significantly different from RS
(* p<0.05; binomial proportion test)

S. squalirostris L. mystacinus

RS RF RS RF

Erythrocyte morphology (%o)

Immature erythrocyte (IE) 3.67±2.43 2.27±1.32 2.75±1.21 2.27±1.32

Mitotic cells (MC) 2.55±0.74 0.36±0.31* 1.87±0.72 0.08±0.05*

Micronuclei (MN) 0.11±0.11 0.00±0.00 0.50±0.22 0.00±0.00

ENA frequency 0.78±0.37 1.27±0.56 1.25±0.60 0.00±0.00

Eosinophils (%o) 0.13±0.09 3.45±1.75* 3.20±0.80 7.64±0.98*

Fig. 5 Eosinophils (arrow) found in blood samples of frog
tadpoles from a rice field. May–Gründwald-Giemsa, 100×
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consideration, we did not observe increase in MN and
ENA during the application of LCT in S. squalirostris and
L mystacinus. We also found an increase in the number
eosinophils in the RF of the two amphibian species stud-
ied. These results are consistent with previous studies of
other stress-inducing conditions on amphibian leukocyte
parameters (Barni et al. 2007). The relative increase of
eosinophils was observed in adults of Rana sp. in a
transformed urban environment in Russia (Romanova
and Egorikhina 2006). Thus, the increased number of
eosinophils in these frogs might be considered a sign of
immunological response to pesticide exposure, as previ-
ously observed (Chernyshova and Starostin 1994;
Kiesecker 2002). However, our results are not concluding
and we cannot establish a relationship between this he-
matological biomarker response and LCT toxicity.

Conclusion

Overall, our results demonstrate (1) the existence of
apparent differences in sensitivity between species in a
series of sublethal responses to short-term exposure in
RFs with application of Lambda-cyhalothrin; (2) inhi-
bition of BChE at 48 and 96 h and AChE at 96 h in S.
squalirostris in the RF, and induction of AChE activity
at 96 h in L. mystacinus; (3) induction of GST activity
in individuals L. mystacinus but inhibition in S.
squalirostris from the RF at 48 and 96 h; (4) lower
number of MC and higher number of eosinophils in
individuals of the two species from the RF than in
individuals from the RS. Interspecific differences ob-
served in cholinesterase, GST, and blood cell parame-
ters between S. squalirostris and L. mystacinus may be
attributing to differences in tolerance to LCT, either in
rates of absorption through the skin or in variation in
the ability to detoxify chemicals, as indicated for other
amphibians (Marco and Blaustein 1999; Semlitsch
et al. 2000). Although these results would have been
more valuable if we had measured pesticide residues in
environmental matrices (soil, water), we suggest that
integral use of several biological endpoints (develop-
ment and growth) together with biomarkers (cholines-
terase, GST, and blood cell parameters) may be prom-
ising integral procedures for investigating pesticide ex-
posure of wild frog populations. Thus, it might also be
possible to use the enzymatic and hematological param-
eters under field conditions on adult amphibians with a
nondestructive method to know real health status and

provide valuable information for ecological risk assess-
ments and remediation programs (Attademo et al. 2011;
Ilizaliturri-Hernández et al. 2013).
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