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Abstract Activity of B-esterases (BChE: butyrylcholin-
esterase and CbE: carboxylesterase using two model sub-
strates: a-naphthyl acetate and 4-nitrophenyl valerate) in a
native frog, Leptodactylus chaquensis from rice fields
(RF1: methamidophos and RF2: cypermethrin and endo-
sulfan sprayed by aircraft) and non-contaminated area
(pristine forest) was measured. The ability of pyridine-2-
aldoxime methochloride (2-PAM) to reactivate BChE
levels was also explored. In addition, changes in blood cell
morphology and parasite infection were determined. Mean
values of plasma BChE activities were lower in samples
from the two rice fields than in those from the reference
site. CbE (4-nitrophenyl valerate) levels varied in the three
sites studied, being highest in RF1. Frog plasma from RF1
showed positive reactivation of BChE activity after incu-
bation with 2-PAM. Blood parameters of frogs from RF2
revealed morphological alterations (anisochromasia and
immature erythrocytes frequency). Moreover, a major
infection of protozoan Trypanosoma sp. in individuals
from the two rice fields was detected. We suggest that
integrated use of several biomarkers (BChE and CBEs,
chemical reactivation of plasma with 2-PAM, and blood
cell parameters) may be a promising procedure for use in
biomonitoring programmes to diagnose pesticide exposure
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of wild populations of this frog and other native anuran
species in Argentina.

Keywords Frog - Leptodactylus chaquensis - B-esterase -
Blood cell morphology - Rice fields - Pesticides

Introduction

Organophosphorus (OP) and carbamate (CB) insecticides
affect invertebrates that damage crop plants by inhibition of
cholinesterase enzyme (ChE), essential for normal function-
ing of the central and peripheral nervous system (Grue et al.
1997; Parsons et al. 2000). These anticholinesterase chemi-
cals, despite of their low bioaccumulation in the environment,
can also have similar detrimental effects on non-target
wildlife species and their populations (Chambers and Levi
1992). Particularly, exposure to these pesticides can be del-
eterious to amphibian species and may become an important
factor in population declines in agricultural landscapes
(Sparling et al. 2001; Davidson et al. 2002; Mann et al. 2009).

In the last decade, rice crops have substantially increased
in Argentina, particularly in Santa Fe, Entre Rios, and
Corrientes Provinces; where 90% of the total rice of the
country is produced (Aranguren 1998; Begenesic 1998).
Such intensive agriculture has led to an increase in the use
of OP, CB, and pyrethroid (PYT) compounds (CASAFE
2005). Rice fields are supplemental habitats for reproduc-
tion of amphibians and provide water sources during their
adult stage (Bambaradeniya et al. 2004; Dur¢ et al. 2008),
increasing their vulnerability to exposure to pesticides.

In this context, plasma B-esterase activity has been used
in several studies to monitor vertebrate wildlife exposed to
pesticides (McCarthy and Shugart 1990; Walker 1998;
Chuiko et al. 2003; Sanchez-Hernandez 2006; Wheelock
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et al. 2008). Particularly, butyrylcholinesterase (BChE)
and carboxylesterase (CbE) were recommended as useful
indicators of amphibian exposure to anti-ChE chemicals
(Lajmanovich et al. 2004, 2008; Attademo et al. 2007). PYT,
CB, and OP pesticides usually inhibit these enzymes
(Dettbarn et al. 1999; Sogorb and Vilanova 2002; Wheelock
et al. 2004, 2008; Sanchez-Hernandez 2006). Moreover,
chemical reactivation techniques based on oximes (e.g., pyr-
idine-2-aldoxime methochloride [2-PAM]) can be used to
evaluate exposure to OP pesticides and has been suggested
as an indicator of exposure to anti-ChE pesticides (Soler-
Rodriguez et al. 1998; Parsons et al. 2000; Maul and Farris
2005). Accordingly, reactivation of phosphorylated BChE
activity using 2-PAM has been applied in laboratory and field
studies using amphibians and reptiles (Sanchez-Hernandez
et al. 2004; Attademo et al. 2007; Lajmanovich et al. 2008).

In addition, haematological parameters such as erythro-
cyte and leukocyte morphologies, can also be used as bio-
markers and have potential applications in terrestrial and
aquatic ecotoxicological studies (Cabagna et al. 2005;
Marques et al. 2009). The blood of amphibians is a very
plastic tissue (Barni et al. 2007), and variations in the mor-
phology of several blood cells in anurans have frequently
been reported as a response to stress in agroecosystems
(Stansley and Roscoe 1996; Cabagna et al. 2005; Barni et al.
2007). Similarly, studies by Johnson and Chase (2004)
suggested that agricultural runoff might intensify parasite
infection and the frequency of malformations in amphibians.
Few field studies in Argentina have demonstrated significant
relationships between enzyme activity and haematological
parameters of amphibians, and application of pesticides
(Lajmanovich et al. 2004; Attademo et al. 2007).

In the present study, we hypothesized that different
levels of enzymatic activity and blood cell parameters occur
in frogs Leptodactylus chaquensis inhabiting rice fields
compared with those from a reference site (pristine forest)
in the Mid-eastern Argentina. Measurements of BChE, CbE
(using two model substrates; o-naphthyl acetate and
4-nitrophenyl valerate), and blood cell morphology have
been selected as stress indicators in frog for this study. In
addition, we investigated the potential recovery of BChE
activity in the presence of 2-PAM. Parasite infections were
also evaluated. This study forms part of a project to
investigate adverse effects of exposure the pesticides on
native populations of anurans in Argentine agroecosystems.

Materials and methods

Study area

The study area is situated in Santa Fe Province in Mid-
eastern Argentina. The area belongs to the Espinal

ecoregion (Burkart et al. 1999); average annual rainfall in
the area is 800 mm, and mean annual temperature is 18°C.
The area is dominated by wetlands, remnants of fluvial
forests, and intensively managed agricultural lands (culti-
vated with soybean, maize, wheat, and rice) where the use
of pesticides is constant throughout the year (Silva et al.
2005; Jergentz et al. 2005).

In Santa Fe Province, rice production is located mainly
on the floodplains of the Parana River (Alvisio 1998),
occupying a north—south area of approximately 15-20 km
wide and 100 km long (Ruiz 1998) (the rice cultivation
area reached 17,624 ha in 2008). The expansion of the rice
crop involves deforestation and destruction of the Espinal
forests. Rice cultivation in Santa Fe alternates with
extensive cattle grazing, with farms ranging between 150
and 500 ha (Begenesic 1998).

Fields survey

To compare the effects of chemical exposure we selected
three areas in Santa Fe Province, Argentina (Fig. 1). The
reference site (RS) was located within a pristine forest
(700 ha) in Garay department (31° 18 52.35" S; 60°16'

San Javier
Department

Garay Department
0 km 50 km

Fig. 1 Location of sampling sites from the mid-eastern in Argentina.
(Solid line) departmental boundary; (filled triangle) RS: reference
site; (filled circle) RF1: rice field with methamidophos treatment; and
(filled square) RF2: rice field with cypermethrin and endosulfan
application
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37.01” W). We considered it free of anticholinesterase
chemicals because no agricultural activities or pesticide
uses have been observed in this area. Agricultural sampling
sites were two rice fields (RF1 = 120 ha and RF2 =
287 ha) in San Javier department (RF1: 30° 00’ 36.8"
S$-59° 50’ 27.5"” W and RF2: 30° 00" 31.8"" S-59° 52 19.4"
W), that differed in pesticide treatment and application.
Methamidophos (1,000 cc/ha of Me) was sprayed by air-
craft in RF1, while cypermethrin (200 cc/ha of Cy) and
endosulfan (800 cc/ha of E) were sprayed by airplane in
RF2. Pesticides were applied on 4 and 6 January 2008 in
RF1 and RF2, respectively. These pesticide doses are the
recommended concentrations for treatment of rice pests
(e.g.: Hemiptera: Pentatomidae; Tibraca limbativentris and
T. obscurata) (CASAFE 2005; Olmos 2006).

Animal sampling

Fifty-one adult male L. chaquensis were collected by hand
from sampling areas (RS = 12, RF1 = 20, and RF2 = 19)
in January 2008, 7 days after aerial spraying. This species of
frog was selected because it is frequently found in rice fields
(Duré et al. 2008) and individuals were commonly observed
in unpaved roads across rice fields during the night (2200
and 2400 h). After capture, animals were rapidly transported
to the laboratory in darkened buckets containing water to
minimize stress. Blood samples (0.5 ml approximately)
were collected by cardiac puncture using a heparinized
syringe (Lajmanovich et al. 2004; Attademo et al. 2007).
Anaesthesia was not used because it might have interfered
with enzymatic activity (Vernadakis and Routledge 1973).
Busk et al. (2000) also reported that anaesthesia might be
more stressful to amphibians and reptiles than cardiac
puncture. Likewise, Tyler (1999) suggested that cardiac
puncture is a reliable method. Therefore, we considered the
practical experience of our personnel with amphibians, the
health of animals after blood sampling, and minimum blood
volume required for experimental purposes as the criteria for
selecting cardiac puncture as the most appropriate blood
sampling technique in the frogs studied. Blood was centri-
fuged at 10,000 rpm for 15 min, and the plasma was sepa-
rated and immediately frozen (—25°C). Snout-vent length
and body mass were recorded, and a condition factor (CF)
for each animal, expressed as 100 x [body weight (g)]/
[length (cm)]® was then calculated (Bagenal and Tesch
1978). Frogs were toe-clipped for later individual identifi-
cation, and after determining their health status, they were
released at the sites where they have been captured.

B-esterase assays

Plasma BChE activity was determined colorimetrically by
the Ellman et al. (1961). The reaction medium included
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1,870 pl 25 mM Tris—HCI, 1 mM CaCl, (pH = 7.6), 100
ul 5,5'-dithiobis-2-nitrobenzoic acid (3 x 10~* M, final
concentration), 20 pl butyrylthiocholine iodide (2 x 1073
M, final concentration) and 10 pl of plasma. The variation
in optical density was recorded at 410 nm for 1 min at
25°C using a Jenway 6405 UV-VIS spectrophotometer.
Kinetic was carried out in duplicate. Plasma BChE activity
was expressed as pmol of substrate hydrolyzed min~' ml™"
of plasma using a molar extinction coefficient of
13.6 x 10° M~' cm™'. We did not determine the plasma
ACHhE activity because BChE is the enzyme that primarily
contributes to total plasma ChE activity in many vertebrate
species (Thompson and Walker 1994; Sanchez-Hernandez
and Moreno-Sanchez 2002; Bain et al. 2004).

We used two different substrates for CbE analysis
because this esterase activity comprises multiple isozymes.
Carboxylesterase activity using the substrates o-naphthyl
acetate («-NA) and 4-nitrophenyl valerate (4-NPV), and
enzyme activity was expressed as pmol min~' ml™' of
plasma. Carboxylesterase activity using o-NA was mea-
sured by the Gomori method (1953) as adapted by Bunyan
and Jennings (1968). The reaction solution (final volume;
F.V.=1,940 ) contained 25 mM Tris—HCl, 1 mM
CaCl, (pH = 7.6) and the sample (10 pl of plasma; 1/5
dilution). The reaction was initiated with the addition of 50
pl a-naphthyl acetate (1.04 mg/ml in acetone) after a pre-
incubation period of 5 min at 25°C. The formation of
naphthol was stopped after 10 min by addition of 500 pl
2.5% sodium dodecyl sulphate and subsequently 500 pl
0.1% Fast Red ITR in 2.5% Triton X-100 in water (freshly
prepared). The samples were left in darkness for 30 min to
develop, and the absorbance of the complex was read at
530 nm (using a molar extinction coefficient of
33.225 x 10> M~ cm™"). Hydrolysis of 4-NPV by CbE
was determined as described by Carr and Chambers (1991).
Samples (20 pl of plasma; 1/50 dilution) were preincu-
bated in 50 mM Tris—HCI (pH = 7.5) for 5 min at 25°C
(F.V. = 1,960 ml), and the reaction was initiated by the
addition of 20 ul 4-NPV (5 x 10~* M, final concentra-
tion). After 10 min, the reaction was stopped by the addi-
tion of a solution 0.5 ml 2% (w/v) SDS and 0.5 ml of 2%
(w/v) Tris base. The 4-nitrophenol liberated was read at
405 nm and quantified by a calibration curve (5-100 mM).

Chemical reactivation of BChE

Previous experiments have indicated 2-PAM-induced
reactivation of OP-inhibited BChE activity of three anuran
species after 60-min incubation of the sample at 25°C in
the presence of the oxime (Lajmanovich et al. 2008). In the
current study, we used two aliquots of each plasma sample
from the three sampling sites for testing reactivation of
BChE activity in the presence of 2-PAM. An aliquot was
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incubated in the presence of 2-PAM (1/5, dilution factor) to
yield a final concentration of 1.7 x 10™> M for 60 min at
25°C. A second aliquot of plasma was diluted with dH,O
(1/5 factor dilution) and assayed for BChE activity and
used as a control. The BChE activity of the control was
compared. We assumed that BChE activity was inhibited
by pesticide compounds when an increase of esterase
activity after 2-PAM incubation was greater than 5% of
controls.

Blood cell morphology and parasite infection

Two blood smears for each frog were prepared on clean
slides, fixed, and stained by the May—Grunwald—Giemsa
method (Dacie and Lewis 1984). Red blood cells (RBC)
were evaluated for evidence of anisocytosis (AS) and
anisochromasia (AC) through the determination of mac-
rocytes (MA), microcytes (MI), polychromatophils (PY),
and hypochromic (HY) frequencies. Furthermore, imma-
ture erythrocyte (IE), which consists in erythroblast and PY
frequency (Marques et al. 2009), was also determined.
Those frequencies were expressed as percentage (%) of
mature erythrocyte counted. Genotoxicity was tested using
the presence of erythrocyte nuclear abnormalities (ENA),
carried out in mature peripheral erythrocytes according to
the procedures of Guilherme et al. (2008) by determination
of the frequency of the following nuclear lesions: micro-
nuclei (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 observed. The appearance of different leu-
kocytes was assessed before performing a differential
leukocyte count (heterophils, eosinophils, basophils, lym-
phocytes, and monocytes). Moreover, the heterophil/lym-
phocyte (H/L) ratio was determined as a response estimator
of stress (Davis et al. 2008). Slides were also examined for
the presence of blood parasites under x40 and x100
magnification. We defined parasite prevalence as the
number of hosts infected by a particular hematozoan spe-
cies taxon divided by the total number of hosts examined
and it was expressed as percentages (DeJong and Muzzall
2000).

Statistical analysis

Data are presented as the mean = SEM. Because we could
not meet the assumption of normality (Kolmogorov—
Smirnov and Levene test) to perform ANOVA, we ran
non-parametric Kruskal-Wallis tests, followed by Dunn
post-hoc test to determine differences between sampling
sites for enzymatic activity (BChE and CbEs), body con-
dition factor, and blood cell morphology. We evaluated

prevalence of parasite infection between sites using . A
value of P < 0.05 was considered significant.

Results
B-esterase activity

The mean condition factor (CF) values for L. chaquensis
collected from rice fields were 9.23 + 2.32 (RF1) and
11.24 + 2.50 (RF2), which were similar to those for frogs
from the reference site (RS = 10.86 + 1.67) (Kruskal—
Wallis KS test H = 1.90; P = 0.18).

The BChE activity was statistically lower for frogs
collected from the two rice fields (RF1 and RF2) respect to
reference site (RS, H = 5.20; P = 0.04). The Dunn post-
hoc multiple comparisons test detected significantly greater
BChE activity in frogs captured at RS (7.06 £ 1.38 pmol
min~' ml~" plasma) compared with those in the two rice
fields (RF1 = 4.29 £ 0.75 and RF2 = 3.67 &+ 0.56 pmol
min~! ml™! plasma) (Fig. 2).

The CbE (4-PNV) activity was significantly different
among frogs sampled from the study sites (H = 6.16;
P = 0.03, Fig. 3). The Dunn test for post-hoc multiple com-
parisons detected significantly lower CbE (4-PNV) activity in
frogs from RS (RS = 5.73 £ 0.85 pmol min~' ml™"
plasma) than in those captured in RF1 (10.27 £ 1.13
pmol min~!' ml~! plasma). However, CbE (4-PNV) values
from RS and RF2 (7.09 & 0.96 pmol min~' ml~' plasma)
were similar. The CbE («-NA) activity was similar among
frogs sampled from rice fields (RF1 and RF2) and RS
(H=0.93; P = 0.64, Fig. 4).

10

BChE activity

(umol mim™*ml™ plasma)

N =20
RS RF1 (Me)

N=19
RF2 (Cy and E)

Fig. 2 Comparative values of butyrylcholinesterase (BChE) activity
in L. chaquensis. RS: reference site, RF1: rice field whit metham-
idophos (Me) treatment, and RF2: rice field with cypermethrin (Cy)
and endosulfan (E) application. Bars represent the mean £ SEM.
*P < 0.05 compared with reference site
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Fig. 3 Comparative values of carboxylesterase (CbE, 4-PNV) activ-
ity in L. chaquensis. RS: reference site, RF1: rice field with
methamidophos (Me) treatment, and RF2: rice field with cypermeth-
rin (Cy) and endosulfan (E) application. Bars represent the mean =+
SEM. *P < 0.05 compared with reference site

0,40 4

CbE (0—NA) activity
(umol mim~* mi”™" plasmay)

0,20 4

N=12 N =20
RS RF1 (Me)

N=19
RF2 (Cy and E)

Fig. 4 Comparative values of carboxylesterase (CbE, a-NA) activity
in L. chaquensis. RS: reference site, RF1: rice field with metham-
idophos (Me) treatment, and RF2: rice field with cypermethrin (Cy)
and endosulfan (E) application. Bars represent the mean = SEM

Chemical reactivation of BChE

The reactivation of BChE activity using 2-PAM was not
possible for all samples of agricultural sites (RF1 = 35%;
RF2 = 50%) due to plasma volume limitations. Positive
oxime reactivation was determined only in 30.75% of
samples from RFI1; no reactivation was detected in the
samples from RF2. The percentage of plasma BChE
activity increased from 6 to 44%, after 2-PAM incubation.

Blood cell morphology and parasite infection
The blood cell parameters of frogs from agricultural sites

(RF1 and RF2) did not differ significantly from those of RS
(P > 0.05, Table 1), with the exception of AC and IE from
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RF2 (Fig. 5). The prevalence of protozoan parasite infec-
tion (Trypanosoma sp., Fig. 6) was higher in frog blood
samples from rice fields (RF1 = 60% and RF2 = 84.2%)
than those from RS (25%) (Xz, P = 0.0001).

Discussion

Plasma BChE of L. chaquensis was significantly inhibited
in the two agricultural sites (RF1 and RF2) compared with
enzyme activity of individuals the reference site (RS).
Mean BChE from RF1 and RF2 ranged between
429 +0.75 and 3.67 & 0.56 pmol min~' ml~' plasma,
respectively. These values are higher than BChE values
reported for a sympatric species (Rhinella schneideri,
1.18 & 0.26 and 1.02 £ 0.19 pmol min~' mI~' plasma)
from rice agroecosystems (Attademo et al. 2007). How-
ever, a similar decreasing trend of BChE activity was
observed in cropped sites with respect to RS. Notably,
reduction in BChE activity in frogs from RF2, where no
organophosphorus pesticide (OP) was sprayed, is attributed
to the application of cypermethrin (Cy). These observation
is in agreement with findings of Khan et al. (2003) and
Khan (2005), who determined that pyrethroid pesticides
inhibit BChE activity of anuran (Rana cyanophlystis) and
reptile (Calotes versicolor) species. Moreover, another
possible explanation for inhibition of BChE levels of frogs
from this agricultural site is that endosulfan (E) and Cy can
act in synergism to inhibit BChE activity. Recently, Mor
and Ozmen (2010) demonstrated cholinesterase activity
inhibition induced by E in rabbit. Moreover, plasma sam-
ples from frogs collected from RF1 treated with 2-PAM
presented positive reactivation (between 6 and 44%), in
contrast to samples collected from RF2, where no reacti-
vation was observed. This finding allowed us to identify
organophosphates (methamidophos) as the agrochemicals
responsible for plasma BChE depression in the animals
collected from RFI1. Furthermore, the lowest recovery
values are in agreement with Sanchez-Hernandez et al.
(2004) and Lajmanovich et al. (2008). These authors
reported that serum BChE activity of herpetofauna previ-
ously inhibited by OP did not recover totally in the pres-
ence of 2-PAM. Likewise, Sanchez-Hernandez (2003) and
Sanchez-Hernandez et al. (2004) observed similar incre-
ments of BChE activity reactivation after exposure to
pesticides in Gallotia galloti (between 8 and 60%) and
G. galloti palmae (between 5 and 53%) from agroecosys-
tems. Accordingly, Parsons et al. (2000) and Iko et al.
(2003) indicated that chemical reactivation of plasma
phosphorylated ChE activity has been used for comple-
mentary diagnosis of OP intoxication.

On the other hand, Wheelock et al. (2008) recommended
the use of a battery of substrates to establish CbE activity in
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Table 1 Erythrocyte cell
morphology, leukocyte count,

Sampling sites

and parasite prevalence in RS (N = 12) RF1 (N = 20) RF2 (N = 19)

specimens of L. chaquensis

sampled in reference site (RS) Erythrocyte morphology (%)

and rice fields (RF1 and RF2) of Anisocytosis (AS) 0.18 =+ 0.09 0.15 + 0.05 0.29 + 0.13

Argentina Anisochromasia (AC) 314 + 1.42 2.73 £ 0.90 0.61 + 0.28%
Immature erythrocyte frequency (IE) 3.16 £ 1.47 2.68 £ 0.87 0.59 £ 0.26*
ENA frequency 0.00 £ 0.00 0.14 + 0.08 0.02 £ 0.01

Leukocyte count (%)

Heterophils 25.88 + 5.49 26.80 + 4.22 22.50 + 4.75
Eosinophils 0.25 + 0.25 1.87 £ 043 2.25 + 1.49
Basophils 6.75 £ 4.77 5.20 £+ 1.40 2.50 £ 1.12
Lymphocytes 66.63 £+ 8.47 64.53 £ 4.77 72.25 £ 6.34
Monocytes 0.50 + 0.33 0.93 £ 0.33 0.38 + 0.26
H/L 0.63 + 0.29 0.53 £ 0.17 0.39 £ 0.12

Mean values (=SEM). Parasite (%)

* P <0.05 compared with Trypanosoma sp. 25 60* 84.2*

reference site

Fig. 5 Erythrocytes found in blood samples of frogs L. chaquensis in
rice field (RF2). (a) Immature erythrocyte. (b) Polychromatophils.
May Griindwald-Giemsa, x 100

Fig. 6 Trypanosoma sp. May Griindwald-Giemsa, x 100

field monitoring. In this sense, we used two different
substrates («-NA and 4-PNV) to evaluate CbE activity,
considering that CbE reflects different sensitivity to OP and
CB pesticides (Laguerre et al. 2009). We found a marked
difference in CbE activity, depending on the substrate and
pesticide treatment (RF1: Me and RF2: E and Cy). Plasma
CbE (4-PNV) activity was higher in L. chaquensis col-
lected from RF1 than in specimens from the reference sites
and RF2. Sanchez-Hernandez (2006) and Wheelock et al.
(2008) suggested that higher levels and isozyme abundance
of CbEs may contribute to pesticide tolerance and are able
to bind to the OP, therefore decreasing the effective con-
centration of pesticide (Maxwell and Brecht 2001). Con-
sidering CbE (4-PNV) activities observed in the three study
sites, it seems that values for CbE (4-PNV) activity in RF2
were not statistically different from RS, implying a bio-
logical response. However, this assumption needs to be
tested. According to these results, it seems that inhibition
of plasma CbE activity might depend on a number on
factors related to the chemicals used, such as concentration,
toxicity, field application rate, and type of pesticide.
Likewise, CbE level might depend on intra-specific and
inter-specific variation. Based on the known role of CbE in
detoxification of pesticides, we propose that over-expres-
sion or abundance of this enzyme (CbE, substrate 4-PNV)
may be involved in the mechanism of resistance to Me, but
would exhibit low or no resistance to E and Cy insecticides
in the different populations of L. chaquensis sampled
7 days after application. By contrast, Sanchez et al. (1997)
reported that a maximum inhibition of CbE activity was
recorded in the bird Serinus canaria 17 days after spraying.
Conversely, field studies demonstrated significant reduc-
tions in BChE activity 24 h after pesticide exposure (pir-
imicarb or dimethoate); and no significant inhibition was
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observed for CbE activity (Cordi et al. 1997). In addition,
CbE (a-NA) activity was similar in the three study sites,
with values lower than those of CbE (4-PNV) activity. As
mentioned above, these variations in CbEs levels depen-
dent on substrates used may indicate that periodic exposure
to adverse environmental factors (type of pesticide, timing
and application form, doses) may evoke particular adaptive
responses allowing the animal to maintain the optimal level
of life activity (Kornienko et al. 1965).

In addition, we observed few immature erythrocytes (IE)
and frequency of anisochromasia (AC) in frogs collected
from RF2, fumigated with Cy and E. These results are in
agreement with studies of Kaplan and Glaczenski (1965),
Arshad et al. (2001), and Hii et al. (2007), who demon-
strated that Cy, E, and OP could affect haematological
parameters in different vertebrate species. Similarly, hae-
matological alterations were reported in amphibians (Rhi-
nella arenarun and Rana esculenta) commonly found in
soybean, rice, and horticultural crops (Cabagna et al. 2005;
Barni et al. 2007). Although the variations we found may
be common in amphibians during summer (Varela and
Sellarés 1938), the decrease in IE and AC parameters may
be related to the development of non-regenerative anaemia
(Cabagna et al. 2005; Allender and Fry 2008). Accord-
ingly, the evaluation of the general morphology observed
here does not contribute to the characterization of this type
of anaemia, since no hypochromia or size changes were
found in red blood cells of L. chaquensis. In addition, when
blood volume is not adequate packed cell volume and
haemoglobin concentration should be measured to deter-
mine this type of anaemia, Conversely, there were no dif-
ferences in frequency of erythrocyte nuclear abnormalities
(ENA), indicating no genotoxicity effects. The frequency
of nuclear lesions may be altered by several factors, such as
erythropoiesis (Udroiu 2006). Erythropoiesis decrease may
be related to IE decline (Varela and Sellarés 1938; Marques
et al. 2009), this situation being observed in RF2. In fact,
ENA frequency might have been falsely reduced. Fur-
thermore, differential leukocyte count and heterophile/
lymphocyte (H/L) ratio were not different between the two
agroecosystem fields, which could be explained by the fact
that time lag required for the leukocyte stress response
should be longer than that spanned between pesticide
application and sample extraction (Pough 1980).

Furthermore, we observed a greater infection by the
protozoan Trypanosoma sp. in L. chaquensis from the two
rice fields. Although systemic parasite infestations rarely
causes disease in wildlife amphibians, chemical stress in
the form of high level of exposure to pesticides may have
reduced the host frog ability to resist infection, resulting in
higher parasite loads (Peltzer et al. 2008; Marcogliese et al.
2009). In addition, low exposure to E and Cy might pro-
duce deleterious effects on the immune system, even when

@ Springer

there are few or no detectable effects (Pistl et al. 2001) and
such health condition could increase individual vulnera-
bility to parasite infection (Arshad et al. 2001). Neverthe-
less, little is known about the relationship between OP
and parasites (Kaplan and Glaczenski 1965). In agreement
with Marcogliese et al. (2009), relationships between a
B-esterase enzymes, pesticides, and parasite infection are
difficult to explain and require further studies.

Overall, our results demonstrate that: (1) BChE of L.
chaquensis was inhibited in rice crops, (2) 2-PAM chem-
ical procedure reactivated samples of individuals exposed
to methamidophos, (3) CbE exhibited different responses
depending on the substrate (a«-NA or 4-PNV) used and
pesticide exposition, (4) individuals occurring in the rice
field sprayed with endosulfan and cypermethrin exhibited a
tendency to increased immature erythrocytes and aniso-
cromasia, (5) parasite infection was higher in individuals
from the two rice fields. Although these results could be
more valuable if pesticide residues in environmental
matrices (soil, water) had been done, we suggest that
integrated use of several biomarkers (BChE and CBEs,
chemical reactivation of plasma with 2-PAM, and blood
cell parameters) may be a promising procedure for use in
biomonitoring programmes to diagnose pesticide exposure
of wild populations of this frog and other native anuran
species in Argentina.
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