
Plasma B-esterase and glutathione S-transferase activity
in the toad Chaunus schneideri (Amphibia, Anura) inhabiting
rice agroecosystems of Argentina

Andrés Maximiliano Attademo Æ Paola M. Peltzer Æ
Rafael C. Lajmanovich Æ Mariana Cabagna Æ
Gabriela Fiorenza

Accepted: 6 June 2007 / Published online: 15 August 2007

� Springer Science+Business Media, LLC 2007

Abstract B-esterase (BChE: butyrylcholinesterase and

CbE: carboxylesterase) and glutathione S-transferase

(GST) activity were measured in the plasma of Chaunus

schneideri collected in rice fields and surrounding envi-

ronments and in a reference pristine forest. The chemical

criterion based on in-vitro reactivation of BChE activity

using pyridine-2-aldoxime methochloride (2-PAM) was

also determined. Mean values of plasma BchE, CbE, and

GST activity for samples from agricultural areas were

different from those for samples from pristine forest.

Plasma samples from the two agricultural areas showed

positive reactivation of BChE activity after incubation with

2-PAM. Based on our experimental evidence we suggest

B-esterases and gluthatione S-transferases can be used in

field monitoring as biomarkers of exposure of wildlife to

pesticides, because the analysis in non-destructive and is

sensitive to anti-ChE agrochemicals. Chemical reactivation

of BChE is also a complementary method for assessing the

effects of pesticides on toads inhabiting rice fields. Further

studies are urgently needed to investigate adverse effects of

massive exposure to pesticides experienced by native

populations of anurans.
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Introduction

Pesticide application is regarded as an important factor in

the decline in amphibian populations in agricultural land-

scapes (Kiesecker et al. 2001; Sparling et al. 2001;

Davidson et al. 2002). The deleterious effects of pesticides

on anural survival and health have been well documented

(Bridges and Boone 2003; Relyea et al. 2005; Relyea

2006). In the last five years, rice crops have increased

substantially in Argentina, particularly in Santa Fe and

Entre Rı́os Province, which account for approximately 90%

of national production (Trimboli et al. 2003). Rice fields

with their aquatic and dry-land habitats comprise a heter-

ogeneous mosaic of rapidly changing ecotones that harbor

a rich animal biodiversity characterized by rapid coloni-

zation, and by rapid reproduction and growth of some

organisms (Elphik 2000). Rice fields are also potential

supplemental habitats and amphibian breeding sites and

water sources during their adult lives (Bambaradeniya et al.

2004). These highly human-impacted ecosystems are,

however, affected by autogenic (nutrients) and allogenic

(agrochemicals) inputs, resulting in temporal disturbances

of the populations of this opportunistic biota. In this con-

text, the allogenic inputs comprise a wide range of

pesticides, especially organophosphates (OPs) and carba-

mates (CBs) (CASAFE 1999). These pesticides inhibit B-

esterases, i.e. cholinesterases (ChE) and carboxylesterases

(CbE). CbE activity can also hydrolyze CBs, pyrethroids,

and some OPs pesticides (Gruber and Munn 1998; Dettbarn

et al. 1999; Sogorb and Vilanova 2002; Wheelock et al.

2004).
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Glutathione S-transferase (GSTs) is also a common bi-

omarker implicated in the detoxification of pesticides and

in the mechanism of resistance to pesticides by over-

expression of this enzyme (Ladagic et al. 1994; Bucciarelli

et al. 1999; Eaton and Bammler 1999; Greulich and

Pflugmacher 2004).

Endangered species or those with a low population

densities in the study area pose a serious problem in

assessment of the effects of pesticides. Use of biochemical

data from blood or other non-destructive materials has

become a tool for analyzing the effects of pesticides on

biota (McCarthy and Shugart 1990; Fossi and Leonzio

1994; Walker 1998). Venturino et al. (2003) recently

suggested that the use of biomarkers could increase

understanding of the adverse effects of environmental

contaminants on amphibian species.

Plasma B-esterase (ChE and CbE) and GST activity are

useful indicators of exposure to pesticides of toads in ag-

roecosystems (Lajmanovich et al. 2004; Venturino et al.

2003; Cabagna et al. 2005). Sparling et al. (2001) reported

that insecticides inhibited ChE activity in the larval frog

and that this may have contributed to their decline. Only a

few field studies in Argentina have demonstrated signifi-

cant relationships between enzyme activity (e.g.

butyrylcholinesterase, BChE) of amphibians and applica-

tion of pesticides (Lajmanovich et al. 2004); even fewer

have provided information about the role of GST and CbE

activity in these vertebrates.

One objective of this study was to measure B-esterase

and GST activity in the native toad, Chaunus schneideri,

collected in a rice agroecosystem (rice-crop field and farm

town) and in a pristine forest in the Litoral Fluvial areas of

Argentina. We also investigated the ability of pyridine-2-

aldoxime methochloride (2-PAM), a known potent reacti-

vator of phosphorylated ChEs, to reverse OP-inhibited

plasma BChE activity. This work forms part of a project to

investigate adverse effects of massive exposure to pesti-

cides on native populations of anurans in Argentina

(Lajmanovich et al. 2004; 2005a b; Cabagna et al. 2005).

Materials and methods

Study area and animal sampling

The study area was situated in mid-eastern Argentina

(Fig. 1), a region dominated by wetlands and fluvial for-

ests (Bertonatti and Corcuera 2000). Because intensive

agriculture was introduced to this area at the beginning of

the 20th century, small plots of wetlands, fluvial forests,

and semi-xerophitic vegetation are included in the agri-

cultural matrix (e.g. rice, soybean, sorghum, and corn

fields). Climatically, this region has an average annual

rainfall of 800 mm and the mean annual temperature is

18�C.

A total of 24 male adults of C. schneideri were collected

by hand from three sampling areas (n = 8 for each site)

during January 2006. The reference site was located within a

pristine forest (Parque General San Martin: PGSM,

31�4403600 S; 60�1904000 W). The two agricultural sampling

sites were a rice field (RF: locality ‘‘Pájaro Blanco’’

29�44057@ S; 59�5803400 W) and a farm town (FT) located in

the center area of rice fields (29�5003000 S, 59�48028.8@ W).

After capture, animals were quickly transported to the lab-

oratory in darkened buckets, with water, to minimize stress.

Blood samples were collected by cardiac puncture using a

heparinized syringe (1 mL) (Lajmanovich et al. 2004).

Anesthesia was not used because it could have interfered

with enzymatic activity (Vernadakis and Routledge 1973).

Blood was centrifuged at 3,500 rpm for 15 min and the

plasma was separated and immediately frozen. Snout vent

length and body mass were recorded, and a condition factor

(CF) for each animal, expressed as 100 · [body weight (g)]/

[length (cm3)] was calculated (Bagenal and Tesch 1978).

After blood samples had been taken the toads were imme-

diately released at the sites where they had been captured.

B-esterase assays

Plasma BChE activity was determined colorimetrically by

the method of Ellman et al. (1961). The reaction medium

included 1,870 lL 25 mmol L�1 Tris-HCl, 1 mmol L�1

CaCl2 (pH = 7.6), 100 lL 5,50-dithiobis-2-nitrobenzoic acid

Fig. 1 Location of sampling sites in mideastern Argentina: black
dots, agricultural areas; gray dot, reference site
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(3 · 10�4 mol L�1, final concentration), 20 lL butyrylthi-

ocholine iodide (2 · 10�3 mol L�1, final concentration),

and 10 lL plasma. The variation in optical density was

recorded at 405 nm for 1 min at 25�C. Kinetics was mea-

sured in triplicate. Plasma BChE activity was expressed as

lmol substrate hydrolyzed 10 min�1 mL�1 plasma using a

molar extinction coefficient of 13.6 · 103 mol�1 L cm�1.

Plasma CbE activity was measured by the Gomori

method (1953) as adapted by Bunyan and Jennings (1968).

The assay was carried out with 1,940 lL 25 mmol L�1

Tris-HCl, 1 mmol L�1 CaCl2 (pH = 7.6), and 10 lL

plasma at 25�C. The reaction was initiated by addition of

50 lL a-naphthyl acetate (1.04 mg mL�1 in acetone) as

substrate, and stopped after 10 min by addition of 500 lL

2.5% sodium dodecyl sulfate and subsequently 500 lL

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. Plasma CbE activity was expressed as lmol of

substrate hydrolyzed 10 min�1 mL�1 plasma using a molar

extinction coefficient of 33.225 · 103 mol�1 L cm�1.

Glutathione S-transferase activity

Plasma GST activity was determined spectrophotometri-

cally by the method described by Habig et al. (1974). The

reaction medium was 1,850 lL 100 mmol L�1 Na-phos-

phate buffer (pH = 6.5), 40 lL 2 mmol L�1 1-chloro-2,4-

dinitrobenzene, 100 lL 5 mmol L�1 reduced glutathione,

and 10 lL plasma. Kinetics were measured for 1 min at

340 nm in duplicate. Plasma GST activity was expressed as

nmol min�1 mL�1 of plasma using a molar extinction

coefficient of 9.6 · 103 mol�1 L cm�1.

Chemical reactivation of BChE

We used two aliquots of each plasma sample for assaying

reactivation of BChE activity in the presence of 2-PAM.

An aliquot was spiked with 1.7 · 10�3 mol L�1 2-PAM,

and the second aliquot of plasma was diluted with an equal

volume of distilled H2O (control). After incubation for

60 min at 25�C, BChE activity of both aliquots was mea-

sured. Inhibition of BChE activity by OPs was assumed

when the increase of esterase activity was higher than 10%

compared with the corresponding controls.

Statistical analysis

Data are expressed as mean ± S.E.M. Because we could

not meet the assumption of normality to perform ANOVA,

we ran non-parametric Kruskal–Wallis tests to determine

whether means of enzyme activity (BChE, CbE, and GST)

were statistically different. Pairwise comparisons between

plasma samples from three sites were tested by use of the

Dunn post-hoc multiple comparison test. The percentage

increase of BChE activity (angularly transformed data)

after 2-PAM treatments was also tested by Kruskal–Wallis

analysis between three sampling sites. A value of P < 0.05

was regarded as statistically significant.

Results

The mean (±S.E.M.) CF values for toads collected from

agricultural sites were 14.06 ± 1.08 (RF: locality ‘‘Pájaro

Blanco’’) and 13.82 ± 1.17 (FT: farm town), which were

similar to those for toads from the reference site (PGSM:

Parque General San Martin, 14.72 ± 1.33) (Kruskal–Wallis

KS test = 0.35; P > 0.05). Figure 2 shows the mean

(±S.E.M.) BChE activity for the toads from the three sam-

pling sites. The BChE activity was statistically lower for

toads collected from the agricultural sites than for those

from the reference site (Kruskal–Wallis KS test = 10.87,

P < 0.05). The Dunn post-hoc multiple comparisons test

detected significant differences among BChE activity found

in animals captured in the PGSM (2.47 ± 0.49 lmol

min�1 mL�1 plasma) and agricultural sites (FT = 1.18 ±

0.26; and RF = 1.02 ± 0.19 lmol min�1 mL�1 plasma).

Mean CbE activity was significantly different among

toads sampled from the three sites; that for RF was sta-

tistically different (Kruskal–Wallis KS test = 7.02;

P < 0.05, Fig. 3). The Dunn test for post-hoc multiple

comparisons detected significant differences between mean

CbE activity found in the animals from PGSM

(2.60 ± 0.31 lmol 10 min�1 mL�1 plasma) and those
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Fig. 2 Comparative mean values of BChE activity in three popula-

tions of C. schneideri. PGSM: ‘‘Parque General San Martin’’

(reference site), FR: field rice, and FT: Farmer town. Bars represent

mean ± S.E.M. *P < 0.05 compared with PGSM
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captured in RF (1.49 ± 0.17 lmol 10 min�1 mL�1

plasma). RF and FT (2.15 ± 0.24 lmol 10 min�1 mL�1

plasma) were also different.

GST activity was different among the toads sampled

from the three sites (Kruskal–Wallis KS test = 15.16;

P < 0.05; Fig. 4). Dunn’s test detected significant differ-

ences between GST activity in animals from the two

agricultural areas (FT = 44.61 ± 0.57 nmol min�1 mL�1

plasma; and RF = 41.88 ± 0.93 nmol min�1 mL�1

plasma) and that in toads from the reference site (PGSM:

29.85 ± 1.05 nmol min�1 mL�1 plasma).

Oxime-induced reactivation of plasma BChE activity

was observed in 81.2% of toads from the two agriculture

sites (Table 1) and no reactivation were observed in sam-

ples from the reference site. The percentage increase of

plasma BChE activity in samples from the RF site varied

from 12 to 93%, whereas for all the samples from the FT

agricultural site the increase was at least 51% after 2-PAM

incubation. Although the percentages of BChE reactivation

were higher in the samples from FT (77.00 ± 6.28) com-

pared with those from the RF site (59.32 ± 12.45), the

differences were not significant (KS = 2.04; P = 0.18).

Discussion

In our study, plasma B-esterase activity was significantly

inhibited in toads collected from both agricultural sites (FT

and RF) compared to those from the reference site

(PGSM). This was corroborated by the 2-PAM reactivation

assay, which enabled us to identify organophosphates

(OPs) as the agrochemicals responsible for plasma BChE

depression in the animals collected from the agricultural

sites; this suggestion do not, however, rule out the possi-

bility that carbamates (CBs) also were involved. Chemical

reactivation of plasma phosphorylated ChE activity has

been used for complementary diagnosis of OP intoxication

in birds (Parson et al. 2000; Iko et al. 2003) and reptiles

(Sánchez-Hernández, 2003; Sánchez-Hernández et al.

2004) (Table 1). Our data show that OP pesticides are an

important class of pesticide to amphibians in rice fields.

We further speculate that fenitrothion, clorpyrifos, and

methamidofos might be the OPs responsible for plasma

B-esterase inhibition because empty containers of these

pesticides were observed adjacent to the agricultural sam-

pling sites during the study. Moreover, interviews with

farmers reinforced this premise. The rice fields in the Santa

Fe Province harbor numerous noxious species of arthropod

and pesticide applications occur frequently. In particular,

these three pesticides were applied twice in January just

before our field samplings (CASAFE 1999).

In the other hand, 81.2% of plasma samples of toads

showed BChE reactivation after 2-PAM treatment. Incre-

ments of BChE activity after chemical reactivation suggest

that pesticide applications in agricultural areas have

affected toads, at least sublethally. Similarly, Sánchez-

Hernández et al. (2004) found similar increments of BChE

reactivation in an herpetofauna species (Gallotia galloti) in

Canarian Island (Table 1).

Moreover, in our study, higher levels of GST activity

were observed in toad plasma samples from agricultural

areas (FT and FR) than in those from the reference site. It is

important to note that the role of amphibian GST in an

ecotoxicological context has received little attention

(Greulich and Pflugmacher 2004). These authors suggested

that this enzyme seems to be involved in the detoxication

of cypermethrin in amphibian larvae. Although there are

not enough reports regarding GST in amphibian’s blood,

the values these authors found and presented here are in

agreement with those reported for the blood of mammals

(Ognjanović et al. 2003). Similar results were obtained by
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Kaaya et al. (1999) and Wilczek et al. (1997) in bivalves

living in a contaminated environment with communal

sewage and industrial waste, and in number of spider

species collected along a gradient of pollution.

The reduction in B-esterase activity and induction of

GST activity observed in toads from farm town (FT) may be

attributed to application of OP pesticides around and within

rice fields. Large amounts of pesticides are dispersed from

agricultural target sites as a result of drift, runoff, volatili-

zation, off-gassing, and other processes (Moses 1989;

Plimmer 1991). House dust in agricultural areas can accu-

mulate several parts per million of pesticides in an

environment in which they are not readily degraded by sun,

rain, or soil microbes (Simcox et al. 1995). In the same

sense, a study conducted in agricultural areas of Entre Rı́os

and Santa Fe Province revealed residues of pesticides in

amphibian tissues in non-agricultural areas (Lajmanovich

et al. 2002; 2005b). Likewise other authors (Angermann

et al. 2002, Fellers et al. 2004) found pesticide residues in

north American frogs, and linked this finding with declines

in amphibian populations (Sparling et al. 2001).

In conclusion, based on experimental evidence obtained

here we can suggest that B-esterases and GST can be useful

biomarkers in field monitoring of the effects of pesticide

exposure on wildlife, because of their non-destructive

nature and their sensitivity to anti-ChE agrochemicals.

Indeed, we recommend that when samples are low (� 8

individuals) chemical reactivation of plasma with 2-PAM

may be a valuable method for detecting effects of anti-

cholinesterase compounds on wildlife. Further studies are

necessary, however, to investigate the adverse effects of

massive exposure to pesticides on this and other native

populations of anurans.
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