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ABSTRACT: Mortality, genotoxicity, and cytotoxicity of the 48% chlorpyrifos (CPF)-based formulations
Lorsban* 48E® and CPF Zamba® were evaluated on Cnesterodon decemmaculatus (Jenyns, 1842) (Pis-
ces, Poeciliidae) under laboratory conditions. Induction of micronucleus (MN) and alterations in the eryth-
rocyte/erythroblast frequencies were employed as end points for genotoxicity and cytotoxicity,
respectively. For Lorsban* 48E®, mean values of 0.13 and 0.03 mg/L were determined for LCsg at 24 and
96 h, respectively, and these concentrations reached mean values of 0.40 and 0.21 mg/L for CPF
Zamba®. Mortality values increased as a positive linear function of the CPF Zamba® concentrations, but
not for Lorsban* 48E® concentrations. There was no significant relationship between mortality and expo-
sure time within the 0-96 h period for both formulations. LCsq values indicated that the fish were seven
fold more sensitive to Lorsban* 48E® than to CPF Zamba®. Lorsban* 48E® within the concentration range
of 0.008-0.025 mg/L increased MN frequency at both 48 and 96 h of treatment. Similar results were also
observed when fish were exposed to 0.052-0.155 mg/L of CPF Zamba®, regardless of the exposure time.
Cellular cytotoxicity was found after Lorsban* 48E® and CPF Zamba® treatments for all concentrations
and time exposures, estimated by a decrease in the frequency of mature erythrocytes and a concomitant
enhanced frequency of erythroblasts in circulating blood. Furthermore, our results demonstrated that
Lorsban* 48E® and CPF Zamba® should be considered as CPF-based commercial formulations with
marked genotoxic and cytotoxic properties. © 2013 Wiley Periodicals, Inc. Environ Toxicol 29: 1390-1398, 2014.
Keywords: mortality; micronucleus; erythrocyte:erythroblast frequency; Poecilidae; Lorsban* 48E®:
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Pesticides are ubiquitous on the planet, and they are
employed to control or eliminate a variety of agricultural
and household pests that can damage crops and livestock
and reduce productivity. Despite the many benefits of the
use of pesticides in crop fields and their significant contribu-
tion to the lifestyles we have come to expect, pesticides can
also be hazardous if not used appropriately, and many of
them may represent potential hazards due to the contamina-
tion of food, water, and air (WHO-FAO, 2009).
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Anthropogenic activities are continuously introducing exten-
sive amounts of these compounds into the environment,
regardless of their persistence, bioaccumulation, and toxic-
ity. However, it is well known that pesticides not only affect
target organisms, but also concomitantly exert negative side
effects on nontarget organisms (www.epa.gov/pesticides).

Organophosphates have become the most widely used
class of insecticides worldwide, replacing the persistent
and problematic organochlorine compounds (Ramsden,
1996). Chlorpyrifos (CPF; O,0-diethyl O—3,5,6-trichlor-
opyridin-2-yl phosphorothioate) is a broad-spectrum or-
ganophosphate insecticide. CPF is the active ingredient in
Dursban and Lorsban insecticides, which are among the
most widely used insect control products globally to con-
trol pests in agricultural and domestic situations (USEPA,
2006). It was introduced in 1965 by Dow Chemical
Company (www.dow.com/search.aspx?q=chlorpyrifos&sa),
and although originally used primarily to kill mosquitoes, it
is no longer registered for this use (www.chlorpyrifos.org).
Products containing CPF have been used with confidence
for more than three decades and are registered for use in
nearly 100 nations with more than 300 registered formula-
tions worldwide (www.chlorpyrifos.com/product-benefits.
htm). To avoid insecticide exposure to children and pregnant
women, because CPF is a known developmental neurotoxi-
cant (Li et al., 2012), most nonagricultural uses, such as resi-
dential control of insect pests such as cockroaches and
termites, and animal uses including flea and tick control,
were phased out in the USA in 2001 (USEPA, 2006) and in
the European Union in 2005 (European Union, 2007). CPF
is effective in controlling cutworms, corn rootworms, cock-
roaches, grubs, flea beetles, flies, termites, fire ants, and lice.
It is used as an insecticide on grain, cotton, fields, and fruit,
nut, and vegetable crops, as well as on lawns and ornamental
plants. It is also registered for direct use on sheep and tur-
keys, and for treatment of horse sites, dog kennels, domestic
dwellings, farm buildings, storage bins, and commercial
establishments. CPF acts on pests primarily as a contact
poison, with some action as a stomach poison, and is
available as granules, wettable, or dustable powder, and an
emulsifiable concentrate (www.dow.com/search.aspx?q=
chlorpyrifos&sa=).

CPF is effective by contact, ingestion, and vapour
action. Like other organophosphates, CPF’s insecticidal
activity is caused by the inhibition of the acetylcholines-
terases, which results in the accumulation of the neuro-
transmitter acetylcholine at the nerve endings. This results
in excessive transmission of nerve impulses, which causes
mortality in the target pest (Li et al., 2012). However, the
plasma butyryl-cholinesterase, or pseudocholinesterase,
seems to be the most sensitive among acetylcholinester-
ases (Li et al., 2012). Available data provide strong evi-
dence that, with respect to CPF, significant depression of
brain acetylcholinesterase is required to cause toxicity in
mammals (Li et al., 2012).
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So far, CPF has been ranked as a Class II chemical (mod-
erately hazardous) by the World Health Organization
(WHO) and as moderately toxic (Class 2) by the US Envi-
ronmental Protection Agency (USEPA), although it has not
been included as a carcinogen by the International Agency
for Research on Cancer (IARC) (http://www.pesticidein-
fo.org). However, the latter emphasizes that CPF should be
considered as a highly toxic compound for aquatic organ-
isms, especially to both cold water and warm water fish spe-
cies (USEPA, 2006). Overall, while negative responses have
been reported for the insecticide-induced mutagenicity in
bacterial and yeast systems (Eaton et al., 2008), CPF has eli-
cited a number of other effects including hepatic (Slotkin,
2011) and endocrine dysfunction (Betts, 2010), immunologi-
cal abnormalities (Noworyta-Glowacka et al., 2012), terato-
genicity (McCollum et al.,, 2011; Uggini et al., 2012),
neurochemical and neurobehavioral changes (Turgeman
et al., 2011), embryo toxicity (Tian et al., 2005), and geno-
toxicity (Ali et al., 2009; Li et al., 2011) in in vitro and in
vivo studies employing different biotic matrices.

There is an increasing interest in biomonitoring markers
to provide a measurement as well as an estimation of biolog-
ical exposure to genotoxic pollutants. Their effects can be
monitored employing a broad range of both in vivo and in
vitro bioassays. To achieve this goal, several end points for
testing both genotoxicity and cytotoxicity have been
employed on aquatic organisms, including fishes. Analysis
of micronucleus (MN) frequency and the induction of DNA
single-strand breaks by single-cell gel electrophoresis assay
are the most frequently recommended and employed end
points for detecting DNA damage in circulating blood eryth-
rocytes (Cavas and Konen, 2007; Ali et al., 2008a; Vera-
Candioti et al., 2010b, 2013).

The ten spotted live-bearer, Cnesterodon decemmacula-
tus (Jenyns, 1842) (Pisces, Poeciliidae), is an endemic fish
with an extensive distribution in Neotropical America that
attains high densities in a large variety of water bodies
within the whole La Plata River and other South American
basins (Menni et al., 1996). This is a small ovoviviparous,
microomnivorous, benthicpelagic, nonmigratory fish that is
easy to handle and acclimate to laboratory conditions.
Ranges of tolerance of C. decemmaculatus to many environ-
mental parameters, for example, temperature, salinity, and
pH, are comparatively large (Menni et al., 1996). Further-
more, several reports found this species suitable as a test or-
ganism in acute and chronic toxicity bioassays (Di Marzio
et al.,, 2005; de la Torre et al., 2007; Menéndez-Helman
et al., 2012; Vera-Candioti et al., 2010b, 2013).

In the current study, attempts have been made to charac-
terize the lethal and sublethal toxicity of Lorsban* 48E® and
CPF Zamba®, two CFP-based insecticides, on C. decemma-
culatus exposed under laboratory conditions. While LCsq
estimation was employed as a biomarker for lethality, induc-
tion of MN and alterations in the erythrocyte/erythroblast
frequency were employed as biomarkers of genotoxicity and
cytotoxicity, respectively.
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MATERIALS AND METHOD

Chemicals

Two liquid commercial formulations of CPF, namely,
Lorsban* 48E® (48% a.i.; excipients q.s.; Dow Agrosciences
Argentina S.A., Buenos Aires, Argentina) and CPF Zamba®
(48% a.i.; excipients q.s.; Nidera S.A., Buenos Aires, Argen-
tina) were used. Cyclophosphamide (CAS 6055-19-2) was
purchased from Sigma Chemical Co. (St. Louis, MO),
whereas K>Cr,O; [Cr(VI)] (CAS 7778-50-9) was obtained
from Merck KGaA (Darmstadt, Germany). All other chemi-
cals and solvents were of analytical grade.

Quality Control

Concentration levels of CPF in test solutions were analyzed
by passing them through C18 columns (Agilent; solid phase
extraction) and frozen until analysis. Extracts were eluted
from C18 columns with 2 mL hexane followed by 2 mL
dichloromethane. The sample extracts were injected into a
gas chromatograph with electron capture detector (Hewlett
Packard, HP 6890) equipped with a 30 m X 0.25 mm HP1
column, N, carrier, and ramp and detector temperatures of
190-250 and 320°C, respectively. Recovery from the C18
columns was tested by passing through a solution of known
concentration. The C18 columns showed a 97 = 5.0% CPF
recovery. CPF samples from test solution correspond to O
and 24 h thereafter. The detection limit was 0.01 pg/L.

Test Organisms

Specimens of C. decemmaculatus were collected from a per-
manent pond free of pluvial runoff from agricultural areas,
in the vicinity of La Plata, Buenos Aires, Argentina. Adults
were transported to the laboratory and then acclimatized for
at least 20 days to a 16/8 h light/dark cycle in aquaria at
21 = 1°C in dechlorinated tap water (pH 7.6-8.3; hardness,
143 mg/L. CaCO;) and artificial aeration. As the species is
sexually dimorphic (Menni et al., 1996), males and females
were maintained separately and fed ad libitum daily with
commercially available fish food (TetraMin®, TetraWerke,
Germany) until 24 h before the beginning of the experimen-
tal procedures, as reported previously (Vera-Candioti et al.,
2010b). Organisms with an average weight of 0.26 = 0.1 g
and total length of 29.5 2.7 mm were selected for the
experiments.

Determination of LC5q

Concentrations assessed throughout the study represent the
nominal concentrations of active ingredient present within
Lorsban* 48E® and CPF Zamba® CPF-based formulations.
Experiments were carried out for toxicity assessment follow-
ing recommendations proposed by the USEPA standardized
methods for acute toxicity tests (USEPA, 1975, 2002).
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Briefly, for each experimental point, 10 specimens (five
males and five nongravid females) were maintained ina 1 L
glass container and exposed to one of 10 different concentra-
tions of Lorsban* 48E® (0.0001, 0.001, 0.01, 0.025, 0.05,
0.1, 1.0, 5.0, 50.0, and 100.0 mg/L) or CPF Zamba® (0.025,
0.05, 0.1, 0.15, 0.25, 0.35, 0.45, 0.55, 1.0, and 1.5 mg/L)
during 96 h, with test solutions replaced every 24 h. While
the negative control group consisted of 10 organisms kept in
dechlorinated tap water (pH 7.55 = 0.1; dissolved oxygen,
6.3 = 0.3 mg/L; ammonium (NH4+) < 0.2 mg/L; hardness,
143 £23.5 mg CaCOs/L), the positive control group con-
sisted of 10 fishes treated with 21.4 mg Cr(VI)/L as reported
previously (Vera-Candioti et al., 2011). All treatments were
performed in triplicate. Fish were not fed throughout the
experiment. A lethal effect was determined as the toxicity
end point. Fish were visually examined daily and considered
dead when either no respiratory movements were observed
or there was a lack of sudden swimming in response to gen-
tle touching compared to control organisms.

Determination of MN Frequency

Each experiment was conducted using five fish following the
same experimental design described in Determination of
LCs section, with specimens exposed to three different con-
centrations of test compound equivalent to 25, 50, and 75%
of the corresponding LCs, 96-h value. To achieve these con-
centrations, fish were exposed to 0.008, 0.017, and 0.025
mg/L or 0.052, 0.104, and 0.155 mg/L of Lorsban* 48E®
and CPF Zamba®, respectively. Negative (dechlorinated tap
water; see Test Organisms section) and positive controls (5
mg/L cyclophosphamide) were conducted and run simulta-
neously with Lorsban* 48E®- and CPF Zamba®-exposed
fish, as reported previously (Vera-Candioti et al., 2010b).
The frequency of MN was determined in peripheral mature
erythrocytes at 48 and 96 h after initial treatment. Experi-
ments were performed in triplicate and run simultaneously.
Fish were killed by severing the spinal column behind the
opercula. Two drops of peripheral blood from each specimen
were smeared onto precleaned slides. Afterward, slides were
air dried, fixed with 100% (v/v) cold methanol (4°C), and
stained with 5% Giemsa solution. Slides were coded and
blind-scored at 1000X magnification. The frequency of MN
was determined by analyzing 1500 mature erythrocytes from
each fish as suggested previously (Cavag and Konen, 2007;
Vera-Candioti et al., 2010b) and is expressed as the total
number of MN per 1000 cells. The frequency of MN was
determined following previously reported examination crite-
ria (Cavag and Konen, 2007; Vera-Candioti et al., 2010b,
2013). Briefly, criteria for MN identification in erythrocytes
were as follows: diameter smaller than one-third of the main
nuclei diameter, nonrefractability, staining intensity similar
to or lighter than that of the main nuclei, no connection or
link with the main nuclei, no overlapping with the main
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nuclei, and an MN boundary distinguishable from the main
nuclei boundary (Fenech et al., 2003).

Frequency of Circulating
Erythrocyte/Erythroblast

The circulating erythrocyte/erythroblast frequency was
determined as described previously for xenobiotic-exposed
aquatic organisms (Vera-Candioti et al., 2010a,b). In brief,
the criteria employed for erythrocyte and erythroblast identi-
fication in peripheral circulating blood were as follows: An
erythrocyte has a cell nucleus oval to rounded oval (Claver
and Quaglia, 2009) and compact chromatin that stains purple
in preparations stained with aqueous Giemsa (Rey Vazquez
and Guerrero, 2007). Moreover, an erythroblast cell has a
circular or slightly ovoid basophilic cytoplasm and round to
slightly ovoid nucleus containing diffuse chromatin of vari-
able density that represents 40-60% of cell volume (Peters
and Schwarzer, 1985). The frequencies of mature erythro-
cytes and erythroblasts were blind-determined by one
researcher at 1000X magnification by analyzing a total of
1500 erythrocyte/erythroblast cells from each fish specimen
in those slides employed for MN analysis, and expressed as
the total number of erythrocytes and erythroblasts per 1000
cells.

Statistical Analyses

Data of lethality tests were analyzed using the USEPA Pro-
bit Analysis, version 1.5, statistical software (http://www.
epa.gov/nerleerd/stat2.htm) and based on Finney’s (1971)
method. Statgraphics Centurion XV software was used for
statistical analyses. After assessing the normality of the dis-
tribution of the data by the Shapiro-Wilk W test, even after
logarithmic transformation, nonparametric tests were used to
detect differences. The Kruskal-Wallis test and the one-
tailed Mann—Whitney U test for independent samples were
applied to assess differences between treated and control
groups. The relationship between mortality, MN frequency,
and circulating erythrocyte/erythroblast frequencies with
insecticide concentrations was evaluated by simple linear
regression analyses. The level of significance was o = 0.05.

RESULTS

Mortality Assays

Results of chemical analyses showed no differences between
both used and measured CPF concentrations or during the
24 h interval renewals of the testing solutions for both com-
mercial formulations evaluated (0.001, 0.01, 0.05, 0.1 and
0.025, 0.05, 0.1, 0.15 mg/L, for Lorsban* 48E® and CPF
Zamba®, respectively). While no mortality was observed in
those dechlorinated tap water maintained specimens (nega-
tive control), an increase in mortality rate was achieved in
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those 21.4 mg Cr(VI)/L-treated fish (positive control) during
the 96 h experiment.

Probit analysis of the mortality experiment allowed deter-
mination of the LCsq values of Lorsban* 48E® after 24, 48,
72, and 96 h of exposure, with mean values of 0.13 mg/L
(range, 0.09-0.19 mg/L), 0.05 mg/L (range, 0.04—0.07 mg/
L), 0.04 mg/L (range, 0.03-0.05 mg/L), and 0.03 mg/L
(range, 0.03-0.05 mg/L), respectively. Overall, Lorsban*
48E® treatments induced a nonsignificant concentration-
dependent increase (r = 0.43, p>0.05) as well as a non-
significant time-dependent decrease (r = —0.84, p > 0.05) in
mortality rate when the exposure time increased from 24 to
96 h.

Mortality experiments revealed the LCs, values of CPF
Zamba® after 24, 48, 72, and 96 h of exposure, with mean
values of 0.40 mg/L (range, 0.34-0.47 mg/L), 0.32 mg/L
(range, 0.27-0.37 mg/L), 0.25 mg/L (range, 0.21-0.29 mg/
L), and 0.21 mg/L (range, 0.18-0.24 mg/L), respectively.
Overall, all treatments induced a significant concentration-
dependent increase in mortality rate (r = 0.81, p <0.01). In
contrast, no significant time-dependent decrease was
observed in mortality rate when the exposure time increased
from 24 t0 96 h (r = —0.78, p > 0.05).

Genotoxicity and Cytotoxicity Assays

No mortality was registered during the experiments. The fre-
quency of MN in cyclophosphamide-exposed specimens of
C. decemmaculatus was significantly increased compared to
negative control values when the analysis was performed at
48 h (p <0.01) or 96 h (p <0.01) of treatment in Lorsban*
48E® experiments (Table I), as well as at 48 h (p < 0.05) or
96 h (p <0.05) of treatment in CPF Zamba® experiments
(Table II).

Table I summarizes the results of the analysis of Lors-
ban* 48E®-induced MN in circulating erythrocytes of
exposed fish. At both 48 and 96 h of treatment, a significant
increase in MN frequency was observed in fish treated with
Lorsban* 48E® concentrations of 0.008 mg/L (p < 0.001),
0.017 mg/L (p <0.001), and 0.025 mg/L (p <0.001) com-
pared to negative control values (Table I). Overall, a regres-
sion analysis revealed that the increase in MN frequency
was not affected by Lorsban* 48E® concentrations either at
48 h (r=—0.14, p > 0.05) or at 96 h of exposure (r = 0.12,
p>0.05; Table I). On the other hand, MN frequency
induced by Lorsban* 48E® increased as a function of the
exposure time (r = 0.23, p < 0.05).

The results of the analysis of CPF Zamba®-induced MN
in circulating erythrocytes of exposed fish are summarized
in Table II. At 48 h of treatment, a significant increase in
MN frequency was observed in fish treated with CPF
Zamba® concentrations of 0.052 mg/L (p < 0.05), 0.104 mg/
L (p<0.01), and 0.155 mg/L (p <0.01) compared to nega-
tive control values. Similarly, when the analysis was per-
formed after 96 h of treatment, a significant increase in MN

Environmental Toxicology DOI 10.1002/tox
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TABLE I. Incidence of micronuclei (MN) and erythrocyte/erythroblast frequencies in peripheral blood
cells of Cnesterodon decemmaculatus exposed to different concentrations of Lorsban* 48E®

MN Induction Erythrocyte/Erythroblast
Number of Number of Number of Frequency
Exposure Dosage Fishes Number of Frequency MN  Erythrocytes  Erythroblats Erythroblasts
Time (h) (mg/L) Analyzed Cells Analyzed (%0 = S.E.) Analyzed Analyzed (%0 = S.E.)
48 Control 15 22 500 0.31x£0.11 22 467 33 147 £0.85
Positive control® 15 22 500 0.98 £ 0.14%* 21449 1051 46.71 = 19.32%*
0.008 16 24 000 0.71 £0.23%%%* 23781 219 9.13£3.70
0.017 16 24 000 0.38 = 0.12%%** 23251 749 31.21 = 13.50%*
0.025 16 24 000 0.42 = 0.25%%** 23074 926 38.58 = 15.84*
96 Control 15 22 500 0.18 =0.08 22 500 0 0.00 = 0.00
Positive control® 15 22 500 0.84 £ (0.22%%* 20 146 2354 104.62 = 26.64***
0.008 16 24 000 0.71 £0.23%%%* 23968 32 1.33 £0.74*
0.017 16 24 000 1.08 £ 0.28%#%*%* 23765 235 9.79 = 5.60%*
0.025 16 24 000 1.00 £ 0.20%%*%* 24 000 0 0.00 = 0.00

“Ciclophosphamide, 5 mg/L.

*p <0.05; **p < 0.01; ***p < 0.001; significant differences with respect to control values.

frequency was observed in fish treated with concentrations
of 0.052 mg/L (p<0.01), 0.104 mg/L (p <0.001), and
0.155 mg/L (p < 0.001) compared to negative control values
(Table II). A regression analysis revealed the absence of a
relationship between MN frequency and CPF Zamba® con-
centrations after treatment period (= 0.11, p>0.05 and
r=0.21, p>0.05 for 48 and 96 h of treatment, respec-
tively). Similarly, MN frequency induced by CPF Zamba®
did not increase as a function of the exposure time (r = (.15,
p>0.05) (Table II).

Erythrocyte/erythroblast frequencies in specimens of C.
decemmaculatus exposed to cyclophosphamide in both Lors-
ban* 48E® and CPF Zamba® experiments are summarized

in Tables I and II, respectively. In those Lorsban* 48E®-
exposed fish, a significant decrease and a concomitant
increase in the frequency of erythrocytes and erythroblasts,
respectively, were observed in the blood of those specimens
exposed to either 0.017 mg/L (p <0.05) or 0.025 mg/L
(p <0.05) concentrations. However, when the analysis was
performed after 96 h of treatment, such effect was observed
in fish treated with concentrations of 0.008 mg/L (p < 0.05)
and 0.017 mg/L (p <0.01). Overall, a regression analysis
revealed that the alterations in the erythrocyte/erythroblast
frequencies found in those Lorsban* 48E®-treated fish were
not dependent on the concentration of the formulation
employed, either at 48 h (r = —0.24, p > 0.05) or at 96 h of

TABLE Il. Incidence of micronuclei (MN) and erythrocyte/erythroblast frequencies in peripheral blood cells
of Cnesterodon decemmaculatus exposed to different concentrations of Clorpirifos Zamba®

MN Induction Erythrocyte/Erythroblast
Number of Number of Frequency
Exposure Dosage Number of Number of Frequency MN  Erythrocytes  Erythroblats Erythroblasts
Time (h) (mg/L) Fishes Analyzed Cells Analyzed (%0 *S.E.) Analyzed Analyzed (%0 *S.E.)
48 Control 15 22 500 0.36 +0.13 22 478 22 0.98 £0.55
Positive control® 15 22 500 0.93 £0.16* 21306 1194 53.07 * 18.88%*
0.052 15 22 500 0.93 £0.19* 21974 526 23.38 £ 5.32%%%*
0.104 15 22 500 1.20 £ 0.26%* 22 053 447 19.87 £ 5.58%%%*
0.155 15 22 500 1.16 £ 0.17** 21939 561 24.93 £ 6.14%%%*
96 Control 15 22 500 0.27 £0.09 22 356 144 6.40 £4.15
Positive control® 15 22 500 0.98 = 0.28%* 20 161 2339 103.96 = 26.82%**
0.052 15 22 500 1.02 £0.22%* 22321 179 7.96 £2.31%
0.104 15 22 500 1.56 &= 0.27%%* 22357 143 6.36 * 1.79%*
0.155 15 22 500 1.51 £0.23%%* 22432 68 3.02 = 0.92*

“Ciclophosphamide, 5 mg/L.

*p < 0.05; **p < 0.01; ***p < 0.001; significant differences with respect to control values.

Environmental Toxicology DOI 10.1002/tox
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exposure (r = 0.04, p > 0.05), but were dependent on the ex-
posure time (r = 0.30, p < 0.01; Table I).

The results of the analysis of CPF Zamba®-induced altera-
tions in the erythrocyte/erythroblast frequencies are summar-
ized in Table II. At 48 h of treatment, a significant decrease
and a concomitant increase in the frequency of erythrocytes
and erythroblasts, respectively, was observed with CPF
Zamba® concentrations of 0.052 mg/L (p < 0.001), 0.104 mg/
L (p <0.001), and 0.155 mg/L (p < 0.001) compared to nega-
tive control values. Similarly, when the analysis was per-
formed at 96 h of treatment, such alterations were observed
in fish treated with concentrations of 0.052 mg/L (p < 0.05),
0.104 mg/L (p < 0.01), and 0.155 mg/L (p < 0.05) compared
to negative control values. Overall, a regression analysis
revealed that the alterations in the erythrocyte/erythroblast
frequencies found in those CPF Zamba®-treated fish were not
dependent on the concentration of the formulation employed
(r=10.03, p>0.05 and r=0.29, p > 0.05, for 48 and 96 h,
respectively), but were dependent on the exposure time
(r=0.47, p <0.01; Table II).

DISCUSSION

The acute lethal toxicity, genotoxicity, and cytotoxicity of
the 48% CPF-containing technical formulation insecticides
Lorsban* 48E® and CPF Zamba® were evaluated on speci-
mens from C. decemmaculatus exposed under laboratory
conditions. Concerning the acute lethal toxicity values, both
formulated insecticides can be classified as very toxic com-
pounds (Category I) following the European Union (Mazza-
torta et al., 2002) or United Nations directives (UN, 2011).
Furthermore, according to the ecotoxicological scoring
employed by the WHO (Smrchek et al., 1993; Wagner et al.,
1995), both Lorsban* 48E® and CPF Zamba® can be ranked
as “high concern” xenobiotics. Reviews on the safety of
CPF, including major CPF-based insecticides, have been
conducted by several regulatory international agencies who
have reached the conclusion that there is no indication of
any human concern, with the USEPA classifying the active
ingredient in 1993 as a Class E agent (USEPA, 2005), sup-
porting the same status proposed by the Agency for Toxic
Substances and Disease Registry (www.atsdr.cdc.gov/).
However, CPF is currently under review by the European
Commission and the USEPA (http://www.fao.org/agricul-
ture/crops/en/). Nevertheless, it has recently been clearly
demonstrated that this insecticide is not as safe as previously
believed, as there is now experimental evidence that the
insecticide may contribute to or be involved in CPF-induced
carcinogenesis (Josephson, 2005; Karunanayake et al.,
2012). Our current findings are in concordance with the
aforementioned classification and verify and extend the latter
observations.

Comparing the LCs( values at 96 h that we observed for
C. decemmaculatus exposed to two CPF-based insecticides
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with those published for several CPF-based pesticide-treated
fish species, C. decemmaculatus can be ranged between the
most and least sensitive fish reported so far. The LCsy 96 h
values found were greater than those reported for Gambusia
yucatana (Cyprinodontiformes, Poeciliidae), with an LCsg
96 h value of 0.01 mg/LL. CPF-based Lorsban 480EM
(Renddn-von Osten et al., 2005), and lower than the high
LCsp 96 h value of 0.88 mg/L CPF-based unspecified formu-
lation in Lepomis macrochirus (Perciformes, Centrarchidae)
(USEPA, 2000). Furthermore, when comparing the LCs, 96
h value for C. decemmaculatus exposed to Lorsban* 48E®
with those from the literature reported for active ingredient-
treated fish, it showed a higher sensitivity than Cyprinus car-
pio (Cyprinniformes, Cyprinidae) (Ramesh and David,
2009), Gambusia affinis (Cyprinodontiformes, Poeciliidae)
(USEPA, 2006), and Poecilia reticulata (Cyprinodonti-
formes, Poeciliidae) (Selvi et al., 2005), but not L. macrochi-
rus (Perciformes, Centrarchidae) (USEPA, 2006), with LCs
96 h values of 0.16, 0.59, 1.79, and 0.002 mg/L, respec-
tively. Finally, in terms of the LCsy 96 h value obtained for
C. decemmaculatus exposed to CPF Zamba®, it resulted
more toxic for freshwater species we evaluated than the
active ingredient did on G. affinis (USEPA, 2006) and P.
reticulata (Selvi et al., 2005), but not when C. carpio
(Ramesh and David, 2009) and L. macrochirus (Perciformes,
Centrarchidae) were used as target organisms.

To the best of our knowledge, very few studies have dem-
onstrated the ability of CPF-based products to induce MN in
erythrocytes of both fish and tadpoles in vivo (Ali et al.,
2008a, 2009; Kumar, 2012; Ozkan et al., 2011). Our results
are in accordance with these latter observations demonstrat-
ing the ability of Lorsban* 48E® and CPF Zamba® to
increase the MN frequency in C. decemmaculatus. Further-
more, our current observations emphasize the importance of
the MN assay as an early biological marker of fish exposure
to genotoxic pollutants in the aquatic environment.

Previous results indicate that the maximum MN fre-
quency in peripheral erythrocytes of xenobiotic-exposed
fish occurs between 1 and 5 days of treatment (Al-Sabti
and Metcalfe, 1995). However, in most fish species, the
high peak of incidence appears after 2—3 days of exposure
(Udroiu, 2006). Experiments with Channa punctatus (Per-
ciformes, Channidae) exposed to CPF-based formulations
revealed that the increase in MN frequency in erythrocytes
could require from 96 h (Ali et al., 2008b) up to 14-25
days of treatment to reach the maximum level (Ali et al.,
2009; Kumar, 2012). Our results demonstrate that only 2
days of exposure to Lorsban* 48E® and CPF Zamba® are
required to induce the maximum increase in MN fre-
quency in C. decemmaculatus. In agreement with this ob-
servation, it was reported recently for the same species
that a 2 days exposure time is a period long enough to
observe the maximum induction of MN after a glypho-
sate-based herbicide treatment (Vera-Candioti et al.,
2013).
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In terms of cytotoxic effects, both Lorsban* 48E® and
CPF Zamba® were capable of inducing alterations in eryth-
rocyte/erythroblast frequencies. For both insecticides, and
regardless of the concentrations assayed, a clear biphasic
behavior in the erythrocyte/erythroblast frequencies occurred
with incubation time, namely, an increase in the frequency
of erythroblasts accompanied by a subsequent decrease in
the proportion of erythrocytes within 48 h of treatment, and
a time-dependent decrease of these cells thereafter. Such
alteration could be explained by the presence of cytotoxic
potential exerted by the insecticides and inhibitory effects of
the highest concentrations tested due to alterations in blood
cell kinetics and erythrocyte replacement (Cavas and
Ergene-Goziikara, 2003; Polard et al., 2011; Vera-Candioti
et al., 2013). Then, alteration in the erythrocyte/erythroblast
frequency in peripheral blood results from the dynamic bal-
ance between the formation and elimination of red cells as
suggested elsewhere (Polard et al., 2011). It is well docu-
mented that defective erythrocytes in fish exposed to xenobi-
otics undergo passage from the kidney into the peripheral
blood, from which they are removed by the spleen (Udroiu,
2006). One possible explanation for the decrease in the fre-
quency of erythrocytes could be that a higher concentration
of either Lorsban* 48E® or CPF Zamba® causes an inhibi-
tion of the erythropoiesis, resulting in a decrease in the pro-
duction of erythrocytes or a negative effect on cell kinetics
resulting in a cell-cycle delay. However, another plausible
explanation could be attributable to an antagonistic effect,
that is, the stimulation of the erythropoietic process. Whether
or not cytotoxicity is exerted, erythropoiesis could become
stimulated, and therefore large amount of erythrocytes could
become present in the bloodstream. Therefore, erythroblasts
within peripheral blood become diluted, resulting in an accu-
mulation of erythrocytes as observed at 96 h of treatment
and giving a false negative result. Finally, the possibility that
stimulated splenic erythrocatheretic activity could also con-
tribute to diminishing erythrocyte frequency through dam-
aged cell elimination cannot be ruled out (Polard et al.,
2011). So far, we do not have any experimental evidence
explaining the reason for this particular finding.

Overall, concentrations of 0.03 and 0.21 mg/L. were
determined as the LCsq values obtained at 96 h for Lorsban*
48E® and CPF Zamba® respectively. Accordingly, Lorsban*
48E® was nearly seven fold more toxic than CPF Zamba®.
We cannot rule out the presence of xenobiotic(s) in the for-
mulation Lorsban* 48E® exerting a toxic effect on them-
selves or an additive and/or synergistic effect with the active
ingredient. Previous reports have shown that the toxicity of
several commercial formulations is higher than that of the
active ingredients which must be taken into consideration
for risk assessment studies (Lin and Garry, 2000; Zeljezic
et al., 2006; Soloneski et al., 2008; Soloneski and Larra-
mendy, 2010). In order to dissect out the real effects jeopar-
dized by the active ingredient from that caused by other
ingredient(s) present within the technical formulations,
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further experiments should be conducted using pure CPF in
addition to the commercial CPF-based formulations.

It is worth mentioning that the lowest Lorsban* 48E®
concentration tested (0.008 mg/L. CFP) might be considered
environmentally realistic. Available information revealed
that CPF detected in surface waters is usually at concentra-
tions below 0.0001 mg/L and with a maximum concentra-
tion of 0.0004 mg/L, whereas it was detected in groundwater
in less than 1% of the wells tested, with the majority of
measurements being below 0.00001 mg/L (USEPA, 1998;
European Commission, 2005). Although the in vivo CPF
treatments in this study covered a wide range of concentra-
tions (range, 0.008-0.155 mg/L), it should be noted that they
represent concentrations determined in pampasic Argenti-
nean water streams, where C. decemmaculatus is commonly
found, with threshold values between <0.002 and 0.011 mg/
L CFP, as reported elsewhere (Marino and Ronco, 2005).
Thus, the range of concentrations employed in this research
can be expected to be present in cultivated crop fields or in
their vicinity. Considering the worldwide use of CPF for ag-
ricultural and nonagricultural purposes, the present results
are complementary to those reported by other research
groups concerning the environmental risk of this insecticide.
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