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Pirimicarb and its formulation Aficida® (50% pirimicarb) effects were studied on CHO-K1 cells employing
sister chromatid exchange (SCE), chromosomal aberrations (CA), cell-cycle progression and mitotic index
analyses. Continuous treatments were performed within 10–300 �g/ml concentration-range. Pirimicarb,
but not Aficida®, induced a concentration-dependent increase of abnormal cells. Pirimicarb induced
a greater frequency of chromatid/isochromatid breaks than Aficida® did. Regression analyses showed
a concentration-dependent increase in the frequency of chromatid-type breaks for both compounds
whereas only the frequency of isochromatid-type breaks did in those pirimicarb-treated cultures. SCEs in

®

arbamates
ytotoxicity
enotoxicity
ammalian cell lines

echnical formulations

pirimicarb- or Aficida -treated cultures were significantly higher than control values with concentrations
of 100–200 �g/ml. Both test compounds induced equivalent frequency of SCEs. A delay in cell-cycle kinet-
ics was observed for pirimicarb and Aficida® within 100–300 and 200–300 �g/ml concentration-range,
respectively. An inhibition of MI was observed for both chemicals regardless of tested concentrations.
Finally, the CAs appears to be a higher sensitive bioassay to detect DNA damage at lower concentrations of

. The ®
pirimicarb than SCEs does
at least in CHO-K1 cells.

. Introduction

Living species are inevitably exposed to pesticides and they
epresent both a significant ecological and public health concern
ue to their toxicity. Furthermore, agrochemicals are ubiqui-
ous in the world because the anthropogenic activities are
ontinuously introducing extensive amounts of them into the envi-
onment.

In epidemiological as well as in experimental clastogenesis
tudies there is an increasing interest in biomonitoring markers
or providing a measure of biologically active/passive exposure to
enotoxic pollutants. Several studies demonstrated that occupa-
ional exposure to some pesticides may be related to several kinds
f cancer, including leukemia and other diseases (www.iarc.fr).
ifferent in vivo and in vitro test systems have been described in
ammalian cells to assess genotoxic and cytotoxic damage induced

y pollutants [1,2]. The use of in vitro cell cultures for genotoxic
valuation is therefore a valuable tool for an early and sensitive

etection of xenobiotic exposure [3]. Among them, one of the most
sed systems for clastogenic and/or aneugenic screening is the cul-
ured mammalian CHO-K1 cells in which sister chromatid exchange
SCE), chromosomal aberrations (CAs), micronuclei, and kinetics

∗ Corresponding author. Fax: +54 221 425 8252.
E-mail address: ssoloneski@yahoo.com.ar (S. Soloneski).

304-3894/$ – see front matter © 2009 Elsevier B.V. All rights reserved.
oi:10.1016/j.jhazmat.2009.09.068
results demonstrated that pirimicarb and Aficida exert geno-cytotoxicity,

© 2009 Elsevier B.V. All rights reserved.

of cell proliferation have been widely employed as cytogenetics
end-points [4–9].

Large quantities of carbamates are particularly applied to dif-
ferent environments worldwide. These pesticides have produced
both conflicting and inconclusive results in mutagenicity tests vary-
ing according to either the end-point or the compound assessed
[10–12]. Among them, carcinogenic, teratogenic and neurotoxic
properties have been reported for many of these agrochemicals
[12–14]. Among carbamates, pirimicarb is a selective insecticide
mostly used for aphid control in a broad range of crops, includ-
ing vegetable, cereal, orchard crops and fruit growing. Its mode of
action is by inhibition of acetylcholinterase activity [12]. While tox-
icological data for pirimicarb has been well documented in animal
experiments, it had not revealed carcinogenic potential in mice or
rats [12]. The information accessible on the genotoxic properties
of pirimicarb is limited and inconsistent. Only few data are avail-
able in the literature about genotoxic studies [12,15]. Pirimicarb
has been generally recognized as non-genotoxic in bacteria, yeast
and fungi as well as in mammalian cells [16]. It has been reported
to be non-mutagenic in S. typhimurium when either Ames or Ames
reversion mutagenicity (his− to his+) tests for the TA1535, TA1538,

TA98 and TA100 strains after S9 metabolic activation has been
used [16]. However, a significant positive mutagenic response was
observed in mouse lymphoma L5178Y cells [12]. Positive results
have been reported in the w/w+ eye mosaic system with the D.
melanogaster Oregon-K strain [17]. On the other hand, pirimicarb

http://www.sciencedirect.com/science/journal/03043894
http://www.elsevier.com/locate/jhazmat
http://www.iarc.fr/
mailto:ssoloneski@yahoo.com.ar
dx.doi.org/10.1016/j.jhazmat.2009.09.068
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id not induce chromosomal alterations in bone marrow cells of
istar male rats after oral administration [18]. Although no induc-

ion of CAs has been reported in in vitro human lymphocytes with
r without S9 metabolic activation [16], Pilinskaia [19] observed
significant increase of CAs in the peripheral blood lymphocytes

rom occupational workers after pirimicarb exposure. Furthermore,
he induction of single-strand breaks was detected by the alkaline
omet assay in human lymphocytes in vitro [20].

In agriculture, generally a pesticide is not used as a single active
ngredient, but a complex commercial formulation is employed
nstead. Formulated products, in addition to the active compo-
ent, contain different solvents and adjuvants, some of which have
een reported to induce damage in mammalian cells, among oth-
rs toxicities [8,21–23]. Hence, additional toxic effects exerted
y excipients must be taken into consideration for risk assess-
ent. Accordingly, workers and environment are exposed to the

imultaneous action of the active ingredient and a variety of
ther chemicals contained in the formulated product. Despite
he beneficial effects associated with the use of agrochemicals in
griculture and household, many of these products may repre-
ent potential hazardous compounds because its extensive use,
ontamination of food, water and air have become a serious
nd adverse health problem for humans and the ecosystems
www.epa.gov). So far, available information indicates that 23 for-

ulated products containing pirimicarb as active ingredient has
een registered worldwide (www.environmentalchemistry.com).
urthermore, some of these pirimicarb-containing products have
een reported to induce toxic effects in the invertebrate Daphnia
agna [24,25] and in tadpoles of Rana perezi [26].

The aim of this work was to investigate the genotoxic effect of
he carbamate pesticide pirimicarb and its formulated insecticide
roduct Aficida® (50% pirimicarb). The latter was chosen since it
epresents one of the carbamates most largely used not only in
rgentina in cereal production and for garden insect control but
lso on a worldwide scale. In this report we employed the CAs, SCEs,
ell-cycle progression analysis, and mitotic index (MI) bioassays as
ifferent cytogenetic end-points on mammalian Chinese hamster
vary (CHO-K1) cells.

. Materials and methods

.1. Chemicals

Pirimicarb (2-dimethylamino-5,6-dimethylpyrimidin-4-yl
imethylcarbamate, CAS 23103-98-2, purity 99.5%), 5-bromo-2′-
eoxyuridine (BrdU, CAS 59-14-3), dimethyl sulfoxide (DMSO,
AS 67-68-5), and colchicine (CAS 64-86-8), were obtained from
igma Chemical Co. (St. Louis, MO, USA). Aficida® (50% pirimicarb,
xcipients c.s.) was kindly provided by Syngenta Agro S.A. (Buenos
ires, Argentina). Bleomycin (BLM) (Blocamycin®) was kindly
rovided by Gador S.A. (Buenos Aires, Argentina).

.2. Cell cultures and pesticide treatment

Chinese hamster ovary (CHO-K1) cells were grown in Ham’s
10 medium (Gibco, Grand Island, NY, USA) supplemented with
0% foetal calf serum (Gibco), 100 units/ml penicillin (Gibco) and
0 �g/ml streptomycin (Gibco) in the dark at 37 ◦C in a 5% CO2
tmosphere. Experiments were set up with cultures in the log
hase of growth. Cells were seeded in T25 flasks at a density of

.5 × 105 cells/flask. Either 12 h or 24 h after plating cells were
reated with 10, 50, 100, 200, and 300 �g/ml of the test active
ngredient and formulated product. Concentrations of pirimicarb

ere selected according previous results reported by Undeğer and
aşaran [20]. Prior to use, pirimicarb and Aficida® were dissolved
ardous Materials 174 (2010) 410–415 411

in DMSO and then diluted in culture medium. Both test compounds
were appropriate diluted to reach the required final concentration
by adding 100 �l into culture medium. So that, the DMSO concen-
tration was <1% for all treatments in the different experiments.
Negative controls (untreated cells and solvent vehicle-treated cells)
and positive controls (1 �g/ml BLM, 1 h-pulse treatment) were run
simultaneously with pesticide-treated cultures. BLM was selected
due to its capacity of introduce both single- and double-strand
breaks into DNA and to induce both CAs and SCEs in different in
vitro mammalian cell systems [27–31]. None of the treatments pro-
duced significant pH changes in the culture medium. Afterwards,
10 �g/ml BrdU was incorporated into cultures and then the cells
incubated under safety light for an additional 12 h or 24 h period
until harvesting. Cultures were duplicated for each experimental
point, in at least three independent experiments. The same batches
of culture medium, sera and reagents were used throughout the
study.

2.2.1. Chromosome preparations
During the last 3 h of culture, the cells were treated with

0.2 �g/ml colchicine. At the end of the colchicine treatment, cells
were detached with a rubber-policeman and washed three times
in Hank’s balanced salt solution (pH 7.0). Afterwards, cells were
collected by centrifugation at 1200 rpm 251 g for 10 min, subse-
quently hypotonically shocked (0.075 M KCl, 37 ◦C, 20 min), and
then fixed three times in methanol:glacial acetic acid (3:1). Chro-
mosome spreads were obtained using the air-drying technique.

2.2.2. Fluorescence-plus-Giemsa (FPG) method for sister
chromatid differentiation

Chromosome spreads were stained using the FPG technique for
sister chromatid differentiation as previously described elsewhere
[5]. Slides were coded and scored blind by one researcher.

2.2.3. Cell-cycle kinetics, proliferative rate index and mitotic
index

A minimum of 100 metaphasic cells per experimental point
from each experiment were scored to determine the percentage
of cells that had undergone one (M1) and two (M2) mitoses. The
proliferative rate index (PRI) was calculated for each experimental
point according to the formula PRI = [(%M1) + 2(%M2)]/100, which
indicated the average number of times the cells had divided in
the medium since the addition of BrdU until harvesting, originally
proposed by Lamberti et al. [32]. The mitotic index (MI) was deter-
mined by scoring 2000 cells from each experimental point and
expressed as number of mitoses among 1000 nuclei. Changes in
the MI were expressed as a factor (f) of the mean MI from treated
cultures (MIt) over the mean MI from controls (MIc) (f = MIt/MIc)
[33].

2.2.4. Sister chromatid exchange analysis
For the SCE assay, a total of 25 well-spread diploid M2 cells

metaphases were scored per experimental point from each exper-
iment. Data were expressed as the mean number of SCEs/cell ± S.E.
from 75 pooled cells scored per test compound concentration.

2.2.5. Chromosomal aberration analysis
For the CAs assay, a total of 100 well-spread diploid M1

metaphases cells from those cultures harvested 12 h after test com-
pound treatment were analyzed per experimental point from each
experiment after slides processed with FPG technique. Structural

chromosomal aberrations were scored and the number of each type
of aberration, number of aberrations per cell and the percentage of
cells with aberrations were scored following to the recommenda-
tions of the OECD Guide [3]. Marker chromosomes and achromatic
lesions smaller than the width of a chromatid and continuous with

http://www.epa.gov/
http://www.environmentalchemistry.com/
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Fig. 1. Effect of the N,N-dimethylcarbamate pirimicarb (stripped bars) and its com-
mercial formulation Aficida® (dotted bars) on SCE frequency from CHO-K1 cells.
Cultures were harvested at 24 h from pesticide treatment and the proportion SCEs
were determined in 75 M2 mitoses for each experimental point. For each insec-
ticide, pool data from three independent experiments are reported as mean SCE
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he chromosome axis, considered chromatid or isochromatid gaps,
espectively, were not included in the scoring. Radial figures and
ing and/or dicentric chromosomes were scored as chromatid or
sochromatid exchanges, respectively [34]. Data were expressed as
he total mean number of CAs/experimental point ± S.E. of the mean
rom 300 cells scored in three independent experiments.

.3. Statistical analysis

Due to the sample size, a normal distribution of statistics prior
nalyses was assumed. The one-tailed Student’s t-test was used to
ompare pooled data of three independent experiments as mean
alues of SCE/cell and CAs/cell data between treated and control
roups. A �2-test was employed for cell-cycle progression and MI
ata. SCEs, frequencies of M1 and M2 cells, PRI and MI data were
valuated by regression analysis. The level of significance chosen
as 0.05 unless otherwise indicated.

. Results

No differences of CAs, SCEs, cell-cycle progression, PRI, MI,
nd mitotic proliferative factor values were observed between
ntreated and negative controls (DMSO-treated cells) (P > 0.05).
hen, all control data presented in the throughout results
orrespond to the values obtained for DMSO-treated CHO-K1
ells.

Table 1 summarizes the results of the analysis of pesticide-
nduced CAs in CHO-K1 cells. The frequencies of CAs in the BLM
positive control) treatment cells were significantly increased in
egard to the control cultures (P < 0.001). No equivalent induc-
ion of CAs was observed after treatment with pirimicarb and
ficida®. In 10 �g/ml pirimicarb treatments, approximately 13
itotic cells were found to carry at least one CA, reaching the fre-

uency of abnormal cells values as high as 45.67 ± 1.44 in those
00 �g/ml treated cultures. In treatments with the formulated
roduct, only 27.67 ± 0.77 of aberrant mitotic cells were found with
he maximal concentration employed. Statistical analysis showed
hat there is a significant difference in the extent of aberrations
etween control and treated cells, since both test compounds

ere able to induce an increase in the number of both chromatid-

nd isochromatid breaks in the 10–300 �g/ml concentration-range
P < 0.05–P < 0.001). Exposure of CHO-K1 cells to pirimicarb resulted
n a greater induction of chromatid and isochromatid breaks
han Aficida® treatment. However, chromatid- and isochromatid-

able 1
istribution of the different types of chromosomal aberrations (CA) observed in CHO-K1

Treatment Concentration (�g/ml) Cells with CAa Breaksb

C

0 7.00 ± 0.38 3.33 ± 0.32
BLM 1 44.33 ± 0.68*** 21.00 ± 0.22***

Pirimicarb 10 13.33 ± 1.11** 7.00 ± 0.38*

50 22.33 ± 0.86*** 16.67 ± 0.28***

100 32.33 ± 0.97*** 20.33 ± 0.34***

200 34.33 ± 0.26*** 22.33 ± 0.44***

300 45.67 ± 1.44*** 31.33 ± 0.84***

Aficida® 10 12.00 ± 0.29 8.00 ± 0.35*

50 19.00 ± 0.83*** 12.33 ± 0.43***

100 22.00 ± 0.37*** 16.00 ± 0.66***

200 22.67 ± 0.44*** 16.67 ± 0.51***

300 27.67 ± 0.77*** 19.67 ± 0.94***

,bResults are expressed as mean values of abnormal cells or number of aberrations ± S.E
C, isochromatid-type aberration; TA, total number of aberrations; BLM (BLM 1 �g/ml) w

* P < 0.05.
** P < 0.01.

*** P < 0.001.
values ± S.E. (y-axis) and plotted against the insecticide concentration (0–300 �g/ml
concentration-range; x-axis). A 1 �g/ml BLM (Bleomycin) 1 h-pulse-treated cells
were used as positive control for pirimicarb (black bar) and Aficida® (empty bar),
respectively. ND, not determined. *P < 0.05; **P < 0.01; ***P < 0.001.

type exchanges were rarely observed for either pirimicarb or
Aficida® (P > 0.05) (Table 1). Overall, pirimicarb induced a signifi-
cant concentration-dependent increase in the number of abnormal
cells (r = 0.93, P < 0.01) but not Aficida® (r = 0.65, P > 0.05). A regres-
sion analyses showed a concentration-dependent increase in the
frequency of chromatid-type breaks when pirimicarb (r = 0.94,
P < 0.01) or Aficida® (r = 0.92, P < 0.01) were titrated into cultures
while only the frequency of isochromatid-type breaks did in those
pirimicarb-treated cultures (r = 0.96, P < 0.01) but not in those
Aficida®-treated cells (r = 0.80, P > 0.05) (Table 1).

Fig. 1 shows the results of SCEs analysis in CHO-K1 cells treated
during 24 h with 10, 50, 100, 200 and 300 �g/ml of pirimicarb
and Aficida® and as well as after 1 h-pulse of BLM (1 �g/ml,
positive control) obtained from three independent experiments.
Results revealed statistically significant differences between nega-

tive and positive controls (P < 0.001). The SCE frequencies observed
in CHO-K1 treated cultures were significantly higher than those
of negative control cultures when exposed to 100 �g/ml (P < 0.05)
and 200 �g/ml (P < 0.01) of both test compounds. Furthermore,
the capacity of pirimicarb and Aficida® to induce SCEs was found

cells after 12 h treatment with pirimicarb and Aficida® .

Exchangesb TAb

IC C IC

1.00 ± 0.00 0.33 ± 0.00 2.67 ± 0.71 7.33 ± 0,26
1.00 ± 1.00 4.00 ± 0.50*** 20.00 ± 0.22*** 46.00 ± 0.49***

3.00 ± 0.00* 1.00 ± 0.00 3.33 ± 0.84 14.33 ± 0.31**

3.67 ± 0.80** 1.00 ± 0.00 2.33 ± 0.76 23.67 ± 0.46***

10.67 ± 0.47*** 1.00 ± 0.00 2.67 ± 0.71 34.67 ± 0.38***

11.67 ± 0.45*** 0.33 ± 0.00 1.00 ± 0.00 35.33 ± 0.22***

24.67 ± 0.84*** 0.33 ± 0.00 3.00 ± 0.58 59.33 ± 0.57***

5.33 ± 0.25*** 0.33 ± 0.00 1.00 ± 0.00 14.67 ± 0.15***

7.00 ± 0.65*** 0.67 ± 0.71 1.00 ± 0.00 21.00 ± 0.45***

5.67 ± 0.24*** 0.67 ± 0.71 0.67 ± 0.33 23.00 ± 0.49***

6.67 ± 0.89*** 0.33 ± 0.00 2.00 ± 0.71 25.67 ± 0.53***

8.33 ± 0.53*** 0.00 ± 0.00 2.67 ± 0.71 30.67 ± 0.55***

. of the mean from three independent experiments. C, chromatid-type aberration;
as used as positive control.
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equivalent with both concentrations assessed (P < 0.05). No SCE
induction was achieved when cells were treated with 10 and
50 �g/ml of both pirimicarb and Aficida® (P > 0.05). In those
300 �g/ml pirimicarb- or Aficida®-treated cultures, the frequency
of SCEs was unable to be determined since the frequency of M1 cells
reached values as higher as 98–100% of the cell population (Fig. 1).

Results of cell-cycle progression analyses after pirimicarb and
Aficida® treatment are summarized in Table 2. BLM treatment
produced a significant inhibition of the cell-cycle progression com-
pared with the corresponding negative control values (P < 0.001).
A significant delay in cell-cycle kinetics was observed in both
pirimicarb- and Aficida®-treated cultures within 100–300 �g/ml
and 200–300 �g/ml concentration-range, respectively (P < 0.01,
P < 0.001; for pirimicarb- and Aficida®-treated cells, respectively).
Similarly, a significant increase in M1 and a significant decrease
M2 frequencies were observed either when 100–300 �g/ml
concentration-range of pirimicarb (P < 0.01) and 200–300 �g/ml of
Aficida® were titrated into cultures (P < 0.001) (Table 2). An asso-
ciated reduction in the PRI was observed only in those cultures
treated with 200 �g/ml (P < 0.05) and 300 �g/ml of both pure and
formulated compound (P < 0.001). Furthermore, a regression test
showed that the PRI decreased as a function of either the concentra-
tion of pirimicarb (r = −0.97, P < 0.01) or Aficida® (r = −0.88, P < 0.01)
titrated into cultures (Table 2).

The MI data for pirimicarb- and Aficida®-treated cultures
are also presented in Table 2. BLM treatment produced a clear
depression of the MI compared with the corresponding control
values (P < 0.01). For both chemicals, a progressive concentration-
related inhibition of MI was observed for all concentrations
tested (P < 0.05–P < 0.001). A regression test showed that the MI
decreased as a function of either the concentration of pirimicarb
(r = −0.85, P < 0.05) or Aficida® (r = −0.95, P < 0.01) titrated into cul-
tures. When either 300 �g/ml of pirimicarb or Aficida® was used,
the MI of cultures decreased over control values (f = 1.00) by a
mean f of 0.21 ± 0.03 and a mean f of 0.29 ± 0.02, respectively
(Table 2).

4. Discussion

We estimated on CHO-K1 cells the genotoxicity and cyto-
toxicity induction of N,N-dimethylcarbamate pirimicarb and its
commercial formulation Aficida® (pirimicarb 50%), by analyzing
different end-points namely the analysis of CAs, SCE frequency,
cell-cycle progression and MI. The results showed that both prod-
ucts induced a significant concentration-dependent increase in the
number of abnormal cells and chromatid-type breaks. In addition,
the frequency of SCEs and cell-cycle progression were significantly
modified only when concentrations higher than 100 �g/ml of both
test compounds were employed. The capacity of pirimicarb and
Aficida® to induce SCEs was found equivalent for all concentration
assayed. A regression test showed that the PRI decreased as a func-
tion of either the concentration of pirimicarb and Aficida® titrated
into cultures. For both chemicals, a progressive concentration-
related inhibition of MI was observed for all concentrations tested.
Then, the results obtained demonstrated that all in vitro assays
employed were sensitive enough to detect the genotoxicity and
cytotoxicity of the insecticide pirimicarb and its formulated prod-
uct, at least on CHO-K1 cells.

Previous investigations of the genotoxic potential of pirimicarb,
using a wide range of assays for mutagenicity and genotoxicity,
have revealed non-conclusive and contradictory results [12]. More-

over, in spite of the discrepancies of the results reported so far,
pirimicarb has been classified as a moderately hazardous com-
pound (class II) by WHO [10]. Our observations are in agreement
with the classification proposed by the WHO for the potential dele-
terious effect of this N,N-dimethylcarbamate.
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So far, this is the first report demonstrating the ability of both
ure pirimicarb and its formulated product Aficida® to induce
CEs and CAs in mammalian cells in vitro. Similar observations
ave been reported for others N-methyl carbamates using these
wo bioassays. An enhancement of SCEs has been reported after
reatment with aldicarb [35,36], carbaryl [37], propoxur [35,38],
arbofuran [8,35], and methomyl [35]. Induction of CAs has been
lso observed after in vitro exposure to propoxur [35,39], methomyl
35,40], aldicarb [35,41], carbaryl [42], and carbofuran [35,43],
mong others. In in vivo conditions, the available information on the
enotoxic property/ies exerted by pirimicarb is scarce. Pilinskaia
19] reported an enhancement of CAs in occupational workers.
owever, no increase in SCE frequency related to both occupational
nd in vivo laboratory exposure has been reported so far. However,
nd in agreement with the positive genotoxic effects we found in
ur current study, it has been previously observed the ability of
he pesticide to induce single-strand breaks in human lymphocytes
n vitro without metabolic activation [20]. Thus, the capability of

ammalian cells to metabolize this carbamate pesticide could not
e ruled out. Further experiments are required to elucidate whether
his concept is valid for CHO-K1 as well as human lymphocytes or
f it is a common mechanism/s for other mammalian cells.

Our results clearly demonstrated that both pirimicarb and
ficida® induced perturbations of the cell-cycle progression
hen 100–300 �g/ml concentration-range of pirimicarb and

00–300 �g/ml of Aficida® were titrated into cultures, respectively.
his cell-cycle arrest may be an adaptative process in which surveil-
ance mechanism delays the cell-cycle when DNA lesions occur. It
s well known the ability of cells to delay their cell-cycle in order
o repair to take place [44,45].

Studies of toxicity of have been conducted of a number of
etabolites of pirimicarb: three carbamate metabolites, three

ydroxipyrimidine metabolites and three guanidine metabolites.
wo out of the three carbamate metabolites, namely desmethyl
irimicarb and desmethylformamido pirimicarb, were found to be
f the same toxicity order as that of pirimicarb itself whereas lower
oxicity has been reported for the remaining seven derivatives [12].
ccordingly, it has been suggested that the genotoxicity of the
irimicarb could be mostly related to the effect of the desmethyl
irimicarb and/or the desmethylformamido pirimicarb metabolites
12]. So far, the mechanism/s by which N,N-dimethylcarbamate and
heir carbamate metabolites exert genotoxicity is not fully estab-
ished. However, our findings verify previous results depicting the
enotoxicity of pirimicarb through the induction of chromosomal
amage as well as single-strand DNA breaks revealed by the comet
ssay in human lymphocyte cells both in vivo and in vitro [19,20].
ur observations confirmed the findings of other authors reveal-

ng that pirimicarb is able to exert DNA damage in cultured cells
ithout the presence of a microsomal metabolic S-9 fraction dur-

ng culturing [20]. Thus, the non-consistent results reported so far
y the different research groups about the deleterious effects of
irimicarb could be attributed to the ability to convert this type
f pesticide into its carbamate derivatives by the different cellular
ystems employed [12,17,19,20]. Then, it could be assumed that
he deleterious effect induced by insecticide on mammalian cells
s committed to the pesticide itself or to any metabolite/s or any
ther subproducts generated during the treatment period, at least
n human lymphocytes and CHO-K1 cells in vitro.

Several investigations have proved that commercial formu-
ations have the ability to induce DNA damage by themselves
8,22,23,27,46–48]. As a commercial formulation, Aficida® contains
50% of excipients that theoretically not possessing deleteri-
us genotoxic and/or cytotoxic effect/s. However, our results
emonstrated that the excipient contained in Aficida® affects the
enotoxic potential of the insecticide when using the SCE end-
oint. We observed that although only 50% of pirimicarb was
ardous Materials 174 (2010) 410–415

present at each of the concentration tested of Aficida®, the capac-
ity of SCE induction was found equivalent for all concentration
assayed. Three plausible explanations for this peculiar observa-
tion could be suggested. Though almost improbable, the possibility
that the concentration of pirimicarb in the technical formulation
could be higher than 50% could not be discarded. Second, that
the theoretically inert excipients may be, in fact, genotoxicants by
themselves and able to induce SCEs. Finally, the possibility that
during the manufacture of the Aficida®, the parental pirimicarb
could be converted into any carbamate derivative cannot be ruled
out. In spite of any putative explanation, it seems evident that the
component/s of the excipient from the Argentinean pirimicarb-
containing technical formulation Aficida® were able to enhance the
pirimicarb-induced SCEs but not CAs, at least in CHO-K1 cells. In
agreement with this possibility, a positive linear correlationship
was found between the pirimicarb-concentration-range and the
number of induced abnormal cells but not for Aficida® treatment.
Unfortunately, the identity of the excipients present in the com-
mercial formulation we evaluated was not made available to us by
the manufacturer. It is well known that SCEs are considered to be a
reflection of recombinational repair of double-strand breaks [49].
On the other hand, unrepaired or mis-repaired lesions introduced
in the DNA such as single or double-strand breaks, base damages,
base alkylations, DNA cross-links, among others, lead to chromo-
somal aberrations [50]. Although the frequencies of CAs and SCEs
bioassays estimate different deleterious events induced into DNA,
as previously stated, it can be suggested that the former resulted to
be a higher sensitive end-point to detect DNA damage on CHO-K1
cells exposed to pirimicarb than the frequency of SCEs does.

Finally, the study clearly demonstrated that pirimicarb by itself
and even in a greater extend its Argentinean formulation Aficida®

exert both genotoxicity and cytotoxicity in mammalian cells in cul-
ture, at least in CHO-K1 cells. Further studies are required in order
to analyze whether these effects are committed to CHO-K1 cells or
can be extensive to other cell types either in vivo or in vitro.
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