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� The genotoxic potential of two new metallic-insecticides was evaluated.
� Only one of them induced genotoxic alterations in Allium cepa.
� The genotoxicity can be related to one of the components of its formula.
� None of them was genotoxic to Tradescantia pallida.
� One of the metallic-insecticide tested is environmentally safer.
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a b s t r a c t

In order to combat leaf-cutting ants, the pesticide sulfluramid used to be the most widely utilized active
ingredient. However, its use was banned in 2009 by the Stockholm Convention, although some countries
were allowed to continue using it. As an effective alternative to its replacement, researchers developed a
metallic-insecticide system, which is a natural product linked to metal complexes. Thus, the aim of this
study was to evaluate the ability of these new metallic-insecticides in change the genetic material of
non-target organisms. The tests were performed utilizing chromosomal aberrations and micronucleus
tests in the Allium cepa test system and the Trad-MCN test in Tradescantia pallida. To better understand
the results, one of the components of the formula, 5-methyl-phenanthroline, was also analyzed ac-
cording to the same parameters. To A. cepa, the results showed that one of the metallic insecticides
induced cytotoxicity and genotoxicity at different concentrations, while the other metallic-insecticide
showed chromosomal instability only at the highest concentration. The analysis of 5-methyl-phenan-
throline revealed that it can be related with the positive results, since genotoxic effects were induced. In
the Trad-MCN test, none of the metallic-insecticides showed genotoxic activity, although one of them
induced more micronucleus formation.

© 2016 Elsevier Ltd. All rights reserved.
1. Introduction

Leaf-cutting ants of the genus Atta are one of the major pests
responsible for economic damage in agricultural areas of tropical
and subtropical regions of the Americas (Schoereder et al., 2012).
The processes of tackling these organisms have been conducted,
historically, through synthetic pesticides (Schoereder et al., 2012),
but these methods have low specificity, are highly toxic to non-
target organisms and can cause insect populations to become
etti).
resistant (Hebling et al., 1996).
Since the pesticide dodecachlor was banned in 1993, sul-

fluramid became the most widely used active ingredient against
such organisms (Zanuncio et al., 2000; ABRAISCA, 2011). However,
both the production and degradation of sulfluramid involves per-
fluorooctanesulfonate (PFOS), a substance which is toxic to mam-
mals (Luebker et al., 2005; Fan et al., 2005), birds (Verreault et al.,
2005; Olivero-Verbel et al., 2006), fish (Taniyasu et al., 2003) and
other insects (Bots et al., 2010).

Because of its risk to humans and the environment, in 2009, the
Stockholm Convention decided to ban the production of sul-
fluramid, although countries were allowed to send proposals to
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keep its production when the use was justified (Stockholm
Convention, 2009). In the US, all products containing sulfluramid
have been banned, and stored products could be marketed until
December 2012 (USEPA, 2008).

As an effective alternative to the use of sulfluramid, researchers
developed a metallic-insecticide complex. Its formulation contains
a natural product, the flavonoid hesperetin, linked to metallic
inorganic complexes. Of all the formulations developed, the most
effective against leaf-cutting ants were [Mg(5-Cl-phen)(hesper-
etin)(H2O)2](CH3COO) and [Mg(5-methyl-phen)(hesper-
etin)(H2O)2](CH3COO) (Oliveira et al., 2013).

Theoretically, a good formicide cannot upset the balance of the
environment and, at the same time, it should be effective only
against the target organism. The development of agrochemicals
with less toxicity has become of upmost importance, once the
concern about the environmental health has increased and several
countries have tougher legislation about its application in the
environment (K€ahk€onen and Nordstr€om, 2008). Although the
metallic-insecticides are derived from a natural product, its geno-
toxicity should be evaluated, once flavonoids can change cyto-
chrome P450 activity, cause enzymatic oxidation and inhibit
topoisomere II (Macgregor and Jurd, 1978; Middleton and
Kandaswami, 1994; Silva et al., 1997; Boersma et al., 2000; Snyder
and Gillies, 2003).

For the evaluation of these parameters, well-established ex-
periments performed with higher plants, as Allium cepa and Trad-
escantia pallida, can be used (Leme andMarin-Morales, 2009; Misik
et al., 2011). These bioassays are validated and their protocols are
standardized through a program under International Program on
Plant Bioassays (IPPB) conducted by the United Nations Environ-
ment Program (UNEP) (Ma, 1999). In both tests is possible to
evaluate induction of micronuclei to verify genotoxic and chro-
mosomal instability events and, using A. cepa, is also possible to
evaluate chromosomal aberrations and mitotic index for detection
of genotoxicity and cytotoxicity, respectively (Kirsche-Volders et al.,
2011; Pedro-Escher et al., 2014). Recently, these organisms have
been commonly usedworldwide to detect alterations in the genetic
material caused by agrochemicals (Rodríguez et al., 2015; Liman
et al., 2015; Bianchi et al., 2016; Kuchy et al., 2016), dyes
(Ventura-Camargo et al., 2016), sewage sludge (Martins et al.,
2016), river water samples (Batista et al., 2016) and drugs (Pichler
et al., 2014; Lutterbeck et al., 2015).

Therefore, this study aims to evaluate the toxic, cytotoxic and
genotoxic potentials of two metallic-insecticides at three different
concentrations using the A. cepa test system and Trad-MCN test.
Additionally, for better understanding the results, one of the
components of the formula, 5-methyl-phen (5-methyl-phenan-
throline), was also evaluated.

2. Material and methods

2.1. Metallic-insecticides

The metallic-insecticides used in the study, [Mg(5-Cl-phen)(-
hesperetin)(H2O)2](CH3COO) [1] and [Mg(5-methyl-phen)(hesper-
etin)(H2O)2](CH3COO) [2], as well as one of the components of the
formula, 5-methyl-phen [3], were supplied by the Laborat�orio de
Produtos Naturais [Natural Products Laboratory], from the Federal
University of S~ao Carlos, Brazil. The concentrations utilized in this
study were defined by the developers of the metallic-insecticides
based in mortality tests with ants and bees.

2.2. Soil samples

The soil used in the A. cepa test system, classified as Oxisol, was
collected from the campus of the S~ao Paulo State University, mu-
nicipality of Rio Claro, S~ao Paulo, Brazil (22�2403600S/47�3303600W).
The samples were sieved (mesh < mm), homogenized and dried at
room temperature.

2.3. Germination of A. cepa seeds

Approximately 100 seeds of A. cepa from the same lot and va-
riety (Baia periform) were placed in Petri dishes with approxi-
mately 35 g of soil in order to evaluate the toxic, cytotoxic and
genotoxic potentials of the substances under test. The positive
control group was conducted with seeds exposed to two com-
pounds at potentially toxic concentrations: the herbicide trifluralin,
aneugenic agent, at the concentration of 0.019 ppm (Fernandes
et al., 2007) and methyl methanesulfonate (MMS), clastogenic
agent, at the concentration of 4 � 10�4 M (Rank and Nielsen, 1997).
The negative control (NC) was performed in Petri dish containing
only control soil. The exposures to the substances under test were
carried out at the following concentrations: 0.5 mg/L, 1.0 mg/L, and
2.0 mg/L. The tests were performed in duplicate.

2.4. Preparation of the slides of A. cepa

After five days of exposure to the substances and to the positive
and negative controls, the radicles, approximately 2 cm in length,
were collected and fixed in Carnoy 3:1 (ethanol:acetic acid, v/v) for
6e12 h. After this process, the radicles were transferred to a new
Carnoy fixative and stored at 4 �C until use. For the preparation of
the slides, the radicles were hydrolyzed in 1 M HCl at 60 �C for
10 min and, then, submitted to Schiff's reagent for 2 h (Mello and
Vidal, 1978). Both the meristematic and the F1 region were
sectioned and placed on the slide. To enhance the coloration and
improve cell spreading, one drop of 2% acetic carmine was added,
and, shortly thereafter, the material was covered with a coverslip.
The coverslips were removed in liquid nitrogen and the permanent
slides were mounted with Entellan®. The slides were examined
under a light microscope at 1000� magnification.

2.5. Evaluation of the toxic, cytotoxic and genotoxic potential in
meristematic cells of A. cepa

In total, approximately 10,000 cells were analyzed for each
treatment and for the positive and negative controls. Toxicity was
calculated through the seeds’ germination index (GI). Cytotoxicity
was assessed based on the mitotic index [(MI ¼ n� of dividing cells/
total n� of cells observed)x100]. The genotoxicity was analyzed
based on the number of cells carrying chromosomal aberrations
(CA), such as nuclear buds, anaphasic and telophasic bridges and C-
metaphases. The Genotoxicity Index (GenI) was calculated through
the formula GenI¼(n� of cells with chromosomal aberrations/n� of
cells observed)x100. The Frequency of Micronuclei (FMN) was
determined through the number of cells carrying micronuclei (MN)
through the formula FMN¼(n� of cells with MN/n� of cells
observed)x100. The analysis of the presence of micronuclei can be
used as a biomarker of genotoxic and chromosomal instability
events, which, if not repaired, indicate mutagenic effect.

The results were compared with the negative control through
the Kruskal-Wallis test (p < 0.05).

2.6. Evaluation of cells with micronuclei in the F1 region of A. cepa

The F1 region was analyzed in order to determine the damage
suffered by the meristematic cells when the FMN of the meriste-
matic region was significant and, thus, confirm the indication of
mutagenicity. For this purpose, 10,000 cells of the F1 region of each
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treatment were analyzed and the number of cells with MN was
counted in order to determine the FMN.

The statistical analysis was conducted by comparing the treat-
ments with the negative control using the Kruskal-Wallis test
(p < 0.05).

2.7. Preparation of the slides and evaluation of the genotoxicity
potential in T. pallida

The Trad-MN test was developed based in Ma et al. (1994). In-
florescences of T. pallidawere collected in the Experimental Garden
of the S~ao Paulo State University, Rio Claro, Brazil. To evaluate
genotoxicity, ten young inflorescences were placed in bakers for 8 h
under constant aeration with three different concentrations of the
metallic-insecticides diluted in water (0.5 mg/mL; 1.0 mg/mL and
2.0 mg/mL). After this period of exposure, the inflorescences were
transferred to bakers containing ultrapurewater for 24 h in order to
allow recovery. The same protocol was followed to the negative
control (ultrapure water) and positive control (7.7 � 10�3 mL/mL of
methyl metanesulphonate). Then, the material was fixed in Car-
noy's solution for 48 h and the medium-sized buds were chosen to
prepare the slides. The buds were placed on a slide and macerated
with a razor blade to release the tetrads. A drop of 2% acetic carmine
was added to the material in order to facilitate the procedure and
demonstrate the presence of micronucleated tetrads. The material
was coverslipped and the slides were quickly passed over a flame.
Ten slides were analyzed per treatment under a light microscope
and a total of 3,000 tetrads were examined per treatment. In order
to evaluate genotoxicity, the frequency of micronucleus was
calculated through the formula FMN¼(n� of tetrads with micro-
nucleus/n� of cells observed)x100. The test was performed in
duplicate and the results obtained after exposure to the metallic-
insecticides were compared to the negative control using the
Kruskal-Wallis test (p < 0.05).

3. Results

3.1. Allium cepa test system

3.1.1. Metallic-insecticide [Mg(5-Cl-
phen)(hesperetin)(H2O)2](CH3COO) [1]

The compound did not affect the germination rate of the seeds
and the mitotic index of the cells (Table 1). Genotoxic effects were
significant only at the highest concentration tested, 2.0 mg/L
(Table 1). The main aberrations observed were nuclear buds and
anaphasic bridges (Fig. 1A and B). In the meristematic cells of the
highest concentration, 2.0 mg/L, the presence of micronuclei
(Fig. 1C) suggests chromosomal instability. In order to evaluate if
the micronuclei were transferred and fixed to other regions of the
Table 1
GI andMI, GenI and FMNmean ± standard deviation in meristematic cells and in F1 region
[Mg(5-Cl-phen)(hesperetin)(H2O)2](CH3COO) [1].

Treatments Bioassays GI (%) MI

Control groups NC 93.50 4.71 ± 14.49
TRIF 75.00 3.75 ± 10.32
MMS 73.00 5.46 ± 13.00

Concentrations (mg/L) 0.5 88.00 3.64 ± 10.64
1.0 94.00 3.27 ± 10.28
2.0 93.00 3.15 ± 6.23

NC ¼ negative control; GI ¼ Germination Index; GenI ¼ Genotoxicity Index; MI ¼ Mi
TRIF ¼ Trifluralin.
*p < 0.05 statistically significantly when compared to NC using Kruskall-Wallis test.
organism and confirm the indication of mutagenicity, cells from the
F1 region were analyzed. The data demonstrated that no concen-
tration of the compound had significant result in this region
(Table 1).

3.1.2. Metallic-insecticide [Mg(5-methyl-
phen)(hesperetin)(H2O)2](CH3COO) [2]

The index of germination revealed no toxicity for this metallic-
insecticide (Table 2). Statistically significant cytotoxicity was
found at a concentration of 2.0mg/L, once a reduction in themitotic
index was observed. In the meristematic cells, statistically signifi-
cant genotoxicity was evidenced by the presence of metaphases
with adherence (Fig. 1D), nuclear buds and anaphasic bridges at
concentrations of 0.5 mg/L and 1.0 mg/L (Table 2). However, the
statistical analysis revealed no significant number of micronuclei
for any concentrations tested (Table 2).

3.1.3. Analysis of one of the components of the formula, 5-methyl-
phenanthroline [3]

The metallic-insecticide [2] induced statistically significant
cytotoxic and genotoxic effects. Therefore, to better understand the
results, one of the components of its formulation, 5-methyl-phe-
nanthroline, was also evaluated in order to determine its potential
toxicity and, thus, determine whether its presence may be related
to the toxicity found. In the meristematic cells, the analysis showed
that 5-methyl-phen was able to induce nuclear buds and meta-
phase with adherence at the concentration of 0.5 mg/L indicating
statistically significant genotoxicity. At the concentration of 2.0 mg/
L, statistically significant cytotoxicity was evidenced by the reduc-
tion of the mitotic index (Table 3).

3.2. Trad-MCN test

In T. pallida, the results showed that none of the tested con-
centrations to both metallic-insecticides were able to induce
micronucleus formation in a significantly way. However, the fre-
quency of micronucleus (Fig. 2) induced by the metallic-insecticide
[2] were higher than metallic-insecticide [1] (Table 4), especially in
1.0 mg/L (two-fold higher) and in 2.0 mg/L (three-fold higher).

4. Discussion

Higher plants enable detecting, cytologically, mutagens that
cause cell inhibition, induction of chromosomal, numerical and
structural aberrations, ranging from chromosome fragmentation to
the disorganization of the mitotic spindle (Tedesco and
Laughinghouse, 2012). The use of these organisms is simple,
confident and cost-effective (Geras'kin et al., 2011). Thus, the
A. cepa test and the Trad-MCN test enabled the evaluation of the
after exposure to NC, TRIF, MMS and different concentrations of metallic-insecticide

GenI FMN

Meristematic region F1 region

0.10 ± 0.16 0 0
0.76 ± 0.77* 0.57 ± 0.68* 0.30 ± 0.27*
0.72 ± 0.36* 1.69 ± 1.79* 029 ± 0.33*

0.15 ± 0.12 0.07 ± 0.10 0.01 ± 0.03
0.11 ± 0.11 0.05 ± 0.09 0.01 ± 0.04
0.29 ± 0.14* 0.07 ± 0.06* 0.01 ± 0.04

totic Index; MMS ¼ methyl methanesulfonate; FMN ¼ Frequency of micronuclei;



Fig. 1. Chromosomal aberrations observed in meristematc cells of A. cepa exposed to metallic-insecticides [Mg(5-Cl-phen)(hesperetin)(H2O)2](CH3COO) (A, B and C) and [Mg(5-
methyl-phen)(hesperetin)(H2O)2](CH3COO) (D). A. nuclear bud; B. anaphasic bridges; C. micronucleus; D. metaphase with adherence.

Table 2
GI and MI, GenI and FMNmean ± standard deviation in meristematic cells after exposure to NC, TRIF, MMS and different concentrations of metallic-insecticide [Mg(5-methyl-
phen)(hesperetin)(H2O)2](CH3COO) [2].

Treatments Bioassays GI (%) MI GenI FMN

Control groups NC 82.00 6.17 ± 2.65 0.02 ± 0.08 0.04 ± 0.11
TRIF 54.00 4.98 ± 2.34 0.49 ± 0.53* 0.52 ± 0.59*
MMS 88.50 4.99 ± 2.05 1.81 ± 1.30* 10.00 ± 4.34*

Concentrations (mg/L) 0.5 92.50 4.53 ± 1.55 0.14 ± 0.21* 0.09 ± 0.25
1.0 87.50 4.74 ± 1.68 0.18 ± 0.29* 0.09 ± 0.27
2.0 89.50 3.60 ± 1.21* 0.13 ± 0.21 0.07 ± 0.17

NC¼ negative control; GI¼Germination Index; GenI¼Genotoxicity Index; MI¼Mitotic Index; MMS¼methyl methanesulfonate; FMN¼ Frequency ofMN; TRIF¼ Trifluralin.
*p < 0.05 statistically significantly when compared to NC using Kruskall-Wallis test.

Table 3
GI and MI, GenI and FMN mean ± standard deviation in meristematic cells after exposure to NC, TRIF, MMS and different concentrations of compound 5-methyl-phenan-
throline [3] found in metallic-insecticide [2].

Treatments Bioassays GI (%) MI GenI FMN

Control groups NC 59.50 4.04 ± 1.58 0.08 ± 0.21 0.23 ± 0.36
TRIF 28.00 4.8 ± 2.25 1.91 ± 2.11* 0.92 ± 0.91*
MMS 47.50 6.67 ± 2.41* 1.39 ± 1.01* 5.91 ± 3.56*

Concentrations (mg/L) 0.5 67.50 3.95 ± 1.16 0.23 ± 0.28* 0.52 ± 1.14
1.0 76.50 3.76 ± 1.33 0.09 ± 0.14 0.18 ± 0.26
2.0 66.50 2.52 ± 1.68* 0.09 ± 0.25 0.57 ± 0.65

NC ¼ negative control; GI ¼ Germination Index; GenI ¼ Genotoxicity Index; MI ¼ Mitotic Index; MMS ¼ methyl methanesulfonate; FMN ¼ Frequency of micronuclei;
TRIF ¼ Trifluralin.
*p < 0.05 statistically significantly when compared to NC using Kruskall-Wallis test.

Fig. 2. Tetrads cells of T. pallida. A. control group; B. tetrad containing micronucleus (arrow) exposed to metallic-insecticide [Mg(5-methyl-phen)(hesperetin)(H2O)2](CH3COO).
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toxicity, genotoxicity and chromosomal instability caused by the
metallic-insecticides [1], [2] and one of the components of its for-
mula [3].

In the A. cepa test, the two metallic-insecticides did not change
the germination rate, since the seeds germinated at a similar rate to
control soil. Positive controls had low germination due to the
inhibitory action of trifluralin andMMS (Fernandes et al., 2013). The
analysis of mitotic index revealed that only metallic-insecticide [2]
can be cytotoxic. According to Fernandes et al. (2007), both the
increase and the decrease of MI are important indicators of



Table 4
Frequency of micronucleus and mean ± standard deviation in tetrads cells of T. pallida after exposure to NC, MMS and different concentrations of the metallic-
insecticides.

Treatments Bioassays Metallic-insecticide [1] Metallic-insecticide [2]

Control groups NC 0.06 ± 0.17 0.06 ± 0.13
MMS 0.38 ± 0.51 0.53 ± 0.41

Treatments (mg/L) 0.5 0.06 ± 0.17 0.08 ± 0.18
1.0 0.11 ± 0.19 0.24 ± 0.33
2.0 0.06 ± 0.13 0.21 ± 0.34

NC ¼ negative control; MMS ¼methyl methanesulfonate; metallic-insecticide [1] ¼ [Mg(5-Cl-phen)(hesperetin)(H2O)2](CH3COO); metallic-insecticide [2] ¼ [Mg(5-
methyl-phen)(hesperetin)(H2O)2](CH3COO).
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environmental pollution: when it is lower than in the control, there
is alteration in the development of the organism; when it is higher,
the increase of cell division can indicate a disorder in cell prolif-
eration and, even, the formation of a tumor.

Using the A. cepa test system, a decrease in the number of
mitosis was also found by Akdeniz and €Ozmen (2011), when
studying the biopesticide oximatrin, and by Anjana and Thoppill
(2013) when studying aqueous extracts of the plant Pogostemom
auricularius. In Vicia faba, the natural formicide Macex® was also
responsible for decreasing the mitotic index (Cotelle et al., 2012).
The decrease in mitotic activity may have been caused by the in-
hibition of DNA synthesis or by the blockage of the G2 phase of the
cell cycle, preventing the cell from dividing (Türkoglu, 2008).

Regarding genotoxicity, chromosomal aberrations were induced
in the meristematic region of A. cepa by metallic-insecticides [1]
and [2]. Metallic-insecticide [1] induced aberrations only at 2.0 mg/
L and compound [2] at 0.5 mg/L and 1.0 mg/L. These alterations are
characterized both by changes in chromosome structure and in its
total number and can occur spontaneously or as a result of exposure
to chemical and physical agents (Russel, 2002).

Among the aberrations induced by these compounds, anaphases
with bridge were the most frequent. According to Hoffelder et al.
(2004), anaphasic bridges are a common cause and an indicator
of chromosomal instability. This phenomenon can occur as a result
of chromosomal adherence (Marcano et al., 2004; Brossi, 2008), by
telomere shortening (De Lange, 2002) or by an unequal trans-
location or inversion of chromosome segments (G€omürgen, 2005).

According to the results obtained, the chromosomal bridges
observed here were probably formed by chromosomal adherence,
since this alteration was one of the most induced by the two
compounds. According to Marcano et al. (1999) and Kur�as (2004),
chromosomal adherence is a type of abnormality that does not
affect the DNA molecule itself, but the protein matrix of the chro-
matin, probably the amount of histones or other proteins that
regulate its structure.

Adherent chromosomes have been observed in roots of A. cepa
after treatment with various metals, such as Hg, Ni and Cu (Fiskej€o,
1993; Monte-Egito et al., 2007; Francisco et al., 2014). Although the
tested compound contained the metal magnesium, studies have
shown that it has no genotoxic effects at physiologically relevant
doses. Once this substance is essential to the organism, magnesium
plays an important role in genomic stability, such as in DNA repli-
cation and protein synthesis, having a function as a cofactor in
repair proteins, in the maintenance of the anti-oxidant status of the
cell and in the regulation of cell cycle and apoptosis (Hartwig,
2001).

However, both histones and magnesium bind to DNA through
the same site, the phosphate groups (Naora et al., 1961). Therefore,
a competition may have occurred between these two components,
leading, consequently, to the formation of the aberrations found.

The presence of micronuclei, an indicative of chromosomal
instability, was only observed in cells of the meristematic region in
A. cepa at the highest concentration of the metallic-insecticide [1].
However, the analysis of the F1 region demonstrated that such
damage was not passed on to the other cells of the organism. Ac-
cording to Ma et al. (1995), after the end of mitotic division in the
meristematic cells, the possible DNA damage of these cells would
be visualized in the form of micronuclei in their daughter cells,
which correspond to the F1 cells in A. cepa. In the case of metallic-
insecticide [1], the cellular repair mechanism was able to reverse
the damage caused, preventing fixation of micronuclei in the F1
region cells.

In T. pallida, although none of the complexes induced significant
formation of micronuclei, the metallic-insecticide [2] showed
higher frequency. The results support those obtained for A. cepa,
where metallic-insecticide [2] were more toxic. The analyses of
micronucleus in T. pallida are realized in tetrads cells, which are
under meiosis process. According to Steinkellner et al. (1998), the
evaluation of micronucleus inmeiosis cells is more sensitive than in
mitosis cells when exposed to heavy metals and g radiation.
However, in this study, the A. cepa test was more sensitive. In a
study performed by Misik et al. (2014) with cytostatic drugs, the
genotoxicity was quite similar, regardless if induction of MN was
monitored in T. pallida or in A. cepa.

Genotoxic and mutagenic tests are extremely important in
studies evaluating the efficacy and safety of molecules in the early
stages of the development of new substances (Jena et al., 2002).
Akhtar et al. (2012), when evaluating a herbo-metallic formulation
in human lymphocytes, concluded that the highest concentrations
tested are responsible for inducing genotoxicity. Vardhini et al.
(2010) found no formation of micronuclei induced by another
herbo-metallic formulation. Natural formicides were evaluated by
Cotelle et al. (2012) and Tiepo et al. (2010), and they concluded that
their respective products can be considered environmentally safe.

Considering the two metallic-insecticides evaluated, metallic-
insecticide [2] had significant cytotoxic and genotoxic results in
different concentrations in A. cepa and induced higher micronu-
cleus frequency in T. pallida, while metallic-insecticide [1] showed
genotoxicity only at the highest concentration. In order to better
understand the results, one of the components of the formulation
of compound [2], 5-methyl-phenanthroline [3], was assessed using
the same parameters. The results demonstrate that compound [3]
can be related to the toxicity found in metallic-insecticide [2], once
it showed cytotoxicity and genotoxicity. Studies with 1,10-
phenanthroline complexed with Cu(I) and Cu(II) have indicated
that these substances can be toxic (Pope and Sigman, 1984;
Florence et al., 1985; Goldstein and Czapski, 1986). According to
Whittaker et al. (2001), phenantroline can bemutagenic evenwhen
is isolated.

Another component present in the formulas of metallic-
insecticides corresponds to hesperetin, a flavonoid found in citrus
fruits. However, it seems to have no relation to the positive results,
although some flavonoids have shown genotoxicity in eukaryotic
and prokaryotic systems (Boos and Stopper, 2000; Heo et al., 2001;
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Misra et al., 2002). According to Snyder and Gillies (2002), hes-
peretin has no ability to intercalate with DNA, and in a 2003 study,
the same authors demonstrated that hesperetin can reduce by 80%
the induction to formation of micronuclei by other flavonoid,
genistein.

However, it is important to consider that transition metals, such
as copper and manganese, can affect the genotoxicity of some fla-
vonoids, although for hesperetin no alteration has been verified
(Snyder and Gillies, 2002).

Considering the two metallic-insecticides evaluated, the
metallic-insecticide [2] obtained results that evidence some toxic
action to both test organisms. The analysis of one of the compo-
nents of its formula revealed that it can be related to the positive
results, since it also has shown toxic effects for the parameters
evaluated. Therefore, metallic-insecticide [1] is found to be an
environmentally safer alternative to combat leaf-cutting ants.
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