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ABSTRACT. The sugarcane borer Diatraea saccharalis is widely
known as the main pest of sugarcane crop, causing increased damage
to the entire fields. Measures to control this pest involve the use of
chemicals and biological control with Cotesia flavipes wasps. In this
study, we evaluated the insecticides fipronil (Frontline; 0.0025%),
malathion (Malatol Bio Carb; 0.4%), cipermetrina (Galgotrin; 10%),
and neem oil (Natuneem; 100%) and the herbicide nicosulfuron (Sanson
40 SC; 100%) in the posterior region silk glands of 3rd- and Sth-instar
D. saccharalis by studying the variation in the critical electrolyte
concentration (CEC). Observations of 3rd-instar larvae indicated that
malathion, cipermetrina, and neem oil induced increased chromatin
condensation that may consequently disable genes. Tests with fipronil
showed no alteration in chromatin condensation. With the use of
nicosulfuron, there was chromatin and probable gene decompaction. In
the 5Sth-instar larvae, the larval CEC values indicated that malathion and
neem oil induced increased chromatin condensation. The CEC values
for Sth-instar larvae using cipermetrina, fipronil, and nicosulfuron
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indicated chromatin unpacking. These observations led us to conclude
that the quantity of the pesticide does not affect the mortality of these
pests, can change the conformation of complexes of DNA, RNA, and
protein from the posterior region of silk gland cells of D. saccharalis,
activating or repressing the expression of genes related to the defense
mechanism of the insect and contributing to the selection and survival
of resistant individuals.
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INTRODUCTION

In the larval stage, the insect has a pair of silk glands that are responsible for the pro-
duction of silk, which is fully developed in the last instar of larval development (Victoriano
and Gregorio, 2002; Victoriano et al., 2007).

Diatraea saccharalis, sugarcane borer, causes direct damage by drilling holes, lead-
ing to weight loss and causing the death of buds and gaps in sugarcane plantations (Botelho,
1992). When the insect is in the plant, it cuts the stem in circular galleries, causing the toppling
of the cane by the wind and killing the new canes by drying pointers, which is known as dead
heart. Moreover, indirect damage occurs due to the holes that are opened by the larvae, which
allow the entrance of fungi and leaves the inside of the internodes with a red tint, decreasing
the manufacturing yield by the inversion of sucrose, decreasing the purity of the juice, and
causing contamination problems in the process of alcoholic fermentation by decreasing the
production of sugar and alcohol (Botelho, 1992; Heideman et al., 2010).

Sugarcane borer also attacks other economically important crops such as Oryza sativa
(Ferreira et al., 2004), Zea mays, and Sorghum bicolor (Boiga Junior and Lara, 1993).

The biological control of the sugarcane borer in Brazil is performed with the lar-
val parasitoid Cofesia flavipes (Alleyne et al., 2001; Mahmoud et al., 2011). Other ways to
combat these insects have also been studied and include using some kinds of fungi such as
Metarhizium anisopliae (Acevedo et al., 2007), microorganisms such as Bacillus thuringiensis
(Rosas-Garcia, 2006; Wu et al., 2009; Huang et al., 2012), genetically modified plants (Huang
et al., 2007), and agrochemicals (Stefanidou et al., 1996; Rodriguez et al., 2001).

Among the insecticides that are commonly used to control insects, organophosphates
and pyrethroids stand out. They act by damaging the central nervous system of the target,
leading to death (Sackmann et al., 2001). Tavares et al. (2010) used natuneem to control the
outbreak of eggs of D. saccharalis and Spodoptera frugiperda.

Herbicides such as paraquat are also used in sugarcane fields to combat weeds and
come in contact with pest insects, which may result in the activation of defense genes and
stress responses (Hasunuma et al., 2011).

The exposure of insects to different agrochemicals on fields can lead to resistance
(Denholm and Elliot, 1995), which can directly affect their gene expression and DNA. One
way to investigate the integrity of the chromatin of insect cells that were induced by external
agents is through the technique of critical electrolyte concentration (CEC). The CEC for nu-
cleic acids in nucleoprotein complexes has been defined as the inorganic ion concentration at
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which the metachromasia due to nucleic acid toluidine blue staining (violet color) is abolished,
and a green color appears (Vidal and Mello, 1989; Falco and Mello, 1999; Falco et al., 1999).
The CEC of different DNA-protein complexes occurs at different Mg?* concentrations (Vidal
and Mello, 1989; Falco and Mello, 1999; Falco et al., 1999).

RNA analysis with the CEC method was based on the principle that the abolishment
of DNA metachromasia occurs earlier than that of RNA (Mello et al., 1993).

This study aimed to observe the variability in the concentration of Mg* in which
metachromasia was completely abolished (CEC) in the posterior region silk glands of D. sac-
charalis. These results may reflect differences at the level of nucleoprotein complexes that the
stress induced through contact with agrochemicals.

MATERIAL AND METHODS
Biological material

The D. saccharalis larvae used in this study were obtained from the Department of
Biotechnology, Genetics and Cell Biology (DBC), Universidade Estadual de Maringd, PR.
They were kept in glass tubes containing an artificial diet that was developed by Hensley and
Hammond (1968), with modifications. The rearing containers were placed in a biochemical
oxygen demand chamber maintained under controlled temperature condition of 25° + 1°C, 70
+ 10% relative humidity, and a photoperiod of 12 h. Under the described conditions, the full
life cycle of D. saccharalis was maintained, providing eggs, larvae, pupae, and adults. The
adults remained in mating chambers that were built with polyvinyl chloride pipes that were 10
cm in diameter X 25 cm in height and internally coated with paper. After egg laying by the fe-
males, the eggs were collected, washed in appropriate solutions for sterilization, and analyzed
in vivo with the aid of a stereoscopic microscope.

Bioassays with agrochemicals

Filter papers were placed on Petri dishes (120 x 20 mm), and 1 mL solution containing
each agrochemical was added (Table 1).

Table 1. Agrochemical concentrations used.

Agrochemical Concentration (%)
Malathion (Malatol Bio Carb) 0.4

Neem oil (Natuneem) 100.0
Cipermetrina (Galgotrin) 10.0
Nicosulfuron (Sanson 40 SC) 100.0
Fipronil (Frontline) 0.0025

These filter papers were used for experiments with 3rd- and Sth-instar larvae. The
concentration of each of the agrochemicals that was used was based on the application
field, administering a sublethal dose for the insect. Previous tests were conducted to define
optimal concentrations for use in the experiment (Santos SA, Fermino F, Moreira BMT,
Araujo KF, et al., unpublished data). For the control group, 1 mL distilled water was placed
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on the filter paper. Then, 20 larvae were placed on each plate containing artificial diet and
were kept 24 h under controlled temperature at 25° £ 1°C, 70 = 10% relative humidity, and
a photoperiod of 12 h. After this time, the larvae were sacrificed and dissected, and their
silk glands were removed and used in the preparation of the slides.

Preparation of slides

After dissecting the posterior region silk glands, they were placed on slides with 45%
acetic acid and crushed to separate the cellular material. Afterwards, the slides were immersed
in liquid nitrogen and subsequently fixed for 2 min in ethanol:acetic acid (3:1, v/v) followed
by 10 min in a solution of 70% ethanol.

CEC test

The cells were stained for 20 min in a solution of Mcllvaine buffer, pH 4.0, containing
0.025% toluidine blue (Merck, Germany) in the absence or presence of various concentrations
(0.02,0.05,0.08,0.10,0.12, 0.15, 0.20, and 0.30 M) of MgCl, (Merck). To verify the presence
of RNA, after the previous step of staining with toluidine blue, the slides were placed in a
solution of 0.05 M MgCl, (Merck) and withdrawn after 5, 10, and 15 min (Mello et al., 1993,
1999). Then, the slides were washed in distilled water for 5 s, dried at room temperature, kept
for 15 min in xylene, and mounted with Entellan (Merck). For the analysis of the slides, a
Zeiss Axioskop 40 microscope was used along with the Axion Vision 4.6 software. The nuclei
of the cells of the posterior region silk glands that were stained violet were the controls and the
green color correspond to the CEC point.

RESULTS

In 3rd-instar larvae, malathion, cipermetrina, and neem oil increased chromatin con-
densation, which consequently may disable genes (Table 2). The DNA-protein complexes of
posterior region silk glands of the 3rd-instar larvae that contacted fipronil were not different
from those of the control treatment (Table 2). Nicosulfuron resulted in a small decrease in the
CEC value, indicating that there was little unpacking of chromatin compared to the control,
and we may assume that genes were active (Table 2).

The CEC values that were found in the posterior region silk glands of D. saccharalis
in the 5th instar showed chromatin condensation with the use of malathion and neem oil, and
the CEC values in the 3rd instar also pointed toward this observation (Table 2). Fifth-instar
larvae that were treated with cipermetrina and fipronil showed little difference compared to
the control samples, indicating that these insecticides induced no chromatin condensation in
the 5th instar. This result was unlike the results that were observed in the 3rd instar, in which
cipermetrina induced chromatin condensation. In the 5th instar, the CEC point for the nicosul-
furon suggested that the herbicide induced chromatin relaxation.

The analysis of the cells using the modified CEC technique to check the RNA showed
similar results for all agrochemicals, showing the abolition of metachromasia of DNA in 10
min and cytoplasm with an intense RNA presence mainly in the 5th instar when the peak of
silk production occurs.
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Table 2. Critical electrolyte concentration (CEC) values for the chromatin in silk gland cells of 3rd- and 5th-
instar Diatraea saccharalis.

Agrochemical CEC 3rd instar (M) CEC 5th instar (M)
Control 0.12 0.08-0.10
Malathion (Malatol Bio Carb) 0.15-0.20 0.15-0.20
Neem oil (Natuneem) 0.15 0.15
Cipermetrina (Galgotrin) 0.15 0.08
Nicosulfuron (Sanson 40 SC) 0.05-0.08 0.05-0.08
Fipronil (Frontline) 0.12 0.08
DISCUSSION

Magafa et al. (2008) found that a single-point mutation in acetylcholinesterase in
Ceratitis capitata is associated with malathion resistance. Bioinsecticides, such as neem oil,
work only on the Ist-instar larvae and reduce the hatching of D. saccharalis eggs (Tavares et
al., 2010). Batabyal et al. (2009) observed that this bioinsecticide is effective in controlling the
insect Culex quinquefasciatus.

In studies using butane-fipronil on the 4th instar of Plutella xylostella larvae, Liu et
al. (2009) observed that the larvae resistance increased 83.80 times after 10 generations com-
pared to the control larvae.

The use of insecticide is often integrated with biological control of pests such as the
sugarcane borer. This helps to reduce infestation because, when values exceed 3% of the plan-
tation area, biological control using C. flavipes is not enough (Alleyne et al., 2001; Mahmoud
et al., 2011). Furthermore, in many cases, it is necessary to mix insecticides to decrease the
resistance that is acquired by the insects. A mixture of chemicals was used to treat Spodoptera
litura, and the combination of fipronil and cipermetrina efficiently controlled the insect (Ah-
mad et al., 2009).

Sugarcane requires the use of herbicides for weed control. Contact with this type of
product could stimulate some kind of insect response that elicits a change in the CEC level.
Nicosulfuron induced chromatin relaxation in 2 instars, allowing gene activation.

Arthropods, such as Edaphic collembola, were also studied to verify the effect of con-
tact with nicosulfuron (Bretaud et al., 2000; Lins et al., 2007); arthropod populations declined
and there were changes in the activity and molecular forms of acetylcholinesterase.

Fermino et al. (2010) also used CECs to study the nuclear activity of Malpighian
tubules of D. saccharalis, which are divided into 3 regions: proximal, middle, and distal; dif-
ferences in the CECs between the regions were identified. The 5th instar has chromatin that is
more decondensed than in the fourth instar. The distal tubule region was the most decondensed
region of the Malpighian tubules. Our data show that the Malpighian tubules had an elevated
genetic activity in the pre-metamorphosis period.

Differences among the 3rd-instar larvae may occur because during the 5th instar of
larval development, the silk gland is highly active synthetizing silk (Victoriano and Gregorio,
2002; Victoriano et al., 2007) to weave a cocoon for pupation.

Another important factor that can be triggered by stress in the insect contact with agro-
chemicals includes heat shock proteins. These proteins play an important role in protein interac-
tions such as protein folding, assisting in establishing the proper conformation of proteins, and pre-
venting unwanted protein aggregation (Qin et al., 2003; Sonoda et al., 2006; Sharma et al., 2012).
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The effect of fixation in acetic acid and ethanol on the results reported herein may be
considered because the partial extraction of the core histones of the cells was reported after
the action of fixatives, especially after long periods (Mello, 1979). However, it is assumed
that most of the histones are not extracted during the short period of fixation that was used in
this experiment because the recovery of nuclear metachromasia after reaching the CEC was
observed in this and other studies (Mello and Falco, 1996; Monteiro and Mello, 1998).

The analysis of the posterior region silk glands of D. saccharalis allowed us to verify
differences in CEC points relative to the investigated stages according to the agrochemical that
was used. This analysis revealed that, depending on the concentration of the agrochemical,
which is often a sublethal amount, changes occur in the chromatin, activating or repressing
genes that are likely linked to this defense mechanism and may contribute to the selection and
survival of resistant individuals.
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