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Abstract – Leaf-cutting ants are considered pests in 

agriculture, causing great economic losses. The aim of this 

study was to evaluate the effects of the insecticides Fipronil 

and Thiamethoxam on Atta sexdens rubropilosa workers 

through toxicological and morphological bioassays. The 

workers were submitted to applications of the 1 µl Fipronil 

and Thiamethoxam at sublethal doses: LD50, LD50/10 and 

LD50/010 (acetone was used as control). The results obtained by 

the confocal microscopy showed loss of fluorescence in the 

postpharyngeal glands, midgut, and Malpighian tubules 

during treatment with both insectides, which revealed the 

cytoskeleton degradation. However, during treatment with 

Thiamethoxam, was observed that loss was not as evident as 

in the groups treated with Fipronil. In the histological analysis 

during treatment with both insecticides, there was a notable 

difference in the structure of the organs where characteristics 

indicative of cell death were observed. The combination of 

morphological data with data from bioassays of toxicity 

suggests that Fipronil acts directly on the organs analyzed, 

with a higher efficiency than Thiamethoxam and can therefore 

be considered more toxic in this study. 
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I. INTRODUCTION  
 

Leaf-cutting ants are the dominant species in both natural 

and human-disturbed settings where they occur, and are 

considered to be a keystone species because of their 

influence on the environment; these ants contribute largely 

to environmental diversity, productivity, and nutrient and 

energy flow [1]-[2]. More recently, leaf-cutting ants have 

been regarded as ecosystem engineers because they 

modulate, directly and indirectly, resource availability to 

other species by changing the physical state of biotic and 

abiotic materials [3]-[4]-[5]-[6]-[7]. Their activity modifies 

soil properties by improving aeration, drainage and root 

penetration, and by increasing organic matter and nutrient 

mineralization and availability [8]-[9]-[10]-[11]-[12]-[13]. 

Secondary seed dispersal and improved germination by 

manipulation have also been associated with the activity of 

leaf-cutting ants [14]-[15] and their symbiotic relationships 

have led to recent antibiotic discoveries, including 

candicidin and dentigerumicin [16]-[17] In addition, leaf-

cutting ant colonies are considered to be models for 

designing improved agricultural management for 

sustainable production. 

The notoriety of leaf-cutting ants as pests is in startling 

contrast to their environmental importance and benefits. 

This apparent paradox is not difficult to understand in areas 

where leaf-cutting ants are native, however, in human-

altered environments (e.g. agriculture and reforestation 

fields) these ants are considered important pests. In 

silviculture, agriculture, and pasture in Brazil because they 

cause severe defoliation of plants [18]-[19].  

Cultural, biological, and chemical approaches have been 

studied to control these ants [20], but the only large-scale 

technology available is based on chemical control. 

Chemical strategies differ in their formulation and mode of 

application, and fogging and toxic baits are the most 

efficient strategies for ant control [21]. The incorporation of 

toxic baits in the food cycle of ant colonies is efficient and 

allows the insecticide to act after ingestion [22]. 

Nevertheless, this system requires slow toxic activity of the 

active ingredient present in the bait so that it can be widely 

distributed throughout the colony before the first symptoms 

of poisoning develop [23]-[24]. Recent toxicological 

analyses of several active ingredients used in pest control 

revealed that cellular respiration inhibitors yield 

satisfactory results for use in the control of leaf-cutting ant 

[25]-[26]-[27]. 

Insects, weeds and diseases are major biotic factors that 

cause losses in agricultural production. It makes necessary 

the continuous development of new molecules [28] with 

selective properties and specific action [29] is necessary for 

their control. To be launched in the market, insecticides are 

subjected to a battery of ecotoxicological tests to ensure that 

they are safe for the environment, including the pollinators 

[30]. Fipronil is an insecticide that is registered for use in 

Brazil. It is a neurotoxic insecticide from the 

phenylpyrazole group, which acts as a blocker from the 

gamma-aminobutyric acid receptor (GABA), resulting in 

non-inhibition of nerve impulses. It results in 

hyperexcitation of the nervous system, paralysis and death 

of the organism [31]. Fipronil is recommended for insects 

control in various crops such as sugarcane, soybeans, corn, 

eucalyptus and others [32]. However, beyond the target 

insects, Fipronil has demonstrated high toxicity on insects 

no target [33]. 

Thiamethoxam is a systemic insecticide in the class of 

neonicotinoids. It has a broad spectrum of activity against 

many types of insects. Thiamethoxam is a broad-spectrum, 

systemic insecticide, which means it is absorbed quickly by 

plants and transported to all of its parts, including pollen, 

where it acts to deter insect feeding. An insect can absorb it 

in its stomach after feeding, or through direct contact, 

including through its tracheal system. The compound gets 

in the way of information transfer between nerve cells by 

interfering with nnicotinic acetylcholine receptors in the 

central nervous system, and eventually paralyzes the 

muscles of the insects [34]. Although several studies have 
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evaluated the toxic activity of chemicals in ants, only a few 

have described the morphological alterations in insect 

tissues caused by these compounds [35]. 

The postpharyngeal glands is part of salivary system of 

ants and regardless of sex, caste or mode of life are present 

in pairs and are located dorsally in the transition between 

the pharynx and esophagus [36]-[37]. They originate from 

the ectoderm and emerge during the post-embryonic 

development (final phases of pre-pupa) from two dorsal 

evaginations of the pharyngeal epithelium [38]-[39]. We 

believe that the postpharyngeal glands of Formicidae, the 

functions of which remain unclear, may exhibit 

morphological alterations caused by toxic compounds 

present in the hemolymph. 

The midgut and the Malpighian tubules are involved in 

the absorption and excretion of chemical compounds, 

respectively. Morphological analysis of these organs may 

reveal ultra-structural alterations caused by toxic 

substances [40]-[41]. According to Sumida et al. [35], a 

chemical compound that is absorbed by the gut, but not 

properly excreted by the Malpighian tubules, may remain in 

the hemolymph and indirectly interfere with the absorption 

of glandular product precursors from the hemolymph by the 

glands.  

Cintra-Socolowski et al. [42] verified the neurotoxic 

action of sublethal doses of fipronil on the mushroom 

bodies of brains from the leaf-cutting ant Atta sexdens 

rubropilosa through immunocytochemistry analysis for the 

protein synapsina and concluded that sublethal doses of the 

insecticide fipronil intensified synapsin immunostaining, 

suggesting an increased release of neurotransmitters, which 

may be linked to neurotoxicity and overexcitation. Decio et 

al.[43] already evaluated the effects of hydramethylnon on 

Atta sexdens rubropilosa workers through toxicological 

bioassays and morphological analysis of the post-

pharyngeal glands, midgut, and Malpighian tubules; the 

results revealed morphological alterations in the midgut and 

Malpighian tubules of workers treated with HA, whereas 

alterations of the post-pharyngeal glands were observed in 

the HAO-treated group indicating that the presence of soy 

oil provided an alternate route for the ingestion of the 

formicide’s active ingredient. 

When deciding which type of microscopy to use, one may 

ask: “Why confocal microscope?” Transmission electron 

microscopy offers superb resolution, however it is 

damaging to living specimens and suffers from fixation and 

sectioning artifacts. Conventional light microscopy allows 

examination of living and fixed cells with a variety of 

imaging modes including fluorescence. However, 

ultrastructural details cannot be obtained because of the 

relatively low resolution of the light microscope. Another 

difficulty with conventional light microscopy is that it 

suffer from out-of-focus information, which often blurs the 

image. Video image processing can help “clean up” the 

images by improving contrast and detection, but does not 

completely eliminate the problem [44]. 

Therefore, the aim of this study was to evaluate the 

toxicity of Fipronil and Thiamethoxam on Atta sexdens 

rubropilosa Forel (Hymenoptera: Formicidae) workers, as 

well as to perform morphological analysis of the 

postpharyngeal glands, midgut and the Malpighian tubules 

in order to verify the toxic effects of these insecticide on 

cellular level. 

   

II. MATERIAL AND METHODS  

 

1) Bioassays 
The Atta sexdens rubropilosa Forel (Hymenoptera: 

Formicidae) workers used in the assays were randomly 

collected from laboratory nests on the São Paulo State 

University (UNESP) campus in Rio Claro, São Paulo State, 

Brazil. Their body mass was 20–25 mg. Prior to initiation 

of the assays, the nests were supplied daily with leaves of 

Eucalyptus alba, oat seeds and occasionally with the leaves 

of other plants such as Hibiscus sp., Ligustrum sp. or 

rosebush petals. Forty ants were taken from the nests and 

put into four Petri dishes (ten ants each) for each treatment. 

During the assays, the ants were maintained on an artificial 

diet prepared with glucose (50 g L−1), bacto-peptone (10 g 

L−1), yeast extract (1.0 g L−1) and agar (15 g L−1) in distilled 

water (100 mL) [45]. 

The ants were maintained in na incubator for 24 h at a 

temperature of 25 ± 1º C and a relative humidity ranging 

between 70 and 80%. The active ingredient fipronil used in 

the tests had greater than 99% purity, from a test batch 

kindly provided by the insecticide industry. The main 

solutions, from which all other concentrations were made, 

was prepared by diluting 0.001 g of active ingredient in 100 

mL of acetone, forming a concentration of 10 μgmL−1. The 

solution was kept in amber glass and cold (3.0º C) until use. 

For Fipronil the LD50 value was established as 1.42 ng ant−1, 

and the sublethal doses used were LD50/10 0.142 ng ant−1 and 

LD50/100 0.0142 ng ant−1 [42]. For Thiamethoxam the LD50 

value was established as 9.31 ng ant−1, and the sublethal 

doses used were LD50/10 0.931 ng ant−1 and LD50/100 0.0931 

ng ant−1. 

The ants of the experimental group received a topical 

application (with the aid of a micropipette) of 1 mL of 

solution containing the insecticide to be tested on the dorsal 

thorax and were then transferred to Petri dishes. The ants of 

the acetone control group received 1 mL of acetone, and the 

ants of the control group were only placed in Petri dishes 

without any contact with acetone or insecticide. After 

application of the solutions containing the active ingredient, 

the deadants were counted for each concentration after 4h, 

24 h and 48h. 

2) Postpharyngeal glands, midgut and the Malpighian 

tubules preparation, immunofluorescence and nuclear 

staining. 
The organs were extracted from the samples 4h, 24 h and 

48h after application of 0.42, 0.142 and 0.0142 ng ant−1. The 

ants were anaesthetised at 0º C for 3 min and decapitated. 

The organs were immediately dissected in phosphate-

buffered saline (PBS). After dissection, were immediately 

fixed in 4.0% paraformaldehyde for 2 h. After fixation, two 

rinses in PBS were performed, followed by 

permeabilisation with 0.2% Triton X-100 (in PBS) for 30 

min. After two additional rinses in PBS, the material was 

incubated overnight with a mouse monoclonal antibody 

(MOUSE) against the α-tubulin and β-tubulin. After 
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washing in PBS, preparations were incubated with a 

secondary antibody, a goat antimouse antibody conjugated 

to Cy5 (1:1000 in PBS), for 2 h at room temperature, then 

washed 2 times with PBS (5 min each). For the labeling 

actin material was incubated with Alexa solution Fluor 488 

Phalloidin for 30 min at room temperature and in the dark, 

then was stained with DAPI to mark nuclei for 10 min, 

washed 2 times with PBS (5 min each). The slides were 

mounted using Prolong gold antifade reagente. The analysis 

was performed by laser scanning confocal microscope 

(ZEISS - LSM780). 

3) Statistical Analysis 
The intensity of the fluorescence emitted (grayscale) both 

for actin as the tubulin was quantified using the ImageJ 

software. The Shapiro-Wilk test was carried out to assess 

normal distribution of data using the statistical software 

BioEstat, and then the parametric statistical test one-way 

ANOVA was performed with a significance level of 95%. 

In cases where significant differences were observed, a 

pairwise Tukey test was used to check which groups were 

different from each other, using the software Statistica 7. 

4) Morphological Analysis 
4.1) Harris hematoxylin and aqueous eosin staining [46] 

During the assays, the ants were maintained on an 

artificial diet prepared with glucose (50 g L−1), bacto-

peptone (10 g L−1), yeast extract (1.0 g L−1) and agar (15 g 

L−1) in distilled water (100 mL) [45]. The ants of the 

experimental group received a topical application (with the 

aid of a micropipette) of 1 mL of solutions containing the 

insecticides to be tested (LD50, LD50/10 and LD50/100) on the 

dorsal thorax and were then transferred to Petri dishes. The 

ants of the acetone control group received 1 mL of acetone. 

The ants were anaesthetised at 4º C for 3 min and 

decapitated. To extract the PPGs, midgut and the 

Malpighian tubules dissection was performed in Petri 

dishes containing saline solution (20 mM Na2 

HPO4/KH2PO4, pH 7.4, and 130 mM NaCl) under a Zeiss 

stereomicroscope using dissecting forceps. The organs were 

extracted from the samples 4h, 24 h and 48h after 

application. The organs were fixed in paraformaldehyde in 

0.1 M phosphate-buffered saline (PBS, pH 7.4) for 2h at 

room temperature, then washed in PBS, dehydrated in a 

graded alcohol series (70–100%), transferred to the 

embedding resin, and stored overnight at 4ºC. After 

embedding in resin, the tissues were immersed in historesin, 

and 5-µm sections were cut on a microtome. The sections 

were stained with hematoxylin-eosin, mounted in Canada 

Balsam, and subsequently were examined under a light 

microscope (Olympus BX51; Olympus America, Center 

Valley, PA). Micrographs were obtained using a digital 

camera (Olympus DP-71) that was fitted to the microscope 

and coupled to a Dell computer. DP Controller software 

(Olympus America) was used for image acquisition. 

  

   
Fig. 1. Confocal microscopy 
showed loss of fluorescence in the 

postpharyngeal glands during 

treatment with Fipronil, which 
showed a greater fluorescence in 

control, marking the actin (ac) in 

green, the tubulin (t) in red and 
nucleus (n) in blue. - A: control 4h, 

B: control 24h, C: control 48h; D: 

LD50/100 4h, E LD50/100 24h, F: 
LD50/100 48h; G: LD50/10 4h, H: 

LD50/10 24h; I: LD50/10 48h; J: LD50 

4h, K: LD50 24h, L: LD50 48h. 

Fig. 2. Confocal microscopy 
showed loss of fluorescence in 

the midgut and Malpighian 

tubules during treatment with 
Fipronil, which showed a greater 

fluorescence in control, marking 

the actin (ac) in green, the tubulin 
(t) in red and nucleus (n) in blue. 

– A.B: control 4h. C.D: LD50 48h. 

E.F. Malpighian tubules – E: 
control 4h, F: LD50 48h. 

 

 

III. RESULTS 
 

Using the program laser scanning confocal microscope 

(ZEISS - LSM780) it was possible to measure the intensity 

of the emitted fluorescence in the the postpharyngeal 

glands, midgut and the Malpighian tubules. 

The intensity of fluorescence emitted to actin and tubulin 

was measured using the ImageJ software and applied 

parametric statistical test one-way ANOVA (BioEstat). For 

the ratio control group C 48h x groups submitted to 

treatment in sub-lethal dose of Fipronil LD50/100 48h, LD50/10 

48h and LD50 48h there was a decrease of cytoskeleton 

fluorescence intensity for post pharyngeal gland that 

showed significant actin differences (F = 44.2616, p 

<0.0001) and tubulin (F = 8.1588, p <0.0019), for midgut, 

actin (F = 57.3034, p <0.0001) and tubulin (F = 69.2708, p 

<0.0001) and for Malpighian tubules, actin (F = 33.1284, p 

<0.0001) and tubulin (F = 45.6081, p <0.0001) (Table I). 

For relative control group C 48h x groups submitted to 

treatment in sublethal dose of Thiamethoxam LD50/100 48h, 

LD50/10 48h and LD50 48h can also be observed a decrease 

in cytoskeletal fluorescence intensity for post-pharyngeal 

gland revealed significant differences actin (F = 100.0791, 

p <0.0001) and tubulin (F = 14.8226, p <0.0002), for midgut 

actin, F = 44.2578, p<0.0001) and tubulin (F = 18.8794, 

p<0.0001) and for Malpighian tubules, actin (F = 31.9036, 

p< 0.0001) and tubulin (F =18.9105, p< 0.0001) (Table II). 

The results obtained by the confocal microscopy showed 

loss of fluorescence in the postpharyngeal glands, midgut 

and the Malpighian tubules during treatment with the 

insecticides, which showed a greater fluorescence in 

control, marking the actin in green, the tubulin in red and 

nucleus in blue. 
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Fig. 3. Confocal microscopy showed 

loss of fluorescence in the 
postpharyngeal glands during 

treatment with Thiamethoxam, which 

showed a greater fluorescence in 
control, marking the actin (ac) in 

green, the tubulin (t) in red and 

nucleus (n) in blue. - A: control 4h, B: 
control 24h, C: control 48h; D: 

LD50/100 4h, E LD50/100 24h, F: LD50/100 

48h; G: LD50/10 4h, H: LD50/10 
24h; I: LD50/10 48h; J: LD50 4h, K: 

LD50 24h, L: LD50 48h. 

Fig. 4. Confocal microscopy 

showed loss of fluorescence in 
the midgut and Malpighian 

tubules during treatment with 

Thiamethoxam, which showed 
a greater fluorescence in 

control, marking the actin (ac) 

in green, the tubulin (t) in red 
and nucleus (n) in blue. – A.B: 

control 4h. C.D: LD50 48h. E.F. 

Malpighian tubules – E: 
control 4h, F: LD50 48h. 

 

 

The fluorescence of the tissue has been gradually 

decreasing during treatment with Fipronil and showed 

weaker still at sublethal dose LD50, which revealed the 

cytoskeleton degradation (Fig. 1 and 2). During treatment 

with Thiamethoxam, it can also be observed loss of 

fluorescence in the organs, but when comparing the control 

groups with treatment groups is noted that the loss was not 

as evident as in groups treated with Fipronil, and this loss 

became more evident only in sublethal dose LD50, 

corroborating the data obtained with the previously midgut 

and Malpighian tubules (Fig. 3 and 4).  

Fig. 5 and 7 shows the postpharyngeal glands of control 

ants. The glandular lobular epithelium had cuticles on the 

apical portion that aligns the lumen, and in the nuclei of 

gland cells the chromatin appears decondensed with visible 

nucleoli (Fig. 5A-C, 7A-C). A thicker glandular epithelium 

was observed in glands in the groups treated with Fipronil 

(Fig. 5D-I) and Thiamethoxam (7D-I), mainly in sublethal 

dose LD50 (Fig. 5J-L, 7J-L). Pyknotic nuclei and nuclei with 

marginalized chromatin were observed in all treatment 

groups with both insecticides, which also displayed 

vacuolated cytoplasmic regions (Fig. 5D-L, 7D-L). 

Fig. 6A, B and 8A, B shows the midguts of ants from the 

control group, where no obvious morphological alterations. 

Large numbers of secretory vesicles were found in the 

midgut cells along the entire epithelium. Moreover, the 

nuclei of cells were decondensed. 

About the morphological alterations caused by both 

insecticides in the midgut shown was observed: nuclear 

pyknosis cells, drastically reducing the amount of secretory 

vesicles in the epithelium and the large amount of 

vacuolization of the cytoplasm of cells (Fig. 6C-E, 8C, D). 

The vacuoles may reflect programmed cell death 

autophagic type. 

Fig. 6F, G and 8E shows Malpighian tubules from control 

ants. In the ventricular region where the tubules inserted, 

  

   
Fig. 5. Histological sections of 

postpharyngeal glands of the 

groups treated with Fipronil - A: 
control 4h, B: control 24h, C: 

control 48h; D: LD50/100 4h, E: 

LD50/100 24h, F: LD50/100 48h; G:  
LD50/10 4h, H: LD50/10 24h, I: LD50/10 

48h, J: LD50 4h, K: LD50 24h, L: 

LD50 48h; where: ep: epithelium; n: 
nucleus; v: vacuolated cytoplasmic 

regions. 

Fig. 6. Histological sections of 

midgut of the groups treated with 

Fipronil – A.B: control 4h. 
C.D.E: LD50 48h. F.G.H.I. 

Malpighian tubules – F.G: control 

4h, H.I: LD50 48h; where: ep: 
epithelium; n: nucleus; v: 

vacuolated cytoplasmic regions; 

sv: secretory vesicles, Mt: 
Malpighian tubules; gr: 

basophilic granules. 

 

excretory tubular cells featured decondensed nuclei with 

visible nucleoli and large amounts of basophilic granules. 

The luminal region of the Malpighian tubules is shown 

excretory cells with regions containing large amounts of 

basophilic granules and regular nuclei.  

For the data obtained for the Malpighian tubules for the 

ants of treatment groups for both insecticides, it was found 

again vacuolated cytoplasmic regions, and pyknotic nuclei 

and an apparent decrease in the amount of granules 

mineralized groups compared to control groups, although it 

is difficult to quantify these granules (Fig. 6H, I; 8F). 

 

    
Fig.7.Histological sections of 

postpharyngeal glands of the groups 

treated with Thiamethoxam - A: control 

4h, B: control 24h, C: control 48h; D: 

LD50/100 4h, E: LD50/100 24h, F: LD50/100 

48h; G:  LD50/10 4h, H: LD50/10 24h, I: 

LD50/10 48h, J: LD50 4h, K: LD50 24h, L: 

LD50 48h; where: ep: epithelium; n: 

nucleus; v: vacuolated cytoplasmic 

regions. 

Fig. 8. Histological sections of 

midgut of the groups treated with 

Thiamethoxam – A.B: control 4h. 

C.D: LD50 48h. E. F. Malpighian 

tubules – E: control 4h, F: LD50 48h; 

where: ep: epithelium; n: nucleus; 

sv: secretory vesicles, Mt: 

Malpighian tubules; gr: basophilic 

granules. 

 

IV. DISCUSSION 
 

The notoriety of leaf-cutting ants as pests is not evident 

in areas where they are native (American rain-forest 
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ecosystems); however, these ants are recognised as pests in 

human-altered environments (e.g. agriculture and 

reforestation fields), but not in natural environments [21]. 

In agricultural settings, where it is necessary to control 

the populations of A. sexdens, the medium dose indicated 

for the control of this ant in cane sugar is 600 ngμL−1 ha−1 

[47] above the LD50 values established. However, there are 

no developed application systems to ensure that the doses 

reach the insects to be controlled, leading to the use of the 

molecule at higher doses than necessary to control the 

population. The use of great quantities of agrochemicals can 

be considered as prejudice over other species of ants that do 

not affect agriculture or other beneficial insects, such as 

bees. Populations of agricultural interest in continuous 

contact with these lethal or even sublethal doses may 

develop resistance and require new control methods. 

Because these ant species are treated as pests, 

morphological studies that consider the effects of 

insecticides are rare. The majority of the studies found 

applied tests that involved attractiveness, control efficacy 

and treatment with granulated baits based on citric pulp and 

different active ingredients.  

The results showed that occur detectable morphological 

alterations in the of ants exposed to Fipronil and 

Thiamethoxam compared with the control groups. It is 

interesting to note that morphological analyses, in the 

present study, revealed that the following features typical of 

dying cells were observed with more intensity in the glands 

of insecticides treated ants: nuclear pyknosis and nuclei 

with marginalized chromatin, which is indicative of cell 

death [48]-[49]; and regions of cytoplasmic vacuolization, 

as well as the presence of autophagic vacuoles, which are 

indicative of macroautophagy [50]. In the midgut, where 

more dramatic histological alterations were observed in ants 

treated with the both insectides, including a decrease in the 

secretory activity of digestive cells reflected by the 

decreased number of secretory vesicles. As in the midgut as 

in the Malpighian tubules, ants treated with the insecticides 

exhibited clearer morphological changes. Pyknotic nuclei 

and vacuolated regions of cytoplasm were observed in 

treated ants and an apparent decrease in the amount of 

granules mineralized was observed compared to control 

groups, although it is difficult to quantify these granules. 

According to Caetano and Cruz-Landim [51], these 

granules are composed of metabolic residues from 

hemolymph filtrates. As the vast amount and degree of 

development of basophilic granules indicate high cellular 

metabolic activity [52], the reduction of concentric rings 

inside the granules observed in ants treated with Fipronil 

ants, suggests that fipronil treatment could have decreased 

the secretory activity of the Malpighian cell. Decio et al. 

[43] obtained the same results when studying PPGs, midgut 

and Malpighian tubules in exposed ants to Hydramethylnon 

pesticide and found that he toxicity of hydramethylnon was 

significantly more acute in the presence of soy oil, the 

evidenced by the highest mortality rate HAO-treated in 

ants. 

On ants exposed to insecticides sublethal doses, the 

intensities of the emitted immunofluorescence were 

different between the control group and treatment groups 

with LD50/100, LD50/10 and LD50. For the treated groups, the 

measured intensity was almost twice as intense when 

compared with the control group. The utilization of 

immonustaining as an important tool for comparing the 

level of preservation of the cytoskeleton after applying the 

inseticides. 

Thus, toxic substances, such as those presented here, may 

have different effects on different castes and stages of 

development, affecting the entire colony. The results 

obtained show an action of sublethal doses precisely in 

tissue, directly related to the effects of insecticides. Fipronil 

works by blocks the passage of chlorine ions by interacting 

with gamma-aminobuteric acid (GABA)-gated chloride 

channels on nerve cell membranes [53]. Thiamethoxam acts 

on the nicotinic acetylcholine receptor of insects where it 

mimics the messenger chemical acetylcholine and binds to 

the receptor site, irreparably damaging the insects nervous 

system and eventually leading to insect death. 

 

V. CONCLUSION 

 

The combination of data obtained through the 

toxicological bioassays with morphological data showed 

that the both insectides acts directly in the analyzed organs 

in this study. The results of toxicity bioassays and light 

microscopy suggests that the highest sublethal doses as well 

as longest time of exposure to the insecticides cause greater 

damage to the cells. However toxicological data, 

corroborated by morphological suggest that Fipronil 

insecticide acts directly in the analyzed organs, as well as 

the ants mortality rate, with greater efficiency than the 

Thiamethoxam insecticide and can therefore be considered 

more toxic in this study. It was also observed that the 

highest sublethal doses as well as longest time of exposure 

to the insecticides cause greater damage to the cells, may 

cause cell death. Studies like this are important to 

understand how pesticides act on these organisms, and 

thereby develop bait for controlling ants more effective. 

 

Table I. Statistical analysis of the actin and tubulin in 

postpharyngeal glands, midgut and mapighi tubules of Atta 

sexdens rubropilosa during treatment with Fipronil. 

 
Actin1= C 4 h, LD50/100 4 h, LD50/10 4 h, LD50 4 h; Actin2= C 24 h, LD50/100 24 h, LD50/10 24 h, 
LD50 24 h; Actin3= C 48 h, LD50/100 48 h, LD50/10 48 h, LD50 48 h; Tubulin1= C 4 h, LD50/100 4 
h, LD50/10 4 h, LD50 4 h; Tubulin2= C 24 h, LD50/100 24 h, LD50/10 24 h, LD50 24 h; Tubulin3= C 
48 h, LD50/100 48 h, LD50/10 48 h, LD50 48 h. 1= Group Control; 2= Group LD50/100; 3= Group 
LD50/10; 4= Group LD50. 

Organ ANOVA   Tukey Test    

Postpharyngeal 
gland 

 Mean 
(1 from to  2) 

Mean 
 (1 from to 3) 

Mean 
 (1 from to  4) 

Mean 
 (2 from to  3) 

Mean 
 (2 from to  4) 

Mean 
 (3 from to  4) 

Actin1 F= 14.1241, p<0.0002 p< 0.01 p< 0.05 p< 0.01 ns ns ns 

Actin2 F= 8.2349, p<0.0018 ns p< 0.05 p< 0.05 p< 0.05 p< 0.05 ns 

Actin3 F= 44.2616, p< 0.0001 p< 0.01 p< 0.01 p< 0.01 ns ns ns 

Tubulin1 F=9.8232, p< 0.0018 ns ns p< 0.01 ns p< 0.01 ns 

Tubulin2 F=3.825, p< 0.0387 ns p< 0.05 ns ns ns ns 

Tubulin3 F=8.1588, p< 0.0019 ns ns p< 0.01 ns p< 0.01 p< 0.05 

Midgut        

Actin1 F=69.6223, p< 0.0001 p< 0.01 p< 0.01 p< 0.01 p< 0.01 p< 0.01 ns 

Actin2 F=64.4467, p< 0.0001 p< 0.01 p< 0.01 p< 0.01 p< 0.01 p< 0.01 ns 

Actin3 F=57.3034, p< 0.0001 p< 0.01 p< 0.01 p< 0.01 p< 0.05 p< 0.01 ns 

Tubulin1 F=53.605, p< 0.0001 p< 0.01 p< 0.01 p< 0.01 p< 0.05 p< 0.01 p< 0.01 

Tubulin2 F=30.4479, p< 0.0001 p< 0.01 p< 0.01 p< 0.01 ns p< 0.01 p< 0.01 

Tubulin3 F=69.2708, p< 0.0001 p< 0.01 p< 0.01 p< 0.01 p< 0.01 p< 0.01 p< 0.05 

Malpighi tubulus        

Actin1 F=21.677, p< 0.0001 p< 0.01 p< 0.01 p< 0.01 ns p< 0.05 ns 

Actin2 F=15.7004, p< 0.0001 ns p< 0.01 p< 0.01 ns p< 0.01 ns 

Actin3 F=33.1284, p< 0.0001 p< 0.05 p< 0.01 p< 0.01 ns p< 0.01 p< 0.05 

Tubulin1 F=25.2709, p< 0.0001 p< 0.01 p< 0.01 p< 0.01 ns p< 0.01 ns 

Tubulin2 F=20.266, p< 0.0001 p< 0.05 p< 0.01 p< 0.01 ns p< 0.01 ns 

Tubulin3 F=45.6081, p< 0.0001 p< 0.05 p< 0.01 p< 0.01 p< 0.01 p< 0.01 ns 
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Table II. Statistical analysis of the actin and tubulin in 

postpharyngeal glands, midgut and mapighi tubules of Atta 

sexdens rubropilosa during treatment with Thiamethoxam. 

 
Actin1= C 4 h, LD50/100 4 h, LD50/10 4 h, LD50 4 h; Actin2= C 24 h, LD50/100 24 h, LD50/10 24 h, 
LD50 24 h; Actin3= C 48 h, LD50/100 48 h, LD50/10 48 h, LD50 48 h; Tubulin1= C 4 h, LD50/100 4 
h, LD50/10 4 h, LD50 4 h; Tubulin2= C 24 h, LD50/100 24 h, LD50/10 24 h, LD50 24 h; Tubulin3= C 
48 h, LD50/100 48 h, LD50/10 48 h, LD50 48 h. 1= Group Control; 2= Group LD50/100; 3= Group 
LD50/10; 4= Group LD50. 
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