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h i g h l i g h t s

� The effects of thiamethoxam on Apis mellifera larvae were investigated.
� We determine the LC50 of thiamethoxam for larvae of Apis mellifera.
� We evaluated the effects of sublethais doses of larvae in the brain.
� Sublethal effects were observed, and discussed.
� Larval development may be altered due to exposure to thiamethoxam.
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Several investigations have revealed the toxic effects that neonicotinoids can have on Apis mellifera, while
few studies have evaluated the impact of these insecticides can have on the larval stage of the honeybee.
From the lethal concentration (LC50) of thiamethoxam for the larvae of the Africanized honeybee, we
evaluated the sublethal effects of this insecticide on morphology of the brain. After determine the LC50

(14.34 ng/lL of diet) of thiamethoxam, larvae were exposed to a sublethal concentration of thi-
amethoxam equivalent to 1.43 ng/lL by acute and subchronic exposure. Morphological and immunocy-
tochemistry analysis of the brains of the exposed bees, showed condensed cells and early cell death in the
optic lobes. Additional dose-related effects were observed on larval development. Our results show that
the sublethal concentrations of thiamethoxam tested are toxic to Africanized honeybees larvae and can
modulate the development and consequently could affect the maintenance and survival of the colony.
These results represent the first assessment of the effects of thiamethoxam in Africanized honeybee lar-
vae and should contribute to studies on honey bee colony decline.

� 2015 Elsevier Ltd. All rights reserved.
1. Introduction

Studies have indicated that a significant decrease in the number
of Apis mellifera L. (Hymenoptera: Apidae) colonies has occurred in
many countries (Stokstad, 2007; Neumann and Carreck, 2010).
Multiple factors that can cause the decline of bees have been stud-
ied, including the extensive use of chemical pesticides on crops
(vanEngelsdorp and Meixner, 2009). However, no consensus about
this correlation has been reached (Cresswell and Thompson, 2012).
Neonicotinoids may not be directly responsible for colony losses,
but they can potentially reduce the performance of honey bees
and/or compromise the bees and make them more susceptible to
existing pathogens or other factors that result in colony decline
(Vidau et al., 2011; Pettis et al., 2013).

Sublethal effects may be characterised by physiological or beha-
vioural alterations in surviving individuals. These responses can
indicate that the functional integrity of these individuals has been
affected and can contribute to a failure to perform habitual tasks
(Carvalho et al., 2013). For example, studies using sublethal doses
have demonstrated the toxic effects that insecticides can have on
the morphology and behaviour of adult honey bees (El Hassani
et al., 2007; Henry et al., 2012; Roat et al., 2013; Rossi et al.,
2013a). However, our understanding of the sublethal effects of
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neonicotinoids on honeybee larvae is relatively poor compared to
what has been reported for adult bees.

Neonicotinoid insecticides, which are widely used to protect
various types of crops against insect pests, affect non-target
insects, such as bees. These insecticides act directly by binding to
the nicotinic acetylcholine receptors (nAChR) in the nervous sys-
tem of insects, particularly in the neuropil regions of the brain
(Tomizawa and Casida, 2003).

Studies with field doses ranging from 6 to 200 lg/kg have
demonstrated that neonicotinoids can cause functional distur-
bances in the brains of honeybees, such as blocking depolarization
and inhibition the nicotinic responses, and they can also cause
behavioural changes that may affect the stability and survival of
the colony (Palmer et al., 2013; Williamson and Wright, 2013).
Additionally, exposure to neonicotinoids may result in reduced
egg-laying by queens, colony growth and has been shown to result
in increased mortality of Bombus terrestris. Furthermore, relevant
reductions in pollen collecting efficiency by worker bees were
reported (Whitehorn et al., 2012; Gill et al., 2012; Gill and Raine,
2014).

It has been established that thiamethoxam, a member of the
nitro-containing neonicotinoid group, is toxic to A. mellifera
(Iwasa et al., 2004; Badiou-Bénéteau et al., 2012). Because this
insecticide is systemic, it should be considered hazardous to polli-
nators once the nectar, pollen and exudates can be contaminated
(Girolami et al., 2009; Goulson, 2013; Godfray et al., 2014). A
recent study by Henry et al. (2012) demonstrated that a sublethal
dose of thiamethoxam induced homing failure in honeybees,
which may affect the stability and even the survival of a colony
in the field. Currently, the data available in literature regarding
the toxicity of neonicotinoids to honeybee larvae are relatively
poor compared to what has been reported for adult bees and bee
colonies. However, research that focuses on the larval stages is
important because the success of the larval phase is critical for
the maintenance of a honey bee colony (Godfray et al., 2014).

Honey bee larvae require proteins and energy sources for their
growth and development. These larvae rely on the proteins and
carbohydrates that are contained in pollen and nectar
(Babendreier et al., 2004) stored in the hive by forager workers.
Studies have detected the presence of various pesticides, including
thiamethoxam, in samples of pollen and nectar (Rortais et al.,
2005; Chauzat et al., 2006; Mullin et al., 2010; Krupke et al.,
2012) that may be used by nurse bees to feed the larvae. In addi-
tion to the pollen and nectar, the resin sources for propolis are also
assumed to transfer neonicotinoids to the bee colony, including the
honeycomb, and insecticides may also accumulate in these materi-
als (Pareja et al., 2011). There are reports in the literature regarding
mean or maximum field exposure rates of thiamethoxam (EFSA,
2012; Godfray et al., 2014) and modelling techniques to simulate
honey bee colony dynamic for risk assessment (Henry et al.,
2012; Becher et al., 2013; Bryden et al., 2013). However, doses
matching in-hive exposures of larvae to pollen contaminated by
insecticides have not been documented. Thus, important gaps
remain in our current knowledge, especially about the possible
effects that pesticides can pose to larvae of bees.

To evaluate the acute toxicity of insecticides against honey bee
broods under laboratory conditions, Aupinel et al. (2005, 2007)
proposed a specific methodology that was adopted by the OECD
(2013). In field conditions, in addition to miticides, brood combs
can have low concentrations of neonicotinoids, and the delayed
development observed in worker broods reared in these contami-
nated combs (Wu et al., 2011) could be a response to the combined
effect of these insecticide residues. Although the results that have
been obtained for neonicotinoids under laboratory conditions do
not allow for the estimation of the real effect on honey bees under
field conditions, the review by Blacquière et al. (2012) states that it
is important to determine the hazard of the thiamethoxam for the
brood under laboratory conditions and then avoid bias in interpret-
ing data obtained in the field.

Morphological studies can be used as tools to evaluate the toxic
effects of several types of xenobiotics on cells and tissues
(Malaspina and Silva-Zacarin, 2006) and these morphological
approaches may be employed to examine how non-target insects,
such as bees, are impacted by insecticides (Cruz et al., 2010;
Gregorc and Ellis, 2011). To address the lack of data regarding
the toxicity of thiamethoxam on Africanized honeybee larvae,
which is necessary for the development of remedial strategies
(Decourtye et al., 2013), the goal of present study was to determine
in vitro the acute toxicity of thiamethoxam (LC50), assessing the
sublethal effects on morphology, larval development and using
immunocytochemistry to examine the effects on the brain.
2. Materials and methods

2.1. Chemicals

The analytical standard of thiamethoxam (99.6%) was pur-
chased from Cluzeau Info-Labo (France). Sodium chloride (NaCl),
sodium phosphate, paraformaldehyde, glycerol, hematoxylin, and
eosin were obtained from Sigma Aldrich (Brazil). The TUNEL reac-
tion kit (ISCDDK In Situ Cell Death Detection Kit) used in the pre-
sent study was obtained from Roche Molecular Biochemicals
(USA). The Historesin Embedding Kit and Histosec paraffin were
purchased from Leica Microsystems (Germany) and Merck
(Brazil), respectively.
2.2. Honey bee breeding and collection

The honeybee larvae were reared in vitro using the methodol-
ogy described by Aupinel et al. (2005, 2007). Larvae were obtained
from healthy hives at the apiary of the Department of Biology,
UNESP, Rio Claro/Brazil. To obtain first instar larvae, empty combs
were placed inside a beehive for queen laying. First instar larvae
(with no more than 24 h) were collected and transferred to plastic
queen-starter-cell. Before the larvae were transferred from the
hive, plastic cells were disinfected for 30 min with a solution of
sodium dichloroisocyanurate 0.2% and then dried in a
laminar-flow hood. Afterwards, cells were arranged in a 48-well
cell plate where each well was filled with a dental roll impregnated
with 500 lL of solution containing glycerol 15% and sodium
dichloroisocyanurate 0.2% according OECD (2013). Each cell
received 20 lL of diet A. Plates containing the plastic queen starter
cells were kept throughout the experiment in a sealed box at
34 ± 2 �C and a relative humidity of 90 ± 5% in the dark.
2.3. Diet and larval feeding

Three types of diets (A, B, and C) containing different concentra-
tions of nutrients were used to meet the nutritional requirements
of each larval stages. These diets contained 50% (w/w) of royal jelly
and 50% (w/w) of an aqueous solution (distilled water) with 24%
sugar (D-glucose and D-fructose) and 2% yeast extract (diet A);
30% sugar (D-glucose and D-fructose) and 3% yeast extract (diet
B); or 36% sugar (D-glucose and D-fructose) and 4% yeast extract
(diet C). On the first day of in vitro rearing, each larva was fed with
20 lL of diet A; for the third day, the larvae were fed with 20 lL of
diet B and for the fourth, fifth and sixth days, the larvae were fed
respectively with 30 lL, 40 lL and 50 lL, of diet C. At the 2nd
day, larvae were not fed in accordance with the methodology
adopted and validated by Aupinel et al. (2005, 2007). From these
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authors, this period is necessary in order to acclimatize the larvae
in laboratory conditions.

2.4. Acute toxicity assay and larval development assessment

We prepared a stock solution of 1000 ng of thiamethoxam/lL of
acetone + water in the ratio 1:9. Subsequently, from the stock solu-
tion, a cascade dilution was done using as solvent the previously
prepared diet C, and so obtaining seven concentrations of thi-
amethoxam ranged from 0.1 to 200 ng active ingredient (a.i./lL)
in the diet and also control group. The larval food contaminations
were done from these six solutions previously prepared on the 4th
day of the bioassay, and afterwards at the 5th and 6th day, larvae
received only food without the insecticide. For each concentration,
3 replicates of 12 larvae were used and larval mortality was
checked after 48 h of exposure. The data were subject a
log-normal regression (classic probit regression) using the drc
package (Ritz and Streibig, 2005) and R platform (R
Development, 2015). To ensure the fitness of our data analysis, a
second parameterization was used to check the LC50 (log–logisti
c/log-normal). From the log–logistic model fitted to the data (with
three parameters), the median lethal concentration (LC50) and the
95% confidence interval were estimated.

Africanized honeybee development was observed and described
by the categorization method of Michelette and Soares (1993).
Among the larval stages of the honeybee, the fifth instar is the
longest and can be divided into the following 9 periods: three peri-
ods in the feeding phase (LF1, LF2, and LF3), three periods in the
spinning phase (LS1, LS2, and LS3) and three periods in the prepu-
pal phase (PP1, PP2, and PP3). The phases were identified on the
basis of larval position within the cell and the presence or absence
of intestinal contents. Mortality was also checked daily, and larvae
were considered dead when they were opaque in colour and
immobile when stimulated by touch. The toxic effects on larvae
were assessed either in the control treatment and in those treated
with thiamethoxam. The results are described and those possible
significant differences were denoted using the Fisher Exact Test
by the R platform (R Development, 2015).

2.5. Acute and subchronic exposure of larvae to sublethal
concentration of thiamethoxam

For the acute exposure bioassay (single exposure OECD, 2013), a
food solution containing 1.43 ng a.i./lL of thiamethoxam in diet C,
corresponding to 1/10 of LC50, was prepared. On the 4th day of the
bioassay, larvae were exposed to acute treatment (with 30 lL of
food solution containing 1.43 ng a.i./lL, and on the 5th and 6th
day they received only food without the insecticide. For subchronic
bioassay (repeated oral exposure with less than 10% of dead – EPA,
2011), we use the same concentration of acute intoxication,
divided into 3 consecutive days, which is equivalent to
0.47 ng a.i/lL per day. Larvae were daily fed on the 4th, 5th, and
6th days with 30, 40 and 50 lL of contaminated food solution.
The control group received an uncontaminated diet that consisted
only of diet C. Exposure of larvae to thiamethoxam through the
food was perfectly controlled. During the evaluations, larval mor-
tality and atypical development were assessed (i.e., larval position-
ing and changes in the progression of larval instars). For each
exposure condition, 3 replicates of 12 larvae were used.

2.6. Histology and immunocytochemistry

Were collected 10 larvae for each experimental group (control,
acute or subchronic), 5 for the morphology analyses and 5 for
immunocitochemical analyses, for the times of 24, 48 and 72 h, a
total of 30 larvae for each group. These times corresponded to
the following periods of the fifty instar: LF1 (initial feeding phase),
LF3 (final feeding phase) and LS1 (initial spinning phase), respec-
tively. The larvae were dissected, the anterior extremity of the
body larva (head) was removed with the aid of appropriate instru-
mentation. Heads were immersed for 2 h in a solution of 100 mM
sodium phosphate buffer (pH 7.4) containing 4% paraformalde-
hyde. Subsequently, in accordance with the procedures of
Silva-Zacarin et al. (2012), the heads (brains) were washed in
100 mM sodium phosphate buffer (pH 7.4) at 4 �C and gradually
dehydrated in ethanol (15%, 30%, 50%, 70%, 85%, 90%, 95%, and
100%).

For the morphological analyses, the heads were embedded in
historesin, and 5 lm sections were prepared using a Leica micro-
tome and these were stained with hematoxylin–eosin (H.E). For
the immunocytochemical analyses, the heads were removed from
the alcohol solution and immersed in xylene and then embedded
in paraplast to be sectioned into 7 lm thickness sections. The In
Situ Cell Death TUNEL Detection Kit was used in accordance with
the manufacturer’s instructions. Negative control labelling was
achieved by substituting the deoxynucleotidyl transferase (TdT)
enzyme with PBS. The positive control was prepared by incubating
sections with DNase I (3000 U/ml in 50 mM Tris–HCl pH 7.5 con-
taining 1 mg/ml bovine serum albumin) for 10 min at 25 �C to
induce DNA strand breaks prior to the labelling procedure. After
the completion of the immunocytochemical tests, the sections
were counterstained with Mayer’s hematoxylin to ensure that
the labelled cells had been correctly visualised.
3. Results

3.1. Acute toxicity and larval development assessment

The acute toxicity test established that the LC50 of thi-
amethoxam for Africanized A. mellifera larvae was 14.34 ng
a.i./lL of diet (48 h) with a 95% confidence interval of 2.75–
25.94 ng a.i./lL of diet (DF = 25 and v2 = 32.009; Fig. 1). A sublethal
concentration equivalent of 1/10 of LC50 of thiamethoxam was cal-
culated as 1.43 ng a.i./lL. During the bioassay, the mortality rate
for the control group did not exceed 10%, thus validating the test.

Acceleration in larval development was observed 48 h after the
exposure with thiamethoxam and from the statistical analysis only
for the concentration of 5 ng/lL was observed a significant differ-
ence (p = 0.01). However, from the Figs. 2 and 3, was observed a
decrease in the time development since the lowest concentration
of thiamethoxam and reaching the lower value when larvae were
exposed at 5 ng/lL. In opposite from this point, was observed an
increase in the larval development time for the concentrations of
10, 20, 50, or 100 ng/lL. In overall, the development time of larvae
exposed to thiamethoxam showed a biphasic pattern characterized
as one hyperbola (Fig. 2). Additionally for those treatments with
high concentrations of thiamethoxam (20, 50 and 100 ng/lL), were
observed that individuals had a reduction in body size probably
occasioned by the modification in the behaviour of food intake.
This statement may be suggested once was found larval diet in
the bottom of cells.
3.2. Morphological analyses of the brain

Through morphological analysis of the brain, we found that the
optic lobes were most prominently affected by the insecticide. In
the optic lobes from all of the samples (Fig. 4A–I), the lobula, inner
chiasma, and medulla layers could be visualised. In both the acute
(Fig. 4D–F) and subchronic (Fig. 4G–I) treatment groups, larvae



Fig. 1. Mortality of Africanized Apis mellifera larvae after the ingestion of food contaminated with thiamethoxam. LC50 = 14.34 ng a.i./lL of diet (48 h); 95% confidence
interval = 2.75–25.94 ng a.i./lL of diet; degree of freedom = 25; v2 from the model = 32.009, v2 theoretical = 37.65248, p-value = 0.1578. The bioassay was carried out at
completely randomized design using seven concentrations of the insecticide divided each one in 3 replicates of 12 larvae per concentration. n = 252 larvae.

Fig. 2. Larval development stages of Africanized Apis mellifera 48 h after acute oral contamination with thiamethoxam (surviving larvae). Feeding phase (LF1): C-shaped
larvae in the bottom of the domes; feeding phase (LF3): larvae starting the vertical positioning; spinning phase (LS1): larvae in a vertical position; Reduced Stage (RS); larvae
reduced in size when compared with control and other concentrations. n 100 = 10, n 50 = 12, n 20 = 8, n 10 = 7, n 5 = 9, n 0.5 = 16, n 0.05 = 19, n control = 21. Means were
compared by means of the Fisher Exact Test (p < 0.05).

Fig. 3. Larval development stages of Africanized Apis mellifera 48 h after acute oral contamination with thiamethoxam (surviving larvae). (A) Control showing larvae in LF1
stage, in C position at the bottom of the dome (LF1), (B) larvae treated with 100 ng/lL showing larvae with reduced size (arrow), with a significant excess of food inside the
dome and (C) larvae treated with 0.05 ng/lL showing larvae in LS1 stage, on vertical position in the dome.
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from the initial subphase of the 5th instar (LF1) exhibited intensely
stained cells in the medulla layer, indicating cellular condensation,
characteristic of cells in the process of death. For the control group
(Fig. 4A–C), strongly stained cells were found only after the LF3
subphase.
No morphological changes due to thiamethoxam treatment
were observed in the other analysed brain structures (namely,
mushroom bodies and antennal lobes). The differentiation of the
mushroom bodies, as evidenced by the presence of large quantities
of neuroblasts and Kenyon cells and the initiation of differentiation



Fig. 4. Histological sections of optic lobes of larvae of Apis mellifera Africanized stained with H–E, showing a detail of medullar region. A–C control group, D–F acute treatment,
and G–I subchronic treatment. Each group has three images corresponding to development stages LF1, LF3 and LS1 respectively. In larvae of LF1 (A) and LF3 (B) stages it is
possible to observe the formation of larval optic lobes, consisting of the somata layers and medula the neuropil layer called the inner chiasmata (Ic) and the presence of
epidermal thickening (e). In larvae of LS1 (A) stage note the presence of condensed cells (arrows). The acute treatment, and subchronic treatment, showing condensed cells
(arrows) in all stages analysed D–I.
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in the peduncles of these bodies, was observed during all sub-
phases of the 5th instar stage (Fig. 5A–I) in not only the control
group (Fig. 5A–C) but also the groups that received acute
(Fig. 5D–F) or subchronic (Fig. 5G–I) thiamethoxam treatment. It
was also possible to observe the initiation of the formation of the
antennal lobe, as evidenced by the development of a central neu-
ropil region and the presence of peripheral neurons other than glial
cells; this process was first noted in the LF3 subphase for the con-
trol group (Fig. 6A and B) and for the group that received the acute
treatment (Fig. 6C and D), but it was observed in all subphases of
the 5th instar stage for the group that received the subchronic
treatment (Fig. 6D and F).
3.3. In situ cell death detection kit – TUNEL

Nuclei that were positive in the TUNEL assay were observed in
the medulla layer of the optic lobes, indicating that the cells that
were most strongly stained during the morphological analyses of
all groups and exposure conditions were undergoing cell death
process (Fig. 7). Moreover, we noted that in the optic lobes, the cell
death processes begin earlier in the groups that received acute or
subchronic thiamethoxam treatment than in the control group.
4. Discussion

Here, we stablish the oral LC50 of thiamethoxam for the larvae
of Africanized honeybees in the laboratory conditions being also
the first report available in scientific literature. Comparing our
result of LC50 for larvae with those for adult of Africanized A. mel-
lifera (4.28 ng a.i./lL of diet – Oliveira et al., 2013), we observe that
larvae seems to be more tolerant to thiamethoxam rather than
adults. In accordance with our study, this hypothesis was also sug-
gested by Yang et al. (2012) which observed that larvae were more
tolerant to the imidacloprid when were compared with adult of A.
mellifera. However and even with the discrepancy in the sensitivity
of the honeybee during its development, these authors highlight
that the toxic effect of this insecticide at low doses may be harmful
and affect the larvae. To illustrate this statement, we found with
this study that sublethal doses of thiamethoxam can cause atypical
progression of developmental stages, and the development of the
optic lobes larvae. Additionally, changes in larval development
can be the major threat for honeybee colonies, and these effects
should be considered, for a complete analysis of pesticides
(Desneux et al., 2007; Thompson, 2003) and still have a lack of
information about this subject in the literature (Arena and
Sgolastra, 2014).



Fig. 5. Histological sections of mushroom body of larvae of Apis mellifera Africanized stained with H–E. A–C control group, D–F acute treatment, and G–I subchronic
treatment. Each group has three images corresponding to development stages LF1, LF3 and LS1 respectively. It is possible to observe beginning of the formation of larval
mushroom bodies with the presence of neuroblasts (N); peduncle (P) and Kenyon cells (Kc). The acute treatment and sub-chronic treatment (D–I) have the same structure
and morphology of mushroom bodies from control group.
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Studies that evaluated the effects of insecticides on A. mellifera
larval development concluded that these substances can alter nor-
mal patterns of development. Davis et al. (1988) found that the
growth of A. mellifera larvae exposed to dimethoate (0.313 a.i. lg/g
royal jelly) was stimulated in comparison with non-treated larvae.
The same study, found that certain larvae treated with the insecti-
cide lost their typical C-shape and were either dorsally or dorsolat-
erally elongated and, moreover, the number of larvae that failed to
spin cocoons was greater in the treated larvae groups. According to
Davis et al. (1988) this type of behaviour may be related to changes
in the levels of juvenile hormone and ecdysone in response to the
intoxication with the pesticide.

Although the residues of thiamethoxam found in the field are
below of the concentration that we used to intoxicate the larvae,
our results demonstrate the hazardous effects of thiamethoxam
during larval development of Africanized honeybee. We high-
lighted the relevance of determining the hazard of the thiame-
toxam for the honeybee brood, once once thiamethoxam was
recently detected in bee bread (Giroud et al., 2013). In addition,
Yang et al. (2012) did not exclude the possibility of cumulative
intoxication through the repetitive consumption of honey and pol-
len contaminated with residues of the neonicotinoids. Little is
known about the effects of thiamethoxam on honeybee larvae
although, some studies on the toxicity of dimethoate, fenoxycarb,
(Aupinel et al., 2007) fipronil and boric acid (Cruz et al., 2010) have
been conducted and showed that these compounds are toxic to lar-
vae. For this reason, Blacquière et al. (2012) emphasised that stud-
ies regarding the effects of neonicotinoids on larvae must be
conducted because the success of colonies depends on the larvae.

Morphological studies to assess the effects of insecticides in tar-
get and non-target organs have been used as a parameter to predict
the risks that these compounds may pose (Malaspina and
Silva-Zacarin, 2006; Cruz et al., 2010; Roat et al., 2013; Oliveira
et al., 2013). In the present study, the optic lobes of Africanized
honeybee larvae exposed to a sublethal concentration of thi-
amethoxam exhibited alterations that were evidenced by immuno-
cytochemical and morphological techniques, and TUNEL reactions
confirmed that condensed cells were undergoing cell death
process.

Under natural conditions, the larval brain undergoes a transfor-
mation during metamorphosis to fulfil the changing needs of the
adult (Chapman, 1998). In an investigation of the different devel-
opment patterns in the optic lobes of A. mellifera workers, queens
and drones, Roat and Cruz-Landim (2010) used morphological
and immunocytochemical approaches to demonstrate that cell
death process in the optic lobes began to occur during the
white-eyed pupal stage, a time point that occurs after the onset
of the optic lobe cell death process that was observed in the pre-
sent study. A comparison of the data from this previous study
and the current investigation reveals that the exposure of A. mellif-
era larvae to sublethal concentration of thiamethoxam appeared to
accelerate cell death processes in the region of the optic lobes. As
Roat and Cruz-Landim (2010) did not specify the subphase of the
5th instar during their sample collection, our findings showing cell
death process in the control larvae at the LS1 subphase may not be
inconsistent with the results of these other authors. Instead, the
cell death observed during the LS1 subphase may simply represent
the beginning of normal brain remodelling processes.

However, because the optic lobes are associated with vision and
orientation, the premature cell death observed in the present
study, could lead to a reduction in the number of neurons in the
optic lobes and if during metamorphosis the quantity of neuron
is not re-established it can exacerbate the disorientation of adult
bees, a phenomenon that has been discussed by vanEngelsdorp



Fig. 6. Histological sections of the antennal lobes of larvae of Apis mellifera Africanized stained with H–E. A–C control group, D–F acute treatment, and G–I subchronic
treatment. Each group has three images corresponding to development stages LF1, LF3 and LS1 respectively. In (A) the antennal lobe is in the beginning of the differentiation
and in (C), (F) and (I), larvae of LS1 the antennal lobe is more structured. The acute treatment, and sub-chronic treatment, no differences of the morphology of antennal lobes
are observed. (Np) neuropil; (Nc) neuroglial cells; (Pn) peripheral neurons.

Fig. 7. Histological sections of optic lobes of larvae of Apis mellifera Africanized (acute treatment) stained with H–E (A) and subject to TUNEL reaction (B). Note in A the
presence of condensed cells (arrow) and in B positive nuclei (head arrow) confirming the presence of cell death process.
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and Meixner (2009) and Roat et al. (2013). The effects observed in
the optic lobes may be due to direct toxicity of thiamethoxam, or
this effect may result from the changes observed in the larval
development. After this period, it may be that development is
affected at later stages, or have a change with respect to develop-
ment time.

In our study, we did not observe any morphological changes in
the mushroom bodies or antennal lobes of larvae exposed to thi-
amethoxam. However, the study by Oliveira et al. (2013) with
newly emerged bees exposed to thiamethoxam and those of
Rossi et al. (2013b) using imidacloprid to intoxicate adults of
Africanized honeybee, showed that these neonicotinoids are
responsible for inducing morphological changes in the mushroom
bodies and optic lobes beyond cell death.

The differences between these studies and ours can be
explained in part by the population of A. mellifera used, the age
of honeybees, and the duration and dose of exposure. Here, the
optic lobes were the most developed structures, early in the 5th
instar. The larval nervous system undergoes morphological
changes during the metamorphosis, and their neural circuits are
transformed to control complex activities in worker bees (Roat
and Cruz-Landim, 2010). Considering the complex transformation
procedure in the brain of larvae, may be differences in susceptibil-
ity and action compared with worker bees.
5. Conclusion

In conclusion, the results that have been presented in this study
provide the first determination of the LC50 of thiamethoxam for lar-
vae of Africanized honeybees, and using morphological and
immunocytochemical approaches, we found important alterations
in the optic lobes of the larvae that were exposed to this insecticide
and that thiamethoxam can affect the larval development of A.
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mellifera. Thus, given that the survival of honeybee colonies
depends on successful larval development, these observations
may be useful for understanding the abnormal decline of
A. mellifera worldwide. Furthermore, this study provides important
information that should contribute to policies regarding insecticide
registration purposes by regulatory agencies.
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