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ABSTRACT

Pest infestation, in general such as flies, is a problem faced by poultry workers in poultry breeding farms.
Control of these populations is desirable, due to the damage they cause and, most times, it is done through
chemical management, with insecticide application. Musca domestica is one of the species with the greatest
ability to develop resistance to insecticides, and the digestive system, especially the midgut, is one of the
most vulnerable organs to structural alteration, because in it there is production of digestive enzymes and
absorption of nutrients. Damage caused by use of synthetic insecticides reactivated studies with
bioinsecticides for being one of the most selective options in pest control. Furthermore, they do not cause
environmental alterations such as food, soil, water poisoning and they are practically nontoxic to mammals.
Among vegetable species with insecticidal activities that have been used a lot, we have neem, subtropical
plant that shows low residual power and lower risk of intoxication for mammals and poultry. Thus the
objectives that guided this work, was the observation of morphological alteration in M. domestica larvae and
malformation of pupae after the use of neem, powder and emulsifiable oil at different concentrations (0,5%,
1%, 1,5%) were tested. Following, after the applications, the midgut of flies in larval stage was isolated,
processed and analyzed under light microscopy, scanning and transmission electron microscopy. As in most
dipterous, the cell types found were columnar cells and regenerative cells, which showed alterations such as:
coalescing vacuoles, intercellular spaces, formation of cytoplasmic protrusions, broken microvilli, rough
endoplasmic reticulum and dilated mitochondria. The statistical analysis registered for pupa malformation
showed significant results in comparison to control, but there was no difference among treatments. The
different concentrations of neem oil contributed in altering morphological and ultrastructurally the midgut in
M. domestica larvae, interrupting its development. These results showed that in poultry breeding farms, neem
oil can be a pratical alternative to the control of M. domestica.
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INTRODUCTION

The common housefly, Musca domestica L, has
made some considerable effects on the poultry industry,
as it can spread approximately 100 pathogenic
organisms, cause nuisance to workers, and deposit dirt
and microorganisms, this results in losses in egg
production. A housefly can fly several kilometers,
visiting homes, settling on food and excreta, and invade
aviaries and other local animal creations and hence the
species is considered a serious problem for public
health, livestock and poultry (Greenberg, 1973; Forster
et al., 2007; Pedroso-de-Paiva, 2007; Acevedo et al.,
2009; Bosly, 2013; Zhong et al., 2013; Acharya et al.,
2015 and Sola-Ginés et al., 2015).

The systematic application of chemicals
provided advances in the development of pest
management beginning in the 1960s, but the harm that
they caused soon became evident. This harm included

environmental imbalances, elimination of beneficial
arthropods and contamination of agriculture, food, the
environment, soil, water systems, workers and the
surrounding population. These factors led to a
resurgence of pests and favored the rapid selection of
resistant individuals, causing irreparable damage to
ecosystem and health, such as poisoning, genetic
mutations, cancer and death (Campanhola, 1990;
Prabhaker et al., 1998; Menezes, 2005; Veiga et al.,
2006 and Khan et al., 2014).

The damages of synthetic insecticides caused a
resurgence in studies on botanical insecticides and
biopesticides, which have received great attention in
recent decades (Viegas Junior, 2003). These
compounds are considered better options for insect
control because they are more selective for the target
insect. Moreover, they did not affect predators and
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other beneficial organisms, including humans and also
did not cause environmental changes such as
contamination of food, soil and water, they are
practically nontoxic (Beaty and Marquardt, 1996 and
Gallo et al., 2002).

Among the economically viable bioinsecticides,
neem (Azadirachta indica A. Juss) stands out as it is
less polluting and has low residual power and risk of
toxicity to mammals and birds (Quintela and Pinheiro,
2004; Rossi and Palacios, 2015). This product generally
has been used in Integrated Pest Management (IPM) to
control flies. The presence of pests in poultry breeding
farms risks biological and chemical damage to eggs.
These risks relate to the spread of microorganisms from
pests and egg contamination by chemicals applied in
pest control (Pedroso-de-Paiva, 2007). Brazilian laying
hens rank seventh worldwide in egg production and
Brazilian farms produced 730.156 million dozen eggs
in the first quarter of 2015, according to data released
by the Brazilian Institute of Geography and Statistics
(IBGE, 2015). The Brazilian state of Parana produced
65.159 million dozen eggs in the same period. Parana
had 13.036.000 heads of laying hens in March 2015. In
modern times, the rapid treatment of pest infestations is
essential. DNA barcoding allows flexibility in the
identification of new species and the confirmation of
species and makes it possible to identify to a certain
taxonomic classification without a skilled taxonomist,
which would require more time for this work. The DNA
barcode database organizes and maintains all sequences
already deposited and is accessible to search worldwide
(Stoeckle et al., 2005 and Hebert et al., 2003). The
objectives that guided present study were keeping man
and the egg, which is our product of consumption,
pesticide free by seeking alternatives to control the fly
population and consequently reduce contamination of
eggs by pathogenic organisms. For this, using light,
scanning and transmission electron microscopy, we
recorded the cellular changes in M. domestica larvae
and pupae malformations after the application of
different concentrations of neem oil.

MATERIALS AND METHODS

Insect

Larvae of M. domestica, specifically the second
instar identified by a body size of approximately 1 mm
and the presence of food in its alimentary canal, easily
visible due to the transparency of the body were
collected at S&o Carlos Egg Farm in Cruzeiro do Sul,
Parana, Brazil (22°57'59.0"S, 52°11'00.3"W). The
larvae were collected from poultry manure collected in
50 mL plastic cups, each containing approximately 5 g
of manure and sealed with thin and permeable (voile)
tissue, which were placed randomly in the poultry

manure. A total of 450 larvae were collected and
distributed into 45 batches containing 10 larvae each,
which were subsequently divided into 5 groups of 9
batches.

DNA extraction

DNA extraction was performed according to the
methods of Waldschmidt et al. (2002) with
modifications. Ten larvae were macerated together with
liquid Nitrogen in a porcelain crucible. The mash was
distributed into microtubes with 700 pL of extraction
buffer and incubated for 30min at 65°C. Then, 700 pL
phenol-chloroform (1:1) was added and the contents
were homogenized and centrifuged at 1080xg for 5
min. The supernatant was transferred to another
microtube with 700 pL of chloroform and centrifuged
at 1080xg for 5min. Again, the supernatant was
removed, added to 2 volumes of cold ethanol, and
incubated for 2-24 hours at -20°C. After this period, the
samples were centrifuged at 1480xg for 40 min and
oven-dried at 37°C for 30 min. The samples were
resuspended in 200 pL of elution buffer with RNAse A
(100 pg/mL), and incubated for 30 min at 37°C. Then
200 pL chloroform was added and the sample
centrifuged at 1080xg for 5 min. Next, 2 volumes of
ethanol were added in the supernatant incubated for 30
min at -20°C, centrifuged at 1480xg for 40 min and
oven-dried. Finally, they were resuspended in 50 mL of
elution buffer.

Amplification was performed using the TY-J-
1460 primers (5TACAATCTATCGCCTAAACTTCAGCC 3')
and C1-C-1560 (3'TGTTCCTACTATTCCGGCTCA 5') to
a region of the cytochrome oxidase gene of Diptera
(Gibson et al., 2011). PCR was performed using a
mixture of 5 uL buffer (200 mM Tris-HCI, pH 8.4; 500
mM KCI, once concentrated), 5 uL dNTP (2.5 mM), 3
pL of each primer (10 pmol, Ludwig Biotechnology),
0.4 pL Taq DNA polymerase (5 U/mL), 3.75 uL MgCl,
(50 mM), 27.85 pL Milli-Q sterile water and a 2pL
sample of the previously extracted DNA (10-20
ng/uL). The PCR conditions were: initial denaturation
at 94°C for 4 min, followed by 25 cycles of
denaturation at 94°C for 30 s, annealing at 54°C for 1
min, extension at 72°C for 1 min, and final extension at
72°C for 7 min. PCR was performed in a MG96G
Peltier-based model Thermo Cycler.

Species identification

The sample was sequenced from PCR products
by Ludwig Biotechnology LTD, using the ABI-PRISM
3100 Genetic Analyzer (Applied Biosystems). The
sample was prepared in a 0.5 mL microcentrifuge tube
by adding 30-60 ng DNA sample, 4.5 pmol primer TY-
J-1460, and the volume made up to 6 puL with Milli-Q
water. The sequence obtained was evaluated for quality

TN @Rovida AFS, Endo KM, Polli AD, Bulla LMC, Scudeler EL, Abreu JAS and Conte H. 2015. Use of Neem (Azadirachta indica A. Juss) Qil in The
Control of Musca domestica L.(Diptera:Muscidae) in Poultry Breeding Farms. J. World's Poult. Res. 5(4): 73-83.

http://jwpr.science-line.com/



using the BioEdit software v7.2.5 by cutting the initial
and end regions of the sequencing result, yielding an
80-90 bp fragment. The nucleotide sequence was
compared with those deposited in the NCBI database
(National Center for Biotechnology Information
website) using the BLAST tool, the species being
determined based on the best value obtained.

Bioassays

Database sequences with a high percentage of
identity with the sequence obtained were rescued and
aligned using Clustal W in the MEGA software
(version 6.05) along with the sequence of the sample.
The phylogenetic tree was constructed with the
neighbor-joining method (Saitou and Nei, 1987), using
p-distance for nucleotides with the "pair wise gap
deletion™ option and bootstrap with 10,000 repetitions.

The 45 batches of 10 larvae were divided into
five groups (nine batches each): treatment at 0.5%, 1%,
or 1.5% neem oil, 1 g neem leaf powder and control (no
neem), maintained in plastic trays and treated for 3
days. Each lot also received 1 g of manure daily,
simulating the natural deposition of birds.

We used neem oil of 100% purity, 1600 ppm of
Azadirachta indica, guaranteed by the manufacturer,
Natuneem,  with  record of  Protocol Ne°
21052.12435/2005-84 in the Ministry of Agriculture,
Livestock and Supply, country and certified by the
renowned International Organic BSC Oko-Garantie
Doc. N° NATUR - 9009/09.95/7331-BR. Neem leaf
powder was also purchased from this country of the
company.

Pupae malformation

Pupal abnormalities were identified from pupae
with larvae shapes or partially larval morphology. The
distribution of data of malformations in pupae were
analyzed using the Shapiro-Wilk test (W = 0.9102, p =
0.01506) indicating that these data were not normally
distributed. Also it was decided to analyze the data
using Kruskal-Wallis test (P<0.05) to identify whether
there were differences between the effects of different
neem oil concentrations, when significant differences
were found, a post-hoc Dunn’s test was applied. All
tests were performed using the software R (R Core
Team, 2013).

Histological analysis

After dissection as described in the previous
section, the midgut regions of 10 larvae were isolated
and fixed in aqueous Bouin for 6 hours. After
dehydration in an ascending ethanol series (70, 80, 90
and 100%) and diaphanization in xylene, fragments
were embedded in paraffin and subjected to histological
cuts made on a 6 um Leica RM 2250 microtome. The

sections were stained with hematoxylin and eosin
(Junqueira and Junqueira, 1983) and analyzed using a
Zeiss Axioskop 2 Plus capture microscope in the
Microscopy Center (MC) in the Central Complex of
Research Support (COMCAP) at the State University of
Maringa (UEM), Brazil.

Scanning Electron Microscopy (SEM)

For scanning electron microscopy, the fragments
of 10 midguts were fixed for 48 hours at room
temperature about 20-25°C, in 2.5% glutaraldehyde in
0.1 M phosphate buffer (pH 7.3) and then washed in
distilled water. They were then post-fixed in 1%
osmium tetroxide diluted in distilled water for 30 min at
room temperature and dehydrated in a graded series of
ethanol (50-100%). After dehydration, samples were
subjected to critical point drying and coated with gold
dust, then examined in a Fei Company Quanta 200
scanning electron microscope at the Electron
Microscopy Center of the Biosciences Institute,
UNESP, Botucatu, SP, Brazil.

Transmission Electron Microscopy (TEM)

For studies of transmission electron microscopy,
the fragments of 10 midguts were fixed in 2.5%
glutaraldehyde and 4% paraformaldehyde in 0.1 M
phosphate buffer (pH 7.3) for 24 hours at room
temperature and post-fixed with 1% osmium tetroxide
in the same buffer for 2 hours at room temperature.
After washing in distilled water, the material was
stained with 0.5% aqueous uranyl acetate for 2 hours at
room temperature. The specimens were dehydrated in a
graded acetone series (50%, 70%, 90% and 100%) and
embedded in Araldite® resin. Semi-thin sections were
stained with 1% toluidine blue, whereas ultra-thin
sections were stained with uranyl acetate and lead
citrate and then examined using a Tecnai Spirit by Fei
Company transmission electron microscope in the
Electron microscopy center of the Biosciences Institute,
UNESP, SP.

RESULTS

Confirmation of species by barcode

According to sequencing and phylogenetic
analyses, the analyzed sample showed 99% identity
with accession numbers KM200723.1, EU154477.1 and
AF104616.1. In the phylogenetic tree, Sample 1
(larvae) was located in a clade with these three hits
identifying it as M. domestica (Table 1, Figure 1a and
figure 1b).

Larval action
Treatments containing neem oil were different
from control (¥2 = 15.9742, df = 4, P = 0.0030), with
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significant differences when treatments (0.5%, P= they showed defects at the pupal stage. However, when

0.0085; 1.0%, p = 0.0025; 1.5%, p = 0.0004) and neem comparing the generated defects between the different
powder (P = 0.0002) were compared to the control concentrations of neem oil and neem powder, the
(Table 2 and figure 3). These results indicated that difference was not significant (P=0.13).

when fly larvae are subjected to neem oil treatment,

Table 1. List of accession numbers and their degree of identity with sample Md-01

Sample Species Accession Number Identity
Musca domestica KM200723.1 99%

Sample Md-01 Musca domestica EU154477.1 99%
Musca domestica AF104616.1 99%

Table 2. Overview of number of malformed pupae in the following treatments: control; 0.5%, 1% and 1.5% neem oil
and neem powder

Number of pupae with malformations

Repetitions Control Neem 0il 0.5% Neemoil 1.0% Neem oil 1.5% Neem Powder
(60 larvae) (60 larvae) (60 larvae) (60 larvae) (60 larvae)
Number of
malformed pupae 0 15 17 20 21
Md-01 TTACAATCTATCGCCTAAACTTCAGCCATTTAATCGCAACAATGGTTATTTTCTACTAATCATAAAGATATTGGTAC
M. dosestica (KM200723.1) TTACAATCTATTGCC TAAAC TTCAGCCATTTAATCGCAACAATGGT TATTTTCTAC TAATCATAAAGATATTGGTAC
M. domestica (EU154477.1) TTACAATCTATTGCCTAAACTTCAGCCATTTAATCGCAACAATGGTTATTTTCTACTAATCATAAAGATATTGGTAC
C. saffranea (IX913742.1) TTACAGTCTATTGCCTAAACTTCAGCCATTTAATCGCGACAATGGTTATTTTCTACTAATCATAAAGATATTGGTAC
A. aegypti (EU352212.1) TTACAATTTATCGCC TAAACTTCAGCCATTTAATCGCGACAATGGT TATTTTCAACAAATCATAAAGATATTGG - - -
H. ligurriens (JX913759.1) TTACAGTCTATTGCCTAAACTTCAGCCATTTAATCGCAACAATGGTTATTTTCAACTAATCATAAAGATATTGG- - -
B. depressa (FR719154.1) ~TACAATTTATCGCCTAAACTTCAGCCATTTAATCGCGACAATGATTATTTTCTACTAATCATAAAGATATTGGTAC
a
Musca domestica (KM200723.1)
e Musca domestica (EU154477.1) i
e : Muscidae
Musca domestica(AF104616.1)
- @ (0.0
- Hemipyreliia ligwriens (JX013759.1) &
43, Chrysomya saffranea (JX013742.1)
; Chrysomya albiceps (JX913736.1) Calliphoridae
50 Prortophormia terraenovae (JX913743. 1)
64 ; Cochliomyia hominivarax (KM669713.1)
Bengalia depressa (FR719154.1) -
7 Bactrocera papayae (DQV17578.1) -
A AP oY g
Bactrocera dorsalis (EF377336.1)
ila n EU493640.1)
[ Drasophila nebulosa (EU . ,
59 83| P % A Drosophiidae
Drosophila multicikata (EU493665.1)

a4

Aedes aegypti (EU352212.1) e
4‘ . S Culicidae
611 Ochlerotarus vigilax (KP721463.1)

i
0.005

Figure 1. (a) Obtained with the ClustalW alignment program with other similar sequences retrieved from GenBank
database (NCBI); (b) Dendrogram resulting from alignment of sample Md-01 with species that showed high degrees of
identity.
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Morphological and ultra-structural

characterization

Larvae of M. domestica have an alimentary canal
divided into 3 regions: anterior (stomodeum), middle
(midgut) and posterior (proctodeum). The midgut is
characterized by a tube of uniform caliper consisting of
contoured columnar cells occupying a large part of the
abdomen, with the ability to stretch during feeding. The
transition between stomodeum and midgut is marked by
the presence of the cardia valve, which penetrates the
esophagus and in the anterior region are four gastric
ceca, arranged symmetrically around the duct,
composed of columnar cells. Along the midgut are
nests of regenerative cells, sparsely distributed in the
basal region, that are small and bulging with circular or
oval shapes and characterized by strongly basophilic
cytoplasm (Figure 2a, figure 2d and figure 2¢). In the
columnar cells of the midgut, there was an increase in
the number of vacuoles, swelling and apical
disruptions, irregularities in cellular morphology and a
decrease in the number and size of microvilli (Figure 2c
and figure 2d, figure 3c, figure 4d and figure 4e) with
increase in the concentration of applied neem. Larvae
treated with 1.5% neem oil exhibited a large number of
vacuoles in their midguts as observed using light
microscopy and also exhibited cell lysis. These results
were not observed by light microscopy analysis of

larvae treated with 0.5% or 1.0% neem oil (Figure 2a
and figure 2e). Scanning electron microscopy revealed
profuse microvilli in the columnar cells in the control
group. Changes were observed in these cells in the
treated groups. Examples of changes observed with the
application of 1.5% neem oil included bulging,
juxtaposition, flattening and breaking in the apical
region. Changes in the organization, shape and number
of microvilli, increase or modification of protrusions
and the presence of debris in the apical epithelium
(Figure 3a and figure 3e). Using transmission electron
microscopy, we  observed regenerative  cells
characterized by a basal labyrinth, glycogen stores,
lipid droplets and secretory vesicles, rough endoplasmic
reticulum, digestive and autophagic vacuoles,
mitochondria, multivesicular bodies, microvilli, and
defined contours in the nuclei (Figure 4a and figure 4f).
In M. domestica larvae treated with 0.5% neem we
identified spherites in the epithelium of the midgut cells
with dilatations expanded in the basal labyrinth; in
larvae treated with the 1% concentration we found
reductions in the number and length of microvilli and
the presence of large amounts of lipid droplets, which
were also observed in the 1.5% and powder treatments.
Both showed a large number of mitochondria, but the
ringed form was most evident in larvae treated with
1.5% neem oil (Figure 4c-f).

Figure 2. Photomicrographs of the midgut of Musca domestica larva, longitudinal sections (hematoxylin-eosin) (a)
Larva control group. Columnar cells (Co); Regenerative Cells (RC); Nucleus (N); Lumen (Lu); Vacuoles (V); Circular
Muscle fiber bundles (CM); Bundles of Longitudinal Muscle fibers (LM); bar = 20 pm; (b) Larvae treated with 0.5%
neem. Columnar cells (Co); Dilated (D); Cell Lysis (CL) in the apical region of the cell; Intercellular Space (IS);
Vacuoles (V); bar = 50 pum (c) Larva treated with 1% neem. Cell Lysis presence (CL); Protrusions (P); Possible
epithelium fragment (*); slightly vacuolated (V); bar = 50 um (d) Larva treated with 1.5% neem. Cell highly vacuolated
(V); with cell expansion (D) and irregular shapes; Cell Lysis (CL); Peritrophic Membrane (PM); bar = 50 um (e) Larva
treated with neem powder; Cell highly vacuolated (V); with cell expansion (D) and irregular shapes; bar = 50 um.
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Figure 3. anning micrographs of the midguts of Musca domestica larvae (control and treatment groups). (a)
Larval midgut control. Columnar cells with abundant Microvilli (Mv), uniform and organized, smooth Protrusion (P);
bar = 5 um; (b) Larvae treated with 0.5% neem. Slightly Bulged Columnar cells (BC); Presence of potential lipid
droplets (Li); Microvilli with irregular pattern (Mv); small Debris (De); bar = 5 pum; (c) Larvae treated with 1% neem.
Variation in the number and size of protrusions (P), Debris (De), lipid droplets (Li); presence of Intercellular Spaces (IS);
bar = 25 um; (d) Larvae treated with 1.5% neem. Large presence of Debris (De); Columnar, juxtaposed, flat cells (Ci)
with mobile possible disruptions (black arrow); Scattered and disorganized microvilli (white arrow) associated with
Debris (De); Lipid droplets (Li); bar =5 pm; (e) Larvae treated with neem powder. Disruption in the apical membrane
(*); Peritrophic membrane, Bulged Columnar cells (BC); Disorganized and irregular microvilli; Large presence of debris
(De); bar =25 pum.
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Figure 4. Transmission electron micrographs of the longitudinal sections of the midgut of Musca domestica larvae
(control and treatment groups). (a) Larval midgut control. Presence of Digestive Vacuoles (DV); Autophagic Vacuoles
(AV); Lattice rough endoplasmic reticulum; bar = 1 um (b and c¢) Larvae treated with 0.5% neem. Microvilli (Mv);
Mitochondria (M); Dilated Basal Labyrinth (BL); Regenerative Cell (RC); Nucleus (N); Spherites (S); bar = 2 um; (d)
Larvae treated with 1% neem. Sparse and short Microvilli (Mv); Large lipid droplets (Li); Glycogen store (G);
Mitochondria (M); Digestive Vacuole (DV); bar = 5 um; (e) Larvae treated with 1.5% neem. Many Lipid droplets (Li);
Vacuole (V); Glycogen store (G) Muscle Bundles in the basal region (MB); bar = 1 um; (f) Larvae treated with neem
powder. Large number of digestive vacuoles (DV), Mitochondria in the apical region (M); Sparse and short Microvilli
(Mv); Secretory Granules (SG). Lipid droplets (Li); bar = 2um.
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DISCUSSION

From the sequencing that identified the
biological material with 99% identity to M. domestica,
it was possible to construct a phylogenetic tree, as the
extraction of sample 1 was in the same clade as other
three accessions corresponding to M. domestica, which
was the object of study in present work. According to
Scott et al. (2014), the availability of the domestic fly
genome should accelerate the pace of research on this
important vector of human and animal diseases. The
dilatations of the basal labyrinth observed in the midgut
epithelium cells in M. domestica treated with
concentrations of 0.5% neem oil may be related to
detoxification processes, since low concentrations of
neem oil fail to prevent molting. In this case, we see the
elongation of the insect's life cycle and even those who
survive the action of neem tend to harm the population,
since they cannot afford to feed, develop and reproduce
normally (Mordue (Luntz) and Nisbet, 2000; Martinez
and Van Emden, 2001). The incorporation of a 10%
emulsion of neem in M. domestica diet for just one day
maintained until pupation showed no significant results
compared to the control, suggesting that the effects vary
according to the stage, species and the exposure mode
(Fernandes et al., 2010). In M. domestica, Ginarte
(2003) observed larvicidal efficiency with a neem
concentration of 0.2%. Scudeler and Santos (2013)
found that 0.5%, 1.0% and 2.0% neem concentrations
were larvicidal for Ceraeochrysa claveri. Deleito and
Borja (2008) tested the effect of neem concentrations
ranging from 0.2% to 0.6% on Lucilia cuprina,
Chrysomya megacephala, Cochliomyia hominivorax
and M. domestica, all with positive results. These
results were consistent with those obtained in our
experiments. Vieira and Lello (2001) identified the
epithelial columnar and regenerative cells as the major
cells in Dermatobia hominis midguts, similar to what
we find in M. domestica. Intakhan et al. (2014) also
reported the presence of endocrine cells in Ochlerotatus
togoi. In Cyclorrhapha larvae, Terra and Ferreira
(1994) described oxyntic cells that are thought to pump
protons into the ventricular lumen, but these cells were
not seen in larvae of M. domestica. The columnar cells,
also described as digestive cells, in larvae of M.
domestica showed morphological characteristics of
absorptive cells including cytoplasmic granules,
microvilli on the apical area, and invaginations on the
basal labyrinth. Columnar cells are the most frequently
observed cells in the epithelium, characterized by
basophilic cytoplasm and acidophilus fluted edge (Levy
et al., 2004; Okuda et al., 2007; Fialho et al., 2009;
Sousa et al., 2009 and Sousa and Conte, 2013). Based
on the morphological comparisons of epithelial cells,
especially of the columnar cells in the midgut of M.

domestica larvae, we verified structural changes
associated with the concentration of neem oil used.
Morphological changes have also been described in
studies on neem and other vegetable oils and
derivatives (Nasiruddin and Mordue (Luntz), 1993;
Nogueira et al., 1997; Rey et al., 1999; Arruda et al.,
2003; Jing et al., 2005; Ndione et al., 2007; Correia et
al., 2009; Roel et al., 2010; Lu et al., 2010; Almehmadi,
2011; Qi et al., 2011; Scudeler and Santos, 2013 and
Scudeler et al., 2014). According to Cheville (1994,
2009) after progressive injury and dilatations, columnar
cells are disrupted and became irregular or are lost
altogether. The presence of intercellular spaces as well
as the detachment of the basement membranes of these
cells (Ndione et al., 2007; Correia et al., 2009 and
Scudeler and Santos, 2013) were also observed after a
few treatments with neem oil applied to M. domestica.
The dilation of endoplasmic reticulum is one of the first
signs of injury in most cells, which can subsequently
end in the fragmentation of membrane vesicles and
resulting in vacuolation of the cytoplasm (Endo and
Nishiitsutsuji-Uwo, 1980; Nasiruddin and Mordue
(Luntz), 1993; Cheville, 1994, 2009; Jing et al., 2005
and Qi et al., 2011). The increase in reticulum
membranes in M. domestica may be a signal of an
attempt to detoxification the cell in response to
treatment with neem.  Mitochondria shapes, often
similar to possible autophagosomes, after covering
cytosolic material were observed in larvae of M.
domestica, similar to that described in C. claveri
(Scudeler and Santos, 2013). Glycogen stores and lipid
droplets were also observed in the midgut, indicating
that the absorption and metabolism of carbohydrates
and lipids takes place here (Levy et al., 2004; Fialho et
al., 2009; Scudeler and Santos, 2013 and Scudeler et al.,
2014).

CONCLUSION

The increase in lipid droplets can be interpreted
as being related to the neem oil treatments. The
numerous morphological changes found in the midgut
of the larvae of M. domestica after treatment with
various concentrations of neem oil probably resulted in
malformations of pupae and it allows us to conclude
that the neem oil can be a viable alternative to use in the
control of M. domestica.
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