We are IntechOpen,
the world’s leading publisher of

Open Access books
Built by scientists, for scientists

6,900 186,000 200M

ailable International authors and editors Downloads

among the

154 TOP 1% 12.2%

Countries deliv most cited s Contributors from top 500 universities

Sa
S

BOOK
CITATION
INDEX

Selection of our books indexed in the Book Citation Index
in Web of Science™ Core Collection (BKCI)

Interested in publishing with us?
Contact book.department@intechopen.com

Numbers displayed above are based on latest data collected.
For more information visit www.intechopen.com

Y



Chapter 10

Toxicology of the Bioinsecticides Used in
Agricultural Food Production

Neiva Knaak, Diouneia Lisiane Berlitz and Lidia Mariana Fiuza
Additional information is available at the end of the chapter

http://dx.doi.org/10.5772/52070

1. Introduction

As populations grow in numbers, the demands for food production increase and are generally
met by the intensification of livestock breeding and the increase of agricultural activities. This
in turn increases the quantity of chemical pesticides required to control the losses in
production caused by insect pests preying on the food plants and disturbing the animals. Once
applied these pesticides may cause resistance to the synthetic molecules, contaminate biotic
and abiotic components like plants, soil, water and/or the local water network and can also
effect non-targeted organisms, such as fish, small mammals, birds and so on.

Contamination of rivers with chemical pesticides is almost always due to excess material
being carried away by rain or irrigation waters or by erosion of contaminated soil particles
(1, 2). Therefore, as this generalized contamination of the environment increases, researchers
are seeking alternative methods for controlling the pests but which cause less damage than
the chemical products (3).

In the biological control system, the bacteria of the Bacillus genus have considerable
potential for use as control agents, because, as well as being lethal to the insect pests, they
remain viable for long periods in storage (4). Amongst these bacteria, Bacillus thuringiensis
has achieved commercial-scale success in controlling various insect pests, plant pathogens,
nematodes and mites, mainly because this micro-organism has a high specificity to the pest-
targets (5).

In addition to the use of microorganisms, various botanical pesticides are being studied and
can be associated with Integrated Pest Management (IPM). The products originating in
plants refer to plant species that, over a long time developed defense mechanisms against
herbivores, pathogens and other stress agents. Among the toxins produced by these plants
are found nitrogenous substances such as non-protein amino acids, cyanogenic glycosides,
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certain peptides and proteins, and several alkaloids. The toxicity of a substance is related to the
dose taken by the insect, its age, the absorption mechanism and the manner of excretion (6).

In this chapter we address the toxicological aspects of microbial and botanical biopesticides
that act by ingestion, with emphasis on histopathological analysis of tissues and cells in the
alimentary channel of the Lepidoptera as well as the specificity of the B. thuringiensis
bacteria, aqueous extracts and oil essential of medicinal and forest.

2. Histology of lepidoptera

The alimentary channel of insects is composed of three main regions with different
embryological origins: stomodeum or foregut, middle or midgut and hindgut or proctodeu.
This canal represents a contact area between the insect and the environment and is the focus
of much of the applied research concerning pest control (7, 8), especially the midgut region
where the epithelial cells are involved in the processes of absorption and secretion of
enzymes (columnar cells), ion homeostasis (goblet cells), endocrine function (endocrine
cells) and the renovation of the epithelia (regenerative cells) (9, 10, 11). A defense
mechanism in this region is the peritrophic membrane, which plays a fundamental role in
the biology of the midgut, being positioned between the food contents and epithelial layer,
performing the function of protecting the epithelium from mechanical damage, and in
addition acts as a barrier against toxins and chemicals harmful to the insects (12, 13).

In Lepidoptera, the midgut epithelium is composed of four cell types (Figure 1) which are
involved in the processes of absorption and secretion of enzymes (columnar cells), ion
homeostasis (goblet cells), endocrine function (endocrine cells) and the renewal of the
epithelium (regenerative cells) (14, 15). The regenerative cells are undifferentiated and are
responsible for the renovation of the midgut epithelium, substituting the cells that wear out
and are lost during the digestive process — they also make it possible for the alimentary
channel to grow larger at each ecdysis. They are found at the base of the midgut, alone or in
groups, and there are no differences in their abundance along the midgut (16, 17, 18).

Figure 1. Types of cells found in Lepidoptera. L=lumen; TC=connective tissue; E=epithelium,
C=columnar cells; G=globet cells;

Changes in the alimentary canal, especially in the region of the midgut, can affect the
growth and development of insects, as well as all the physiological events, because these
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processes depend on adequate food, on its absorption and transformation in the alimentary
canal (9, 11).

Among the insects, the Lepidoptera order causes the greatest economic losses in crops — in
maize and rice which are attacked principally by Spodoptera frugiperda, in sugar-cane
attacked by the stem-borer Diatraea saccharallis and in soybeans mainly by the Lepidoptera
pest Anticarsia gemmatalis.

All regions of the epithelial layer of the alimentary canal of S. frugiperda caterpillars are
coated with a single layer of cells, with a flat morphology in the stomodeum region and
cubic morphology in the proctodeus (19). The muscles are arranged along the channel in a
uniform manner (7). According to Cavalcante & Cruz-Landim (20) and Pinheiro et al. (16), in
the midgut epithelium four cell types predominate: columnar, goblet, regenerative, and
endocrine cells. These cells predominate along the S. frugiperda midgut epithelium and are
considered responsible for the absorption of digested food, and demonstrate morphology
similar to that of other Lepidoptera (8, 21). Studies by Harper & Hopkins (22) and Harper &
Granados (23), indicate that these epithelial cells are also responsible for secretion of a micro
fiber net soaked in a matrix of proteins and glycoproteins -denominated a peritrophic
membrane — which performs various functions such as: the protection of the epithelium
against chemical and mechanical damage caused by the alimentation, the creation of a
physical barrier against micro-organisms and digestion division (18).

Pinto & Fiuza (24), analyzing the histology of the midgut of A. gemmatalis caterpillars with
an optical microscope, observed that the alimentary canal is divided basically into three
portions, which are: the anterior intestine or stomodeum, the middle intestine or mesentero,
and the posterior intestine or proctodeus. The cells do not have a cuticle coating, the
intestinal wall being constituted by an epithelium of approximately 40pm in height, which is
separated from the haemolymph only by a thin layer of loose connective tissue. The
cylindrical and goblet cells are evenly distributed along the intestine section. In the intestinal
lumen is a thin membrane, called the peritrophic membrane, which surrounds the bolus of
food, separating it from the epithelial cells of the midgut. The apical surface of the
cylindrical cells has dense microvilli measuring 3um in height. The goblet cells show
invaginations of the intestinal lumen as far as the nucleus.

3. Microbial biopesticides

Among the microbial insecticides, the Bacillus thuringiensis bacterium is highlighted because
it shows great promise for development in the line of organic products and in the area of
genetically modified plants. Besides being a sporulent bacteria found naturally in the soil, it
is distinguished by its production of protein inclusions with insecticidal activity against
several orders of insects and phytonematodes (25, 26). According to Shelton et al. (27), the
tirst biopesticide containing subspecies of B. thuringiensis were sold in France in 1930. In
1995 more than 180 products based on this bacterial species were recorded by the
Environmental Protection Agency (EPA) in the United States of America. In a study by
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Fiuza & Berlitz (28) they stated that B. thuringiensis formulas were then being marketed in
Brazil. These are described in Table 1.

Products Companies B. thuringiensis (Bt) Target insects
Dipel Abbott Bt kurstaki Lepidoptera
Thuricide Sandoz Bt kurstaki Lepidoptera
Agree Mitsui Bt aizawai Lepidoptera
Bactur Milenia Agrociéncias Bt kurstaki Lepidoptera
Ecotech Pro Bayer Bt kurstaki Lepidoptera
Bactospeine Solvay Bt kurstaki Lepidoptera
Javelin Sandoz Bt kurstaki Lepidoptera
Foray Novo-Nordisk Bt kurstaki Lepidoptera
Biobit Novo-Nodisk Bt kurstaki Lepidoptera
Foil/Condor Ecogen Bt kurstaki Lepidoptera
Delfin Sandoz Bt kurstaki Lepidoptera
Cutlass Ecogen Bt kurstaki Lepidoptera
LarvoBt Fermone Bt kurstaki Lepidoptera
Nubilacid Radonja Bt kurstaki Lepidoptera
MVP Mycogen Bt kurstaki Lepidoptera
Bac-control Agricontrol Bt kurstaki Lepidoptera
XenTari Abbott Bt aizawai Lepidoptera
M-One Mycogen Bt san diego Coleoptera
Bt tenebrionis
Di-Terra Abbott Bt san diego Coleoptera
Bt tenebrionis
Trident Sandoz Bt san diego Coleoptera
Bt tenebrionis
Novodor Novo Nordisk Bt san diego Coleoptera
Bt tenebrionis
M-One Plus Mycogen Bt san diego Coleoptera
Bt tenebrionis
Foil Ecogen Bt (recombinant) Coleoptera

*Table adapted by Fiuza & Berlitz (28)

Table 1. Products made from Bacillus thuringiensis for controlling agricultural pest*

3.1. Case studies

A study by Berlitz & Fiuza (29) evaluated the toxicity of B. thuringiensis aizawai on S.
frugiperda and demonstrated that, 6 hours after the application of the treatments, an increase
in the cell volume occurred and the intestinal microvilli ruptured. Significant differences in
the cell volume of the treatment as compared with that of the control caterpillars were
observed 12 hours after the application.
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In the histopathological analysis of the midgut of S. frugiperda caterpillars treated with the B.
thuringiensis thuringiensis 407 (pH 408) strain, structural changes were observed six hours
after application of the treatment (HAT), where there were cells in the intestinal lumen and
elongation of the microvilli, as compared to the control. After nine applications of the
treatment (HAT) the action was intensified with vacuolization of the cytoplasm, and the
beginning of the degradation of the peritrophic membrane — this was entirely absent after 12
HAT.

Treatment with B. thuringiensis kurstaki HD-73 strain was similar, except that rupture of the
microvilli (BBMV’s) and vacuolization of the cytoplasm began at 12 HAT. The results of the
histopathological analysis of the midget of S. frugiperda caterpillars demonstrate that
treatment with the B. thuringiensis thuringiensis strain was more efficient, because the
degradations of the microvilosities started 9 hours after treatment application (HAT), while
in the B. thuringiensis kurstaki the same effect was noticed only after 12 HAT (30).

Knaak and Fiuza (31) tested the nuclear polyhedrosis virus of Anticarsia gemmatalis
(VPNAg) and B. thuringiensis kurstaki HD-1 (Dipelo) in 2nd instar caterpillars of A.
gemmatalis (Lepidoptera, Noctuidae), and observed that when both entomopathogens are
utilized simultaneously they are more efficient, because they caused alterations in the
intestinal cells after 6 HAT while when used separately they produced the alteration only
after 12 HAT.

If the dose of toxin administered does not cause the death of the insect, its cells are
substituted permitting normal alimentation and the recuperation of the insect (32). Several
studies report on the cell changes produced in the middle intestine of caterpillars
intoxicated with Cry proteins from B. thuringiensis - for example: the increase in the volume
of the epithelium cells, the rupture of the microvilli, cytoplasmic vacuolization, the changes
in cytoplasmic organelles and cell hypertrophy (30, 33-35).

Studies of the mode action of the B. thuringiensis Cry proteins seek to clarify the mechanisms
by which these proteins produce their entomopathogenic effects and to elucidate the
specificity of the various toxins.

3.2. Mode action of the Bacillus thuringiensis Cry proteins

When the crystals of B. thuringiensis are ingested by susceptible insects they are solublized
under alkaline conditions in the middle intestine and then broken into smaller fragments by
proteases (5, 36, 37). Binding occurs because of the association of the activated toxin with
specific proteins located in the microvilli of the epithelial cells of the middle intestine (38)
and is followed by the formation of the pore (39) — the ion flux from this pore leads to cell
lyses and consequently, to the death of the susceptible insect (5).

The solubility of the protein and crystals in liquids with alkaline pH values such as those in
the middle intestine of the insects liberates the protoxins of 130-140kDa for Cryl and 70kDa
for Cry2. This phase determines the specificity of the B. thuringiensis isolate to the target
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species, both because of the alkalinity of the digestive system and because of the
composition of the B. thuringiensis crystals.

1. The protoxins are activated by the digestive enzymes, forming toxic fragments of 60-
65kDa. At this stage both the photolytic composition and the structure of the crystal
protein are important. The toxins recognize specific receptors in the microvilli of the
epithelial cells of the middle intestine of susceptible larvae to which they bind. Studies
made with BBMV (Brush Border Membrane Vesicles) isolated from the larvae of
Lepidoptera show that the strong binding affinity between the toxin and the receiver is
considered an important factor in determining the insecticidal spectrum of the Cry
proteins (40). Research data demonstrates that there is a positive correlation between
binding, in vitro, of the toxin in the intestinal receptor and the toxicity, in vivo. On the
other hand, other studies describe that while the recognition of the receptor is necessary
it is not sufficient in itself to provoke the toxicity, which suggests the existence of other
factors related to the mode of action of the Cry proteins. In 1994, Knight et al. (41)
isolated from the BBMV of Manduca sexta (Lep., Sphingidae) larvae an aminopeptidase
N implicated in the interaction of the toxin CrylAc. The receptor models now described
demonstrate that an insect may present, in variable quantities, various kinds of
receptors which could be recognized by different toxins. Research data show that these
models may explain the specificity of the B. thuringiensis toxins.

2. After recognition of the receptor, the toxins induce the formation of pores in the cellular
membrane of the intestinal epithelia.

3. The formation of pores in the cellular membrane provokes an ionic imbalance between
the cytoplasm and the cell’'s external environment. Histopathological analysis
performed after the intoxication of insects reveal destruction of the microvilli, epithelial
cell hypertrophy, cytoplasmic vacuolization and cellular lyses which cause paralysis
and death of the insect.

When selecting insecticidal proteins, synthesized by this bacteria, a preliminary in vitro
analyzes of membrane receptors can facilitate a rapid determination of the range of action of
Cry proteins against the target species. The evaluation of the toxicity in vivo can then be
limited to those isolates which were pre-selected as active in vitro.

3.3. Detection of receptors in tissues of insects

3.3.1. Preparation of the tissues of insects

The insect’s digestive tubes are dissected and fixed for 24h in Bouin Hollande Sublimé 10%,
washed in distilled water for 12 hours and dehydrated in an ethanol mixture increasing in
strength gradually from 70 to 100% (42). The tissues are then impregnated in mixed baths
(ethanol/toluene/Paraplast) and embedded in 100% Paraplast at 58°C. The longitudinal or
transverse sections, 7-10 mm thick, prepared using LKB microtome are mounted on glass
slides, tanadas with poly-l-lysine at 10% and stored at 4°C for subsequent analysis of the
histology of the receptors.
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3.3.2. Labeling of Cry proteins with biotin

Cry proteins can be biotinylated, according to the method described in Bayer & Wilcheck
(43), where the incorporation of biotin at the N-terminal of the protein is done using BNHS
(biotinyl-N-hydroxysuccinimide) in a buffer of sodium bicarbonate, pH 9.

The reaction product should be purified with Sephadex G-25 (Sigma), and the fractions
biotinylated and identified by dot-blot, which uses a nitrocellulose membrane, the conjugate
of streptavidin alkaline phosphatase diluted in TST buffer (Tris-Triton-Saline, pH 7.6) and
the revelation substrate (BCIP and NBT in a Tris buffer, pH 9.5).

The concentration of biotinylated Cry proteins can be determined by the Bradford method
(44) using BSA as the protein standard. The purity and integrity of the labeled proteins can
be evaluated by western blot using a nitrocellulose membrane (Sigma) and Towbin buffer,
pH 8.3 with 10% ethanol. The membranes can be developed using the same technique
described in the dot-blot.

3.3.3. In vitro detection of membrane receptors
3.3.3.1. Pre-treatment of tissues

The in vitro analyses of the receptors of Cry proteins of B. thuringiensis are performed with
histological sections of the digestive systems of larvae being studied. The actual detection
results from incubation with the tissue proteins, wich have been previously dew axed and
rehydrated as shown in the drawing.

3.3.3.2. Reactions with biotinylated proteins (45)

In the analyses with biotinylated Cry proteins, histological sections are incubated at room
temperature for 1 hour with the biotinylated proteins. Proteins not bound to the receptor
sites are removed with TST, pH 7.6.

At the next step, the tissues are treated with streptavidin conjugated to an enzyme
(peroxidase or alkaline phosphatase) or fluorochrome (fluorescein or phycoerythrin),
diluted in a TST buffer. The resulting "protein-receptor” complex reaction, using the enzyme
conjugate, can be developed with the DAB substrate for peroxidase (Figure 2A) and with
BCIP/NBT for alkaline phosphatase (Figure 2B). The sections are fixed with Pertex mounting
medium between the slide and the glass cover slip.

To develop tissues treated with fluorescein the histological sections are mounted with
Mowiol and stored at 4°C for analysis by optical microscopy (OM - Figure 3A) or by laser
scanning microscopy (LSM — Figure 3B).

3.3.3.3. Immune detection reactions of protein receptors

In immunohistochemical analyzes with unlabeled proteins (native preoteins), the receptors are
developed with the primary antibody (AC: specifically against the Cry protein) and secondary
antibody (ACz, directed against the AC1) conjugated to an enzyme or fluorochrome, which are
developed and assembled according to the method described above.
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Figure 2. Cry proteins biotinylated receptor, in Lepidoptera insect tissue revealed with peroxidase (A)
and alkaline phosphatase (B). (MB) Basal Membrane; (L) Lumen; (M) microvilli.

Figure 3. Receivers biotinylated Cry proteins, detected in the tissues of insects with fluorescein and
observed in MO (A) and MVL (B) (45).
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In immuno localization, the caterpillars are previously treated in vivo with the Cry proteins
and after wards the tissues and the immunohistochemical reactions are prepared.

In both methods, the controls are prepared by alternative omission of each step of the
reaction, to eliminate the possibility of false-positive reactions. The samples developed with
enzymes like peroxidase and alkaline phosphatase can be evaluated by optical microscopy.

4. Plant bioinsecticides

Until quite recently the use of chemical insecticide has been the most widely used method of
controlling insect pests. However, the products are expensive and in some cases inefficient
and hazardous if used intensively and/or incorrectly. However, some success has been
achieved in programs of Integrated Pest Management (IPM) with an alternative to chemicals
extracted from various secondary metabolites present in roots, leaves and seeds of plants as
an alternative to chemicals called "plant pesticides" (46-48).

The natural products obtained from vegetable raw materials present a wide variety of
molecules, with great diversity in structure and biological activity (49). This wide range of
new sites of action on target organisms can be considered another reason for the growing
interest in phytotoxins, because, even if not commercially available able, they may suggest
lines for the synthesis of entirely new products (50). This is important if we consider the
speed with which the insects and micro-organisms have developed resistance to chemicals
commonly used as biological control agents of target species.

According to Mello & Silva-Filho (51), the components of insecticides can be divided into the
following groups: (i) derivatives of chemical compounds (tannins, terpenoids, flavonoids,
alkaloids, quinones, linomoides, phenols), (ii) molecules produced from the processing
proteins (chitinase, lectins, inhibitors alpha-amylase and proteinase inhibitors) and (iii)
volatile compounds of plants such as essential oil. In this case, the chemical components can
be divided into two classes. The first, based on biosynthesis, in which are found the
derivates of the terpenoids, is formed via the mevalonic acetate, and the second, by
derivatives which are located in the phenylpropanoid, aromatic compounds formed by way
of shikimic acid (52).

Normally, the oily essential in the leaves and resins contain some constituents in high
concentration, and about 30-40 minor compounds at concentrations less than 1% (53). These
substances are found in plants in the form of complexes, whose components are integrated
and reinforce its action on the organism. Even when the plant has only one active principle,
this has a beneficial effect superior to that produced by the same substance produced by
chemical synthesis. However, the use of botanical insecticides depends on identification of
the active compounds, their mode of action, production, formulation, stability, dose, action
on natural enemies, field persistence, toxicity tests for record, among others (54).

The Laboratory of Microbiology and Toxicology at the UNISINOS University uses two
models for histopathologic analysis:
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1.

Following treatment with plant extracts or oily essences 10 larvae of the insect target are
collected in periods of 1, 3, 6, 9, 12, 24 and 48 hours after treatment (HAT).The
specimens are fixed in aqueous paraformaldehyde and then dehydrated in ethanol
solutions of increasing strength (50, 70, 90 and 100%). After dehydration, the larvae are
embedded in resin (Leica Historesin) for 12 h. After that the specimens are put into
molds of solid polypropylene using the same resin with a polymerize. The resin blocks
are mounted on supports after polymerization, and cut into 3mm thick sections in a
microtome with a glass blade. The histological sections are stretched out onto glass
slides and stained with Schiff-Naphtol Blue Black periodic acid, dehydrated, and
mounted between the glass slides and the cover slips with Entellan.

After application of the treatments with plant extracts or essential oil, 10 target insect
larvae in each treatment, are collected in periods of 3, 6, 9, 12, 24 and 27HAT. After
fixation in Bouin Hollande Sublime-BHS for 24 hours (38), the larvae are subjected to
dehydration in increasingly strong ethanol solutions, followed by rapid baths of xylene
and impregnation in paraffin. Longitudinal histological sections of the midgut are
realized at a thickness of 5um. Coloration is applied with Azul de Heidenhain (41), which
differentiates the microvilli of the middle intestine by the presence of glycoproteins which
can be observed by the system of comparative histology in an optical microscopy.

Knaak et al. (55) found that the toxicity of the extracts of Petivesia alliacea, Zingiber officinale,
Ruta graveolens, Malva silvestris, Baccharis genistelloides and Cymbopogon citratus caused
damage such as: vacuolization of the cytoplasm, disruption of microvilli, peritrophic
membrane destruction and cell changes in the midgut of S. frugiperda (Figure 4). This study
the changes mentioned in the previous work were not observed until 48HAT, which was the
maximum time rated.

Figure 4. Longitudinal sections of the midgut of Spodoptera frugiperda caterpillars treated with plants
extrats, (A) Petivesia aliacea (24 HAT), (B) Petivesia aliacea (24 HAT); (C) Zingiber officinale (6 HAT); (D)
Zingiber officinale (27 HAT); (E) Z. officinale (6 HAT); (F) Z. officinale (24 HAT); (G) Controle. Increase
400X; bar=2.44pm; —=changes; TC=connective tissue; M=microvilli; E=epithelium; L= lumen.
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The chemical compounds (tannins, terpenoids, flavonoids, alkaloids, quinones, linomoides,
phenols), molecules produced from the processing of proteins (chitinase, lectins, alfa-
amylase inhibitor and proteinase inhibitors) and volatile compounds from the plant [56, 57],
present in plant extracts, undergo different changes according to the physico-chemical
conditions along the digestive tract of insects.

In treatments with the essential oil of R. graveolens and Malva sp., cellular projections were
observed in the intestinal lumen at 9 HAT, and the oil of R. graveolens caused cell elongation
at 12 HAT. Thus, it appears that changes in the structure of the midgut of S. frugiperda may
increase during the treatment with essential oils. The intensity of the pathological effects is
dependent on time period and the concentration used (58).

In the treatments with essential oil of Z. officinale and C. citratus, was observed projections of
epithelial cells in the lumen, at 3 and 6HAT respectively (Figure 5A, D and E). After 24 hours
treatment with C. citratus (Figure 5B), we observed elongation of the microvilli, while in the
treatment with Z. officinale cell elongation occurred (Figure 5G). At 24HAT with the Z. officinale
oil several morphological changes occurred, such as: cellular disorganization, destruction of
the epithelium, of the microvilli and the peritrophic membrane. It can still be observed that the
changes are dependent on the time period and the concentrations used (56).

Figure 5. Longitudinal sections of the midgut of Spodoptera frugiperda caterpillars treated with essential
oils, (A) Cymbopogon citratus (6 HAT) (B) C. citratus (24 HAT); (C) C. citratus (48 HAT); (D) Zingiber
officinale (3 HAT); (E) Z. officinale (6 HAT); (F) Z. officinale (24 HAT); (G) Controle. Increase 400X;
bar=2.44um; —»=changes; TC=connective tissue; M=microvilli; E=epithelium; L= lumen.
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Knaak et al. (55) evaluated the effect of the interaction of various plant extracts with
Xentari®, B. thuringiensis aizawai, in the midgut of S. frugiperda, demonstrating that the
histopathological effects of Z. officinale, M. silvestris, R. graveolens and B. genistelloides, in the
midgut of S. frugiperda were more intense when compared to extracts of P. alliacea and
C.citratus, which showed a positive interaction with Xentari®, accelerating the process of
destruction of intestinal cells, which represents a reduction in the lethal time of the target
species, S. frugiperda.

Some plants are outstanding, for instance, Melia azedarach, a plant similar to Azadirachtina
indica which produces azadirachtine efficiently for more than 400 species of insects (58), its
active ingredient is already a commercial product called Neemix 4.5®. This causes different
reactions in insects, acting as an alimentary inhibitor retarding growth, reduces fertility, and
causes morphogenetic and behavioral changes (59).

The toxicity of cinnamon is related to the presence of different compounds, such as
salanalina, meliaterina and meliacarpinina E, from which additionally other derivatives can
be obtained which show insecticidal action against the Coleopteran orders (Curculionidae,
Tenebrionidae and Chrysomelidae) and Lepidoptera (60-62), amongst others.

Correia et al. (63) evaluated the histology of the alimentary canal of larvae of S. frugiperda
treated with neem (Neemseto®) at concentrations 0.5 and 1.0%, on non-treated leaves. They
found that regions of the stomodeum and proctodeus showed no morphological changes.
However, the middle intestinal region, showed morphological changes that varied in
intensity according to the exposure time and concentration (0.5 and 1.0%). After 48h and 96h
of treatment, tissue changes were observed in the larvae treated with neem — the cells of the
epithelial lamina became slender and elongated. It was not possible to distinguish cell types
beyond reducing significantly reducing the secretion activity of the two concentrations
studied, in comparison with the control.

5. Conclusion

In toxicological analysis of microbial biopesticides, with Bacillus thuringiensis as the object of
analysis, the labeling detected in the region of the microvilli of the cells of the intestinal
epithelial cells revealed the presence of membrane receptors of Cry proteins in the midgut of
the larvae of the insects when compared to the controls representing the alternative
omission of different components of the reactions, as can be seen by the absence of staining
on the microvilli of intestinal epithelial cells of the insects used here as a model of this
approach to the study. The imunedetections and the detection of biotinylated Cry proteins
were used by various authors, for identifying the intestinal membrane receptors, in larvae of
different species of Lepidoptera (33, 45, 64-65), Diptera (66) and Coleoptera (33, 67). These
authors proved that the binding of the Cry proteins to the microvilli of the insect’s midgut
indicate the existence of a receptor specific to the cited protein in the target insect.

Considering therefore, the studies of receptors in vitro and the toxicological analyses in
vivo, it can be confirmed that the methods for detection of membrane receptors can be
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applied in selecting the toxins of B. thuringiensis that are active against insects, and that there
is a positive correlation between the in vitro and the in vivo analysis. However, to determine
the median lethal concentration (LCs0) of a Cry protein a bioassay is necessary since the
binding of proteins to the receptors may vary in concentration and affinity, as previously
described by several authors for different insect species (64, 68, 69, 70). Other studies show
that the Cry proteins that are toxic to insects correspond to those which bind irreversibly to
the epithelial cell receptors of the target insects (71).

In the case of plant insecticides, chemical compounds, (tannins, terpenoids, flavonoids,
alkaloids, quinones, phenols and linomoides), the molecules produced from the processing
of proteins (chitinase, lectins, inhibitors alpha-amylase and proteinase inhibitors) and
volatile compounds from plants, such as the oily essences present in plants (57) undergo
different changes according to the physical and chemical conditions along the digestive tract
of the insects.

In recent years, in the search for alternative methods to control agricultural pests without
using artificial chemical substances, research was expanded to obtain greater knowledge on
the mode action of microbial toxins and plant insecticides. Studies realized in vitro on the
cells and tissues of the alimentary canal of insects, especially of Lepidoptera, have identified
and located the receptors in the target species. Thus, for the application of plant and
microbial toxins as biopesticides, it is fundamental to evaluate the range of action and the
specificity of the active ingredient. In this context, Fiuza (72) mentions that the analysis in
vitro of membrane receptors can be considered an indispensable tool due to the large
number of botanical compounds plus the isolates, the strains and proteins of B. thuringiensis
that have been identified, and which have considerable potential for pest management.
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