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The present study demonstrated the effects of dinotefuran (active ingredient of the acaricide Protetor
Pet®) on the ovary and midgut cells of semi engorged R. sanguineus females exposed to different concen-
trations of this chemical. For this, 120 semi-engorged females were divided into four treatment groups
with 30 individuals each: group I or control (distilled water), group II (5000 ppm), groups III (6250 ppm)
and group IV (8334 ppm of dinotefuran). All the ticks were immersed in the different concentrations of
dinotefuran or in distilled water for 5 min and then dried and kept in BOD incubator for 7 days. The results

g‘;ﬁ th‘;rfisr;n showed alterations mainly regarding the damaged cell structures, such as yolk granules, organelles and
Rhipicephalus sanguineus the plasma membrane of the germ cells. In addition, structures related with defense mechanisms were
Control found, such as vacuoles, cytoskeletal filaments, and myelin figures in the germ cells. Damages in the gen-
Acaricide erative cells of the midgut, alterations in the size of digestive cells, the number of endosomes, digestive
Ultrastructure vacuoles, digestive residues, lipid drops and organelles in the cytoplasm of the digestive cells and the

presence of microvilli in the plasma membrane of these cells also demonstrate the progressive damages
caused by the action of dinotefuran in the midgut and germ cells of R. sanguineus semi-engorged females.
The concentrations applied partially impaired the digestive processes; and, without proper nutrition, all
the ectoparasite’s physiologic events are prevented from occurring, leading the individual to death. The
germ cells were also damaged, and probably would not be able to advance in their development (I-V)
and complete the vitellogenesis, which would affect the fertility of the female and consequently impede

the formation of a new individual.
© 2016 Elsevier B.V. All rights reserved.

1. Introduction

Rhipicephalus sanguineus is probably the kind of tick that is
most widely distributed in the entire world (Gonzalez et al., 2004;
Labruna and Pereira, 2001; Soares et al., 2006; Szab6 et al., 2001).

This arthropod is the main vector of Ehrlichia canis, being also
responsible for the transmission of other pathogens such as Babesia
canis, B. caballi, B. equi (Sexton et al., 1976), Hepatozoon canis (Craig,
1990), Anaplasma platys (French and Harvey, 1983) and Haemo-
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bartonella canis (Woldehiwet and Ristic, 1993). Some studies have
reported its participation in the transmission of canine visceral
leishmaniasis (Coutinho et al., 2005). Others stated that R. san-
guineus would be the vector of Coxiella burnetii — causing agent
of the human Q fever (Stephen et al., 1980), Rickettsia rickettsii
causing agent of spotted fever, Rickettsia conori causing agent of
Boutonneuse fever (Merle et al., 1998), of simile Lyme borreliosis
(Yoshinari et al., 1997) and of the Francisella tularensis bacteria, the
causing agent of tularemia (Walker et al., 2000).

The main form to control these parasites still is with chemi-
cals (through synthetic acaricides). Selection of acaricide-resistant
strains of ticks and contamination of non-target organisms, as well
as the environment, are factors that have encouraged investigations
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that aim at improving recent acaricides and/or developing new
anti-parasite products through the identification of new pesticide
molecules (Crampton et al., 1999; Nolan, 1985; Oliveira et al., 2009,
2008; Pruett, 1999). With that approach, there is also the inten-
tion of decreasing or even replacing ineffective or inappropriate
synthetic products that are currently in use.

A class of substances that has the potential of controlling several
plagues and that has most increased in the market since the com-
mercialization of pyrethroids is the neonicotinoids. This promising
class presents excellent chemical and biological properties, as well
as low toxicity for mammals (Nauen and Bretschneider, 2002).

Among the neonicotinoids is the dinotefuran, the most recently
synthetized, belonging to the third generation (Wakita, 2011;
Wakita et al., 2005, 2003). The dinotefuran is unique in its struc-
ture, once it is based on the acetylcholine molecule, not on nicotine
as the other neonicotinoids (Wakita, 2011). As the other neon-
icotinoids, it is highly toxic for the insects, mainly Hemiptera,
Coleoptera, Diptera, Dictyopera and Thysanoptera (Tomizawa and
Casida, 2005). Toxicological and ecotoxicological studies have
demonstrated that the dinotefuran presents low toxicity for birds,
aquatic animals (Kagabu, 1997; Uneme et al., 1999; Wakita et al.,
2005),and the environment (EPA, 2009; Wakita, 2011; Wakitaetal.,
2005). Still regarding its toxicology, it was demonstrated that the
dinotefuran does not have genotoxic, teratogenic or carcinogenic
effects on mice, rats, rabbits of guinea pigs (Wakita et al., 2003).
Its excellent chemical-physical, biological and toxicological prop-
erties make the dinotefuran a promising option to control plagues
and vectors of public importance (Wakita et al., 2005; Zaim and
Guillet, 2002), confirming its important role in the present context
and motivating the development of studies focusing on its effects
and mechanisms of action.

For Ctenocephalides felis fleas, dinotefuran has been a very effi-
cient product (Dryden et al., 2011). However, until now, there are
only few studies in literature on how to use this chemical to control
the R. sanguineus tick.

Considering the above information, this study aimed at deter-
mining the effects of different dinotefuran concentrations in germ
and midgut cells of semi-engorged R. sanguineus females ticks
through an ultra-structural study, comparing the results obtained
from the Control Group individuals, in order to understand the
activity of this product in different cells and, therefore, allow the
accomplishment of essential information that will help the devel-
opment of new control methods of R. sanguineus ticks and/or
improve usual and more specific control methods, which do not
induce tick-resistance and are less toxic and less damaging to the
environment and non-target organisms.

2. Material and methods
2.1. Chemical substance

2.1.1. Synthetic: dinotefuran (CAS 165252-70-0)

Dinotefuran is a compound of the neonicotinoid chemical class,
molecular formula C;H14N405. The chemical was obtained from the
commercial acaricide Protetor Pet®, produced by “Ouro Fino Satide
Animal”, Cravinhos, SP, Brazil, in tubes of 0.48 mL, concentration
25%, for animals up to 5.0 kg.

2.2. Rhipicephalus sanguineus ticks (Latreille, 1806)

Semi-engorged R. sanguineus females, weighing 27 mg on aver-
age (about five days of feeding), were used throughout the
experiment. They were supplied by the tick colony maintained
under controlled conditions (28 °C, 85% humidity, and 12-h pho-
toperiod) in a BOD (Biological Oxygen Demand) incubator, in a

room of the Animal Facility of the Department of Biology — UNESP,
Rio Claro Campus/Sdo Paulo, Brazil. Semi-engorged females were
obtained after unfed R. sanguineus couples (25 couple/infestation)
were allowed to feed on naive Botucatu genetic group rabbits
following Bechara et al. (1995). The semi-engorged stage of the
females was chosen due to the high parasitary efficiency in this
phase.

2.3. Hosts

Botucatu genetic group rabbits, weighing between 3 and 3.5 kg,
were used as hosts. Rabbits were obtained from the Animal Facility
of UNESP - Botucatu Campus/Sao Paulo - Brazil and housed in the
Animal Facility of UNESP - Rio Claro Campus/S3o Paulo - Brazil.
Animals did not have prior contact with ticks or acaricides and were
kept under controlled conditions. During the entire experiment,
animals were maintained in cages and received water and rabbit
food ad libitum.

The Ethics Committee for Animal Experimentation of
UNESP/SP/Brazil, protocol n°6334/2014, approved this study.

2.4. Dinotefuran dosage

The initial concentration of dinotefuran was defined based on
the recommendations of manufacturer - product label of Protetor
Pet®. Several doses were evaluated in preliminary tests (pilots) by
diluting dinotefuran (Protetor Pet®) in distilled water (0 to 50%).
After this bioassay, the efficacy of dinotefuran and the level of sus-
ceptibility of the semi-engorged females were evaluated, and the
lethal concentration LCsy determined was 10,182.253 ppm. In this
study, the concentrations corresponded to 5000 ppm, 6250 ppm
and 8334 ppm of dinotefuran. All the concentrations of dinotefu-
ran were kept in labeled volumetric flasks until the tests. Each
treatment was conducted in duplicate.

2.5. Experimental model

R. sanguineus semi-engorged females were divided into three
treated groups: group II (5000 ppm of dinotefuran), group III
(6250 ppm of dinotefuran) and group IV (8334 ppm of dinotefu-
ran). The control group was exposed only to the placebo (distilled
water).

The 120 semi-engorged females of R. sanguineus, after being
washed in a sieve with tap water, were dried on soft absorbent
paper. After that, 90 females were divided into three groups of
30 females (30 females for each concentration - 2 groups with 15
individuals - duplicates) and immersed for 5min in Petri dishes
containing the above different concentrations of dinotefuran. The
control group was also composed of 30 females that had been
immersed in distilled water for the same period. Ticks were then
dried in absorbent paper and placed in the BOD incubator (28 +1°C,
80% relative humidity and 12 h photoperiod) for 7 days. The obser-
vation period was established because frequently the effect of
acaricides is not immediate, but acts slowly on the physiology of
the individual analyzed (Roma et al., 2010).

After 7 days of monitoring, all the semi-engorged females were
forwarded to ultrastrucure techniques.

2.6. Methods

2.6.1. Transmission electron microscopy

All semi-engorged females were fixed in 2.5% glutaraldehyde for
two hours, rinsed twice for 15 min each with 0.1 M sodium cacody-
late buffer, and post-fixed with 1% osmim tetroxide for two hours.
The material was then rinsed twice with 0.1 M sodium cacodylate
for 15 min each.
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The material was then immersed in 10% ethanol during 15 min,
contrasted with 2% uranyl acetate and 10% ethanol for two hours,
and dehydrated in a crescent series of 50%, 70%, 90%, 95% and 100%
acetone, twice for the latter concentration, for 10 min each and
15 min for pure acetone. The material was then immersed ina 1:1
mixture of acetone and resin for 12 h, and transferred to pure Epon
Araldite resin with catalyzer.

Finally, the material embedded in pure Epon Araldite resin and
catalyzer was placed in the oven at 60°C for 24 to 48 h, and then
sectioned in ultramicrotome. Sections were placed on copper grids
for contrasting with uranyl acetate and lead citrate during 45 and
10 min respectively.

The grids containing the sections were examined and pho-
tographed with aJEOLJEM 1011 Transmission Electron Microscopy
of the ESALQ/USP.

3. Results

3.1. Transmission electron microscopy

3.1.1. Ovary

3.1.1.1. Control group. The results obtained in the analysis of the
semi-engorged female ovaries from the control group are similar
to those obtained by Oliveira et al. (2005). Below, a summary of the
main characteristics of the Rhipicephalus sanguineus female ovary.

The ovary R. sanguineus consists of a wall of epithelial cells and
a large number of oocytes in five developmental stages, attached
to the wall by a pedicel (Oliveira et al., 2005).

The oocytes I show round-shaped and central germ vesicle,
little heterochromatin and the nucleolus is very evident. The cyto-
plasm is homogeneous, rich in free ribosomes, polyribosomes, and
mitochondria in various shapes (from round and elliptical to halter-
shaped), located mainly in the peripheral region of the oocyte
(Fig. 1B). The plasma membrane shows specializations in the form
of microvilli towards the basal lamina (Fig. 1A,B). Some vesicles
containing electron dense material are observed in the region
between the basal lamina and the membrane (Fig. 1A,B).

The oocytes Il show a round-shaped germ vesicle with dispersed
chromatin. In the cytoplasm, both free ribosomes (forming polyri-
bosomes) - and bound ribosomes (adhered to the little developed
lamellar rough endoplasmic reticulum) are found (Fig. 1C,D). In
addition, few and small electron lucid lipid droplets and mitochon-
dria of various sizes, shapes and electron density occupy mainly the
peripheral region of these cells (Fig. 1C,D).

The plasma membrane surrounds the oocyte II, with longer
and more numerous microvilli in comparison with those found in
oocytes I. The membrane is supported by thick basal lamina, and
between these regions, the vesicles are still observed (Fig. 1D).

The oocytes Il present numerous and small secretory granules
of lipid (electron lucid) and protein (electron dense) composition
(Fig. 1E,F). The largest protein granules are located in the periphery;
and the smallest, in the central region of the oocyte (Fig. 1E,F). The
mitochondria are still the main organelles distributed throughout
the cytoplasm (Fig. 1E), as well as numerous ribosomes and lamellar
rough endoplasmic reticulum (Fig. 1E,F). The plasma membrane
shows several microvilli and the basal lamina is thick (Fig. 1F, G).
Vesicles are observed between these regions (Fig. 1F,G).

In the oocytes IV, numerous protein granules with different sizes
and electron density are found (Fig. 1H), in addition to small lipid
droplets (electron lucid) and mitochondria distributed through-
out the cytoplasm (Fig. 1H,I). In the periphery of the oocyte, the
beginning of chorion deposition is observed, via exocytosis vesi-
cles polymerizing in the space between the basal lamina and the
plasma membrane (Fig. TH,I).

The cytoplasm of the oocytes V is full of large and electron
dense yolk protein granules, as well as small and electron lucid lipid
droplets (Fig. 1],K). The chorion is completely deposited around the

oocyte and is constituted by two layers: the exochorion, the outer
layer, less thick and presenting medium electron density; and the
endochorion, the inner layer, thicker, little electron dense and in
direct contact with the oocyte (Fig. 1],K).

3.1.1.2. Group II. The oocytes from the individuals exposed to
5000 ppm of dinotefuran show few alterations when compared
with the control group. Most characteristics of these oocytes is not
affected by this concentration.

The oocytes I show few vacuoles, including autophagic ones,
located mainly next to the peripheral region (Fig. 2A,B).

The oocytes II present several vacuoles, including autophagic
ones, occupying the regions next to the germ vesicle and the plasma
membrane. In the latter, the number of microvilli is reduced in com-
parison with the oocyte II from the control group (Fig. 2C,D). Few
vesicles and some myelin figures are observed between the plasma
membrane and the basal lamina (Fig. 2D).

The oocytes Ill show several disorganized regions, affected by
the chemical. The cytoplasm displays vacuoles of different sizes,
many irregular protein granules with degenerated areas (small
vacuoles in the interior of the granule), in addition to several
autophagic vacuoles and myelin figures in the central region next to
the germ vesicle and in the peripheral region as well (Fig. 2E-H). The
organelles, the mitochondria and the lamellar rough endoplasmic
reticulum remain intact (Fig. 2E-H).

The oocytes IV and V were not modified by the application of
this concentration, as they showed similar characteristics to the
oocytes IV and V from the control group (Fig. 21)).

The germ vesicle remains intact in all the oocytes (I, II, III, IV and
V).

3.1.1.3. Group III. The individuals from group III subjected to
6250 ppm of dinotefuran show a larger number of modified oocytes
and affected areas when compared with the previous group.

The oocytes I display cytoplasmic vacuoles in the central region
and in the region adjacent to the plasma membrane, probably
releasing their content to the space between the plasma membrane
and the basal lamina (Fig. 3A-C). These vacuoles are more frequent
than the oocytes I from the previous groups (Fig. 3A-C).

The oocytes Il show several vacuolated areas next to the germ
vesicle, to the peripheral region and adjacently to the plasma
membrane (Fig. 3D-F). Several autophagic vacuoles and myelin fig-
ures are found in the cytoplasm; however, few lipid droplets are
observed (Fig. 3D-F). The organelles, mitochondria and lamellar
rough endoplasmic reticulum are still present.

The oocytes Il show evidence of damages, with several cyto-
plasmic vacuoles, irregular protein granules and degraded areas
in their interior, as well as autophagic vacuoles (Fig. 3G-]). Few
lipid droplets, mitochondria and little developed lamellar rough
endoplasmic reticulum are found throughout the cell (Fig. 3G, I, J).

The oocytes IV display few alterations, only the protein granules
show a different electron density in comparison with the protein
granules from the oocytes IV in the previous groups (Fig. 3K,L).

The oocytes V contain large yolk protein granules. Some small
round-shaped vacuoles are found, mainly in the periphery. The
chorion is subdivided and is still thick as in the previous stages
(Fig. 3M)

The germ vesicle remains intact in all the development stages
of the oocytes (I, II, III, IV and V).

3.1.1.4. Group IV. The ovaries of the individuals from group IV
present numerous oocytes with large degraded areas, indicating
the damages caused by the dinotefuran.

The oocytes I show higher cytoplasmic vacuolation (located in
the peripheral region) in comparison with those from the previous
groups (Fig. 4A,B). The organelles, mitochondria and the lamellar



142 P.R. de Oliveira et al. / Acta Tropica 166 (2017) 139-154

Fig. 1. Ultrastructure of the ovary of dinotefuran-treated semi-engorged females tick Rhipicephalus sanguineus. (A-K) Control Group. A. Detail of the peripheral cytoplasm
of oocytes 1. B. Peripheral region of oocytes I. C. Detail of the cytoplasm of oocytes II. D. Peripheral region of oocytes II. E.F. Detail of the peripheral cytoplasm of oocytes III.
G. Peripheral region of oocytes IIl. H. I. Detail of the peripheral cytoplasm of oocytes IV. J. Detail of the peripheral cytoplasm of oocytes V. K. Peripheral region of oocytes V.
bl =basal lamina; ch=chorium; gv=germ vesicle; 1 =lipid granule; Irer =lamellar rough endoplasmic reticulum; m = mitochondria; mv = microvilli; p = proteic yolk granules,

pm =plasma membrane.

rough endoplasmic reticulum are present. In the peripheral region,
the membrane containing microvilli and the thick basal lamina are
still being observed (Fig. 4A,B).

The oocytes II present extensive vacuolation in the region next
to the vesicle and in the peripheral region as well (Fig. 4C-F).
Autophagic vacuoles and myelin figures are observed in the periph-
eral cytoplasm (Fig. 4C-F). Rare lipid droplets, few mitochondria

and a little developed lamellar rough endoplasmic reticulum are
present, in addition to a well-developed vesicular rough endoplas-
mic reticulum (Fig. 4C-F).

The oocytes Il show extensive vacuolation mainly in the periph-
eral region of the cell (Fig. 4G-K). Irregular protein granules
with several degraded areas, autophagic vacuoles and cytoskele-
ton elements are observed (Fig. 4G-K). Lipid droplets are seldom
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Fig. 2. Ultrastructure of the ovary of dinotefuran-treated semi-engorged females tick Rhipicephalus sanguineus. (A-]) Group II. A. Detail of the cytoplasm of oocytes I. B.
Peripheral region of oocytes I. C. Detail of the cytoplasm near the germ vesicle of oocytes II. D. Peripheral region of oocytes II. E.F. Central cytoplasm of oocytes III. G. Peripheral
region of oocytes III. H. Detail of the peripheral cytoplasm of oocytes IIL. I. Detail of the peripheral cytoplasm of oocytes IV. J. Detail of the peripheral cytoplasm of oocytes V.
av =autophagic vacuoles; bl=basal lamina; ch=chorium; gv=germ vesicle; | =lipid granule; Irer =lamellar rough endoplasmic reticulum; m=mitochondria; mb=myelinic
bodies; mv =microvilli; ne = nuclear envelope; p = proteic yolk granules; pm =plasma membrane; v =vacuoles.

observed. The number of organelles is also reduced, few mitochon-
dria are present and the lamellar rough endoplasmic reticulum
is little developed (Fig. 4G-K). Only the vesicular endoplasmic
reticulum is developed (intense vacuolation of the rough endo-
plasmic reticulum). The number of microvilli in the periphery is
smaller in comparison with the oocytes Ill from the previous groups
(Fig. 4]). In this region, both the microvilli and the basal lamina

are modified; the former are disorganized, and, in the latter, the
outer layer is separated from the inner one, showing irregularities
(Fig. 4]).

The oocytes IV show round-shaped vacuoles mainly among the
large yolk protein granules (Fig. 4L,M). Lipid droplets and mito-
chondria are seldom observed. The lamellar rough endoplasmic
reticulum is little developed and under vesicular form appears only
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Fig. 3. Ultrastructure of the ovary of dinotefuran-treated semi-engorged females tick Rhipicephalus sanguineus. (A-M) Group III. A. B. Cytoplasm of oocytes I. C. Peripheral
region of oocytes I. D. E. Detail of the cytoplasm of oocytes II. F. Detail of the peripheral cytoplasm of oocytes of oocytes II. G. Detail of the peripheral cytoplasm of oocytes III.
H. L. Detail of the cytoplasm of oocytes III. ]. Cytoplasm of oocytes III. K. Detail of the peripheral cytoplasm of oocytes IV. L. Peripheral region of oocytes IV. M. Detail of the
peripheral cytoplasm of oocytes V. av = autophagic vacuoles; bl = basal lamina; ch =chorium; gv=germ vesicle; 1 =lipid granule; Irer = lamellar rough endoplasmic reticulum;
m =mitochondria; mb = myelinic bodies; mv=microvilli; p = proteic yolk granules; pm = plasma membrane; v =vacuoles.

in the oocytes from this treatment group. The chorion is present in
the peripheral region of the cell; however, in some regions, it is
thinner and more electron dense than the one found in the oocytes
IV from the previous groups (Fig. 4L,M).

The oocytes V present large and intact protein granules. How-
ever, other granules with different levels of electron density and

numerous vacuoles surrounding the large granules and in the
periphery of the cell are observed (Fig. 4AN-Q). The lipid droplets are
seldom observed. Although the chorion is present, showing sub-
divisions, it is not homogeneous and is sometimes thicker in the
region surrounding the oocyte (Fig. 4N-Q).
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Fig. 4. Ultrastructure of the ovary of dinotefuran-treated semi-engorged females tick Rhipicephalus sanguineus. (A-Q) Group IV. A. Cytoplasm of oocytes 1. B. Detail of the
peripheral cytoplasm of oocytes I. C. Peripheral region of oocytes II. D. Cytoplasm of oocytes II. E .F. Detail of the peripheral cytoplasm of oocytes of oocytes II. G. Cytoplasm
of oocytes III. H. I. Detail of the cytoplasm of oocytes III. ]. Peripheral region of oocytes III. K. Detail of the peripheral cytoplasm of oocytes III. L. M. Detail of the peripheral
cytoplasm of oocytes IV. N. O. Detail of the cytoplasm of oocytes V. P. Detail of the peripheral cytoplasm of oocytes V. Q. Peripheral region of oocytes V. av=autophagic
vacuoles; bl =basal lamina; ch=chorium; f=cytoskeleton elements; | =lipid granule; Irer =lamellar rough endoplasmic reticulum; m=mitochondria; mb=myelinic bodies;
mv =microvilli; p = proteic yolk granules; pm = plasma membrane; v =vacuoles; vrer = vesicular rough endoplasmic reticulum.

3.1.2. Midgut

3.1.2.1. Control group. The midgut of the R. sanguineus semi-
engorged females from the control group is comprised of an
epithelial wall supported by a basal lamina and a thin muscular
tissue layer. The epithelial wall is pseudostratified and formed by
generative and digestive cells (Fig. 5A,B).

The generative cells (Stem cells) are small, varying from cubic
to prism-shaped and located on the basal membrane. The nucleus
is large (occupying most part of the cytoplasm), central and
round-shaped, with several pores in the membrane and dispersed
chromatin (Fig. 5A,B). The cytoplasm does not show any evidence
of digestive processes and contains a large number of organelles.
It is full of well-developed lamellar rough endoplasmic reticulum,
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Fig. 5. Ultrastructure of the midgut of dinotefuran-treated semi-engorged females tick Rhipicephalus sanguineus. (A-H) Control Group and Group II. (A-B). Generative cells
(stc). A. General view of the generative cells. B. Detail of the cytoplasm next to the peripheral region of generative cells. (C-E). Digestive cells (Sessile digest cells and Residual
sessile digest cells). C. Cytoplasmic region next to the nuclei of the digestive cells. D-E. Cytoplasm of the digestive cells. (F-H). Digestive cells (Detached digest cells). F.
G. Peripheral cytoplasm of the digestive cells. H. Central cytoplasm of the digestive cells. e =endosomes; hg=haematin residues; 1=lipid; m=mitochondria; n=nucleus;
Irer =lamellar rough endoplasmic reticulum; pm = plasma membrane; vrer = vesicular rough endoplasmic reticulum; v=vacuoles.

mitochondria of different sizes and shapes and several ribosomes
- both free, forming polyribosomes, and bound - adhered to the
rough endoplasmic reticulum - and some small lipid droplets as
well. (Fig. 5A,B).

The generative cells are covered by a plasma membrane. This
membrane shows specializations such as invaginations, microvilli
and some vesicles containing electron dense material towards the
midgut lumen and among the adjacent cells (Fig. 5A,B).

The digestive cells are large and numerous (Fig. 5C-H). These
cells undergo several developmental stages over their life cycle and
during the tick engorgement processes. In the present study, the
following digestive cell stages were identified: the sessile digest
cells and/or the residual sessile digest cells, and the detached digest
cells (Fig. 5C-H).

The first group of digestive cells (sessile digest cells and/or resid-
ual sessile digest cells) display a large nucleus, with marginalized
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heterochromatin internally distributed in the nuclear region. The
nucleus is rarely detected due to presence of a large number of cyto-
plasmic structures, which modify its morphology or even cover it
completely (Fig. 5C-E).

The cytoplasm displays numerous and large endosomes (with
the blood ingested from the host during engorgement), several
digestive vacuoles, as well as few highly electron dense residual
hematin bodies (final product of the intracellular digestion) and
small lipid droplets among these endosomes (Fig. 5C-E). Few mito-
chondria and lamellar/vesicular rough endoplasmic reticulum are
observed in the region next to the nucleus and in the apical region
of the cell as well (Fig. 5C-E).

The plasma membrane around the digestive cells shows few
microvilli.

The second group of digestive cells (detached digest cells) com-
prises spherical and free cells distributed in the midgut lumen
(Fig. 5F-H). The nucleus is frequently covered by endosomes. The
cytoplasm shows smaller and less frequent endosomes in compari-
son with the first group of digestive cells, several digestive vacuoles
and few highly electron dense residual hematin bodies (Fig. 5F-H).
In addition, large lipid droplets (larger than the ones found in the
first digestive cells) are observed, occupying mainly the region next
to the nucleus (Fig. 5F-H). The plasma membrane limiting this cell
show few microvilli.

The midgut lumen of the individuals from the control group con-
tains blood, detached digest cells free in the lumen and the residues
from the digestive processes, released by exocytosis and/or the lysis
of digestive cells present in another digestion phase or life cycle,
being incorporated to the fecal matter.

3.1.2.2. Group II. The midgut of the semi-engorged females sub-
jected to 5000 ppm of dinotefuran do not present ultra-structural
alterations. The generative cells (stem cells), all the digestive cells-
sessile digest cells and/or the residual sessile digest cells and the
detached digest cells, the muscular layer and the lumen are highly
preserved and remain with the same characteristics found in the
control group (group I) (Fig. 5A-H).

3.1.2.3. Group Ill. The midgut of the semi-engorged females from
the group III, subjected to 6250 ppm of dinotefuran showed sig-
nificant alterations in comparison with the group control. These
alterations occurred in the generative cells (stem cells) and in all
stages of the digestive cells as well.

The generative cells (stem cells) have irregular shape, and show
several deep folds in the plasma membrane. The microvilli are
rarely observed and the basal lamina is thin and partially disrupted
(Fig. 6A-C). The presence of vacuoles, including autophagic ones, is
observed, in addition to myelin figures, mainly next to the periph-
ery of the cell (Fig. 6A-C). Regarding the organelles, the rough
endoplasmic reticulum appears in lamellar and vesicular forms. The
mitochondria display enlarged and altered cristae. Lipid droplets
are rarely observed. Here, the nucleus shows several folds in the
membrane and more condensed chromatin (Fig. 6A-C).

The digestive cells are less numerous. The nucleus and the mem-
brane of the, sessile digest cells and/or residual sessile digest cells
do not present evident alterations. Fewer endosomes and diges-
tive vacuoles are found in the cytoplasm in comparison with the
previous groups. These endosomes are smaller, frequently show-
ing irregular shape and degenerated areas (Fig. 6D,E). The residual
hematin bodies and lipid droplets are rarely found (Fig. 6D,E). The
organelles, as mitochondria and the lamellar/vesicular rough endo-
plasmic reticulum are less frequently observed than in groups I and
I (Fig. 6D,E). In these cells, disorganized areas emerge, showing
vacuoles (Fig. 6D,E).

The detached digest cells are rarely observed. The nucleus
and the plasma membrane were not affected. The cytoplasm

shows fewer endosomes and digestive vacuoles in comparison
with groups I, I and IIl. These endosomes are irregular and show
degraded areas (Fig. 6F-H). The number of residual hematin bod-
ies and lipid droplets is also smaller than in the other groups
(Fig. 6F-H). The organelles, as mitochondria and the lamellar rough
endoplasmicreticulum are less frequently observed. The mitochon-
dria present enlarged cristae and the lamellar rough endoplasmic
reticulum shows signs of vesiculation, justifying the large amount
of vesicular rough endoplasmic reticulum found (Fig. 6F-H). The
peripheral cytoplasm show extensive disorganized and vacuolated
areas, where myelin figures are observed (Fig. 6F-H).

3.1.2.4. Group IV. The semi-engorged females from the group IV
show serious damages with evident cell disorganization. Such alter-
ations occur in the generative (stem cells) and digestive cells.

The generative cells (stem cells) present very irregular shape,
with several folds and distorted projections. The plasma membrane
does not show microvilli; however, it limits an extensive region full
of small spaces separating it from the basal lamina. This lamina is
twisted, surrounding all this area (Fig. 7A,B). The intercellular space
is enlarged and this region, limited by the membrane, also shows
numerous small spaces (Fig. 7A,B).

The cytoplasm, becoming increasingly scarce, show vacuoles,
autophagic vacuoles and myelin figures mainly in the basal region
and next to the digestive cells (Fig. 7A,B). The number of organelles
is significantly reduced. Little rough endoplasmic reticulum (both
lamellar and vesicular) and few and small mitochondria with
altered cristae are found (Fig. 7A,B). The lipid droplets are no longer
observed (Fig. 7A,B).

As in the previous group, the nucleus membrane of these cells
shows many folds and the chromatin is condensed (Fig. 7A,B).

The digestive cells are heavily affected. In the other groups
(I, II and III,) it was possible to detect and distinguish several
developmental stages of the digestive cells by their location and
morphological characteristics (Fig. 7C-F). In the group IV, only
the sessile digest cells and/or residual sessile digest cells were
detected. These digestive cells present smaller and less frequent
endosomes in comparison with the previous groups. These endo-
somes display a very irregular shape and areas with evidence of
degeneration. Few digestive vacuoles and residual hematin bodies,
in addition to the disappearance of lipid droplets in the cytoplasm
are observed (Fig. 7C-F). In addition, the number of organelles is
reduced, few mitochondria are detected and little lamellar rough
endoplasmic reticulum occupies mainly the cytoplasm, mainly
in the region next to the nucleus. The mitochondria show dis-
organized cristae and the vesiculation of the rough endoplasmic
reticulum is observed, with the emergence of a large amount of
vesicular rough endoplasmic reticulum (Fig. 7C-F). The presence of
large disorganized areas is observed in the cytoplasm, in addition
to myelin figures, cytoskeleton filaments and numerous vacuoles,
including autophagic ones, with cell remains inside them, occupy-
ing the region next to the nucleus and the periphery of the cell as
well (Fig. 7C-F)

There is a decrease in the number of microvilli in the plasma
membrane, or even the disappearance of these specializations. Only
the nucleus is preserved, showing similar characteristics to the ones
found in the cells belonging to groups I, Il and III (Fig. 7C-F).

4. Discussion

The R. sanguineus tick is a species of great medical and vet-
erinary importance, transmitting several pathogens to the hosts,
including the human being, and causing these hosts damages due
to its spoliative action (Balashov, 1983; Wall and Shearer, 1997).
This species is spread in urban areas and is completely adapted
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Fig. 6. Ultrastructure of the midgut of dinotefuran-treated semi-engorged females tick Rhipicephalus sanguineus. (A-H) Group III. (A-C). Generative cells (stc). A. General
view of the generative cells. B.C. Detail of the cytoplasm next to the nuclei of generative cells. (D-E). Digestive cells (Sessile digest cells and Residual sessile digest cells). D. E.
Cytoplasmic region next to the nuclei of the digestive cells. (F-H). Digestive cells (Detached digest cells). F. General view of the digestive cells. G. Cytoplasm of the digestive
cells. H. Cytoplasmic region next to the nuclei of the digestive cells. bl=basal lamina; e =endosomes; hg =haematin residues; 1=1lipid; Irer =lamellar rough endoplasmic
reticulum; m = mitochondria; n=nucleus, ne = nuclear envelope; pm = plasma membrane; vrer = vesicular rough endoplasmic reticulum; v=vacuoles.

to the hosts’ environment, which significantly contributes to its
worldwide distribution (Sonenshine and Roe, 2014).

The main method to control the R. sanguineus consists in the
application of chemical acaricides on the hosts and the environ-
ment where they live. The indiscriminate use of these acaricides
has resulted in the selection of more resistant populations of ticks.
Another serious problem is the contamination of the environment

and non-target organisms, which call for the development of new
strategies and/or the improvement of the currently used control
methods (Oliveira et al., 2013).

The neonicotinoids are substances with the potential to control
pests, with high selectivity for the nicotinic acetylcholine receptors
of the insects, low toxicity for the mammals, and excellent chemi-
cal and biological properties (Nauen and Bretschneider, 2002). The
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Fig. 7. Ultrastructure of the midgut of dinotefuran-treated semi-engorged females tick Rhipicephalus sanguineus. (A-F) Group IV. (A-B). Generative cells (stc). A. General view
of the generative cells. B. Detail of the cytoplasm next to the peripheral region of generative cells. (C-F). Digestive cells (Sessile digest cells and Residual sessile digest cells).
C. Cytoplasmic region next to the nuclei of the digestive cells. D. Peripheral cytoplasm of the digestive cells. E. Central cytoplasm of the digestive cells. F. General view of the
digestive cells. bl =basal lamina; e =endosomes; hg =haematin residues; 1=1lipid; Irer =lamellar rough endoplasmic reticulum; m = mitochondria; n=nucleus, pm=plasma

membrane; vrer = vesicular rough endoplasmic reticulum; v=vacuoles.

dinotefuran belongs to the third generation of neonicotinoids and
can be considered one of the most important today (Wakita et al.,
2003).

Considering this, the present study verified the effects of differ-
ent concentrations of dinotefuran (active ingredient of the acaricide
Protetor Pet®) on the female germ cells (oocytes) and on the
midgut epithelium of semi-engorged Rhipicephalus sanguineus ticks
through an ultra-structural analysis, aiming to detect the occur-
rence of possible cell damages; i.e., analyze the interference in
the genesis of new individuals and in the absorption of the food
ingested from the host, providing fundamental information that
will contribute to the development of new control methods and/or
to the improvement of the currently used.

The individuals from the treatment groups II, Ill and IV were sub-
jected to dinotefuran concentrations of 5000 ppm, 6250 ppm and
8334 ppm. The semi-engorged females from the different groups
showed alterations in the ovaries and midgut cells when com-
pared with those from group I (control). The main alterations were
associated with the damaged cells structures, as the yolk granules,
organelles and plasma membrane. Structures related to defense
mechanisms, such as vacuoles, cytoskeleton filaments and myelin
figures were found in the germ cells. In addition, damages in the
midgut generative cells; alterations in the size of the digestive cells,
the number of endosomes, digestive vacuoles, digestive residues,
lipid droplets and organelles found in the cytoplasm of the diges-
tive cells, and the presence of microvilli in the plasma membrane
of the latter were observed.
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The ovary of the semi-engorged R. sanguineus females from the
control group show characteristics already described by Oliveira
et al. (2005). The ovary is comprised of an epithelial wall and a
large number of oocytes in five developmental stages, attached to
the wall through a pedicel, corroborating studies by Till (1961) for R.
appendiculatus, Balashov (1983) for Hyalomma asiaticum, Denardi
et al. (2004) for Amblyomma cajennense, Saito et al. (2005) for B.
microplus. Only the species Amblyomma triste shows oocytes in four
developmental stages (Oliveira et al., 2006).

The oocytes I and II of the females exposed to the dinotefu-
ran concentrations of 5000 ppm (group II), 6250 ppm (group III)
and 8334 ppm (group IV) showed a gradual increase in the cyto-
plasmic vacuolation, demonstrating that, as the concentrations
increased, more serious damages occurred in the cells. Consider-
ing these data and the application by immersion, it is possible
to suggest that the dinotefuran would pass through the integu-
ment and the hemolymph, reach the ovary, penetrate the plasma
membrane of these oocytes and damage the cell structures. These
structures would be incorporated and lysed in vacuoles (Carvalho
and Recco-Pimentel, 2012; Junqueira and Carneiro, 2013). These
vacuoles would ensure the degradation of the damaged structures,
maintaining the integrity of the cell and the viability of the oocyte,
as observed by Oliveira et al. (2008, 2009), in R. sanguineus ticks
treated with fipronil and by Roma et al. (2010) in R. sanguineus
ticks treated with permethrin.

When compared with the oocytes II from the control group, the
oocytes Il from groupsll, Il and IV, showed a decrease in the number
of microvilli in the membrane. This situation could be interfering in
the efficiency of the chemical to enter the oocyte, once the contact
surface with the chemical is reduced (Oliveira et al., 2009). On the
other hand, the incorporation of exogenous yolk elements would
also be affected, justifying the reduction of lipid droplets observed
in the oocytes Il from group IV after the treatment. The occurrence
of this process in the microvilli was also found by Roma et al. (2010)
in R. sanguineus ticks subjected to permethrin and by Sampieri et al.
(2012)in R. sanguineus ticks treated with ricinoleic acid from castor
oil (Ricinus comunis).

The oocytes III subjected to 5000 ppm of dinotefuran showed
irregular protein granules with degenerated areas, probably due to
the dinotefuran action, in addition to several vacuoles, autophagic
vacuoles and myelin figures, possibly resulting from the autophagic
processes caused by the chemical. Similar data were found by
Lucantonietal.(2006) for Anopheles stephensis Liston after exposure
to Neem extract.

The oocytes III subjected to 6250 ppm, the same structures
found in the oocyte Il from the previous group were observed;
however, in large number, which indicates the occurrence of
heavier damages caused by this concentration of dinotefuran.
In addition, the number of lipid droplets, mitochondria and the
amount of lamellar rough endoplasmic reticulum decreased. The
smaller number of cytoplasmic organelles allows us to suggest that
the energy supply for all the cell activities (Alberts et al., 2010),
including the conversion of vitellogenin to vitellin (production of
the main yolk protein) (Sauer and Hair, 1986), as well as the synthe-
sis of protein elements (endogenous production of yolk) (Oliveira
etal., 2005)would be deficiently occurring, interfering in the devel-
opment of these cells and even preventing the continuation of the
vitellogenesis and the advancement to the following developmen-
tal stage. This energy loss was also found by Denardi et al. (2012)
and Remedio et al. (2015a) in R. sanguineus ticks treated with neem
extract and neem oil, respectively

The oocytes Il subjected to 8334 ppm of dinotefuran show
more intense damages. Structures related with the occurrence of
autophagic processes predominate in the cytoplasm of the oocytes
treated with this concentration of dinotefuran: extensive vacuo-
lation, irregular protein granules and degraded areas. These data

indicate that several cell elements were damaged and need to be
removed from the cell. This severe alterations would probably par-
tially or totally harm the development of the cell, preventing it from
reaching more advanced developmental stages (IV and V), and con-
sequently affecting the female’s fertility. Similar results were found
by Oliveira et al. (2009) studying the oocytes III of R. sanguineus
females exposed to fipronil.

As in the oocytes III from group III, the number of organelles
and lipid droplets was reduced. However, the oocyte IIl from group
IV showed a rough endoplasmic reticulum vesiculation. These data
can be justified by the occurrence of the death process caused by
dinotefuran, once the rough endoplasmic reticulum suffers dilation
and vesiculation during this process, in addition to the separation
and desegregation of the polysomes (Silva de Moraes and Bowen,
2000).

In addition, cytoskeleton elements were found in the oocytes
I from group IV. These elements would occur with the purpose
of isolating the functional regions from other already damaged
ones, avoiding the proliferation of such damages (Jedrzejowska and
Kubrakiewicz, 2007). Or even due to the permeability faults in the
membrane, caused by the chemical (Kumar et al., 2013), which
interfered in the cytoskeleton organization of these cells. Studies
by Denardi et al. (2012) and Remedio et al. (2015b) also found dis-
organized cytoskeleton elements in R. sanguineus ticks exposed to
the extract and oil of neem, respectively.

The periphery of the oocytes Il from group IV, shows a decrease
in the number of microvilli in comparison with the oocytes III
from the previous groups, demonstrating that the incorporation
of vitelline elements the hemolymph was also affected, justifying
the decrease in the number and size of the yolk granules found in
the cytoplasm of these cells.

Friesen et al. (2003), studying Amblyomma hebraeum ticks,
reported that the chemical MK-243 (avermectin) inhibited the
development of the oocytes by inhibiting the vitellogenin (main
yolk protein) reception in the ovary. Consequently, the treated
oocytes incorporated a small amount of vitellogenin, producing
smaller and fewer yolk granules. This process probably occurred
in the present study, once the oocytes Il from group IV showed
fewer yolk granules in comparison with the oocytes IIl from the
previous groups. Similar data were found by Sayah et al. (1996) for
the Labidura riparia insect subjected to Azadirachta indica.

The oocytes in less developed stages (I, Il and III) suffered signifi-
cant alterations, being more affected than those in more developed
stages (IV and V). This can be occurring due to the absence of the
chorion, a membrane that protects the eggs, very resistant and not
totally deposited in these oocytes (Oliveira et al., 2005). Thus, with-
out the presence of the chorion, the chemical passes only through
the plasma membrane, which increases the efficacy of penetra-
tion. Reaching the interior of the cell, the chemical is able to cause
reversible and irreversible damages, impairing the development
of the oocytes and reducing the reproductive capacity of these
ectoparasites, even preventing the formation of a new individual.
This process was also found by Oliveira et al. (2009), Roma et al.
(2010) and Vendramini et al. (2012) studying R. sanguineus ticks
exposed to fipronil, permethrin and andiroba oil respectively.

Studies conducted by Friesen and Kaufman (2003), analyzing
Amblyomma hebraeum, showed that the chemical cypermethrin,
(pyrethroid) interrupted the vitellogenesis and development of
the ovary, allowing the degeneration of the yolk present in the
oocytes of the individuals treated, corroborating data obtained in
the present study regarding the action of dinotefuran on the oocytes
of R. sanguineus.

The oocytes in more advanced developmental stages (oocytes
IV and V) were not seriously affected by the chemical. In group
II, the oocytes IV and V were not affected; and in group III these
oocytes suffered slight damages, mainly in the periphery of the
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cells. In group IV, the oocytes IV showed vacuoles among the large
protein yolk granules, few lipid droplets, few mitochondria and lit-
tle developed lamellar rough endoplasmic reticulum, in addition
to a thinner chorion in some regions. The oocytes V display pro-
tein granules with different levels of electron density, numerous
vacuoles, few lipid droplets and the chorion is not homogeneous
in terms of thickness. These results might have occurred due to
the action of dinotefuran. Although the deposition of the chorion
(Oliveira et al., 2005), highly resistant membrane responsible for
preserving and protecting the future embryo (Denardi et al., 2004)
has already occurred in these cells, it is not sufficient to prevent
the chemical from entering and causing damages, once alterations
were observed in the cytoplasm of both oocytes. However, the
chorion certainly decreases the efficiency of the chemical, since it
represents a barrier to be crossed. Studies by Oliveira et al. (2009),
Roma et al. (2010) and Vendramini et al. (2012) on R. sanguineus
ticks subjected to fipronil, permethrin and andiroba, respectively,
corroborate these data.

The midgut is another organ studied aiming to understand the
action of dinotefuran. The midgut of semi-engorged R. sanguineus
females from the control group displayed an epithelial wall com-
prised of different types of cells, supported by a basal membrane
and a thin layer of muscular tissue. These data corroborate Till
(1961),Balashov(1983), Agbede and Kemp (1985), Kohetal.(1991),
Sonenshine and Roe (2014), Agyei and Runham (1995) and Harrison
and Foelix (1999), who studied other species of ticks.

The midgut epithelial wall of the R. sanguineus female is com-
prised of generative and digestive cells (Remedio et al., 2013). The
generative cells (Stem cells) are small and totally located on the
basal membrane (Agbede and Kemp, 1985; Agyei and Runham,
1995; Koh et al., 1991; Walker and Fletcher, 1987). These cells are
pluripotent, with high proliferative capacity and responsible for
forming the other types of cells present in the midgut (Agbede and
Kemp, 1985; Agyei and Runham, 1995; Walker and Fletcher, 1987).
In the present study, as these cells do not show any evidence of
digestive processes and contain a large number of organelles, they
are probably performing this function.

The midgut of the semi-engorged R. sanguineus females also
showed digestive cells. The sessile digest cells and/or residual
sessile digest cells display numerous and large endosomes, sev-
eral digestive vacuoles, few residual hematin bodies, small lipid
droplets, few mitochondria, little developed lamellar/vesicular
rough endoplasmic reticulum, and the plasma membrane with
few microvilli. The detached digest cells are spherical and free in
the midgut lumen, the cytoplasm shows smaller and less frequent
endosomes, several digestive vacuoles, few residual hematin bod-
ies, large lipid droplets and plasma membrane with few microvilli.
Similar results were found by Agbede and Kemp (1985), Walker and
Fletcher (1987) and Agyei and Runham (1995) for other species of
ticks.

There are excellent descriptions about the morphology, histol-
ogy and physiology of the tick midgut in the literature. Further
information is found in the studies by Agbede and Kemp (1985),
Walker and Fletcher (1987), Koh et al. (1991), Sonenshine and Roe
(2014), Agyei and Runham (1995), Harrison and Foelix (1999) and
Remedio et al. (2013).

The midgut of the semi-engorged females subjected to
5000 ppm of dinotefuran did not show morphological alterations,
which indicates that in this concentration the chemical does not
cause harmful modification to the organ. In the females exposed
to 6250 ppm of dinotefuran, alterations were observed in the gen-
erative cells (stem cells) and in all stages of the digestive cells,
demonstrating that the dinotefuran started to affect these cells.
The generative cells (stem cells) showed irregular morphology and
partially disrupted basal membrane, as well as vacuoles, autophagic
vacuoles, myelin figures, lamellar and vesicular rough endoplasmic

reticulum and enlarged mitochondria with altered cristae through-
out the cytoplasm. These results can be justified by the action
of dinotefuran, damaging the cells and decreasing their capacity
of proliferation and cell differentiation (Agbede and Kemp, 1985;
Walker and Fletcher, 1987). These functions are needed to replace
the worn-out cells that are lost during the digestive process and
renovate all the midgut cells (Agbede and Kemp, 1985; Agyei and
Runham, 1995; Harrison and Foelix, 1999; Walker and Fletcher,
1987). Damaged cells can originate other faulty or imperfect cells
(Barreto et al., 2006). Processes of reduction and damage in gen-
erative cells were described by Correia et al. (2009) Spodoptera
frugiperda caterpillars treated with neem.

All the digestive cells, the sessile digest cells and residual ses-
sile digest cells — and detached digest cells showed cytoplasmic
alterations, which allows us to infer that the chemical dinotefu-
ran is really causing damages to the digestive cells of the treated
animals. Due to the lesions occurred, the efficiency of the diges-
tive processes would be affected, interfering in the acquisition of
the blood ingested from the host during engorgement (Agbede and
Kemp, 1985; Agyei and Runham, 1995; Koh et al., 1991; Walker and
Fletcher, 1987); the blood cell hemolysis in the digestive vacuoles
(Sonenshine and Roe, 2014); the formation of digestive residues
(final product of the intracellular digestion) (Agbede and Kemp,
1985; Agyei and Runham, 1995; Koh et al., 1991); and the release
of nutrients after the digestion processes (Sonenshine and Roe,
2014).

The digestive cells sessile digest cells and the residual sessile
digest cells of the individuals from group Il show smaller and
less frequent endosomes, with irregular shape and degenerated
areas, in addition to fewer digestive vacuoles, hematin residual
bodies, lipid droplets and organelles in comparison with the ones
from control group and group II. The digestive cells, detached
digest cells, were seldom observed. All the alterations observed
in the sessile digest cells and the residual sessile digest cells
occurred here. These data indicate that the digestive processes are
not occurring adequately, due to the interference of the dinote-
furan. The chemical would probably be damaging any structure
associated with the blood acquisition, and consequently reduc-
ing and impairing the absorption of the blood elements ingested
and the formation of endosomes. Consequently, the other pro-
cesses involved in the digestion would also be affected: decrease
in the number of digestive vacuoles necessary for the lysis of the
small amount of blood ingested (intracellular digestion) (Harrison
and Foelix, 1999; Sonenshine and Roe, 2014) and in the number
of digestive residues formed and gradually accumulated in the
interior of the cells as well. Likewise, the nutritious elements of
the blood would be converted into lipids and stored after diges-
tion (Sonenshine and Roe, 2014). The nutritious elements released
and necessary for the nutrition of the ectoparasite (Sonenshine
and Roe, 2014) were also reduced, affecting the organ, the other
systems (once they function together), and eventually the whole
individual. Studies by Araujo (2012) also detected such alter-
ations in the midgut of Rhipicephalus sanguineus ticks treated with
selamectin.

Sonenshine and Roe (2014), reported that the ticks’ survival
strategies over fasting periods waiting for a host is associated with
the storage of large amounts of blood during engorgement and the
slow digestion after this process. Harrison and Foelix (1999) com-
plements that in ixodidae ticks this process occurs just once in each
stage of the life cycle. In the present study, a reduction in the blood
elements acquired (formed endosomes) was observed, demon-
strating that the ticks treated did not accumulate the same amount
of blood, the only source of nutrients. Thus, it can be inferred that
the animals treated with dinotefuran would not have the same suc-
cess as a parasite. Similar data were found by Oliveira et al. (2013)
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for R. sanguineus ticks exposed to the arthropod growth regulator
(AGR) fluazuron.

The cells from the group IV exposed to 8334 ppm of dinotefuran
showed more significant alterations in comparison with those from
the previous group, demonstrating the effects of dinotefuran are
dose-dependent; i.e., the higher the concentration, the heavier the
damages caused in treated individuals. In this group, the alterations
occurred in the generative (stem cells) and digestive cells as well.
The generative cells (stem cells) display a very irregular shape, once
their membrane formed numerous folds and distorted projections,
and the membrane limited an extensive region full of small spaces
separating it from the basal lamina. Therefore, the basal membrane
was almost completely detached from the basal lamina, probably
due to some fault in the cell-cell/cell-matrix interaction, causing
the destruction of the adhesion complexes and consequent loss of
adhesion. The detachment of the cells from the basal lamina was
reported by Valotto et al. (2011) in Aedes aegypti larvae subjected
to the catequic tannin isolated from the plant Magonia pubesncens
and by Ghribi et al. (2012) in Spodoptera littoralis after exposure to
biosurfactants.

In the generative cells from the group IV, anincrease in the intra-
cellular space and in the number of vacuoles, autophagic vacuoles
and myelin figures was observed, suggesting that these alterations
were caused by the chemical dinotefuran. These cells would have
been damaged and lysed in vacuoles (Carvalho and Recco-Pimentel,
2012; Junqueira and Carneiro, 2013). The emergence of these struc-
tures are evidence of cellular degeneration (Scudeler and Santos,
2013). Similar results were found by Ghribi et al. (2012) studying
insects treated with biosurfactantss and by Scudeler et al. (2014) in
insects treated with neem oil (Azadirachta indica). As the generative
cells are responsible for the production of new digestive cells for
the digestion process (Agbede and Kemp, 1985; Agyei and Runham,
1995; Harrison and Foelix, 1999; Walker and Fletcher, 1987) and
here these cells showed evidence of cell death after the treatment,
the mitotic divisions would probably not be occurring, or would be
deficiently occurring, inhibiting the adequate replacement of the
cells released from the basal membrane during digestion and of the
worn-out digestive cells. Thus, the entire digestive process would
be inhibited, preventing the acquisition of blood nutrients, impor-
tant for the nutrition of the ectoparasite, consequently affecting its
development and reproductive capacity.

The sessile digest cells and the residual sessile digest cells of the
semi-engorged females from group IV displayed large lesions, con-
firming that the dinotefuran concentration of 8334 ppm causes the
most serious damages in the cells of individuals treated. The num-
ber of damaged structures increased significantly in comparison
with the digestive cells of the individuals from the group III: irreg-
ular endosomes, digestive vacuoles, residual hematin bodies and
lipid droplets, still smaller and less numerous. This could be occur-
ring due to the action of the chemical dinotefuran, affecting several
cell components, preventing the normal functioning of the cells,
and impairing the metabolism of the cell, the organ and the viability
of the individual itself. This process was described by Oliveira et al.
(2014) for Rhipicephalus sanguineus ticks exposed to the chemical
fluazuron.

In addition, the disorganization of the mitochondria cristae
and the vesiculation of the rough endoplasmic reticulum were
also detected in these cells. The alterations in the mitochondria
would have occurred due to the increase of Ca2+ and/or cellu-
lar stress, interfering in the structure of the inner mitochondrial
membrane, making it permeable (Proskuryakov et al., 2002). Con-
sequently, the efficiency of the respiratory metabolism is being
affected; i.e., mitochondrial dysfunctions take place, decreasing
or completely interrupting the production of ATP, and eventually
inducing cell death (Proskuryakov et al., 2002). Studies by Qi et al.

(2011) also found mitochondrial modifications in Mythimna sepa-
rata after treatment with insecticides.

According to Silva de Moraes and Bowen (2000), Qi et al. (2011),
Scudeler and Santos (2013) and Scudeler et al. (2016), the emer-
gence of the vesicular rough endoplasmic reticulum is related with
the dilation and fragmentation of the lamellar rough endoplasmic
reticulum during the cell death process. In the present study, this
vesiculation process might be occurring in the digestive cells of
the individuals from group IV after the treatment. As the mito-
chondria and the rough reticulum play a fundamental role in the
cell functioning and were affected here, the digestive cell abnor-
mal metabolism was demonstrated in the females from group
V.

The digestive cells of the individuals from group IV showed
large disorganized areas and increase in the number of vacuoles,
myelin figures and autophagic vacuoles in comparison with the
group IIl, demonstrating that the dinotefuran concentration of
8334 ppm caused heavy damages to these cells. Consequently, the
structures responsible for the autophagic processes would become
more numerous, in an attempt to eliminate the damaged ele-
ments. The occurrence of this process has also been reported by
Barreto et al. (2006), in A. aegypti larvae after exposure to ethano-
lic extract of Sapindus saponaria Lin (Sapindaceae), Valotto et al.
(2011), in A. aegpti larvae subjected to the natural compound
obtained from Magonia pubescens (Sapindaceae) and by Scudeler
and Santos (2013), in Ceraeochrysa claverilarvae treated with Neem
oil.

On the other hand, the significant emergence of cytoskeleton fil-
aments in the digestive cells subjected to 8334 ppm of dinotefuran
can be justified by the depolymerization of actin that disorga-
nized the cytoskeleton (Scudeler and Santos, 2013), or by the cell
defensive reaction, trying to avoid the contact between the still-
functioning areas and other portions of damaged cells, so that less
damage would be caused by the chemical; i.e, avoiding the damage
propagation (Jedrzejowska and Kubrakiewicz, 2007).

Finally, the plasma membrane of the digestive cells from group
IV showed a decrease in the number of microvilli, or even the com-
plete disappearance of these structures. This could be occurring to
decrease contact with the chemical, interrupting its passage from
the lumen to the cell interior and protecting the cell from lesions
(Oliveira et al., 2009). Similar data were found by Alves et al. (2010)
for Culex quinquefasciatus larvae treated with different insecticides
and by Scudeler and Santos (2013) for Ceraeochrysa claveri larvae
treated with neem oil.

The detached digest cells were not detected in the individuals
from group IV. This result allows us to infer that the digestive cells
are not passing through intermediate stages over the engorgement
process in order to digest the blood elements completely (Agbede
and Kemp, 1985; Agyei and Runham, 1995; Harrison and Foelix,
1999). As aresult, the blood elements would be partially or even not
digested, which would affect the nutrition of the treated ectopara-
sites, impairing their development and reproductive performance,
possibly leading them to death.

Studies conducted by Tomizawa and Casida (2005) found that
the dinotefuran acts on the central nervous system of the indi-
viduals exposed. This chemical binds agonistically to the nicotinic
acetylcholine postsynaptic receptors; however, the enzyme acetyl-
cholinesterase is not able to degrade the dinotefuran, that remains
bound to the receptor and keeps the Na+ ions channels open and
moving towards the interior of the cell, depolarizing it and caus-
ing the prolonged, continuous and uncontrolled nervous impulse
(Kagabu, 1997; Uneme et al., 1999; Wakita, 2011; Wakita et al.,
2005, 2003). The present study demonstrated that, in addition to
the neurotoxic effects, the dinotefuran can also affect other systems
of the arthropods.
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5. Conclusion

Thus, it was verified that the dinotefuran is able to damage the
midgut and ovary cells of semi-engorged R. sanguineus female ticks.
In the midgut, the concentrations applied damaged both the gener-
ative cells (fundamental for cell production and replacement) and
the digestive cells (responsible for the blood acquisition, hemoly-
sis, formation of digestive residues and release of nutrients), which
demonstrates that the digestive processes are deficient and the
nutrition is compromised, possibly leading the individual to death.
As for the ovary, these concentrations damaged mainly the oocytes
in the initial stages of development (I, II and III), which would
suppress vitellogenesis and, therefore, the advancement for the fol-
lowing developmental stages, reducing the fertility of the female.
Even if the vitellogenesis proceeds and the oocyte is fertilized, the
dinotefuran can affect the viability of the embryos; and, conse-
quently, of the species.
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