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Abstract The present study demonstrated the effects of
dinotefuran (active compound of the Protetor Pet® acaricide)
in germ cells and the digestive processes of semi-engorged
females of R. sanguineus exposed to different concentrations
of the chemical. For this purpose, 120 semi-engorged females
were divided into four treatment groups with 30 individuals
each: group I or control (distilled water), group 11 (5000 ppm),
group IIT (6250 ppm), and group IV (8334 ppm of
dinotefuran). All ticks were immersed in different concen-
trations of dinotefuran or in distilled water for 5 min and
then were dried and stored in biological oxygen demand
(BOD) incubator for 7 days. The results show the action of
this compound, exhibiting morphohistologic and histo-
chemical changes in the oocytes and the midgut cells of
individuals of different groups, which were compared with
those of group I (control). The alterations occurred mainly
in relation to the size of the germ cells and yolk granules;
presence, quantity, size, and location of vacuoles found in
the cytoplasm of these germ cells; the damage occurred in
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the generative cells of the midgut; the size of the digestive
cells; the quantity of blood elements captured, accumulated
digestive wastes and digestive vacuoles found in the cyto-
plasm of the digestive cells of the midgut, as well as the
amount and distribution of proteins, polysaccharides,
lipids of all cells in both organs. So, it has demonstrated
the effectiveness of dinotefuran in the reduction of fertility
and digestive processes of semi-engorged females of
R. sanguineus, data that points the possibility of employing
this chemical to control these ectoparasites.

Keywords Dinotefuran - Rhipicephalus sanguineus - Tick -
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Introduction

Rhipicephalus sanguineus is probably the kind of tick that is
most widely distributed in the entire world (Linardi and
Nagem 1973; Labruna and Pereira 2001; Szabo et al. 2001;
Gonzalez et al. 2004; Soares et al. 2006). Dogs are the only
primary hosts needed for R. sanguineus maintenance in an
environment. Man and other animals like horses and cattle
can be found infected with R. sanguineus when they are in
limited contact with the dog. In some parts around the world,
there are reports of these ectoparasites in other medium and
large size mammals, birds, and reptiles. Among mammals, we
may include zebras, buffalos, camels, cats, deer, and lions. In
Africa, the immature stages have more predominance in small
mammals (Labruna and Pereira 2001).

In addition to direct damages caused by the tick bites, they
may also act as disease vectors (Labruna and Pereira 2001).
R. sanguineus may be the vector of Ehrlichia canis, Babesia
canis, B. caballi, B. equi (Sexton et al. 1976), as well as of
Hepatozoon canis (Craig 1990), Anaplasma platys (French
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and Harvey 1983), and Haemobartonella canis (Woldehiwet
and Ristic 1993). Some studies have reported the possibility of
their participation in the transmission of Leishmania that
causes canine visceral leishmaniasis (Coutinho et al. 2005).
Others indicated that R. sanguineus would be the vector for
Coxiella burnetii in humans that causes the Q fever (Stephen
et al. 1980); Rickettsia rickettsii that causes Rocky Mountain
spotted fever; Rickettsia conorii—the agent of boutonneuse
fever (Merle et al. 1998), of Lyme disease—like borreliosis
(Yoshinari et al. 1997), and of Francisella tularensis bacteria,
the agent of tularemia (Walker et al. 2000).

The main form to control these parasites still is with
chemicals (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 that aim at improving recent
acaricides and/or developing new anti-parasite products
through the identification of new pesticide molecules (Nolan
1985; Crampton et al. 1999; Pruett 1999; Oliveira et al. 2008,
2009). With that approach, there is also the intention of
decreasing or even replacing ineffective or inappropriate
synthetic products that are currently in use.

A class of substances that has the potential of control-
ling several plagues and that has most increased in the
market since the commercialization 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
them, there is dinotefuran, which is the most recent
synthetized neonicotinoid and belongs to the third genera-
tion (Wakita et al. 2003, 2005; Wakita 2011). Its use is
effective against a wide variety of plagues that are
established in diverse kinds of cultures and against
Periplaneta americana, Culex quinquefasciatus, Anophele
gambiae, Aedes aegypti, among others. It can even elimi-
nate strains resistant to other groups of insecticides, such as
pyrethroids, which demonstrates its effectiveness and
excellent insecticide property that eliminates a great
amount of arthropod pests (Kiriyama and Nishimura
2002; Wakita et al. 2003; Corbel et al. 2004). Toxicologi-
cal and ecotoxicological studies showed that dinotefuran
has a very low toxicity for mammals, birds, and water
animals (Kagabu 1997; Uneme et al. 1999; Wakita et al.
2005) and the environment (Wakita et al. 2005; EPA 20009;
Wakita 2011). Its excellent physical-chemical, biological,
and toxicological properties make dinotefuran a promising
candidate to control vectors and plagues of public impor-
tance (Zaim and Guillet 2002; Wakita et al. 2005). This
makes its important role clear in the current context and
even stimulates more research involving its activity effects
and mechanisms.

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

Concerning the above information, this study aimed at de-
termining the effects of different dinotefuran concentrations in
germ and midgut cells of semi-engorged R. sanguineus females
ticks through a morphological, histological, and histochemical
study and at comparing its conclusions to 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
development 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.

Material and methods
Chemical substance
Synthetic. dinotefuran (CAS 165252-70-0)

Dinotefuran is a compound of the neonicotinoid chemical
class, molecular formula C;H;4N4O5. The chemical was ob-
tained from the commercial acaricide Protetor Pet®, produced
by “Ouro Fino Satde Animal”, Cravinhos, SP, Brazil, in tubes
of 0.48 mL, concentration 25 %, for animals up to 5.0 kg.

R. sanguineus ticks (Latreille, 1806)

Semi-engorged R. sanguineus females, weighing 27 mg on
average (about 5 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
photoperiod) in a biological oxygen demand (BOD) incuba-
tor, in a room of the Animal Facility of the Department of
Biology—UNESP, Rio Claro Campus/Sao Paulo, Brazil.
Semi-engorged females were obtained after unfed
R. sanguineus couples (25 couple/infestation) were allowed
to feed on naive New Zealand white rabbits following
Bechara et al. (1995). The semi-engorged stage of the females
was chosen due to the high parasitary efficiency in this phase.

Hosts

New Zealand White 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—DBrazil
and housed in the Animal Facility of UNESP—Rio Claro
Campus/Sao Paulo—Brazil. Animals did not have prior con-
tact with ticks or acaricides and were kept under controlled
conditions. During the entire experiment, animals were main-
tained in cages and received water and rabbit food ad libitum.
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The Ethics Committee for Animal Experimentation of
UNESP/SP/Brazil, protocol n°6334/2014, approved this study.

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 susceptibility of the semi-
engorged females were evaluated, and the lethal concentration
LCsq determined was 10182.253 ppm. In this study, the con-
centrations corresponded to 5000, 6250, and 8334 ppm of
dinotefuran. All the concentrations of dinotefuran were kept
in labeled volumetric flasks until the tests. Each treatment was
conducted in duplicate.

Experimental model

R. sanguineus semi-engorged females were divided into three
treated groups: group II (5000 ppm of dinotefuran), group 11
(6250 ppm of dinotefuran), and group IV (8334 ppm of
dinotefuran). The control group was exposed only to the pla-
cebo (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 concen-
tration—2 groups with 15 individuals—duplicates) and
immersed for 5 min 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 observation period was established be-
cause, frequently, the effect of acaricides is not immediate
but acts slowly on the physiology of the individual ana-
lyzed (Roma et al. 2010).

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

Methods
Histology

All semi-engorged females maintained in the refrigerator for
thermal shock anesthesia were dissected in a phosphate buff-
ered saline-PBS solution (NaCl 7.5 g/L, Na,HPO, 2.38 g/L e
KH,PO,4 2.72 g/L).

The ovaries and midguts were fixed for 24 h in 4 %
paraformaldehyde, dehydrated in ethanol, embedded in

Leica resin for 24 h at 4 °C and transferred to plastic molds
previously filled with polymerized Leica resin. After resin
polymerization, all the blocks were sectioned at 3-pum
thickness slices using a Leica RM 2255 microtome (Bio
Rad) and stained with hematoxylin and eosin, following
routine histological procedures. The glass slides were ex-
amined in a Motic BA300 photomicroscope.

This device and other equipments were from the Histology
Laboratory of the Biology Department at the Biosciences In-
stitute, UNESP, Rio Claro Campus/Sao Paulo, Brazil.

Histochemistry

To detect changes such as presence or absence, frequency,
distribution of proteins, polysaccharides, and lipids in the
semi-engorged females of control and Dinotefuran-treated
groups, histological sections were prepared for the histochem-
ical techniques listed below.

Alcian blue—PAS technique for acid and neutral
polysaccharide detection (according to McManus 1948;
Junqueira and Junqueira 1983) Semi-engorged females
were fixed with aqueous Bouin’s solution for 12 h, and the
histological sections were rehydrated for 1 min in distilled
water. The material was then stained with 1 % Alcian blue
in 3 % acetic acid for 30 min and washed in distilled water.
The sections were transferred to 1 % periodic acid solution for
5 min and washed in distilled water again. After 30 min in
Schiff’s reagent, the material was washed with sulfur water
and rinsed with tap water for 10 min. After drying, the slides
were clarified with xylol and mounted in Canada balsam to be
later observed and photographed with a Motic BA 300
photomicroscope.

Bromophenol blue staining for protein detection
(according to Pearse 1985) Semi-engorged females were
fixed with 4 % paraformaldehyde. All slides were stained with
bromophenol blue for 2 h at room temperature. Afterwards,
they were washed with 0.5 % acetic acid for 5 min and tap
water for 15 min; slides were quickly immersed in tertiary
butyl alcohol, allowed to dry at room temperature, clarified,
and mounted in Canada balsam.

Baker’s method for lipid detection (according to Baker
1946) The semi-engorged females were fixed with formol
calcium for 15 h and transferred to dichromate calcium for
18 h. Afterwards, they were washed with distilled water
and the slides immersed in hematein for 5 h. The material
was rinsed, differentiated in Weigert’s solution, and
washed with distilled water. After drying, slides were
mounted with glycerin and covered with cover slips.
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Results
Histology
Ovary

Control group The results obtained in the ovaries of semi-
engorged females from the control group are the same de-
scribed by Oliveira et al. (2005). A summary of the main
characteristics of the ovaries from female R. sanguineus ticks
is presented as follows.

The R. sanguineus ovary is composed of a wall of epithelial
cells and of a great number of oocytes in five development
stages, which are found fixed to the wall through a mobile
pedicel (Oliveira et al. 2005).

Oocytes I are small elliptical cells with a germ vesicle,
which have a very evident nucleolus occupying a great part
of the central cytoplasm. This central cytoplasm has a ho-
mogeneous aspect without the presence of granulations. A
thin plasmic membrane (Fig. 1a) surrounds these oocytes.
Oocytes II are bigger than the first ones, are elliptical, and
have a central germ vesicle. A thin and homogenous cyto-
plasmic granulation is found in them. They are also
surrounded by a thin plasmic membrane (Fig. 1g). Oocytes
IIT have medium size, and their shapes vary from round to
elliptical. The germ vesicle occupies the oocyte pole di-
rected towards the pedicel. These oocytes have a thinner
plasmic membrane than the previous stages. The cyto-
plasm is full of yolk granules in several sizes, in which
the smaller ones occupy the central area and the bigger
ones, the periphery (Fig. Im). Oocytes IV are bigger than
type III. They are round and the germ vesicle is not always
seen, and when present, it occupies the pole of the oocyte
directed to the pedicel. In this stage, chorium deposition
begins and causes a thickening of the oocyte wrap. The
cytoplasm presents many yolk granules of several sizes
that are randomly distributed (Fig. 1q). Oocytes V are the
biggest germ cells, with round shape, and the germ vesicle
can no longer be seen due to the big and numerous cyto-
plasmic granules. The chorium is thick and is fully
deposited (Fig. 1u).

Group II Individuals exposed to 5000 ppm dinotefuran pres-
ent oocytes with few morphological alterations when com-
pared with those of the control group.

Oocytes I present small vacuoles that are weakly and
strongly stained, especially around the germ vesicle
(Fig. 1b, e). Oocytes II also have few and small vacuoles
occupying the region near the germ vesicle. In some of these
oocytes, there is a vacuolated area that surrounds the entire
germ vesicle and that still points towards the pedicel, reducing
the amount of yolk granules that were previously found in
these places (Fig. 1h, k). Oocytes III exhibit modifications in
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their original shape for showing small folds in their membrane
(Fig. 1n). Vacuolated regions are distributed around the germ
vesicle and periphery towards the pedicel. Rare small and
round vacuoles can also be seen in the cytoplasm between
the yolk granules (Fig. 1n). No alterations are found in oocytes
IV of individuals exposed to treatment with this concentration
of dinotefuran (Fig. Ir). Oocytes V only presented rare and
small folds in their membranes (chorium and plasmic
membrane) (Fig. 1v).

Group III The individuals of treatment group III presented a
greater number of changed oocytes when compared to those
of the previous group.

Oocytes I show the same characteristics described in this
same stage at group II (Fig. 1c). Oocytes II show modifica-
tions from their original shape since they have an irregular
morphology. They have large vacuolated regions in almost
50 % of the cell, showing great empty spaces around the germ
vesicle and in the peripheral region towards the pedicel
(Fig. 1i). Oocytes III present small round vacuoles in the
cytoplasm among the yolk granules, especially near the
periphery (Fig. 10). In oocytes IV of individuals exposed to
6250 ppm dinotefuran, morphological alterations are not seen
either (Fig. 1s). Oocytes V present changes in their shape and
cytoplasm. These oocytes have an irregular morphology due
to the presence of several folds throughout its entire wrap
(Fig. 1w). Cytoplasmic vacuoles are found in the periphery,
surrounding the entire cell. Some yolk granules seem broken,
releasing content to the cytoplasm (Fig. 1w).

Group IV Ovaries of group 1V individuals present several
oocytes with great histological alterations when compared to
those from control group and groups II and III.

Oocytes I present similar characteristics to the ones found
in the same stage as the previous groups, but they also
have an irregular morphology with great cytoplasmic
vacuoles that occupy a large part of the cytoplasm and
dislocate the germ vesicle to regions closer to the cell
periphery (Fig. 1d, f).

Oocytes II have an extensive vacuolation in over 50 % of
the cell, especially in regions near the pedicel, and they
restrict the area occupied by yolk granules. Rare folds in
their membranes are also found (Fig. 1j, I).

Oocytes III suffer changes in their morphology due to the
presence of numerous folds in their wrap. Cytoplasmic
vacuolation in about 50 % of the cell is also seen, mainly
in regions near the pedicel (Fig. 1p).

Oocytes IV concentrate round vacuoles in the central re-
gion near the germ vesicle and among the yolk granules
(Figs. 1t and 2p).

Oocytes V are smaller than the others from previous
groups. They present large yolk granules, but less dense
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Fig. 1 Histological sections of
dinotefuran-treated
Rhipicephalus sanguineus ovary.
a—x Hematoxylin and eosin (HE)
staining. a, g, m, q, u Control
group. b, e, h, k, n, r, v Group Il
(5000 ppm). ¢, i, 0, s, w Group III
(6250 ppm). d, f, j, 1, p, t, x Group
IV (8334 ppm). / oocyte 1, 11
oocyte I, ZIT oocyte III, IV oocyte
1V, Voocyte V, ch chorium, ep
ovary epithelium, gv germ
vesicle, nu nucleolus, p pedicel,
pm plasmic membrane, yg yolk
granules, v vacuoles. Bars:

a—t= 50 um; u-w=100 um;

x=50 um
ones, and folds throughout the entire chorium. Some Oocytes 11, IV, and V show yolk granules with smaller size
vacuoles may be found around the large yolk granules  than those found in the previous groups (Fig. 1p, t, x).
and others in the periphery, surrounding the entire cell The wall of the ovary was damaged only in this treat-

(Figs. 1x, 2n, 3, and 4). In the periphery of some oocytes, = ment group. The epithelium, instead of being represented
yolk granules that are broken releasing content to the by small cubic cells with round nuclei like in the previous
cytoplasm can also be seen (Fig. 1x). groups, now is extremely fragile and delicate, showing
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Fig. 2 Histological sections of
dinotefuran-treated
Rhipicephalus sanguineus ovary.
a—v PAS staining. a, e, k, o, s
Control group. b, f, i, 1, p, t Group
11 (5000 ppm). ¢, g, j, m, q, u, W
Group 111 (6250 ppm). d, h,n,r, v
Group 1V (8334 ppm). / oocyte 1,
11 oocyte 11, 1l oocyte 111, IV
oocyte IV, Voocyte V, ch
chorium, ep ovary epithelium,

gv germ vesicle, nu nucleolus, p
pedicel, pm plasmic membrane,
yg yolk granules, v vacuoles.
Bars: a—r=50 pum; s—w=100 pum;
v=50 pm

vacuolated cells with flattened morphology and pyknotic

nucleus (Fig. 1f, t).

Midgut

Control group The midgut of semi-engorged R. sanguineus
females from the control group consists of an epithelial wall
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supported on a basal membrane and a thin layer of muscular
tissue (Fig. 5a, e, i, m, q). The epithelial wall is
pseudostratified and formed by digestive and generative cells
(Fig. 5a, e, 1, m, q).

The generative cells (stem cells) are small with shapes
varying from cubical to prismatic ones and completely sup-
ported on the basal membrane. Their nucleus is small, central,
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Fig. 3 Histological sections of
dinotefuran-treated
Rhipicephalus sanguineus ovary.
a—t Baker staining. a, e, i, m, q
Control group. b, f, j, n, r Group
11 (5000 ppm). ¢, g, k, 0, s Group
I (6250 ppm). d, h, 1, p, t Group
IV (8334 ppm). [ oocyte I, 11
oocyte 11, /I oocyte 111, IV oocyte
1V, Voocyte V, ch chorium, ep
ovary epithelium, gv germ
vesicle, nu nucleolus, p pedicel,
pm plasmic membrane, yg yolk
granules, v vacuoles. Bars:
a—p=50 pm; q—s=100 pm;
t=50 um

coﬁtr(ﬂ group.k

round, and with condensate chromatin (Fig. 5i, m). The cyto-
plasm is full of round and little stained regions, probably vac-
uoles and/or lipid droplets (Fig. 51, m). A plasmic membrane
wraps them externally (Fig. 51, m).

The digestive cells are large and quite numerous
(Fig. 5a, e, i, m, q). Throughout the stages of a life cycle
and of the tick engorgement process, these cells undergo

several development stages.
R. sanguineus females in the control group, three stages
of digestive cells were detected. There is the sessile digest
cells, which are columnar, full of endosomes with blood
(mainly red cells) that was ingested from the host during
engorgement and digestive vacuoles of several sizes,
shapes, and strongly eosin-stained (Fig. 5a, e, i, m, q);

In the semi-engorged
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Fig. 4 Histological sections of
dinotefuran-treated
Rhipicephalus sanguineus ovary.
a—v Bromophenol blue staining.
a, e, 1,0, s Control group. b, f, j, p,
t Group II (5000 ppm). ¢, g, k, m,
q, u Group III (6250 ppm). d, h, 1,
n, r, v Group IV (8334 ppm). /
oocyte I, I/ oocyte Il, /1] oocyte
1L, 7V oocyte 1V, Voocyte V, ch
chorium, ep ovary epithelium,

gv germ vesicle, nu nucleolus, p
pedicel, pm plasmic membrane,
yg yolk granules, v vacuoles.
Bars: a-r=50 pm; s—u=100 pum;
v=50 pum

ol

e
control group! _J%"_

ntrol grou —
n group

‘o

the residual sessile digest cells, with a cytoplasm projected
towards the lumen and almost no contact with the basal
membrane; in addition, the cytoplasm of such cells has many
endosomes and digestive vacuoles (Fig. 5a, e, i, m, q). Finally,
there is also the detached digest cells, which have spherical
shape and are free in the midgut lumen, and after they have
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being disengaged from the basal membrane, several
endosomes, digestive vacuoles and hematin residual bodies
(final product of intracellular digestion that has been
accumulated inside the cell) occupy their cytoplasm
(Figs. 5a, e). The nucleus of all digestive cells is large and
round; however, its limit is hardly seen, since with the
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Fig. 5 Histological sections of
dinotefuran-treated
Rhipicephalus sanguineus
midgut. a—t Hematoxylin and
eosin (HE) staining. a, e, i, m, q
Control group. b, f, j, n, r Group
11 (5000 ppm). ¢, g, k, 0, s, Group
I (6250 ppm). d, h, 1, p, t Group
IV (8334 ppm). sdc sessile digest
cells, rdc residual sessile digest
cells, ddc detached digest cells, /
lumen, m muscular tissue, stc
stem cells (generative cells), n
nuclei, pm plasmic membrane, v
vacuoles. Bars: a—¢=200 um;

d, e=100 pm; =50 pm; g,
h=100 pum; i-1=50 um; m,
0=20 pum; p=50 pm; q—t=20 um

digestive process advance, different “granulations” of several
shapes and sizes appear in the cytoplasm and cover them
(Fig. 5a, e, 1, m, q).

The midgut lumen of individuals from the control group
has a great amount of blood; detached digest cells that are free
in the lumen; apical cytoplasm projection of the residual ses-
sile digest cells; and residues from digestive processes,

released by exocytosis and/or lysis of digestive cells present
in another stage of digestion or of the life cycle that will be
incorporated to the fecal material (Fig. 5a, e).

Group II The midgut of semi-engorged females exposed to
5000 ppm dinotefuran did present modifications neither in the
morphology nor in the quantity of their cells. Both the
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generative (stem cells), and all the digestive cells, the sessile
digest cells, the residual sessile digest cells, detached digest
cells, the muscular layer, and the lumen continue with the
same characteristics found in the control group (group I)
(Figs. 5b, f, j, n, r).

Group III The midgut of semi-engorged females from group
III presented significant alterations compared to the control
group. Alterations happened in the generative cells (stem
cells) in all the stages of digestive cells and in the lumen.
The generative cells (stem cells) have irregular shape
(Fig. 5¢c, g, k, 0). In some of these cells, the presence of vac-
uoles with several shapes and sizes throughout the entire cy-
toplasm can also be seen (Figs. 5c, g, k, 0). The digestive cells
are less numerous. The digestive cells, sessile digest cells and
residual sessile digest cells, have less eosin-stained, smaller,
with less frequent endosomes and digestive vacuoles in the
cytoplasm (Fig. 5c, g, k, o, s). These cells seem to be more
projected towards the lumen. The digestive cells, detached
digest cells, are hardly seen and also accumulate a smaller
number of endosomes, digestive vacuoles, and hematin resid-
ual bodies. They are all not quite eosin-stained (Fig. 5g).

The midgut lumen of individuals from this group is
small, with little blood, and filled with digestive cells, es-
pecially by apical projections of the residual sessile digest
cells (Fig. 5¢, g, k, s).

Group IV The semi-engorged females from group IV show
great histological alterations compared to those from the con-
trol, 11, and III groups. These changes are seen in generative
cells (stem cells), in digestive cells, and in the midgut lumen.

The generative cells (stem cells) are irregular and some of
them are even twisted. The cytoplasmic vacuolation is devel-
oped mainly in the basal region of the cell and near the diges-
tive cells (Figs. 5d, h, 1, p, t).

The digestive cells, sessile digest cells and residual sessile
digest cells, have fewer endosomes and digestive vacuoles in
the cytoplasm if compared to individuals from previous
groups (Fig. 5d, h, 1, p). Both the first and second are slightly
stained with EH. Such decrease in the size of endosomes and
digestive vacuoles allowed observing the nucleus, which is
still large and round. The cell limit of these two cells is hardly
detected, and therefore, their cytoplasm seems to belong to
only one cell (Fig. 5d, h, 1, p). These two stages of digestive
cells seem to be occupying regions that were previously
occupied by detached digest cells, i.e., more projected
towards the lumen. It is not possible to differentiate the
detached digest cells.

The midgut lumen does not have blood and seems to have
been filled with digestive cells or sessile digest cells or the
larger apical projections of the residual sessile digest cells or
even those that were disengaged from the basal membrane
(Fig. 5d, h).
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Histochemistry

Alcian blue—PAS staining for acid and neutral
polysaccharide detection

Ovary
Control group
The use of a PAS histochemical test reveals a high pres-
ence of polysaccharides in the ovary of individuals from
the control group. Results obtained here in the ovaries
from semi-engorged females from the control group are
the same described by (Oliveira et al. 2005). The main
characteristics are epithelial wall and oocytes I present
weak cytoplasmic positivity (Fig. 2a); oocytes II show
cytoplasm with a moderate positive and homogeneous
thin granulation (Fig. 2¢); oocytes III present strong pos-
itive cytoplasmic granules of several sizes, where the
larger ones are mainly placed in the periphery and the
smaller ones, in the central region of the oocyte
(Fig. 2k); oocytes IV with strong positive yolk granules
of several sizes; and oocytes V, where the presence of
large strong positive granules is seen occupying the entire
cytoplasm (Fig. 2s) (Oliveira et al. 2005).
Group II
This histochemical test shows a smaller amount of poly-
saccharides in the ovary of individuals from this group
compared to the control group, mainly in oocytes I, II,
and III because of the cytoplasmic vacuolation beginning.
Oocytes I continue presenting weak positivity to the PAS
(Fig. 2b). Oocytes II have a moderately positive thin gran-
ulation (Fig. 2f, 1), and oocytes III present strongly posi-
tive yolk granules located in the central region and large
strongly positive granules in the peripheral region. How-
ever, there is the appearance of vacuolated regions that
negatively react to the test (Fig. 2I). Oocytes IV and V
present similar reactions to the control group (Fig. 2p, t).
Group III
Application of this histochemical test reveals the presence
of a smaller amount of polysaccharides in all oocytes of
the ovary from females exposed to this concentration of
dinotefuran. Oocytes I persist in the weakly positive re-
action (Fig. 2¢). In the oocytes II and III, the distribution
of this element is similar to that one found in oocytes
from individuals of the treatment group II (Fig. 2g, j,
m). Nevertheless, there is an increase in the cytoplasmic
areas negative to the test (Fig. 2g, j, m). Oocytes IV now
show some small vacuolated areas negative to the test
near the germ vesicle (Fig. 2q). With regard to the oocytes
V, in addition to all morphological alterations already
described, they also present granules with smaller posi-
tivity to PAS, especially near the peripheral region, as
well as small vacuoles negative to the test (Fig. 2u, w).
Group IV
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The histochemical test to detect polysaccharides
shows a great decrease in the quantity of this element
in the ovary of individuals from group IV when com-
pared to the other groups.

Oocytes I have markings similar to those found in these
same oocytes from the other groups, i.e., a positive weak
reaction (Fig. 2d). In oocytes II and I1I, the yolk granules
continue reacting and occupying the same regions as the
ones found in the treatment groups II and I1I. However, in
this group, these oocytes show extensive vacuolated re-
gions negative to PAS (Fig. 2h, n).

Oocytes IV present a strongly positive reaction in yolk
granules and vacuoles that do not react to the test in
the central region near the germ vesicle and among the
granules (Fig. 2r).

Oocytes V present a less intense positive reaction in the
large yolk granules and also in the chorium. Small
cytoplasmic vacuoles that are negative to the test both
around the great yolk granules and in the peripheral
region have also been detected (Fig. 2v).

With regard to the epithelial wall of the ovary, instead of
presenting a weak positive reaction, it no longer reacts to
the PAS, which shows the decrease of polysaccharides
found in this epithelium when compared to other groups
(Fig. 2d).

Midgut

Through the histochemical test, a small amount of polysac-
charides is found in the midgut of females from all the groups,
seen by the weak positive reaction in this organ. The midgut
cells of the treatment groups II, 111, and IV have similar mark-
ings to those from the control group. The weak positivity in
the organ, in general, determined clear markings, which were
not shown here.

Baker’s technique for lipid detection

Ovary

Control group

Through this histochemical test, a high marking for lipid
elements in the ovary of semi-engorged females from the
control group is found. These results are equivalent to the
ones obtained and described by Oliveira etal. (2005). The
main characteristics are epithelial wall and oocytes I with
a homogeneous and moderately positive cytoplasm
(Fig. 3a); oocytes II with a positive thin granulation ho-
mogeneously distributed into all the cytoplasm (Fig. 3e);
oocytes III, cytoplasm with small and strongly positive
yolk granules in the center and larger granules located
mainly in the cell peripheral region (Fig. 31); oocytes
IV, cytoplasm with many positive granules and sizes in-
creasing from the central region to the periphery and

chorium with moderate positivity (Fig. 3m); oocytes
V present the cytoplasm full of great strongly positive
yolk granules and chorium (Fig. 3q).

The nuclei of all cells (including oocytes, pedicels, and
cells from the wall of the ovary), as well as nucleolus, are
stained due to the use of hematein, which is a solution
obtained through hematoxylin oxidation (Fig. 2g).
Group II

This test reveals that all oocytes from treated individuals
with this concentration of dinotefuran continue reacting
positively. Nevertheless, oocytes I, II, and III have al-
ready began presenting vacuolated areas that are negative
to the test, especially near the germ vesicle and pedicel,
which evidences the beginning of the decrease of this
element in the ovary of treated individuals (Fig. 3D, f, j).
Histochemically speaking, oocytes IVand V present sim-
ilar reactions to those found in these stages from the con-
trol group (Fig. 3n, r).

Group III

In most oocytes from individuals exposed to treatment
with 6250 ppm dinotefuran, a positive reaction to the test
was found. Oocytes I continue presenting a moderate
positive reaction (Fig. 3c), and oocytes II and III have
the same characteristics described at group II, with the
exception of the largest cytoplasmic areas that are nega-
tive to the test, probably due to the presence of vacuoles
(Fig. 3g, k). In this group, even oocytes IV show small
vacuoles that are negative to the test occupying a region
near the germ vesicle (Fig. 30). On the other hand, oo-
cytes V present yolk granules with lower positivity and
small vacuoles that are negative to the test in a region near
the cell periphery (Fig. 3s).

Group IV

The histochemical test to detect lipids highlights the high
decrease for elements in the ovary of females from group
IV. Oocytes 1, II, and IIT have extensive vacuolated re-
gions that are negative to the test, which occupied a great
part of the cytoplasm. The yolk granules, when present,
have the same histochemical reaction and are distributed
similarly to other groups (Fig. 3d, h, 1). Oocytes IV pres-
ent strongly positive yolk granules among vacuolated
areas that are negative to the test (Fig. 3p). Oocytes V
exhibit large granules of strong, moderate, and weak pos-
itivity, a moderately positive chorium, and small negative
vacuoles to the test in the peripheral region (Fig. 3t). The
epithelial wall reacts weakly to the test (Fig. 31).

Midgut
Control group This histochemical test shows the presence of

great amount of lipids in the cells of the midgut from semi-
engorged R. sanguineus females.
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The generative cells (stem cells) exhibit small round re-
gions of moderate positivity through the cytoplasm, possibly
lipid droplets (Fig. 6a, e, i, m). The plasmic membrane is also
moderate positive to the test (Figs. 6a, e, 1, m).

The sessile digest cells and residual sessile digest cells have
several large endosomes and digestive vacuoles that are
strongly positive throughout the entire cytoplasm, which also
cover the nucleus of these cells (Fig. 6a, e, i, m). The detached
digest cell, on the other hand, besides presenting a strongly
positive reaction in the endosomes and digestive vacuoles,
also showed a negative reaction to the test, especially in the
several residual bodies of hematin that occupy its cytoplasm
(Fig. 6a, e, 1, m). The nucleus of these cells is also covered by
endosomes, digestive vacuoles, and hematin residual bodies
(Fig. 6a, e, i, m).

The midgut lumen of individuals from the control group
presents a strong positive reaction, except in the regions
that are negative to the test, occupied by several detached
digest cells and by residues from the digestive processes
(Fig. 6a, ¢, i, m).

The nuclei of generative (stem cells) and muscular cells are
stained due to the use of hematein, a solution obtained from
the oxidation of hematoxylin (Fig. 6a, e, i, m).

Group II Baker’s histochemical test reveals that the midgut
of semi-engorged females exposed to 5000 ppm
dinotefuran presents a similar reaction to the control group,
i.e., strong positivity for lipids in most cells and negative
reaction in the hematin residue bodies found in the de-
tached digest cells (Fig. 6b, f, j, n).

Group III Results show the presence of a great quantity of
lipids in the midgut of semi-engorged R. sanguineus females
of group III. However, the positivity found here is lower than
that one found in individuals from the other groups.

Some generative cells (stem cells) show large and small
vacuoles that are negative to the test occupying its cytoplasm
(Fig. 6¢, g, o). The digestive cells, sessile digest cells and
residual sessile digest cells, present endosomes and digestive
vacuoles that strongly react to the test for detecting lipids but
in a smaller quantity than those from the other groups through
the cytoplasm (Fig. 6¢, g, k, o). The digestive cells, detached
digest cells, are rarely seen, and when they are found, they
show a smaller number of endosomes and digestive vacuoles
that are strongly positive and hematin residual bodies that are
negative to the test. The midgut lumen is small, but with a
strong positive marking, and filled with endosomes and diges-
tive vacuoles that are strongly positive, located in the apical
projections of the residual sessile digest cells (Fig. 6¢, g, k, 0).

Group IV Midgut of semi-engorged females from group IV

presents a decrease in the quantity of lipids when compared to
those of the other groups.
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Generative cells (stem cells), which had small round
regions of moderate positivity (lipid droplets), hardly ever
present them (Fig. 6d, h, 1, p). In this group, these cells
show many round vacuoles negative to the test, especially
in the basal region and in the one near the digestive cells
(Fig. 6d, h, 1, p).

Digestive cells, sessile digest cells and residual sessile di-
gest cells, have few endosomes and strongly positive digestive
vacuoles in the cytoplasm (Fig. 6d, h, 1, p). On the other hand,
the detached digest cells were not found.

The midgut lumen does not have blood and seems to have
the sessile digest cells and the largest apical projections of the
residual sessile digest cells with endosomes and vacuoles of
strong positivity (Fig. 6d, h, 1, p).

Bromophenol blue staining for protein detection

Ovary
Control group
Using the bromophenol blue histochemical test, the pres-
ence of a great amount of protein elements in the ovary of
semi-engorged R. sanguineus females from the control
group is seen. As already stated, Oliveira et al. (2005)
have already described these results. In order to detect
proteins, the main characteristics are weakly positive ep-
ithelial wall and oocytes I (Fig. 4a); oocytes II showing
thin positive granulation distributed uniformly through
the cytoplasm (Fig. 4e); oocytes III, cortex with strongly
positive small yolk granules in the central region and the
largest ones of strong positivity in the periphery (Fig. 41);
oocytes IV, cytoplasm with strong positive yolk granules
of several sizes (Fig. 40); oocytes V, high quantity of big
strong positive granules that occupy the entire cytoplasm
(Fig. 4s).
The germ vesicle, nuclear membrane, and plasmic mem-
brane have a weak reaction (Fig. 4a, e, i, 0, s). On the
other hand, the nucleolus has a strong positive reaction
and the chorium, when present, presents a moderate
positivity (Fig. 4a, e, i, o, s).
Group II
Results also show a great amount of proteins, seen
through the strongly positive reaction in most oocytes
from individuals who underwent this concentration of
dinotefuran. Oocytes I, II, and III, besides the morpho-
logical and histochemical characteristics described in the
control group, also have small cytoplasmic areas negative
to the test located especially around the germ vesicle and
next to the pedicel (Fig. 4b, f, j). In oocytes IV and V, no
modifications regarding the control group were found
(Fig. 4p, t).
Group 111
The use of this histochemical test shows the presence of
protein elements in a smaller quantity compared to those
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Fig. 6 Histological sections of
dinotefuran-treated
Rhipicephalus sanguineus
midgut. a—p Baker staining. a, e,
i, m Control group. b, f, j, n
Group II (5000 ppm). ¢, g, k, 0
Group III (6250 ppm). d, h, 1, p
Group IV (8334 ppm). sdc sessile
digest cells, rdc residual sessile
digest cells, ddc detached digest
cells, / lumen, m muscular tissue,
ste stem cells (generative cells),
n nuclei, pm plasmic membrane,
v vacuoles. Bars: a—¢=200 pum;
d=100 um; e-h=100 pm;
i-1=50 pm; m—p=20 pm

found in the other groups. Positive reactions similar to
those from the control group and group II, an advance
in the vacuolation process was also seen. In oocytes I, 11,
and III, larger vacuolated areas negative to the test were
found (Fig. 4c, g, m, k). On the other hand, the oocytes [V
show strong positivity in the largest part of its cytoplasm,
with the exception of small vacuolated areas negative to

the test near the germ vesicle and pedicel (Fig. 4q). In
oocytes V, large yolk granules with lower positivity and
few vacuoles negative to the test were seen in the region
near the cell periphery (Fig. 4u).

Group IV

This test shows the high decrease in the quantity of pro-
teins in the oocytes of semi-engorged females exposed to
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8334 ppm dinotefuran. Oocytes I, II, and III present ex-
tensive areas with large and numerous vacuoles that are
negative to test, occupying great part of the cytoplasm
(Fig. 4d, h, 1, n). Oocytes IV have strongly positive yolk
granules among the vacuoles that are negative to the test,
located preferably through the regions near the germ ves-
icle and the pedicel (Fig. 4r). Oocytes V show great yolk
granules still strongly positive to proteins, despite the
marking be lower than that one found in oocytes V from
the control group, as well as small vacuoles negative to
test in the cell peripheral region (Fig. 4v).

With regard to the wall of the ovary, it now reacted weak-
ly to the test.

Midgut

Control group Through this histochemical test, a moderate
marking for proteins in the midgut of semi-engorged females
is seen.

The generative cells present round and slightly stained
regions distributed through the cytoplasm, and there is a
moderate positive plasmic membrane that limits its content
(Figs. 7a, 1).

The digestive cells, sessile digest cells and residual sessile
digest cells, show a different reaction depending on the cell
region. Numerous and large endosomes and digestive vacu-
oles of strong to moderate positivity are located in the basal
region, while the ones with weak positivity are in the apical
region of cells towards the midgut lumen (Fig. 7a, i). The
detached digest cells are very frequent and seen in the lumen,
presenting many endosomes, digestive vacuoles, and residual
bodies of hematin that are weakly positive or even negative at
the test (Fig. 7a, e, 1). The nucleus of digestive cells is covered
(Fig. 7a, e, 1). The plasmic membrane of all the digestive cells
evidences moderate positivity (Fig. 7a, e, 1).

The nucleus of generative (stem cells) and muscular cells,
as well as the basal membrane, also reacted moderately in the
test (Fig. 7a, e, 1).

The lumen of individuals from the control group presents
strong positivity. Only in the regions occupied by the detached
digest cell, apical projection of residual sessile digest cells,
and digestive residues, there were regions that were negative
to the test (Fig. 7a, e, 1).

Group II The histochemical test for detection of proteins
highlights the moderate quantity of this element in almost all
the midgut cells of semi-engorged females treated with
5000 ppm, as it was seen in individuals from the control
group. Even the detached digest cells continue presenting sev-
eral endosomes, digestive vacuoles, and residual bodies of
hematin that are weakly positive or negative at the test
(Fig. 7b, 1, 2).
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Group III This test reveals lower positivity to the test in
midgut cells of semi-engorged females from group III,
indicating a decrease of proteins in this organ when compared
to other groups. These changes are translated through the
presence of some vacuoles of several sizes that are negative
to the test in the cytoplasm of generative cells (stem cells)
(Fig. 7c¢, g, k), as well as through endosomes and digestive
vacuoles that are less frequent and moderately stained of
digestive cells, sessile digest cells and residual sessile digest
cells (Fig. 7c, g, k). In this group, these cells started reacting
homogeneously to the test throughout its entire extension
(Fig. 7c, g, k). The digestive cells, detached digest cells, are
hardly detected, but they also accumulate a smaller amount of
endosomes, digestive vacuoles, and weak positive residual
bodies of hematin. The lumen is reduced with little blood,
but including apical projections of the digestive cells, residual
sessile digest, with endosomes and digestive vacuoles of
moderate positivity (Fig. 7c, g, k).

Group IV Results show the smaller amount of proteins in the
cells of the midgut from semi-engorged treated females that
belong to group IV (Fig. 7d, h, 1).

The shape of generative cells (stem cells) becomes irregu-
lar, and vacuolated areas that are negative to the test, with
several sizes and shapes, are found in the cytoplasm
(Fig. 7d, h, ).

In digestive cells, sessile digest cells and residual sessile
digest cells, less endosomes and digestive vacuoles are found
with a moderate positive reaction (Fig. 7d, h, ).

The identification of detached digest cells is no longer
possible.

The lumen of midgut does not present blood and seems to
have been filled by digestive cells with endosomes and diges-
tive vacuoles that react moderately to the test (Fig. 7d, h, ).

Discussion

The R. sanguineus tick is a species of great medical-
veterinarian importance for being the transmitting agent of
several pathogens to its hosts, including men, and for causing
great damages in these hosts due to the blood spoliation and
skin lesions (Balashov 1983; Wall and Shearer 1997).

Chemical control (via synthetic acaricides) is still the main
method to control ticks. However, the indiscriminate use of
acaricides from different chemical groups has established a
severe resistance case of ticks with regard to these drugs,
making these ectoparasites hard to control. In parallel, another
great problem is the environmental impact that has been
caused due to such use and that encourages the search for
new substances and/or improvement of usual substances with
important characteristics, such as the low toxicity for mam-
mals (Oliveira et al. 2013).
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Fig. 7 Histological sections of
dinotefuran-treated
Rhipicephalus sanguineus
midgut. a-1 Bromophenol blue
staining. a, e, i Control group. b, f,
j Group II (5000 ppm). ¢, g, k
Group III (6250 ppm). d, h, 1,
Group IV (8334 ppm). sdc sessile
digest cells, rdc residual sessile
digest cells, ddc detached digest
cells, / lumen, m muscular tissue,
ste stem cells (generative cells),
n nuclei, pm plasmic membrane,
v vacuoles. Bars: a—d=100 pum;
e-1=50 um

A category including substances with the potential to
control these plagues are the neonicotinoids, presenting
high selectivity through the nicotinic receptors of insect
acetylcholine, low toxicity for mammals, and excellent
chemical and biological properties (Nauen and
Bretschneider 2002). One of the most important

neonicotinoids is the dinotefuran, which is the most recent
neonicotinoid that belongs to the third generation (Wakita
et al. 2003).

Based on the above information and on the fact that
R. sanguineus tick became an important urban pest, as well
as of great interest to the general community, the present
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study verified the effects of different concentrations
dinotefuran (active ingredient of Protetor Pet® acaricide)
in female germ cells (oocytes) and in the midgut epitheli-
um of semi-engorged R. sanguineus female ticks through
morphological, histological, and histochemical study in
order to detect the occurrence of possible damages in these
cells. Therefore, we tried to find if the interference in the
genesis of new individuals and food absorption ingested
and deriving from the host occurred, which may provide
essential information that will contribute for the develop-
ment of new control methods and/or improvement of the
usual control methods.

The individuals of the treatment groups I, I1I, and IV were
exposed to 5000, 6250, and 8334 ppm of dinotefuran and
revealed the action of this compound showing changes in
ovaries and midgut cells of semi-engorged females of the dif-
ferent groups, which were compared with those of group I
(control). The alterations were mainly related to the size of
the germ cells and yolk granules; presence, quantity, size,
and location of vacuoles found in the cytoplasm of these germ
cells; the damage occurred in the generative cells of the mid-
gut; the size of the digestive cells; the quantity of blood ele-
ments captured, accumulated digestive wastes and digestive
vacuoles found in the cytoplasm of the digestive cells of the
midgut, as well as the quantity and distribution of proteins,
polysaccharides, lipids of all cells in both.

The ovary of semi-engorged R. sanguineus females of the
control group presents characteristics previously described by
Oliveira et al. (2005). The ovary is composed of a wall of
epithelial cells and of a great number of oocytes in five
stages of development, which are attached to the wall of the
ovary through a cellular pedicel, corroborating to data
obtained by Till (1961) in Rhipicephalus appendiculatus,
Balashov (1983) in Hyalomma asiaticum, Denardi et al.
(2004) in Amblyomma cajennense, Saito et al. (2005) in
B. microplus. Only Amblyomma triste species has oocytes in
four development stages (Oliveira et al. 2006).

The oocytes in all development stages of the control group
show morphological characteristics typical of the ticks’ oo-
cytes and that have also been described for other tick species
(Denardi et al. 2004; Saito et al. 2005; Oliveira et al. 2005,
2006). Thus, in the present study, the characteristics of oocytes
from the control group are little approached with the discus-
sion only of their alterations upon the use of dinotefuran.

The oocytes I of females exposed to 5000 ppm (group II)
and 6250 ppm (group III) of dinotefuran presented vacuoles
around the germ vesicle, indicating that the dinotefuran was
already beginning to function in these cells. In those exposed
to 8334 ppm (group IV), there was an increase of alterations,
since several vacuoles were found occupying a great part of
the cytoplasm. This evidences that when dinotefuran concen-
trations increase, the number of damages seen in oocytes |
from semi-engorged treated females of R. sanguineus also
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increase. These data suggest that chorium absence (a mem-
brane to protect the eggs and that is still not deposited in
oocytes in the early stages of development) could be enabling
the high chemical input efficiency through the plasmic mem-
brane of this germ cell, once inside it would damage the cell,
as reported by Oliveira et al. (2009); Roma et al. (2010);
Vendramini et al. (2012) in R. sanguineus ticks exposed to
fipronil, permethrin, and andiroba oil, respectively.

Oocytes II from females exposed to 5000 ppm of
dinotefuran (group II) show few and small vacuoles occupy-
ing the region near the germ vesicle or surrounding the entire
germ vesicle. Individuals exposed to 6250 ppm of dinotefuran
(group III) have large vacuolated regions around the germ
vesicle and in the periphery towards the pedicel. In those
exposed to 8334 ppm dinotefuran (group IV), an extensive
vacuolation in more than 50 % of the cell is found, especially
in regions near the pedicel, which confirm the occurrence of
greater damages caused by the higher concentration of this
chemical. These alterations may have been caused by the
dinotefuran, since this chemical could be damaging cell or-
ganelles and these being wrapped and lysed in vacuoles.

Carvalho and Recco-Pimentel (2012) and Junqueira and
Carneiro (2013) reported that autophagic vacuoles would
be observed especially in cells where there were degrada-
tion and recycling processes of cytoplasm portions and/or
damaged organelles happening, which would justify the
presence and increase of these organelles in oocytes II of
treated individuals.

Furthermore, the high vacuolation of the oocytes II of
group IV quite restricts the area occupied by yolk granules,
and this decrease in the quantity of granules could partially or
completely harm their development and, thus, not allow their
advance to more advanced stages of development (II1, IV, and
V). Other studies performed by Oliveira et al. (2009) also
observed the occurrence of great damages in oocytes II from
females of R. sanguineus exposed to a higher concentration of
fipronil, where both the vacuolation and decrease in the num-
ber of microvilli were found. In the present study, a smaller
number of microvilli in the plasmic membrane of oocytes 11
exposed to the concentration of 8334 ppm of dinotefuran
could also be happening. This would compromise the exog-
enous incorporation (production of yolk elements by other
tissues that would be transported through the hemolymph
until the ovary and would be absorbed through the oocyte
via pinocytic vesicles) and explain the lower amount of
yolk granules found in the cytoplasm of these germ cells.

In oocytes III of the individuals exposed to 5000 ppm of
dinotefuran (group II), vacuolated areas around the germ ves-
icle were found in the periphery towards the pedicel and
among the yolk granules. Individuals exposed to the
6250 ppm (group I1I) and 8334 ppm (group IV) of dinotefuran
presented oocytes III with higher vacuolation especially in
regions near the pedicel. These data indicate that dinotefuran
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is really damaging these cells. Since the greatest damage hap-
pened in regions near the pedicel and this structure is respon-
sible for attaching the oocytes to the wall of the ovary
(Denardi et al. 2004; Saito et al. 2005; Oliveira et al. 2005,
2006), synthesizing and/or providing yolk elements to the
growth of these germ cells (Oliveira et al. 2007), maybe
dinotefuran is also being captured from the hemolymph and
taken to the interior of the oocyte via pedicel.

Friesen and Kaufman (2003), in studies performed with
Amblyomma hebraeum, reported that cypermethrin, a pyre-
throid chemical, inhibited the uptake of vitellogenin (most
abundant protein in the yolk) from the hemolymph through
the oocyte, which caused a decrease in the quantity of vitello-
genin available inside the oocytes. In view of this, the oocytes
from these treated animals did not grow so much or formed
bigger granules in the yolk. In the present study, this process
may have also happened, since the presence of smaller treated
yolk granules in oocytes III treated with 8334 ppm dinotefuran
(group 1V) than those found in the control group and in other
treatment groups II and I1I was observed. Sayah et al. (1996)
also found similar results in Labidura riparia insect sub-
jected to treatment with Azadirachta indica, and Lemos et
al. (2005) found in Supputius cincticeps insect in the treat-
ment with permethrin.

In oocytes III from individuals treated with 5000, 6250,
and 8334 ppm of dinotefuran, a progressive increase of
cytoplasmic vacuolation when the oocytes of groups 11, III,
and IV were compared was also seen. This could indicate
again that dinotefuran in higher concentrations would be
compromising the oocytes more, and therefore, more intense
autophagic processes would be happening, in an attempt to
eliminate a higher amount of damaged elements from these
germ cells. Denardi et al. (2010) also described this process.

The oocytes in more advanced stages of development, i.e.,
oocytes IV and V did not suffer very extensive damages as
those in the early stages of development. In group II of treat-
ment, these oocytes were not affected. In group III, rare chang-
es in these oocytes were seen despite some folds in the wrap
and rare vacuoles. Otherwise, in individuals exposed to a con-
centration of 8334 ppm of dinotefuran (group IV) were found
vacuoles among yolk granules of the oocytes IV, and in the
oocytes V, there were wrap folds as well as less dense yolk
granules in the central region and ruptured, besides the vacu-
oles in the periphery. Therefore, if oocytes in the early stages
of development were able to survive trying to promote the
protein synthesis, although in lower scale, they may also be
affected by dinotefuran in more late stages of development
(IV and V). These data can be explained by the presence of
chorium, a membrane deposited in the plasmic membrane of
these oocytes (Oliveira et al. 2005), which is responsible for
preserving the structure of the future embryo and consequent-
ly of the species (King and Vanoucek 1960), to protect the
eggs against mechanical shocks and temperature variation,

to avoid desiccation, to minimize predation, and especially
to promote gaseous exchanges (Hilton 1982). Since this mem-
brane is considered resistant and represents another barrier to
be transposed by dinotefuran, i.e., lower permeability of the
membrane, it has probably compromised the efficiency of
the chemical entrance to these oocytes from the treated
individuals. Oliveira et al. (2008) and Roma et al. (2010)
also reported the occurrence of this process.

The wall of the ovary of semi-engorged R. sanguineus
females was only damaged in individuals exposed to
8334 ppm of dinotefuran. The epithelium, rather than being
represented by small cuboidal cells with rounded nuclei as it
was in the previous groups, is now extremely fragile and del-
icate, showing vacuolated cells with flattened morphology
and pyknotic nucleus. These data may indicate the occurrence
of apoptosis (Nodari et al. 2011) or autophagy (Oliveira et al.
2012) in the individuals exposed here. However, as the cells
are trying to survive and resist any external agents and/or
aggressors, it is suggested that oocytes and the epithelial wall
of'the ovary would only be removing the chemical dinotefuran
and/or the areas that were lesioned and damaged by it, a
process called autophagy. The apoptotic cell death would only
occur after the autophagy, when the repair is no longer
possible (Kang et al. 2011). As these cells are damaged, they
cannot carry out their functions properly, such as forming the
pedicel, providing elements to constitute the yolk granules,
and contributing to the growth and development of germ cells.
Thus, dinotefuran may be reducing the number of mature
oocytes, i.e., the ones that completed the vitellogenesis
process. Therefore, with its use, there would be less number
of oocytes available for ovulation, which would affect female
fertility and, as result, the fertility of the entire species.

Studies conducted by Friesen et al. (2003) showed the ac-
tivity of avermectin in oocytes of the 4. hebraeum tick and
reported that this chemical agent would induce the interrup-
tion of the vitellogenesis and the degeneration of the yolk in
the oocytes of individuals subjected to the treatment, which
corroborates data obtained in the present study regards to the
activity of dinotefuran in oocytes of R. sanguineus.

Another parameter that could be assessed would be the size
of oocytes of individuals treated with dinotefuran. All oocytes
from group IV, that is, those who were exposed to 8334 ppm
dinotefuran showed a smaller diameter than the control group
and the treatment groups II and I1I, as a result of the action of
dinotefuran. Other studies carried out by Davey et al.
(1998) and by Friesen and Kaufman (2003) also indicated
a reduction in the size of oocytes of R. (Boophilus)
microplus exposed to fipronil and in A. hebraeum exposed
to treatment with cypermethrin.

Through the use of histochemical techniques, the presence
of polysaccharides, proteins, and lipids was detected in the
ovary of semi-engorged females from the control group and
the treatment groups.
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The presence of polysaccharides, proteins, and lipids in
oocytes from individuals in the control group is similar to that
already described by Oliveira et al. (2005), namely, the high
amount of all elements in all oocytes. With the exception of
oocyte I, which showed weak positive reaction to PAS and
bromophenol blue, as well as moderate positive reaction to
Baker. In the present study, the treatment of females with
different concentrations of dinotefuran resulted in the gradual
and progressive decrease of all elements in oocytes I, 11, III,
and IV, especially due to the presence of vacuoles in large
areas of the cytoplasm (I-IV) and the lowest growth of yolk
granules that were formed during vitellogenesis. However, in
the V oocytes, in addition to the damages mentioned above
being observed, it is evident the lower positivity detected in
large yolk granules on test for proteins, polysaccharides and
lipids, which makes it clear that the synthesis and/or storage of
the three elements by the germ cells from R. sanguineus fe-
males of the treatment groups (groups II, III, and IV) are
occurring with disabilities. In view of this, the germ cells that
are being formed may no longer be able, or to advance in their
development, or even to originate a new individual.
Watermann et al. (2013) found similar data, on the copepod
Acartia tonsa exposed to methyltestosterone, once the yolk
composition was altered after being exposed to the chemical.

Another organ that was also used as a tool to understand the
action of the chemical dinotefuran was the midgut. The mid-
gut of semi-engorged R. sanguineus females of the control
group presented epithelial wall composed of different cell
types and supported on a basal membrane and on a thin layer
of muscle tissue, corroborating data obtained by Till (1961),
Balashov (1983), Agbede and Kemp (1985), Koh et al.
(1991), Sonenshine (1991), Agyei and Runham (1995), and
Harrison and Foelix (1999) in other tick species.

Other authors have already made excellent descriptions
about morphology, histology, and midgut physiology of ticks.
In view of this, more informations can be seen elsewhere
(Agbede and Kemp 1985; Walker and Fletcher 1987; Koh et
al. 1991; Sonenshine 1991; Agyei and Runham 1995;
Harrison and Foelix 1999; Remedio et al. 2013).

In the midgut of the semi-engorged females exposed to
5000 ppm of dinotefuran, morphological changes were not
detected. In females exposed to 6250 ppm of dinotefuran,
alterations have already been observed in a few generative
cells (stem cells), in all stages of the digestive cells and lumen,
which demonstrates that the dinotefuran started to affect those
cells. The digestive cells, sessile digest cells and the residual
sessile digest cells, are more designed towards the lumen and
have less endosomes and digestive vacuoles in the cytoplasm.
Detached digest cells are no longer so evident, and less
endosomes, digestive vacuoles, and hematin residual bodies
are also found in their cytoplasm. This data can be justified by
the action of dinotefuran in the midgut cells, causing damages
in these cells and interfering in the digestive processes of the
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animals exposed. Thus, the midgut cells could be suffering
lesions by contact with chemical, which would decrease the
efficiency of these cells when performing their functions of
capturing of blood ingested during the blood meal, lysis of
blood cells in digestive vacuoles, formation of digestive resi-
dues, and release of nutrients after the digestion processes
(Agbede and Kemp 1985; Koh et al. 1991; Agyei and
Runham 1995). The occurrence of this process was also
observed by Borges et al. (2004) and Valotto et al.
(2011), since the midgut epithelial cells of A. aegypti lar-
vae were damaged after exposure to diflubenzuron and the
crude ethanolic extract of the Sapindus saponaria Lin
(Sapindaceae) plant, respectively.

In females of group IV, morphological changes were found.
The disorganization in stem cells, in digestive cells and mid-
gut lumen, is intense. The stem cells become irregular and
twisted, and the cytoplasmic vacuolization advances mainly
in the basal region of the cell and that next to the digestive
cells. As these cells are responsible for the renewal of the
epithelium with formation of all other types of cells existent
in the midgut (Agbede and Kemp 1985; Harrison and Foelix
1999) and were here damaged by exposure to chemical, it is
suggested that there will be no more replacement of the cells
that were released from the basal membrane during the diges-
tion process nor those digestive cells that were also damaged
by the action of dinotefuran, which would imply high loss for
the digestion process.

In the sessile digest cells and residual sessile digest cells,
few endosomes and digestive vacuoles were detected com-
pared to previous groups, as well as extensive apical cytoplas-
mic projection and absence of cytoplasmic limits. Detached
digest cells were not even found in this group. These data are
indicators that the dinotefuran is damaging the midgut cells of
these ectoparasites that have been treated, probably due, or the
contact of the midgut cells with the highest concentration of
the chemical, or even by being absorbed into the interior of
these cells along with the blood. The digestive cells that have
been damaged may no longer be able to perform all of their
functions, which would compromise the digestive processes
and the release of blood nutrients necessary for the nutrition of
the ectoparasites, in other words, the body’s metabolism and
the viability of the individual itself. Similar results were
obtained by Valotto et al. (2011) for A. aegypti larvae subject-
ed to the natural compound obtained of Magonia pubescens
(Sapindaceae) and by Scudeler and Santos (2013) for
Ceraeochrysa claveri larvae after treatment with neem oil.

Studies by Tomizawa and Casida (2005) documented that
the dinotefuran acts on the central nervous system of exposed
individuals. This chemical agonistically binds to the postsyn-
aptic nicotinic acetylcholine receptors, but the acetylcholines-
terase enzyme cannot degrade the dinotefuran, and keeps it
connected to the receptor and also opens the Na+ion channels
which move into the cell, depolarizing it, causing extended,
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continuous, and uncontrolled nerve impulse (Kagabu 1997,
Uneme et al. 1999; Wakita et al. 2003, 2005; Wakita 2011).
In the present study, it is demonstrated that, in addition to
its neurotoxic effects, dinotefuran has also affect other sys-
tems of arthropods.

The use of histochemical techniques of bromophenol blue
and Baker allowed observing the high quantity of proteins and
lipids in most cells of the midgut of semi-engorged
R. sanguineus females of the control group. It only occurred
weakly positive or negative reaction in the residual hematin
bodies found in the detached digest cells. In the females of
group II, there were no histochemical alterations detected after
the treatment with dinotefuran. In those from group Il and IV,
dinotefuran provoked the gradual reduction in the quantity of
lipid and protein elements since the increase of vacuolated
areas (negative to the tests) and decrease in the number of
endosomes and digestive vacuoles positive to the tests
occurred. In view of this, it was observed that the dinotefuran
is harming the capture and efficient and complete digestion of
blood through the midgut cells of the treated animals, which
will result in the lack of nutrients needed to maintain the nor-
mal function of all physiological systems. In advanced stages,
that “under nutrition” will lead the ectoparasite to death. Other
studies by Scudeler et al. (2014) also detected the appearance
of the histochemical alterations in the midgut of C. claveri
larvae treated with neem oil.

In this way, it was verified through the results obtained by
the present study, the occurrence of progressive damage
caused by the dinotefuran in the germ cells and midgut cells
in semi-engorged R. sanguineus females ticks. The concentra-
tions that were applied are preventing partially or even
completely the digestive processes and, without this appropri-
ate nutrition, no physiological events of the ectoparasites will
be able to occur, and these will not even be able to grow and
develop. As for the germ cells, these were also committed and
probably will no longer be able to advance in its development
(I-V) and complete the vitellogenesis process, which will af-
fect the fertility of the female by no longer give rise to a new
individual. Therefore, it has demonstrated the effectiveness of
dinotefuran in the reduction of fertility and digestive processes
of semi-engorged R. sanguineus females.
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