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Abstract The concern about the harmful effects caused by
synthetic pesticides has led to the search for safe and ecolog-
ical alternatives for pest control. In this context, the neem tree
(Azadirachta indica) stands out due to its repellent properties
and effects on various arthropods, including ticks. For this
reason, this study aimed to demonstrate the potential of neem
as a control method for Rhipicephalus sanguineus ticks, im-
portant vectors of diseases in the veterinary point of view. For
this, R. sanguineus semi-engorged females were subjected to
treatment with neem seed oil enriched with azadirachtin, its
main compound, and ovaries were assessed by means of
morphological techniques in conventional light microscopy,
confocal laser scanning microscopy, and transmission electron
microscopy. Neem demonstrated a clear dose-dependent ef-
fect in the analyzed samples. The observed oocytes presented,
especially in the groups treated with higher concentrations of
neem oil, obvious signs of cytoplasmic disorganization, cel-
lular vacuolization, nuclear and nucleolar irregularity, dilation
in mitochondrial cristae, alterations in mitochondrial matrix,
and swelling of rough endoplasmic reticulum. Intracellular
microorganisms were observed in all analyzed groups, rein-
forcing the importance of ticks in the transmission of patho-
gens. A greater quantity of microorganisms was noted as the
concentration of neem increased, indicating that the damaged
oocytes may be more susceptible for their development. Such
morphological alterations may promote future damages in
reproductive performance of these animals and demonstrate
the potential of neem seed oil for the control of R. sanguineus
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ticks, paving the way for new, cheaper, and safer methods of
control.
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Introduction

Currently, ticks are targets of great concern due to their para-
sitic nature and high ability to transmit pathogens, being
among the most important disease vectors affecting livestock,
human, and companion animals, besides causing severe toxic
conditions such as paralysis, toxicosis, irritation, and allergy
(Oliver 1989; Jongejan and Uilenberg, 2004; Dantas-Torres
2010). From a veterinary point of view, Rhipicephalus
sanguineus ticks are considered the most important species
involved in the transmission of pathogens to dogs (Dantas-
Torres 2010). Many of these diseases transmitted by them may
even affect humans (Oyafuso et al. 2002).

As a result, many control methods for numerous species of
ticks have been developed, with varied formulations and types
of applications. Tick control may be accomplished by a great
variety of synthetic acaricides, which eliminate infestations
and prevent re-infestations for a certain period of time
(Blagburn and Dryden 2009). However, the indiscriminate
use of commercial acaricides is an emerging problem, leading
to the selection of resistant strains of ticks, toxicity to humans
and hosts, and damages to the environment (Blagburn and
Dryden 2009; Rosado-Aguilar et al. 2010). The adverse ef-
fects of synthetic pesticides and the necessity for environmen-
tally safe alternatives for pest control has led to the search for
products extracted from plants, among which stand out the
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extracts from Annona squamosa (Magadum et al. 2009),
Aegle marmelos, Andrographis lineata, Andrographis
paniculata, Cocculus hirsutus, Eclipta prostrata (Elango and
Rahuman 2011), Cuminum cyminum, Pimenta dioica
(Martinez-Velazquez et al. 2011), Acorus calamus (Ghosh
et al. 2011), and many others, including Azadirachta indica,
the neem tree, which stands as one of the options with higher
potential (Raizada et al. 2001; Brahmachari 2004).

In ticks, the use of neem products showed relevant effects
for the control of Amblyomma variegatum (Ndumu et al.
1999), Hyalomma dromedarii (Al-Rajhy et al. 2003),
Hyalomma anatolicum excavatum (Abdel-Shafy and Zayed,
2002), Rhipicephalus decoloratus (Choudhury 2009),
Rhipicephalus (Boophilus) microplus (Srivastava et al. 2008;
Broglio-Micheletti et al. 2010) and R. sanguineus (Denardi
et al. 2010, 2011, 2012), affecting reproductive processes or
even causing mortality.

Among the numerous active ingredients present in
Azadirachta indica, azadirachtin is considered the most im-
portant and effective, being present predominantly in seeds,
leaves, and other parts of the neem tree (Schmutterer 1990;
Brahmachari 2004). It presents a broad action spectrum, in-
cluding growth dysregulation, reduction in ecdysone levels,
changes in development and reproduction, and damages in
molt processes (Vietmeyer 1992; Brahmachari 2004).

Morphological analysis, evaluated using microscopy tech-
niques, has been particularly useful in toxicological analysis,
allowing the observation countless cellular alterations, includ-
ing chromosomal aberrations, the occurrence of micronuclei,
nuclear abnormalities, histopathological alterations, genotoxic
and mutagenic effects, and alterations in cytoplasmic organ-
elles (Fontanetti et al. 2010). In this sense, the use of mor-
phology to evaluate vitellogenesis dynamics in ectoparasite
females has been a tool of great importance, since it provides
information that contributes to the development of studies
accessing the cytotoxic potential of chemical agents in germ
cells (Roma et al. 2010b).

Thus, the present study aimed to evaluate the morpholog-
ical effects of the oil extracted from neem seeds (4zadirachta
indica), with known concentrations of azadirachtin, in the
ovary of R. sanguineus ticks by means of conventional light
microscopy, laser scanning confocal microscopy, and trans-
mission electron microscopy, in order to demonstrate the
interference of neem compounds in the reproduction develop-
ment of these animals.

Material and methods
R. sanguineus ticks

Unfed male and female ticks were obtained directly from the
colony maintained in a biological oxygen demand (BOD)
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incubator under controlled conditions (25+1 °C, 80 % humid-
ity, in a 12-h photoperiod), in the Biosciences Institute vivar-
ium of Sdo Paulo State University (UNESP), Rio Claro/SP,
Brazil.

Azadirachta indica (neem)

Neem oil was provided by Professor Moacir Rossi Forim,
from Universidade Federal de Sao Carlos (UFScar). Neem
seeds (2.5 kg) were ground in a Tecnal TE 631/2 mill and then
subjected to an extraction process with hexane (five extrac-
tions with duration of 3 days each), in order to obtain the neem
oil. After this, the seeds went through a methanol extraction
by three sequent extractions performed using an Ultra-Turrax
T-20. After filtration, the solvent was evaporated under re-
duced pressure to provide an extract rich in azadirachtin,
which was subsequently mixed with the previous extracted
oil in order to enrich it with azadirachtin. The measurement of
azadirachtin concentration in the crude extract of neem oil was
made through the same procedures described by Forim et al.
(2010). A concentration of 1,000 ppm of azadirachtin in the
crude extract was determined, and from this oil, the dilutions
used in this experiment were made.

Experimental procedures
Preparation of neem dilutions

The crude oil extracted from neem seeds was diluted at
concentrations of 20, 40, and 60 % in a 10 % aqueous solution
of ethanol, according to an adaptation of the methodology
described by Ndumu et al. (1999). Thus, it was possible to
obtain dilutions with specific concentrations of azadirachtin:
200 ppm (20 %), 400 ppm (40 %), and 600 ppm (60 %). The
solutions were mixed on a magnetic stirrer and applied topi-
cally on ticks. The dilutions were made daily during the
experiment and kept in a light-protected recipient, in order to
avoid alterations of the acaricidal properties of neem oil.

Bioassay

A total of 60 couples of R. sanguineus were released inside
special feeding chambers set on the back of naive New
Zealand White female rabbits (without prior exposure to tick
infestation), following the methodology described by Bechara
etal. (1995). Five rabbits were used in this experiment, one for
each group (CI, CII, TIL, TII, and TIII). The procedures for
application of neem dilutions were performed inside these
feeding chambers, during engorgement of females.

Five groups were established in this experiment: control
groups (CI and CII) and treatment groups (TI, TII, and TIII).
In the treatment groups, the solutions of neem oil were applied
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topically on ticks attached on the back of rabbits with a soft
brush for 3 days, twice a day. The applications began 24 h
after attachment of tick to the host, at the concentrations of
20 % (TI), 40 % (TII), and 60 % (TIII). The ticks from the
control groups (CI and CII) were subjected to the same pro-
cedure, with applications of distilled water and 10 % aqueous
ethanol, respectively. Approximately 5 mL of solution was
used in each application. On the fourth day of infestation,
semi-engorged females were collected and maintained under
controlled conditions in a BOD incubator before dissection for
removal of samples. The collected ticks were dissected under
a Leica EZ4 stereomicroscope in Petri dishes containing
phosphate-buffered saline (PBS) solution (NaCl 0.13 M,
Na,HPO, 0.017 M, KH,PO,4 0.02 M, pH 7.2) for withdrawal
of ovary samples.

All experimental procedures performed in this study were
approved by the Ethics Committee in Animal Use, CEUA,
UNESP, Rio Claro/SP, Brazil, protocol number 2206, decision
number 021/2012.

Morphological analysis
Light microscopy

For histological analysis, the collected material was immedi-
ately fixed in 4 % paraformaldehyde solution for 72 h and then
transferred to sodium phosphate buffer solution (pH 7.2) for
24 h. The samples were subsequently subjected to dehydration
in an ascending series of ethanol (70, 80, 90, and 95 %, for
20 min in each solution), overnight infiltration in Leica
historesin, followed by polymerization with Leica historesin
plus a hardener agent.

The resin blocks containing the material were sectioned on
a Leica RM2255 microtome, and the sections subjected to
staining with hematoxylin and eosin technique (HE), for the
observation and description of the general morphology of the
tissue (Junqueira and Junqueira 1983). The microscopic slides
obtained were mounted in Canada synthetic balsam, and the
material was photographed in a Leica DM150 light
photomicroscope, equipped with a Leica ICC50 HD camera,
by means of the Leica LAS v.3.8 software.

Laser scanning confocal microscopy

The collected samples were immediately fixed in 4 % para-
formaldehyde for 72 h, washed in PBS (pH 7.4) twice for
5 min and then permeabilized with 0.1 % Triton-X for 20 min.
After two washes of 5 min each, the material was incubated
with a solution of “Alexa Fluor 488 Phalloidin” for 30 min at
room temperature in a covered container. The samples were
washed in PBS (twice, 5 min each), stained with propidium

iodide at 10 pg/mL for 30 min in the dark, washed again in
PBS (twice, 5 min each), and mounted using mounting medi-
um Prolong® Gold reagent. The images were obtained with a
Leica TCS SPSII Laser Scanning Confocal Microscope and
analyzed by means of the Leica LAS AF software.

Transmission electron microscopy

For ultrastructural analysis, the collected ovary samples were
fixed in glutaraldehyde 2.5 % in sodium cacodylate buffer
0.1 M (pH 7.2) for 72 h. Next, the material was washed twice
in 0.1 M sodium cacodilato buffer (15 min each time) and then
postfixed in osmium tetroxide (OsO,) for 2 h. The samples
were then washed twice again in 0.1 M sodium cacodilato
buffer (15 min each time) and immersed in a 10 % aqueous
ethanol solution for 15 min. The material was contrasted in
1 % uranyl acetate, dehydrated in an ascending series of
acetone (50, 70, 90, and 100 %, for 5 min in each solution),
and then dipped in a mixture of acetone and Epon-Araldite
resin (1:1) for 12 h, embedded in Epon-Araldite resin for 24 h,
and included in Epon-Araldite resin plus a catalyzer at 60 °C.
Ultrathin sections, obtained using an ultramicrotome Leica
Reichert Supernova were placed on copper grids and
contrasted in uranyl acetate 4 % for 45 min and lead citrate
for 10 min (Reynolds 1963). The material was observed and
photographed in a Philips CM100 transmission electron mi-
croscope (TEM, operating at an accelerating voltage of 80 kV)
equipped with a Veleta camera, by means of the iTEM soft-
ware (v. 5.2).

Results

The histological evaluation of the ovary of R. sanguineus ticks
showed the presence of oocytes in stages I and II and in the
transition between them as well. However, fluorescence and
ultrastructure observations allowed the visualization of oo-
cytes only in the transition from type I to type II, which did
not affect the analysis of the results. The histological and
ultrastructural characteristics of the oocytes in the transition
stage (I/I) were defined for each experimental group, as
shown in Fig. 1.

Conventional light microscopy

In group CI, the oocytes type I (Fig. 2a) presented smaller size,
elliptic aspect, and round nuclei occupying great part of the
center of the cells. The cytoplasm showed strong basophilia
and purple color, with some acidophilous areas in pink. The
perinuclear cytoplasm showed a higher degree of acidophilia
containing a great number of basophilic particles transiting
between the nucleus and the cytoplasm. The nucleus
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Fig. 1 Schematic drawing of the

general alterations observed in the

oocytes of R. sanguineus ticks in

each experimental group. a

Control group I; b control group A
II; ¢ treatment group [; d

treatment group II; e treatment

group IIL. b/ basal lamina, chr

chromatin, cy cytosol, dm

damaged mitochondria, /z “halo

zone,” ine irregular nuclear

envelope, m mitochondria, mic

microorganisms, mlb

multilamellar bodies, » nucleus,

ne nuclear envelope, nu B
nucleolus, pcy perinuclear

cytoplasm, pm plasma membrane,

vac vacuolation, vau vacuolated

nucleolus. Bars a—e 50 pm,

details 1 um

presented decondensed chromatin, weakly stained by hema-
toxylin. In general, one or two central nucleoli constituted by
strong basophilic granulations were observed occupying great
part of the nucleus. The oocytes type II (Fig. 2b) showed
larger size and round shape, with a central round nucleus.
The cytoplasm presented less intense basophilia in relation to
the previous stage, and some acidophilous granulations—
stained in pink by eosin—could be observed. The basal mem-
brane was observed around the plasma membrane, presenting
an intense pink staining. The perinuclear cytoplasm was less
evident, apparently with a proportionally smaller number of
particles in transport. The nucleus showed similar character-
istics in relation to the previous stage, with the limits strongly
stained by eosin and one or two nucleoli with granular aspect.

@ Springer

In both oocytes, few basophilic structures were observed,
involved by a slightly acidophilous halo, and distributed
throughout the cytoplasm. These structures were posteriorly
identified as intracellular microorganisms through fluores-
cence and ultrastructure.

The individuals belonging to group CII showed the same
characteristics observed in group CI. However, in oocytes |
(Fig. 2c) and II (Fig. 2d) highly basophilic nucleoli were
observed, with a more condensed and less granular
appearance.

In group TI, the oocytes type I (Fig. 2¢) presented similar
characteristics in relation to the individuals from the control
group. The oocytes type II (Fig. 2f) also showed similar
morphology in relation to the control group. However, light
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Fig.2 Typel(a,c, e, g, i)and
type II (b, d, f, h, j) oocytes of
R. sanguineus ticks stained with
hematoxylin and eosin and
examined under conventional
light microscopy. a—b Control
group I; ¢—d control group II; e—f
treatment group I; g-h treatment
group II; i—j treatment group III.
mic microorganisms, n nucleus,
nu nucleolus, pc perinuclear
cytoplasm, pdc pedicel cells, vac
vacuolation. Bars a—i 50 um

pink acidophilous granulations could also be observed. In
both oocytes, a large number of microorganisms were detect-
ed, generally covered by a whitish halo.

In group TII, the oocytes type I (Fig. 2g) presented fewer
variations in relation to group TI. The oocytes type II (Fig. 2h)
presented more relevant alterations. The cytoplasm showed
non-stained regions, in small number but very evident,
representing possible vacuolation areas. The nucleus

presented a slightly irregular morphology. A great number of
microorganisms were observed in both oocytes with whitish
regions around them.

In group TIIIL, the oocytes type I (Fig. 2i) showed cytoplas-
mic areas with acidophilous characteristics in a proportionally
larger amount in relation to the rest of the cytoplasm. Howev-
er, more intense alterations were observed in oocytes type II
(Fig. 2j). The composition of the cytoplasm was clearly
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different from the one observed in the control individuals,
with evident disorganization. Some regions with higher
acidophilia were observed, in addition to vacuolated regions
that formed non-stained areas. The nuclear membrane showed
slight irregularity, in addition to a decrease in the intensity of
coloration by the hematoxylin. In many oocytes, vacuoles or
lighter halos were detected in the interior of the nucleoli. In
both types of oocytes, large groups of microorganisms were
observed, with noticeably vacuolated regions around them, a
characteristic that was not observed in any other group.

Confocal laser scanning microscopy

No differences were observed between the groups CI
(Fig. 3a, b) and CII (Fig. 3c, d). The oocytes presented
irregular shape, and the cytoplasm was strongly marked by
the propidium iodide, showing an intense reddish color. The
nucleus was more lightly marked by the propidium iodide,
presenting regular shape and one or two round and intact
nucleoli, more intensely marked in red. The reaction with
phalloidin did not show the presence of cytoskeleton mole-
cules; these molecules were marked only around the oocytes,
possibly belonging to the cells of the ovary duct or the pedicel.

In the individuals of group TI (Fig. 3e, f), the cytoplasm of
the oocytes was less intensely marked by the propidium iodide
and the cytoplasmic limits were strongly marked by
phalloidin, showing irregularity in the surface of the oocyte.
The microorganisms, generally in the cellular periphery, were
marked by the propidium iodide, presenting strong red color.

The oocytes of the individuals of group TII (Fig. 3g, h)
presented similarity to the ones belonging to group TI. The
cellular limits were also irregular and strongly marked by
phalloidin. In relation to group TI an apparently higher pro-
portion of red-stained microorganisms could be visualized.

The cytoplasm and nuclei of the oocytes of the individuals
belonging to group TIII (Fig. 31, j) presented similar marking
in relation to groups TI and TII, as well as similar irregularity
of the cellular limit, strongly marked by phalloidin. However,
most cells presented nucleoli with less stained and round-
shaped areas, corresponding to the vacuoles or halos found
in the histological analysis. The presence of microorganisms
was apparently similar to group TII, being more significant in
some cases.

Transmission Electron Microscopy

No differences were observed between the oocytes of the
individuals belonging to groups CI and CII. The oocytes
analyzed showed from round to elliptic shape, without irreg-
ularities in the plasma membrane, as well as in the shape and
size of nucleus. From one to two nucleoli were observed, with
granulate and electron-dense aspect. The chromatin generally
presented a decondensed aspect (Figs. 4a, d and 5a). Many
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Fig. 3 Oocytes of R. sanguineus ticks labeled with Alexa Fluor 488
Phalloidin (green) and stained with propidium iodide (red) examined under
laser scanning confocal microscopy. a—b Control group I; e—d control
group II; e—f treatment group [; g—h treatment group II; i—j treatment group
III. ac actin filament, cy cytoplasm, ic/ irregular cell limit, mic microorgan-
isms, n nucleus, nu nucleolus, vac vacuolation. Bars a—j 30 um

electron-dense bodies, corresponding to basophile particles in
conventional light microscopy (CLM), could be observed in
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Fig. 4 Oocytes of R. sanguineus ticks from control group I, observed
under transmission electron microscopy. a Detail of oocyte nucleus; b
detail of cytoplasm near the oocyte nucleus; ¢ oocyte periphery; d detail
of nucleolus; e—f detail of cytoplasmic organelles. b/ basal lamina, chr
chromatin, cy cytosol, eu euchromatin, het heterochromatin, 4z “halo
zone,” Id lipid droplet, m mitochondria, mic microorganism, mvb
multivesicular odies, ne nuclear envelope, nu nucleolus, pcy perinuclear
cytoplasm, pm plasma membrane. Bars a 5 um, b 2 pm, ¢—f 1 um

the perinuclear cytoplasm (Fig. 4b). The mitochondria pre-
sented elongated shape, with a more electron-dense mitochon-
drial matrix in relation to the cytoplasm, internal and external
membranes evidentiating the intermembrane space and elon-
gated cristae, transversal to the organelle (Figs. 4e and 5d, ).
In some oocytes, well-preserved and intact cisternae of the
rough endoplasmic reticulum (RER) could be observed. In
some regions of the cytosol, round to egg-shaped structures,
larger than the mitochondria and with variable electron den-
sity could be visualized, being identified as intracellular mi-
croorganisms (Figs. 4f and 5c, f). These structures presented a
highly electron-dense spot in their interior, in addition to
several membranes around. They were inserted in a complete-
ly electron-lucid region (“halo zone”), in which many
multilamellar bodies formed by concentric membrane circles
were present. Multivesicular bodies formed by several small

under transmission electron microscopy. a Detail of oocyte nucleus; b—c
oocyte periphery; d—f detail of cytoplasmic organelles. b/ basal lamina,
chr chromatin, cy cytosol, 4z “halo zone,” Id lipid droplet, m mitochon-
dria, mic microorganism, m/b multilamellar bodies, mvb multivesicular
bodies, ne nuclear envelope, nu nucleolus, pcy perinuclear cytoplasm, pm
plasma membrane, ves vesicle. Bars a 2 um, b—d, f 1 um, e 500 nm

and round structures inside a large vesicle were also observed
in the cytosol. The basal lamina showed electron density
relatively similar to cytosol, however with a more granular
aspect (Figs. 4c and 5b).

In the oocytes belonging to group TI, the cytosol showed
slight disorganization, with the emergence of vacuolated regions
and apparent decrease in the electron density (Fig. 6a, c—e). The
microorganisms were also observed, generally with large
electron-lucid spaces around the halo zone, similarly to a process
of cytoplasmic vacuolation (Fig. 6b, f).

In the oocytes of the individuals belonging to group TII,
several regions of cytoplasmic disorganization and vacuola-
tion were frequently visualized throughout the cytosol as
strongly electron-lucid and irregular spaces in which no or-
ganelles were observed (Fig. 7a—c). The organelles did not
show uniformity in their characteristics. In some cases, en-
larged cisternae of the RER were observed (Fig. 7d).
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Fig. 6 Oocytes of R. sanguineus ticks from treatment group I, observed
under transmission electron microscopy. a Detail of oocyte nucleus; b detail
of cytoplasm near the oocyte nucleus; ¢—d oocyte periphery; e—f detail of
cytoplasmic organelles. b/ basal lamina, c/ir chromatin, cy cytosol, dcy
damaged/disorganized cytosol, eu euchromatin, /d lipid droplet, 4z “halo
zone,” m mitochondria, mic microorganism, m/b multilamellar bodies, mv
microvillus, mvb multivesicular bodies, ne nuclear envelope, nu nucleolus,
pcy perinuclear cytoplasm, pm plasma membrane, vac vacuole. Bars a
S5 um, b I um, ¢-d 500 nm, e 1 um, f2 um

Moreover, many oocytes presented visibly altered mitochon-
dria, with evident enlargement of the intermembrane spaces,
specifically in the interior of the mitochondrial cristae, in
addition to an increase in the electron density of the mitochon-
drial matrix (Fig. 7e). Large regions of vacuolation and cyto-
plasmic disorganization could be observed around the micro-
organisms, similarly to group TI (Fig. 7f).

The most expressive effects were observed in group TIIL In
some cases, nuclei with evident irregularity in the nuclear
membrane could be visualized (Fig. 8a). The presence of
fragmented nucleoli or presenting vacuoles as observed in
CLM and confocal laser scanning microscopy (CLSM) was
not detected here. Many regions of disorganization and cyto-
plasmic vacuolation visualized as non-uniform and highly
electron-lucid portions were evidenced in the extension of
the cytosol, similarly to group TII (Fig. 8b). In most cases,

@ Springer

E B st T 22 e

Fig. 7 Oocytes of R. sanguineus ticks from treatment group II, observed
under transmission electron microscopy. a Detail of oocyte nucleus; b
detail of vacuolated cytoplasm; ¢ oocyte periphery, d—f detail of cyto-
plasmic organelles. b/ basal lamina, chr chromatin, cy cytosol, dcy
damaged/disorganized cytosol, drer damaged/dilated rough endoplasmic
reticulum, ims intermembrane space, 4z “halo zone,” /d lipid droplet, m
mitochondria, mic microorganism, m/b multilamellar bodies, ne nuclear
envelope, nu nucleolus, pcy perinuclear cytoplasm, pm plasma mem-
brane, vac vacuole. Bars a 2 um, b—e 1 um, f 500 nm

evident enlargements in the RER cisternac were visualized
(Fig. 8f), in addition to mitochondria presenting highly
electron-dense matrix and significant enlargements in the
intermembrane spaces of the mitochondrial cristae
(Fig. 8g, h). Large groups with three or more intracellular
microorganisms dispersed throughout the cytosol were found,
similarly to the analysis under CLM and CLSM. Intense
vacuolation was observed around these structures (Fig. 8c—e).

Discussion

Products derived from plants have been widely used as an
alternative method to control parasites, aiming to decrease the
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development of resistance and obtain low-cost biodegradable
parasiticides (Chagas et al. 2012). A CO, extract of the seeds
of Vitex agnus castus at concentrations of 1-3 %, for example,
can be used as a repellent spray for Ixodes ricinus and
R. sanguineus ticks from animals and humans (Mehlhorn
et al. 2005). Moreover, a high antiparasitic activity against
R. microplus was detected in leaf ethyl acetate extracts of
Andrographis paniculata and Cocculus hirsutus and metha-
nolic extracts of Aegle marmelos, Andrographis lineata, and
Eclipta prostrate (Elango and Rahuman 2011). Essential oils
obtained from Cuminum cyminum and Pimenta dioica result-
ed in 100 % mortality in almost all concentrations against
R. microplus, indicating that they can be used as an effective
alternative against this tick species (Martinez-Velazquez et al.
2011). Furthermore, Azadirachta indica extracts demonstrat-
ed high level of efficacy (80 %) in R. microplus ticks, also
reducing the egg-laying properties of the survived ticks
(Srivastava et al. 2008).

Substances having pesticide properties can be found in
practically all the parts of the neem tree (Azadirachta indica);
however, the highest concentration is found in the seeds
(Brahmachari 2004). Thus, insects and other plagues of agri-
cultural, medical, and veterinary interest can be controlled
through repulsion, feeding inhibition or even death (Atawodi
and Atawodi 2009), in addition to development and reproduc-
tive impairment (Vietmeyer 1992; Brahmachari 2004). Fur-
thermore, the oil obtained from the neem seeds is able to cover
the body of the animal, blocking the tracheal openings and
causing suffocation (Brahmachari 2004). The neem deriva-
tives do not necessarily lead the individuals to death but cause
extremely subtle alterations which impair their biological
success (Vietmeyer 1992).

In this context, the structural modifications observed in the
reproductive system cells can provide important information
which might not be observed in other methods of study. This
is particularly noticeable in many studies which aimed to eval-
uate the morphological effects of substances with acaricide
potential on ticks, especially R. sanguineus, considering its great
veterinary importance. Synthetic compounds such as fipronil
(Oliveira et al. 2008, 2009) and permethrin (Roma et al.
2010a,b, 2011), and natural ones such as andiroba oil
(Vendramini et al. 2012; Roma et al. 2013a), the esters of
ricinoleic acid of castor oil (Arosti et al. 2011; Sampieri et al.
2012) and neem leaves extract (Denardi et al. 2010, 2011, 2012)
caused expressive structural alterations in the reproductive sys-
tem of these ticks, such as irregularity of the oocytes, cytoplas-
mic vacuolation, alterations in the organelles, nuclear and nu-
cleolar damages, and modifications in the yolk synthesis.

The neem active ingredients are absorbed by the body of
the insects and other organisms like hormones, due to their
structural similarity with these compounds, blocking the en-
docrine system and causing alterations which inhibit repro-
duction (Vietmeyer 1992). When considering a topic

application of the product on R. sanguineus ticks, it is sug-
gested that the toxic agents crossed the tegumental system
penetrating the hemolymph, from where they would be
transported to the internal organs. Similarly to the ovary, other
organs may have been directly or indirectly affected. Consid-
ering the large amount of azadirachtin in the extracts used and
its importance in controlling arthropods (Schmutterer 1990;
Vietmeyer 1992; Brahmachari 2004), it can be inferred that
great part of the effects found here is related to the action of
these molecules.

In this study, a dose-dependent effect of the neem oil on the
reproductive system of R. sanguineus was clearly observed,
proved by the use of different microscopy techniques. The
morphological damages visualized in higher concentrations
were more evident, indicating alteration in the future develop-
ment and viability of the embryos. The application of aqueous
extracts of neem leaves on R. sanguineus ticks in the concen-
trations of 10 and 20 % also showed evident dose-dependent
histological effects on the ovary (Denardi et al. 2010), although
this fact has not been demonstrated in histochemical or ultra-
structural analyses (Denardi et al. 2011, 2012). The large
amount of azadirachtin in the neem-enriched oil as well as its
chemical composition can have been responsible for the differ-
ences observed in relation to the leaf extracts.

According to the cytoplasmic aspect, location of the nucle-
us, number and constitution of the yolk granules, and the
presence of chorion, the oocytes can be classified in five types
(Oliveira et al. 2005; Roma et al. 2013b). In most analyses
carried out here, the oocytes were visualized in stages I, 11, or
in the transition between them. Therefore, aiming to facilitate
the understanding, these alterations were treated in a general
way in the discussion, so that the effects of neem on the
oocytes as a whole in this feeding stage could be evaluated
and discussed. Such effects tend to be progressive, i.e., they
are intensified as the oocyte develops. This fact becomes
evident in oocytes type II, where the effects were, in general,
more intense in relation to type 1.

The individuals belonging to both groups did not show
significant differences in relation to each other and showed a
morphology corresponding to previous descriptions for the
species (Oliveira et al. 2005; Roma et al. 2013b). However,
the histological analysis revealed differences in the character-
istics of the nucleoli of the individuals subjected to aqueous
ethanol at 10 %. The functional meaning of this change is not
clear yet, considering that such characteristic has not been
confirmed by the images in fluorescence and ultrastructure,
in which the nucleoli presented completely normal aspect. No
other alteration was observed, and this characteristic has prob-
ably not affected the development of oocytes in these ticks.
Thus, it can be suggested that the use of ethylic alcohol diluted
in water at 10 % did not interfere in the results obtained by the
use of neem, only helping in the process of homogenization
and dilution of this oil in aqueous solution.
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4 Fig.8 Oocytes of R. sanguineus ticks from treatment group III, observed
under transmission electron microscopy. a—b Detail of cytoplasm near the
oocyte nucleus; ¢, f oocyte periphery; d—e, g—h detail of cytoplasmic
organelles. b/ basal lamina, chr chromatin, cy cytosol, dcy damaged/
disorganized cytosol, drer damaged/dilated rough endoplasmic
reticulum, dm damaged/dilated mitochondria, 4z “halo zone,” ims
intermembrane space, ine irregular nuclear envelope, /d lipid droplet, m
mitochondria, mic microorganism, m/b multilamellar bodies, mm
mitochondrial matrix, mvb multivesicular bodies, ne nuclear envelope,
pcy perinuclear cytoplasm, pm plasma membrane, vac vacuole. Bars a, c—
h1pm,bS5 um

No alterations in the morphological characteristics of the
nucleus of the treated individuals were observed, except for
the treatment with a higher concentration of the product,
where the nuclear membrane was irregular, corroborating the
results obtained by Denardi et al. (2010, 2011) for the effects
of' neem leaf extracts on R. sanguineus. The irregularity of the
nuclear membrane was also observed in oocytes of
R. sanguineus treated with the synthetic acaricide permethrin
(Roma et al. 2011), demonstrating that the effects here ob-
served are similar to the ones caused by products recognizably
efficient in the control of ticks.

The treatment with neem oil in R. sanguineus was respon-
sible for the appearance of vacuolated regions in the nucleoli of
the oocytes type I, indicating degenerative processes that can
lead to the death of the cells. Similar alterations were observed
in R. sanguineus ticks treated with neem leaf extracts, in which
the nucleoli formed a compact ring-shaped mass with a central
vacuole, observed both in the histological and ultrastructural
analyses, indicating a process of cell death (Denardi et al. 2010,
2011). Such alterations were also reported for the oocytes of
R. sanguineus ticks treated with permethrin (Roma et al.
2010b) and andiroba oil (Vendramini et al. 2012), suggesting
the occurrence of degeneration of the genetic material of the
cells, which could affect their future development.

These nucleolar vacuoles were detected through histolog-
ical evaluation only in the oocytes type II of the individuals
subjected to the treatment with higher concentration of neem
oil. The observation in fluorescence with propidium iodide,
which allows the visualization of nucleic acids present in the
cell (Suzuki et al. 1997), also showed these alterations. How-
ever, in the ultrastructure, the nucleoli of the oocytes did not
show visible changes, implying that these structural effects are
evident only in oocytes in more advanced development stages,
once the oocytes observed under electron microscopy were
still in intermediate stages, between types I and I1.

In general, the oocytes of R. sanguineus treated with neem
oil did not show alterations in their shape when evaluated
histologically and ultrastructurally, differently from what was
observed in experiments with other natural compounds such
as esters of ricinoleic acid (Arnosti et al. 2010), andiroba seed
oil (Vendramini et al. 2012), and neem aqueous extracts
(Denardi et al. 2011, 2012). However, when evaluated under

confocal microscopy, the individuals of all the groups showed
oocytes with evident irregularity, possibly because a total
mounting was made. Thus, these characteristics were not
considered as alterations caused by the treatment.

The preparations on fluorescence also allowed the evalua-
tion of the cytoskeleton architecture of the ovarian cells by
phalloidin, which attaches to the actin filaments (Cooper
1987). The intense staining in the periphery of the oocytes
of the treated individuals can indicate a possible alteration in
the composition and the presence of elements from the cyto-
skeleton in these cells and has also been demonstrated for
R. sanguineus treated with aqueous neem extracts, which
presented disorganized elements in the cytoskeleton, especial-
ly at the concentration of 10 % (Denardi et al. 2012).

The morphological damages observed in this study repre-
sent strong evidence that some of the neem components
caused direct effects on the oocytes. In literature, there are
two main assumptions to explain the possible entrance route
of the chemical, synthetic, and natural compounds to the
interior of the cells: they can directly cross the oocyte wall
(Oliveira et al. 2009; Vendramini et al. 2012) or be transferred
into these cells through the pedicel cells (Roma et al. 2010a,
2011; Denardi et al. 2010, 2011). Regarding the neem oil
compounds, the way the substances are absorbed is unknown;
however, as observed in R. sanguineus ticks exposed to
fipronil (Oliveira et al. 2009) and andiroba oil (Vendramini
etal. 2012), the vulnerability of the oocytes in the initial stages
of development may indicate that the neem active ingredients
have crossed their wall. The basal lamina and the plasma
membrane have possibly been crossed without having suf-
fered any harmful effect evident under microscopy. In the
analyzed stages, the deposition of the chorion, the membrane
which protects the eggs against mechanical shocks, tempera-
ture variations, and dehydration, in addition to helping in the
gaseous exchanges was not observed (Oliveira et al. 2008). Its
deposition begins in the oocytes in stage III and is completed
in stage IV of the ovarian development (Coons and Alberti
1999), resulting in an extra protection against the entrance of
strange substances in the oocytes (Oliveira et al. 2009).

The vacuolation regions observed in the histological analy-
sis of R. sanguineus oocytes were visualized in ultrastructure as
completely electron-lucid portions indicating extended disorga-
nization and cytoplasmic degradation, suggesting significant
damages in the cell as a whole. These characteristics became
more intense as the concentration of the product increased.
Similar ultrastructural effects were also observed in
R. sanguineus exposed to fipronil (Oliveira et al. 2009), per-
methrin (Roma et al. 2010b), and to the extracts of neem leaves
(Denardi et al. 2012). These regions may be damaged portions
of the cytosol or even regions where the cytoplasmic compo-
nents are being degraded or recycled through autophagic pro-
cesses in order to maintain the cellular integrity and assure the
viability of the oocyte (Roma et al. 2011; Denardi et al. 2012).

@ Springer



442

Parasitol Res (2015) 114:431-444

Such mechanisms, in an uncontrolled way, can lead to autoph-
agic cell death, a form of morphologically programmed death,
differently from apoptosis (Levine and Yuan 2005).

In the oocytes of R. sanguineus treated with fipronil
(Oliveira et al. 2009) and neem leaf extract (Denardi et al.
2012), the mitochondria presented irregular morphology, with
disorganized or absent cristac. Mitochondrial alterations were
also observed in the oocytes of the individuals treated with
neem oil. These damages can lead to energetic impairments
able to affect the metabolism of these cells, considering their
great energetic demand for the production of yolk. This fact,
allied to the alterations in the rough RER, can drastically affect
the vitellogenesis over the embryonic development. The alter-
ations observed in these organelles can also indicate a process
of cell death (Oliveira et al. 2009; Denardi et al. 2012).

In the Malphigian tubules and salivary glands of naturally
infected R. sanguineus, Rickettsia rhipicephali bacteria were
identified and showed in ultrastructural analysis, presenting
trilaminar or quadrilaminar wall with an electron-lucid halo
(halo zone) around and also ribosomes distributed in a vari-
able way throughout the cytoplasm, immerse in a finely
granular and amorphous substance (Hayes and Burgdorfer
1979). Santos et al. (2002) demonstrated the morphological
characteristics of R. conorii bacteria in the salivary glands of
R. sanguineus, calling the electron-lucid halo “periplasmic
space.” Internally, electron-dense material consistent with
the prokaryotic chromatin was observed. These ultrastructural
characteristics are very similar to those observed in this study,
suggesting that the microorganisms observed may be intracel-
lular bacteria. In this case, the electron-dense stain in their
interior can correspond to the genetic material dispersed in the
cytoplasm. The fluorescence images reinforce this hypothesis,
once these structures were strongly stained by the propidium
iodide, indicating the presence of genetic material (Suzuki
etal. 1997).

In the individuals treated with neem oil, a gradually more
intense occurrence of these supposed bacteria, usually in large
groups and presenting an electron-lucid halo around, was
observed. In this case, for having harmed and affected the
sensitivity of the oocytes, the neem components might have
made them more susceptible to the microbial development.
The cellular metabolism is probably able to control the devel-
opment and reproduction of these microorganisms in healthy
individuals, and this mechanism of control may have been
impaired in the oocytes of treated individuals. The presence of
large groups of bacteria in the treatment with higher concen-
trations reinforces this hypothesis. The electron-lucid portions
confirm the occurrence of cytoplasmic degeneration in this
region, which were more intense as the number of microor-
ganisms increased. Anyhow, their presence did not interfere in
the emergence of damages caused by neem, once they were
also observed in distant regions and were not detected in the
control individuals which were also infected.

@ Springer

Conclusion

The methodology used in this study conciliated the results
obtained and a field application of neem. Furthermore, the use
of ticks in intermediate feeding stages increased the reproduc-
tive cell susceptibility to the compounds used, once these cells
were not protected by the chorion. Thus, a progressive appli-
cation initiated at the first signs of infestation tends to me more
efficient in the control of this species. The neem components,
especially azadirachtin, interfered directly in the metabolism
and in the morphology of the oocytes, with more expressive
effects in higher concentrations of the compounds. These
alterations suggest that this treatment can affect the viability
of the embryos, contributing for the reproductive control of
R. sanguineus, a way of control that is less harmful to the
environment and also safer to the hosts.
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