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Neem  (Azadirachta  indica)  has attracted  the  attention  of researchers  worldwide  due  to  its repellent  prop-
erties and  recognized  effects  on the  morphology  and  physiology  of  arthropods,  including  ticks.  Therefore,
this  study  aimed  to  demonstrate  the  effects  of  neem  seed  oil enriched  with  azadirachtin  on  salivary  glands
of Rhipicephalus  sanguineus  ticks,  targets  of great  veterinary  interest  because  of their  ability  to transmit
pathogens  to dogs.  For  this,  R.  sanguineus  semi-engorged  females  were  subjected  to  treatment  with  neem
seed  oil,  with  known  azadirachtin  concentrations  (200,  400  and  600  ppm).  After  dissection,  salivary  glands
were  collected  and  evaluated  through  morphological  techniques  in light  microscopy,  confocal  scanning
laser  microscopy  and  transmission  electron  microscopy,  so  that  the possible  relation  between  neem
action  and further  impairment  in these  ectoparasites  feed  performance  could  be established.  Neem  oil
demonstrated  a clear  dose-dependent  effect  in  the analyzed  samples.  The  agranular  (type  I)  and  granu-
lar  acini  (types  II and  III)  showed,  particularly  in  individuals  treated  with  the highest  concentrations  of

the  product,  cells  with  irregular  shape,  intense  cytoplasmic  disorganization  and  vacuolation,  dilation  of
rough endoplasmic  reticulum  lumen,  besides  alterations  in  mitochondrial  intermembrane  space.  These
morphological  damages  may  indicate  modifications  in salivary  glands  physiology,  demonstrating  the
harmful  effects  of  compounds  present  in  neem  oil  on ticks.  These  results  reinforce  the potential  of  neem
as  an  alternative  method  for controlling  R. sanguineus  ticks,  instead  of  synthetic  acaricides.

©  2016  Elsevier  Ltd. All  rights  reserved.
. Introduction

Rhipicephalus sanguineus is undoubtedly the most important
pecies involved in the transmission of infectious agents to dogs
Dantas-Torres, 2010). Those specimens belonging to tropical and
ubtropical lineages are capable of transmiting Ehrlichia canis,
ausative agent of the canine monocytic ehrlichiosis, and Babesia
anis, responsible for transmitting canine babesiosis (Blagburn and
ryden, 2009). Besides, some research indicate that they may be

otential vectors of Leishmania chagasi, which causes the canine
isceral leishmaniosis (Dantas-Torres, 2010) and Rickettsia rick-
ttsii, causative agent of Rocky Mountain spotted fever (Cunha

∗ Corresponding author at: Universidade Estadual Paulista “Júlio de Mesquita
ilho”, Av. 24-A, 1515, P.O. Box 199, Departamento de Biologia, Bela Vista, Rio Claro,
ão Paulo 13506-900, Brazil.

E-mail address: micm@rc.unesp.br (M.I. Camargo-Mathias).

ttp://dx.doi.org/10.1016/j.micron.2016.01.004
968-4328/© 2016 Elsevier Ltd. All rights reserved.
et al., 2009). These ticks can be found in dogs living in both urban
and rural areas, being highly adapted to live in human dwellings
(Blagburn and Dryden, 2009; Dantas-Torres, 2010). Although dogs
are their preferred hosts, R. sanguineus ticks may  occasionally par-
asite a wide variety of domestic and wild animals (Dantas-Torres
et al., 2006; Blagburn and Dryden, 2009), being found even in
humans (Carpenter et al., 1990; Manfredi et al., 1999; Uspensky
and Ioffe-Uspensky, 2002).

For this reason, there is a growing need for the development
of new methods for tick control. In human and veterinary health
field, tick control is performed mainly by the use of chemical
compounds with acaricide action (Flamini, 2003; Jonjejan and
Uilenberg, 2004), usually formulated based on synthetic products
(Alves et al., 2012). However, such substances are toxic, caus-

ing environmental pollution and presenting high cost (Jonjejan
and Uilenberg, 2004), besides promoting the selection of resistant
strains of ticks (Blagburn and Dryden, 2009; Rosado-Aguilar et al.,
2010).

dx.doi.org/10.1016/j.micron.2016.01.004
http://www.sciencedirect.com/science/journal/09684328
http://www.elsevier.com/locate/micron
http://crossmark.crossref.org/dialog/?doi=10.1016/j.micron.2016.01.004&domain=pdf
mailto:micm@rc.unesp.br
dx.doi.org/10.1016/j.micron.2016.01.004
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Substances obtained from plant extracts, however, have low
ost, few residual effects and generate low incidence of resistance
evelopment (Rosado-Aguilar et al., 2010). In this sense, the use of

eaves, fruits and seeds extracted from the neem tree (Azadirachta
ndica) has been intensified, due to the presence of biologically
ctive ingredients with various modes of action (Vietmeyer, 1992;
tawodi and Atawodi, 2009). This Meliaceae is original from the
outh and Southeast of Asia, being also found in tropical and sub-
ropical areas of America, Africa and Australia (Schmutterer, 1990).
t is capable of controlling species that are considered plagues,
pparently without harming the human being, animals or benefi-
ial insects (Vietmeyer, 1992). Its most important and predominant
ctive principle, azadirachtin, presents a broad action spectrum,
ncluding alterations in growth and reproduction of arthropods
Vietmeyer, 1992; Schmutterer, 1990; Brahmachari, 2004). Neem
erivatives do not persist in the environment, once they are
egraded by ultraviolet rays and rain (Brahmachari, 2004). For this
eason, these compounds are considered excellent substitutes for
any synthetic pesticides (Vietmeyer, 1992).
Under different formulations, neem extracts showed expressive

ffects on the control of several tick species, such as Hyalomma ana-
olicum excavatum (Abdel-Shafy and Zayed, 2002), Rhipicephalus
Boophilus) decoloratus (Choudhury, 2009), and Rhipicephalus
Boophilus) microplus (Srivastava et al., 2008; Broglio-Micheletti
t al., 2010). Moreover, in R. sanguineus ticks, aqueous extracts of
eem leaves caused significant morphological alterations in ovaries
Denardi et al., 2010, 2011, 2012; Remedio et al., 2015), synganglion
nd integument (Remedio et al., 2014).

Thus, the present work aimed to evaluate the effects of the
il extracted from neem seeds (A. indica)  on the morphology of
he salivary glands of R. sanguineus female ticks. These organs
re remarkably versatile, vital for the biological success of these
nimals (Sauer et al., 1995). To this end, such structures were ana-
yzed using techniques in conventional light microscopy, confocal
aser scanning microscopy and transmission electron microscopy,
n order to generate information that can complement the results
reviously obtained for R. sanguineus treated with neem and rein-
orce the use of neem extracts in the control of this tick species.

. Material and methods

.1. R. sanguineus ticks

Unfed male and female ticks were obtained directly from the
olony maintained in a Biological Oxygen Demand (BOD) incubator
nder controlled conditions (25 ± 1 ◦C, 80% humidity, in a 12 h pho-
operiod), in the Biosciences Institute vivarium of São Paulo State
niversity (UNESP), Rio Claro/SP, Brazil.

.2. Azadirachta indica (neem)

Neem oil was provided by Professor Moacir Rossi Forim, from
niversidade Federal de São Carlos (UFScar). Neem seeds (2,5 kg)
ere ground in a Tecnal TE 631/2 mill and, then, subjected to an

xtraction process with hexane (5 extractions with duration of
 days each), in order to obtain the neem oil. After this, the seeds
ent through a methanol extraction by 3 sequent extractions per-

ormed using an Ultra-Turrax T-20. After filtration, the solvent was
vaporated under reduced pressure to provide an extract rich in
zadirachtin, which was subsequently mixed with the previous

xtracted oil in order to enrich it with azadirachtin. The measure-
ent of azadirachtin concentration in the crude extract of neem

il was made through the same procedures described by Forim
t al. (2010). A concentration of 1000 parts per million (ppm) of
n 83 (2016) 19–31

azadiractin in the crude extract was  determined, and from this oil
the dilutions used in this experiment were made.

2.3. Experimental procedures

2.3.1. Preparation of neem dilutions
The crude oil extracted from neem seeds was  diluted at concen-

trations 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 topically 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.

2.3.2. Bioassay
A total of sixty 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 et al. (1995). Five
rabbits were used in this experiment, one for each group (CI, CII, TI,
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 topically on ticks
attached on the back of rabbits with a soft brush for three days,
twice a day. The applications begun 24 h after attachment of tick to
the host, at the concentrations of 20% (TI), 40% (TII) and 60% (TIII).
The ticks from Control Groups (CI and CII) were subjected to the
same procedure, with applications of distilled water and 10% aque-
ous 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) solu-
tion (NaCl 0.13 M,  Na2HPO4 0.017 M,  KH2PO4 0.02 M,  pH 7.2) for
withdrawal of salivary glands 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.

2.4. Morphological analysis

2.4.1. Light microscopy (LM)
For histological analysis, the collected material was  immediately

fixed in formaldehyde (4% paraformaldehyde solution) for 72 h
and, then, transferred to sodium phosphate buffer solution (NaCl
0.13 M,  Na2HPO4 0.017 M,  KH2PO4 0.02 M,  pH 7.2), for 24 h. The
samples were subsequently subjected to dehydration in an ascend-
ing series of ethanol (70, 80, 90 and 95%, for 20 min  in each solution),
overnight infiltration in Leica historesin, followed by polymeriza-
tion with Leica historesin plus a hardener agent.

The resin blocks containing the material were sectioned on
a Leica RM2255 microtome (thickness: 3 �m),  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 mate-
rial was  photographed in a Leica DM150 light photomicroscope,
equipped with a Leica ICC50HD camera, by means of the Leica LAS
v.3.8 software.
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.4.2. Laser scanning confocal microscopy (LSCM)
The collected samples were immediately fixed in formalde-

yde (4% paraformaldehyde solution) for 72 h, washed in PBS (NaCl
.13 M,  Na2HPO4 0.017 M,  KH2PO4 0.02 M,  pH 7.2) twice for 5 min
nd then permeabilized with 0.1% Triton-X for 20 min. After two
ashes of 5 min  each, the material was incubated with a solution

f “Alexa Fluor 488 Phalloidin” for 30 min  at room temperature
n a covered container, for the observation of actin filaments. The
amples were washed in PBS (twice, 5 min  each), stained with pro-
idium iodide at 10 �g/mL for 30 min  in the dark, for identification
f nucleic acids. After, the material was washed again in PBS (twice,

 min  each) and mounted using mounting medium Prolong® Gold
eagent. The images were obtained with a Leica TCS SP5II Laser
onfocal Scanning Microscopy, and analyzed by means of the Leica
AS AF software.

.4.3. Transmission electron microscopy (TEM)
For ultrastructural analysis, the collected salivary gland sam-

les were fixed in glutaraldehyde 2.5% in sodium cacodylate buffer
.1 M (pH 7.2), during 72 h. Next, the material was  washed twice

n 0.1 M sodium cacodylate buffer (15 min  each time) and then
ostfixed in osmium tetróxide (OsO4) for 2 h. The samples were,
hen, washed twice again in 0.1 M sodium cacodylate buffer (15 min
ach time) and immersed in a 10% aqueous ethanol solution for
5 min. The material was contrasted in 1% uranyl acetate, dehy-
rated in an ascending series of acetone (50, 70, 90 and 100%, for

 min  in each solution) and then dipped in a mixture of acetone
nd Epon–Araldite resin (1:1) for 12 h, embedded in Epon–Araldite
esin for 24 h and included in Epon–Araldite resin plus a catalyser
t 60 ◦C. Ultrathin sections, obtained using an ultramicrotome Leica
eichert Supernova were placed on copper grids and contrasted

n uranyl acetate 4%, during 45 min, and lead citrate, for 10 min
Reynolds, 1963). The material was observed and photographed in

 Philips CM100 transmission electron microscope (TEM, operating
t an accelerating voltage of 80 kV) equipped with a Veleta camera,
y means of the iTEM software (v. 5.2).

. Results

The morphological evaluation of the salivary glands of R. san-
uineus ticks allowed the observation of agranular (type I) and
ranular (types II and III) acini. For didactic purposes, the descrip-
ion of the results was made in a general way, without identifying
he specific types of cells composing each acinus.

.1. Conventional light microscopy (CLM)

No differences were observed between groups CI and CII. The
granular acini (Fig. 1A) comprised a central cell and several periph-
ral cells and typically presented a round-shaped and slightly
rregular aspect. The central cell presented a rounded nucleus,
lightly stained in purple by hematoxylin and located next to the
enter of the acinus, while the peripheral cells showed smaller but
lso slightly stained nuclei. It was not possible to observe the nucle-
li and the membranes of the cells. In general, the cytoplasm of the
eripheral cells showed strong acidophilia, being more intensely
ink stained by eosin. The type II granular acini (Fig. 1B) presented
ounded shape, being constituted by cells with different secretion
ranules. These granulations varied in the size, color intensity and
taining affinity. However, some cells presented pinkish agranu-
ar and acidophilous cytoplasm. The nuclei in general were slightly
tained by hematoxylin, presenting rounded shape and different

izes according to the type of the cell. It was not possible to observe
he nucleoli. The type III granular acini (Fig. 1C) presented typical

orphology, with rounded shape and secretory cells with different
ytoplasmic granules. These structures exhibited different sizes, in
n 83 (2016) 19–31 21

addition to differences in the intensity of color and staining affinity.
However, as in the type II acini, some cells did not present gran-
ulations, having an acidophilous cytoplasm, pink stained by eosin.
Rounded nuclei, weakly stained by hematoxylin, could be observed.
The nucleoli could be visualized in some cells.

In group TI, no morphological differences were observed in type
I acini in relation to the individuals belonging to control groups
(Fig. 1G). The type II acini (Fig. 1H) showed general characteristics
similar to groups CI and CII, although subtle loss of cell contact
was observed in some cases. The type III acini (Fig. 1I) presented
irregular shape and evident areas of vacuolation throughout the
cytoplasm, mainly in the cells without secretion granules.

In group TII, the agranular acini (Fig. 1J) showed typical mor-
phology, presenting no differences in relation to control groups.
The granular type II acini (Fig. 1K) presented similar morphology
in relation to group TI, with loss of cell contact. In addition, evi-
dent cytoplasmic vacuolation was  observed, mainly in the cells
without secretion granules. The type III acini (Fig. 1L) presented
a completely irregular shape, with areas of intense vacuolation
throughout the whole cytoplasm, mainly around the nuclei of the
cells with no secretion granules. A subtle increase in the intercel-
lular space was  also observed, similarly to the type II acini. In some
secretory cells, an apparent fusion, or rupture in the secretion gran-
ules, was observed. These granules consequently lost their typical
rounded shape and were less stained by eosin.

In group TIII, no morphological differences were observed in the
agranular acini (Fig. 1M)  when compared with the ones belonging
to the control group. However, in the granular type II acini (Fig. 1N),
the cytoplasmic vacuolation was more intense, mainly in the cells
without secretion granules. In addition, it was possible to visual-
ize an increase in the intercellular spaces, similarly to groups TI
and TII. The type III acini (Fig. 1O) presented a completely irregu-
lar shape, similarly to group TII. The vacuolated regions were more
intensely and frequently observed, as well as the loss of cell contact.
The granules of the secretory cells could no longer be individu-
ally observed, being apparently fused or ruptured and also weakly
stained by eosin, resulting in a more homogeneous cytoplasm.

3.2. Confocal laser scanning microscopy (CLSM)

The observation of samples stained with propidium iodide in
fluorescence allows the observation of nucleic acids (Suzuki et al.,
1997), while phalloidin, which attaches to the actin filaments, is
used for the evaluation of the cytoskeleton architecture of the cells
(Cooper, 1987). This technique, however, did not allow the identi-
fication of each type of acinus and, for this reason, the results were
described for the organ as a whole. In the individuals belonging to
groups CI (Fig. 2A,B) the acini cells presented a reddish cytoplasm,
resulting from staining by propidium iodide. Secretion granules,
when present, were not reactive to the stain. Cell nucleus presented
weak red stain varying according to the level of chromatin conden-
sation. In the peripheries of the cells, as well as around the acini
lumen and also in the excretory ducts, an intense stain in green by
phalloidin was observed, evidencing the presence of cytoskeleton
elements and allowing the observation of the rounded shape of the
acini. In group CII (Fig. 2C,D), however, propidium iodide staining
was more intense in all acini, while phalloidin showed the same
staining pattern as in group CI.

The acini of groups TI (Fig. 2E,F), TII (Fig. 2G,H) and TIII (Fig. 2I,J)
showed more intense staining with phalloidin when compared to

controls groups, with no differences between them. This allowed
the observation of the irregular aspect of the acini belonging to
individuals subjected to the treatment. Propidium iodide staining,
in turn, was the same as observed in group CII.
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Fig. 1. Histological sections of type I (A, D, G, J, M),  type II (B, E, H, K, N) and type III (C, F, I, L, O) acini from salivary glands of R. sanguineus ticks, stained by hematoxylin-eosin
and  examined under conventional light microscopy. (A–C) Control Group I; (D–F) Control Group II; (G–I) Treatment Group I; (J–L) Treatment Group II; (M–O) Treatment
Group III. Legends: (ccn) central cell nucleus, (cl) cell limit, (dis) dilated intercellular space, (ed) excretory duct, (fg) fused granules, (ga) granular acini, (I) type I acinus, (II)
type  II acinus, (III) type III acinus, (is) irregular surface, (n) nucleus, (nu) nucleolus, (pcn) peripheral cell nucleus, (sc) secretory cell, (vac) vacuolation. Bars: (A–I) 100 �m.
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.3. Transmission electron microscopy (TEM)

No differences were observed between the individuals belong-
ng to groups CI and CII. In these groups, the agranular acini (Figs.
A,B and 4A,B), showed a large central cell and several peripheral
ells supported by a homogeneous basal lamina with moderate
lectron density. The central cell showed irregular format, with
embrane folding or irregularities, and a finely granular chro-
atin, whose electron density varied according to the condensation

egree. Cytosol presented low electron density, containing a large
umber of highly electron dense mitochondria, relatively large and

longated. Endoplasmic reticulum, Golgi apparatus and ribosomes
ould not be visualized. The peripheral cells presented smaller
uclei when compared with the central cell. They also showed
everal cytoplasmic processes emerging from the body of the cell

ig. 2. Acini of R. sanguineus ticks salivary glands labeled with Alexa Fluor 488 Phalloidin (
icroscopy. (A–B) Control Group I; (C–D) Control Group II; (E–F) Treatment Group I; (G–

ytoplasm, (ed) excretory duct, (is) irregular surface, (n) nucleus, (sg) secretory granules. 

o  color in this figure legend, the reader is referred to the web  version of this article.)
n 83 (2016) 19–31 23

and forming a basal labyrinth in contact with the basal lamina. The
cytosol inside these processes presented mitochondria with similar
shapes, electron densities and sizes in relation to those of the cen-
tral cell. The granular acini (type II and type III) showed rounded
and regular shape. In these acini, several cellular types could be
visualized, with characteristic secretion granules, according to the
physiological state of the ticks analyzed. The nucleus, in general,
showed irregular membrane, granular chromatin with low elec-
tron density and also a granular, rounded and highly electron dense
nucleolus (Figs. 3C and 4B). Heterochromatin could not be observed
in the secretory cells, only the euchromatin. The secretion gran-

ules presented a great variety of characteristics, depending on the
cell type: rounded shape, showing irregularities, highly electron
dense (Figs. 3C,D and 4B,C); spherical shape, containing highly elec-
tron dense subunits immersed in a less electron dense matrix (Figs.

green) and stained by propidium iodide (red), examined by confocal scanning laser
H) Treatment Group II; (I–J) Treatment Group III. Legends: (ac) actin filament, (cy)
Bars: (A, C, E, G, I) 100 �m, (B, D, F, H, J) 50 �m.  (For interpretation of the references
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E,F and 4E); spherical shape without subunits, relatively large and
howing moderate electron density (Figs. 3G and 4F); and irregular
hape, with weakly electron dense subunits immersed in a more
lectron dense matrix (Figs. 3H and 4D). Cisternae of the rough
ndoplasmic reticulum (RER) could be observed surrounding these
ranules, with vesicular aspect and constituted by granular mate-
ial slightly more electron dense in relation to the cytosol (Figs.
D,F and 4E,F). Rounded or elongated mitochondria were observed
mong the cisternae, depending on the type of cell, with a large
umber of cristae and highly electron dense matrix. The inter-
embrane spaces were enlarged most of the times (Figs. 3D and

F).
No significant alterations were observed in the agranular acini

f the individuals belonging to group TI. In general, the granular
cini cells showed irregular shape and a slightly vacuolated cyto-
lasm (Fig. 5A–C). However, these alterations were not observed

n the whole tissue. Secretory granules with electron lucid areas
nd disorganized content were observed in some cells (Fig. 5D,E).
n addition, the RER lumen was occasionally enlarged and highly
lectron lucid. The intermembrane space of the mitochondria was
ilated in some cells (Fig. 5F).

The alterations observed in group TII were more significant and
ffected a larger extension of the tissue, in relation to group TI.
he central cells of some agranular acini presented electron lucid
nd completely disorganized cytoplasm; however, the nucleus did
ot show any alterations (Fig. 6A). Most of the granular acini cells
resented regions with evident cytoplasmic vacuolation, observed
s large irregular and electron lucid spaces in which no organelles
ere observed (Fig. 6B,C). In addition, several cell types showed

ighly electron lucid and enlarged RER cisterns, without granular
ontent in their interior (Fig. 6D,E). Similarly to group TI, enlarged
ntermembrane spaces were observed in mitochondria (Fig. 6F).
nued).)

In individuals belonging to group TIII, the alterations resulting
from the treatment with neem oil were more evident in relation to
groups TI and TII, being observed in almost the whole tissue. In the
agranular acini, the central cells showed intense cytoplasmic vac-
uolation, demonstrated by the highly electron lucid aspect of the
cytosol. The nucleus was completely irregular and few organelles
could be visualized (Fig. 7A). In the granular acini, the cells pre-
sented highly electron lucid and irregular regions in cytoplasm,
indicating cytoplasmic vacuolation or disorganization (Fig. 7B,C).
Enlarged, highly electron lucid and practically empty RER cisterns
were also observed (Fig. 7D,E). Mitochondria showed enlarged
intermembrane space when compared to groups TI and TII (Fig. 7F).

4. Discussion

Neem extracts are unique, mainly because they are able to cause
subtle alterations in the behavior and physiology of many arthro-
pods, impairing their reproductive and feeding processes, affecting
metamorphosis (Vietmeyer, 1992; Brahmachari, 2004), besides
causing recognized morphological effects in the ovary (Denardi
et al., 2010, 2011, 2012), synganglion and integument (Remedio
et al., 2014) of R. sanguineus ticks.

In the present study, it is possible that the substances present
in neem seed extracts crossed the integument of the R. san-
guineus ticks, reaching hemolymph and internal organs. According
to Remedio et al. (2014), R. sanguineus ticks exposed to topical appli-
cations of aqueous neem leaf extract showed subcuticle thinning

and cytoplasmic disorganization and vacuolation in epithelial cells
of integument, indicating active absorption of the product by the
body surface and thus corroborating the results obtained in the
present study.
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Fig. 3. Electron micrographs of acini from salivary glands of R. sanguineus ticks belonging to Control Group I, captured by transmission electron microscopy. (A,B) Agranular
acini,  (C–H) Granular acini. Legends: (bl) basal lamina, (ccn) central cell nucleus, (chr) chromatin, (cy) cytosol, (is) intercellular space, (lab) basal labyrinth, (m)  mitochondria,
(n)  nucleus, (ne) nuclear envelope, (nu) nuclelus, (pc) peripheral cell, (rer) rough endoplasmic reticulum, (sg) secretory granules, (sub) secretory granules subunits. Bars:
(A,E,G,H) 2 �m,  (B,D,F) 1 �m, (C) 5 �m.
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Fig. 4. Electron micrographs of acini from salivary glands of R. sanguineus ticks belonging to Control Group II, captured by transmission electron microscopy. (A) Agranular
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(

e
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cini,  (B–F) Granular acini. Legends: (bl) basal lamina, (ccn) central cell nucleus, (chr)
lab)  basal labyrinth, (m)  mitochondria, (n) nucleus, (ne) nuclear envelope, (nu) nu
sub)  secretory granules subunits. Bars: (A,D–F) 1 �m,  (B,C) 2 �m.

The morphophysiological study of salivary glands of ticks
xposed to different chemical agents has been viewed as a fun-
amental tool in the development of control methods (Nodari
t al., 2012b), considering the importance of feeding in the repro-
uctive development of the ticks (Pereira et al., 2011). In the
resent study, the morphological alterations were more intense as
he concentration of the substances increased, indicating a dose-
ependent effect. The histological evaluation of the ovaries of R.

anguineus ticks exposed to aqueous neem leaf extract also showed

 dose-dependent pattern (Denardi et al., 2010) although it was
ot observed in the ultra-structural and histochemical analyses
Denardi et al., 2011, 2012). In addition, neem seed oil caused dose-
atin, (cy) cytosol, (eu) euchromatin, (het) heterochromatin, (is) intercellular space,
s, (pc) peripheral cell, (rer) rough endoplasmic reticulum, (sg) secretory granules,

dependent death to R. decoloratus (Choudhury, 2009), Amblyomma
variegatum (Ndumu et al., 1999) and Hyalomma anatolicum excava-
tum ticks (Abdel-Shafy and Zayed, 2002).

Individuals belonging to the control groups presented salivary
glands with typical morphology, as previously described for the
species (Furquim et al., 2008a,b,c; Pereira et al., 2011). The absence
of evident alterations in group CII suggests that ethanol at 10% may
be considered an adequate solvent, since it does not modify neem

action.

According to Fawcett et al. (1986), the agranular acini proba-
bly maintain hydration of the tick during the fasting period. Also,
they may  act throughout the feeding process, secreting lipid for the
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ig. 5. Electron micrographs of acini from salivary glands of R. sanguineus ticks b
ranular acini. Legends: (bl) basal lamina, (chr) chromatin, (cy) cytosol, (dm) damag
ranule, (m)  mitochondria, (ne) nuclear envelope, (rer) rough endoplasmic reticulu

ormation of the cement, and transporting water and electrolytes
uring the initial stages of blood ingestion (Fawcett et al., 1986).

n the present study, the occurrence of irregularities in the nuclear
embrane of central cells in agranular acini, as well as their cyto-

lasmic disorganization and vacuolation, were more evident in the
ndividuals belonging to group TIII. In some extreme cases, the
bservation of cytosol components and organelles was  not possi-
le. Alterations in agranular acini have already been demonstrated

n an experiment performed by Pereira et al. (2009), in which these

tructures showed significant increase in size and lumen diame-
er when semi-engorged R. sanguineus females were exposed to
pronil. Besides, when exposed to permethrin, type I acini of R.
ing to Control Treatment I, captured by transmission electron microscopy. (A–F)
tochondria, (drer) damaged rough endoplasmic reticulum, (dsg) damaged secretory
) secretory granules, (vac) vacuolation. Bars: (A,B,D–F) 1 �m, (C) 2 �m.

sanguineus demonstrated irregular shape, also with luminal dila-
tion (Nodari et al., 2012a). Changes observed after exposure to A.
indica oil, therefore, constitute clear signs of the toxic effects of this
product, indicating its possible action on the physiology of the sali-
vary gland. This may  have compromised feeding among these ticks,
affecting the process of concentration of ingested blood and, thus,
hindering an effective absorption of nutrients.

Granular acini of female ticks consist of various cell types, which
produce different substances and become active according to the

feeding stage of ticks (Fawcett et al., 1986; Arnosti et al., 2013). It
is believed that the granular material surrounded by membranes
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Fig. 6. Electron micrographs of acini from salivary glands of R. sanguineus ticks belonging to Control Treatment II, captured by transmission electron microscopy. (A) Agranular
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cini,  (B–F) Granular acini. Legends: (bl) basal lamina, (ccn) central cell nucleus, (chr)
eticulum, (lab) basal labyrinth, (m)  mitochondria, (ne) nuclear envelope, (nu) nu
sub)  secretory granules subutnits, (vac) vacuolation, (vcy) vacuolated cytotol. Bars

bserved in these acini is the source of most bioactive protein com-
onents of ticks’ saliva (Sauer et al., 2000).

In the granular acini of R. sanguineus treated with neem oil, the
pparent fusion of secretory granules, observed in the histologi-
al analysis, was not confirmed by ultrastructural evaluation. This
ay  be due to cytoplasmic disorganization and dilation of rough

ndoplasmic reticulum (RER), visualized at the ultrastructural level
round the granules of secretory cells. Such alterations may  have

ffected the visualization of granules in histology, so that they were
bserved as a mass of fused or disrupted granulations.

According to Nodari et al. (2011, 2012a,b), granular acini of R.
anguineus exposed to permethrin showed changes in their original
atin, (cy) cytosol, (dm) damaged mitochondria, (drer) damaged rough endoplasmic
s, (pc) peripheral cell, (rer) rough endoplasmic reticulum, (sg) secretory granules,
F) 1 �m,  (B) 2 �m.

form, and their surface became extremely wrinkled. At higher con-
centrations, disrupted acini were observed and they even formed
amorphous masses consisting of cell debris. The treatment with
neem oil in this study was  also responsible for the occurrence of
irregularities in acini surface.

In confocal microscopy analysis, the high staining intensity,
mainly in the basal portion of the acinar cells in treated individ-
uals, is probably due to a change in the characteristics of actin

filaments in these cells. The disorganization of cytoskeletal ele-
ments has already been observed at the ultrastructural level and
reported by Pereira et al. (2011), as a result of the toxic effect of
fipronil on the salivary glands of R. sanguineus.  In addition, aque-
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Fig. 7. Electron micrographs of acini from salivary glands of R. sanguineus ticks belonging to Control Treatment III, captured by transmission electron microscopy. (A) Agranular
a ytoso
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cini,  (B–F) Granular acini. Legends: (ccn) central cell nucleus, (chr) chromatin, (cy) c
rregular nuclear envelope, (lab) basal labyrinth, (m)  mitochondria, (ne) nuclear env
acuolated cytosol. Bars: (A–C) 2 �m,  (D–F) 1 �m.

us neem leaf extracts have been responsible for these changes in
ocytes of R. sanguineus ticks (Denardi et al., 2012), corroborating
he results obtained here.

In general, exposure of cells to compounds with acaricidal prop-
rties leads to the occurrence of nuclear or nucleolar changes. In R.
anguineus treated with permethrin, granular acini cells exhibited
evere and irreversible nuclear damage, such as changes in shape
nd size, fragmentation, pyknosis and chromatin marginalization

Nodari et al., 2011, 2012b). Pereira et al. (2009, 2011) also observed
imilar nuclear changes in R. sanguineus ticks treated with fipronil.
esides, in groups exposed to the highest concentrations of fipronil,
ecretory cells exhibited a ring-shaped nucleolus. In our study, the
l, (dm) damaged mitochondria, (drer) damaged rough endoplasmic reticulum, (ine)
 (rer) rough endoplasmic reticulum, (sg) secretory granules, (vac) vacuolation, (vcy)

exposure to the various concentrations of neem oil, however, did
not cause any apparent nuclear or nucleolar abnormalities.

Treatment with neem oil, in this study, caused dilation of RER
lamellae in granular acini of R. sanguineus,  suggesting that pro-
tein synthesis in these cells may  be impaired. According to Pereira
et al. (2011), these changes, also observed in R. sanguineus treated
with fipronil, might constitute a degenerative process indicating
the occurrence of apoptotic cell death.
The dilated inter-membrane space of mitochondria in groups
treated with neem oil may  cause losses in energy production,
affecting even more the synthesis of acini secretions. Mitochondrial
swelling and degeneration were also observed in acinar cells of R.
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anguineus treated with fipronil (Pereira et al., 2011). Moreover, in
ocytes of ticks of the same species, exposure to aqueous extracts
f neem leaves also caused morphological changes in the mito-
hondria, such as disruption or absence of mitochondrial cristae
Denardi et al., 2012).

In our study, vacuolization regions were ultrastructurally
dentified as strong electron-lucid regions, where cytoplasmic com-
onents were not observed. Similar histological changes were
isualized in glandular acini of R. sanguineus exposed to fipronil
Pereira et al., 2009, 2011) and permethrin (Nodari et al., 2011,
012a,b), showing that the effects of active ingredients present in
eem are similar to those caused by administration of synthetic
caricides. These vacuolated regions might be, therefore, portions
f cytosol damaged by the action of chemical compounds or even
egions where the cytoplasmic components could be degraded or
ecycled, in order to keep viability and cell integrity (Denardi et al.,
012).

Tick contact to acaricides can accelerate cell death due to atyp-
cal apoptosis, as observed in acini of R. sanguineus ticks treated

ith fipronil (Pereira et al., 2009, 2011) and permethrin (Nodari
t al., 2011, 2012a,b). In R. sanguineus exposed to neem, however,
he absence of nuclear changes and apoptotic bodies weakened the
vidence of early atypical apoptosis, although the dilation of RER
amellae has been described by Pereira et al. (2011) as a character-
stic of apoptotic cell death.

. Conclusion

The damages observed in salivary glands of R. sanguineus ticks
xposed to neem oil may  result in changes in the composition
f saliva, compromising the ingestion of blood by the ticks. It is
ssumed, therefore, that continued exposure to A. indica seed oil
ay  cause losses to the feeding behavior of these animals, lead-

ng to further damages regarding their reproductive development.
hese results reinforce the potential of neem oil in reproductive
ontrol of R. sanguineus ticks.
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Coordenaç ão de Aperfeiç oamento de Pessoal de Nível Superior
CAPES, Brazil) and Conselho Nacional de Desenvolvimento Cientí-
co e Tecnológico (CNPq, Brazil).

onflict of interest

No conflicts of interest to declare.

cknowledgments

The authors are thankful to Prof. Moacir Rossi Forim, Prof. Odair
orrea Bueno and Marcela Ceccato for providing neem oil for the
evelopment of this work. This research was financially supported
y CAPES (Coordenaç ão de Aperfeiç oamento de Pessoal de Nível
uperior) and CNPq (Conselho Nacional de Desenvolvimento Cien-
ífico e Tecnológico).

eferences

bdel-Shafy, S., Zayed, A.A., 2002. In vitro acaricidal effect of plant extract of neem
seed oil (Azadirachta indica)  on egg, immature, and adult stages of Hyalomma
anatolicum excavatum (Ixodoidea: Ixodidae). Vet. Parasitol. 106, 89–96.
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