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Abstract
The present study analyzed the effects of different concentrations of Acmella oleracea crude

ethanolic extract (EEAO) on the development of germ cells from semi-engorged Amblyomma

cajennense females in order to evaluate the potential of this natural chemical as a strategy to

control these important ectoparasites. A hundred semi-engorged females were divided into five

groups (duplicates) (10 animals/group): Control 1 (distilled water); Control 2 (solvent ethanol

50% and DMSO 1%); and Treatment I to III (3.1, 6.2, and 12.5 mg/mL of EEAO, respectively).

For the exposure of the ticks to the extract was used the Adult Immersion Test. After the expo-

sition, the ovaries were removed and submitted to histological analysis using Harris hematoxylin

and aqueous eosin. The histochemical tests were performed using PAS and Bromophenol blue

staining techniques, for the detection of total polysaccharides and total protein, respectively.

The extract caused significant alterations in the oocytes, including changes in the shape of the

cells, disorganization, and cytoplasmic vacuolation, decrease in the number of yolk granules and

germ vesicle fragmentation. These alterations were more intense in the oocytes in initial devel-

opmental stages (I and II). The results obtained in this study confirm the cytotoxic potential of

the ethanolic extract of A. oleracea on the germ cells of A. cajennense females, opening up the

possibility to use this extract as an alternative to control these ectoparasites.
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1 | INTRODUCTION

The medical and veterinary importance of ticks of the Amblyomma

cajennense (Fabricius, 1787) species complex is widely acknowledged,

as they have different hosts, including the human being

(Sonenshine & Roe, 2014). Additionally, these ectoparasites are

potential vectors of Rickettsia rickettsii, the causative agent of Rocky

Mountain Spotted Fever and Brazilian Spotted Fever (Labruna, 2009;

Martins et al., 2016; Soares et al., 2015; Tarragona et al., 2015). This

species group is spread throughout the American continent (Beati

et al., 2013; Estrada-Peña & De La Fuente, 2014), where two species

are reported in Brazil: A. cajennense sensu stricto in the Amazon Basin

(northern Brazil), and Amblyomma sculptum in the remaining regions of

the country, except for the extreme south where this species group is

absent (Martins et al., 2016).

The female reproductive system of Amblyomma cajennense ticks was

described by Denardi et al. (2004). According to the authors, the ovary

of these ticks is panoistic and comprised of many oocytes (germ cells) in

developmental stages classified from I to V. These oocytes are attached

to the ovary through a cellular pedicel (Denardi et al., 2004; Oliveira,

Bechara, Denardi, Nunes, & Camargo-Mathias, 2005; Saito et al., 2005).

The widely used method to control ticks is the use of synthetic

chemical acaricides (Nolan, 1985; Oliveira et al., 2015; Oliveira,

Bechara, Denardi, Pizano, & Camargo-Mathias, 2011; Pruett, 1999).

However, the indiscriminate use of such products can induce theThe authors declare that there are no conflicts of interest.
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selection of resistant individuals and to the accumulation of chemical

residues in the environment, contaminating the soil and water streams,

and consequently affecting other animals, including human beings

(Anholeto et al., 2017; Oliveira, Bechara, & Camargo-Mathias, 2008).

In this sense, new ticks control strategies have been promising as

the use of vaccines and chemical acaricides of natural origin, with

active ingredients based on plant extracts (Agnolin et al., 2010; Anho-

leto et al., 2017; Castro et al., 2014).

The use of natural substances represents an alternative to control

ectoparasites (Borges, Sousa, & Barbosa, 2011). In this scenario, plants of

the Meliaceae family, including the members of the genus Melia

(Oelrichs, Hill, Vallely, MacLeod, & Molinski, 1983), Trichilia, Toona, Aglaia

and Azadirachta (Martinez, 2002) and the Asteraceae family, such as the

species Acmella oleracea have been widely recognized as effective strate-

gies to control pests (Anholeto et al., 2017; Castro et al., 2014; Oliveira,

Castro, Anholeto, Camargo-Mathias, & Camargo-Mathias, 2016).

Acmella oleracea (L.) R.K. Jansen (Asteraceae), is a plant found in

tropical regions close to the Equator in Africa, Asia, and South Amer-

ica. In Brazil, it is popularly known as Jambu among other names, and

it is used as a condiment, ingredient in popular medicine and its phar-

macological activities have been object to several studies (Barbosa,

Carvalho, Smith, & Sabaa-Srur, 2016; Cheng et al., 2015; Favoreto &

Gilbert, 2010; Nomura et al., 2013). Recent studies have shown that

the extract of the flowers, leaves and stem of A. oleracea have fungi-

static, fungicide, and insecticide properties (Barbosa et al., 2016;

Dubey, Maity, Singh, Saraf, & Saha, 2013; Fabry, Okemo, & Ansorg,

1996; Favoreto & Gilbert, 2010; Nigrinis, Caro, & Olarte, 1986; Ram-

sewak, 1999; Torres & Chávez, 2001).

Castro et al. (2014) and Oliveira et al. (2016) demonstrated that

the n-hexane extracts of A. oleracea would have acaricide action,

causing death in larvae and engorged females of the tick species

Rhipicephalus microplus, in addition to interfering in the dynamics of the

female reproductive system, significantly affecting oviposition and

hatchability.

Thus, the objective of the present study was to investigate the

effects of different concentrations of A. oleracea extract on germina-

tive cells of semi-engorged A. cajennense ticks through morphological,

histological and histochemical techniques. The results provide relevant

information for the development of sustainable strategies and the

improvement of current methods to control these ticks, minimizing

environmental contamination, tick-resistance development and risks

to nontarget organisms as well.

2 | MATERIALS AND METHODS

2.1 | Chemical substance

2.1.1 | Acmella oleracea

The plants were cultivated in the experimental field of the

CPQBA/UNICAMP, Paulinia, SP, Brazil, geographic coordinates

22�4705200S, 47�604900W. The seeds were provided by the company Cen-

troflora (Botucatu, SP, Brazil) and the aerial parts (flowers, leaves, and

stem) were collected in April 2015. The plant was identified by Dr. John

F. Pruski of Missouri Botanical Garden (USA), and a voucher specimen

was deposited in CPQBA/UNICAMP Herbarium, Campinas, SP, Brazil,

number 181,452. This project was authorized by the Council of the

Genetic HeritageManagement, under protocol number 010577/2014-9.

2.1.2 | Preparing the crude ethanolic extract of Acmella
oleracea

The crude ethanolic extract of the aerial parts (flowers, leaves, and stem)

of A. oleracea (EEAO) was prepared according to Anholeto et al. (2017b).

2.2 | Hosts

Grupo Genético Botucatu rabbits, weighing between 3 and 3.5 kg,

were used as hosts. Rabbits were obtained from the Animal Facility of

UNESP – Botucatu Campus/São Paulo – Brazil and housed in the Ani-

mal Facility of UNESP – Rio Claro Campus/São Paulo – Brazil. The

animals had not been exposed previously to ticks or acaricides and

were kept under controlled conditions. During the entire experiment,

the rabbits were maintained in individual cages, receiving water and

commercial food ad libitum.

This study was approved by the Ethics Committee for Animal

Experimentation of UNESP/SP/Brazil, protocol n� 11/2015.

2.3 | Amblyomma cajennense ticks

The Amblyomma cajennense semi-engorged females weighing 27 mg

on average were used throughout the experiment. The ticks were pro-

vided by the Animal Facility of the Department of Biology – UNESP,

Rio Claro Campus/São Paulo, Brazil, where the colony is maintained

under controlled conditions (28�C, 85% humidity, and 12-hr photope-

riod) in a Biological Oxygen Demand incubator. Unfed A. cajennense

couples were fed for 10 days (semi-engorged stage) on two naive

Grupo Genético Botucatu rabbits (50 couples of ticks/rabbit) (dupli-

cates) following Bechara et al. (1995). Females studied here were col-

lected in the feeding stage of semi-engorgement, with the intention of

approaching the conditions observed in the field. In this stage of feed-

ing, the females ticks remain attached to the host's skin to complete

the blood meal, a process that leads to the appearance of skin lesions,

as well as an open door for the transmission of pathogens to hosts.

2.4 | Experimental design

Adult ticks with homogeneous weights (p > 0.05), were divided into

five groups (10 ticks each):

Group Exposition

Control group I Distilled water

Control group II Ethanol solvent at 50% and
dimethyl sulfoxide (DMSO) at 1%

Treatment I 3.1 mg/mL of EEAO

Treatment II 6.2 mg/mL of EEAO

Treatment III 12.5 mg/mL of EEAO

The sublethal concentrations used in the treatment were based

on previous studies by Anholeto et al. (2017).

2 ANHOLETO ET AL.



The Adult Immersion Test (Drummond et al., 1973) was used for

the tick exposure to the crude ethanolic extract of A. oleracea.

2.5 | Morphophysiological evaluation

All semi-engorged females maintained in the refrigerator for thermal

shock anesthesia were dissected using stereomicroscope in a phos-

phate buffered saline-PBS solution (NaCl 7.5 g/L, Na2HPO4 2.38 g/L,

and KH2PO4 2.72 g/L).

2.5.1 | Histology

a. Harris hematoxylin and aqueous eosin technique (Junqueira and

Junqueira, 1983).

The ovaries were fixed for 24 hr in 4% paraformaldehyde, dehy-

drated in ethanol, embedded in Leica resin for 24 hr at 4�C and trans-

ferred to plastic molds previously filled with polymerized Leica resin.

After resin polymerization, all the blocks were sectioned at 3 μm thick-

ness slices using a Leica RM 2265 microtome (Leica®) and stained

with hematoxylin and eosin, following routine histological procedures.

The permanent slides were analyzed and documented using bright-

field microscope Leica DM750 (Leica®).

b. Histochemistry

To detect changes such as presence or absence, frequency, and

distribution of proteins and polysaccharides in the semi-engorged

females of control and extract-treated groups, histological sections

were prepared for the histochemical techniques listed below.

PAS technique for Polysaccharide Detection (Junqueira and Jun-

queira 1983):

The ovaries of semi-engorged females were fixed with aqueous

Bouin. Slides with sections were immersed for 10 min in 0.4% periodic

acid, washed with distilled water, and stained with Schiff's reagent for

1 hr in the dark. The material was then washed thrice with sulfur

water for 3 min each and rinsed with tap water for 30 min. Then, the

material was stained with hematoxylin for 5 min. After drying, slides

were clarified with xylol and mounted in Canada balsam.

Bromophenol Blue Staining for Protein Detection (Pearse 1985):

The ovaries of semi-engorged females were fixed with 4% para-

formaldehyde. All slides were stained with bromophenol blue for 2 hr

at room temperature. Afterward, 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.

3 | RESULTS

3.1 | Histology

3.1.1 | Control Groups I and II.

The results showed that the ovary of A. cajennense is a tubular

horseshoe-shaped structure, limiting a lumen, where a considerable

number of oocytes undergoing several stages of development (I to V)

are fixed through the pedicel cells (Figure 1a–e). In the control groups

I and II, the oocytes I were small elliptical cells presenting a germ vesi-

cle with an evident nucleolus in the central part of the cytoplasm

(Figure 1a). The cytoplasm had a homogeneous aspect, with no granu-

lations, and was limited by a thin plasma membrane, (Figure 1a).

Oocytes II were larger than oocytes I, elliptical, and had a central germ

vesicle (Figure 1b). The cytoplasm, limited by a thin plasma membrane,

showed some thin and homogenous granulations (Figure 1b). Oocytes

III showed rounded shape and intermediate size (Figure 1c). The germ

vesicle was located in the oocyte pole, facing the pedicel (Figure 1c).

The cytoplasm was filled with yolk granules of varied sizes, the smal-

lest of which found in the central region and the largest in the periph-

ery of the cells (Figure 1c). The plasma membrane was thick and it

was possible to observe the chorion deposition (Figure 1c). The

Oocytes IV were elliptical and larger than oocytes III, the cytoplasm

was filled with large yolk grains homogeneously distributed

(Figure 1d). At this stage, it was possible to observe the complete

deposition of the chorion (Figure 1d). The germ vesicle was located at

the oocyte pole facing the pedicel (Figure 1d). Oocytes V were also

observed, round, and larger than IV ones, with large yolk granules

homogeneously distributed in the cytoplasm, which did not allow the

germ vesicle to be observed. These oocytes were involved by the fully

deposited chorion (Figure 1e).

3.1.2 | Treatment I: Exposed to 3.1 mg/mL of EEAO.

The oocytes belonging to this group showed morphological alterations

throughout the ovary in comparison with control groups I and II,

including changes in the original shape of all oocytes (I, II, III, and V),

from elliptic or round-shaped to irregular (Figure 1f–j). Oocytes I, II,

and III showed cytoplasmic disorganization (Figure 1f–h). Oocytes IV

showed decreased number of yolk granules, mainly in the peripheral

region (Figure 1h–j). Additionally, the germ vesicle showed fragmenta-

tion in oocytes IV (Figure 1i) and a thicker chorion was deposited in

oocytes IV and V (Figure 1i, j). The chorion of oocytes V was folded,

which altered its original shape (Figure 1j).

3.1.3 | Treatment II: Exposed to 6.2 mg/mL of EEAO.

The results showed the occurrence of more significant morphological

alterations, mainly in the oocytes in initial stages of development

(I and II) (Figure 1k, l). The cells lost their original shape, from round to

irregular. Large cytoplasmic vacuoles of the oocytes I and II were

observed (Figure 1k, l). The oocytes I displayed chromatin marginaliza-

tion in the germ vesicle (Figure 1k). In the oocytes V, the chorion was

less folded in comparison with the Treatment Group I (Figure 1o).

3.1.4 | Treatment III: Exposed to 12.5 mg/mL of EEAO.

The females belonging to this group showed more intense morpholog-

ical alterations (Figure 1p–t), such as a change in the shape of oocytes

I (Figure 1p), cytoplasmic disorganization in oocytes I and II, and vacu-

olation in the oocytes II (Figure 1q). Yolk granules were smaller in

oocytes III (Figure 1r) and oocytes IV when compared to the Control

Groups I and II (Figure 1s). In the oocytes V, the yolk granules were

ruptured, and their content was released in the cytoplasm (Figure 1t).
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3.2 | Histochemistry

a. PAS reaction for the detection of neutral polysaccharides

(Junqueira and Junqueira, 1983)

PAS histochemical test results are summarized in Table 1.

Control Groups I and II.

The use of PAS (periodic acid - Schiff ) histochemical test revealed

the presence of polysaccharides in the oocytes of the A. cajennense semi-

engorged females. Oocytes I presented rare positive granulation and

weakly positive cytoplasm to PAS (Figure 2a). However, oocytes II

showed weakly positive cytoplasmwith strongly positive fine granulation

to PAS (Figure 2b). The germ vesicle of these oocytes (I and II) did not

react to the test, whereas the plasma membrane (oocyte I) showed mod-

erate positivity (Figure 2a,b). The cytoplasm of oocytes III was filled with

yolk granules of varied sizes, the smaller ones located in the central region

and strongly positive, while the larger ones, moderately positive for PAS,

were found in the periphery of the cells, and (Figure 2c). The germ vesicle

reacted negatively, and the chorion reactedmoderately (Figure 2c).

In the oocytes IV, the cytoplasm showed large moderately posi-

tive granules and smaller strongly positive ones. The germ vesicle was

negative to the technique and the chorion was moderately positive

(Figure 2d). The oocytes V presented large yolk granules homoge-

nously distributed in the cytoplasm and weakly positive for PAS

(Figure 2e). These oocytes showed a moderately positive chorion;

however, the germ vesicle was not observed (Figure 2e).

FIGURE 1 Schematic representation of the oocytes (adapted from Oliveira et al. 2005) and histological sections of the ovary from Amblyomma

cajennense stained with hematoxylin and eosin (a–e) control groups I and II. (f–j) Females exposed to 3.1 mg/mL of the EEAO. (k–o) Females

exposed to 6.2 mg/mL of the EEAO. (p–t) Females exposed to 12.5 mg/mL of the EEAO. I = oocyte I; II = oocyte II; III = oocyte III; IV = oocyte
IV; V = oocyte V; c = chorion; yg = yolk granules; cl = cell limit; n = nucleus; nu = nucleolus; v = vacuole; gv = germ vesicle; * = chromatin
marginalization; arrow = chorion folds. Bars = a–d; f–i; k–n; p–s = 50 μm; e; j; o; t = 100 μm [Color figure can be viewed at
wileyonlinelibrary.com]
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Treatment I: Exposed to 3.1 mg/mL of EEAO.

When submitted to the PAS reaction, the A. cajennense semi-

engorged females exposed to the A. oleracea ethanolic extract at the

concentration of 3.1 mg/mL showed polysaccharides in the oocytes,

and significant morphological alterations when compared to the con-

trol groups I and II. Oocytes I were unaffected by the treatment

(Figure 2f ). On the other hand, the oocytes II presented fine strongly

positive granulation in the central region, in addition to a thickened

and moderately positive plasma membrane (Figure 2g). In oocytes IV,

the cytoplasm presented large and moderately positive bead granules

of and smaller and strongly positive granules (Figure 2i). The oocytes

III (Figure 2h) and V presented the same characteristics described in

the control group (Figure 2j).

Treatment II: Exposed to 6.2 mg/mL of EEAO.

In the oocytes I, the cytoplasm did not react to PAS technique

(Figure 2k). In oocytes II, there was a loss of yolk granules, mainly in

the peripheral region of the cytoplasm and around the germ vesicle,

which was strongly positive to the technique. The plasma membrane

was irregular and moderately positive (Figure 2l). The oocytes III pre-

sented larger yolk granules in the periphery and smaller ones in the

central region of the cytoplasm, both of strong positivity (Figure 2m).

The oocytes IV presented strongly positive yolk granules, fewer in

comparison with the control group (Figure 2n). The oocytes V showed

strongly positive yolk granules, fewer in comparison with the control

group (Figure 2o).

Treatment III: Exposed to 12.5 mg/mL of EEAO.

The female reproductive system of A. cajennense exposed to

A. oleracea ethanolic extract at the concentration of 12.5 mg/mL

showed polysaccharides in the oocytes when submitted to PAS tech-

nique. In the oocytes I, the germ vesicle and the cytoplasm did not

react to PAS (Figure 2p). In the oocytes II, loss of yolk granules was

observed, mainly in the peripheral region of the oocyte cytoplasm,

which in turn was strongly positive for PAS. The plasma membrane

was irregular and moderately positive (Figure 2q). The oocytes III

TABLE 1 Results of the PAS (periodic acid Schiff ) histochemical test applied in the female reproductive system of A. cajennense s.s. for the

detection of neutral polysaccharides

Types of
oocýtes

Oocyte
region

Control
I and II Figure

Treatment I
(3.1 mg/mL) Figure

Treatment II
(6.2 mg/mL) Figure

Treatment III
(12.5 mg/mL) Figure

I Cell limit ++ 2a ++ 2f ++ 2k ++ 2p

Cytoplasm + + − −

Yolk
granules

� � � �

Germ
vesicle

− − − −

Nucleolus ++ ++ ++ ++

II Cell limit ++ 2b ++ 2g ++ 2l ++ 2q

Cytoplasm + +++ +++ +++

Yolk
granules

++ ++ +++ +++

Germ
vesicle

− − − −

Nucleolus � � ++ ++

III Chorion ++ 2c ++ 2h +++ 2m ++ 2r

Cytoplasm +++ +++ +++ +++

Yolk
granules

+++ +++ +++ +++

Germ
vesicle

− − − −

Nucleolus � ++ ++ ++

IV Chorion ++ 2d ++ 2i +++ 2n ++ 2s

Cytoplasm +++ +++ +++ +++

Yolk
granules

+++ +++ +++ +++

Germ
vesicle

− − − −

Nucleolus ++ � � �

V Chorion +++ 2e +++ 2j +++ 2o +++ 2t

Cytoplasm +++ +++ +++ +++

Yolk
granules

++ ++ +++ +++

Germ
vesicle

� � � �

Nucleolus � � � �

+ weakly positive; ++ moderately positive; +++ strongly positive; − negative; � region not observed.
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presented strongly positive yolk granules, smaller than those of the

control group (Figure 2r). The oocytes IV showed the same character-

istics described in the control groups (Figure 2s). The oocytes V

showed strongly positive yolk granules, fewer in comparison with the

control group (Figure 2t).

b. Bromophenol blue reaction for the detection of total protein

(Pearse, 1985)

Bromophenol blue histochemical test results are summarized in

Table 2.

Control Groups I and II.

The bromophenol blue reaction revealed a large amount of pro-

tein in the oocytes of the A. cajennense semi-engorged female ticks,

characterized by an intense positive reaction in the yolk granules dis-

tributed throughout the cytoplasm. In the oocytes I, the cytoplasm

and the germ vesicle were weakly positive to bromophenol blue,

whereas the nucleolus was strongly positive (Figure 3a). The plasma

membrane was weakly positive (Figure 3a). Oocytes II showed

strongly positive yolk granules homogeneously distributed throughout

the cytoplasm (Figure 3b). The germ vesicle was weakly positive to

bromophenol blue, and the plasma membrane was moderately posi-

tive (Figure 3b). The oocytes III presented large and weakly positive

yolk granules, located mainly in the central region of the cytoplasm,

whereas granules of smaller size and high positivity were found in the

peripheral region of the cytoplasm (Figure 3c). The germ vesicle,

located at the pole facing the oocyte pedicel, was weakly reactive to

the bromophenol blue, whereas the chorion showed moderate

FIGURE 2 Schematic representation of the oocytes (adapted from Oliveira et al. 2005) and histological sections of the ovary from Amblyomma

cajennense subjected to PAS reaction (periodic acid Schiff ). (a–e) Control groups I and II. (f–j) Females exposed to 3.1 mg/mL of the EEAO. (k–o)
Females exposed to 6.2 mg/mL do EEAO. (p–t) Females exposed to 12.5 mg/mL of the EEAO. I = oocyte I; II = oocyte II; III = oocyte III;
IV = oocyte IV; V = oocyte V; c = chorion; yg = yolk granules; cl = cell limit; n = nucleus; nu = nucleolus; gv = germ vesicle. Bars = a–d; f–i; k–n;
p–s = 50 μm; e; j; o; t = 100 μm [Color figure can be viewed at wileyonlinelibrary.com]
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positivity (Figure 3c). In the oocytes IV, large and weakly positive yolk

granules were found in the central region of the cytoplasm, while

small and moderately positive granules were observed in the periph-

eral region of the cytoplasm (Figure 3d). The germ vesicle, located at

the pole facing the oocyte pedicel were weakly positive, and the cho-

rion was moderately positive (Figure 3d). The oocytes V showed large

and weakly positive yolk granules homogeneously distributed in the

cytoplasm (Figure 3e). The germ vesicle was not observed and the

chorion presented moderate positivity (Figure 3e).

Treatment I: Exposed to 3.1 mg/mL of EEAO.

When submitted to bromophenol blue reaction, the semi-

engorged A. cajennense females exposed to A. oleracea ethanolic

extract at the concentration of 3.1 mg/mL presented proteins in the

oocytes, with significant morphological alterations when compared to

the control groups I and II. The oocytes I presented a weakly positive

cytoplasm, with vacuoles in the central region of the cytoplasm and

around the germ vesicle (Figure 3f ). In oocytes II, the yolk granules

were strongly positive to bromophenol blue (Figure 3g). Differently

from the control group, the large yolk grains located mainly in the

peripheral region of the oocyte III showed moderate positivity to the

reaction, whereas the small granules arranged in the middle portion of

the oocyte showed high positivity (Figure 3h). The oocytes IV did not

present alterations in comparison with the control group (Figure 3i). In

oocytes V, large yolk granules showed moderate to intense positivity

to bromophenol blue (Figure 3j).

Treatment II: Exposed to 6.2 mg/mL of EEAO.

The histochemical test to detect polysaccharides showed a large

number of proteins in the oocytes of the individuals exposed to

A. oleracea ethanolic extract at the concentration of 6.2 mg/mL. The

cytoplasm of oocytes type I was moderately positive for this tech-

nique (Figure 3k). In oocytes II, there was loss of yolk granules, espe-

cially in the peripheral region of the cytoplasm, which was weakly

positive to the technique (Figure 3l). Differently from the control

group, the large yolk grains located mainly in the peripheral region of

TABLE 2 Results of the bromophenol blue histochemical test applied in the female reproductive system of A. cajennense s.s. for the detection of

total protein

Types of
oocýtes

Oocyte
region

Control I
and II Figure

Treatment I
(3.1 mg/mL) Figure

Treatment II
(6.2 mg/mL) Figure

Treatment III
(12.5 mg/mL) Figure

I Cell limit ++ 3a ++ 3f ++ 3k ++ 3p

Cytoplasm + + + +

Yolk
granules

� � � �

Germ
vesicle

+ + + +

Nucleolus +++ +++ +++ +++

II Cell limit ++ 3b ++ 3g ++ 3l ++ 3q

Cytoplasm +++ +++ +++ +++

Yolk
granules

+++ +++ ++ +++

Germ
vesicle

+ + + +

Nucleolus +++ +++ � �

III Chorion ++ 3c ++ 3h ++ 3m ++ 3r

Cytoplasm ++ ++ ++ ++

Yolk
granules

++ +++ ++ ++

Germ
vesicle

+ + + +

Nucleolus +++ � � �

IV Chorion ++ 3d ++ 3i ++ 3n ++ 3s

Cytoplasm ++ ++ ++ ++

Yolk
granules

++ ++ ++ +

Germ
vesicle

+ + +

Nucleolus � +++ � �

V Chorion ++ 3e ++ 3j ++ 3o ++ 3t

Cytoplasm ++ ++ ++ ++

Yolk
granules

++ ++ ++ ++

Germ
vesicle

� � � �

Nucleolus � � � �

+ weakly positive; ++ moderately positive; +++ strongly positive; − negative; � region not observed.
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the oocyte III showed moderate positivity to the reaction, whereas

the small granules in the middle portion of the oocyte were strongly

positive (Figure 3m). The oocytes IV showed moderately positive yolk

granules for bromophenol blue (Figure 3n). However, the oocytes V

(Figure 3o) presented no alterations when compared to the control

groups.

Treatment III: Exposed to 12.5 mg/mL of EEAO.

The female reproductive system of A. cajennense exposed to

A. oleracea ethanolic extract at the concentration of 12.5 mg/mL

showed proteins in the oocytes when submitted to the bromophenol

blue technique. The cytoplasm of the oocytes I presented a large cyto-

plasmic vacuole, 1yynon-reactive to the technique (Figure 3p). In

oocytes II, loss of yolk pellets was observed, mainly in the peripheral

region of the oocyte cytoplasm, which was strongly positive for bro-

mophenol blue (Figure 3q). The oocytes III showed the characteristics

described in the group treatment III (Figure 3r). In the oocytes IV,

there was a fusion of large and weakly positive yolk granules, in addi-

tion to the presence of small yolk moderately positive granules

(Figure 3s). The oocytes V did not present any morphological or histo-

chemical alterations (Figure 3t).

4 | DISCUSSION

Ovaries of Amblyomma cajennense semi-engorged females ticks

exposed to three concentrations (3.1, 6.2, and 12.5 mg/mL) of

FIGURE 3 Schematic representation of the oocytes (adapted from Oliveira et al. 2005) and histological sections of the ovary from Amblyomma

cajennense subjected to bromophenol blue. (a–e) Controls I and II. (f–j) Females exposed to 3.1 mg/mL do EEAO. (k–o) Females exposed to
6.2 mg/mL do EEAO. (p–t) Females exposed to 12.5 mg/mL do EEAO. I = oocyte I; II = oocyte II; III = oocyte III; IV = oocyte IV; V = oocyte V;
c = chorion; yg = yolk granule; cl = cell limit; n = nucleus; nu = nucleolus; gv = germ vesicle; * = rupture of the yolk granules. Bars = a–d; f–i; k–
n; p–s = 50 μm; e; j; o; t = 100 μm [Color figure can be viewed at wileyonlinelibrary.com]
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A. oleracea ethanolic extract showed morphological and histochemical

changes when compared to nontreated organs, mainly in the oocytes

in initial developmental stages (I and II). This data corroborates studies

by Oliveira et al. (2016) on semi-engorged Rhipicephalus microplus

females exposed to the n-hexane extract of A. oleracea, Vendramini

et al. (2012) on R. sanguineus exposed to andiroba oil (Carapa guianen-

sis) and Remedio et al. (2015), who exposed the same species to neem

oil (Azadirachta indica). Additionally, an important data obtained in this

study was that the cytotoxic potential of the A. oleracea ethanolic

extract was very similar to those observed by Oliveira et al. (2008,

2009) and Roma et al. (2010), who tested the synthetic acaricides

fipronil and permethrin on R. sanguineus, respectively, signalizing the

natural chemicals as a potential control strategy. This cytotoxic poten-

tial was demonstrated by alterations regarding the morphology of the

germinative cells and yolk granules, presence, number, size, and loca-

tion of vacuoles in the cytoplasm and nuclear alterations in the germi-

native cells.

In the individuals exposed to A. oleracea ethanolic extract, the

oocytes in stages I and III from the treatment group I and those in

stages I and II from the treatment groups II and III displayed cytoplas-

mic disorganization and significant vacuolation (regions that were neg-

ative to PAS and Bromophenol blue). Such alterations were also found

by Roma et al. (2010) in the oocytes of R. sanguineus exposed to the

synthetic chemical permethrin. This vacuolation could represent the

recycling of cytoplasm portions damaged by the product action, allow-

ing the cell to survive and maintain its viability (Carvalho & Recco-

Pimentel, 2012; Junqueira & Carneiro, 2013). The cytoplasmic vacu-

oles emerged mainly in oocytes in initial stages of development, cor-

roborating Vendramini et al. (2012) for R. sanguineus exposed to

andiroba oil and by Oliveira et al. (2016) for R. microplus exposed to n-

hexane extract from A. oleracea. This type of damage could be related

to the fact that the chorion is not deposited in oocytes in initial devel-

opmental stages, and the chorion functions as a protective barrier that

impedes/selects the entry and exit of elements in the cells, including

the toxic product (Oliveira et al., 2016). According to Denardi

et al. (2004), the chorion deposition would start in oocytes III and be

completed in stage V, which means that oocytes I and II are more

susceptible.

Still regarding the cytoplasm of the oocytes, alterations and disor-

ganization of the yolk granules were observed in those in stages II to

V in the individuals exposed to the concentration of 3.1 mg/mL. In the

individuals exposed to the concentration of 6.2 mg/mL, a decrease in

the yolk granules may be suggested; and in those exposed to the con-

centration of 12.5 mg/mL the granules also may be decreased; how-

ever, this alteration was more evident in the peripheral regions of

oocytes III. These data are similar to those obtained by Oliveira

et al. (2016), who studied the effects of A. oleracea extract on the

reproductive system of R. microplus and concluded that alterations in

the vitellogenesis can lead to a decrease in the yolk granules, and,

consequently, to a deficit in the embryo nutrition, affecting the normal

development of new individuals.

The oocytes of the individuals exposed to some of the concentra-

tions applied herein showed fragmentation (in addition to vacuolation)

of the germ vesicle. Such alteration had already been reported by

Denardi et al. (2010), who studied the action of Azadirachta indica on

the reproductive system of R. sanguineus females, and found that the

germ cells start a death process when damaged, interrupting their

development and, consequently, the production of new individuals.

Therefore, this study confirms that the components of A. oleracea

extract, even in low concentrations (3.1 and 6.2 mg/mL), would be

able to cause alterations in the germ cells of A. cajennense ticks. Stud-

ies by Oliveira et al. (2009) on R. sanguineus ticks exposed to fipronil

also demonstrated intense and severe morphological alterations in the

germ vesicle of the oocytes exposed to the synthetic chemical

product.

Moreover, the chorion was supposedly thicker in oocytes V from

the individuals exposed to 3.1 mg/mL of the A. oleracea extract and in

oocytes IV and V from the individuals exposed to 6.2 mg/mL. Such

thickening would be a strategy of the cells to protect the oocyte con-

tent against the damages caused by the toxic substance, corroborating

Denardi et al. (2004) and Oliveira et al. (2016).

In ixodid ticks, vitellogenin, the main constituent of the yolk, is

synthesized in the fat body, released into the hemolymph and taken

up by developing oocytes by endocytosis (Xavier et al., 2018). After

this process, it is converted into vitellin, a lipoglycoprotein that will be

used during embryogenesis (Xavier et al., 2018).

According to Denardi et al. (2004), the yolk would consist of

lipids, proteins, and polysaccharides, deposited in the following order:

the lipid is the first one to be synthesized, followed by proteins, and

finally by carbohydrates. In this study, for the detection of the pres-

ence of polysaccharides and proteins in the ovaries of the semi-

engorged females from control groups I and II and treatment groups I,

II, and III histochemical techniques (PAS and Bromophenol blue,

respectively) were used. In the oocytes in stage I of A. cajennense, the

carbohydrates were not evidenced (weak reactivity to PAS). This fact

points that the synthesis and/or incorporation of this element starts

in oocytes in stage II, confirming results obtained by Denardi

et al. (2004).

According to Ricardo et al. (2007), the production and absorption

of carbohydrates would have the participation of pedicel cells and the

hemolymph, being therefore exogenous, and would only begin in

oocytes II. However, oocytes II of the individuals exposed to

A. oleracea extract at concentrations of 6.2 and 12.5 mg/mL presented

a decrease in carbohydrate deposition, when compared to those of

the control group. These results are similar to those found by Sampieri

et al. (2013), when studying the action of acid esters of castor oil (Rici-

nus communis) on R. sanguineus ticks. The authors suggested that

these esters would have action on the hydrolysis of polysaccharides,

which would delay the synthesis and incorporation of carbohydrates.

On the other hand, oocytes at stage V from ticks exposed to the

concentrations of 6.2 and 12.5 mg/mL showed high positivity to the

PAS reaction when compared to the control group. In ticks, oocytes at

stages IV and V of development are at the end of vitellogenesis, which

is when the deposition of carbohydrates is performed on a larger scale

(Ricardo et al., 2007). Therefore, the high positivity for carbohydrates

in oocytes V of the individuals exposed the concentrations of 6.2 and

12.5 mg/mL would be related with an increase in the production of

these elements. The presence of A. oleracea toxic components proba-

bly led to a greater lysis of polysaccharide granules, which triggered a

higher carbohydrate production (Sampieri et al., 2013).
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Regarding the proteins, the cytoplasm of the oocytes I of the indi-

viduals exposed to A. oleracea ethanolic extract at the concentrations

of 6.2 and 12.5 mg/mL was moderately positive to Bromophenol blue,

whereas those of the control group were weakly positive. According

to Oliveira et al. (2005), the synthesis and/or incorporation of proteins

by early-stage oocytes is slow. Therefore, the extract would be stimu-

lating the protein synthesis in oocytes I, which would be using the

proteins to produce enzymes to neutralize the toxic action of the

extract in an attempt to maintain the integrity and viability of the cell

rather than performing the yolk composition (Roma, Furquim,

Bechara, & Camargo-Mathias, 2011). Similar data were found by

Roma et al. (2010), who studied the cytotoxic effects of permethrin

on R. sanguineus oocytes.

Moreover, the extract caused a gradual reduction in the number

of protein elements, especially in the oocytes II, III, and IV in the treat-

ment groups I, II, and III. These modifications occurred due to the vac-

uolation in the interior of the cells, the decrease in the number and

size of yolk granules and the decrease in affinity to the histochemical

stain (in the cytoplasm, yolk granules, and membranes).

Such data indicate that the treatment with A. oleracea extract

affected the synthesis and storage of polysaccharides and proteins in

the germinative cells of the R. sanguineus females treated. Conse-

quently, several components of the germinative cells would become

fragile, deformed and the synthesis and storage of yolk would be com-

promised (quantitatively and qualitatively). As a result, the forming

germinative cells would be so impaired that they would not be capable

to originate a new individual.

In conclusion, the data obtained in this study confirmed the cyto-

toxic potential of A. oleracea ethanolic extract at the concentrations of

3.1, 6.2, and 12.5 mg/mL on the germ cells of A. cajennense female

ticks, opening up the possibility to use this chemical as an efficient

alternative to control these ectoparasites.
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