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Abstract: A histochemical analysis was performed in this study in order to detect proteins, polysaccharides, lipids, acid

phosphatase and calcium in the secretion produced by the salivary glands of Rhipicephalus sanguineus females (Latreille, 1806)
(Acari, Ixodidae) fed for 2, 4 and 6 days in New Zealand White rabbits which had been previously immunized with glandular

extract obtained from females fed for 4 days (SGE4). The results revealed that such glands presented alterations in their

secretory cycle, which occurred: a) by the inactivity of some c/ cells (in the glands of females fed for 2 days) and c4 (in those

fed for 4 days) and b) by the modification in the constitution of the secretion of females fed for 2-6 days. It was verified that, in

the glands of females fed for 2 days, there was an increase in proteins and calcium; a reduction in lipids and the contents of
polysaccharides and acid phosphatase remained unaltered. In those fed for 4 days there was an increase in proteins, calcium

and acid phosphatase; reduction in the lipids, and the content of polysaccharides remained unaltered. In the females fed for 6

days an increase in the components was observed; however, there was a reduction in lipids and acid phosphatase. In addition, it

was verified that, in a decrescent order of histochemical alterations, the most affected cells were: f; c2, ¢3, ¢J; a, d and ¢4, e in

the glands of females fed for 2 days; ¢3; a, c2, ¢3, d and cl, e in the glands of females fed for 4 days and a, c/, ¢2, d and e, c3

in the glands of females fed for 6 days. The data here obtained clearly show that the most pronounced histochemical

modifications were detected in the glands of females fed for 2 and 6 days; however, the modifications observed in the females

fed for 4 days must also be considered, once they were significant as well. This has probably occurred because the hosts were

inoculated with SGE4, obtained from the salivary glands of females fed for 4 days, intermediate stage of the glandular cycle,

which contains antigens that are common to glandular tissues of females fed for 2 and 6 days.
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1. Introduction

Over their evolutionary process the ticks left their The salivary glands then started to present a

condition of saprophage and became hematophage, due to the
adaptation of their behavior, anatomy and the activity of their
salivary glands [1]. The latter allowed these ectoparasites to
develop a sophisticated mechanism of secretion, able to
overcome the hemostatic and immunologic barriers of their
hosts [2].

morphofunctional complexity. In Ixodidae females, they
comprise three types of acini: I, I and III [3-6].

Acini 1T and III are glandular; i.e., they have secretory
function; therefore, they are considered the most important
for the parasite-host relationship [7]. Acini II are formed by a,
b, cl, c2, ¢3 and ¢4 secretory cells [3]. In addition to these,
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c5 and c6 cells have recently been described in R. sanguineus
females [8]. Acini III comprise d, e and f'cells [3-5, §].

The ticks’ saliva contains bioactive molecules of
glycoprotein, lipoprotein and lipidic nature, such as acid
phosphatase, esterases, aminopeptidases, metaloproteases,
calreticulin, prostaglandins, lipocalins and others, which vary
qualitatively and quantitatively depending on the species [9].

In this sense, the study of the salivary glands of Boophilus
microplus females demonstrated the production of: a)
glycoproteins by b, cl, c¢2, ¢3 cells of acinus II and f of III; b)
acid phosphatase by three types of acini, mainly by I and by
d cells of acinus III; ¢) proteases by cells of acinus II; d)
esterases by cells of all the acini, mainly » and c/ cells of
acinus II and e) lipoproteins by a cells of acinus II and d and
e cells of acinus IIT [3].

According to literature, the ticks’ saliva is considered a
heterogeneous mixture, extremely complex and efficient,
once it is able to overcome the barriers offered by the host
very quickly, on the first days of the feeding process [1, 10-
12]. On the other hand, the saliva also contains antigens
which are able to activate the host’s immune response [1],
which changes the interface of the relationship parasite-host
[9], interfering on the tick’s blood feeding [13]. According to
reference [14], the antigenic determinants in these glandular
antigens are not only the proteins, but also the
polysaccharides, an interesting fact, once most numerous
components of the saliva are the glycoproteins.

Thus, this study had the objective to histochemically
investigate the secretory cycle of the salivary glands of R.
sanguineus females fed for 2, 4 and 6 days in rabbits
previously immunized with extracts of salivary glands of
females from this species fed for 4 days.

2. Material and Methods
2.1. Material

To perform this study salivary glands of adult R.
sanguineus females fed for 2, 4 and 6 days subjected to
infestation on New Zealand White rabbits immunized with
glandular extract of females fed for 4 days were used. For
this, unfed individuals (males and females) from a colony
kept in BOD incubator, in controlled conditions (29°C, 80%
of humidity and photoperiod of 12 hours), in the Biotery of
the Biology Department of UNESP campus Rio Claro (SP),
Brazil were used in the infestations A, B e C made in rabbits
according to the procedure described by the study [15].

* Infestation A: made in naive rabbits using 25 couples of
R. sanguineus couples/host, for the acquisition of
females of ticks fed for 4 days (36 individuals), for the
obtainance of glandular extract: SGE4= glandular
extract of females fed for 4 days.

The extract was processed and inoculated in the hosts

subjected to infestation B.

* Infestation B (test group = TG): made in 4 rabbits
sensibilized with SGE4 extract, which were subjected to
challenge infestation with 15 couples of adult R.

sanguineus ticks/host.
* Infestation C (control group= CG): made in 4 naive
rabbits that were not inoculated, which were subjected
to challenge infestation with 15 couples of adult R.
sanguineus ticks/host.
This experiment was approved by the Ethics Committee in
Research and Scientific Merit— UNIARARAS, Protocol n°
021/2009.

2.2. Methods

The SGE4 extract was prepared in the Molecular Biology
Laboratory of the Biology Department, UNESP campus Rio
Claro (SP), Brazil, and the host immunization was realized in
the Biotery of the Biology Department, UNESP campus Rio
Claro (SP). The procedures for obtaining of the extract and
hosts immunization occurred according to literature
procedure [16].

The challenge infestation was realized after 15 days from
the last inoculation. All the hosts from TG and CG groups
were subjected to with 15 couples of R. sanguineus/host.
Then, R. sanguineus females fed for 2, 4 and 6 days were
removed from the rabbits inoculated with SGE4 extract (GT),
as well as from those not inoculated (CG) and subjected to
histochemistry analysis.

In the Histology Laboratory of the Biology Department of
UNESP campus Rio Claro (SP), Brazil, salivary glands of R.
sanguineus females of each group (TG and CG) fed for 2, 4
and 6 days were removed in buffered saline solution (7.5 g
NaCl + 2.38 g Na,HPO, + 2.72 g KH,PO, in 1000 mL
distilled water) and fixed.

Part of the material was fixed in 4% paraformaldehyde at
4°C, after fixation, the material was dehydrated in a series of
increasing concentrations of ethanol (70%, 80%, 90% and
95%), embedded in resin (Leica), and sectioned at 3 Hm
thickness. Sections were mounted on glass slides and
histochemical tests were applied to detect the presence of the
following compounds: proteins (bromophenol blue) [17];
polysaccharides (PAS- Periodic Acid Schiff) [18]; calcium
(von Kossa) [19] and lipids [20].

The other part of the material was fixed in 10% buffered
neutral formalin and acetone (9:1) for one hour and thirty
minutes at 4°C, then processed according to the methods
described by this reference [21] for detection of acid
phosphatase activity. The material was then dehydrated in
increasing concentrations of ethanol (70%, 80%, 90% and
95%), embedded in resin (Leica), and sectioned at a
thickness of 7um. The sections were placed on glass slides
and counterstained with hematoxylin for 2 minutes. The
control samples were incubated without substrate.

The slides of the all histochemical tests were mounted with
Canada balsam and examined and photographed under Motic
BA 300 light microscope.

3. Results

The histochemical results for the salivary glands of
R.sanguineus females fed for 2, 4 and 6 days from the
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Control Group (CG) were presented in a previously study

[16].

3.1. Females of the Test Group Fed for 2 Days

Acinus II

a cells: the secretion granules are moderately (Figs. 1A,
3A) or strongly (Figs. 1B-D, 3B) stained for

bromophenol blue and Baker techniques; negative (Figs.

2A, D-E) or weakly (Figs. 2B-C) stained for PAS, and
negative for acid phosphatase (Figs. 4A-C, E) and von
Kossa (Figs. 5A-C).

clcells: are not observed for being inactive in this phase.

c2 cells: the granules are weakly positive for
bromophenol blue technique (Fig. 1B); moderately
stained for PAS (Figs. 2A-C) and Baker (Fig. 3A);
weakly (Fig. 4A) or moderately (Fig. 4B) positive for
acid phosphatase and negative for von Kossa (Figs. SA-
B).

c3 cells: granules are strongly stained for bromophenol
blue (Fig. 1C), PAS (Figs. 2A, C) and von Kossa (Figs.

5B-C) techniques and moderately stained for Baker (Fig.

3C) and acid phosphatase (Fig. 4C).

c4 cells: granules are negative for all the applied
techniques (Figs. 1D, 2A, 3A, 4D, 5A).

c5 cells: the granules are weakly stained for
bromophenol blue (Figs. 1A-B); moderately stained for
acid phosphatase (Figs. 4D-E) and negative for von
Kossa (Fig. 5C). As for PAS and Baker, either
moderately (Figs. 2C, 3D) or strongly (Figs. 2E, 3E)
stained granules or heterogeneous staining (moderate in
one region and strong in other) (Figs. 2D, 3F) is
observed.

Acinus III

d cells: the granules are strongly positive for
bromophenol blue (Fig. 1E); negative for PAS (Figs.
2F-H) and von Kossa (Fig. 5D); weakly (Fig. 3G) or
strongly (Fig. 3H) stained for Baker and negative (Fig.
4F) or present heterogeneous (negative and weak) for
acid phosphatase (Figs. 4G-H).

e cells: the granules are weakly (Fig. 1E) or moderately
(Figs. 1E-F) stained for bromophenol blue; negative for
PAS (Figs. 2F-H), acid phosphatase (Figs. 4F-H) and
von Kossa (Figs. SD-E) and weakly stained for Baker
(Figs. 3G-D).

f cells: the granules are weakly (Fig. 1E) or moderately
(Figs. E-F) stained for bromophenol blue; moderately
(Fig. 3H) or strongly (Fig. 3I) stained for Baker; weakly
(Fig. 4G), moderately (Fig. 4F) or strongly (Fig. 4H)
stained for acid phosphatase and strongly positive for
von Kossa (Fig. 5E). For PAS, the granules are weakly
stained (Fig. 2H) or present heterogeneous staining; i.c.,
weak in one region and moderate in other (Fig. 2G), or
even moderate in one region and strong in other (Fig.
2F).

3.2. Females of the Test Group Fed for 4 Days

Acinus II

* g cells: the granules are moderately (Figs. 1G-I) stained
for bromophenol blue and Baker (Fig. 3J) techniques;
negative for PAS (Figs. 2I-L), acid phosphatase (Figs.
41-M) and von Kossa (Figs. 5F, H).

e clcells: the granules are moderately stained for
bromophenol blue (Fig. 1G), strongly stained for PAS
(Fig. 21) and von Kossa (Fig. 5G) and weakly (Fig. 41)
or moderately (Fig. 4J) stained for acid phosphatase.
These cells are not observed through the application of
Baker technique.

e ¢2 cells: the granules are weakly stained for
bromophenol blue (Figs. 1G-H) and Baker (Fig. 3J);
weakly (Figs. 21, K-L, 41) or moderately (Figs. 2J, 4K)
stained for PAS and acid phosphatase, and negative for
von Kossa (Fig. 5F).

* ¢3 cells: the granules are moderately stained for
bromophenol blue (Fig. 1H); strongly stained for PAS
(Fig. 2K) and von Kossa (Fig. 5H), and weakly stained
for acid phosphatase (Fig. 4L). These cells are not
observed through the application of Baker technique.

* ¢4 cells: are not observed for being inactive in this
phase.

* ¢5 cells: the granules are weakly stained for
bromophenol blue (Fig. 11); moderately stained for PAS
(Fig. 2L); strongly stained for Baker (Fig. 3J); weakly
stained (Figs. 4J-K) or presenting heterogeneous
staining (weak in one region and moderate in other)
(Fig. 4M) for acid phosphatase and negative for von
Kossa (Fig. 5F).

Acinus 11

* d cells: the granules are moderately (Fig. 1J) or strongly
(Fig. 1K) stained for bromophenol blue; negative for
PAS (Fig. 2M) and von Kossa (Fig. 51); strongly stained
for Baker (Figs. 3K-L), and presenting heterogeneous
staining (negative in ne region and weak in other) for
acid phosphatase(Fig. 4N).

* ¢ cells: the granules are weakly stained for
bromophenol blue (Figs. 1J-K); negative for PAS (Fig.
2M), acid phosphatase (Fig. 4N) and von Kossa (Fig.
51), and moderately stained for Baker (Figs. 3K-L).

¢ fcells: in this phase of the secretory cycle these cells no
longer contain secretion granules (Figs. 1J, 2M, 4N, 5I).

3.3. Females of the test group fed for 6 days

Acinus II

* a cells: the granules are moderately (Fig. 1L) or
strongly (Fig. 1M) stained for bromophenol blue;
negative (Figs. 2N, P) or weakly (Fig. 20) stained for
PAS; weakly (Figs. 3M, O) or moderately (Fig. 3N)
stained for Baker and negative for acid phosphatase
(Fig. 40) and von Kossa (Figs. 5J-L).

* ¢l cells: the granules are strongly stained for
bromophenol blue (Fig. 1L), PAS (Figs. 2N-O) and von
Kossa (Fig. 5K) and negative for acid phosphatase (Fig.
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4P). Such cells are not observed through the application
of Baker technique.

c2 cells: the granules are weakly stained for
bromophenol blue(Fig. 1M); moderately stained for
Baker (Figs. 3M-N) and negative for von Kossa (Fig.
5J). For PAS both moderately stained granules (Fig. 2N)
and presenting heterogeneous staining (weakly stained
in one region and moderately in other) (Fig. 2P) were
observed. As for acid phosphatase, heterogeneous
staining was also observed (negative in one region and
weakly stained in other) (Figs. 40-P).

c3 cells: the granules are moderately stained for
bromophenol blue (Fig. 1N) and Baker (Fig. 30);
strongly stained for PAS (Figs. 2N-O) and von Kossa
(Figs. 5J-L) and negative for acid phosphatase (Figs.
40, Q-R).

c4 cells: the granules are negative for Baker (Figs. 3M-
0), acid phosphatase (Fig. 4R) and von Kossa (Fig. 5L).
Such cells are not observed through the application of
bromophenol blue and PAS techniques.

c5 cells: are not observed for being inactive in this
phase.
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Acinus III

d cells: the granules are strongly stained for
bromophenol blue (Fig. 10) and Baker (Fig. 3P);
weakly stained (Fig. 2Q) or present heterogeneous
staining (negative in one region and weakly stained in
other) (Fig. 2R) for PAS; present heterogeneous
staining (negative in one region and weakly stained in
other) for acid phosphatase (Fig. 4S), and negative for
von Kossa (Figs. SM-N).

e cells: the granules are weakly stained (Fig. 10) or
present heterogeneous staining (weak in one region and
moderately stained in other) (Fig. 1P) for bromophenol
blue; negative (Fig. 2Q) or weakly (Fig. 2R) stained for
PAS; moderately stained for Baker (Figs. 3P-Q) and
negative for acid phosphatase (Fig. 4S) and von Kossa
(Figs. SM-N).

¢ fcells: in this phase of the secretory cycle these cells no

longer contain secretory granules (Figs. 10-P, 2Q-R,
3P-Q, 4S, 5N).

The results for salivary glands of the females from groups
CG and TG fed for 2, 4 and 6 days are summarized in tables

1-8.

Table 1. Histochemistry of the glandular acini secretion of R. sanguineus females from groups CG and TG fed for 2 days.

Study Groups
Acini Cells CG TG
BB PAS B AP VK BB PAS B AP VK
a (213 (1) (3] (0] o (213 0;0 (213 o o
cl (3] (3] (3] [0} (3] © < © < ©
c2 (1) 0;0 (1] e o (1) (2] (2] 0;0 o
i c3 (2] (3] (3] (2] 0;0 (3] (3] (2] (2] (3]
c4 o o o (2] o o o o o o
c5 0; 0 0;0 (233} (2] (0] (1] (233} (233} (2] (0]
d (3] o (3] (0] o (3] o 00 0;0 o
I e 0,0 o e o o 0,0 o (1) o; o
f ;0 (233} (233} 0; 0 (0] 0; 0 (1 32 3 3] (233} (1 32 3 3] (3]

The results for the salivary glands females fed for 2, 4 and 6 days from the CG were presented in a previously study [16].
BB: bromophenol; PAS: PAS; B: Baker; AP: phosphatase; VK: von Kossa; *: inactive cell; @ not observed cell; the intensity of staining varied from @-@,
being: @: negative and @: strongly positive.

Table 2. Histochemistry of the glandular acini secretion of R. sanguineus females from groups CG and TG fed for 4 days.

Study Groups
Acini Cells CG TG
BB PAS B AP VK BB PAS B AP VK
a 0;0 o (3] (0} (0} (2} o (2} (0} (0}
cl (2] (3] ® (0} © (2} (3] ® ;0 ©
- c2 (1) (2] ® (2} (0} (1) ;0 (1) ;0 (0}
c3 (2] (3] (3] o 0;0 (2] (3] (0} (1) ©
c4 o o (1] 0;0 o & i & & &
@3 (2] 0,0 (] (2] o (1) (2] © ;0 o
i d (2] o (3] o o (23] o © 0;0 o
e (1) o (2] (0} (0} (1) o (2} (0} (0}

The results for the salivary glands females fed for 2, 4 and 6 days from the CG were presented in a previously study [16].
BB: bromophenol; PAS: PAS; B: Baker; AP: phosphatase; VK: von Kossa; *: inactive cell; @ not observed cell; the intensity of staining varied from @-@,
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being: @: negative and @: strongly positive.

Table 3. Histochemistry of the glandular acini secretion of R. sanguineus females from groups CG and TG fed for 6 days.

Study Groups

Acini Cells CG TG
BB PAS B AP VK BB PAS B AP VK
a 0,0 o (3] o o (23] 0;0 0;0 o o
cl (2] (3] (3] (2} (0} © (3] ® (0} (3}
c2 o (2] (2] (1) o (1) 0;0 0;0 0;0 o
" c3 (2] (3] (3] (0} (2} (2} (2} (0} ©
c4 o o o (0} (0} ® (0} (0} (0} (0}
c5 * * * * * * * * * *
d e; 6 o (3] (0} (0} © o;0 © o; 0 (0}
i e o o (2] o o 0,0 0;0 (2] o o

The results for the salivary glands females fed for 2, 4 and 6 days from the CG were presented in a previously study [16].
BB: bromophenol; PAS: PAS; B: Baker; AP: phosphatase; VK: von Kossa; *: inactive cell; @ not observed cell; the intensity of staining varied from @-@,
being: @: negative and @: strongly positive.

Table 4. Protein staining for acini I and III of salivary glands of R. sanguineus females from groups CG and TG fed for 2, 4 and 6 days.

Study Groups
Acini Cells GC GT

2 days of feeding 4 days of feeding 6 days of feeding 2 days of feeding 4 days of feeding 6 days of feeding

a (2393 0;0 0;0 (2393 (2] (2393
cl (3] (2] (2] = (2] ©
c2 o o o (1) (1) (1)
! c3 (2] (2] (2] © (2] (2]
c4 o o ® (0} > @
c5 0; 0 (2] x (1] (1] *
d (3] (2] 0;6 (3] (23] (3]
111 e 0; 0 (1] (1] 0; 0 (1] 0; 0
f 0;0 . . 0,08 - -

The results for the salivary glands females fed for 2, 4 and 6 days from the CG were presented in a previously study [16].
*: inactive cell; @ not observed;  : no secretion granules; the intensity of staining varied from @-@, being: @: negative and @: strongly positive.

Table 5. Polysaccharides staining for acini Il and 1II of salivary glands of R. sanguineus females from groups CG and TG fed for 2, 4 and 6 days.

Study Groups

Acini Cells CG TG

2 days of feeding 4 days of feeding 6 days of feeding 2 days of feeding 4 days of feeding 6 days of feeding

a o o o 0;0 o 0; 0
cl © © © B © ©
c2 0; 8 (2} (2] (2} 0;0 0;0
1 c3 (5 © © © ©
cd o o o o ki (0}
c5 0:;0 0;0 @ 0;0 (2] @
d o o o o o 0; 0
11 e o o o o o 0; 0
f 0; 0 - . 0;0;0 . .

The results for the salivary glands females fed for 2, 4 and 6 days from the CG were presented in a previously study [16].
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*: inactive cell; @ not observed cell;  : no secretion granules; the intensity of staining varied from @-@, being: ®@: negative and @: strongly positive.

Table 6. Lipids staining for acini II and 1] of salivary glands of R. sanguineus females from groups CG and TG fed for 2, 4 and 6 days.

Study Groups
Acini Cells CG TG

2 days of feeding 4 days of feeding 6 days of feeding 2 days of feeding 4 days of feeding 6 days of feeding

a (3] (3] (3] (233} (2} 0;0
cl (3] [0} (3] > ® @
I 2 o 0 2} 2} 0 0.0
3 5} 5} 5} 2} ) 2}
c4 o (1) o (0} > (0}
c5 (2393 [0} & (2393 (3] &
d (3] (3] (3] 0; 6 (3} (3}
11 e (2] (2] (2] o 0;0 (2}
J A _ _ ) _ _

The results for the salivary glands females fed for 2, 4 and 6 days from the CG were presented in a previously study [16].
*: inactive cell; @ cell not observed; _ : no secretion granules; the intensity of staining varied from @-@, being: ®@: negative and @: strongly positive.

Table 7. Acid phosphatase staining for acini II and Il of salivary glands of R. sanguineus females from groups CG and TG fed for 2, 4 and 6 days.

Study Groups
Acini Cells CG TG

2 days of feeding 4 days of feeding 6 days of feeding 2 days of feeding 4 days of feeding 6 days of feeding

a o o o o o o
cl ® (0} (2} & 0,08 (0}
c2 (2] (2] (1] 0; 0 0; 0 ;0
i c3 (2] (0] (0] (2] (1) o
c4 (2] 0;0 o o © o
c5 (2] (2] x (2] 0; 0 *
d o o o 0;0 0;0 0;0
11 e o o o o o o
f 0,08 . . 0,8;6 - -

The results for the salivary glands females fed for 2, 4 and 6 days from the CG were presented in a previously study [16].
*: inactive cell; @ cell not observed;  : no secretion granules; the intensity of staining varied from @-@, being: ®@: negative and @: strongly positive.

Table 8. Calcium staining for acini Il and IlI of salivary glands of R. sanguineus females from groups CG and TG fed for 2, 4 and 6 days.

Study Groups

Acini Cells CG TG
2 days of feeding 2 days of feeding 2 days of feeding 2 days of feeding 2 days of feeding 2 days of feeding

a o o o (0} (0} (0}
cl (3] (3] o & © ©

I c2 o o o o o o
c3 Q; 6 o; 0 (2] © (3} ©
c4 o o o (0} & (0}
c5 o o i o o &
d o o o o o o

I e o o o (0} (0} (0}
A o _ _ o _ _

The results for the salivary glands females fed for 2, 4 and 6 days from the CG were presented in a previously study [16].
*: inactive cell; _ : no secretion granules; the intensity of staining varied from @-@, being: ®@: negative and @: strongly positive.
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A-F. 2 days of feeding.

G-K. 4 days of feeding.

L-P. 6 days of feeding.

1I= acinus type II; III= acinus type III; n= nucleus; lu= acinus lumen; v= valve; a = a cell; c1=cl cell; ¢2= c2 cell; c3=c3 cell; c4= c4 cell; c5=c5 cell; d=d
cell; e= e cell, f= fcell.

Bars: 25um

Figure 1. Histological sections of salivary glands of Rhipicephalus sanguineus females used as test group TG (SGE4). Bromophenol blue technique.
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A-H. 2 days of feeding.

I-M. 4 days of feeding.

N-R. 6 days of feeding.

1I= acinus type II; III= acinus type I1I; n= nucleus; lu= acinus lumen; s= secretion granules; dt= ducto; v= valve; a = a cell; cl1=c/ cell; c2= ¢2 cell; 3= ¢3 cell;
cd= c4 cell; c5= c5 cell; d=d cell; e= e cell, f=fcell.

Bars: 25um

Figure 2. Histological sections of salivary glands of Rhipicephalus sanguineus females used as test group TG (SGE4). PAS reaction and counterstained with
methyl green.
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A-1. 2 days of feeding.

J-L. 4 days of feeding.

M-Q. 6 days of feeding.

1I= acinus type 1I; III= acinus type III; n= nucleus; lu= acinus lumen; a = a cell; c2= ¢2 cell; ¢3= c3 cell; c4= ¢4 cell; ¢5= ¢35 cell; d=d cell; e= e cell, = fcell.
Bars: 25um

Figure 3. Histological sections of salivary glands of Rhipicephalus sanguineus females used as test group TG (SGE4). Baker technique.
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A-H. 2 days of feeding.

I-N. 4 days of feeding.

O-S. 6 days of feeding.

II= acinus type 1I; III= acinus type 11I; n= nucleus; dt= ducto; s= secretion granules; lu= acinus lumen; v= valve; a = a cell; c1= ¢/ cell; c2= c2 cell; ¢3= c3 cell;
cd=c4 cell; c5= ¢5 cell; d=d cell; e= e cell, f=fcell.

Bars: 25um

Figure 4. Histological sections of salivary glands of Rhipicephalus sanguineus females used as test group TG (SGE4). Acid phosphatase reaction and
counterstained with hematoxylin.
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A-E. 2 days of feeding.
F-1. 4 days of feeding.
J-N. 6 days of feeding.
1I= acinus type II; III= acinus type III; n= nucleus; dt= ducto; a = a cell; c1= ¢/ cell; c2= c2 cell; ¢3= ¢3 cell; c4= c4 cell; c5= c5 cell; d=d cell; e= e cell, f=f
cell.

Bars: 25um

Figure 5. Histological sections of salivary glands of Rhipicephalus sanguineus females used as test group TG (SGE4). Von Kossa technique.
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4. Discussion

This study showed the alterations which occur in the
contents of glycoprotein, lipoprotein, acid phosphatase and
calcium in the secretion granules of salivary glands of R.
sanguineus females fed for 2, 4 and 6 days (test group = TQG)
in hosts immunized with salivary gland extracts from females
fed for 4 days (SGE4). In addition to the histochemical
alterations, the loss of activity by ¢/ (2-day glands) and c4
(4-day glands) secretory cells was also verified,
corroborating the reference [9], who demonstrated, through
histological  evaluation, such alteration after the
immunization of the hosts with the same glandular extract
used here.

Considering the histochemical alterations here detected in
the salivary glands of females from TG group, it can be
inferred that the hosts immunized with SGE4 glandular
extract developed resistance against the inoculated antigens.
In this sense, it can be proposed that the alterations in the
salivary glands would be occurring as the organism of the
tick tries to compensate the resistance developed by the host,
which would permit the continuation and the success of the
feeding process, data which corroborate the reference [9].

In this study it was verified that the glandular tissues of
females fed for 2 and 6 days were the ones which underwent
the most pronounced alterations; however, the alterations in
the glands of females fed for 4 days were also significant.
This has probably occurred because the glandular extract
SGE4 was obtained from salivary glands of females fed for 4
days; i.e., they were in the middle of the glandular cycle [16];
therefore, these organs would contain antigens which would
be common both to glandular tissues of females fed for 2
days (beginning of the cycle) and those fed for 6 days (end of
glandular cycle). Thus, as suggested by the reference [16],
the hosts inoculated with SGE4 extract would present
antibodies against the antigens present in the saliva of R.
sanguineus females in the beginning (2 days), middle (4 days)
and in the end (6 days) of the feeding process, being
considered potential to modify the secretory behavior of the
salivary glands of the females exposed to the extract,
compensating the resistance developed by the host and
permitting the continuity and the finalization of the blood
feeding process. In this sense, while in CG group the salivary
glands of females fed from 2 to 6 days had a gradual
reduction in the secreted components, except for calcium and
proteins, which remained unaltered in the 4-day glands, in
relation to the 2-day and 4-day glands respectively; in TG
group it was observed that the 4-day glands, compared with
2-day glands, presented reduced staining for proteins,
polysaccharides and acid phosphatase, and the 6-day glands,
compared with 4-day glands, had increased proteins and
polysaccharides and reduced acid phosphatase. These results
suggest that such alterations in TG group would occur due to
the resistance developed by the host after the immunization
with SGE4 extract. Thus, it can be inferred that the changes
observed in the periods of 2 and 4 days would be occurring to
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modulate the immune-inflammatory system of the host, for
this phase antecedes the high consumption of blood by the
ectoparasite. On the other hand, the alterations detected in the
feeding periods of 4 and 6 days possibly occurred so that the
ectoparasite could overcome/contain the hemostatic system
of the host, which would make the blood feeding process
successful, once this period corresponds to the phase of high
and fast blood consumption.

As for the alterations observed specifically in each period
of the glandular cycle (2, 4 or 6 days), it was overall
observed that, in the 2-day glands, there was an increase in
the staining of proteins and calcium, reduction in the staining
of lipids and staining of polysaccharides and acid
phosphatase remained unaltered. In 4-day glands there was
an increase in the staining of proteins, acid phosphatase and
calcium; reduction in staining of lipids and the staining of
polysaccharides remained unaltered. In 6-day glands an
increase in the staining of proteins, polysaccharides and
calcium was observed; as well as a reduction in the staining
of lipids and acid phosphatase, data that confirm that the
glands of females fed for 4 and 6 days presented an increase
in staining of different components. A possible
explanation for the histochemical alterations found here
would be based on the type of immune response developed
by the hosts after immunization with SGE4 extract; as the
salivary glands, while modifying their secretory behavior,
produce a different saliva in order to overcome this resistance,
which corroborates the hypothesis by this reference [22],
who stated that the pharmacology of the ticks’ saliva could be
molded according to the host’s specific hemostatic defenses.

Thus, in the parasite-immunized host relationship, it would
be necessary for the females fed for 2 days to produce a
saliva with a higher content of proteins and calcium and less
lipids than what is commonly observed in normal situations.
This would ensure the efficient modulation of the immune-
inflammatory and hemostatic systems of the host, permitting
fixation and blood consumption, once such ectoparasites
would be in the phase anteceding the period of fast
engorgement. On the other hand, the females fed for 4 and 6
days would have to synthetize the saliva with higher
protein/acid phosphatase/calcium and
proteins/polysaccharides/calcium  contents  respectively,
which would allow the efficient modulation of the host’s
hemostatic system, allowing the engorgement completion,
once in this period the ticks consume larger amounts of blood
in less time.

Acini I were not considered in the analysis of salivary
glands of this study once they are agranular and do not have a
secretory function, acting exclusively on the hydric balance
of the ectoparasite [23-24].

In addition, it was also verified in this study that some
glandular cells presented more histochemical alterations than
others, once the extract used to immunize the hosts would
have molecules with different immunogenic capabilities. It is
known that the higher the immune response to a particular
antigen, the larger the number of alterations in this same
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component of the glands of ticks fed on immunized host;
therefore, data here obtained corroborate the reference [14],
who reported that not all the components present in the ticks’
salivary gland would have antigenic capability.

In this sense, in decrescent order of histochemical
alterations, the most affected cells were: f; c2, ¢3, ¢3; a, d and
c4, e in the females fed for 2 days, ¢3; a, ¢2, ¢3,d and cl, e
in the females fed for 4 days and a, cl, ¢2, d e ¢3, e in the
females fed for 6 days. According to literature a cells would
be responsible for the synthesis of lipoproteins, elements
which compose the cement, substance responsible for the
formation of the cement cone [3]. However, these cells would
contain proteins which would act both in the modulation and
formation and maintenance of the feeding lesion [25]. Still
according to reference [26], there would be antigenic and
non-antigenic proteins in the composition of the cement. The
secretions synthesized by ¢ and f cells would be involved in
the modulation of the host’s local hemostatic reactions [3-4,
6]. In addition, the glycoproteins of ¢ cells would act as
anticoagulants [6].

As for the cellular types which were the most affected by
the immunologic state of the hosts here studied, it can be
inferred that the secretions of a, ¢2, ¢3, ¢5 and d cells would
present high immunogenic capability and consequent
importance for the modulation of the host. However, for f
cells, a possible explanation would be in the importance of
their secretion for an initial modulation of the immune-
inflammatory and hemostatic systems of the host, and not
their immunogenicity, a proposal based on the fact that the
hosts were not immunized with antigens from f cells;
therefore, would not produce antigens, as SGE4 extract did
not contain secretion from these cells, active only in the
glands of females fed for 2 and 3 days and SGE4 extract was
obtained from the glandular tissue of females fed for 4 days.

It was also verified that, among the components which are
present in the secretion of salivary glands here analyzed, the
ones which presented the most alterations over the glandular
cycle were the lipid/acid phosphatase, followed by
proteins/polysaccharides and finally calcium, showing the
importance of the relation quality/quantity of each bioactive
in the modulation of the immune-inflammatory response of
the host.

According to literature, the lipidic elements present in the
saliva would be in the form of prostaglandins [1, 27-28]
purine nucleoside adenosine [28] and prostacyclins [29],
molecules which would be part of the sophisticated
pharmacological arsenal for the modulation of the local
hemostatic reactions of the host, which actuation would
interfere in the ectoparasite’s capability to remain attached
and consuming blood [30].

Prostaglandin and purine nucleoside adenosine were
specifically found in the saliva of R. sanguineus, and would
act in the immune-inflammatory system of the host, ensuring
the success of the blood feeding process [28]. According to
this reference [31], a lipoprotein of the cement in the
secretion granules of e cells in R. appendiculatus would have
been recognized, having high immunogenic capability, which

could explain the greatest number of modifications in lipid
staining observed for R. sanguineus.

Thus, this study suggested that the glandular extract of R.
sanguineus females fed for 4 days (SGE4) used for the
immunization of the hosts stimulated the development of a
kind of immune response which led to significant
modifications on the secretory behavior of the salivary glands
of the ticks fed on them, demonstrating that the extract would
be a reservatory of protecting antigens, important against the
infestation by R. sanguineus or even other species of ticks,
deserving to have detailed studies on the parasite-host
relationship  from  molecular,  pharmacologic  and
immunologic points of view.
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