
Volume 2 • Issue 2 • 1000114
Air Water Borne Diseases
ISSN: 2167-7719 AWBD, an open access journal 

Open AccessResearch Article

Air & Water 
Borne Diseases

Furquim et al., Air Water Borne Diseases 2013, 2:2
http://dx.doi.org/10.4172/2167-7719.1000114

Keywords: Rhipicephalus sanguineus; Immunization; Glandular 
extract; Secretory cycle; Glycoprotein; Lipoprotein; Calcium and acid 
phosphatase

Introduction
The species Rhipicephalus sanguineus, known as dog tick, is a vector 

of several pathogens that affect animals and also the human being [1]. 
This species is currently considered an “urban plague”, since it infests 
dogs in urban areas [2-4].

As ticks are obligatory hematophage organisms, the secretion of 
their salivary glands is considered fundamental for their survival, once 
it is a complex and efficient mixture, constituted by several bioactive 
elements which modulate the immune-inflammatory and hemostatic 
responses of the host [5-8], allowing the ectoparasites to remain fixed 
on the host consuming blood for several days or even weeks.

The saliva of the ticks is a complex and sophisticated pharmacological 
arsenal, constituted by protein, glycoprotein, lipoprotein and lipid 
[9-12], such as acid phosphatase, esterases, aminopeptidases, 
metalloproteases, calreticulin, prostaglandins, prostacyclins, lipocalins 
[8,9,12-19], among many others. Such molecules interact with the 
elements of the host’s immune system blocking their defenses on the 
first days of feeding [16,20]. Moreover, according to Wikel [21], the 
same salivary molecule can present different biological activities in 
the modulation of the local homeostatic responses of the host, which 
also contributes to the high functional complexity of the saliva in 
modulating the host’s defense system.

Among the elements with pharmacological and immunological 

*Corresponding author: Maria Izabel Camargo Mathias, UNESP, Avenida 24A 
numero 1515, CEP: 13506-900, Bela Vista, Rio Claro, S.P., Brazil, Fax: +55 19 
35264100; E-mail: micm@rc.unesp.br

Received July 22, 2013; Accepted October 15, 2013; Published October 21, 
2013

Citation: Furquim KCS, Camargo-Mathias MI, Ferraz Hebling LMG, Roma GC, 
Bechara GH (2013) Alterations in the Secretory Behavior of Salivary Glands of 
Rhipicephalus sanguineus Females (Latreille, 1806) (Acari: Ixodidae) Feeding 
in Resistant Rabbit. Air Water Borne Diseases 2: 114. doi: 10.4172/2167-
7719.1000114

Copyright: © 2013 Furquim KCS KC, et al. This is an open-access article 
distributed under the terms of the Creative Commons Attribution License, which 
permits unrestricted use, distribution, and reproduction in any medium, provided 
the original author and source are credited.

Abstract
This study presents the histochemical analysis of the glycoprotein, lipoprotein, enzyme (acid phosphatase) and 

mineral (calcium) contents of the secretion produced by salivary glands of Rhipicephalus sanguineus females fed 
for 2, 4 and 6 days on hosts (New Zealand White rabbits), which had been previously immunized with glandular 
extract obtained from 2-day fed females (SGE2). The results revealed that such glands present alterations in the 
secretory cycle, which occurred: a) by the inactivity of some c1 cells (in the glands of the 2-day fed females); c1 
and c5 (in the glands of the 4-day fed females) and c1 and d (in the glands of the 6-day fed females), and b) by 
the modification in the constitution of secretion in relation to the glyco/lipoprotein, enzyme and mineral contents 
in the glands of 2 to 6-day fed females. Data clearly show that the most pronounced histochemical modifications 
were detected in 2-day fed females, since their hosts were inoculated with SGE2 extract, and therefore, developed 
resistance to the components of the glandular secretion present in this extract. In addition, it was verified that over 
the studied period (2-6 days), some cells underwent greater alterations due to the resistance acquired by the hosts, 
such as the f cells, demonstrating the great immunogenic capacity of the secretion synthesized by such cells, as 
well as the importance of the secretion in the modulation of the immune-inflammatory and hemostatic system of 
the host. Considering all the data obtained, this study clearly demonstrates that the modifications in the intensity of 
staining in the elements analyzed occurred because of different immunogenic capacities of the components present 
in SGE2 extract, which indicated that the greater the immunogenic capacity of the molecules present in SGE2, the 
greater the alterations in the cells responsible for the synthesis of such component. This study also demonstrated 
that the histochemical alterations here detected modified the salivary secretion, making it increasingly efficient over 
the process of modulation of the host, suggesting a possible compensation, or even an alternative route to overcome 
the resistance developed by the hosts, enabling the ectoparasites’ fixation, permanence and feeding.
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properties synthesized by the salivary glands of the ticks are: a) enzymes 
b) enzyme inhibitors c) host-homologous protein d) immunoglobulin 
binding protein e) amine-binding lipocalin f) receptor agonists/
antagonists g) elements that carry calcium (calreticulin) h) cytokine 
expression modulators, as well as other bioactive lipid components, 
such as prostaglandin (PGE2) [8,12,16]. 

The diversified biochemistry of the ticks’ saliva reflects the 
morphofunctional complexity of their salivary glands. In the females, 
these glands are constituted by acini types I, II and III [9,13,22-24] and 
the morphohistochemical alterations, which occur exclusively in acini 
II and III result in differences in the production of secretion over the 
glandular cycle [9]. Acini II contain different secretory cells (a, b, c1, 
c2, c3 e c4) [9]. In R. sanguineus females, in addition to these, c5 and 
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c6 were recently described [24]. Types d, e and f are observed in acini 
III [9,13,22,24].

The pharmacological and immunological characteristics of 
the bioactive elements present in the ticks’ saliva demonstrate that 
this mixture is an important source of antigens, able to modify the 
immunobiology of the tick-host interface and also to impair the 
physiology of the ectoparasite [8,16,25], also demonstrating that it can 
be used to control these arthropods. 

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

Materials and Methods
Material

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 2-day fed females were used in this study. 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) were used in the infestations A, B and C made in rabbits, 
according to the procedure described by Bechara et al. [26].

-Infestation A: Performed with naive rabbits using 25 couples of 
R. sanguineus couples/host, for the acquisition of 2-day fed females (55 
individuals), to obtain the glandular extract SGE2=glandular extract of 
2-day fed females. 

The extract was processed and inoculated in the hosts subjected to 
infestation B. 

- Infestation B (test group=TG): Performed with 4 rabbits 
inoculated with SGE2 extract, subjected to challenge infestation with 
15 couples of adult R. sanguineus ticks/host.

- Infestation C (control group=PCG): Performed with 4 naive 
rabbits, 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–P-UNIARARAS, Protocol n°021/2009.

Methods

In the Laboratory of the Department of Molecular Biology of UNESP 
Rio Claro (SP), Brazil, the salivary glands were put in eppendorf tube 
containing 200 µL of phosphate buffer pH 7.4. Then the glands were 
macerated, centrifuged for 30 minutes at 10.000×g, the supernatant was 
collected and put for proteins dosage, according to the methodology 
described by Sedmark and Grossberg [27] (Bradford method), which 
should be of at least 0.2 µg/µL.

After the determination of the protein content, the extract was 
filtered with the help of sterile filtering units (JBR610303, disposable 
filtering unit Millex GV, durapore membrane PVDF, Millipore, 
MilliUni), of 0.22 µm and 13 mm of diameter, attached to hypodermic 
syringes in the interior of a pre-sterile vertical laminar flow. The extract 
was then divided in volumes of 50 µL and kept in freezer at -20°C. Only 
at the moment of inoculation, the extract was mixed (50 µL of extract/
host) with 50 µL of complete Freund adjuvant (reference #F 5881, 
Sigma-Aldrich), procedures that are also made in pre-sterile vertical 
laminar flow.

After, rabbits from TG had the right dorsal side sheared and were 
subcutaneously inoculated with SGE2 extract, via hypodermic syringe, 
for three times in intervals of 21 days. Only after 15 days from the last 
inoculation, all the hosts from TG and CG were subjected to infestation 
challenge with 15 couples of  R.sanguineus/host.

The R. sanguineus females fed for 2, 4 and 6 days were removed 
from the rabbits inoculated with SGE2 (TG) extract, as well as from 
those not inoculated (CG) and subjected to histochemical 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 Na2HPO4+2.72 g KH2PO4 
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 µm thickness. Sections were mounted 
on glass slides and histochemical tests were applied to detect the 
presence of the following compounds: proteins (Bromophenol blue), as 
proposed by Pearse [28]; polysaccharides (PAS-Periodic Acid Schiff), 
as proposed by McManus [29], and counterstained with methyl green; 
calcium (von Kossa) as proposed by Junqueira and Junqueira [30] and 
lipids [31].

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 Hussein et al. 
[32], 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 7 µm. 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.

Results
Acini I were not considered in the analyses of the salivary glands 

once they are agranular, and do not present secretory function, acting 
only in the hydric balance of the ectoparasite [33,34].

Control Group (CG)

Females fed for 2 days

Acinus II

-a cells: The secretion granules are moderately (Figure 1A and 1C) 
or strongly (Figure 1B and 1D) stained for bromophenol blue, weakly 
stained for PAS (Figure 2A and 2C), strongly stained for Baker (Figure 
3A and 3C) and negative for acid phosphatase (Figure 4A and 4B) and 
von Kossa (Figure 5A and 5C).

-c1 cells: The granules are strongly stained for bromophenol blue 
(Figure 1B) and strongly stained for PAS (Figure 2B), Baker (Figure 
3B) and von Kossa (Figure 5A). Such cells were not observed in the 
technique for the detection of acid phosphatase.

-c2 cells: The granules are weakly stained for bromophenol blue 
(Figure 1A), weakly (Figure 2A) or moderately (Figure 2C) stained for 
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PAS, weakly stained for Baker (Figure 3C), moderately stained for acid 
phosphatase (Figure 4A) and negative for von Kossa (Figure 5B).

-c3 cells: The granules are moderately stained for bromophenol 
blue (Figure 1A) and acid phosphatase (Figure 4B), and strongly stained 
for PAS (Figure 2B) and Baker (Figure 3D). For von Kossa technique, 
the same granule presented variations, being strongly stained in some 
regions and negative in others (Figure 5A).

-c4 cells: The granules do not react to the specific markers (Figures 
1A, 2A, 3E and 5C), except for acid phosphatase, being moderately 
stained for this marker (Figure 4A).

-c5 cells: Granules are weakly stained for bromophenol blue 
(Figure 1C) or present variations (weakly stained in some regions and 
moderately stained in others) (Figure 1D) and weakly stained for PAS 
(Figure 2A and 2C). For Baker, staining is also varied, from moderately 
stained to strongly stained (Figure 3A). The granules do not react for 
von Kossa (Figure 5A), but are moderately stained for acid phosphatase 
(Figure 4B).

Acinus III

-d cells: The granules are strongly stained for bromophenol blue 
(Figure 1E and 1F) and Baker 

(Figure 3F); negative for PAS (Figure 2D), acid phosphatase (Figure 
4C) and von Kossa (Figure 5D). 

-e cells: Granules are weakly (Figure 1E) or moderately stained 
for bromophenol blue (Figure 1F); negative for PAS (Figure 2D), 
acid phosphatase (Figures 4C-4E) and von Kossa (Figure 5D) and 
moderately stained for Baker (Figure 3F).

-f cells: The granules are negative (Figure 1E) or weakly (Figure 1F) 

stained by bromophenol blue and weakly (Figure 4E) or moderately 
(Figures 4C-4D) stained  by acid phosphatase. Concerning phosphatase, 
this result is mainly observed in the granules found in the basal region of 
the cells (Figures 4C-4E). The granules are moderately stained for PAS 
stained (Figure 2D), or the same granule can present heterogeneous 
staining, being moderately stained in one region stained and strongly 
stained in others (Figure 2D). Staining is also varied for Baker, being 
moderately stained in a region and strongly stained in others (Figure 
3F). Granules do not react to von Kossa (Figure 5D).

Females fed for 4 days

Acinus II

-a cells: The granules are weakly stained (Figure 1G and J) or 
presented varied staining (weakly stained in a region and moderately 
stained in others) (Figure 1H and 1K) for bromophenol blue and 
negative for PAS (Figures 2E and 2G-2H), acid phosphatase (Figures 
4F and 4G, 4I) and von Kossa (Figures 5E-5G). Granules are strongly 
stained for Baker technique (Figure 3G).

-c1 cells: The granules are moderately stained for bromophenol 
blue (Figure 1I) and strongly stained for PAS (Figure 2E) and von Kossa 
(Figure 5F). However, they are negative to acid phosphatase (Figure 4F). 
Such cells are not observed through the application of Baker technique.

 
Figure 1: Histological sections of salivary glands of Rhipicephalus sanguineus 
females used as control group (CG). Bromophenol blue technique. A-F. 2 
days of feeding. G-L. 4 days of feeding. M-R. 6 days of feeding. II=acinus type 
II; III=acinus type III; n=nucleus; lu=acinus lumen; v=valve; a= cell a; c1=cell 
c1; c2=cell c2; c3=cell c3; c4=cell c4; c5=cell c5; d=cell d; e=cell e, f=cell f.  
Bars: 25 µm.

 
Figure 2: Histological sections of salivary glands of Rhipicephalus sanguineus 
females used as control group (CG). PAS reaction and counterstained with 
methyl green. A-D: 2 days of feeding. E-J: 4 days of feeding. K-M: 6 days 
of feeding. II=acinus type II; III=acinus type III; n=nucleus; lu=acinus lumen; 
dt=ducto; v=valve; a=cell a; c1=cell c1; c2=cell c2; c3=cell c3; c4=cell c4; 
c5=cell c5; d=cell d; e=cell e, f=cell f. Bars: 25 µm.
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-c2 cells: Granules are weakly stained for bromophenol blue (Figure 
1G), moderately for PAS (Figures 2E and 2) and acid phosphatase 
(Figures 4F-4G), and negative for von Kossa (Figure 5G). Such cells are 
not observed through Baker technique.

-c3 cells: Granules are moderately stained for bromophenol blue 
(Figure 1I) and strongly stained for PAS (Figure 2F) and Baker (Figure 
3H). They present varied staining for von Kossa, showing negative 
(Figure 5E) and strongly stained (Figure 5H) regions, phosphatase 
staining is not observed (Figures 4G and 4I).

-c4 cells: Granules do not react to bromophenol blue (Figure 1J), 
PAS (Figure 2G), Baker (Figure 3G) and von Kossa (Figure 5G), and are 
weakly stained (Figure 4I) or negative (Figure 4H) for acid phosphatase.

-c5 cells: The granules are moderately stained for bromophenol blue 
(Figure 11K) and acid phosphatase (Figure 4G); weakly (Figure 2H) or 
moderately (Figures 2E and 2I) stained for PAS. Varied staining is also 
observed, where the same granule was weakly stained in one region and 
moderately stained in others (Figure 2F). No reaction for von Kossa 
(Figure 5G). These cells are not observed through Baker technique.

Acinus III

-d cells: The granules are moderately stained for bromophenol blue 
(Figure 1L); negative for PAS (Figure 2J), acid phosphatase (Figure 4J) 
and von Kossa (Figure 5I) and strongly stained for Baker technique 
(Figure 3I).

-e cells: The granules are weakly stained for bromophenol blue 
(Figure 1L); negative for PAS (Figure 2E), acid phosphatase (Figure 4J) 
and von Kossa (Figure 5I), and moderately stained for Baker (Figure 
3I).

-f cells: These cells do not contain secretion granules in this phase 
of the glandular cycle (Figures 3I, 4J and 5I).

Females fed for 6 days

Acinus II

-a cells: The secretion granules are weakly (Figure 1N) or moderately 
stained (Figures 1M and 1O-1P) for bromophenol blue; negative for 
PAS (Figure 2K and 2L), acid phosphatase (Figure 4K) and von Kossa 
(Figures 5J-5L) and strongly stained for Backer (Figure 3J and 3L).

-c1 cells: The granules are moderately stained for bromophenol 
blue (Figure 1M and 1P) and acid phosphatase (Figure 4M); strongly 
stained for PAS (Figure 2K) and Baker (Figure 3K) and negative for von 
Kossa (Figure 5J).

-c2 cells: The granules are weakly stained for bromophenol blue 
(Figure 1O) and acid phosphatase (Figure 4L); moderately stained 
for PAS (Figure 2K) and Baker (Figure 3J) and negative for von Kossa 
(Figure 5L).

 
Figure 3: Histological sections of salivary glands of Rhipicephalus sanguineus 
females used as control group (CG). Baker technique. A-F. 2 days of feeding. 
G-I. 4 days of feeding. J-M. 6 days of feeding. II=acinus type II; III=acinus type 
III; n=nucleus; v=valve; a=cell a; c1=cell c1; c2=cell c2; c3=cell c3; c4=cell 
c4; c5=cell c5; d=cell d; e=cell e, f=cell f. Bars: 25 µm.

 
Figure 4: Histological sections of salivary glands of Rhipicephalus 
sanguineus females used as control group (CG). Acid phosphatase reaction 
and counterstained with hematoxilin. A-E. 2 days of feeding. F-J. 4 days of 
feeding. K-N. 6 days of feeding. II=acinus type II; III=acinus type III; n=nucleus; 
lu=acinus lumen; dt=ducto; v=valve; a=cell a; c1=cell c1; c2=cell c2; c3=cell 
c3; c4=cell c4; c5=cell c5; d=cell d; e=cell e, f=cell f. Bars: 25 µm.
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-c3 cells: The granules are moderately stained for bromophenol 
blue (Figure 1P) and von Kossa (Figure 5K); strongly stained for PAS 
(Figure 2K) and Baker (Figure 3L), and negative for acid phosphatase 
(Figure 4L).

-c4 cells: The granules of these cells are negative to all applied 
techniques (Figures 1O, 2L, 3J, 4K and 5L). 

-c5 cells: These cells are not observed as they are inactive in this 
phase.

Acinus III

-d cells: The secretion granules are moderately (Figure 1Q) or 
strongly (Figure 1R) stained for bromophenol blue; strongly stained for 
Baker (Figure 3M) and negative for PAS (Figure 2M), acid phosphatase 
(Figure 4N) and von Kossa (Figure 5M).

-e cells: The granules are weakly stained for bromophenol blue 
(Figure 1Q and 1R); negative to PAS (Figure 2M), acid phosphatase 
(Figure 4N) and von Kossa (Figure 5M), and moderately stained for 
Baker (Figure 3M).

-f cells: These cells do not contain secretion granules in this phase 
of the glandular cycle (Figures 1R, 2M, 3M, 4F and 5M).

Test group

Females fed for 2 days

Acinus II

-a cells: Results are the same as the ones obtained in CG (Figures 7A 
and 7B, 8A-8C, 9A, 10A-10C), except that they are moderately (Figure 
6A and 6C) or strongly stained for bromophenol blue (Figure 6E).

-c1 cells: These cells are not observed as they are inactive.

-c2 cells: The results are the same as the ones obtained for CG 
(Figures 6A, 8B, 9B and 10A), except that these cells are moderately 
stained for PAS (Figure 7A).

-c3 cells: The results are the same as the ones obtained in CG 
(Figures 6B, 7A, 8A and 10C), except that these cells are moderately 
stained for phosphatase (Figure 9C).

-c4 cells: The results are the same as the ones obtained for CG 
(Figures 6B, 7B, 8C and 10C), except that these cells are weakly stained 
for phosphatase (Figure 9A and 9C).

-c5 cells: The granules are moderately (Figure 6C) or strongly 
stained (Figure 6E) for bromophenol blue. Granules with varied 
staining are also observed–some regions are strongly stained and others 

 
Figure 5: Histological sections of salivary glands of Rhipicephalus sanguineus 
females used as control group (CG). Von Kossa technique.  A-D. 2 days of 
feeding. E-I. 4 days of feeding. J-M. 6 days of feeding. II=acinus type II; 
III=acinus type III; n=nucleus; lu=acinus lumen; dt=ducto; a=cell a; c1=cell 
c1; c2=cell c2; c3=cell c3; c4=cell c4; c5=cell c5; d=cell d; e=cell e, f=cell f. 
Bars: 25 µm.

 
Figure 6: Histological sections of salivary glands of Rhipicephalus sanguineus 
females used as test group TG (SGE2). Bromophenol blue technique. A-H. 2 
days of feeding. I-L. 4 days of feeding. M-P. 6 days of feeding. II=acinus type 
II; III=acinus type III; n=nucleus; lu=acinus lumen; a=cell a; c2=cell c2; c3=cell 
c3; c4=cell c4; c5=cell c5; d=cell d; e=cell e, f=cell f. Bars: 25 µm.
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moderately stained by bromophenol blue (Figure 6D). These granules 
are moderately stained for PAS (Figure 7A and 7B) and phosphatase 
(Figure 9A); strongly stained for Baker (Figure 8B) and negative for von 
Kossa (Figure 10B).

Acinus III

-d cells: The granules are strongly (Figure 6F) or intensively (Figure 
6G and 6H) stained for bromophenol blue; moderately stained for 
Baker (Figure 8D and 8E); weakly stained for acid phosphatase (Figure 
9D) and negative to PAS (Figure 7C) and von Kossa (Figure 10D).

-e cells: The granules are weakly (Figure 6F) or moderately (Figure 
6G and 6H) stained for bromophenol blue; weakly stained for Baker 
(Figure 8D and 8E) and negative for PAS (Figures 7C-7E), acid 
phosphatase (Figures 9D-9G) and von Kossa (Figure 10D).

-f cells: The granules are weakly (Figure 6G and 9E), moderately 
(Figure 6G and 9F) or strongly (Figure 6H and 9G) stained for 
bromophenol blue and acid phosphatase. For acid phosphatase, the 
weakly stained granules occur more frequently. The granules are 
moderately (Figure 7C) or strongly stained (Figure 7E) for PAS, and 
some present varied staining (moderately stained in a region and 
strongly stained in others) (Figure 7D). The granules are moderately 
stained (Figure 8E) or present varied staining (weakly stained in a 

region and moderately stained in others) (Figure 8D) for Baker; varied 
staining was also observed for von Kossa (negative in some regions and 
strongly stained in others) (Figure 10D).

Females fed for 4 days 

Acinus II

-a cells: The granules are moderately (Figure 6I) or strongly (Figure 
6J) stained for bromophenol blue; weakly stained for PAS (Figure 7F); 
strongly stained for Baker (Figure 8F and 8G) and negative for acid 
phosphatase (Figure 9H and 9I) and von Kossa (Figure 10E and 10F).

-c1 cells: These cells are not observed as they are inactive.

-c2 cells: The granules are weakly stained for bromophenol blue 
(Figure 6I); moderately stained for PAS (Figures 7F and 7G) and Baker 
(Figure 8G); strongly stained for acid phosphatase (Figure 9H) and 
negative for von Kossa (Figure 10F).

-c3 cells: The granules are moderately stained for bromophenol blue 
(Figure 6J); strongly stained for PAS (Figure 7F) and Baker (Figure 8F) 
and negative for acid phosphatase (Figure 9I). For von Kossa technique, 
varied staining is observed in the same granule (negative and strongly 
stained regions) (Figure 10E).

-c4 cells: The granules are negative for bromophenol blue (Figure 
6I), acid phosphatase (Figure 9I) and von Kossa (Figure 10F) and 
weakly stained for PAS (Figure 7G). Such cells are not observed through 
Baker technique.

 
Figure 7: Histological sections of salivary glands of Rhipicephalus sanguineus 
females used as test group TG (SGE2). PAS reaction and counterstained with 
methyl green. A-E. 2 days of feeding. F-H. 4 days of feeding. I-L. 6 days of 
feeding. II=acinus type II; III=acinus type III; n=nucleus; dt=ducto; v=valve; 
a=cell a; c2=cell c2; c3=cell c3; c4=cell c4; c5=cell c5; d=cell d; e=cell e, 
f=cell f. Bars: 25 µm.

 
Figure 8: Histological sections of salivary glands of Rhipicephalus sanguineus 
females used as test group TG (SGE2). PAS Baker technique. A-E. 2 days 
of feeding. F-H. 4 days of feeding. I-L. 6 days of feeding. II=acinus type II; 
III=acinus type III; n=nucleus; lu=acinus lumen; dt=ducto; v=valve; a=cell a; 
c2=cell c2; c3=cell c3; c4=cell c4; c5=cell c5; d=cell d; e=cell e, f=cell f. 
Bars: 25 µm.
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-c5 cells: These cells are not observed as they are inactive.

Acinus III

-d cells: The granules are moderately (Figure 6K) or strongly 
(Figure 6L) stained for bromophenol blue; weakly stained for PAS 
(Figure 7H); strongly stained for Baker (Figure 8H) and negative for 
acid phosphatase (Figure 9J) and von Kossa (Figure 10G).

-e cells: The granules are weakly stained for bromophenol blue 
(Figure 6K) or presented varied staining (weakly stained in a region and 
moderately in others) (Figure 6L). Granules are moderately stained for 
Baker (Figure 8H) and negative for PAS (Figure 7H), acid phosphatase 
(Figure 9J) and von Kossa (Figure 10G).

-f cells: These cells do not contain secretion granules in this phase 
of the secretory cycle (Figures 6K, 7H, 8H, 9J and 10G).

Females fed for 6 days

Acinus II

-a cells: The granules are weakly stained for bromophenol blue 
(Figures 6M and 6O); negative for PAS

 (Figures 7I-7K), acid phosphatase (Figures 9K and 9L) and von 

Kossa (Figures 10H-10J) and strongly stained for Baker (Figures 8I-
8K).

-c1 cells: These cells are not observed as they are inactive.

-c2 cells: Granules are weakly stained for bromophenol blue (Figure 
6M); negative for von Kossa (Figure 10H) and moderately stained for 
PAS (Figures 7I and 7J), Baker (Figure 8I) and acid phosphatase (Figure 
9L).

-c3 cells: Granules are weakly stained for bromophenol blue (Figure 
6N); moderately or strongly stained for PAS (Figures 7I-7K); strongly 
stained for Baker (Figure 8J and 8K) and negative for acid phosphatase 
(Figure 9K and 9L) and von Kossa (Figure 10I).

-c4 cells: The granules are negative for all the tests applied (Figures 
6O, 7K, 8K. 9K and 9L and 10J).

-c5 cells: These cells are not observed as they are inactive.

Acinus III

-d cells: These cells are not observed as they are inactive.

-e cells: The granules are weakly stained for bromophenol blue 
(Figure 6P); negative to PAS (Figure 7L), acid phosphatase (Figure 9M) 

 
Figure 9: Histological sections of salivary glands of Rhipicephalus sanguineus 
females used as test group TG (SGE2). Acid phosphatase reaction and 
counterstained with hematoxilin. A-G. 2 days of feeding. H-J. 4 days of 
feeding. K-M. 6 days of feeding. II=acinus type II; III=acinus type III; n=nucleus; 
lu=acinus lumen; dt=ducto; v=valve; a=cell a; c2=cell c2; c3=cell c3; c4=cell 
c4; c5=cell c5; d=cell d; e=cell e, f=cell f. Bars: 25 µm.

 
Figure 10: Histological sections of salivary glands of Rhipicephalus sanguineus 
females used as test group TG (SGE2). Von Kossa technique. A-D. 2 days of 
feeding. E-G. 4 days of feeding. H-K. 6 days of feeding. II=acinus type II; 
III=acinus type III; n=nucleus; lu=acinus lumen; dt=ducto; a=cell a; c2=cell 
c2; c3=cell c3; c4=cell c4; c5=cell c5; d=cell d; e=cell e, f=cell f. Bars: 25 µm.
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and von Kossa (Figure 10K) and moderately stained for Baker (Figure 
8L).

-f cells: These cells do not contain secretion granules in this phase 
of the secretory cycle (Figures 6P, 7L, 8L and 10K).

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.

Discussion
This study showed the alterations detected over the secretory cycle 

of salivary glands of R. sanguineus females, in response to the host’s 
immunization, which occurred, a) in the protein, polysaccharide, 
lipid, mineral (calcium) and enzyme (acid phosphatase) contents 
of the glandular secretion and b) in the secretory activity of c1 cells 
(glands of 2-day fed females), c1 and c5 (4-day fed females) and c1 and 
d (6-day fed females), corroborating Furquim et al. [35] confirms that 
the immunization of]. The observed alterations clearly show that the 
pharmacology of ticks’ saliva can be molded according to the specific 
homeostatic defenses of the host, as suggested by Ribeiro [36].

There are few studies in literature addressing the 
morphohistochemistry of the alterations undergone by glandular cells 
of ticks fed on resistant hosts, either by inoculation of antigens or re-
infestations. Moreover, these studies describe superficially the cellular 
alterations. These studies only focus the occurrence of precocious 
glandular degeneration [25,37,38]. On the other hand, it is important to 
obtain these data, once they reveal information about the immunogenic 

capacity of each component secreted by the salivary glands, indicating 
their implication in the modulation of the host. 

The alterations in the glandular secretory cycle demonstrate that 
the hosts (rabbits immunized with glandular extract SGE2) developed 
some type of response (resistance) to the inoculated antigens (obtained 
from glandular tissues of 2-day fed females - SGE2), corroborating 
other authors who reported that the contact of the host with the ticks’ 
saliva would stimulate. For example, laboratory rabbits, to produce 
immunological response to several saliva antigens, due to their 
antigenic properties [39]. However, the authors of this study discuss if 
the resistance acquired by the hosts causes alterations in the glandular 
secretory cycle, or if the salivary glands only modified their secretory 
cycle to compensate the acquisition of resistance by the hosts. This 
study showed that histochemical alterations in the salivary glands of 
the individuals from TG varied in the different periods of the glandular 
cycle (2, 4 or 6 days), as well as in the different types of secretory cells 
present in acini II and III. 

This study confirms that the immunization of the hosts with SGE2 
extract affects exclusively acini II and III, corroborating Jittapalapong 
et al. [25], Furquim et al. [35] and Nunes et al. [38]. This probably 
occurs because the secretory cells of acini II and III are responsible 
for the secretion of immunogenic molecules, which will modulate 
the immune-inflammatory and homeostatic systems of the host, 
corroborating Ferreira et al. [40].

Data here obtained clearly show that among the salivary glands of 
individuals from TG (2, 4 or 6 days), the 2-day fed females presented 

Study Groups
CG TG

BB PAS B AP VK BB PAS B AP VK
Acini Cells

II

a ;          

c1    φ  * * * * *

c2  ;         

c3    ;      ; 

c4         

c5 ;  ;  ;    ;     

III
d      ;    

e ;      ;     

f ;  ;  ;  ;   ; ;  ;  ;  ; ;  ; 

BB: Bromophenol; PAS: PAS; B: Baker; AP: Phosphatase; VK: Von Kossa; *: Inactive cell; φ: Not observed cell; the intensity of staining varied from -, Being: : Negative 
and : Strongly positive.

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

Study Groups
CG TG

BB PAS B AP VK BB PAS B AP VK
Acini Cells

II

a ;      ;     

c1   φ   * * * * *

c2   φ      

c3     ;      ; 

c4    ;    φ 

c5  ;  φ  * * * * *

III
d      ;     

e     ;     

AB: Bromophenol; PAS: PAS; B: Baker; AP: Phosphatase; VK: Von Kossa; *: Inactive cell; φ: 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.
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the most severe alterations. Moreover, most of these alterations are 
related to an increase in the intensity of staining of the components; 
i.e. a more intense staining of protein, polysaccharides, calcium and 
acid phosphatase was verified while comparing the results to CG. In 

addition to this, in TG group, it was in the glands obtained from 2-day 
fed females that the most intense staining were found for all the elements 
here analyzed, and it was also in this situation (feeding period) that 

Study Groups
CG TG

BB PAS B AP VK BB PAS B AP VK
Acini Cells

II

a ;          

c1      * * * * *

c2         

c3       ;    

c4          

c5 * * * * * * * * * *

III
d ;      * * * * *

e        

BB: Bromophenol; PAS: PAS; B: Baker; AP: Phosphatase; VK: Von Kossa; *: 
Inactive cell; the intensity of staining varied from -, 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
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 

Acini Cells

II

a ;  ;  ;   ;  

c1    * * *

c2      

c3      

c4      

c5 ;   * ;  * *

III
d   ;  ;  ;  *

e ;    ;  ;  

f ;  __ __ ; ;  __ __

*: Inactive cell; __: No secretion granules; the intensity of staining varied from -, 
bBeing: : Negative and : Strongly positive.

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

Study Groups
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 

Acini Cells

II

a      

c1    * * *

c2 ;      

c3      ; 

c4      

c5 ;  ;  *  * *

III
d      *

e      

f ;  __ __ ;  __ __

*: Inactive cell; __: No secretion granules; the intensity of staining varied from -, 
Being: : Negative and : Strongly positive.

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

Study Groups
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 

Acini Cells

II

a      

c1  φ  * * *

c2  φ    

c3      

c4     φ 

c5 ;  φ *  * *

III
d      *

e      

f ;  __ __ ;  __ __

*: Inactive cell; φ: Cell not observed; __: No secretion granules; the intensity of 
staining varied from -, Being: : Negative and : Strongly positive.

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

Study Groups
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 

Acini Cells

II

a      

c1 φ   * * *

c2      

c3      

c4  ;     

c5   *  * *

III

d      *

e      

f ;  __ __ ; ; 


__ __

*: Inactive cell; φ: 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 III of salivary glands of R. 
sanguineus females from groups CG and TG fed for 2, 4 and 6 days.

Study Groups
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 

Acini Cells

II

a      

c1    * * *

c2      

c3 ;  ;   ;  ;  

c4      

c5   *  * *

III
d      *

e      

f  __ __ ;  __ __

*: iInactive cell; __: No secretion granules; the intensity of staining varied from 
-, Being: : Negative and : Strongly positive.

Table 8: Calcium staining for acini II and III of salivary glands of R. sanguineus 
females from groups CG and TG fed for 2, 4 and 6 days.
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the greatest number of alteration in the greatest number of cells was 
observed. These alterations could be explained, once the inoculation of 
glandular extract SGE2 made the hosts specifically resistant (immune) 
to the antigens of the 2-day fed females’ salivary glands, which affected 
the blood consumption of the ticks mainly in this feeding period. As a 
response, the females of TG (mainly 2-day fed females) modified the 
composition of their saliva through histochemical alterations in their 
salivary glands, which allow them to counter-attack the resistance 
acquired by the host. 

The present study demonstrated that it was in the 6-day glands 
that the greatest number of cellular alterations occurred (increase of 
phosphatase and decrease of proteins, polysaccharides and calcium), 
and that the alterations in the salivary glands of 4-day fed females 
would be more related to the increase in the intensity of staining of 
the components, and not to their reduction of synthesis. In addition, 
between both glandular tissues (4 and 6 days) from TG, it was in the 
4-day fed females’ glandular tissue that greater intensity of staining 
for protein, polysaccharides, lipids, acid phosphatase and calcium was 
detected, and also alterations in most types of glandular cells. 

The salivary glands obtained from individuals from TG which 
underwent most alterations (following 2-day fed females) were those 
from the 4-day fed females. It was observed that the hosts were more 
resistant to the antigens present in the saliva of 4-day fed females than 
those from 6-day fed females, and the 4-day glands presented more 
modifications than 6-day glands. 

Considering that the composition of the ticks’ saliva varies over the 
glandular cycle [9,11,17,41-43], according to the ectoparasite’s needs, 
while modulating the host’s immune-inflammatory and hemostatic 
system, and that the components by them secreted have different 
biological activities [44], it was verified that the glands of 2 and 4-day 
fed females from GT presented an increase in the staining of their 
components, once they were in periods of the glandular cycle that 
would antecede the phase of blood consumption and, therefore, the 
salivary secretion introduced into the host would be able to modulate/
overcome the host’s defense system, neutralizing/inhibiting the 
resistance acquired allowing the ectoparasite to complete the feeding 
process. 

As for the alterations in the different types of cells, the affected ones 
were: a, c1, c2, c3, c4, c5, d, e, f (in the females fed for 2 days); a, c1, 
c2, c4, c5, d, e (in 4-day fed females); and c1, c2, c3, d (in 6-day fed 
females). Nunes et al. [38] observed that the most affected cells by the 
re-infestation in Amblyomma cajennense were b, c2, c3 and d in the 
semi-engorged females and c1, c3, c4 and f in the completely engorged. 

Thus, this study demonstrated that over the glandular cycle (2-6 
days) of R. sanguineus females from TG some cells were more affected 
than others, probably due to the hosts’ immunization. The most affected 
were the f cells, followed by c5; d; c3; a, c2, c4, and finally the less affected 
were type e. According to literature, the secretion synthesized by f and 
c cells would be involved in the modulation of the local homeostatic 
reactions of the host [9,22,23].

For the 2-day fed females from TG group, the most pronounced 
histochemical alterations occurred in c5 cells (increase in the intensity 
of protein, polysaccharides and lipid staining) and in f (increase in the 
staining of protein, polysaccharides, calcium and acid phosphatase 
and decrease in lipid staining). In the 4-day fed females, most 
histochemical alterations were observed in a cells (increase in protein 
and polysaccharides), c4 (increase in polysaccharides and decrease in 
acid phosphatase) and d (increase in proteins and polysaccharides), 

and in the 6-day fed females, most alterations were found in c3 cells 
(reduction of polysaccharides and calcium). Thus, it can be inferred 
that the most affected cells were the f cells, due to the presence of their 
secretion in SGE2, which presents high immunogenic capacity and 
great actuation in the beginning of the modulation of the immune-
inflammatory and hemostatic systems of the host, which occurs in R. 
sanguineus exclusively between 2-3 days.

As for c4 and c5 cells, these are important in the modulation of 
the host and also in the immunogenic capacity. The c5 cells underwent 
alterations only in the 2-day fed individuals, and they might be involved 
in the beginning of the host’s modulation. The c4 cells underwent 
alterations mainly in the 4-day fed individuals. Thus, these might 
participate in the modulation of the hemostatic system of the host, as 
the fourth day of feeding is marked by the beginning of a period of great 
blood consumption by R. sanguineus. These data corroborate Walker et 
al. [22] and Sonenshine [23], who stated that the secretion produced 
by group c cells would be associated to the manipulation of the host’s 
immune response. Walker et al. [22], in addition, the glycoproteins of 
this secretion would act as anticoagulants [23]. As for a and d cells, it 
can be inferred that the histochemical alterations would be related to the 
immunogenic capability and the modulation action of their secretions. 
Such statement corroborates data from literature, showing that these 
cells are responsible for the synthesis of the proteins, which act both 
on the modulation of the host and on the formation and maintenance 
of the feeding lesion [17]; in addition, some of these proteins would be 
antigenic [45]. Concerning a cells, alterations were exclusively detected 
in the 4-day glands; therefore, it can be proposed that they would be 
involved in the initial modulation of the immune-inflammatory system 
of the host. As for d cells, alterations were observed in the 2-day and 
4-day glands; therefore, it can be inferred that they would be involved 
both in the initial modulation of the immune-inflammatory system and 
hemostatic system, once 4 days of feeding would be the moment when 
the phase of high consumption of blood begins. The modifications 
observed in c3 cells of the 6-day glands could be a consequence of the 
finalization of the secretory activity, when the females would be in the 
final feeding phase, not needing the salivary glands’ activity anymore. 

Data obtained in this study lead to the conclusion that the variation 
in the intensity of the histochemical alterations on the salivary glands of 
2 and 6-day females from TG would be a consequence of the different 
immunogenic capacities of the glandular molecules present in SGE2 
extract (used to immunize the hosts), considering that the greater 
the immune response to a certain glandular antigen, the greater the 
alterations in this same component present in the glands of the ticks 
fed on immunized host, Wheeler et al. [10], who reported that not all 
the components present in the salivary secretion of the host would have 
antigenic activity. 

Considering that each cellular type present in the salivary glands 
synthesizes secretions with specific constitution concerning the 
nature and proportion of compounds [9,24], this study demonstrated 
that the variations in the individuals from TG in relation to CG over 
the glandular cycle were more severe in the proteins, followed by 
polysaccharides/acid phosphatase, lipids and calcium, showing the 
importance of the relation quality/quantity of each of these bioactive 
elements in the modulation of the immune-inflammatory response of 
the host. Moreover, the great immunogenic capacity of the elements 
was demonstrated, corroborating Gill et al. [44], who reported intense 
immunological response of the host to glycoprotein, acid phosphatase, 
esterase and aminopeptidase secreted by salivary glands of Hyalomma 
anatolicum anatolicum.
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The results here obtained suggest that the salivary glands would 
have the capacity to adequate to the synthesis and secretion of bioactive 
components, according to the requirements to manipulate the host, so 
that the ectoparasites could perform their feeding process efficiently, 
fighting the host’s defenses. These data corroborate Ribeiro [5], 
who stated that the pharmacology of the ticks’ saliva can be molded 
according to the specific hemostatic defenses of the host.

According to literature, the protein and glycoprotein elements are 
the main substances secreted by the ticks’ salivary glands and have 
important functions in the modulation of the host [8,10,13,16], this 
explains why such elements underwent intense modifications over the 
glandular cycle of females from TG.

As for the lipid components present in the ticks’ saliva [9,11], it 
is known that these molecules also participate in the constitution of 
the cement, with the function of maintaining the ectoparasite fixed to 
the host. However, it is also known that this mixture contains proteins 
(lipoproteins), which act both in the modulation of the host’s defense 
system and in the formation and maintenance of the feeding lesion [17]. 
Thus, the cement would be constituted by a mixture of immunogenic 
and non-immunogenic proteins, containing lipid and carbohydrates 
[45].

As for the lipid elements, prostaglandins would be more specifically 
found in the ticks’ saliva [8,12,46], purine nucleoside adenosine [12] 
and prostacyclins [47], molecules which are part of the sophisticated 
pharmacological arsenal for the modulation of the hemostatic reactions 
in the host, which actuation affects the capacity of permanence and 
blood consumption of the ectoparasite [20].

 According to literature, the saliva of R. sanguineus contains 
prostaglandin and purine nucleoside adenosine, which act in the 
host’s immune-inflammatory system, allowing the ectoparasite to feed 
completely [12]. According to Bishop et al. [48], a lipoprotein of the 
cement would have been recognized in the secretion granules of e cells 
in R. appendiculatus, which would have high immunogenic capacity, 
data that explain the fact that the lipid staining in this study presented 
modifications in the glands of individuals from TG, in comparison 
with those from CG to compensate the acquisition of resistance by the 
hosts, affecting the fixation, permanence and blood consumption of R. 
sanguineus females.

As for the calcium, it deserves special attention due to the 
alterations in staining face to the immunization of the hosts. The 
literature describes the presence and the function of this element in the 
salivary glands of several species of ticks [8,15,16,25,49-51]. According 
to Jaworski et al. [15], binding proteins called calreticulins are among 
the components secreted by the ticks’ saliva, acting as facilitators of the 
feeding through their immunosupressing and antihemostatic action 
[8,16,25]. In addition, the calreticulins would modulate the immunity 
of the host, mimetizing or inducing the host’s self-immunity [8].

The calreticulins could also inhibit the hemostatic response of the 
host binding calcium ions, cofactors of the enzymes involved in the 
coagulation process; however, in this case, the calreticulins would bind 
calcium only in the host’s organism, not corroborating the results here 
obtained, which demonstrate the presence of calcium in the secretion 
of some salivary glands cells [8].

The calcium staining for the individuals here studied could be 
related to the presence of calreticulin, which presence in salivary glands 
of R. sanguineus has already been demonstrated [52]. Considering that 
the alterations in calcium staining in the individuals from the TG were 

pronounced, with an increase of this element in 2-day f cells, it could 
be inferred that there is a close relation between this molecule and the 
modulation of the immune-inflammatory and hemostatic systems of 
the host. In addition to this, the calcium/calreticulin complex would 
present high immunogenic capacity. Considering this information, as 
well as all the alterations here detected in f cells from TG, the bioactive 
molecules present in the secretion would very possibly be excellent 
candidates for the production of a vaccine.

Thus, considering all the data obtained here, it can be concluded 
that the histochemical alterations detected in the salivary glands of 
individuals from the TG occurred due to the immunization of the hosts 
and resulted in modifications with consequent efficacy of the salivary 
secretion in their modulation, process that occurred to compensate 
or even overcome the resistance developed by the hosts, allowing the 
ectoparasites’ fixation, permanence and feeding.
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