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1. Introduction

  Inflammation is a process involved in protecting the host against 

injury and infection. It is characterized by redness, swelling, 

pain as well as tissues and organs dysfunction. Many diseases, 

including type 栻 diabetes, cancer, cardiovascular disease and 

neurodegeneration have recently been considered as possessing a 

strong inflammatory component[1].

Objective: To evaluate the antinociceptive and anti-inflammatory activities and the toxic effects 

of Rhipicephalus microplus saliva for elucidating the modulation mechanism between arthropod 

saliva and host. Methods: For saliva collection, engorged ticks were obtained from a controlled 

bovine infestation and collected by natural fall. The ticks were fixed and injected pilocarpine 0.2% 

for induction of salivation. Saliva was collected, lyophilized and stored at - 80 曟. Cytotoxic 

activity was assessed by the hemolysis method (25, 50, 100, 200 and 300 毺g/mL) and MTT cell 

viability assay (2.5, 5, 10, 20 and 40 毺g/mL) for 24, 48 and 72 h. Anti-inflammatory activity 

was evaluated using the method of neutrophil migration to the peritoneal cavity of mice at doses 

of 10, 15 and 20 mg/kg; antinociceptive activity was assessed using the acetic acid-induced 

writhing test, and formalin-induced paw-licking in mice at dose of 15 mg/kg. Results: Saliva 

did not cause erythrocytes hemolysis at any concentration tested, as well as did not decrease 

cell viability in the MTT assay. Saliva inhibited neutrophil migration by 87% and 73% at doses 

of 15 and 20 mg/kg, respectively. In the nociceptive tests, saliva presented analgesic activity of 

69.96% in the abdominal writhing test, and of 84.41% in the formalin test. Conclusions: The 

study proves that Rhipicephalus microplus saliva has significant in vivo anti-inflammatory and 

antinociceptive activities. The data presented herein support the development of further studies to 

elucidate the active principles of Rhipicephalus microplus saliva and its mechanism of action and, 

in future, to develop novel anti-inflammatory and analgesic drugs.
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  Molecular processes leading to inflammation are generally related to 

the activities of cells involved in restoring tissue composition and activity. 

When cells are exposed to immunological stimulants, proinflammatory 

cells such as macrophages, neutrophils, monocytes or other host cells may 

be recruited and initiate to synthesize several molecular mediators that start 

the inflammation process. Among several biological markers produced 

in the inflammatory process, the most outstanding are IL-1毬, IL-6; 

IL-8; tumor necrosis factor (TNF-毩); nuclear factor-毷毬, intercellular 

adhesion molecule-1, induced cyclooxygenase-2, prostaglandin E2; 

lipoxygenase (5-LOX); and inducible nitric oxide synthase which 

stimulates the production of nitric oxide NO[2].

  Inflammation is usually associated with pain as an evolution 

due to secretion of mediators such as bradykinin, ecoisanoids, 

histamine, proinflammatory cytokines (TNF, IL-1毬 and IFN-毭), 

and chemokines[3,4]. Pain is one of the first symptoms that appear in 

the process of inflammation; it causes intense suffering and reduces 

the quality of life. Currently, the therapeutic drugs in pain combat is 

not totally efficient in terms of efficacy, tolerability and toxicity[4]. 

Despite the drugs currently available, there is a lack of potential 

analgesics and anti-inflammatories, as a therapeutic resource for 

chronic pain[4]. Current tools for the treatment of inflammation 

depend heavily on corticosteroids and AINES, which have several 

side effects, including osteoporosis, decreased wound healing, 

ulcerogenic effects and stroke[5]. Thus, there is a strong interest in 

identifying new anti-inflammatory drugs to increase or replace current 

therapies[5]. Bioprospecting can be an excellent tool to identify and 

validate new anti-inflammatory targets[6], and ectoparasites could be 

model organisms to identify new molecules with biotechnological 

potential[7,8].

  It is already known that tick saliva could be rich in molecules that 

have anti-inflammatory mechanisms, since such parasites inhibit 

the host’s inflammatory response, which obtain food successfully 

during a long period by remaining fixed in cattle. These mechanisms 

include the inhibition of proteases involved in the inflammatory 

response, bradykinin hydrolysis by enzymes, binding of salivary 

proteins to serotonin, leukotriene and histamine[9].

  The large variety of species of ticks already catalogued of 

molecules present in the saliva of these hematophages make the 

saliva of these parasites an excellent source for the study of possible 

pharmacologically active biomolecules. The components present 

in Rhipicephalus microplus (R. microplus) saliva inhibit the host 

inflammatory response, allowing the parasite to obtain food during 

long periods[10,11]. The impressive ability of tick saliva to modulate 

host processes demonstrates how we can use these molecules to our 

advantage. Despite the wide variety of molecules present in saliva 

that have already been identified, no study has examined the effects 

in vivo of saliva as a potential anti-inflammatory and analgesic. 

Therefore, this study aims to evaluate the antinociceptive and anti-

inflammatory potentials as well as the in vivo toxic effects of R. 

microplus saliva.

2. Materials and methods

2.1. R. microplus saliva collection

  Larvae of R. microplus were acquired from engorged females 

collected in the field (20º23’16.1’’ S 54º36’25.5’’O) and incubated in 

biochemical oxygen demand (411-D, Nova Ética, Brazil) until egg 

laying. A bovine (Bos taurus) was kept in a closed bay, with a cement 

floor and free of natural infestations. The bovine was infested with 

larvae. After 21 d, when the engorged tick females fell, they were 

collected to obtain the saliva. The experiments were approved by the 

Dom Bosco Catholic University Committee for Ethics in Animal 

Experimentation under protocol (Nº°005/2012). Engorged tick females 

were washed in sodium hypochlorite 1% and dried gauze. They were 

injected with 10-20 毺L pilocarpine solution 0.2% (Alergan, Brazil) 

with the aid of a needle measuring 12.7 mm 伊 0.33 mm (Descarpack). 

Salivation started after about 10 min and continued for up to 2 h. The 

saliva was collected using a micropipette (Gilson) and kept on ice. The 

total saliva obtained was lyophilized (Scientific, VIRTUS, Brazil) and 

maintained at -80 曟. The total protein concentration in the saliva was 

determined by means of the Bradford method[12].

2.2. Experimental animals

  Adult male albino mice (BALB-c) weighing 22-24 g were used in 

this study. The animals were obtained from the Central Laboratory for 

animals of the Dom Bosco Catholic University, Campo Grande, MS, 

Brazil. The animals were housed in standard sanitized polypropylene 

cages containing paddy husk as bedding and maintained under 

controlled conditions of temperature (22 ± 2) 曟 and light-dark 

cycles (12 h) with free access to standard pellet diet (Nuvilab® CR-1, 

Nuvital, PR, Brazil) and water ad libitum. The experiments with mice 

were approved by the Dom Bosco Catholic University Committee for 

Ethics in Animal Experimentation under protocol (Nº 005/2012).

2.3. Hemolytic activity

  The assay for determining hemolytic activity was performed 

according to the methods of Park et al[13] with minor modifications. 

Murine erythrocytes were collected from BALB-C mice, washed 

with 0.9% saline and centrifuged at 580 g at 4 曟 for 2 min. For the 

experiment, 8% blood was used, and distributed in 96-well plate 

wells, with the addition of different concentrations of crude saliva 

(300, 200, 100, 50 and 25 毺g/mL). The control received Triton 

X-100 (Vetec) (5 毺L diluted in 95 毺L of Mili-Q water) and saline 

0.9%, and all groups were performed in triplicate. The reading was 
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performed at 540 nm in a microplate reader (Thermo Scientific 

Multiskan Britain).

2.4. Cell viability assay

  Neutrophils were obtained from the mice peritoneal cavity, 6 h 

after intraperitoneal injection of 0.5 mg/animal of carrageenan 

(Sigma, USA). Animals were euthanized and 3 mL of RPMI medium 

was injected into the peritoneal cavity (in aseptic conditions); 

subsequently, exudates were collected and centrifuged at 970 g at 

10 曟 for 10 min. Cells were washed twice in sterile PBS and re-

suspended in incomplete RPMI medium. Then the cells were counted 

in a Neubauer chamber. Cell viability was determined by the Tripan 

Blue exclusion method, and considered adequate when greater than 

90%. Cell viability was determined by using the salt dye 3-(4,5-

dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT-Sigma, 

USA) colorimetric assay[14,15]. Cell suspension (2伊105 cells/mL) was 

plated in a 96-well plate (TPP, Switzerland), incubated with RPMI 

medium containing 2.5, 5, 10, 20 and 40 毺g/mL of saliva, and kept 

in 5% CO2, 37 曟. Cell viability was evaluated after 24, 48 and 72 

h incubation with saliva. After that, all the media were aspirated, 

and 10 毺L of the MTT solution (5 mg/mL) was added to all plate 

wells and incubated for 4 h under light. After the incubation period, 

formazan crystals were solubilized by adding the solubilizing solution 

(isopropyl alcohol and hydrochloric acid-Vetec). The plates were 

then shaken lightly at room temperature for 5-10 min, so that all the 

formazan were solubilized and then read at 540 nm on a microplate 

reader (Thermo Scientific Multiskan Britain). Percentages of cell 

viability were calculated in relation to untreated cell control.

2.5. Evaluation of neutrophil migration (NM)

  This assay was performed with crude saliva (10, 15, and 20 mg/kg) 

6 h after the administration of the inflammatory stimulus; the groups 

of animals had been pre-treated or not with compounds with potential 

anti-inflammatory effect. The mice were euthanized in a CO2 chamber 

before starting the experiments of evaluation of NM into the peritoneal 

cavity. The peritoneal cavity was washed with 3 mL of saline phosphate 

buffer (Sigma/USA), ethylenediamine tetraacetic acid (Dinâmica/

Brazil) and PBS/EDTA (5%). Total and differential counts of the cells 

present were made from the exudate. The total count was performed 

with the aid of the Neubauer chamber, and the cells were expressed as 

number of cells伊106/mL[16]. The differential counts were performed 

on slides of the exudate cell smear, stained with (NewProv), and were 

examined by optical microscope (Eclipse Microscope, Nikon, Japan). 

One hundred cells were counted per slide, differentiating three cell 

types: neutrophils, eosinophils and mononuclear cells. The amount 

of each cell type present in the peritoneal cavity was calculated as the 

percentage of those cells in counted smears and the total number of 

cells obtained in the total count. The results were expressed as number 

of neutrophils (伊105/mL)[16,17].

2.6. Myeloperoxidase activity

  In order to confirm the results obtained in the NM assay, the 

myeloperoxidase (MPO) activity of neutrophils was measured as 

described by ALVES-FILHO et al[18]. The peritoneal lavage of 

the animals treated with saline, carrageenan and 15 mg/kg saliva 

was subjected to MPO measurement. For this, a solution using 

tetramethylbenzidine (1.6 mM) and H2O2 (0.5 mM) (Thermo 

Scientific Multiskan Britain) was added to 100 毺L of the peritoneal 

lavage suspension of each animal group, and the change in 

absorbance at 450 nm was measured. The results were compared 

to a standard curve performed according to the aforementioned 

author[18], and expressed as the number of neutrophils (伊105/mL).

2.7. Evaluation of analgesic activity

2.7.1. Test of abdominal contortions induced by acetic acid
  The analgesic effect was evaluated according to Koster et al[19]. The 

animals (BALB-C n = 5) were pretreated with saliva (15 mg/kg) 15 

min prior to pain stimulus with 0.8% acetic acid (10 mL/kg i.p.). The 

control group received acetylsalicylic acid (Sigma, USA) (AAS – 

100 mg/kg). The animals were checked for 30 min after the stimulus 

and observed for contortions number.

2.7.2. Formalin test
  The formalin test evaluated the analgesic activity according to the 

number of licks and/or bites in the paw. BALB-C mice (n = 5) were 

pretreated with 15 mg/kg  of crude saliva, 15 min before the stimulus 

with 2.5% formalin (30 毺L s.p.). Controls received AAS (100 mg/kg). 

The animals were evaluated in two phases: 1st stage in the first 5 min, 

taking a 10 min break, and the 2nd phase for the remaining 15 min, 

observing the number of licks and/or bites in the injected paw[20].

2.8. Statistical analysis

  The results were expressed as mean ± standard error of the mean 

(SEM). Significant differences among groups were performed by 

ANOVA followed by Bonferroni correlation. P < 0.05 was considered 

to be statistically significant difference. Graphpad Prism® Software 

(v 5.0; Graph pad Software, USA) was used to perform the statistical 

analysis.

3. Results 

  Figure 1 demonstrated that saliva had no hemolytic activity in 

all concentrations tested when compared to the positive control 

(Triton-X 100). 
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Figure 1. Evaluation of hemolytic activity of raw saliva of R. microplus ticks 

on murine erythrocytes. 

The results were expressed as percentage of hemolysis (mean±SEM). 
**P<0.05 when compared to the Triton X-100 positive control groups.
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Figure 2. Determination of neutrophil viability (CC) treated with saliva of R. 
microplus tick for 24 (A); 48 (B) and 72 (C) h. 

Results were expressed as percentage of viable cells (mean±SEM). *P<0.05 

when compared to the untreated control group (ANOVA followed by the 

Bonferroni test).

 

 Also, in order to evaluate cell viability of neutrophils exposed 

to R. microplus saliva, the MTT assay was performed. This assay 

demonstrated that after 24 h of incubation crude saliva was not able 

to reduce neutrophil (CC) viability at any of the concentrations 

evaluated (Figure 2). A stimulation of the mitochondrial metabolism 

was observed at concentrations of 10 毺g (51%), 20 毺g (86%) 

and 40 毺g (112%) when compared to untreated cells (Figure 2A). 

After incubation for 48 and 72 h, the saliva was not able to reduce 

neutrophil viability in any of the concentrations evaluated (Figure 2B 

and 2C). These results demonstrated that R. microplus crude saliva 

did not present a cytotoxic effect capable of decreasing neutrophil 

viability. The data suggested that NM decrease into mice peritoneal 

cavity was not due to the cytotoxic saliva effect over these cells 

(Figure 3A).

  When we evaluated the R. microplus saliva anti-inflammatory 

effects over NM to the peritoneal mice cavity, saliva was capable 

of inhibiting the NM at doses of 15 and 20 mg/kg when compared 

to the untreated group (carrageenan) (Figure 3A). In order to 

confirm these data, we evaluated the MPO enzyme as an indicator 

of neutrophil number. The MPO assay was in agreement with the 

NM inhibition demonstrated before (Figure 3B). MPO could be used 

as a local inflammation marker, correlating the enzyme amount to 

the number of neutrophils present in the tissue. Corroborating with 

NM data, the group treated with carrageenan presented a higher 

MPO amount when compared to the groups treated with saliva at the 

concentration of 15 mg/kg.

  Because pain was a secondary process usually associated with 

inflammation, we also examined the analgesic R. microplus 
saliva potential. Figure 4A showed that 15 mg/kg of saliva of the 

R. microplus tick was able to reduce the number of abdominal 

contortions. The inhibition was 61.62% in the positive control (AAS, 

100 mg/kg) and 69.96% in the saliva treated group, when compared 

to the untreated control; suggesting the remarkable analgesic action 

of saliva. It was worth noting that the saliva was administered in 

a concentration almost seven times lower than the AAS and yet it 

presented a marked analgesic effect.

 Figure 4B demonstrated the evaluation of the analgesic effect 

of R. microplus saliva. In this test, two distinct periods of licking 

activity could be identified, an early phase lasting the first 5 min 

and a late phase lasting 15 min. The results demonstrated that 

none of the concentrations used were able to reduce nociception 

at stage 1, suggesting the absence of central analgesic effects of 

saliva. However, in phase 2, 15 mg/kg of saliva was able to reduce 

the nociceptive response triggered by formalin, by 84.41%, and the 

ASS control was able to inhibit by 76.62% when compared to the 

untreated group (formalin). Thus, the results showed the analgesic 

effects of R. microplus saliva.
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Figure 3. Evaluation of the effect of R. microplus tick saliva on the migration of 
neutrophils into the peritoneal cavity of mice (A); MPO dosage (B). 
*P<0.05 when compared to the group treated with carrageenan. 
***P<0.0 001 when compared to the group treated with carrageenan.
The results were expressed as number of neutrophils(伊105/mL) (mean ±  SEM).
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Figure 4. Evaluation of the antinociceptive effect of the saliva of the R. 
microplus tick by means of the abdominal writhing test (A) and formalin-
induced lithium test (B) in mice. 
The results were expressed as number of abdominal contortions (A) or number 
of licks (B) (mean ± SEM). *P<0.05 when compared to the untreated group.

4. Discussion

  R. microplus is one of the bovine parasites of major economic 

importance, affecting livestock production worldwide and further 

causing weight loss, reduced milk production, leather quality 

losses, toxicoses, skin lesions that favor the occurrence of anemia 

and transmission of pathogens[21]. For the success of parasitism, 

hematophagous animals need to block host defenses by producing 

substances such as potent pharmacologic molecules with vasoactive, 

antihemostatic, anti-inflammatory, and immunomodulatory action[10,11] 

that will be injected together with saliva. The characterization of 

these substances has revealed a wide variety of compounds with 

diverse functions, and they are potential sources of pharmacological 

compounds. Despite many studies, the composition of saliva is not fully 

understood, nor are its pharmacological effects[9,11]. 

  According to several studies found in the literature, tick saliva 

has a number of molecules with varied activities, such as anti-

inflammatory and immunosuppressive activity[22], this activity may 

be due to the lipocalin complex which is determined by the presence 

of the prostaglandins[23,24], apirases[25] and the lipocalin binding 

proteins[26].

  According to Ramachandra and Wikel[27], Dermacentor andersoni 
tick saliva was able to decrease the production of IL-1 and TNF-毩 

by macrophages, IL-2, IFN-毭and by T lymphocytes[27]. Tian et al[28] 

found in an in vitro experiment that Amblyomma variegatum saliva 

inhibited the production of TNF-毩, IL-1, CXCL8 and IFN-毭[28]. 

Oliveira et al[29], demonstrated that the saliva of the tick Rhipicephalus 
sanguineus was able to inhibit the production of proinflammatory 

cytokines IL-12 and TNF-毩 and stimulate IL-10 production by 

murine dendritic cells, in vitro[29]. 

  Studies by Tirlone et al[11] have demonstrated that R. microplus 
saliva can present a variety of lipocalins. These substances are 

involved with the immunomodulatory activity of tick saliva[30]. As 

discussed by Kovar[31], some lipocalins have been characterized 

as histamine binding proteins, exhibiting anti-inflammatory 

action[31,32], and presenting as a functional characteristic the 

ability to act as binders of a large variety of biomolecules, such 

as nucleotides, bioactive amines (histamine and serotonin), anti-

coagulant agents, thromboxanes, leukotrienes, complement system 

inhibitors and immunoglobulins[22,33].

  Tirlone et al[34,35] also showed that most of the serpinins play crucial 

roles in managing endopeptidases involved in blood coagulation, 

fibrinolysis, inflammation and complementary activation[34,35]. It is 

assumed that the serpin secreted by ticks influences the homeostatic 

balance of the host to facilitate parasitism[36]. The potential effects 

of these proteins on host systems have been supported by several 

studies, showing hematophagous parasite serpins acting as anti-

coagulant and anti-inflammatory agents which are essential for 

successful ectoparasite feeding[30].

  Ribeiro[37] performed in vitro tests with the saliva of the Ixodes 
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dammini tick, which belongs to the same family as R. microplus[37]. 

Tick saliva contains immunomodulatory compounds that prevent 

host inflammatory reactions from interfering with the feeding 

process, creating an environment that allows blood flow without 

inducing pain[38]. Therefore, R. microplus saliva does have a potential 

anti-inflammatory activity. 

  According to the literature, histamine and serotonin secreted by the 

host at the tick feeding site induce cutaneous inflammation, and ticks 

must overcome this host response to be successful in feeding[39]. 

It is suggested that R. microplus possesses a blocking agent or 

neutralizing for histamine and serotonin by decreasing or inhibiting 

the host’s local immune response[40,41]. The high lipocalin content in 

R. microplus saliva may also be related to the level required to block 

the concentration of prostaglandins that accumulate at the feeding 

site[34,42]. Ticks have been selected during the coevolution process, 

according to their capacity to disable the host defense responses, 

with sophisticated mechanisms[10,23]. 

  In this work it was demonstrated that the R. microplus saliva 

showed significant in vivo anti-inflammatory and antinociceptive 

activities. Such activities could be deemed the key elements for its 

successful parasitic life-style. However, we can take advantage of its 

biotechnological potential to develop novel anti-inflammatory and 

analgesic drugs bio-inspired by saliva. 

  Despite the large number of such drugs available, their side effects 

and the inefficacy of some drugs under some conditions require a 

continuous search for new drugs. The data presented here support 

the development of further studies to elucidate the active principles 

of R. microplus saliva and their respective mechanisms of action, and 

in future to develop novel anti-inflammatory and analgesic drugs.
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