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Abstract 
The aim of the present study was to compare the ixodicide efficacy of 1% 
permethrin applied as a shampoo-bath in single treatment and a combined 
formulation of 2% permethrin + 1% piperonyl butoxide applied as powder 
in a single treatment against Rhipicephalus sanguineus ticks, in naturally 
infested dogs. Eighteen adult cross-mixed dogs, harboring to at least 20 
ticks/animal, were selected on pre-treatment live tick counts. On day 0, the 
dogs were then divided in 3 groups of 6 animals each, for treatment: Group 1 
(G1) received 1% permethrin applied as shampoo-bath (approximately 10 
ml/kg bw), according to label instructions. G2 was treated with 2% permeth-
rin + 1% piperonyl butoxide applied as powder, and rubbed as massage on 
the body, as recommended by the producer. G3 served as a non-treated con-
trol. After the treatment, the dogs were checked out for live ticks counting on 
days 0, 1, 7, and 14. The ixodicide efficacy was assessed based on the percen-
tage reductions of ticks on the days analyzed post-treatment, with respect to 
the untreated control. Results showed that permethrin alone removed ticks 
on 81%, 93.1% and 89.6% for days 1, 7 and 14, respectively. The combined 
formulation of 2% permethrin + 1% piperonyl butoxide exerted a better effi-
cacy of 98.8, 97.7 and 97.0%, respectively. It is concluded that this combined 
formulation was highly effective at rapidly repelling and killing Riphicephalus 
sanguineus ticks on naturally infected dogs, showing a significant effect on 
days 1, 7 and 14 after tick exposure. The sustained high and quick level of ef-
ficacy of this combination may well interfere with the transmission of Riphi-
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cephalus sanguineus ticks. It is concluded that the sustained high level of ef-
ficacy of the permethrin + piperonyl butoxide combination may well exert an 
additive effect and could interfere with the transmission of Riphicephalus 
sanguineus ticks. 
 

Keywords 
Efficacy, Permethrin, Permethrin + Piperonyl Butoxide, Riphicephalus  
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1. Introduction 

Ticks are obligate hematophagous ectoparasites [1] and are the most important 
vectors of pathogens within the phylum Arthropoda [2]. Worldwide, there are 
84 species [3], with Rhipicephalus sanguineus, also known as the brown dog tick, 
being the one with the greatest distribution [2]. In Mexico, R. sanguineus is one 
of the most important species and has been identified in Cuernavaca, Morelos, 
(central part of Mexico), Mexicali, Baja California and Culiacán, Sinaloa (north-
west part of Mexico), among others [1]. In addition, Rhipicephalus sanguineus 
has been often found in other hosts, including humans [1] [2]. It is a vector of 
different pathogens, such as Ehrlichia canis, E. chaffensis, Babesia canis, B. voge-
li, Rickettsia rickettsii, R. conorii, Coxiella burnetti and Hepatozoon canis, some 
of them of zoonotic importance [1]-[3]. 

The control of ticks is based mainly on chemical treatment, through synthetic 
acaricides applied by spraying, in baths or spray, and in subcutaneous injections. 

Some of these chemicals also have a persistent effect lasting for several weeks 
after their initial application [4], while others are effective for several months [5]. 

On the other hand, permethrin is an insecticide belonging to the group of py-
rethroids, which act at the level of the insect’s nervous system, producing a series 
of disordered nervous impulses, accelerating tissue degeneration, and inhibiting 
their feeding process [6]. It is of low toxicity for mammals since it is excreted 
quickly after oral or topical exposure [7]. 

Various studies have verified the effectiveness of permethrin against the brown 
dog tick in different presentations and concentrations, reaching from 60.8% to 
100% efficacy, as a single treatment or in combination with other acaricides [3] 
[4] [8] [9]. 

Another control strategy has been the use of ixodicides with synergists, which 
are not considered toxic by themselves [10]; intervene on different enzymes in 
order to potentiate the effect of ixodicides, such as piperonyl butoxide [10] [11], 
which acts at the microsomal level as inhibitor of cytochrome P450 monooxyge-
nases [11], causing the inhibition of the oxidative functions present in the meta-
bolism of pyrethroids [12] [13]. 

The aim of the present study was to compare the efficacy of a single treatment 
of 1% permethrin applied as a shampoo-bath, versus a 2% permethrin combined 
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formulation of 1% piperonyl butoxide applied as powder, against Rhipicephalus 
sanguineus ticks in naturally infested dogs. 

2. Materials and Methods 
2.1. Study Location 

The study was carried out at the “Huellitas” dog shelter, located in the State of Mo-
relos (central Mexico). 

2.2. Animals 

Eighteen adult mixed breed dogs, harboring to at least 20 ticks/animal, were se-
lected on pre-treatment live tick counts. The dogs were chosen regardless of sex, 
breed, or age. They were housed in booths of approx. 90 × 90 × 120 cm and each 
group was in 3 pens of approximately 6 × 8 meters each, ensuring that there was 
a distance of at least 10 meters between each pen. Animals were fed on Royal 
Canin food and water was provided ad libitum. 

2.3. Drugs 

1% permethrin for a shampoo-bath single treatment. 
2% permethrin combined with 1% piperonyl butoxide for single powder treat-

ment. Both formulations were provided by Laboratorios Salud Animal, S.A de 
C.V. 

2.4. Experimental Design 

On day 0, the dogs were then divided in 3 groups of 6 animals each, for treatment: 
Group 1 received a single treatment with 1% permethrin applied as sham-

poo-bath (approximately 10 ml/kg bw), according to the producer’s instruc-
tions. 

Group 2 received a single treatment with 2% permethrin combined with 1% pi-
peronyl butoxide applied as powder, and rubbed as massage on the body, as rec-
ommended by the producer. 

Group 3 served as a non-treated control. 

2.5. Dogs Monitoring. 

After the treatment, the dogs were checked out for live ticks counting on days 
0, 1, 7, and 14. 

2.6. Efficacy 

The ixodicide efficacy was assessed based on the percentage reductions of ticks 
on the day’s analyzed post-treatment, with respect to the number of live ticks 
present on the untreated control. It was calculated using the following formula 
[14]: 

Efficacy = Arithmetic mean number of live ticks (Control) − Arithmetic mean 
number of live ticks (Treated) × 100. 
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Arithmetic mean number of live ticks (Control). 

2.7. Statistical Analysis 

Comparison of the efficacies of the treatments with the untreated control groups 
was carried out, using the Kruskal-Wallis test [15]. 

3. Results and Discussion 

A summary of the tick counts and efficacy results are shown in Table 1 and Table 2. 
 

Table 1. Number of ticks observed in the experimental dogs before and after treatment 
with permethrin alone or a combined formulation of permethrin + piperonyl butoxide. 

Group no.  
(6 dogs/group) 

Sex 
Weight 

(kg) 

Route of 
administration 

(mg/kg/bw) 

Number of ticks on day 

0* 1 7 14 

1 
1% permethrin 

H 25 
Shampoo bath 
10 ml/kg/bw 

100 27 6 11 

M 17  50 42 20 13 

M 22  40 10 6 19 

M 20  30 7 1 5 

H 14  75 10 3 3 

M 23  25 7 1 5 

Total    320 103 37 56 

2 
2% permethrin+ 

1% piperonyl 
butoxide 

M 25 
Powder 

sprinkled ad 
libitum 

40 2 0 0 

H 18  27 4 2 2 

M 28  22 0 2 7 

H 25  25 0 0 1 

H 30  30 0 1 3 

M 13  20 0 7 3 

Total    164 6 12 16 

3  
Untreated control 

H 30  250 70 59 98 

H 20  200 17 25 11 

M 20 --------- 20 7 9 5 

H 17  20 16 8 11 

M 18  28 35 29 14 

H 20  25 9 9 8 

Total    543 154 139 147 

Note: *Day of treatment. 
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Table 2. Eficaccy of 1% permethrin applied alone as shampoo or a combined formulation 
of 2% permethrin+ 1% piperonyl butoxide applied as powder in dogs naturally infected 
with Riphicephalus sanguineus ticks. 

Group no. Compounds 
Efficacy on days 

0 1 7 14 

1 1% permethrin 0 81a 93.1 89.6a 

2 
2% permethrin + 1% 
piperonyl butoxide 

0 98.8 97.7 97b 

3 Untreated control ----- ----- ----- -----a 

Note: a,bDifferent letters in the same column represent statistically significant differences 
(p < 0.05) between average effectiveness. 

 
Group 1 (permethrin applied as shampoo-bath) showed a remarkable reduc-

tion of ticks, observing that of 320 specimens on the group counted at day 0, this 
number decreased to 103 on day 1 and to 37 ticks on day 7 after treatment. By 
day 14 after initial of the study, the number of ticks observed increased to 57, in-
dicating that the initial effect of the compound has worn of Table 1. 

In terms of efficacy, the percentage obtained for this group was 81.0% for day 
1 and 93.1% for day 7. For day 14 after treatment, the efficacy conferred was re-
duced to 89.6%, suggesting that tick-killing activity of shampoo had decreased 
(Table 2). 

Group 2 (2% permethrin + 1% piperonyl butoxide applied as powder) showed 
a drastic decrease in ticks, where of 164 specimens observed at day 0, this count 
was reduced to only 6 ticks. On day 7 after treatment, the specimens observed 
were 12. On day 14 after treatment, the number of ticks increased to 16, indicat-
ing that in the same way, the effect of the combined application of permethrin + 
piperonyl butoxide was already declining (Table 1). 

The efficacy conferred for this group was 98.8%, 97.7% and 97.0%, for days 1, 
7 and 14, respectively (Table 2). 

In relation to Group 3 (non-treated control), the tick count was always high, 
recording a total number of 543, 154, 139 and 147, for days 0, 1, 7 and 14 after 
treatment, respectively. Here, the tick counts recorded throughout the study on 
the untreated dogs, confirms that the study complies with the guideline recom-
mendations suggested by [14]. 

Forty-five days after the treatment, all dogs were showing increasing numbers 
of ticks, since the study area is highly prevalent in these arthropods. 

It is important to note that no adverse health effects related to the treatment 
occurred during the study. 

The statistical analysis indicated that significant differences were found be-
tween the experimental groups (G1 - G2) in the count of ticks retrieved for days 
1 and 14, but not for day 7 (p < 0.05); regarding control group (G3), significant 
differences were found between it and G2 for days 1, 7 and 14, and between G3 
and G1 only on day 7 (p < 0.05). 
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Several chemicals, or combinations of chemicals, with acaricidal or insecticid-
al properties and which are appropriate and safe for treatment of domestic dogs 
and cats, have been formulated for application either orally, parentally, topically, 
or as medicated collars [16] [17]. 

Permethrin has been a widely used acaricide for control and prevention of 
parasites in both dogs and large animals [6] [10] [18]. In dogs, it is most admini-
strated as topical treatment via spot-on, although it has also been formulated as 
collars. The active ingredient is distributed through the coat from the application 
site and along stratum corneum, however, studies suggest that the most distal 
parts may not receive the same concentration of the product as those closest ap-
plication site [19]. 

In the present study, two products applied topically were compared to review 
the tick-killing efficacy of permethrin alone at 1%, applied as shampoo-bath and 
the combination of 2% permethrin with 1% piperonyl butoxide powder. In the 
case of these two presentations, they allow a more uniform distribution since they 
are applied throughout the animal’s body and not in a single place, which could 
ensure adequate drug concentrations in the sites where ticks commonly lodge, 
such as interdigital spaces, armpits, groin and ears. 

The results obtained demonstrated a greater efficacy with the combination of 
permethrin and piperonyl butoxide at day 1 (98.8%), although for days 7 and 14, 
the effect was in slight decline (97.7% and 97%, respectively), the efficacy remained 
above 90%, unlike 1% permethrin applied alone, which on day 7 obtained an ef-
ficacy of 99.8%, however by day 14 it decreased to 89.66%. 

These percentages coincide with diverse studies in which the effectiveness of 
permethrin in different combinations has been analyzed, with the efficacy and 
residual effect of imidacloprid + permethrin being one of the most studied to 
measure. Epe et al. (2003) [20], found that this combination offered a preventive 
efficacy of 94% at day 9 post-application as spot-on and remained the efficacy 
above 90% against R. sanguineus for a period of five weeks. Otranto et al. (2005) 
[21], also recorded that this combination got an efficacy above 95% against ticks on 
naturally infested dogs from day 14 to final day of observation period (56 days). In 
another study of [22], compared three commercial products applied as spot-on, two 
of them including permethrin as an active ingredient (imidacloprid/permethrin, IP 
and dinotefuran/pyriproxyfen/permethrin, DPP) which achieved an efficacy of 
99.6% on day 9 post-infestation, reducing this percentage till day 29 to 96.7% for 
the DPP treated group and to 91.7% for the IP treated group. 

Following the same line, the combination dinotefuran/pyriproxyfen/permethrin 
was challenged by [23], where the immediate efficacy was 79.9% and the persis-
tence of efficacy above 90% sustained for three weeks. 

Other combinations have been examined, such as methoprene/permethrin, 
which achieved an efficacy greater than 90% at four weeks and with a residual 
effect that remained for 28 days [8], and fipronil/permethrin [24], where the 
acaricidal effect started at 4 h after treatment with a percentage of ±94.7% from 
day 2 to day 21 postexposure. 
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On the other hand, the results of the present study suggest the synergistic ac-
tion of piperonyl butoxide, coinciding with previous studies [25], where it was 
demonstrated that the combination of amitraz and piperonyl butoxide acts addi-
tively against Boophilus microplus ticks. In another more recent study [26], it 
was shown that the enzymatic activity of oxidases as a mechanism of resistance to 
ixodicides when verifying the synergistic effect of piperonyl butoxide with cyper-
methrin, generating the inhibition of this activity in R. sanguineus larvae. 

It is worth highlighting the importance of maintaining high percentages of ef-
ficacy for a long period; however, it is also necessary to consider a short latency 
period, to reduce the risk of disease transmission by vectors. Horak et al. (2012) 
[23], mentioned that tick burdens exceeding 10 individuals after treatment are 
quite adequate for the transmission or acquisition of organisms responsible for 
tick-borne diseases in the field. 

A reduction in parasite numbers will inevitably influence the prevalence of the 
diseases that they transmit. It is also possible that chemicals that have a repellent, 
or a particularly rapid killing effect, could eliminate ticks before they can trans-
mit vector-borne organisms with which they may be infected. For instance, R. san-
guineus is a vector of Babesia canis, Babesia vogeli, Babesia gibsoni, Hepatozoon 
canis and Ehrlichia canis, the causative organisms of tick-borne diseases that af-
fect dogs in different regions of the world [27]. 

Permethrin has been compared with other ixodicides such as fipronil, flura-
laner, afoxolaner or sarolaner to determine the time of onset of action; here [28] 
found this beginning of activity two hours after spot-on application with an effec-
tiveness of 36.9%, which slowly increased in the following 48 hours to 80.1%, in 
this study, permethrin in combination with imidacloprid failed to reach the min-
imum percentage to be considered the first option, since it is also mentioned, 
in general terms, that the time necessary for the transmission of pathogens through 
an infected tick can be 24 - 48 hours after feeding. The same product was analyzed 
by [29], in a study to verify its effectiveness against the transmission of Ehrlichia 
canis by R. sanguineus in dogs, resulting in 100% blocking of transmission. 

Although the latency period or effectiveness against disease transmission was 
not analyzed in the present study, the results obtained on day 1 post-treatment 
in Group 2 suggest a high probability of disease prevention, since a total of 6 live 
ticks were counted (98.8% of efficacy), which means a lower risk of infection. 

Several chemicals, or combinations of chemicals, have been formulated for 
application either orally, parentally, topically, or as medicated collars. 

Since pet owners do not comply with the recommended time periods between 
the administrations of these tick remedies, serious gaps in efficacy may occur. 
However, in some populations, the indiscriminate use of this type of control has 
generated resistance to certain active ingredients, as well as it can cause a nega-
tive environmental impact, potentially affecting the natural insect fauna [26] 
[30]. 

Besides, it is expected that dogs are inevitably going to be washed or sham-

https://doi.org/10.4236/pp.2024.157014


A. Márquez-Aguado et al. 
 

 

DOI: 10.4236/pp.2024.157014 244 Pharmacology & Pharmacy 
 

pooed, or swim or go out into the rain while being walked by their owners or 
working in the field. Therefore, the activity of any treatment applied may lead to 
a reduction of activity of the drug used. 

Under the conditions in which the present study was carried out, it was ob-
served that the combination of 2% permethrin + 1% piperonyl butoxide produces 
additional efficacy that benefits the treatment of R. sanguineus infections in na-
turally infested dogs. 

It is worth highlighting the importance of always maintaining assertive and 
effective communication between veterinarians and pet guardians, as well as con-
sidering the rational use of chemical products to ensure the correct use of the 
ectoparasiticide, reducing the gaps in efficacy and the negative effects that could 
be caused by mishandling. 

4. Conclusions 

A combination of 2% permethrin + 1% piperonyl butoxide applied as a single 
powder treatment was highly effective at rapidly repelling and killing Riphicepha-
lus sanguineus ticks on naturally infected dogs, showing a significant effect on 
days 1, 7 and 14 after tick exposure. 

The sustained high and quick level of efficacy of this combination may well 
interfere with the transmission of Riphicephalus sanguineus ticks. 

Acknowledgements 

The authors are indebted to Laboratorios Salud Animal, S.A de C.V. for kind fi-
nancial support. 

Availability of Data and Material 

All datasets are included in this manuscript. 

Funding 

The study was funded by Laboratorios Salud Animal, S.A de C.V., Mexico. 

Authors’ Contributions 

AMA contributed to the study design, carried out the field study, ticks counting 
and results interpretation. FIV contributed to the study design, carried out the 
field study, ticks counting, results interpretation, manuscript revision and dis-
cussion. JAM collaborated with the field study, ticks counting and results inter-
pretation and provided financial support. RA-G carried out the statistical analy-
sis. All authors read and approved the final version of the manuscript. 

Animal Research 

The work was carried out adhering to the guidelines of the Institutional Commit-
tee for Use and Care of Experimental Animals of the institution, according to the 
Mexican Official Regulation NOM-062-ZOO-1999 and Animal Research: Report-

https://doi.org/10.4236/pp.2024.157014


A. Márquez-Aguado et al. 
 

 

DOI: 10.4236/pp.2024.157014 245 Pharmacology & Pharmacy 
 

ing of in Vivo Experiments guidelines followed. 

Conflicts of Interest 

The authors declare no conflicts of interest regarding the publication of this pa-
per. 

References 
[1] Rubio Robles, M.C., Gaxiola Camacho, S.M., Enríquez Verdugo, I., Cota Guajardo, 

S.D. and Castro del Campo, N. (2015) Rhipicephalus sanguineus en caninos en Sina-
loa, México. REDVET. Revista Electrónica de Veterinaria, 16, 1-10. 
https://www.redalyc.org/articulo.oa?id=63638740003 

[2] Dantas-Torres, F. (2010) Biology and Ecology of the Brown Dog Tick, Rhipicephalus 
sanguineus. Parasites & Vectors, 3, Article No. 26.  
https://doi.org/10.1186/1756-3305-3-26 

[3] Rodríguez Vivas, R.I., Ojeda Chi, M., Bolio González, M. and Rosado Aguilar, J.A. 
(2019) Las garrapatas como vectores de enfermedades zoonóticas en México. Bioagro-
ciencias, 12, 19-26. https://doi.org/10.56369/bac.2993 

[4] Prado-Rebolledo, O.F., Molina-Ochoa, J., Lezama-Gutiérrez, R., García-Márquez, 
L.J., Minchaca-Llerenas, Y.B., Morales-Barrera, E., et al. (2017) Effect of Metarhizium 
anisopliae (Ascomycete), Cypermethrin, and D-Limonene, Alone and Combined, on 
Larval Mortality of Rhipicephalus sanguineus (Acari: Ixodidae). Journal of Medical 
Entomology, 54, 1323-1327. https://doi.org/10.1093/jme/tjx092 

[5] Fourie, L.J., Stanneck, D. and Horak, I.G. (2003) The Efficacy of Collars Impregnated 
with Flumethrin and Propoxur against Experimental Infestations of Adult Rhipice-
phalus sanguineus on Dogs. Journal of the South African Veterinary Association, 74, 
123-126. https://doi.org/10.4102/jsava.v74i4.524 

[6] Nodari, E.F., Roma, G.C., Furquim, K.C.S., De Oliveira, P.R., Bechara, G.H. and 
Camargo-Mathias, M.I. (2012) Degenerative Process and Cell Death in Salivary Glands 
of Rhipicephalus sanguineus (Latreille, 1806) (Acari: Ixodidae) Semi-Engorged Female 
Exposed to the Acaricide Permethrin. Microscopy Research and Technique, 75, 
1012-1018. https://doi.org/10.1002/jemt.22025 

[7] Alexander, J., Priya, M.G.A., Sasi, S. and Chandran, S. (2017) Teste in Vitro da eficacia 
da cipermetrina e amitraz sobre Rhipicephalus sanguineus (Acari: Ixodidae) no Rio 
6 Grande do Norte, Brasil. Journal of Indian Veterinary Association, 15, 32-34. 

[8] Vega, P.Y., Chávez, V.A., Casas, A.E. and Gavidia Ch., C. (2012) Evaluación de la 
combinación del methoprene 15% y permetrina 65% para el control de pulgas y gar-
rapatas en Caninos. Revista de Investigaciones Veterinarias del Perú, 17, 184-188.  
https://doi.org/10.15381/rivep.v17i2.1540 

[9] Endris, R.G., Hair, J.A., Katz, T.L., Zobre, E., Pennington, R.G. and Meyer, J.A. (2002) 
Efficacy of Three Dose Volumes of Topically Applied 65% Permethrin against Cte-
nocephalides canis and Riphicephalus sanguineus on Dogs Weighing 30 kg or More. 
Veterinary Therapeutics, 3, 435-440. 

[10] Bowman, D.D. (2022) Georgi. Parasitología Para Veterinarios. 11th Edition, Elsevi-
er, 291-292, 306. 

[11] Rodríguez-Vivas, R.I., Rosado-Aguilar, J.A., Ojeda-Chi, M.M., Pérez-Cogollo, L.C., 
Trinidad-Martínez, I. and Bolio-González, M.E. (2014) Control integrado de garrapa-
tas en la ganadería bovina. Ecosistemas y Recursos Agropecuarios [Revista en la In-
ternet], 1, 295-308. 

https://doi.org/10.4236/pp.2024.157014
https://www.redalyc.org/articulo.oa?id=63638740003
https://doi.org/10.1186/1756-3305-3-26
https://doi.org/10.56369/bac.2993
https://doi.org/10.1093/jme/tjx092
https://doi.org/10.4102/jsava.v74i4.524
https://doi.org/10.1002/jemt.22025
https://doi.org/10.15381/rivep.v17i2.1540


A. Márquez-Aguado et al. 
 

 

DOI: 10.4236/pp.2024.157014 246 Pharmacology & Pharmacy 
 

http://www.scielo.org.mx/scielo.php?script=sci_arttext&pid=S2007-9028201400030
0009&lngles  

[12] Zapata Bustamante, S. and Otálvaro Arcila, L.C. (2023) Control de Siphonaptera, 
Ixodoidea y Acari en caninos y felinos domésticos. Unilasallista Corporación Univer-
sitaria. http://hdl.handle.net/10567/3480 

[13] Bisset Juan, A. (2002) Uso correcto de insecticidas: Control de la resistencia. Revista 
Cubana de Medicina Tropical, 54, 202-219. 
http://scielo.sld.cu/scielo.php?script=sci_arttext&pid=S0375-07602002000300005&l
ngles  

[14] Marchiondo, A.A., Holdsworth, P.A., Fourie, L., Rugg, D., Hellmann, K., Snyder, 
D.E. and Dryden, M.W. (2013) World Association for the Advancement of Veterinary 
Parasitology (W.A.A.V.P.) Second Edition: Guidelines for Evaluating the Efficacy of 
Parasiticides for the Treatment, Prevention and Control of Flea and Tick Infestations 
on Dogs and Cats. Veterinary Parasitology, 194, 84-97. 

[15] (2019) IBM® SPSS® Statistics, V.26.0. 

[16] Wagner, R. and Wendlberger, U. (2000) Field Efficacy of Moxidectin in Dogs and 
Rabbits Naturally Infested with Sarcoptes spp., Demodex spp. and Psoroptes spp. 
Mites. Veterinary Parasitology, 93, 149-158.  
https://doi.org/10.1016/s0304-4017(00)00357-5 

[17] Schneider, T., Wolken, S. and Mencke, N. (2008) Comparative Efficacy of Imidac-
loprid, Selectamin, Fipronil-(s)-Methoprene, and Metaflumizone against Cats Expe-
rimentally Infested with Ctenocephalides felis. Veterinary Therapeutics, 9, 176-183. 

[18] Forero Becerra, E., Cortés Vecino, J. and Villamil Jiménez, L. (2007) Aspectos 
económicos de la erradicación del gusano barrenador del ganado, cochliomyia ho-
minivorax (coquere l, 1858), en Colombia. Universidad Nacional de Colombia. Un-
iversidad Nacional de Colombia Revistas electrónicas UN Revista de la Facultad de 
Medicina Veterinaria y de Zootecnia. 

[19] Pfister, K. and Armstrong, R. (2016) Systemically and Cutaneously Distributed Ec-
toparasiticides: A Review of the Efficacy against Ticks and Fleas on Dogs. Parasites 
& Vectors, 9, Article No. 436. https://doi.org/10.1186/s13071-016-1719-7 

[20] Epe, C., Coati, N. and Stanneck, D. (2003) Efficacy of the Compound Preparation 
Imidacloprid 10%/Permethrin 50% Spot-On against Ticks (I. ricinus, R. sanguineus) 
and Fleas (Ct. felis) on Dogs. Parasitology Research, 90, S122-S124.  
https://doi.org/10.1007/s00436-003-0911-9 

[21] Otranto, D., Lia, R.P., Cantacessi, C., Galli, G., et al. (2005) Efficacy of a Combina-
tion of Imidacloprid 10%/Permethrin 50% versus Fipronil 10%/(s)-Methoprene 12%, 
against Ticks in Naturally Infected Dogs. Veterinary Parasitology, 130, 293-304.  
https://doi.org/10.1016/j.vetpar.2005.04.014 

[22] Varloud, M. and Fourie, J.J. (2015) One-Month Comparative Efficacy of Three Topi-
cal Ectoparasiticides against Adult Brown Dog Ticks (Rhipicephalus sanguineus Sensu 
Lato) on Mixed-Bred Dogs in Controlled Environment. Parasitology Research, 114, 
1711-1719. https://doi.org/10.1007/s00436-015-4356-8 

[23] Horak, I.G., Fourie, J.J. and Stanneck, D. (2012) Efficacy of Slow-Release Collar 
Formulations of Imidacloprid/Flumethrin and Deltamethrin and of Spot-On For-
mulations of Fipronil/(s)—Methoprene, Dinotefuran/Pyriproxyfen/Permethrin and 
(s)-Methoprene/Amitraz/Fipronil against Rhipicephalus sanguineus and Ctenocepha-
lides felis felis on Dogs. Parasites & Vectors, 5, Article No. 79.  
https://doi.org/10.1186/1756-3305-5-79 

[24] Dumont, P., Liebenberg, J., Beugnet, F. and Fankhauser, B. (2015) Repellency and 

https://doi.org/10.4236/pp.2024.157014
http://www.scielo.org.mx/scielo.php?script=sci_arttext&pid=S2007-90282014000300009&lngles
http://www.scielo.org.mx/scielo.php?script=sci_arttext&pid=S2007-90282014000300009&lngles
http://hdl.handle.net/10567/3480
http://scielo.sld.cu/scielo.php?script=sci_arttext&pid=S0375-07602002000300005&lngles
http://scielo.sld.cu/scielo.php?script=sci_arttext&pid=S0375-07602002000300005&lngles
https://doi.org/10.1016/s0304-4017(00)00357-5
https://doi.org/10.1186/s13071-016-1719-7
https://doi.org/10.1007/s00436-003-0911-9
https://doi.org/10.1016/j.vetpar.2005.04.014
https://doi.org/10.1007/s00436-015-4356-8
https://doi.org/10.1186/1756-3305-5-79


A. Márquez-Aguado et al. 
 

 

DOI: 10.4236/pp.2024.157014 247 Pharmacology & Pharmacy 
 

Acaricidal Efficacy of a New Combination of Fipronil and Permethrin against Ixodes 
ricinus and Rhipicephalus sanguineus Ticks on Dogs. Parasites & Vectors, 8, Article 
No. 531. https://doi.org/10.1186/s13071-015-1150-5 

[25] Li, A.Y., Davey, R.B., Miller, R.J. and George, J.E. (2004) Detection and Characteri-
zation of Amitraz Resistance in the Southern Cattle Tick, Boophilus microplus (Acari: 
Ixodidae). Journal of Medical Entomology, 41, 193-200.  
https://doi.org/10.1603/0022-2585-41.2.193 

[26] Molina Moreno, N.J., Molina de Fernandez, D., Forlano, M.D., Ascanio, E. and Ro-
mero Palmera, J. (2019) Resistencia de cipermetrina y fipronil en larvas de Rhipice-
phalus sanguineus (Latreille, 1806) (Acari: Ixodidae) del estado de Aragua. Boletin de 
Malariología y Salud Ambiental, 59, 57-67. 

[27] Shaw, S.E., Day, M.J., Birtles, R.J. and Breitschwerdt, E.B. (2001) Tick-Borne Infec-
tious Diseases of Dogs. Trends in Parasitology, 17, 74-80.  
https://doi.org/10.1016/s1471-4922(00)01856-0 

[28] Burgio, F., Meyer, L. and Armstrong, R. (2016) A Comparative Laboratory Trial Eva-
luating the Immediate Efficacy of Fluralaner, Afoxolaner, Sarolaner and Imidaclo-
prid + Permethrin against Adult Rhipicephalus sanguineus (Sensu Lato) Ticks At-
tached to Dogs. Parasites & Vectors, 9, Article No. 626.  
https://doi.org/10.1186/s13071-016-1900-z 

[29] Jongejan, F., Crafford, D., Erasmus, H., Fourie, J.J. and Schunack, B. (2016) Com-
parative Efficacy of Oral Administrated Afoxolaner (Nexgard™) and Fluralaner 
(Bravecto™) with Topically Applied Permethrin/Imidacloprid (Advantix®) against 
Transmission of Ehrlichia canis by Infected Rhipicephalus sanguineus Ticks to Dogs. 
Parasites & Vectors, 9, Article No. 348. https://doi.org/10.1186/s13071-016-1636-9 

[30] Freitas Fernandes, F.D., Bezerra D’Alessandro, W. and Nunes Leles, R. (2022) Mon-
itoring of Evolution of Resistance to Commercial Acaricidal Products in Rhipicepha-
lus sanguineus Sensu Lato (Latreille, 1806) (Acari: Ixodidae) from Goiânia, Goiás State, 
Brazil. Journal of Microbiology & Experimentation, 10, 216-222. 

 

https://doi.org/10.4236/pp.2024.157014
https://doi.org/10.1186/s13071-015-1150-5
https://doi.org/10.1603/0022-2585-41.2.193
https://doi.org/10.1016/s1471-4922(00)01856-0
https://doi.org/10.1186/s13071-016-1900-z
https://doi.org/10.1186/s13071-016-1636-9

	Efficacy of 1% Permethrin and 2% Permethrin Combined with 1% Piperonyl Butoxide against Rhipicephalus sanguineus Ticks in Naturally Infested Dogs
	Abstract
	Keywords
	1. Introduction
	2. Materials and Methods
	2.1. Study Location
	2.2. Animals
	2.3. Drugs
	2.4. Experimental Design
	2.5. Dogs Monitoring.
	2.6. Efficacy
	2.7. Statistical Analysis

	3. Results and Discussion
	4. Conclusions
	Acknowledgements
	Availability of Data and Material
	Funding
	Authors’ Contributions
	Animal Research
	Conflicts of Interest
	References

