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Abstract

Ctenocephalides felis felis is an ectoparasite of the Siphonaptera order with great importance in veterinary
medicine and public health. The objective of this work was to evaluate the influence of different ages of unfed
adults of the C. felis felis subspecies on the susceptibility to fipronil when submitted to in vitro testing. The
adult fleas used were obtained from a laboratory colony and the method used was impregnation of filter
paper sheets with fipronil at concentration of 0.008mg.cm?. Eight experimental groups were formed (four
control and four treated), according to the age of the fleas (O, 7, 14 and 21 days). The mortality evaluation
criterion used was motility, assessed 24 and 48 hours after exposure to the drug. After 24 hours, the fleas
with age of 21 days suffered 100% mortality, a figure that declined among as the age became younger.
The mortality was 98.3% among the fleas with age of 14 days, 93.1% among those with 7 days of age, and
86.7% among those just hatched (O days). Exposure to fipronil after 48 hours caused 100% mortality
among all age groups. Based on the results, it can be concluded that the fleas’ age did not influence the
response to the in vitro tests of susceptibility to fipronil after 24 and 48 hours.

Keywords: flea, phenylpyrazoles, efficacy.

Resumo

Ctenocephalides felis felis ¢ um ectoparasito da ordem siphonaptera de grande importancia na medicina
veterindria e na satde publica. Este trabalho teve como objetivo avaliar a influéncia de diferentes idades
de pulgas adultas da espécie C. félis felis na suscetibilidade ao fipronil quando submetidas a teste in vitro.
Foram utilizadas pulgas adultas oriundas de col6nia laboratorial de C. felis felis. A metodologia utilizada
foi de impregnagao de papel filtro com fipronil na concentracao de 0,008mg.cm™ Foram formados oito
grupos experimentais, de acordo com aidade das pulgas (Grupos de 0, 7,14 e 21 dias). O critério de avaliacao
utilizado foi a motilidade, avaliada nos periodos de 24 e 48 horas ap6s o desafio. Apos 24 horas as pulgas
com 21 dias de eclodidas obtiveram indice de 100% de mortalidade, que diminuiu de acordo com aidade.
As pulgas com 14 dias obtiveram 98,3% de mortalidade, 7 dias 93,1% e com O dias 86,7%. No periodo de
48 horas, o fipronil apresentou 100% de eficacia em todos as idades. Com base nos resultados pode-se
concluir que a idade da pulga nao influenciou na resposta do teste in vitro quanto a suscetibilidade ao
fipronil, em 24 e 48 horas.

Palavras-chave: pulga, fenilpirazole, eficacia.

Introduction

Fleas are ectoparasites with great importance in veterinary medicine, associated with their
ability to transmit various infectious and parasitic diseases that afflict animals and humans
(Soulsby, 1968; Booth & Mcdonald, 1982; Oliveira et al,, 2002; Marquez et al., 2002). In Brazil, the
main species are those of the Pulicidae family, especially Xenopsylla cheopis Rothschild, 1903,
Pulex irritans Linnaeus, 1758, Ctenocephalides canis Curtis, 1826 and Ctenocephalides feélis felis
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Bouché, 1835. Among these, the principal subspecies of flea found on pets is C. felis felis, due to
its wide distribution and ability to parasitize various categories of hosts (Linardi & Santos, 2012).

Fleas complete their metamorphosis in four stages: egg, three larval phases, pupa and adult,
with an average biological cycle ranging from 25 to 30 days, although this can vary according
to the temperature, humidity and food availability in the larval phases (Linardi & Nagem 1972).
Only 5% of fleas are found on hosts, with the other 95% being present in the environment in
different stages, hampering their control (Dryden et al., 2013). Therefore, mechanical, biological
and chemical control measures need to be applied in association to prevent or ameliorate
infestations and the diseases spread by these ectoparasites.

Besides just preventing diseases, control of fleas aims to preserve the comfort and overall
welfare of the host because of the severe stress caused by their bites. Therefore, infested animals
should whenever possible be treated before the fleas start reproduction (Byron, 1987; Dryden &
Prestwood, 1993; Rust, 1994).

Fipronil is an insecticide belonging to the pyrazole class. Its main chemical component
is phenylpyrazole, which besides having good selectivity for insects (Hainzl & Casida 1996,
Narahashi et al,, 2010), also has herbicidal activity (Cole et al., 1993). It is an ectoparasiticide used
globally to control flea and tick infestations on dogs and cats (Taylor, 2001). It works by blocking
the passage of chlorine ions regulated by gamma aminobutyric acid (GABA), thus interfering
in the parasite’s neuromodulation mechanism, leading to hyperexcitation of nerve cells and
causing death (Blagburn & Dryden, 2009). Fipronil exerts its effect on adult fleas by contact,
enabling killing them before their first blood meal (Tanner et al., 1997), which is very important to
prevent diseases and allergic reactions of animals. Its efficacy can thus be tested in vitro through
exposure of fleas to the drug, a method that is easy to perform, inexpensive and does not require
sophisticated equipment, besides minimizing the use of laboratory animals as hosts of adult fleas.

The objective of this study was to evaluate the influence of age of unfed adult fleas of the
subspecies C. felis felis in response to exposure to fipronil via the in vitro filter paper impregnation
test.

Material and methods

The fleas used in this study were obtained from eggs collected from a colony of C. félis felis
maintained on cats in the Laboratory of Experimental Chemotherapy in Animal Parasitology of
the Veterinary Institute of Federal Rural University of Rio de Janeiro. The study was approved by
the university's committee on ethical use of animals (protocol number 091/2014).

The eggs collected were examined for defects, identified and then incubated in containers
for hatching. In the containers, the eggs were placed on a substrate of dehydrated bovine blood,
wheat bran and sand, in proportion of 1:1:5, to enrich the environment. The containers containing
the eggs were incubated in biochemical oxygen demand (BOD) chambers at a temperature of
2741 9C and relative humidity of 75+5% for hatching and development of the fleas, which were
monitored daily until they reached the adults stage.

Atotal of 480 unfed adult fleas with ages of O, 7,14 and 21 days were used in the experiment. Each
age group was subdivided into a control (untreated) and treated group. There were six repetitions
per group, each formed of 10 fleas (5 males and 5 females), kept in test tubes (18 x 150 mm)
sealed with non-woven tissue and elastic bands, which were incubated in vertical position in
BOD chambers at temperature of 27 + 10 and relative humidity of 75 + 10%.

The fipronil concentration used was based on the recommendation of Batista et al. (2016) of
400 ppm, adjusted to 462 ppm, corresponding to 0.008 mg.cm?, for adequacy of the impregnation
volume. According to the method described by Burden & Smittle (1968), the insecticide was
impregnated on filter paper strips with area of 7.5 cm? Each strip was impregnated with 130
uL of fipronil at concentration of 0.008 mg.cm?. For comparison, the filter paper strips for the
control groups were impregnated with the same volume of acetone. Each tube was identified
as to group and incubated in a climate-controlled chamber [BOD chamber] for 24 or 48 hours.

The criterion for evaluation of mortality was motility, i.e., when any movement was detected,
even slight, the specimen was considered to be alive.
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The efficacy of each age group was represented by the formula: Efficacy (%) = [(average number
of live fleas of the control group - average number of live fleas of the treated group) / average
number of live fleas of the control group] x 100 (Abbott, 1925).

The data were tested for normal distribution by the Shapiro-Wilk test, and the averages of the
the control and treated groups after each age were compared by the Mann-Whitney test. The ages
were compared between each other within each group by analysis of variance by the Kruskal-
Wallis test. The level of significance was 95% in all the tests, and computations were carried out
with the free software BioEstat 5.3 (Ayres et al., 2007).

Results

The results are reported in Table 1. The average numbers of living fleas in the control groups
for ages of 0, 7,14 and 21 days were 10, 9.7, 9.8 and 10, respectively for 24 hours, and 10, 9.7, 8.8
and 10, respectively, for 48 hours after exposure.

Table 1. Evaluation of the influence of age of unfed Ctenocephalides félis felis fleas in response to in vitro testing
of the insecticide fipronil by the impregnated filter paper method.

Number of living fleas/Evaluation period/Age (in days)

Groups/ 24 hours 48 hours
Repetition 14 21 14 21
Odays 7days days days Odays 7days days days

Control
1 10 10 10 10 10 10 9 10
2 10 9 10 10 10 9 10 10
3 10 9 9 10 10 9 7 10
4 10 10 10 10 10 10 8 10
5 10 10 10 10 10 10 10 10
6 10 10 10 10 10 10 9 10
Arithmeticmean  10.0 9.7 9.8 10.0 10.0 9.7 8.8 10.0
Standard deviation 0.0 05 04 00 00 05 12 00
Treated (Fipronil)
1 3 2 0 0 0 0 0 0
2 0 0 0 0 0 0 0 0
3 1 0 0 0 0 0 0 0
4 0 0 1 0 0 0 0 0
5 1 1 0 0 0 0 0 0
6 3 1 0 0 0 0 0 0
Arithmetic mean 13 0.7 0.2 0.0 0.0 0.0 0.0 0.0
Standard deviation 14 0.8 04 00 00 00 00 0.0
P-value * 00039 00039 00039 00039 00039 00039 00039 00039
Efficacy (%) 86.7 931 983 100.0 100.0 100.0 100.0 100.0

*The p-value indicates that the means within the same column differ significantly (p<0.05).

In the treated groups with different ages, the average numbers of living fleas after 24 hours
were1.3,0.7,0.2and O, respectively for O, 7,14 and 21 days of age. After 48 hours, no fleas remained
alive in any of the age groups.

The average mortality rates between the control and treated groups for all the ages in the
periods of 24 and 48 hours differed significantly (p<0.05). In turn, the average numbers of living
fleas of different ages within the control group and within the treated group after 24 hours were
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not statistically different. In the control groups, there were significant differences between ages
of O and 14 days (p=0.0412) and between 14 and 21 days (p=0.0412). In the period of 48 hours, it
was not possible to analyze the averages since no fleas in the treated groups at any age survived

With respect to the efficacy of fipronil, the averages were 86.7,93.1, 98.3 and 100%, respectively,
for fleas with ages of O, 7,14 and 21 days after 24 hours of exposure, while after 48 hours it was
100% for all ages.

Discussion

The evaluation of the efficacy of insecticides by the filter paper impregnation method is a
standard laboratory method recommended by the World Health Organization (WHO). Researchers
can use fleas from their own colonies or acquire them commercially (El-Gazzar et al., 1986).
Therefore, all manipulation history should be considered when defining an in vitro test. Besides
this, few researchers have reported the age of the ticks used in evaluating insecticides.

Ourresults demonstrate that the age of unfed adult ticks did not influence the efficacy of fipronil
in the in vitro test. Despite the numerical differences in the efficacy percentages, these were not
statistically significant. The fleas with age of 21 days were more susceptible than those with O
days of age, although the average value was low. Similar results were reported by El Gazzar et al.
(1988), who found that the mortality rates of fleas increased significantly after 3 days of age.

In the control group, the mortality rate was highest among the fleas with 7 and 14 days of age,
and this percentage was higher for the 14-day-old fleas in the period of 48 hours, although the
difference was not significant. Due to the scarcity of studies evaluating the influence of the age
of fleas used in in vitro tests, it is only possible through extrapolation to assume that younger
fleas are more resistant to insecticides and take longer to die than the older fleas because of the
greater energy reserves in younger fleas and the lesser manipulation given to them.

Conclusion

Theresults showed that the flea age did not significantly influence the response to the in vitro
test of susceptibility to fipronil, despite the numerical variation observed in the exposure period
of 24 hours.
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