Received: 24 April 2023, Accepted: 21 June 2023

Original Research

Journal of Advanced Veterinary Research
(R023) Volume 13, Issue 5, 827-832

In vitro and in vivo Evaluation of the Efficacy of Phoxim and
Deltamethrin against Life Stages of Rhipicephalus sanguineus

(Brown Dog Tick)

Aliaa A. Abdel aziz', Abdelfattah M. Abdelfattah’, Waleed F. Khalil',
Ahmed E. Mahmoud? Eman M. Abouelhassan®

"Department of Pharmacology, Faculty of Veter-
inary Medicine, Suez Canal University, Ismailia,
Egypt.

2Department of Animal Medicine, Faculty of
Veterinary Medicine, Suez Canal University,
Ismailia, Egypt.

3Department of Parasitology, Faculty of Veteri-
nary Medicine, [Suez Canal University, Egypt.

Abstract

Infestations of brown dog ticks (Rhipicephalus sanguineus) are difficult to control. This study aimed to eval-
uate the efficacy of phoxim and deltamethrin against R. sanguineus In vitro and in vivo. In vitro studies, the
evaluation involved the exposure of R. sanguineus adults, nymphs, and larvae to phoxim (1 ml/1000 ml) and
deltamethrin (1 ml/1000 ml) observations were recorded for 24 hours, and the eggs were assessed and com-
pared with a negative control tick group that had been exposed to water for 14 days, In vivo studies, twenty lo-
cal dogs have been divided into four groups of five each: The 1% group was non-infested dogs; the 2™ group is
infested untreated dogs; the 3 group was infested dogs and treated with a therapeutic dose of phoxim; and 4™
group was infested dogs and treated with a therapeutic dose of deltamethrin. Results revealed that phoxim was
more effective than deltamethrin on adult of R. sanguineus, while deltamethrin appeared to be more effective
than phoxim on nymphs and larvae of R. sanguineus. Both acaricides significantly inhibited egg hatchability
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INTRODUCTION

The Ixodidae is the largest tick family which infests animals,
including dogs (Mihalca et al.,, 2011). Their importance is relat-
ed to their ability to transfer several pathogens to their hosts
(Kiss et al. 2012). Rhipicephalus sanguineus, generally known as
the brown dog tick, is the most widespread tick in the world
(Dantas-Torres, 2008). It can produce debilitating effects due to
blood loss in affected animals and transmits numerous patho-
gens which cause tick-borne diseases in animals, as well as cer-
tain zoonoses in humans. These include Ehrlichia canis, Babesia
canis, Haemobartonella canis, and Hepatozoon canis (Borges et
al,, 2007; Adenubi et al., 2016).

R. sanguineus infestation is associated with tropical and
semi-tropical climates. Epidemiological studies of dog infesta-
tions in Egypt found R. sanguineus accounted for 89.8% of the
study subjects (Abdulaziz et al, 2019; El Kammah et al, 2001).
This prevalence rate makes the search for an effective control
strategy to minimize the damage caused by these parasites es-
sential. Acaricides are the current agents used to control tick
populations in dogs. Tick control is based primarily on the re-
peated use of acaricides, which are chemicals produced to effi-
ciently control tick populations (Mencke et al., 2003). Acaricides
can be categorized by their chemical structure and mechanism
of action into arsenical preparations, chlorinated hydrocarbons,
organophosphorus compounds, carbamates, formamidines, py-
rethroids, macrocyclic lactones, phenylpyrazoles, insect growth

of R. sanguineus with the same potency.

Phoxim, Deltamethrin, Rhipicephalus sanguineus, Dog tick

regulators, and isoxazolines (Nicholson et al., 2019).

An ideal acaricide should be effective not only against adult
ticks, but also against their eggs, larvae, and nymphs. The ovicidal
property of an acaricide is very important for killing or interfering
with the hatchability of eggs, which is necessary to ensure proper
tick control (Rohdich et al., 2014). The main chemical groupings
of common acaricides are the organophosphates and synthetic
pyrethroids, which act on tick nervous systems. These acaricides
act either systemically, or by direct contact with ticks following
external application (Mencke et al., 2003).

Inappropriate acaricide use, such as with incorrect concen-
trations, and the high intensity of their use in tick management,
has likely contributed to the development of resistance in ticks.
This leads to tick control program failures and the development
of acaricide resistance. Tick resistance to various insecticides and
acaricides has been reported as a huge problem facing veteri-
narians worldwide (Marchiondo et al., 2007; Akande et al., 2020).

Both phoxim, an organophosphorus insecticide, and del-
tamethrin, a synthetic pyrethroid (Worthing and Hance., 1991;
Abdel-Daim et al., 2013) are used to control ectoparasites. They
are applied topically as a wash, spray, or pour-on, at concentra-
tions according to the manufacturer's instructions. Several pre-
vious studies have found that pyrethroid compounds are inef-
fective at controlling tick infestations, which may be due to the
development of resistance (Mendes et al., 2011). Therefore, this
study was designed to evaluate the efficacy of phoxim and del-
tamethrin against R. sanguineus In vitro and in vivo.
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MATERIALS AND METHODS

Ethical approval

This study was approved by the Ethics Committee of the Suez
Canal University, following the guidelines of the Guide for the
Care and Use of Laboratory Animals, Faculty of Veterinary Medi-
cine Science, Suez Canal University, Egypt.

Drugs

The phoxim used in this study was purchased from Bayer An-
imal Health GmbH, Germany, under the trade name Sebacil®,
and the deltamethrin was purchased from MSD Animal Health,
France, under the trade name Butox®.

Vitro studies
Tick collection and identification

One hundred and eighty R. sanguineus (adults and nymphs)
were collected via untoothed forceps from infested dogs in Is-
mailia, Egypt. The collected ticks were then transported direct-
ly to the laboratory of the Parasitology Department, Faculty of
Veterinary Medicine, Suez Canal University, Ismailia, Egypt. Tick
identification was then carried out according to the identification
keys of Walker (2003).

Larvae and egg production

Engorged female ticks were randomly selected and trans-
ferred into different flasks and covered with a thin net to allow
them to lay eggs. The eggs were then incubated at 27°C -28°C
and 85%-90% relative humidity, according to the method de-
scribed by Ibelli et al. (2012) to produce larvae.

Immersion test

The test was performed according to the method described
by Zaman et al. (2012). Briefly, the tick (adult/nymph) specimens
were selected and divided into three homogenous groups, each
containing three replications, with each one containing ten ticks
(adult/nymph). The first group of ticks was treated with phoxim
diluted with tap water at 1 ml/1000 ml. The second group was
treated with deltamethrin diluted with tap water at 1 ml/1000 ml.
Water (3 ml) was used as a negative control in the third group.

The tick adults and nymphs were immersed in 3 ml of each
drug for 5 min in clean Petri dishes. Following the immersion, the
ticks were placed in clean Petri dishes with filter paper and incu-
bated at 28°C, with 80% relative humidity. The ticks were kept
under observation using a stereomicroscope at 30 min, 1, 2, 3, 6,
12, and 24 h time intervals (Du et al., 2008). The viability of the
ticks was checked regularly, and death was recorded when the
tick did not show any reaction to stimulation with a needle.

Larval packet test

Larvae were divided into three groups; each group contained
one hundred larvae (12-14 day old) and was placed on Whatman
filter paper which had been previously soaked with the drugs be-
ing tested. Additionally, these had been diluted with tap water at
1 ml/1000 ml in labeled plastic Petri dishes. In the control group,
the paper was soaked in water (Abdulaziz et al., 2019). The Petri
dishes were incubated at 28°C, with 80% relative humidity, and
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each larva was closely observed for any death using a stereomi-
croscope at 30 min, 1, 2, 3, 6, 12, and 24 h time intervals (Du et al,,
2008). The viability of larvae was checked regularly by stimulation
with a needle.

The mortality percentage was calculated for each acaricidal
compound on adults, nymphs, and larvae of R. sanguineus using
the following equation:

Mortality percentage = Number of dead ticks/Total number of
ticks x100 (Krishnaveni and Venkatalakshmi, 2014).

Resistance percentage was calculated for each acaricidal
compound on adults, nymphs, and larvae of R. sanguineus using
the following equation:

Resistance percentage: (Nt/Nw) x 100; where Nt = Number of
living treated ticks, and Nw = Number of untreated ticks (Shyma
etal, 2013).

Egg hatchability test

Three groups (three replicates) of approximately 200 R. san-
guineus embryonated eggs (~10 mg) were placed in glass tubes
and immersed for 5 min in 0.5 ml of the test drug, which had
been diluted with tap water at 1 ml/1000 ml. The tubes were
closed with muslin cloths and were incubated at a temperature of
27+2°C, and relative humidity of 80+5% for 14 days to evaluate
the hatching rate. Water was used as a negative control (Godara
et al, 2014). The percentage of hatching inhibition was calculated
according to the following equation: number of unhatched eggs/
number of unhatched eggs + the number of dead or living larvae
(Bicalho et al., 2001).

Vivo studies
Experimental animal and design

Twenty local dogs at one year old and weighed between 5.5
and 8 kg have been divided into four groups of five each: The 1¢
group was non infested dogs; the 2" group is infested untreated
dogs; the 3 group was infested dogs and treated with a ther-
apeutic dose of phoxim; and 4t group was infested dogs and
treated with a therapeutic dose of deltamethrin. The dogs were
housed in disinfected separated cages under controlled hygienic
measures and fed on well-balanced healthy food (Fig. 1).
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Tick infestations and count

Fully engorged females and male of Rhipicephalus sanguineus
were collected by hand via untoothed forceps from the infested
dogs by visited pet clinic in Ismailia government, Egypt. Collected
ticks were then put into clean vials covered with muslin cloth to
allow air and moisture exchange and brought to the laboratory
of parasitology department, Faculty of Veterinary Medicine, Suez
Canal University- in Ismailia, Egypt, for further tick examination,
characterization, and experimental procedures. These ticks were
utilized in dogs’ infestation, following the treatments according
to the manufacturers’ instructions, phoxim and deltamethrin were
applied topically as a wash. They were particularly recommended
for dogs using a single treatment of 1 ml of each drug added to
1 liter of water. Dogs were sedated with xylazine hydrochloride
for tick count. By examination of all body parts through cautious
palpation and hair was pushed manually against its natural lie.
Ticks were alive if their legs responded to a physical stimulus, and
they were dead if there was no response. Ticks were counted on
0, 2", 4™ and 7* days post treatment where zero is pretreatment
day (Cavalleri et al., 2017).

The antiparasitic efficacy % was calculated according to the fol-
lowing equation:

Antiparasitic efficacy % = (Mean number of surviving ticks con-
trol - mean number of surviving ticks treated)/ (Mean number of
surviving tick control) x100) (Wang et al., 2009).

Statistical analysis

In the present study, all results were expressed as the mean +
the standard error of the mean. Data were analyzed by one way
analysis of variance using the Statistical Package for the Social
Sciences program, version 14 (IBM Corp., Armonk, NY, USA), fol-
lowed by the Fisher's least significant difference test to compare
significance between groups (Arrnitage and Berry,1987). The dif-
ference was considered significant when p<0.001.

RESULTS

In-vitro efficacy
Adult immersion test

The In vitro application of phoxim to R. sanguineus adults
induced a significant (p <0.001) elevation in the mortality rate
while simultaneously reducing the resistance percentages of R.
sanguineus adults compared to the mortality rates and resistance
percentages seen for deltamethrin (Figs. 2 and 3).
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Fig. 2. Mortality percentage of R. sanguineus adults exposed to phoxim and
deltamethrin /n vitro.

Data are expressed as mean + SE. Different superscripts on bars of the same time
interval denoted significant difference at P<0.05.
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Fig. 3. Resistance percentage of R. sanguineus adults exposed to phoxim and
deltamethrin n vitro.

Data arevexpressed as mean + SE. Different superscripts on bars of the same
time interval denoted significant difference at P<0.05.

Nymphal immersion test

The In vitro application of deltamethrin to R. sanguineus
nymphs induced a significant (p <0.001) elevation in the mortali-
ty rate while reducing the resistance percentage of R. sanguineus
nymphs compared to the rates seen with phoxim (Figs. 4 and 5).
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Fig. 4. Mortality percentage of R. sanguineus nymphs exposed to phoxim and
deltamethrin /n vitro

Data are expressed as mean + SE. Different superscripts on bars of the same time
interval denoted significant difference at P<.05.
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Fig. 5. Resistance percentage of R. sanguineus nymphs exposed to phoxim and
deltamethrin /n vitro.

Data expressed as mean + SE. Different superscripts on bars of the same time
interval denoted significant difference at P<0.05.

Larvae packet test

The In vitro application of deltamethrin to R. sanguineus lar-
vae induced a significant (p <0.001) elevation in the mortality rate
while reducing the resistance percentages of R. sanguineus larvae
compared to the rates seen with phoxim (Figs. 6 and 7).
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Fig. 6. Mortality percentage of R. sanguineus larvae exposed to phoxim and
deltamethrin /n vitro.

Data are expressed as mean + SE. Different superscripts on bars of the same time
interval denoted significant difference at P<0.05.
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Fig. 7. Resistance percentage of R. sanguineus larvae exposed to phoxim and
deltamethrin /n vitro.

Data are expressed as mean + SE. Different superscripts on bars of the same time
interval denoted significant difference at P<0.05.

Egg hatchability test

There was a non-significant difference observed in phoxim
and [deltamethrin treated groups on the hatching inhibition per-
centages of R.sanguineus eggs. However, there was a significant
(p <0.001) increase in the egg hatching inhibitory effect in the
phoxim and deltamethrin treated groups when [compared to the
control group after 14 days of egg hatching (Fig. 8).
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Fig. 8. Hatching inhibition percentage of R. sanguineus eggs exposed to phoxim
and deltamethrin /n vitro.

Data are expressed as mean + SE. Data expressed as mean = SE. Different super-
scripts on bars of the same time interval denoted significant difference atP<0.05.

In-vivo efficacy
Tick infestations and count

The administration of phoxim to R. sanguineus adult induced
significant (p<0.001) elevation in efficacy % and reduction in the
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mean count of R. sanguineus adult than deltamethrin (Figs. 9 and
10).
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Fig. 9. Efficacy percentage of phoxim and deltamethrin on Rhipicephalus san-
guineus adult in vivo.

Data are expressed as mean + SE. Different superscripts on bars of the same time
interval denoted significant difference at (P<0.05).
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Fig. 10. The mean count of Rhipicephalus sanguineus adult in vivo.
Data are expressed as mean + SE. Different superscripts on bars of the same time
interval denoted significant difference at (P<0.05).

DISCUSSION

Ticks are considered the most important transporters of sev-
eral pathogens (Kiss et al., 2012). R. sanguineus is the most com-
mon Ixodid tick species distributed in Egypt (Abdel-Shafy et al,
2012). The application of acaricides may significantly reduce the
abundance of this tick species, and help to mitigate the risk of
tick-borne diseases. However, the application of acaricides may
lead to the development of tick resistance to several chemical
compounds, which therefore require the regular monitoring of
the acaricides in use (Malik et al., 2021).. We designed this study
to evaluate the /n vitro and vivo the efficacy of phoxim and del-
tamethrin against R. sanguineus in Ismailia governorate, Egypt.

The present findings indicated that phoxim was more effica-
cious when used on adult R. sanguineus compared to deltame-
thrin In vitro and in vivo; while deltamethrin was more efficacious
when used on R. sanguineus nymphs and larvae, relative to phox-
im. In contrast, there were non-significant differences in the effi-
cacy of both acaricide compounds when used on R. sanguineus
eggs. The results of these efficacy tests agree with the findings of
Elbahy et al. (2011).

The hatchability of treated eggs showed the same efficacy
for both acaricides after 14 days. This result disagreed with the
findings reported by Bicalho et al. (2001), who recorded that del-
tamethrin had low efficacy against R. sanguineus eggs. The pres-
ent study’s results for phoxim on R. sanguineus eggs agreed with
the findings of Elbahy et al. (2011).

Concerning the mode of action of the two acaricides, phoxim
inhibits acetylcholinesterase at the synaptic junction, leading to
accumulation of acetylcholine, and the prolongation of the mus-



Aliaa A. Abdel aziz et al. /Journal of Advanced Veterinary Research (2023) Volume 13, Issue 5, 827-832

carinic and nicotinic effects of acetylcholine in the autonomic
nervous system, central nervous system, and in neuromuscular
junctions (Eddleston, 2008). This differs from deltamethrin, which
interacts with sodium channels, causing prolongation of depo-
larization in neurons (Chrustek et al,, 2018). The explanation for
the efficacy of both drugs in inhibiting egg hatching is due to the
penetration of the drugs into the shells of eggs, and their effects
on the larvae within the eggs by the same acaricidal mechanisms
of action used in larvae and adults (Lima et al., 2020).

The explanation of the low efficacy of deltamethrin on the
adult stage of R. sanguineus may be attributed to the develop-
ment of varying degrees of resistance against deltamethrin. The
degree of resistance observed may be due to a mutation of the
sodium channel (Miller et al, 2001).This is likely because of the
long-term administration, extensive use, and prevalent applica-
tion of these compounds as acaricides and agricultural pesticides
in the region (Mendes et al, 2011). Meanwhile, the efficacy of
phoxim on the larval stage of the ticks seemed to be lower than
its efficacy on adults, which could be explained by its correlation
to the levels of acetylcholinesterase, which showed an increase
in its activities related to the age of the tick (Bicalho et al., 2001).

Resistance to pyrethroids has been explained by many re-
searchers, with possible explanations including metabolic detoxi-
cation, decreased cuticular penetration, and decreased target site
sensitivity (Abbas et al., 2014), as well as mutations in voltage-sen-
sitive sodium channels, and increased detoxification mediated by
overexpression of cytochrome P450 monooxygenase (Pan et al.,
2018). Additionally, insects with knockdown resistance have de-
creased pyrethroid target site (sodium channel) sensitivity due
to one or more point mutations in the insect’s sodium channel
protein. Lastly, another possibility is mutations involving the sub-
stitution of a thymine by a cytosine within segment IV of domain
[l of the sodium channel gene (Yessinou et al,, 2021). These mu-
tations could confer sodium channel resistance to pyrethroids by
reducing the binding of pyrethroids to the sodium channel and/
or by counteracting the action of pyrethroids via a binding-in-
dependent mechanism (e.g., by altering sodium channel gating).
Direct measurement of pyrethroid binding affinity and capacity
in insect sodium channels has not yet been achieved. This is due
to the high lipophilicity of pyrethroids, which results in extremely
high levels of nonspecific binding to membranes and filters, and
therefore masks any specific pyrethroid binding (Rossignol, 1988;
Pauron et al., 1989).

CONCLUSION

Using control strategies to prevent the development of resis-
tance in ticks against acaricides is important. Further studies are
required to identify new safe and effective acaricides.
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