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ABSTRACT

This study evaluates the efficacy of four commonly used antiparasitic drugs, i.e. ivermectin, doramectin,
moxidectin, and eprinomectin against C. titillator third stage larvae (L3) in dromedary camels. In order to determine
and compare the half-maximal inhibitory concentration (IC50) values of ivermectin, doramectin, moxidectin, and
eprinomectin for controlling nasal myiasis in dromedary camels, present study was conducted on L3 collected from
200 naturally infested camels from the Eastern Province of Saudi Arabia. Upon slaughter, L3 were collected from
the nasopharynx of the infested camels and were incubated in DMEM supplemented with 50% foetal calf serum
and penicillin/streptomycin (100 IU). This media was mixed with serially diluted concentrations of ivermectin,
doramectin, eprinomectin, before moxidectin from 1 mg/ml to 125 ng/ml. The larvicidal effect of the four drugs
was inferred by the IC50 values that were calculated using nonlinear fitting of dose-response inhibition equations.
The IC50 values indicated that ivermectin was the most potent drug with an IC50 of 0.0735 £ 0.016 pg/ml, followed
by doramectin (0.249 £ 0.116 pg/ml), eprinomectin (0.46 + 0.24 ng/ml), and moxidectin (11.96 + 2.21 ug/ml). The
efficacy of ivermectin, doramectin and eprinomectin was significantly higher than that of moxidectin. Ivermectin
and doramectin could be considered more potent drugs for treating camel nasal myiasis. The results have important
implications for the development of effective treatment protocols for managing parasitic infestations in camel

populations.
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Camel’s nasal myiasis is caused by the larvae
of the Cephalopina titillator fly, which belongs to the
Oestridae family (Angulo-Valadez et al, 2010). Camels
that are infested with C. titillator exhibit a range of
respiratory symptoms, including mucous discharge,
inflammation of the mucous membrane, irritation,
respiratory issues and tissue injury. The presence of
these larvae in camels lead to significant economic
setbacks (Taylor et al, 2007).

Prevalence of the second (L2) and third-stage
larvae (L3) of the genus C. titillator are responsible
for the infestation of dromedary camels (Camelus
dromedarius) (Fatani and Hilali, 1994). The study
indicated that the number of sick camels reached its
highest point twice a year, in February and September,
and that L3 are found far more frequently than L2. In

addition, the research suggested that camels should
be treated with larvicidals twice a year, in February
and September, to eliminate the infestations (Fatani
and Hilali, 1994). Another study was conducted in
Sudan by removing fly larvae from the camels’ nasal
canals after they had been slaughtered and exposing
the larvae to the following treatments: 2% pumpkin,
7.5% garlic and peppermint, 30% Lupinus, and 0.15%
ivermectin (Khater, 2014). According to their findings,
using the natural pumpkin oil rather than ivermectin
to treat fly larvae was less hazardous to the camel.
Nevertheless, ivermectin was found more effective,
even though it induced undesirable side effects to the
treated camels (Khater, 2014).

Avermectins are a group of 16-membered
macrocyclic lactone compounds that can be naturally
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derived or semi-synthetically produced in labs. They
originate from the fermentation of the soil bacterium
Streptomyces avermitilis. Remarkably effective
against a broad range of both internal and external
parasites, Avermectins have extensive uses in various
sectors, such as veterinary and human medicine,
farming, horticulture, and in managing pests in an
assortment of agricultural goods and ornamental
plants (MacNeil et al, 1992; Siddique et al, 2014). The
Avermectins target the gamma-aminobutyric acid
(GABA) receptors and Glutamate-gated chloride
(GluCl) related to neurotransmission in parasites.
These Avermectins are believed to possess neurotoxic
properties (Abongwa et al, 2017; Crump and Omura,
2011; Parisi et al, 2019). The neurotransmitter GABA
is responsible for the opening of the organism’s
chloride ion channels, which leads to an increase in
the number of chloride ions in the cell.

The primary objective of this research was to
evaluate and compare the larvicidal efficacy of four
commonly used antiparasitic drugs —ivermectin,
doramectin, moxidectin, and eprinomectin—against
C. titillator larvae. Specifically, the study was aimed to
determine the half-maximal inhibitory concentration
(IC50) of each drug to identify the most potent
treatment for controlling camel nasal myiasis.

Materials and Methods

The source of the larvae

The study was conducted on L3 collected from
200 naturally infested camels, all of which were
slaughtered at the Omran slaughterhouse in Al-
Ahsa, Eastern Province, Saudi Arabia, between
October 2021 and December 2021. These camels,
belonging to a local breed, were at least 8 years old.
No information about prior antiparasitic treatment
was available for the sampled camels. Given the
presence of parasite fauna in the infected animals
and the absence of dead larvae in the examined camel
heads, it is highly unlikely that these camels had
received any form of treatment for the prevention of
C. titillator infestation.

All procedures were approved by the King
Faisal University ethics committee (approval number
KFU-REC-2022-NOV-ETHICS308).

Collection of larvae

Upon slaughter, the nasopharynx of the
slaughtered camels were carefully inspected to detect
the presence of C. titillator larvae by making incisions
along the pharynx, allowing full access to the areas
where larvae are typically found. Once detected, the
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larvae were carefully collected manually. and were
immediately placed into a sterile plastic container
with a tight-fitting lid to maintain a controlled
environment free from external contaminants.

The containers were transported to the
laboratory within one hour after collection to ensure
their viability until further processing. Excess mucuos
or blood on the larvae was gently removed using
sterile saline solution.

Preparation of incubation media and drug solutions

The incubation medium consisted of Dubbilco’s
Modified Essential Medium (DMEM, Molequle-ON®,
New Zealand) supplemented with 50% foetal calf
serum (FCS) and 100 IU Penicillin/Streptomycin
antibiotics (Molequle-ON®, New Zealand) (Khater
2014). This was termed as basic medium. In this
basic medium, 1 mg of each the following drugs was
dissolved to produce stock solutions of the drugs:
ivermectin, doramectin, moxidectin, and eprinomectin
obtained from commercial sources. From this stock
solutions, serial dilutions of each of the experimented
drugs were prepared to produce final concentrations
of 0.5, 0.25, 0.1, 0.01, 0.001, 0.0005, 0.00025 and
0.000125 mg/ml (Khater et al, 2013). These media
with the serially diluted drugs were later termed as
experimental media.

Larvicidal assays

Five ml of the experimental media were
placed in sterile petri dishes, in which 5 L3 were
placed. The control group consisted of 5 larvae
placed in sterile petri dishes with basic medium,
free of drugs. The dishes were incubated at 37°C and
60% relative humidity until the death of the larvae
in the experimental media. To protect the larvae
from the toxic effect of its products, the media was
changed every 6 hours. During the media changing
process, the mortality of the larvae was inferred
by observation of flaccid body of the larvae with
complete absence of movement upon stimulation. The
experiment was repeated three times.

The IC50 of the experimented drugs was
determined by plotting dose-response values using
GraphPad Prism software (version 8), by applying
dose-response-inhibition equations. The measured
IC50 indicated the concentration of the drug needed
to kill half of the larvae (Aykul and Martinez-Hackert,
2016). The values of IC50 were obtained by applying
nonlinear regression models using GraphPad Prism
software on the results of dead larvae (Lyles et al,
2008; Swift, 1997).
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Fig 1. The dose-response curve for the treatment of Cephalopina titillator third stage larvae with different concentrations
of ivermectin (A), doramectin (B), moxidectin (C), and eprinomectin (D). The X-axis is the log drug concentration
(mg/ml). The Y-axis is the fraction of dead larvae after 12 hours after treatment.
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Fig 2. Bar chart showing the Mean and SD of the fraction of
dead larvae after treatments. The number of asterisks
(*) indicate the power of the statistically significant
differences between the groups they are connected to,
in which one asterisk is equivalent to (p < 0.05) and four
asterisks is equivalent to (p < 0.0001).

Results and Discussion

IC50 of the experimented drugs

A gradient increase in the fraction of dead
larvae was evident with increasing concentrations of
all drugs tested (Fig 1). Larvae in the control group
remained viable until the end of the experiment
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period. Additionally, the low standard deviations
across different concentrations indicated that the
results were consistent across the three replicates of
the trials. Nonlinear regression models were applied
with an IC50 of 0.0735+£0.016 pg/ml for ivermectin,
0.249+ 0.116 ug/ml for doramectin, 11.96+2.21 pug/ml
for moxidectin, and 0.46+0.24 png/ml for eprinomectin.

Comparison of the estimated IC50

Fig 2 depicts the fraction of dead larvae after
treatment with four different drugs; ivermectin,
doramectin, moxidectin, and eprinomectin. By
comparing the data from all drugs, ivermectin and
doramectin showed the highest efficacy, while
moxidectin exhibited the lowest efficacy.

The IC50 values of ivermectin, doramectin
and eprinomectin were significantly lower than
that of moxidectin (p<0.0001), and the IC50 value
of ivermectin was significantly lower than that of
eprinomectin (p<0.05).

By enhancing GluCl ion channels in larvae,
Avermectins are thought to be neurotoxic to the
larvae (Salman et al, 2022). Increased permeability
to chloride ions and hyperpolarisation of nerve
cells results in the paralysis and death of the larvae.
These medications also increase the activity of
GABA-gated chloride channels. Due to the absence
of GluCls channels in mammals and the reduced
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affinity for other mammalian chloride channels,
mammals are often unaffected. GABA-gated channels
in the mammalian CNS are unaffected by these
medications because they typically do not cross
the blood-brain barrier in small concentrations
(Bloomquist, 1996; Raymond-Delpech et al, 2005).
Therefore, using minimum, yet effective Avermectin
concentrations can be assessed by employing IC50 as
a pharmacological metric of the drug potency (Aykul
and Martinez-Hackert, 2016).

In this study, ivermectin had a IC50 value of
0.0735 pg/ml, with a standard deviation of 0.016,
rendering a very small concentration of it sufficient
to inhibit 50% of the C. titillator. Comparatively, the
IC50 of doramectin was 0.249 ng/ml, with a standard
deviation of 0.116. Despite this higher IC50 value than
that of ivermectin, doramectin still demonstrated high
effectiveness against C. titillator larvae. Moxidectin
exhibited significantly less effectiveness than the other
drugs in reducing the viability of C. titillator larvae,
while eprinomectin provided a middle range of
effectiveness between the tested drugs. Nonetheless,
the results of the present study showed a dose-
dependent effect of tested drugs on C. titillator larvae,
with increasing concentrations leading to a higher
number of dead larvae. The low standard deviations
of the drugs’ IC50 signified that the results were
consistent across the replicates of the drugs’ trials,
adding credibility to the findings.

In a previous study which used dipping or
fumigation techniques, doramectin and lavender
oil showed high efficacy against the larval stages of
C. titillator; both achieving 100% mortality within
30 hours (Khater et al, 2013). The later results
showed that doramectin was particularly effective,
outperforming essential oils like camphor and
onion (Khater et al, 2013). In addition, using larvae
immersion technique, ivermectin was effective in
killing C. titillator larvae at low concentrations of
0.15% (Khater, 2014). In comparison, our study
effectively simulated the natural habitat by permitting
the larvae to reside in a nutrient medium infused with
the medications. In addition, we provided detailed
IC50 values, which were not reported previously. The
stable viability of larvae in the control group ensured
that the employed basic media and the incubation
conditions supports the lives of the larvae in vitro for
prolonged periods and that the observed lethal effects
were due to the used avermectins. To the best of our
knowledge, this study was unique in producing an
effective in vitro model for evaluating the efficacy of
the drugs against C. titillator larvae.
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Camel nasal myiasis is a common disease
among dromedary camels. C. titillator infestation
was recorded in camels in Iraq (Shamsi ef al,
2023), Libya (Abd El-Rahman, 2010), Saudi Arabia
(Banaja and Ghandour, 1994), Sudan (Musa et al,
1989), Iran (Oryan et al, 2008) and Jordan (Sharrif
et al, 1998), which shows its endemicity wherever
camels are present. The results of the present study
collectively provide valuable insights into the relative
effectiveness of the tested drugs against C. titillator
larvae. Given the widespread nature of C. titillator
infestation and its significant impact on the health
and well-being of affected camels, the findings of this
study can be usefully integrated into broader parasitic
control and management practices. This would not
only aid in alleviating the immediate suffering of the
infested animals but also contribute to the sustainable
health and productivity of camel populations in the
affected regions, with potentially positive implications
for the communities that depend on them.

The study provides valuable insights into
the comparative efficacy of four drugs; ivermectin,
doramectin, moxidectin, and eprinomectin, against
C. titillator larvae in dromedary camels. Among
these drugs, ivermectin exhibited the highest
larvicidal potency, followed closely by doramectin
then eprinomectin, whereas moxidectin was
significantly less effective. The dose-dependent
effects of these drugs highlighted the varying
degrees of effectiveness, with ivermectin requiring
the lowest concentration to achieve IC50 to C.
titillator larvae. The findings suggest that ivermectin
and doramectin could be considered more potent
options for treating camel nasal myiasis caused by
C. titillator larvae. Given the widespread nature
of this parasitic infestation and its impact on
camel health and productivity, these results have
significant implications for the development of
effective treatment protocols. Further studies are
recommended to validate these findings under field
conditions and to explore the long-term effects of
these treatments on camel health and productivity.
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