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reduction on treated groups relative to the untreated control. The resulting

data were analyzed by the Kruskal-Wallis non-parametric test, using the sta-
tistical IBM SPSS 24.0 (2016) program. Results indicated a fluke-egg reduc-
tion of 100% for fosfatriclaben along the study; triclabendazole showed an ef-

to count the number of fasciola eggs before and after the treatment using the

ficacy of 99.7% - 100% from day 7 to day 28. In the case of closantel, values
from 98.8% to 99.6% were recorded from day 7 to day 28. No statistical dif-
ferences between treatments were observed (P < 0.05). It was concluded that
the experimental fosfatriclaben administered at 6 mg/kg/IM to naturally in-
fected cattle exerted a fasciolicidal efficacy similar to the drugs of choice for
the treatment of fasciolosis (triclabendazole) when administered at 12 mg/kg/
PO, and closantel injected at 10 mg/kg/SC.
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1. Introduction

Fasciolosis is a zoonotic parasitic disease of worldwide distribution [1] caused by
the liver fluke Fasciola hepatica which affects different kind of animals [2]. Its
relevance relies in huge economic losses in cattle production [3] [4]. Among dif-
ferent drugs used to treat this disease, triclabendazole has shown high efficacy
against young and adult stages with a wide margin of safety when applied by the
oral route [5] [6]. Closantel is also a fasciolicide of choice; in addition, it also
kills nematodes such as Haemonchus contortus, and the fly Oestrus ovis [7] [8].

Recently our research group has synthesized a new water-soluble triclabenda-
zole prodrug, named fosfatriclaben. This new compound increased the aqueous
solubility 88,000-fold with respect to its precursor compound (triclabendazole)
and allowed the formation of an aqueous solution for IM administration [9]
(Figure 1).

In this work, we present the fasciolicidal efficacy of the fosfatriclaben com-

pared with two commercials well known fasciolicides in naturally infested cattle.
2. Material and Methods

2.1. Study Location

The present study was carried out during the month of march, 2019, in a farm
named “Mi Alma” located at approximately 150 km from Mexico City.

2.2. Experimental Animals

Twenty-four cross mixed adult bovines, both sexes, aged between 1 to 3 years,
naturally infected with Fasciola hepatica were used. Food was provided as a ba-
lanced feed containing oats, alfalfa and ensilage. Water was available ad /ibitum.

The animals were previously selected on day 8 as positive to fasciola-eggs
Cl
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- Na
Triclabendazole Fosfatriclaben
Figure 1. Structure of triclabendazole and fosfatriclaben.
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Efficacy

using the traditional sedimentation test [10]. Shortly, feces were collected di-
rectly from the rectum and thoroughly homogenized to place 5 g in a glass using
tap water. The mixture was placed in a beaker and sifted with the aid of a plastic
sieve. After 10 min repose, the supernatant was decanted and fulfilled again with
tap water. The process was repeated until the sediment was observed clean. The
final sediment was observed under stereoscopic microscope to carry out the
fluke-egg counting [10].

The animals were identified by ear tag.

2.3. Conduction of the Study

To apply the treatment, animals were divided into 4 groups of 6 animals each
being ranked according to their fecal-egg count from the highest to the lowest
number of eggs.

Group 1 (G1) was treated with 6 mg/kg of the experimental water-soluble fos-
fatriclaben injected once by the IM route. G2 was treated with triclabendazole
(Fasimec” Elanco Australasia) given once at 12 mg/kg/PO; G3 was treated with
5% closantel® (Closantil-Chinoin) at 10 mg/kg/SC and G4 was the control group
and it was injected with 5 mL of deionized water.

Fecal samples were analyzed by the sedimentation test [10], on days —8, 0 (day
of treatment), 7, 14, 21 and 28 to count the number of eggs present in each one
of the experimental animals, following the guide for evaluation of anthelmintics
suggested by the World Association for Advancement of Veterinary Parasitology
(WAAVP) [11] [12].

2.4. Assessment of Efficacy

The efficacy was calculated as the percentage of fluke-egg reduction on the
treated groups, relative to the untreated control, according to the following for-

mula [11].

_ Arithmetic mean number of fluke eggs (Control) — Arithmetic mean number of fluke eggs (Treated) <100

Arithmetic mean number of fluke eggs (Control)

2.5. Statistical Analysis

The obtained data were compared between the experimental groups using the
non-parametric Kruskal-Wallis test. They were analyzed with the statistical IBM
SPSS 24.0 (2016) software [13].

3. Results and Discussion

Table 1 shows the coprological analyses in which the total and mean number of
fluke-eggs, observed in the experimental groups.

The percentage of efficacy exerted by fosfatriclaben, triclabendazole and clo-
santel, at 7, 14, 21 and 28 days post-treatment is shown in Figure 2. Fosfatricla-
ben showed 100% reduction of eggs from day 7 to day 28; triclabendazole dosed
orally showed an efficacy of 99.7% at day 7, and 100% from day 14 to day 28.
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Table 1. Percentage of fluke-egg reduction before and after treatment with fosfatriclaben
compared with two commercial fasciolicides in cattle naturally infected with Fasciola he-

patica.
Group Compound and route Dose rate Days of fecal sampling
(n=6) of administration (mg/Kg) _s - . 14 21 28
1 Fosfatriclaben 6 347 346 0 0 0 0
(IM)
100 93 0 0 0 0
72 290 0 0 0 0
23 32 0 0 0 0
13 21 0 0 0 0
14 17 0 0 0 0
Average 94.83 133.17 0 0 0 0
Efficacy (%) 100 100 100 100
2 Triclabendazole 12 300 306 0 0 0 0
(PO)
137 130 2 0 0 0
67 69 1 0 0 0
23 125 0 0 0 0
13 13 0 0 0 0
13 19 0 0 0 0
Average 92.16 11033 0.5 0 0 0
Efficacy (%) 99.7 100 100 100
3 Closantel 10 212 730 0 0 0 0
(§9)
170 167 0 0 0 0
58 266 0 0 0 0
30 33 0 0 0 0
89 110 15 8 5 7
14 15 0 0 0 0
Average 95.5 220.17 2.5 1.33 0.83 1.33
Efficacy (%) 98.8 99.5 99.7 99.5
4 Control group untreated 373 383 432 436 442 462
89 161 601 778 761 760
78 76 187 180 188 192
21 57 54 135 128 125
15 42 40 54 56 56
21 17 18 56 55 60
Average 99.5 122.66 222  273.16 271.66 275.83

*day of treatment.
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Figure 2. Percentage of efficacy of fosfatriclaben compared with two fasciolicides in the experi-

mental groups.

Finally, closantel showed values between 98.8% and 99.7% in the study. No sig-
nificant differences were observed when the experimental treated groups were
compared (P < 0.05).

It is well known that an experimental compound should have high solubility,
suitable chemical stability and neutral pH to be adequate for intramuscular ap-
plication [14]. This could be of great value in veterinary medicine, since it is
common to prefer the parenteral treatment application considering the different
advantages such as easy of treatment, decreasing stress of the animals, decreas-
ing danger to the operator, the bioavailability of the drug is faster than oral-
dosing products. In fact, it is a good advantage since the drug applied intramus-
cularly reaches the site of action without passing by the gastrointestinal barriers
which may affect the drug bioavailability [15] [16].

Another important point is that the injectable drugs require less active ingre-
dient to provoke a clinical effect and therefore less quantity of compound [15].

It is important to know that fosfatriclaben uses only half of the dose (6 mg/kg/
IM) to achieve 100% egg reduction, in comparison with its precursor triclaben-
dazole (12 mg/kg/PO). This can be considered relevant since the environment
could be less contaminated.

In 2014, [14] described the synthesis of a benzimidazole derivative named
alfa-pro the compound being highly soluble in water. This compound was in-
itially tested under in vitro conditions rendering 100% efficacy against newly
excysted flukes. Afterwards, the authors tested the compound in artificially in-
fected sheep at a dose of 4 mg/kg/IM removing 87.8% of flukes. Recently, [17]
determined the effective dose of the alfa-pro against immature and adult Fasci-
ola hepatica in experimentally infected sheep. This benzimidazole soluble drug
cleared 97.6%, 98.5% and 98.8% of adult flukes when administered at 6, 8 and 10
mg/kg/IM, respectively, and 81.2% at 6 mg/kg/IM against 5-week-old flukes.

Considering that nowadays the bioavailability of benzimidazoles have in-
creased tremendously, and been aware of the great potential of triclabendazole as

fasciolicide, it was decided to create the new fosfatriclaben for parenteral use ex-
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pecting to obtain similar efficacy to its oral precursor (triclabendazol) with the
advantage of using half of the dose required to remove adult and juvenile flukes.

Wood et al [11] mentioned that studies like this in which the fluke-egg reduc-
tion is evaluated, give valuable information in cattle, even when the number of
adult flukes removed is unknown. Unfortunately, critical tests in cattle involving
sacrifice are very expensive to run, therefore the alternative to assess egg-reduction
in cattle is widely accepted and considered of a great value.

On the other hand, no significant differences were observed between treat-
ments (P < 0.05), indicating that possibly fosfatriclaben, applied once by the
intramuscular route to cattle is as effective as its precursor triclabendazole (PO),
recognized to date as the most effective and safer fasciolicidal agent. However, is
important to note that not in all cases triclabendazole has removed 100% of
flukes, perhaps this is in part because of the appearance of resistance to this drug
in different parts of the world [6] [18] [19] [20].

It is important to emphasize that none of the other commercial fasciolicides
tested were able to remove fluke eggs at 100% along period of the experiment.

Different studies have demonstrated the high fasciolicidal efficacy exerted by
closantel [21]. However, this drug only exerts high efficacy to flukes older than 6
weeks of age. Certainly, this confer the probability to the remaining flukes after
treatment could be continue maturing to produce more eggs.

In coincidence with data obtained by [22] who treated 41 cows with closantel
at 5 mg/kg/SC; then, they found fluke-eggs 3 weeks after the treatment.

In addition, [23] observed fluke-eggs after treatment with closantel, obtaining
72% and 92% of efficacy. Nevertheless, closantel is still being well recognized as
a good fasciolicide and it also shows good efficacy against other parasites such as
Haemonchus contortus and Oestrus ovis.

In contrast to this situation, fosfatriclaben at present reaches up to 100% effi-
cacy since as a new experimental drug is used in a very limited manner.

Results obtained in this study suggest that the experimental fosfatriclaben is a
good candidate to be consider for the treatment of fasciolosis in cattle. Further
studies will determine the real potential of this experimental drug indicated for
parenteral use in sheep and cattle.

At present, this drug is under different biological tests aimed to know the
mode of action, drug stability as well as the withholding period. This compound
is patented by the Mexican Institute for Industrial Protection (Instituto Mexica-
no de la Proteccion Industrial) (MX2014014417A) and it also obtained the pa-
tent of USA (US10239842 B2).

4. Conclusion

The experimental fosfatriclaben, a highly water-soluble prodrug, administered at
6 mg/kg/IM to naturally infected cattle exerted similar fasciolicidal efficacy to its
precursor triclabendazole when it is dosed at 12 mg/kg/PO, and closantel in-
jected at 10 mg/kg/SC.
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