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Abstract 
The aim of this work was to determine whether intramuscular administration 
of injectable fasciolicide fosfatriclaben, in a single dose at 6 mg/kg in dairy 
cattle, produces adverse reactions manifested through blood biochemical and 
histopathological profiles, especially in organs involved in drug metabolism. 
For the study, nine out of ten Holstein-Freisian dairy cows were treated, leav-
ing one cow untreated as a control. On days 0, 7, 14, and 28 post-treatment, 
liver, kidney, and injection site samples were taken for histopathology, as well 
as blood samples for biochemical analysis. The results showed no histopatho-
logical changes, and the analyte values in biochemical tests remained within 
the reference range, suggesting the compound has a favorable safety profile. 
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1. Introduction 

Cattle parasites represent a constant and serious threat to the development of the 
livestock industry. Worldwide, cattle producers incur millions of dollars in losses 
due to reduced zootechnical performance of animals, due to the presence and ac-
tion of the trematode parasite Fasciola hepatica, causing an adverse economic im-
pact. The magnitude of losses justifies parasite control measures to protect profits 
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and improve animal welfare [1]. Triclabendazole (TCBZ) is the most widely cho-
sen fasciolicide due to its efficacy against both the adult and juvenile flukes [2] [3]. 
It is a compound with very poor water solubility, like all benzimidazoles [4]. 
Fosfatriclaben is a new prodrug, a TCBZ derivative, highly soluble and stable in 
water. Initial studies on its fasciolicide efficacy have presented positive results [5]-
[7].  

Since it is a new formulation, the available information is limited and requires 
testing through various clinical trials before commercialization. This is to docu-
ment its benefits or adverse reactions in organs most susceptible to so-called drug-
induced injuries, and also to guarantee its pharmacological effectiveness, as well 
as its level of safety and quality [8]-[13]. The effectiveness of a compound is de-
termined both by its efficacy (its ability to produce the results for which it was 
designed), as well as by the absence of adverse reactions, or how severe or tolerable 
these are [14].  

An adverse drug reaction (ADR) is a harmful or unpleasant reaction resulting 
from use of medicine in an individual, which predicts danger of future admin-
istration and justifies prevention, treatment, dosage alteration, or product with-
drawal [15] [16]. ADRs can be minor, moderate, severe, or lethal; immediate, 
short-term, long-term, or permanent; and can be due to the active substance, con-
taminants, or excipients [11] [15] [17]. ADRs are a major source of morbidity, 
mortality, and increased healthcare costs [18] [19].  

To protect public health, all reactions observed during the development and 
testing of a medicinal product for food-producing animals should be considered 
significant, and the diagnosis of association with ADRs should be specified [9] 
[20] [21]. Any organ or system could be affected by pharmacodynamic interac-
tions [22]; however, the liver and kidneys are particularly susceptible to ADRs due 
to their extensive involvement in drug metabolism and excretion [23]-[26]. The 
impact of ADRs on livestock farming lies in productive profitability. Subacute or 
chronic alterations due to kidney or liver damage compromise the productive per-
formance of animals [22].  

Histopathological and biochemical analyses are diagnostic alternatives for de-
tecting whether the administration of a medication produces alterations in liver 
or kidney functions, or in other organs, such as the muscle and skin at the injection 
site. Histopathology allows determination of the presence or absence of alterations 
in sampled organs [12] [27]; and abnormal values in blood biochemical could in-
dicate some pathology or enzymatic problems due to medication administration, 
whether or not accompanied by clinical signs [15] [27] [28]. In live animals, the 
inoculation site may be inspected for any reaction such as pain, swelling, redness, 
heat, loss or decrease in function, and any other visible or palpable changes [12].  

2. Materials and Methods  
2.1. Study Location  

The study was carried out on a farm located in Tulancingo, Hidalgo, central Mexico.  
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2.2. Animals  

The study involved 10 clinically healthy Holstein-Friesian dairy cows, males, with 
an average initial weight of 50 kg each. They were born and housed within the 
study location, and were fed under pasture conditions, alfalfa, and open water.  

2.3. Experimental Compound  

Experimental prodrug (fosfatriclaben) was synthesized and formulated by our re-
search group in the Facultad de Química of the Universidad Nacional Autónoma 
de México (UNAM).  

2.4. Treatments and Necropsy  

On day 0, nine out of ten Holstein-Freisian dairy cows were treated with 
fosfatriclaben injected at 6 mg/kg intramuscularly, single dose; one cow remained 
as an untreated control. Euthanasia was carried out by qualified farm personnel 
in accordance with current health regulations [29], using captive-bolt stunning on 
days 0, 7, 14, and 28 post-treatment [30] [31]. The determination of these times 
was based on the efficient use of the animals, according to the principle of reduc-
tion alternatives (fewer animals, 3R) to maximize the information obtained per 
animal without compromising animal welfare, and thus potentially limiting or 
avoiding the subsequent use of other animals [32]-[34]. Therefore, in order to ob-
tain the greatest number of experimental results with the fewest animals [35], 
sampling for this work was proposed within a cow group acquired for adjacent 
research on residues in edible tissues, which will be carried out by high-perfor-
mance liquid chromatography at the established slaughter times.  

2.5. Sample Collection and Evaluation  

For histopathological processing of sectioned tissue samples for hematoxylin and 
eosin staining on slides, samples were collected from all cows. These 2 × 2 cm 
samples came from the liver, kidney, and injection site (femoral muscles of the 
hind limb); they were preserved in glass containers with 10% formalin in a 1:10 
ratio [36]. On days 0, 7, and 14, two treated cows were sampled each time, and on 
day 28, the three remaining treated cows were sampled. The control cow was sam-
pled on day 0. For biochemical analysis, blood samples were taken from the subset 
of animals scheduled for necropsy on days 0, 7, 14, and 28 post-treatment. Blood 
samples were collected from the jugular vein into heparinized Vacutainer tubes 
and centrifuged for 10 minutes at 3500 rpm, transferring plasma to 2 mL Eppen-
dorf vials. The basic blood biochemical profile included glucose, blood urea nitro-
gen (BUN), creatinine, bilirubin, aspartate aminotransferase (AST), glutamate de-
hydrogenase (GDH), creatine kinase (CK), total protein, albumin, globulins, cal-
cium, phosphorus, sodium, potassium, chloride, bicarbonate, GAP anion, strong 
ion difference (SID), and osmolarity. All samples were sent under refrigeration to 
the Departamento de Patología at Facultad de Medicina Veterinaria y Zootecnia 
(FMVZ-UNAM).  
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3. Results and Discussion  

Histological sections of liver, kidney, skin, and muscle from the inoculation site, 
did not present evident pathological changes, neither in treated cows nor in the 
control. In the blood biochemical results (Table 1), no values were found outside 
of the reference range provided by the Departamento de Patología at FMVZ-
UNAM. Statistical tests for dispersion were not performed to compare mean re-
sults due to the numerical restriction of using a single control animal.  
 
Table 1. Blood biochemical report results of cows treated with fosfatriclaben at 6 mg/kg 
intramuscularly and of the untreated cow. 

Analyte Unit Treated cowsa Control cow Reference value 

Glucose mmol/L 3.77 4.2 2.34 - 8.27 

BUN mmol/L 5.03 6.2 0.4 - 6.8 

Creatinine mmol/L 81.89 74 45 - 128 

Bilirubin mmol/L 2.29 3.1 0 - 11.4 

AST U/L 60.56 88 4 - 116 

GDH U/L 18.00 21 <31 

CK U/L 218.00 291 <375 

Total protein g/L 63.78 70 46 - 80 

Albumin g/L 28.44 28 19 - 46 

Globulins g/L 35.33 42 27 - 50 

Calcium mmol/L 2.59 2.61 2.27 - 2.95 

Phosphorus mmol/L 2.06 2.13 1.61 - 3.80 

Sodium mmol/L 135.78 136 131 - 148 

Potassium mmol/L 5.13 4.7 3.9 - 5.5 

Chloride mmol/L 101.22 99 93 - 106 

Bicarbonate mmol/L 25.56 27 23.5 - 27 

GAP anion mmol/L 14.22 15 13 - 20 

SID mosm/kg 34.56 37 30 - 40 

Osmolarity mmol/L 271.11 270 270 - 300 

UV-visible spectrophotometry, Dirui CS-T240, dcL-SEKISUI reagents, FMVZ, UNAM; 
aAverages; BUN: blood urea nitrogen. AST: aspartate aminotransferase. GDH: glutamate 
dehydrogenase. CK: creatine kinase. SID: strong ion difference. 

 
These results suggest a favorable safety profile and confirm the results obtained 

in previous studies [5]-[7] [35], on the similarity that could characterize the new 
prodrug fosfatriclaben with respect to its precursor, TCBZ, in clinical safety terms, 
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since no histopathological or biochemical findings were observed that would al-
low us to interpret adverse drug reactions (ADRs) derived from its application. 
This research is part of a series of studies involving fosfatriclaben. The objectives 
include corroborating its high efficacy, high clinical safety, and, in general, estab-
lishing its full potential as a fasciolicide alternative in sheep and cattle.  

Fosfatriclaben has appropriate characteristics to be administered parenterally 
(neutral pH, high solubility, and stability in aqueous solution), and so far no signs 
of pain at the animal inoculation site, side effects, or toxicity have been observed 
[5] [6] [35], which is corroborated in this research. Its intramuscular application 
facilitates administration to large groups of animals, in addition to requiring a 
lower dose compared to TCBZ (per os), and with similarly high fasciolicidal ac-
tivity [6].  

The parenteral administration exhibits several advantages, such as first-pass 
metabolism avoidance, better bioavailability, and reliable dosage. Compared with 
oral administration, the parenteral route has control over the dose and rate, thus 
generating more predictable pharmacodynamic and pharmacokinetic profiles. It 
is also a suitable way to administer medicines to animals that are weakened or 
have difficulty swallowing [37] [38]. Medications applied parenterally are ab-
sorbed more quickly compared to oral ingestion, meaning they have a faster onset 
of action. Because they do not undergo digestive processes in the gastrointestinal 
tract, they are metabolized differently, resulting in a stronger effect than oral med-
ications [38].  

Moreover, the intramuscular route (IM) also has other benefits such as a rapid 
and uniform absorption of the drug, especially in aqueous solutions; rapid onset 
of action (a few minutes) compared to that of the subcutaneous route (SC), due 
to muscle vascularization. It has efficacy and potency comparable to that of the 
intravenous drug delivery system, is highly effective for emergency scenarios, and 
a large volume of medicine can be administered compared to the SC route [39] 
[40]. Disadvantages of the oral route include the relatively slow onset of action, 
possibility of irregular absorption, destruction of acid-labile drugs in the stomach, 
low bioavailability of poorly water-soluble drugs, and some drugs may cause local 
irritation of the gastrointestinal mucosa [40].  

One of the practical scopes of this injectable fasciolicide is its rapid application 
and, consequently, the reduction of animal stress in large-scale livestock manage-
ment, reducing in turn the risk of injury among animals, operators, and veteri-
narians. The management and immobilization of sheep and cattle with slow flow 
can induce very high stress levels due to the high presence of cortisol [41] [42]. 
Stress, in addition to disrupting animal welfare, negatively affects the profitability 
and economic viability of livestock farming [43]. The stress response includes al-
terations whose consequences reduce zootechnical performance, such as changes 
in immune function and consequent increased susceptibility to disease, decreased 
feed intake and rumination, leading to weight loss, deterioration in meat quality, 
inhibition of oxytocin release, reduced fertility, and mortality [44]-[48].  
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Animals present more aggressive behaviors when the containment time is 
longer [49] [50], which may be related to long periods of exposure to extreme 
climates, invasion of individual space, interaction between submissive and domi-
nant animals, or animals of different ages and sexes (biological stressors), as well 
as contact with unfamiliar operators within facilities [45] [50]-[53]. Delayed ani-
mal handling times are associated with increased reactivity, more undesirable be-
haviors, and a higher risk of accidents. The number of animals displaying stressful 
behaviors is closely related to handling time [45] [54] [55]. Likewise, there is a 
possibility that because it takes longer to handle each animal for oral treatments, 
the last animals in the group may perceive stress signals for longer, further reduc-
ing their flow rate. The emission of both behavioral and chemical stress signals 
increases the stress of the last animals passing through the handling chute [56]. 
Therefore, optimizing pharmacological presentations is critical for achieving clin-
ical efficacy and safety [40]. 

Preclinical safety studies aim to fully characterize the potential actions of a ther-
apeutic compound under development, including evaluation of toxicity in organs, 
to rule out adverse effects [11]. Anticipating the RAM profile allows us to activate 
strategies that minimize risks and, at the same time, maintain its favorable phar-
macological properties [57].  

The clinical features, patterns, and diagnostic criteria of drug-induced liver in-
jury are well described in humans [11] [27], but not so well in animals . Some 
diagnoses of drug-induced hepatotoxicity and nephrotoxicity in animals are based 
on the interpretation of abnormal blood chemistry values and degenerative, in-
flammatory, or necrotic histopathological findings, whether or not accompanied 
by clinical signs [15] [18] [25] [27] [58]-[62]. Local reactions at the inoculation 
site, as well as hypersensitivity, are also common [62]-[64]. Ruminant antiparasit-
ics are generally considered safe; however, potential ADRs need to be assessed for 
all new pharmaceutical compounds.  

There are no reports yet of alterations in liver or kidney function tests, or he-
matologic indices, attributable to TCBZ in human clinical trials; and no evidence 
of dose-related toxicity has been observed in animals [65]. Fosfatriclaben, being a 
derivative of TCBZ, could present similarity in terms of its safety index [66]. 
Moreover, in previous research, fosfatriclaben has presented high fasciolicidal ef-
ficacy close to 100% in reducing eggs and adults of F. hepatica [5]-[7], too similar 
to that of the best commercial fasciolicides, including its precursor, TCBZ.  

One limitation of this study was the inability to statistically compare the results 
due to the restriction of having only one animal as a control. Additional studies 
are recommended to confirm the safety of this compound.  

4. Conclusion  

In this study, it was confirmed that fosfatriclaben did not produce signs of pain or 
inflammation at the animal inoculation site, nor did it produce any histopatho-
logical or biochemical findings that could be interpreted as an ADR caused by this 
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experimental prodrug, suggesting a favorable safety profile. IM drug administra-
tion is faster than the oral route, resulting in fewer animals experiencing stressful 
behaviors, more efficient management, and a higher level of animal welfare and 
safety for animals, farmers, and veterinarians.  
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