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Simple Summary

Veterinary forensic toxicology is an interdisciplinary field that supports the investigation of
suspected animal poisoning in legal, regulatory and environmental contexts. This review
provides an updated overview of recent developments in the discipline, emphasizing the
most common poisoning scenarios involving companion animals and wildlife. Partic-
ular attention is given to advances in analytical strategies currently applied in forensic
casework based on gas chromatography-tandem mass spectrometry (GC-MS/MS), liquid
chromatography—-tandem mass spectrometry (LC-MS/MS) and high-resolution (HRMS)
platforms, which have significantly improved the detection of both known and unexpected
toxicants in post-mortem samples. Despite these technological improvements, significant
challenges remain in the interpretation of toxicological results, including post-mortem
degradation, limited species-specific reference data, and the absence of standardized cut-off
values. From a One Health perspective, veterinary forensic toxicology plays a crucial role
in detecting illegal practices, protecting biodiversity, and preventing risks to human health.
Continued methodological innovation, harmonization of protocols, and international col-
laboration are essential to ensure the reliability and forensic relevance of toxicological
evidence in veterinary medicine.

Abstract

Over the past decade, veterinary forensic toxicology has gained increasing relevance due
to the recognition of animal poisoning as a criminal, environmental, and public health
concern. This review provides an updated overview on current perspectives in veterinary
forensic toxicology, focusing on common toxicological scenarios, analytical innovations,
and interpretative challenges. Intentional poisoning of companion animals, wildlife intoxi-
cation, and environmental contamination are discussed within a One Health framework.
Mass spectrometry-based techniques, including targeted gas chromatography—-tandem
mass spectrometry (GC-MS/MS), liquid chromatography—tandem mass spectrometry (LC—
MS/MS) and high-resolution mass spectrometry (HRMS) for non-targeted screening, and
emerging ambient mass spectrometry approaches are highlighted as pivotal tools in modern
forensic investigations. Major limitations related to post-mortem changes, species-specific
toxicokinetic, and the lack of harmonized interpretative criteria are critically examined. The
review also identified future priorities such as methodological standardization, expansion
of toxicokinetic databases across species, detection of emerging contaminants, and strength-
ened international cooperation. Overall, veterinary forensic toxicology is an emerging
discipline at the intersection of animal welfare, environmental conservation, and public
health providing essential evidence for legal, regulatory, and investigative purposes.
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1. Introduction

Veterinary forensic toxicology is an interdisciplinary discipline integrating veterinary
pathology, analytical chemistry, environmental sciences, and legal medicine. It applies
toxicological principles and methodologies to investigations involving animals within legal,
regulatory, and medico-legal contexts [1]. Its importance has grown substantially due to the
persistent occurrence of intentional poisonings in companion animals [2-11], large-scale
poisoning events affecting wildlife and livestock [10-22], and emerging scenarios involving
pharmaceuticals and drugs of abuse [15,17,23,24].

Animals function as effective sentinels of environmental contamination and illegal
chemical use, providing valuable information for environmental risk assessment and
public health protection [16,17,20]. Within the One Health framework, veterinary forensic
toxicology links animal, environmental, and human health, enabling the detection of
chemical hazards that may affect multiple species simultaneously.

In forensic contexts, toxicology extends beyond its traditional clinical role and acquires
an evidentiary dimension. The aim is not only to detect and identify toxic substances but
also to reconstruct exposure scenarios, assess causality in injury or death, and evaluate
intent, negligence, or regulatory non-compliance [25]. Toxicological findings therefore
frequently inform judicial, regulatory, and administrative decision-making.

Over the last decade, veterinary forensic toxicology has undergone significant concep-
tual and methodological development. Dedicated reviews, methodological studies on post-
mortem toxicology, and thematic issues addressing animal poisoning and biomarkers of ex-
posure have contributed to its formal recognition and consolidation [2,3,5,13-16,24,26-29].
This discipline has progressively expanded beyond its historically established hubs in the
United States and the United Kingdom, with increasing contributions from South Amer-
ica, Europe, Asia, and the Caribbean, reflecting its growing global recognition and legal
and societal relevance [30]. Advances in wildlife toxicology, particularly in Europe, have
documented the impacts of pesticides, veterinary pharmaceuticals, and toxic metals on
free-ranging species, emphasizing the roles of illegal poisoned baits, secondary exposure,
and chronic or sub-lethal intoxication [10,11,17,24,31-34]. The establishment of coordi-
nated European networks of analytical laboratories and governmental agencies has further
demonstrated the integration of forensic toxicology into biodiversity conservation and
regulatory enforcement strategies [16].

The scope of veterinary forensic toxicology extends beyond overt criminal poison-
ing. Toxicological evidence is increasingly relevant in civil disputes, livestock production
oversight, and wildlife protection, where it supports legal actions under environmental
and conservation legislation [35]. Veterinary forensic medicine, encompassing disciplines
as anatomy, toxicology, pathology, genetics, and forensic entomology has gained formal
recognition in several countries, although structural and organizational limitations still
persist [16,36]. The integration of veterinary medicine with investigative procedures, ana-
lytical chemistry, ethical considerations and legal frameworks constitutes the foundation
for accurately determining the causes and the circumstances of an animal’s death [7].

A significant milestone in this field has been the publication of the first consensus
guideline for veterinary forensic post-mortem examinations (ANSI/ASB Standard 170,
First Edition published in 2024). This document establishes a standardized framework
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for forensic procedures, thereby enhancing the scientific rigor and legal robustness of
veterinary forensic investigations [37].

This review provides an updated overview of advances in veterinary forensic tox-
icology from 2015 to 2025. The current work provides addresses for post-mortem
investigations, recent analytical developments based on advanced instrumentation
including LC-DAD, [3,26], GC/MS [18,38], GC-MS/MS [18,39,40], LC-MS [41], LC-
MS/MS [18,27,40,42-45], LC-QTOF [17,22,27,28,46], DART-HRMS [12,13], as well as the
main classes of toxicants encountered in practice. Furthermore, it discusses the key inter-
pretative and organizational challenges that must be addressed to ensure the development
and the legal recognition of the discipline.

2. Methodology

A comprehensive literature search was performed using major electronic databases,
including PubMed, Scopus and Web of Science, covering the period from January 2015
to December 2025. The search strategy was designed to identify relevant publications in
the field of veterinary forensic toxicology by combining controlled vocabulary terms and
free-text keywords.

V77

The following keywords were used: “veterinary forensic toxicology”, “animal poi-
soning”, “wildlife poisoning”, and “forensic veterinary medicine”. These terms were
combined using Boolean operators. In particular, OR was used to include synonymous
or related terms (e.g., “animal poisoning” OR “wildlife poisoning”), while AND was ap-
plied to combine different conceptual domains (e.g., “veterinary forensic toxicology” AND
“animal poisoning”). Additional search strings included (“veterinary forensic toxicology”
AND “analytical methods”), (“wildlife poisoning” AND “forensic analysis”), and (“animal
poisoning” AND (“GC-MS” OR “LC-MS/MS” OR “HRMS”).

The search was limited to peer-reviewed articles published in English. Both original
research articles and review papers were considered. The reference lists of selected articles
were also manually screened to identify additional relevant studies.

Inclusion criteria comprised studies focusing on veterinary forensic toxicology, animal
and wildlife poisoning, analytical methodologies, and forensic applications in veterinary
medicine. Exclusion criteria included studies not directly relevant to the topic, articles
lacking sufficient methodological detail, conference abstracts, and publications not available

in English.

3. Results
3.1. Forensic Toxicology of Poisoning in Companion Animals and Wildlife

Dogs and cats are the species most frequently involved in veterinary forensic investi-
gations for suspected poisoning, reflecting their close proximity to human environments
and their high likelihood of both accidental and intentional exposure. Carbamate pesti-
cides, including carbofuran and aldicarb, remain the most commonly detected toxic agents,
despite regulatory bans [2,3,26]. These compounds exert their toxicity primarily through
reversible inhibition of acetyl-cholinesterase (AChE), leading to accumulation of acetyl-
choline at synaptic junctions and subsequent overstimulation of muscarinic and nicotinic
receptors. This leads to a cholinergic toxidrome characterized by hypersalivation, tremors,
bronchoconstriction, seizures, and potentially fatal respiratory failure. Their high acute
toxicity, rapid onset of action, and frequent use in illegally prepared baits contribute to
their forensic relevance [47].

Other frequently encountered toxicants include molluscicides such as metaldehyde [4],
metallic phosphides [5,39], and pyrethroid insecticides [29,36]. These agents may induce
severe or fatal intoxication through mechanisms involving neurotoxicity, disruption of
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cellular respiration, or oxidative stress mediated by disturbances in neurotransmitter bal-
ance, particularly reduced y-aminobutyric acid (GABA) activity, leading to uncontrolled
neuronal excitation, tremors, hyperthermia, and metabolic acidosis. Although pyrethroids
are generally less toxic to mammals, they can cause significant neurotoxic effects in com-
panion animals due to limited hepatic glucuronidation, acting by prolonging the opening
of voltage-gated sodium channels, resulting in repetitive neuronal firing, tremors, and
seizures [48].

A critical limitation affecting these classes of toxicants emerging across studies is the
lack of standardized toxicological thresholds and species-specific reference values. This
significantly constrains the interpretation of toxicological results, particularly in distin-
guishing between lethal, sub-lethal, and incidental exposure. In wildlife investigations,
this issue is further compounded by ecological variability and the frequent occurrence of
secondary poisoning, which complicates causal attribution.

In addition to these agents, several household toxicants are increasingly reported in
companion animal poisoning cases, including xylitol [49], grapes and raisins [50], choco-
late [51], lilies [52], and ethylene glycol [53]. These substances are readily accessible in
domestic environments and may cause severe clinical outcomes, ranging from acute renal
failure (grapes/raisins, lilies, ethylene glycol) to hypoglycaemia and hepatic failure (xylitol),
and cardiotoxic or neurologic effects (chocolate).

In recent years, exposure to pharmaceuticals and drugs of abuse has become an increas-
ing concern in veterinary forensic toxicology. Documented cases involving amphetamines,
methamphetamines, cannabis, and synthetic cannabinoids in dogs and cats underscore the
evolving nature of poisoning scenarios.

Amphetamines and methamphetamines increase synaptic concentrations of monoamines
(dopamine, norepinephrine, and serotonin), producing sympathomimetic effects such as
tachycardia, hyperthermia, agitation, and seizures. Cannabis intoxication, primarily medi-
ated via CB; receptor agonism, typically presents with central nervous system depression,
ataxia, bradycardia, and urinary incontinence, although paradoxical excitation may occur.
Synthetic cannabinoids, often more potent and unpredictable, are associated with severe
neurotoxicity, including seizures and coma. These trends highlight the necessity of ad-
vanced analytical strategies, including LC-MS/MS and high-resolution mass spectrometry
(HRMS), to enable both targeted and untargeted detection of a wide spectrum of xenobiotics
in biological matrices such as blood, urine, liver, and gastric contents [54].

The increasing complexity of poisoning cases highlights the importance of advanced
analytical approaches that can detect unconventional or emerging toxicants in veterinary
contexts, reflecting changes in human behaviour and substance availability [15,23,24].

A related but distinct concern is wildlife poisoning, which poses significant challenges
for both conservation biology and forensic investigations. Birds of prey and scavengers are
particularly vulnerable due to their ecological roles and feeding behaviour. Anticoagulant
rodenticides (ARs) are widely detected in raptors and are responsible for both lethal and
sub-lethal effects [9,11,14,20-22,40,43-46,55,56].

These compounds inhibit vitamin K epoxide reductase (VKORC1), impairing the
recycling of vitamin K and preventing the activation of clotting factors II, VII, IX, and
X. The resulting coagulopathy manifests as spontaneous hemorrhages and heightened
susceptibility to trauma. Second-generation ARs, characterized by high lipophilicity, long
biological half-lives, and significant hepatic accumulation, increase the risk of secondary
poisoning in predatory and scavenging species.

Beyond ARs, a broad spectrum of other toxicants have been reported in wildlife cases,
including strychnine [11], carbamates, organophosphates, neonicotinoids, pyrethroids,
and banned pesticides [2,3,10,27,29,36]. These compounds often reflect environmental
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contamination, illegal poisoning campaigns, or secondary exposure through trophic trans-
fer. Strychnine acts as a competitive antagonist of glycine receptors in the spinal cord
and brainstem, resulting in unchecked excitatory neurotransmission and severe tonic con-
vulsions. Organophosphates share a similar mechanism with carbamates but produce
irreversible AChE inhibition, often leading to prolonged toxicity. Neonicotinoids, acting
as nicotinic acetylcholine receptor agonists, are particularly toxic to insects but may also
affect non-target vertebrates through chronic exposure. Heavy metals such as lead remain
a persistent problem in scavenging species due to ammunition ingestion. Lead toxicosis
is well documented to cause neurological impairment, gastrointestinal dysfunction, and
mortality, with significant implications at the population level [55,57].

Additionally, veterinary pharmaceuticals, including non-steroidal anti-inflammatory
drugs (NSAIDs) and antibiotics, have been increasingly detected in avian scavengers,
raising concerns about chronic exposure and population-level effects [17,28].

Beyond these well-documented contaminants, veterinary sedatives represent an
emerging concern in wildlife forensic investigations. In particular, medetomidine, a chiral
ap-adrenergic agonist, is gaining attention due to its use in immobilization procedures and
its potential misuse or unintended environmental exposure [41]. The presence of these
agents highlights the increasing complexity of forensic toxicology in veterinary contexts,
where both intentional and indirect exposures must be considered within a multidisci-
plinary investigative approach. Table 1 provides detailed information about the main
classes of substances involved in veterinary forensic toxicological cases.

Table 1. Main classes of toxicants involved in veterinary forensic toxicology.

Class Substances Affected Species References
.. Carbofuran, Aldicarb, Dogs, cats, birds of
Carbamate pesticides Bendiocarb, Metiocarb prey [2,3,11,19,26,40,46]

Anticoagulant rodenticides

Brodifacoum, Bromadi-

Raptors, carnivores

[3,9-11,14,20,21,43-46,55,56]

olone,
Predatory wildlife
Rodenticides Sodium monofluoroacetate and companion [50]
animals
Molluscicides Metaldehyde Dogs [4,11]
Alkaloids Strychnine Companion and wild [11]
animals
. . Zinc phosphide,
Metallic phosphides Aluminium phosphide Dogs [5,39]
Pyrethroids Bifenthrin, Cypermethrin =~ Dogs, aquatic fauna [29,36]
A9-tetrahydrocannabinol,
Drugs of abuse amphetamines, synthetic Dogs, cats [15,23,24]
cannabinoids
Heavy metals Lead Avian scavengers [55,57]
Veterinary pharmaceuticals NSAIDs, antibiotics, Raptors, horse [17,20,28,41]

(-)-medetomidine

Opverall, the convergence of traditional toxicants, emerging contaminants, and anthro-

pogenic influences highlights the need for continuous methodological advancement and
enhanced surveillance in veterinary forensic toxicology [58]. This requires not only the im-
provement of analytical methodologies but also a more effective integration of toxicological
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findings, pathological data, and environmental context to accurately reconstruct poisoning
events in both companion animals and wildlife.

In addition, emerging environmental contaminants are increasingly recognized in
wildlife forensic toxicology. So-called “forever chemicals,” particularly per- and polyfluo-
roalkyl substances (PFAS), are characterized by extreme environmental persistence and
bioaccumulation, and have been widely detected in aquatic and terrestrial wildlife, where
they may induce immunotoxic, endocrine, and developmental effects [59]. Harmful algal
blooms, especially those involving cyanobacteria, represent another significant source of
intoxication, producing cyanotoxins such as microcystins and anatoxins, which can cause
acute hepatotoxicity and neurotoxicity in domestic and wild animals following ingestion of
contaminated water [60]. Furthermore, mercury remains a critical toxicant in wildlife, par-
ticularly in aquatic ecosystems, where methylmercury bioaccumulates along trophic chains,
leading to severe neurological impairment, reproductive failure, and population-level
effects in predatory species [61].

In addition, while the growing detection of pharmaceuticals and drugs of abuse reflects
evolving exposure scenarios, the literature remains fragmented, with limited systematic
investigations and scarce toxicokinetic data. This represents a major gap in understanding
the real forensic relevance of these emerging contaminants.

3.2. Analytical Progress in Veterinary Forensic Toxicology

Recent analytical developments in veterinary forensic toxicology have been largely as-
sociated with the implementation of mass spectrometric techniques, enabling both targeted
and untargeted detection of a wide spectrum of toxicants in complex biological matrices.

While the literature extensively describes the application of these methodologies, a
comparative evaluation highlights important differences in performance, applicability, and
limitations across analytical platforms.

Gas chromatography coupled to mass spectrometry (GC-MS and GC-MS/MS) re-
mains a fundamental analytical approach in post-mortem investigations, particularly for
the identification of volatile and thermally stable compounds such as pesticides, roden-
ticides, fumigants, and related environmental contaminants. Its main strengths include
high reproducibility, relatively low operational costs, and the availability of extensive
spectral libraries.

In a retrospective analysis of animal poisoning cases from 2009 to 2018 Avolio et al.,
developed and validated a GC-MS method for the detection and quantification of volatile
compounds including organochlorines (x-endosulfan, 3-endosulfan, endosulfan-sulfate
and lindane) and pyrethroids (cypermethrin, deltamethrin, permethrin I and II) [25]. The
method was also validated for the determination of ethylene glycol, piperonyl butoxide
and embutramide. The species most frequently involved in suspected poisoning cases,
in decreasing order, were dogs, cats, synanthropic birds such as mallards and pigeons,
livestock (including bees, donkeys, cattle, goats, rabbits, horses, sheep, chickens and pigs)
and wildlife.

Focardi et al. [18] described a comprehensive Systematic Toxicological Analysis (STA)
approach in which GC-MS was used for untargeted screening of toxicants in baits and
biological matrices and LC-MS/MS for confirmatory analysis.

GC-MS, supported by deconvolution software (AMDIS version 2.73), enabled wide-
spectrum detection, confirming its suitability as a primary screening technique in complex
forensic samples.

However, the limitations of conventional GC-MS in terms of selectivity, especially
for highly volatile compounds, are highlighted by Lehner et al. [39], who developed
a headspace GC-MS/MS method for phosphine detection. In this case, tandem mass
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spectrometry with collision-induced dissociation allowed the identification of specific ion
transitions (e.g., m/z 34 — 31, 32, 33) and the optimization of multiple reaction monitoring
(MRM) conditions, significantly improving analytical specificity and reducing interfer-
ence from air components. The method demonstrated adequate sensitivity and reliability
over a working range of 5-100 ppm, without requiring chromatographic separation from
atmospheric gases, thus representing a clear advancement over single-stage GC-MS for
confirmatory analysis of gaseous toxicants.

Rial-Berriel et al. [40] further extended the applicability of gas chromatographic-mass
spectrometric techniques by developing a method for the simultaneous determination of
351 contaminants, of which 126 were analysed using GC-MS/MS and 245 substances were
analysed using LC-MS/MS. In this context, GC-MS contributes to the analysis of persistent
organic pollutants and semi-volatile compounds within a comprehensive screening strategy
characterized by very low limits of quantification (80% < 2 ng/g). Altogether, these
studies demonstrate that while GC-MS remains fundamental for wide-scope screening
due to its versatility and compatibility with complex matrices, GC-MS/MS—particularly
in headspace and MRM mode—provides superior selectivity and sensitivity for specific
analytes, supporting a complementary and integrated instrumental approach in veterinary
forensic toxicology and biomonitoring.

These analytical techniques are frequently combined with QuEChERS-based extraction
protocols to improve analyte recovery and matrix purification, thereby enhancing analytical
performance in terms of sensitivity, selectivity, and reproducibility [18,38-40,55,62]. The
increasing complexity and variability of poisoning scenarios have led to the extensive ap-
plication of liquid chromatography-based methodologies. Liquid chromatography-tandem
mass spectrometry (LC-MS/MS) has become the reference technique for targeted multi-
residue analysis, due to its high sensitivity, selectivity, and robustness in the quantification
of multiple classes of compounds, including anticoagulant rodenticides, veterinary phar-
maceuticals, mycotoxins, and pesticides, even at trace concentrations in complex biological
samples [18,42-45,63].

Avolio et al. performed forensic toxicological analyses on 851 samples, including
497 collected from suspected animal poisoning cases and 354 from suspected poisoned
baits. The authors applied a modified QUEChERS approach to streamline sample prepara-
tion, followed by LC-MS analyses for the detection of various classes of toxicants, including
carbamates, anticoagulant rodenticides, strychnine, x-chloralose. The compounds most
frequently involved in intentional poisoning cases were anticoagulant rodenticides—such
as coumatetralyl, brodifacoum, bromadiolone, and difenacoum—non-anticoagulant roden-
ticides (e.g., a-chloralose), and molluscicides, particularly metaldehyde [25]. Zhu et al. also
employed a QuEChERS-based approach for the extraction and purification of anticoagulant
rodenticides from animal tissues, including sheep whole blood, heart, liver, kidney, muscle,
and stomach wall. The analytical determination was performed using high-performance
liquid chromatography coupled with triple quadrupole/linear ion trap tandem mass spec-
trometry (HPLC-QTrap-MS/MS). Thirteen rodenticides (coumafuryl, valone, pindone,
coumatetralyl, warfarin, coumachlor, diphacinone, dicoumarol, chlorophacinone, bromadi-
olone, difenacoum, flocoumafen, and brodifacoum) were analyzed using a fully validated
method demonstrating high selectivity, precision, and accuracy, with linearity over the
range of 1-100 ng/mL (g), while minimal matrix effects (<20%) were observed for the ma-
jority of analytes. This approach enhanced analytical sensitivity and selectivity, improving
the detection and confirmation of anticoagulant rodenticides in complex biological matrices
representing a valuable tool for the investigation of rodenticide poisoning cases in forensic
contexts [64].
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Taylor et al. validated an analytical strategy that expanded the screened panel to
159 multi-class compounds, including pesticides, veterinary drugs, and anticoagulant
rodenticides, in tissues from non-target vertebrate animals, with linearity in the range
0.0005-0.05 ng/mL. The method demonstrated robust selectivity, precision, and accuracy
across different matrices (liver, muscle, and kidney) with satisfactory recoveries, making
it particularly suitable for large-scale monitoring of hundreds of suspected poisoning
incidents [43].

Building on these developments, Drague et al. reported the validation of a sensitive
LC-MS/MS assay capable of simultaneously quantifying eighteen therapeutic oral anticoag-
ulants, rodenticides, and antiplatelet agents. The method required minimal sample volume
and employed a simple pre-treatment protocol. Its applicability to different biological
matrices—including whole blood, plasma, bile, and vitreous humor—ensured reliable
quantification across complex specimens, providing robust support for forensic, clinical,
and toxicological investigations [65].

Recently, Fernandez-Garcia et al., developed and validated a new analytical method
based on LC-MS/MS for the detection and quantification of 112 organic compounds,
including pesticides, anticoagulant rodenticides, and per- and polyfluoroalkyl substances
(PFASs), in the blood of four top-predator birds. They used a miniaturized liquid-liquid
extraction, determining the presence of these compounds at trace concentration levels using
a low volume of blood (200 pL) and ensuring non-destructive sampling [66].

Moreover, liquid chromatography coupled with high-resolution mass spectrometry
(LC-HRMS), including time-of-flight (TOF) and Orbitrap analyzers, provides accurate
mass measurements, improving confidence in compound identification. These approaches
support advanced analytical strategies by using spectral libraries and retrospective interro-
gation of acquired data for the detection of unknown, unexpected, or emerging toxicants in
both post-mortem and in vivo samples [17,22,27,28].

Gao et al. reported a novel methodology for the determination of nine anticoagulant ro-
denticides (brodifacoum, bromadiolone, warfarin, coumachlor, coumatetralyl, difenacoum,
pindone, difethialone and flocoumafen) in blood, combining supported liquid extraction
(SLE) pre-treatment with LC-HRMS/MS analysis in parallel reaction monitoring (PRM) on
a Q-Orbitrap platform. This approach enabled the quantification of these compounds at
trace concentrations ranging from 0.006 to 0.002 ng/mL. This method allowed the detection
of minimal residues of these toxic agents, making it applicable for both veterinary and
human toxicology applications [67].

Furthermore, innovative ambient ionization techniques such as direct analysis in real
time coupled with high-resolution mass spectrometry (DART-HRMS) have introduced
rapid screening methodologies that require minimal sample preparation. This innovative
approach significantly reduces the time of analysis maintaining the ability to generate
informative chemical profiles, representing a valuable tool in time sensitive forensic investi-
gations. [12,13]. Nevertheless, their use remains largely exploratory, and further validation
is required to establish their reliability, reproducibility, and forensic admissibility.

A DART-HRMS approach was used by Zacometti et al. for the detection of toxic
alkaloids in animal autopsy specimens. The method was successfully applied to rumen
contents, liver specimens, visible seeds and leaves retrieved from the autopsy, revealing
the presence of Calycanthaceae alkaloids, in particular calycanthine, folicanthidine, and
calycanthidine.

HPLC-HRMS/MS was used to confirm the presence of calycanthine in both rumen
contents and liver specimens and enabled its quantification, with concentrations in liver
ranging from 21.3 to 46.9 mg-kg~!. This study represents the first report of calycanthine
quantification in liver following a fatal intoxication event [12].
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Pozzato et al. also reported a significant forensic application of DART-HRMS by
identifying mycotoxin asperphenamate, produced by fungi of the genera Penicillium and
Aspergillus, in a batch of hay consumed by cattle.

Yu et al. applied DART-ToF for ultra-rapid screening of water-soluble anticoagulant
rodenticides in environmental samples, using an in-house spectral library and ionization
mode selection (positive or negative) for each compound. This approach enabled the
detection of multiple rodenticides, including warfarin, pindone, chlorophacinone, and
bromadiolone, with a total runtime of only 10 s [68].

Overall, the current evidence indicates that no single analytical technique is suffi-
cient to address the complexity of veterinary forensic toxicology. Instead, an integrated,
multi-platform approach combining targeted and untargeted methodologies is increasingly
necessary to improve detection capabilities, enhance interpretative reliability, and support
comprehensive forensic investigations.

4. Discussion

Veterinary forensic toxicology has evolved into a critical discipline at the interface
of animal welfare, environmental protection, and public health. However, one of the
major challenges in the field is the accurate interpretation of toxicological data, which
is inherently complex and influenced by multiple factors, including the post-mortem
interval, carcass preservation, degree of decomposition, and matrix-dependent analyte
stability [3,21,69]. These factors may significantly affect the detectability, concentration, and
chemical integrity of toxicants complicating the interpretation of analytical data (Figure 1).
Species-specific differences in toxicokinetics, metabolism, and susceptibility, combined with
the limited availability of validated reference values and toxicity thresholds, complicate
distinction between lethal, sub-lethal, and incidental exposure, particularly in wildlife
investigations [14,21].

Postmortem

Challenge

decomposition

Limited
reference
thresholds

Forensic
Impact

Secondary
and tertiary
exposure

Difficult
Judicial
interpretation

Lack of legal
cut-off values

Figure 1. Major interpretative challenges in veterinary forensic toxicology.

Consequently, toxicological results should be interpreted within a multidisciplinary
forensic framework, integrating analytical data with necropsy findings, histopathological
evidence, scene investigation, and relevant circumstantial information to ensure a robust
and legally defensible reconstruction of the poisoning event. This holistic approach im-
proves diagnostic accuracy, reduces misinterpretation risk, and strengthens the reliability
of veterinary forensic toxicological assessments [1].

The lack of harmonized analytical protocols and interpretative criteria across laborato-
ries remains a major limitation. Recent initiatives aimed at creating national and European
networks of veterinary forensic toxicology laboratories have highlighted the importance of
shared methodologies and data exchange [16].
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The publication of the ANSI/ ASB consensus guidelines represents a major step toward
the standardization of veterinary post-mortem investigations in cases involving companion
animals, livestock, and wildlife [37]. These guidelines define minimum requirements for
case intake, chain-of-custody procedures, systematic external and internal examinations,
and appropriate sample collection. Early and direct communication between veterinary
pathologists and toxicologists is strongly recommended to ensure the collection of suitable
specimens in adequate quantities and under appropriate conditions, while the analysis
of the documentation of pre-existing diseases, traumatic lesions, and gross pathological
findings is essential for the proper contextualization of analytical findings. The adoption
of these standardized procedures enhances inter-laboratory consistency, strengthens the
evidentiary value of forensic findings in legal contexts, and improves overall the robustness
of toxicological interpretation.

Within a One Health approach, veterinary forensic toxicology plays a central role in
identifying illegal practices, safeguarding biodiversity, and preventing human exposure to
hazardous substances [16,17,20]. By integrating evidence from animal health investigations,
environmental monitoring, and public health surveillance systems, this discipline enables
the early detection of emerging toxicological threats and supports comprehensive risk
assessment at the human—animal-ecosystem interface. Moreover, it provides scientific data
to inform regulatory decision-making, guide wildlife conservation strategies, and mitigate
environmental contamination, thereby reinforcing its strategic importance in both scientific
and policy contexts. Furthermore, this approach will enable the development of innovative
analytical strategies that integrate environmental sustainability, promoting greener chem-
istry while simultaneously enhancing analytical precision, efficacy, and reliability, all in
alignment with global health considerations [70].

Building on these advances in standardization, future perspectives in veterinary foren-
sic toxicology are expected to evolve through the enhancement of untargeted substance
screening using high-resolution mass spectrometry (HRMS), enabling the detection not
only of known xenobiotics but also of emerging contaminants and novel psychoactive
substances in biological matrices. It will therefore be essential to systematically implement
new toxicokinetic studies across different animal species, with the aim of improving the
interpretation and forensic relevance of analytical findings. These developments should
be supported by the refinement of standardized guidelines capable of providing widely
accepted interpretative frameworks. Achieving these objectives will require coordinated
global efforts in scientific collaboration and toxicovigilance.

5. Conclusions

Veterinary forensic toxicology has emerged as a pivotal discipline at the interface
of animal welfare, environmental protection, and public health. This review highlights
the evolution of the field, emphasizing advances in analytical methodologies, the first
provision of minimum requirements designed to guide veterinarians performing post-
mortem examinations, and the integration of toxicological findings within multidisciplinary
forensic frameworks.

A major strength of this study is its focus on recent developments in both compan-
ion animal and wildlife toxicology, providing a comprehensive overview of toxicants,
analytical strategies, and interpretative challenges. It also addresses emerging contami-
nants, non-targeted screening using high-resolution mass spectrometry, and the role of
One Health approaches in forensic investigations, environmental monitoring, and public
health risk assessment. Moreover, this study underscores the importance of harmonized
laboratory protocols, early communication between pathologists and toxicologists, and the
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adoption of international consensus guidelines to enhance the reliability and forensic value
of toxicological evidence.

The findings of these studies highlight that intentional animal poisoning remains a
significant concern not only for animal health but also for public health. The use of toxic
agents can lead to environmental contamination of soil and surface waters and may result
in accidental exposure or ingestion, particularly among vulnerable populations such as
children, thereby posing substantial risks to human health. By enabling the identification
of even low-level exposures, advanced analytical techniques support timely interventions
to protect both animal and human health, underscoring the critical role of sensitive and
selective methodologies. In this context, the adoption of a One Health approach is essential,
as the indiscriminate use of toxic substances represents a complex and far-reaching threat
to ecosystems, biodiversity, and human health. Actions that affect the environment without
adequate control may compromise the integrity of flora and fauna, ultimately creating
indirect yet significant risks for human populations through environmental contamination
and exposure pathways.

Overall, this work contributes a timely and integrative perspective that supports
evidence-based decision-making in veterinary forensic medicine, informs wildlife conser-
vation strategies, and strengthens global health surveillance. Future perspectives include
methodological innovation, expanded toxicokinetic studies across species, and international
collaboration that will be essential to further enhance the interpretative robustness, applica-
bility, and societal impact of veterinary forensic toxicology on public and animal health.

In particular, future developments will increasingly focus on the systematic char-
acterization and surveillance of emerging environmental contaminants, including novel
pesticides, transformation products, pharmaceuticals, industrial chemicals, and previ-
ously unrecognized anthropogenic compounds, which represent a continuously evolving
analytical challenge in forensic investigations.

Furthermore, high-resolution mass spectrometry (HRMS)-based untargeted and sus-
pect screening strategies are expected to become central tools in veterinary forensic tox-
icology, enabling comprehensive chemical profiling, retrospective data mining, and the
identification of unknown or unexpected toxicants without prior analytical bias.

The integration of untargeted workflows with expanding spectral libraries, advanced
chemometric tools, and machine-learning-assisted data processing will further enhance
detection capabilities, supporting more robust interpretation of complex exposure scenarios
and improving the sensitivity and specificity of forensic investigations in both biological
and environmental matrices.

Author Contributions: Conceptualization, G.M. and FR.B.; methodology, R.T.; software, FR.B.;
validation, G.M. and R.T.; formal analysis, ER.B.; investigation, ER.B.; data curation, G.M.; writing—
original draft preparation, G.M. and R.T.; writing—review and editing, R.T.; visualization, L. T.M.;
supervision, L.T.M.; project administration, L.T.M. All authors have read and agreed to the published
version of the manuscript.

Funding: This research received no external funding.
Data Availability Statement: No new data were created.

Conflicts of Interest: The authors declare no conflicts of interest.

1.  Marchetti, C.; Mastrogiuseppe, L.; Vanin, S.; Cecchi, R.; Gherardi, M. On-Site Inspection Form in Veterinary Cases: The Parma
Veterinary Form. Animals 2023, 13, 2064. [CrossRef]
2. Pivariu, D.; Oros, A.-N.; Tabaran, E; Gal, A.; Martonos, C.; Nagy, A.-L. Intentional Carbofuran Poisoning in 7 Dogs. BMC Vet. Res.

2020, 16, 318. [CrossRef]

https:/ /doi.org/10.3390/ vetsci13050444


https://doi.org/10.3390/ani13132064
https://doi.org/10.1186/s12917-020-02534-w
https://doi.org/10.3390/vetsci13050444

Vet. Sci. 2026, 13, 444 12 of 15

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

De Siqueira, A.; Salvagni, F.A.; Yoshida, A.S.; Gongalves-Junior, V.; Calefi, A.S.; Fukushima, A.R.; Spinosa, H.D.S.; Maiorka, P.C.
Poisoning of Cats and Dogs by the Carbamate Pesticides Aldicarb and Carbofuran. Res. Vet. Sci. 2015, 102, 142-149. [CrossRef]

Botelho, A.EM.; Machado, AM.D,; Da Silva, R H.S,; Faria, A.C.; Machado, L.S.; Santos, H.; Braga, S.D.M.; Torres, B.B.J.; Miguel,
M.P; Chaves, A.R;; et al. Fatal Metaldehyde Poisoning in a Dog Confirmed by Gas Chromatography. BMC Vet. Res. 2020, 16, 139.
[CrossRef] [PubMed]

Nagy, A.-L.; Bolfa, P; Mihaiu, M.; Catoi, C.; Oros, A.; Taulescu, M.; Tabaran, F. Intentional Fatal Metallic Phosphide Poisoning in a
Dog—A Case Report. BMC Vet. Res. 2015, 11, 158. [CrossRef] [PubMed]

Caloni, E; Berny, P.; Croubels, S.; Sachana, M. Epidemiology of Animal Poisonings in Europe. In Veterinary Toxicology; Elsevier:
Amsterdam, The Netherlands, 2025; pp. 45-59. ISBN 978-0-443-29007-7.

Aratjo, D.S.; Santos, A.D.S.; Tostes, R.A.; Miguel, M.P.; Menezes, L.B. Application of Legal Veterinary Medicine: Main Toxic
Agents versus Real Cases of Intentional Intoxication in Domestic Animals Analyzed in Criminal Expertize in Central Brazil.
Forensic Sci. Int. Anim. Environ. 2024, 5, 100087. [CrossRef]

Bertero, A.; Chiari, M.; Vitale, N.; Zanoni, M.; Faggionato, E.; Biancardi, A.; Caloni, F. Types of Pesticides Involved in Domestic
and Wild Animal Poisoning in Italy. Sci. Total Environ. 2020, 707, 136129. [CrossRef]

Mahjoub, T.; Krafft, E.; Garnier, L.; Mignard, A.; Hugnet, C.; Lefebvre, S.; Fourel, I; Benoit, E.; Lattard, V. Asymptomatic
Anticoagulant Rodenticide Exposure in Dogs and Cats—A French and Belgian Rural and Urban Areas Study. Front. Toxicol. 2022,
4,907892. [CrossRef]

Capela E Silva, F,; Sousa, A.C.; Pastorinho, M.R.; Mizukawa, H.; Ishizuka, M. Editorial: Animal Poisoning and Biomarkers of
Toxicity. Front. Vet. Sci. 2022, 9, 891483. [CrossRef]

Grilo, A.; Moreira, A.; Carrapico, B.; Belas, A.; Sao Braz, B. Epidemiological Study of Pesticide Poisoning in Domestic Animals
and Wildlife in Portugal: 2014-2020. Front. Vet. Sci. 2021, 7, 616293. [CrossRef]

Zacometti, C.; Tata, A.; Stella, R.; Leone, S.; Pallante, 1.; Merenda, M.; Catania, S.; Pozzato, N.; Piro, R. DART-HRMS Allows the
Detection of Toxic Alkaloids in Animal Autopsy Specimens and Guides the Selection of Confirmatory Methods in Accidental
Plant Poisoning. Anal. Chim. Acta 2023, 1264, 341309. [CrossRef]

Pozzato, N.; Piva, E.; Pallante, I.; Bombana, D.; Stella, R.; Zanardello, C.; Tata, A.; Piro, R. Rapid Detection of Asperphenamate in
a Hay Batch Associated with Constipation and Deaths in Dairy Cattle. The Application of DART-HRMS to Veterinary Forensic
Toxicology. Toxicon 2020, 187, 122-128. [CrossRef]

Valverde, I.; Espin, S.; Gémez-Ramirez, P.; Navas, I.; Maria-Mojica, P.; Sdnchez-Virosta, P,; Jiménez, P.; Torres-Chaparro, M.Y,;
Garcia-Ferndandez, A.J. Wildlife Poisoning: A Novel Scoring System and Review of Analytical Methods for Anticoagulant
Rodenticide Determination. Ecotoxicology 2021, 30, 767-782. [CrossRef]

Chtopas-Konowatek, A.; Tusiewicz, K.; Wachetko, O.; Szpot, P.; Zawadzki, M. A Case of Amphetamine and Methamphetamine
Intoxication in Cat. Toxics 2022, 10, 749. [CrossRef] [PubMed]

Valverde, I; Espin, S.; Gémez-Ramirez, P.; Sinchez-Virosta, P.; Garcia-Ferndndez, A J.; Berny, P. Developing a European Network
of Analytical Laboratories and Government Institutions to Prevent Poisoning of Raptors. Environ. Monit. Assess. 2022, 194, 113.
[CrossRef]

Blanco, G.; Carrete, M.; Navas, I.; Garcfa-Fernandez, A.J. Age and Sex Differences in Pharmaceutical Contamination in a Keystone
Scavenger. Environ. Res. 2024, 251, 118592. [CrossRef] [PubMed]

Focardi, C.; Biancalani, G.; Marmo, G.; Ramundi, F.; Amidei, I.; Messeri, L.; Neri, B. Validation of a Procedure for Toxicants
Detection in Baits and Animal Organs in Case of Suspected Poisoning by Using GC-MS and LC-MS/MS, as a Part of Systematic
Toxicological Analysis Based on 15 Years of Experience. Sci. Justice 2025, 65, 101247. [CrossRef]

Chiopas-Konowatek, A.; Zawadzki, M.; Kurach, L.; Wachelko, O.; Ciaputa, R.; Tusiewicz, K.; Szpot, P. Simultaneous Poisoning of
48 Birds of Prey—Bendiocarb Determination with the Use of UHPLC-ESI-MS/MS Method in Fatal Case from Eastern Europe.
Arch. Forensic Med. Criminol. 2022, 72, 67-80. [CrossRef]

Rial-Berriel, C.; Acosta-Dacal, A.; Cabrera Pérez, M.A.; Sudrez-Pérez, A.; Melian Melian, A.; Zumbado, M.; Henriquez Hernandez,
L.A.; Ruiz-Sudrez, N.; Rodriguez Hernandez, A.; Boada, L.D.; et al. Intensive Livestock Farming as a Major Determinant of the
Exposure to Anticoagulant Rodenticides in Raptors of the Canary Islands (Spain). Sci. Total Environ. 2021, 768, 144386. [CrossRef]
[PubMed]

Valverde, I.; Espin, S.; Gémez-Ramirez, P.; Navas, I.; Sdnchez-Virosta, P.; Torres-Chaparro, M.Y.; Jiménez, P.; Maria-Mojica, P;
Garcia-Fernandez, A.]. Temporal Persistence of Bromadiolone in Decomposing Bodies of Common Kestrel (Falco tinnunculus).
Toxics 2020, 8, 98. [CrossRef]

Vicedo, T.; Navas, I.; Marfa-Mojica, P.; Garcia-Fernandez, A.]. Widespread Use of Anticoagulant Rodenticides in Agricultural and
Urban Environments. A Menace to the Viability of the Endangered Bonelli’s Eagle (Aquila fasciata) Populations. Environ. Pollut.
2024, 358, 124530. [CrossRef]

Janeczek, A.; Zawadzki, M.; Szpot, P.; Niedzwiedz, A. Marijuana Intoxication in a Cat. Acta Vet. Scand. 2018, 60, 44. [CrossRef]

https:/ /doi.org/10.3390/ vetsci13050444


https://doi.org/10.1016/j.rvsc.2015.08.006
https://doi.org/10.1186/s12917-020-02348-w
https://www.ncbi.nlm.nih.gov/pubmed/32414366
https://doi.org/10.1186/s12917-015-0495-5
https://www.ncbi.nlm.nih.gov/pubmed/26202780
https://doi.org/10.1016/j.fsiae.2024.100087
https://doi.org/10.1016/j.scitotenv.2019.136129
https://doi.org/10.3389/ftox.2022.907892
https://doi.org/10.3389/fvets.2022.891483
https://doi.org/10.3389/fvets.2020.616293
https://doi.org/10.1016/j.aca.2023.341309
https://doi.org/10.1016/j.toxicon.2020.08.022
https://doi.org/10.1007/s10646-021-02411-8
https://doi.org/10.3390/toxics10120749
https://www.ncbi.nlm.nih.gov/pubmed/36548582
https://doi.org/10.1007/s10661-021-09719-2
https://doi.org/10.1016/j.envres.2024.118592
https://www.ncbi.nlm.nih.gov/pubmed/38442815
https://doi.org/10.1016/j.scijus.2025.101247
https://doi.org/10.4467/16891716AMSIK.22.009.16807
https://doi.org/10.1016/j.scitotenv.2020.144386
https://www.ncbi.nlm.nih.gov/pubmed/33444862
https://doi.org/10.3390/toxics8040098
https://doi.org/10.1016/j.envpol.2024.124530
https://doi.org/10.1186/s13028-018-0398-0
https://doi.org/10.3390/vetsci13050444

Vet. Sci. 2026, 13, 444 13 of 15

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Kelmer, E.; Shimshoni, J.A.; Merbl, Y.; Kolski, O.; Klainbart, S. Use of Gas Chromatography—Mass Spectrometry for Definitive
Diagnosis of Synthetic Cannabinoid Toxicity in a Dog. . Vet. Emerg. Crit. Care 2019, 29, 573-577. [CrossRef]

Avolio, R.; Andreoli, T.; Ercolini, C.; Mignone, W.; Beltrame, R.; Razzuoli, E.; Modesto, P.; Zoppi, S.; Crescio, M.1.; Ostorero, F;
et al. Retrospective Data Analysis of Animal Poisoning Events in Liguria. Vet. Anim. Sci. 2021, 13, 100178. [CrossRef] [PubMed]
Gongalves, V.; Hazarbassanov, N.Q.; De Siqueira, A.; Florio, J.C.; Ciscato, C.H.P,; Maiorka, P.C.; Fukushima, A.R.; De Souza
Spinosa, H. Development and Validation of Carbofuran and 3-Hydroxycarbofuran Analysis by High-Pressure Liquid Chro-
matography with Diode Array Detector (HPLC-DAD) for Forensic Veterinary Medicine. J. Chromatogr. B 2017, 1065-1066, 8-13.
[CrossRef] [PubMed]

Yohannes, Y.B.; Tanaka, A.; Kihara, Y.; Tajima, T.; Nakayama, S.; Nimako, C.; Ikenaka, Y.; Ishizuka, M. Forensic Detection and
Quantification of Methomyl in Animal Stomach Contents Using Liquid Chromatography Quadrupole Time-of-Flight Mass
Spectrometry (LC-Q-TOF/MS) and Liquid Chromatography Tandem Mass Spectrometry (LC-MS/MS) in Japan. ]. Vet. Med. Sci.
2025, 87, 1494-1498. [CrossRef]

Gomez-Ramirez, P.; Blanco, G.; Garcia-Ferndndez, A.J. Validation of Multi-Residue Method for Quantification of Antibiotics and
NSAIDs in Avian Scavengers by Using Small Amounts of Plasma in HPLC-MS-TOFE. Int. . Environ. Res. Public Health 2020, 17,
4058. [CrossRef]

Buchweitz, J.P.; Mader, D.; Lehner, A.F. Bifenthrin Fatality in a Canine: A Case Report with Postmortem Concentrations. J. Anal.
Toxicol. 2019, 43, 72-78. [CrossRef] [PubMed]

Gilbert, ].E,; Aysu, ].E.; Téth, 1; Szilasi, A.; Mandoki, M. Veterinary Forensic Pathology in the Investigation of Animal Cruelty:
Post-Mortem Insights, Forensic Tools, Case Studies, and Legal Perspectives. Animals 2026, 16, 785. [CrossRef]

De Roma, A.; Miletti, G.; D’Alessio, N.; Marigliano, L.; Bruno, T.; Gallo, P; Binato, G.; Esposito, M. Inspective and Toxicological
Survey of the Poisoned Baits and Bites. Forensic Sci. Int. 2018, 287, 108-112. [CrossRef]

Tata, A.; Pallante, I.; Zacometti, C.; Moressa, A.; Bragolusi, M.; Negro, A.; Massaro, A.; Binato, G.; Gallocchio, F.; Angeletti, R.;
et al. Rapid, Novel Screening of Toxicants in Poison Baits, and Autopsy Specimens by Ambient Mass Spectrometry. Front. Chem.
2022, 10, 982377. [CrossRef]

Sidiropoulos, L.; Whitfield, D.P,; Bounas, A.; Kret, E.; Navarrete, E.; Vafeidis, P.; Doukas, D.; Michalopoulou, P; Zakkak, S.; Kati, V.
Poisoned Baits Drive Record Golden Eagle Mortality in Northern Greece: A Call for Urgent Conservation Actions. Biol. Conserv.
2025, 308, 111223. [CrossRef]

Bille, L.; Toson, M.; Mulatti, P.; Dalla Pozza, M.; Capolongo, E.; Casarotto, C.; Ferre, N.; Angeletti, R.; Gallocchio, E; Binato, G.
Epidemiology of Animal Poisoning: An Overview on the Features and Spatio-Temporal Distribution of the Phenomenon in the
North-Eastern Italian Regions. Forensic Sci. Int. 2016, 266, 440-448. [CrossRef] [PubMed]

Turkmen, Z.; Zengin, S.; Kuloglu Genc, M.; Yayla, M.; Tekin Bulbul, T.; Mercan, S. The Role of Forensic Veterinary Toxicology in
Pet Custody Cases. . Anal. Toxicol. 2023, 46, €239-e242. [CrossRef]

Farag, M.R.; Alagawany, M.; Bilal, RM.; Gewida, A.G.A.; Dhama, K.; Abdel-Latif, HM.R.; Amer, M.S.; Rivero-Perez, N;
Zaragoza-Bastida, A.; Binnaser, Y.S.; et al. An Overview on the Potential Hazards of Pyrethroid Insecticides in Fish, with Special
Emphasis on Cypermethrin Toxicity. Animals 2021, 11, 1880. [CrossRef]

Available online: https://www.aafs.org/sites/default/files/media/documents/170_Std_el.pdf (accessed on 21 January 2026).
Buchweitz, ].P.; Viner, T.C.; Lehner, A.F. Qualitative Identification of Imidacloprid in Postmortem Animal Tissue by Gas
Chromatography-Tandem Mass Spectrometry. Toxicol. Mech. Methods 2019, 29, 511-517. [CrossRef] [PubMed]

Lehner, A.E; Johnson, M.; Buchweitz, J.P. Phosphine Detection in Veterinary Samples Using Headspace Gas Chromatogra-
phy/Tandem Mass Spectrometry with Multiple Reaction Monitoring. Rapid Commun. Mass Spectrom. 2020, 34, e8738. [CrossRef]
[PubMed]

Rial-Berriel, C.; Acosta-Dacal, A.; Zumbado, M.; Henriquez-Hernandez, L.; Rodriguez-Hernandez, A.; Macias-Montes, A.; Boada,
L.; Travieso-Aja, M.; Martin Cruz, B.; Luzardo, O. A Method Scope Extension for the Simultaneous Analysis of POPs, Current-Use
and Banned Pesticides, Rodenticides, and Pharmaceuticals in Liver. Application to Food Safety and Biomonitoring. Toxics 2021, 9,
238. [CrossRef]

Karakka Kal, A.K.; Nalakath, J.; Kunhamu Karatt, T.; Perwad, Z.; Mathew, B.; Subhahar, M. Development and Validation of a
Chiral LC-MS Method for the Enantiomeric Resolution of (+) and (—)-medetomidine in Equine Plasma by Using Polysaccharide-
based Chiral Stationary Phases. Chirality 2020, 32, 314-323. [CrossRef]

Hajrulai-Musliu, Z.; Uzunov, R.; Jovanov, S.; Musliu, D.; Dimitrieska-Stojkovikj, E.; Stojanovska-Dimzoska, B.; Angeleska,
A.; Stojkovski, V.; Sasanya, J.J. Multi-Class/Residue Method for Determination of Veterinary Drug Residues, Mycotoxins and
Pesticide in Urine Using LC-MS/MS Technique. BMC Vet. Res. 2023, 19, 156. [CrossRef]

Taylor, M.].; Giela, A.; Senior, C.; Sharp, E.A.; Titman, C.M.; Luzardo, O.P,; Sudrez, N.R. Multi-Residue Determination of Antico-
agulant Rodenticides in Vertebrate Wildlife and Domestic Animals Using Ultra (High) Performance Liquid Chromatography
Tandem Mass Spectrometry. MethodsX 2018, 5, 149-158. [CrossRef] [PubMed]

https:/ /doi.org/10.3390/ vetsci13050444


https://doi.org/10.1111/vec.12872
https://doi.org/10.1016/j.vas.2021.100178
https://www.ncbi.nlm.nih.gov/pubmed/34151043
https://doi.org/10.1016/j.jchromb.2017.09.021
https://www.ncbi.nlm.nih.gov/pubmed/28938132
https://doi.org/10.1292/jvms.25-0287
https://doi.org/10.3390/ijerph17114058
https://doi.org/10.1093/jat/bky046
https://www.ncbi.nlm.nih.gov/pubmed/30007355
https://doi.org/10.3390/ani16050785
https://doi.org/10.1016/j.forsciint.2018.03.038
https://doi.org/10.3389/fchem.2022.982377
https://doi.org/10.1016/j.biocon.2025.111223
https://doi.org/10.1016/j.forsciint.2016.07.002
https://www.ncbi.nlm.nih.gov/pubmed/27450041
https://doi.org/10.1093/jat/bkac088
https://doi.org/10.3390/ani11071880
https://www.aafs.org/sites/default/files/media/documents/170_Std_e1.pdf
https://doi.org/10.1080/15376516.2019.1616344
https://www.ncbi.nlm.nih.gov/pubmed/31070080
https://doi.org/10.1002/rcm.8738
https://www.ncbi.nlm.nih.gov/pubmed/31981253
https://doi.org/10.3390/toxics9100238
https://doi.org/10.1002/chir.23166
https://doi.org/10.1186/s12917-023-03720-2
https://doi.org/10.1016/j.mex.2018.02.001
https://www.ncbi.nlm.nih.gov/pubmed/30622913
https://doi.org/10.3390/vetsci13050444

Vet. Sci. 2026, 13, 444 14 of 15

44.

45.

46.

47.

48.

49.
50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

Smith, L.L.; Liang, B.; Booth, M.C.; Filigenzi, M.S.; Tkachenko, A.; Gaskill, C.L. Development and Validation of Quantitative
Ultraperformance Liquid Chromatography-Tandem Mass Spectrometry Assay for Anticoagulant Rodenticides in Liver. J. Agric.
Food Chem. 2017, 65, 6682—-6691. [CrossRef]

Chen, Y,; Lopez, S.; Reddy, R M.; Wan, J.; Tkachenko, A.; Nemser, S.M.; Smith, L.; Reimschuessel, R. Validation and Interlaboratory
Comparison of Anticoagulant Rodenticide Analysis in Animal Livers Using Ultra-Performance Liquid Chromatography-Mass
Spectrometry. J. Vet. Diagn. Investig. 2023, 35, 470-483. [CrossRef] [PubMed]

Gallocchio, F.; Moressa, A.; Stella, R.; Rosin, R.; Basilicata, L.; Bille, L.; Toson, M.; Biancotto, G.; Lega, F.; Angeletti, R.; et al.
Fast and Simultaneous Analysis of Carbamate Pesticides and Anticoagulant Rodenticides Used in Suspected Cases of Animal
Poisoning. Forensic Sci. Int. 2021, 323, 110810. [CrossRef]

Eddleston, M.; Buckley, N.A; Eyer, P.; Dawson, A.H. Management of Acute Organophosphorus Pesticide Poisoning. Lancet 2008,
371, 597-607. [CrossRef]

Gupta, R.C. Veterinary Toxicology: Basic and Clinical Principles, 3rd ed.; Elsevier/Academic Press: London, UK, 2018; ISBN
978-0-12-811410-0.

Schmid, R.D.; Hovda, L.R. Acute Hepatic Failure in a Dog after Xylitol Ingestion. J. Med. Toxicol. 2016, 12, 201-205. [CrossRef]
Schweighauser, A.; Henke, D.; Oevermann, A.; Gurtner, C.; Francey, T. Toxicosis with Grapes or Raisins Causing Acute Kidney
Injury and Neurological Signs in Dogs. |. Vet. Intern. Med. 2020, 34, 1957-1966. [CrossRef]

Cortinovis, C.; Caloni, F. Household Food Items Toxic to Dogs and Cats. Front. Vet. Sci. 2016, 3, 26. [CrossRef]

Braddock, J.; White, J.; Malik, R. Lily Intoxication in Cats: Information for Cat Owners. J. Feline Med. Surg. 2005, 7, i. [CrossRef]
Nieweg, S.; Cichowski, S.; Miiller, K. Ethylene Glycol Intoxication (Antifreeze Poisoning) in a Domestic Ferret (Mustela Putorius
Furo). Vet. Rec. Case Rep. 2025, 13, €70126. [CrossRef]

Plumlee, K.H. Clinical Veterinary Toxicology; Mosby: St. Louis, MO, USA, 2004; ISBN 978-0-323-01125-9.

Buchweitz, J.P.; Johnson, M.; Lehner, AF. Pentafluorobenzylation and Detection of Sodium Monofluoroacetate (Compound 1080)
in Veterinary Samples Using Gas Chromatography/Tandem Quadrupole Mass Spectrometry with Multiple Reaction Monitoring.
Rapid Commun. Mass Spectrom. 2021, 35, €8973. [CrossRef] [PubMed]

Rached, A.; Moriceau, M.-A.; Serfaty, X.; Lefebvre, S.; Lattard, V. Biomarkers Potency to Monitor Non-Target Fauna Poisoning by
Anticoagulant Rodenticides. Front. Vet. Sci. 2020, 7, 616276. [CrossRef]

Ganz, K; Jenni, L.; Madry, M.M.; Kraemer, T.; Jenny, H.; Jenny, D. Acute and Chronic Lead Exposure in Four Avian Scavenger
Species in Switzerland. Arch. Environ. Contam. Toxicol. 2018, 75, 566-575. [CrossRef]

Kulnides, N.; Lorsirigool, A. The Role of Veterinarians in Forensic Science: A Review. Worlds Vet. J. 2023, 13, 452—-458. [CrossRef]
De Silva, A.O.; Armitage, ] M.; Bruton, T.A.; Dassuncao, C.; Heiger-Bernays, W.; Hu, X.C.; Kdrrman, A.; Kelly, B.; Ng, C.; Robuck,
A_; et al. PFAS Exposure Pathways for Humans and Wildlife: A Synthesis of Current Knowledge and Key Gaps in Understanding.
Environ. Toxicol. Chem. 2020, 40, 631-657. [CrossRef]

Villalobos, T.; Suérez-Isla, B.; Garcia, C. Health and Environmental Impacts of Cyanobacteria and Cyanotoxins from Freshwater
to Seawater. Toxins 2025, 17, 126. [CrossRef]

Chételat, J.; Ackerman, J.T.; Eagles-Smith, C.A.; Hebert, C.E. Methylmercury Exposure in Wildlife: A Review of the Ecological
and Physiological Processes Affecting Contaminant Concentrations and Their Interpretation. Sci. Total Environ. 2020, 711, 135117.
[CrossRef] [PubMed]

Lehner, A.; Bokhart, M.; Johnson, M.; Buchweitz, J. Characterization of Bromethalin and Its Degradation Products in Veterinary
Toxicology Samples by GC-MS-MS. J. Anal. Toxicol. 2019, 43, 112-125. [CrossRef]

Sell, B.; Sniegocki, T.; Zmudzki, J.; Posyniak, A. Development of an Analytical Procedure for the Determination of Multiclass
Compounds for Forensic Veterinary Toxicology. J. Anal. Toxicol. 2018, 42, 183-191. [CrossRef]

Zhu, L.; Liu, L.; Dy, L.; Hao, J.; Ma, J.; Zhu, J.; Gong, W. Establishment and Validation of Anticoagulant Rodenticides in Animal
Samples by HPLC-MS/MS, Focusing on Evaluating the Effect of Modified QUEChERS Protocol on Matrix Effect Reduction. ACS
Omega 2022, 7, 18146-18158. [CrossRef] [PubMed]

Drague, A.; Escal, J.; Bidat, C.; Dellinger, S.; Hodin, S.; Duband, S.; Feliu, C.; Delavenne, X. Simultaneous Quantification
of Eighteen Therapeutic Oral Anticoagulants, Rodenticides, and Antiplatelet Agents by LC-MS/MS and Its Application in
Post-Mortem Forensic Cases. J. Pharm. Biomed. Anal. 2025, 257, 116709. [CrossRef] [PubMed]

Fernandez-Garcia, A.; Camacho, EM.; Moreno-Gonzalez, D.; Martinez-Piernas, A.B.; Gilbert-Lépez, B.; Garcia-Reyes, J.F.
Assessment of Exposure to Pesticides, Anticoagulant Rodenticides, and PFASs in the Blood of Top-Predator Birds by LC-MS/MS
Analysis. Environ. Res. 2026, 288, 123270. [CrossRef]

Gao, X,; Li, H,; Li, H,; Dong, S.; Chu, J.; Guo, H.; Zhao, Q. Sensitive Determination of Nine Anticoagulant Rodenticides in
Blood by High Resolution Mass Spectrometry with Supported Liquid Extraction Pretreatment. Forensic Sci. Int. 2018, 292, 39-44.
[CrossRef]

https:/ /doi.org/10.3390/ vetsci13050444


https://doi.org/10.1021/acs.jafc.7b02280
https://doi.org/10.1177/10406387231178558
https://www.ncbi.nlm.nih.gov/pubmed/37313802
https://doi.org/10.1016/j.forsciint.2021.110810
https://doi.org/10.1016/S0140-6736(07)61202-1
https://doi.org/10.1007/s13181-015-0531-7
https://doi.org/10.1111/jvim.15884
https://doi.org/10.3389/fvets.2016.00026
https://doi.org/10.1016/S1098-612X-05-00142-7
https://doi.org/10.1002/vrc2.70126
https://doi.org/10.1002/rcm.8973
https://www.ncbi.nlm.nih.gov/pubmed/33053238
https://doi.org/10.3389/fvets.2020.616276
https://doi.org/10.1007/s00244-018-0561-7
https://doi.org/10.54203/scil.2023.wvj49
https://doi.org/10.1002/etc.4935
https://doi.org/10.3390/toxins17030126
https://doi.org/10.1016/j.scitotenv.2019.135117
https://www.ncbi.nlm.nih.gov/pubmed/31831233
https://doi.org/10.1093/jat/bky072
https://doi.org/10.1093/jat/bkx093
https://doi.org/10.1021/acsomega.2c01863
https://www.ncbi.nlm.nih.gov/pubmed/35664579
https://doi.org/10.1016/j.jpba.2025.116709
https://www.ncbi.nlm.nih.gov/pubmed/39893780
https://doi.org/10.1016/j.envres.2025.123270
https://doi.org/10.1016/j.forsciint.2018.09.009
https://doi.org/10.3390/vetsci13050444

Vet. Sci. 2026, 13, 444 15 of 15

68. Yu, T; Moorthy, A.S.; Brunswick, P; Rosary, B.; Cody, R.; Gian, M.; Dang, V.; Kwok, H.; Yan, J.; Shang, D. Detection of
Anticoagulant Rodenticides by Direct Analysis in Real Time Time-of-Flight Mass Spectrometry: Novel Screening Techniques and
Rapid Semi-Quantitative Determination. Anal. Methods 2025, 17, 9000-9016. [CrossRef] [PubMed]

69. Romano, M.C.; Dorman, D.C.; Gaskill, C.L. Postmortem Veterinary Toxicology: Animal Death Investigation and the Veterinary
Diagnostic Laboratory. WIREs Forensic Sci. 2020, 2, e1375. [CrossRef]

70. Dinis-Oliveira, R.J. No Boundaries for Toxicology in Clinical Medicine: One Health, One Society and One Planet for All of Us. J.
Clin. Med. 2023, 12, 2808. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https:/ /doi.org/10.3390/ vetsci13050444


https://doi.org/10.1039/D5AY01447F
https://www.ncbi.nlm.nih.gov/pubmed/41186326
https://doi.org/10.1002/wfs2.1375
https://doi.org/10.3390/jcm12082808
https://doi.org/10.3390/vetsci13050444

	Introduction 
	Methodology 
	Results 
	Forensic Toxicology of Poisoning in Companion Animals and Wildlife 
	Analytical Progress in Veterinary Forensic Toxicology 

	Discussion 
	Conclusions 
	References

