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Abstract

Therapeutic products quite often are causes of poisoning in both small and large animals. Drug
poisonings in animals occur commonly due to off-label use of medicines, wrong dosage, negligence,
accidental ingestion and deliberate poisonings. Toxicity of veterinary drugs may become evident also
in therapeutic doses when adverse effects may occur. The aim of this review is to inform veterinary
specialists about both veterinary and human drugs, specifically antiparasitics, non-steroidal anti-in-
flammatory drugs and other medicinal substances, which are most often reported to cause acute
poisonings or adverse reactions in animals and to contribute to their broader knowledge and more
accurate use of medicines, improving instructions to the animal owners and, hopefully, decrease the
incidence of drug poisonings in animals.
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Introduction

Medicines often are causes of poisoning in both
small and large animals. Unfortunately, exact statistics
cannot be given as in many countries no central regis-
ter of poisoning cases in animals exists. Generally it is
expected that drug intoxications can constitute
10-30% of poisonings in animals (Xavier et al. 2002,
Kupper et al. 2010). Species affected are mainly dogs,
cats and other companion animals, less is reported for
farm animals (Muntener et al. 2010). Drugs most of-
ten reported as a cause of poisoning or adverse effects
are antibiotics, antiparasitics and non-steroidal
anti-inflammatory drugs (Xavier et al. 2002, Mun-
tener et al. 2010). Antibiotics are not covered in this
review due to the limited space and existence of many
literature sources on this issue.
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Drug poisonings in animals can have many causes.
Very often it is an off-label use of medicines (applica-
tion of veterinary product to a non-target animal spe-
cies or application for a different indication than is
mentioned in the summary of product characteristics,
application of human drugs), wrong dosage (over-
dose), but also owner’s negligence or unfamiliarity
with the drug and proper drug handling. Another
common reason of such poisonings is accidental inges-
tion of both human and veterinary medicines inappro-
priately stored in the reach of, especially, pet animals.
In the worst cases deliberate poisonings of animals are
revealed. Symptoms of poisoning reflect the type of
the toxicity of the substance and mechanism of its
action. Due to the fact that both veterinary and hu-
man drugs are responsible for toxic and adverse ef-
fects occurring in animals, both of the categories are

Polish Journal of Veterinary Sciences Vol. 16, No. 1 (2013), 181–191



mentioned in this article. The criterion for inclusion
of the drug into this review was sufficient scientific
data on its toxic properties and scientifically
documented cases of poisonings/adverse reactions in
animals.

Nowadays, cases of acute drug poisonings de-
crease in number, especially in large animals, but are
still very important as they represent acute
life-threatening situations and must be solved im-
mediately, what imposes high requirements on the
knowledge and abilities of veterinarians.

A new type of drug poisoning is a chronic exposure
to very low doses of medicines. This chronic intoxica-
tion or chronic action of drugs is possible due to the
fact that the environment is contaminated with traces
of hundreds of medicinal substances which are deposi-
ted in soil, sediments, occur in water and consequently
enter food chain – can be found in plants and animals
which serve as a food source. This contamination oc-
curs due to an enormous consumption of drugs, im-
proper knowledge of their behaviour in the environ-
ment and inefficiency of waste water treatment pro-
cesses to decompose or remove them from water
(Al-Ahmad et al. 1999, Fent et al. 2006, Crouse et al.
2012). Of course, these chronic expositions to medi-
cines rarely lead to death or highly significant health
problems, but can alter animals health condition, can
influence birth rates, weight gains and milk yield. And,
last but not least, the presence of these substances (of-
ten inducers or inhibitors of many important enzymes)
in the animal organism can lead to interactions with
other medicinal substances administered to the animals
or with internal biochemical processes.

Toxicity of veterinary drugs becomes evident also
in cases when therapeutic doses for appropriate in-
dication are used. Many drugs may have adverse ef-
fects ranging from mild health complications to
life-threatening conditions. These effects occur upon
individual sensitivity of animals and can be conse-
quence of known toxicity of the drug or of individual
or idiosyncrastic reaction. Monitoring of such effects,
including off-label or wrong use of veterinary medi-
cines, comes under the competence of state authori-
ties responsible for pharmacovigilance. Unfortunate-
ly, general experience is that veterinarians and general
public do not cooperate well in this field although
reporting of adverse effects to the responsible
authorities is often decreed by the law.

The aim of this review is to inform veterinary
specialists about possible toxic properties of both vet-
erinary and human drugs, specifically antiparasitics,
non-steroidal anti-inflammatory drugs and other med-
icinal substances, which are most often reported to
cause acute poisonings or adverse reactions in ani-
mals.

Drugs most frequently involved
in poisonings and adverse reactions

Antiparasitic agents

Benzimidazoles

Benzimidazoles are widely used popular anthel-
mintics used in various animal species which main
negative effect is caused by their toxicity to bone mar-
row and gut mucosa. This toxicity occurs due to their
inhibition of mitosis, even though differences between
worm (target organism) and mammalian tubulin exist
(Gozalo et al. 2006). Bone marrow toxicity was de-
scribed in several animal species, including dogs, cats,
people, porcupines (Gary et al. 2004, Weber et al.
2006, Hsu 2008), and certain avian species appear to
be especially sensitive (Weber et al. 2002, Bonar et al.
2003, Gozalo et al. 2006).

In cats also mental changes were noted after over-
dose (Plumb 1999). Moreover, oxfendazole shows tes-
ticular toxicity in laboratory animals (Okamura et al.
2004). Thiabendazole is nephrotoxic (Tada et al.
2001), can cause haemosiderosis and liver damage
(Tada et al. 1996). Lethargy and hair loss are other
adverse effects described after thiabendazole adminis-
tration in dogs, a very rare complication might be also
a toxic epidermal necrolysis. Dachshunds are reported
to be particularly susceptible to it (Plumb 1999).

Benzimidazoles pose a risk if released into water
as they show developmental toxicity to fish and aqua-
tic invertebrates (Oh et al. 2006, Carlsson et al. 2011).
Developmental damage was revealed for several sub-
stances also in laboratory animals (Teruel et al. 2003,
Yoshimura 2003, El-Makawy et al. 2006) thus admin-
istration of benzimidazole derivates to pregnant ani-
mals should be considered carefully.

Cytochrome P450 isoenzymes are influenced by
benzimidazole anthelmintics (Asteinza et al. 2000,
Baliharova et al. 2004, Price et al. 2004), so the phar-
macological consequences of the possible induction or
inhibition and complications in co-treatment with
other substances must be taken into consideration.

Levamizole

Levamizole is used both as an anthelmintic and
immunomodulator. It is considered a drug with nar-
row therapeutic index and many possible adverse and
toxic effects. These negative effects are stimulation of
nicotinic acetylcholine receptors and subsequent de-
creased convulsions threshold (Rehni and Singh
2010), paralysis of respiratory muscles, and asphyxia
(Hsu 2008). Toxic and adverse effects can develop in
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most of the animal species, mainly neurotoxicity has
been reported. In dogs also pulmonary oedema and
allergic skin reactions were described. In overdose
even death due to respiratory failure is possible
(Plumb 1999). In higher doses it induces gastric
haemorrhage, bloody vomiting and colic in dogs.
Laboratory examinations revealed decreased number
of erythrocytes, haematocrit, haemoglobin, increased
activity of liver enzymes and urea level in the serum,
as well as metabolic alkalosis (Gokce et al. 2004). In
lower doses levamizole may have negative effect on
pregnancy rates, probably by stimulating intrauterine
immunity (Pancarci et al. 2007). Its misapplication
can have severe consequences as intravenous appli-
cation leads to bradycardia and prolongation of QT
interval (Uzlu et al. 2007).

Macrocyclic lactones – avermectins and milbemycins

Macrocyclic lactones are anti-endectoparasitic
substances widely used in large animals and some of
them also in the medicine of pet animals. Mainly
ivermectin, but also the others, cause quite a broad
spectrum of adverse effects and are very problematic
if overdosed or applied in non-target species.

Ivermectin is contraindicated in pet animals. Poi-
sonings have been described in many dog breeds and
also in cats. Ivermectin is the drug probably most
commonly associated with multi-drug resistance
(MDR1) gene mutation in dogs. MDR1 gene codes
P-glycoprotein responsible for the drug efflux from
brain. This mutation appears mainly in collie and re-
lated lineage breeds (Neff et al. 2004). The higher
permeability of blood-brain barrier to certain drugs
allows ivermectin to enter central nervous system
and is responsible for the development of neurologi-
cal adverse effects (Hsu 2008). Collies suffering from
ivermectin toxicity require very long time to recover
– up to 3 weeks. Ataxia, disorientation, obtundation,
bradycardia, mydriasis, and hypersalivation are com-
mon signs of poisoning in them. Stupor and coma
were observed in severely affected dogs (Hopper et
al. 2002). Temporary blindness can appear with re-
tinal oedema being responsible for this transient con-
dition in dogs (Kenny et al. 2008). Unfortunately,
ivermectin toxicity was described even in dogs prob-
ably without mutation in MDR1 (German shepherd,
Labrador retriever, greyhound, Chihuahua, pitbull
terrier, dachshund, Jack Russell, beagle and others)
(Merola et al. 2009). In cats the signs differ a little
bit. Paradoxically agitation, tremors, wall-climbing,
limb paresis, decrease or absence of ocular reflexes
and blindness were described. Ivermectin has to be
given carefully to birds in which lethargy, anorexia

and deaths were seen (Plumb 1999). In horses de-
pression, ataxia, muscle fasciculation, mydriasis, de-
creased pupillary reflexes were noted (Swor et al.
2009). Ivermectin poisoning is described in zebra
too, with signs similar to those in overdosed horses
– ataxia, transient blindness, depression (Hautekeete
et al. 1998). Treatment is complicated and adminis-
tration of neostigmine is possible but is not always
successful (Muhammad et al. 2004).

Doramectin is used off-label in dogs and in sensi-
tive breeds and individuals with MDR1 mutation it
has the same toxic effects as ivermectin (Yas-Natan
et al. 2003, Geyer et al. 2007). Moxidectin has been
reported to cause severe clinical signs similar to
other avermectins after its overdose in horses (Khan
et al. 2002).

Fipronil

Fipronil from the group of phenylpyrazoles is
considered quite a safe antiparasitic substance, but
still cases of its toxicity are reported. Even though
the substance itself has the affinity specific to insect
γ-aminobutyric acid GABAA receptors, its meta-
bolites generated by cytochrome P450 are more toxic
and their toxicity partially loses its species specificity
(Hainzl et al. 1998). In dogs and cats, for which the
products are registered, it often causes local alopecia
at the place of administration, pruritus of skin and
also neurological signs (www.apvma.gov.au).

Fipronil is contraindicated in rabbits as the fatali-
ties and cases with adverse effects like severe leth-
argy, depression and inappetence occurred (Webster
1999). Guinea pigs seem to be very sensitive to fip-
ronil too.

Apoptosis-inducing effect of fipronil was con-
firmed in vitro, with products of degradation or me-
tabolism having even stronger effect (Vidau et al.
2011). In rats disturbances in thyroxine metabolism
and elimination were observed, but the effect seems
to be limited to this species, as in other animals this
effect was only minimal (Leghait et al. 2010). In stu-
dies on rats, fipronil was confirmed to alter estradiol
and progesterone levels and cause adverse reproduc-
tive effects (Ohi et al. 2004). Fipronil has the poten-
tial to interact with a wide range of xenobiotics or
endogenous chemicals that are cytochrome P450
3A4 substrates, thus there is a possibility of eliciting
interactions with concurrently administered drugs
(Tang et al. 2004).

Fipronil is highly toxic to fish and water invert-
ebrates. Its lethal doses are very low. Fipronil accu-
mulates in fish body and causes developmental toxic-
ity (http://nepis.epa.gov, Stark and Vargas 2005,
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Stehr et al. 2006). Secondary toxicity of fipronil to
lizards fed with contaminated insects was described
(Peveling and Demba 2003).

Pyrethrins and pyrethroids

Pyrethrins are naturally occurring substances ex-
tracted from Chrysanthemum cinerariifolium. Pyreth-
roids are synthetic analogues of pyrethrins and both
are neurotoxic. Their sites of action are mainly so-
dium channels in nervous tissue and muscle. We dis-
tinguish two types of pyrethroids – type I called also
T (tremor) and type II called CS (choreoathetosis and
salivation). Type II is considered more toxic (Anadon
et al. 2009).

They are used as insecticides in agriculture, house-
holds and veterinary medicine. Their use as anti-
parasitic agents is broad, their toxicity to many animal
species is low because of their rapid metabolism and
excretion. But there are some exceptions, mainly for
fish which are in danger if the agents are used near
water sources in nature, or in spaces where uncovered
aquarium is placed in households. Another species
which is extremely sensitive to some pyrethrins and
pyrethroids is cat, due to the lack of the metabolising
enzyme glucuronosyl transferase (Hsu 2008, Anadon
et al. 2009). Cats are also at risk of secondary expo-
sure after the contact with pyrethroid-treated dogs
and other pets (Sutton et al. 2007).

In cats poisoning by permethrin formulations used
for dogs is probably the most common. Based on the
retrospective studies, clinical signs of this poisoning
may appear within 3 hours after exposure, but can be
also delayed up to 72 hours, and involve
tremors/muscle fasciculations, twitches, hyperaes-
thesia, seizures, pyrexia, ataxia, mydriasis and tempor-
ary blindness (Sutton et al. 2007, Boland and Angles
2010). During the treatment, complications such as
hypothermia, electrolyte abnormalities, aspiration
pneumonia, apnoea, cardiorespiratory arrest can ap-
pear. Care should be taken when administering ben-
zodiazepines because of the reports on paradoxical
reaction and increase in neurological signs in per-
methrin-poisoned cats. Pyrethroids cause ex-
trapyramidal stimulation so the use of phenothiazine
tranquilizers is prohibited. Death or euthanasia may
be the consequence of permethrin poisoning in cats in
up to 37% of cases (Boland and Angles 2010).

Some of the pyrethroids show reproductive toxic-
ity in both males and females (Ben Abdallad et al.
2010) and some have negative effect on haematologi-
cal and biochemical parameters (Khan et al. 2009).
They are also known to induce oxidative stress in ani-
mal tissues (Nasuti et al. 2007).

Amitraz

Amitraz is used as an acaricide and tickicide
which influences (activates) α2 receptors in mam-
mals. Manufacturers do not recommend administra-
tion of amitraz-based products to cats and
Chihuahua and other toy-breed dogs. Adverse ef-
fects, common for all mammals, mediated by its ef-
fect on adrenergic receptors are sedation (may be
prolonged for up to 72 hours), ataxia, central nervous
system (CNS) depression, bradycardia, hypotension,
hyperglycaemia (Plumb 1999). In cats, also respir-
atory depression, hypothermia, prolonged QT inter-
val, arrhythmias were reported (Andrade et al.
2007). In horses, besides the above mentioned gen-
eral adverse effects, also difficulties in chewing and
swallowing, diminished cutaneous sensibility, dimin-
ished reflexes, stridor and abdominal breathing were
observed (Duarte et al. 2003). A survey in humans
revealed miosis, decreased gastrointestinal motility
and transient liver enzymes elevation as other poss-
ible adverse effects (Veale et al. 2011). Hypothermia
and torsades de pointes were recorded after amitraz
suicidal intake in a man (Hu et al. 2010). In tortoises,
main adverse effects included inappetence, changed
defecation intervals and eye irritation (Burridge et
al. 2002). A combination of amitraz with meta-
flumizone should be administered carefully as pem-
phigus foliaceus-like reaction of both local and sys-
temic character was described in dogs, especially in
large breed females (Oberkirchner et al. 2011).

Metronidazole

Metronidazole, a drug from nitroimidazole
group, is used as an antiprotozoic and antibacterial
(especially for anaerobes) agent. It is registered for
pet animals and birds, but forbidden for the use in
animals used for food production. Metronidazole ex-
hibits plenty of adverse effects, including anorexia,
nausea, vomiting and diarrhoea, neurological symp-
toms – especially cerebellar and vestibular dysfunc-
tion, changes in blood count and toxic action on liver
(Hsu 2008). These symptoms may appear in acute
overdose, but also during the chronic treatment with
therapeutic doses (Plumb 1999). Reports on neur-
otoxicity are known for dogs, cats and also humans
(Caylor and Cassimatis 2001, Evans et al. 2003, Ol-
son et al. 2005, Kuriyama et al. 2011) but the mech-
anism of toxic action remains unclear. In overdose
the spectrum of clinical signs involves also mydriasis,
proprioception deficit, rigidity or seizures. Less com-
mon effects described in humans include pancreati-
tis, pseudomembranous colitis, peripheral neur-
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opathy (Caylor and Cassimatis 2001). Moreover,
metronidazole was revealed as a potential teratogen
in the studies on laboratory animals. It has not been
proven in dogs and cats, but it is still not recommen-
ded to use this substance in pregnant animals (Plumb
1999). In a study on cats its genotoxicity at thera-
peutic doses was reported (Sekis et al. 2009).

Ionophores

Ionophores are a group of substances (e.g. salino-
mycin, lasalocid, monensin, maduramicin, sem-
duramicin etc.) with similar properties which are used
mainly as coccidiostatic agents. One of their import-
ant properties is their ability to bind with monovalent
and divalent cations thus influencing and enhancing
their movement across membranes and impairing
their balance. This principle is responsible for both
their efficacy in coccidia control and adverse effects
occurrence. Electrolyte imbalances, changes in K+,
Na+ and especially Ca2+ concentrations in cells lead
to disturbances in muscle contractility, which might
be fatal if cardiac muscle is affected. Another result
of excessive calcium in cells can be induction of apo-
ptosis. Calcium overload moreover contributes to the
activation of phospholipase A2, endonucleases and
proteases, and enhances intracellular signalling and
release of neurotransmitters which is connected with
possible cytotoxic effect (Kart and Bilgili 2008). The
species extremely sensitive to the ionophores action
are horse and other equids (Hsu 2008), but the cases
of poisonings in cattle, sheep, turkeys, cats, dogs and
rabbits were also described (Bastianello et al. 1996,
van der Linde-Sipman et al. 1999, Segev et al. 2004,
Aleman et al. 2007, Franca et al. 2009, Martino et al.
2009, Oruc et al. 2010). The off-label use is the main
reason of these situations, followed by exchange of
feed. Clinical signs – anorexia, dyspnoea, tachycardia,
ataxia, recumbency and others are described. In cats
salinomycin was described to cause peripheral poly-
neuropathy with paresis and paralysis (van der
Linde-Sipman et al. 1999). Very often the poisoning is
severe and leads to the death of affected animals. The
attention should be paid also to the combination of
these substances with other medicines. It is really dan-
gerous to combine them with tiamulin which is a po-
tent inhibitor of cytochrome P450 3A, enzyme necess-
ary for the metabolism of many ionophores (Szucs et
al. 2004), or the combination with macrolide anti-
biotics (Basaraba et al. 1999).

Analgesics and non-steroidal
anti-inflammatory drugs

Acetaminophen (syn. paracetamol)

Acetaminophen is one of the most common drugs
used in human medicine, and unfortunately also one
of the drugs most commonly involved in both off-label
administration and accidental poisoning of small ani-
mals. It belongs to the group of analgesics and anti-
pyretics. Though there are acetaminophen prepara-
tions registered for animals (e.g. for pigs), the sub-
stance is generally not recommended for use in pet
animals and in cats and ferrets it is contraindicated.
Cats lack glucuronidation capacity necessary for the
detoxification of acetaminophen metabolites, ferrets’
activity of glucuronosyl-transferase is also low (Court
2001, Krishnaswamy et al. 2003). Dogs metabolize it
less than humans too, so even in them it is not recom-
mended (Plumb 1999).

In animals with the low capacity of glucuronida-
tion there is an increased reliance on the sulfation for
acetaminophen detoxification. The sulfation pathway
is also of limited capacity and if becomes saturated, an
alternate cytochrome P450 pathway of acet-
aminophen metabolism is used. This pathway pro-
duces highly reactive acetaminophen metabolite
N-acetyl-p-benzoquinone imine (NAPQI), which is
detoxified by glutathione conjugation. When the
NAPQI is produced as the main metabolite of acet-
aminophen in large quantities, it overwhelms
glutathione availability which leads to severe oxidative
injury (Lascelles et al. 2007).

NAPQI binds to liver cellular proteins, disturbs
their function, increases oxidative stress and leads to
cell death. NAPQI also causes oxidation of ferrous
iron to ferric iron, this leads to the formation of met-
haemoglobin. Cats are very sensitive to this type of
damage as they have decreased amount of met-
haemoglobin-reductase in their red blood cells. Not
only haem is affected by this metabolite, but also are
sulfhydryl groups of protein part of haemoglobin.
Cats have more (8) sulfhydryl groups in their globin
part which again makes them more susceptible to
erythrocyte injury compared to other species (Allen
2003). The degree of the damage is influenced by
pre-existing glutathione levels and selenium concen-
tration in the organism (MacNaughton 2003).

Typical signs of acetaminophen poisoning are
anorexia, vomiting, salivation, apathy, dyspnoea, facial
oedema. Recumbency, bleeding tendencies, icterus,
and hypothermia were described too. In cats, due to
the susceptibility to oxidative stress, also methaemo-
globinaemia, Heinz bodies formation, hypoxia and cy-
anosis or brownish colour of mucosa occur. Death
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comes as a result of hypoxia or due to hepatic failure.
In humans other unusual complications of this

poisoning may occur. It is probable that similar ad-
verse effects can be seen in animals too. Metabolic
acidosis may appear early after the poisoning or dur-
ing the hepatic failure. In severe form of intoxication
with fulminant hepatic failure, cardiotoxicity (brady-
cardia, tachycardia, endocarditis), pulmonary toxicity
(alveolar damage), thrombocytopaenia and abnormal
platelet function, severe hypoglycaemia and renal
toxicity (acute tubular necrosis and kidney failure) can
appear (Jones and Prescott 1997).

Non-steroidal anti-inflammatory drugs

Non-steroidal anti-inflammatory drugs (NSAIDs)
are the most widely used analgesic substances in both
human and veterinary medicine. In the management
of animal pain they gained their position in 1990s.
Acute pain in quite easy to recognise, but chronic pain
is often under-diagnosed in animals. Choice of
a proper substance, dosage and application regimen
can be a hard task for a veterinarian, as many adverse
effects and interspecies differences in most of the
NSAID substances exist among animals. The treat-
ment is especially problematic in cats, as there are no
data supporting safety during the chronic use of these
substances in them (Lascelles et al. 2007).

NSAIDs work predominantly by inhibiting cyc-
looxygenases (COX) thus decreasing the production
of prostaglandins (PGE). In general, it is believed
that COX1 is the constitutive form of the enzyme,
necessary for the regulation of physiological func-
tions, while COX2 is the inducible form of the en-
zyme synthesised at the place of inflammation. How-
ever, there is evidence that COX2 is also a constitut-
ive enzyme in CNS, kidney and reproductive system
(Lascelles et al. 2007). Moreover, the drug selectivity
for different COX forms can differ between animal
species (Brideau et al. 2001). Both desired analgesic
and anti-inflammatory effects and toxic/adverse ef-
fects are caused by the usually reversible (and in
acetylsalicylic acid irreversible) inhibition of COX.
Leukotrienes, produced in higher amounts from
arachidonic acid by lipoxygenase due to COX inhibi-
tion, can contribute to the gastrotoxicity of NSAIDs
(Alvaro-Gracia 2004).

Big interspecies differences in pharmacokinetics
of NSAIDs have been reported. Some of NSAIDs
(acetylsalicylic acid, carprofen) are metabolised in
liver and excreted after conjugation with glucuron-
ides. Based on the knowledge of decreased capability
of glucuronidation in cats and ferrets (Court 2001,
Krishnaswamy et al. 2003), it is clear that those sub-

stances will be contraindicated in them. On the other
hand, substances metabolised via oxidation as
meloxicam and piroxicam do not cause any elimin-
ation problem in cats. Interestingly, some of the sub-
stances verifiably metabolised by glucuronidation in
dogs (flunixin, ketoprofen) are metabolized via dif-
ferent mechanisms in cats (Lascelles et al. 2007).

The most common toxic effects connected with
NSAIDs administration involve gastrointestinal ef-
fects, renal effects, hepatic effects and influence on
clotting function.

Gastrointestinal ulceration occurs due to the in-
hibition of PGE2 synthesis and decrease in the pro-
duction of mucosal protective substances as bicar-
bonates and mucus. Adverse vascular effects
(vasoconstriction) may contribute to the situation.
Elevated gastrin appears in cats with NSAID-in-
duced renal failure and this increases the risk of ul-
ceration (Lascelles et al. 2007).

Nephrotoxicity is related to the inhibition of
prostaglandins present in kidneys, which are necess-
ary for the regulation of salt and water balance, vas-
cular tone, blood flow and renin secretion. Prosta-
glandins under physiological conditions promote
vasodilatation, and their effect is required especially
in hypovolaemia and decreased blood pressure.
NSAIDs (including new generation of COX2 selec-
tive inhibitors) effect on prostaglandin synthesis may
result in the increase of blood pressure and this ef-
fect causes that they interfere with most of the
anti-hypertension drugs (Cheng and Harris 2005).
Vasoconstriction of the renal vessels and decreased
renal blood flow can consequently lead to acute renal
failure and death (Lascelles et al. 2007).

Hepatotoxicity induced by NSAIDs is rare, but
serious adverse effect which may occur. In dogs, it
has been described after repetitive administration of
carprofen (MacPhail et al. 1998). Its mechanism is
not clear, but some studies suggest immunological
background as acyl glucuronide metabolites of
NSAIDs can form adducts with liver proteins (Bailey
and Dickinson 2003).

Decreased coagulation is the result of the lack of
thromboxane A2 in the platelets (which cannot ag-
gregate) after the administration of COX1 inhibitors.
On the other hand, inhibition of prostacycline pro-
duction by selective COX2 inhibitors (coxibs) may
lead to opposite effect which is increased intravascu-
lar coagulation and higher risk of infarction (Das
2005, Krötz et al. 2005).

Acetylsalicylic acid is a traditional substance
used for its antipyretic and analgesic properties. This
substance should be used cautiously, as it shows
many drug interactions. Its irreversible effect on
COX causes especially bleeding complications, be-
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cause platelets cannot synthesise new enzymes and
thrombocytes have to be completely renewed for the
restoration of coagulation balance (Lascelles et al.
2007). In an overdose, hyperthermia, initial alkalosis
followed by a profound metabolic acidosis, muscular
weakness, pulmonary and cerebral oedema, seizures
and mineral imbalance appear (Plumb 1999).
Salicylates are suspected teratogens. In carprofen,
a risk of hepatic and renal damage exists mainly in
geriatric patients, in dogs 1/3 of hepatic damage
cases was described in Labrador retriever (Plumb
1999). Also gastric lesions and increased bleeding
time were observed after chronic treatment in dogs
(Luna et al. 2007). Ibuprofen in dogs typically
causes renal impairment and gastrointestinal ulcer-
ation to which especially German shepherds are sen-
sitive (Poortinga and Hungerford 1998). Ferret is an-
other species very susceptible to ibuprofen intoxica-
tion. The pathophysiology of ibuprofen toxicity is un-
known in ferrets, but the clinical signs after the in-
gestion are usually severe and involve depression,
ataxia, recumbency, tremors, further gastrointestinal
effects and renal damage (Richardson and
Balabuszko 2001). Phenylbutazone belongs to the
older NSAIDs. It is registered for the use in dogs and
horses, but banned in food-producing animals. Foals
and ponies are very sensitive to it, and often develop
hypoproteinaemia and gastrointestinal ulceration
after its administration. Decreased mineral apposi-
tion rate and bone healing rate (Rohde et al. 2000),
and neutropenia (McConnico et al. 2008) were de-
tected in horses treated with phenylbutazone. In hu-
mans, phenylbutazone is described to cause aplastic
anaemia, hypersensitivity reactions and neurological
effects. Blood dyscrasias have been observed also in
dogs. In overdose, except all common toxic effects,
also metabolic acidosis, seizures and hypotension cri-
sis have been described (Plumb 1999). Nimesulide is
a new substance from the group of NSAIDs which is
not registered for the use in animals in the Czech
Republic. It has been reported to cause severe to
fatal non dose-related hepatotoxicity in humans
(Merlani et al. 2001, Dastis et al. 2007, Walker et al.
2008). Biliary injury and renal failure after the ad-
ministration of high doses of this substance were de-
scribed also in a cat (Borku et al. 2008). Diclofenac
is approved for the use in horses. Its toxicity to birds,
especially renal adverse effects, was reported. This
toxicity is highly species-dependent with some of the
species being very susceptible and doses even lower
than therapeutic can be fatal to them (Hussain et al.
2008). Surprisingly, even secondary poisoning by dic-
lofenac in carrion eaters has been revealed (Oaks et
al. 2004). New COX2 specific drugs are called coxibs
and their second generation is considered safe with

minimal toxic properties and risk of adverse effects.
Despite their generally positive profile they were re-
ported to cause gastrointestinal adverse effects, es-
pecially in higher doses (Lascelles et al. 2005, Good-
man et al. 2009, Krautmann et al. 2009, Case et al.
2010, Autefage et al. 2011), and occasionally to cause
liver injury (El Hajj et al. 2009). In laboratory ani-
mals their possible hepatotoxicity and nephrotoxicity
was revealed (Kockaya et al. 2010).

Others

Antifungal agents belonging to azole group are
now commonly used for the therapy of both topical
and systemic mycoses. Imidazoles usually undergo
very strong “first pass effect” and do not reach thera-
peutic concentrations in the body, so they are prefer-
ably used for topical mycoses. Triazoles serve as
a systematic treatment. Most of the substances influ-
ence cytochromes P450 (Shah et al. 2009) and some
of them also P-glycoprotein and may exhibit many
drug interactions (KuKanich 2008). Toxicity and ad-
verse effects are often connected with gastrointes-
tinal tract and liver damage and teratogenic proper-
ties. Itraconazole in higher doses may lead to the
manifestation of hepatotoxicity in dogs, also skin
lesions and vasculitis were observed. In cats, hepa-
totoxicity and depression may be seen. Ketoconazole
inhibits the production of testosterone and can cause
infertility. Hepatotoxicity, both idiosyncrastic and
dose-related is possible and cats are very sensitive to
the hepatic damage caused by ketoconazole (Plumb
1999).

Loperamide is an opioid substance with periph-
eral effect which is generally not approved for the use
in animals. Its off-label use by veterinarians is infre-
quent, but in the literature available the substance is
recommended for veterinary practice by several
authors who describe its advantages (Folliot and
Kolf-Clauw 2004, Kim et al. 2004). On the other hand,
there are also reports on its adverse effects and poi-
sonings in animals. Loperamide can be very danger-
ous for the animals with MDR1 gene mutation for
P-glycoprotein in which it crosses blood brain barrier
and causes central nervous system toxicity (Hugnet et
al. 1996, Hernandez and Blot 2001, Sartor et al. 2004).
Moreover, due to its influence on P-glycoprotein and
cytochromes P450, loperamide exhibits many drug in-
teractions and has many contraindications – in pa-
tients with hypothyroidism, renal and adrenocortical
insufficiency, in intoxications, increased cranial press-
ure, acute abdominal conditions, respiratory dysfunc-
tion, hepatopathic encephalopathy. Dogs can develop
sedation, paralytic ileus, toxic megacolon, pancreati-
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tis. In cats, possible excitatory behaviour due to the
opioid structure of the drug should be taken into con-
sideration (Plumb 1999). Its administration in humans
might be associated with a prolonged urinary reten-
tion (Focarelli et al. 2007).

Zolpidem belongs to the group of hypnotic drugs
used for the treatment of insomnia in humans. It has
also sedative and anxiolytic properties. As its half-life
is very short in humans, it is believed this substance
has a low potential for abuse. Zolpidem becomes pre-
scribed with increasing frequency and increasing are
also reports on animals poisoned with it. The sub-
stance is pharmacologically similar to ben-
zodiazepines. Clinical signs of poisoning involve
ataxia, lethargy, weakness, but sometimes paradoxical
reactions can be seen – CNS stimulation, hyperactiv-
ity, tremors. Also vomiting, hypersalivation, hyper-
thermia, dyspnoea and paresis have been noted. For-
tunately no fatal cases were described (Richardson et
al. 2002, Czopowicz et al. 2010).

Conclusion

Much more is needed to be done to raise aware-
ness of veterinarians, pharmacists and also pet owners
to the problem of drugs adverse reactions, off-label
use and inter-species differences. The treatment of
poisoned or overdosed animal can be expensive, es-
pecially if an animal has to be hospitalised for several
days, or if the treatment lasts for several weeks or
months or the consequences of the health damage are
irreversible and require further specific treatment,
surgery, diet etc.

Many drug effects are not known or are consider-
ed unimportant as there is not a general knowledge
of them and their frequency because these situations
are under-reported. Cases may not be reported be-
cause the treating veterinarian does not require ad-
vice on treatment, does not think about reporting
known facts or minor problems or does not have time
to report the case immediately and forgets it later. In
some cases the veterinarian is not sure about the
identification of the causing agent. Also owners very
often do not report the side effects or deaths to their
veterinarian.

These misuse and accidents could be avoided
through further education of veterinarians, pharma-
cists and general public, using modern and reliable
sources of information available to everyone, by ap-
pealing on the importance of proper reports on poi-
soning cases and adverse effects to responsible
authorities and publishing such cases in expert jour-
nals. Manufacturers should improve safety warnings
and proper labelling of their products.

References

Al-Ahmad A, Daschner FD, Kummerer K (1999) Biode-
gradability of cefotiam, ciprofloxacin, meropenem, penicil-
lin G, and sulfamethoxazole and inhibition of waste water
bacteria. Arch Environ Contam Toxicol 37: 158-163.

Aleman M, Magdesian KG, Peterson TS, Galey FD (2007)
Salinomycin toxicoses in horses. J Am Vet Med Assoc
230: 1822-1826.

Allen AL (2003) The diagnosis of acetaminophen toxicosis
in a cat. Can Vet J 44: 509-510.

Alvaro-Gracia JM (2004) Licofelone-clinical update on
a novel LOX/COX inhibitor for the treatment of osteoar-
thritis. Rheumatology 43: i21-i25.

Anadon A, Martinez-Larranaga MR, Martinez MA (2009)
Use and abuse of pyrethrins and synthetic pyrethroids in
veterinary medicine. Vet J 182: 7-20.

Andrade SF, Sakate M, Laposy CB, Valente SF, Bettanim
VM, Rodrigues LT, Marcicano J (2007) Effects of ex-
perimental amitraz intoxication in cats. Arq Bras Med
Vet Zootec 59: 1236-1244.

Asteinza J, Camacho-Carranza R, Reyes-Reyes RE,
Dorado-Gonzales V, Espinoza-Aguirre JJ (2000) Induc-
tion of cytochrome P450 enzymes by albendazole treat-
ment in the rat. Environ Toxicol Pharmacol 9: 31-37.

Autefage A, Palissier FM, Asimus E, Pepin-Richard
C (2011) Long-term efficacy and safety of firocoxib in the
treatment of dogs with osteoarthritis. Vet Rec 168: 617.

Bailey MJ, Dickinson RG (2003) Acyl glucuronide reactivity
in perspective: biological consequences. Chem Biol Inter-
act 145: 117-137.

Baliharova V, Velik J, Savlik M, Szotakova B, Lamka J,
Tahotna L, Skalova L (2004) The effects of fenben-
dazole, flubendazole and mebendazole on activities of
hepatic cytochromes P450 in pig. J Vet Pharmacol Ther
27: 85-90.

Basaraba RJ, Oehme FW, Vorhies MW, Stokka GL (1999)
Toxicosis in cattle from concurrent feeding of monensin
and dried distiller’s grains contaminated with macrolide
antibiotics. J Vet Diagn Invest 11: 79-86.

Bastianello SS, McGregor HL, Penrith ML, Fourie N (1996)
A chronic cardiomyopathy in feedlot cattle attributed to
toxic levels of salinomycin in the feed. J S Afr Vet Assoc
67: 38-41.

Ben Abdallah F, Hamden K, Galeraud-Denis I, El Feki A,
Kesdes-Ammar L (2010) An in vitro study on reproduc-
tive toxicology of deltamethrin on rat spermatozoa. An-
drologia 42: 254-259.

Boland LA, Angles JM (2010) Feline permethrin toxicity:
retrospective study of 42 cases. J Feline Med Surg
12: 61-71.

Bonar CJ, Lewandowski AH, Schaul J (2003) Suspected fen-
bendazole toxicosis in 2 vulture species (Gyps africanus,
Torgos tracheliotus) and marabou storks (Leptoptilos
crumeniferus). J Avian Med Surg 17: 16-19.

Borku MK, Guzel M, Karakurum MC, Ural K, Aktas
S (2008) Nimesulide-induced acute biliary tract injury
and renal failure in a kitten: a case report. Vet
Med-Czech 53: 169-172.

Brideau C, Van Staden C, Chan CC (2001) In vitro effects
of cyclooxygenase inhibitors in whole blood of horses,
dogs, and cats. Am J Vet Res 62: 1755-1760.

Burridge MJ, Peter TF, Allan SA, Mahan SM (2002) Evalu-
ation of safety and efficacy of acaricides for control of the

188 Z. Siroka, Z. Svobodova



African tortoise tick (Amblyomma marmoreum) on leop-
ard tortoises (Geochelone pardalis). J Zoo Wildl Med
33: 52-57.

Carlsson G, Patring J, Ulleras E, Oskarsson A (2011) Devel-
opmental toxicity of albendazole and its three main meta-
bolites in zebrafish embryos. Reprod Toxicol
32: 129-137.

Case JB, Fick JL, Rooney MB (2010) Proximal duodenal
perforation in three dogs following deracoxib administra-
tion. J Am Anim Hosp Assoc 46: 255-258.

Caylor KB, Cassimatis MK (2001) Metronidazole neur-
otoxicosis in two cats. J Am Anim Hosp Assoc
37: 258-262.

Cheng HF, Harris RC (2005) Renal effects of non-steroidal
anti-inflammatory drugs and selective cyclooxygenase-2
inhibitors. Curr Pharm Des 11: 1795-1804.

Court MH (2001) Acetaminophen UDP-glucuronosyltran-
sferase in ferrets: species and gender differences, and se-
quence analysis of ferret UGT1A6. J Vet Pharmacol
Ther 24: 415-422.

Crouse BA, Ghoshdastidar AJ, Tong AZ (2012) The pres-
ence of acidic and neutral drugs in treated sewage efflu-
ents and receiving waters in the Cornwallis and An-
napolis River watersheds and the Mill CoveSewage
Treatment Plant in Nova Scotia, Canada. Environ Res
112: 92-99.

Czopowicz M, Szalus-Jordanow O, Frymus T (2010) Zol-
pidem poisoning in a cat. Aust Vet J 88: 326-327.

Das UN (2005) COX-2 inhibitors and metabolism of essen-
tial fatty acids. Med Sci Monit 11: RA233-RA237.

Dastis SN, Rahier J, Lerut J, Geubel AP (2007) Liver trans-
plantation for nonsteroidal anti-inflammatory drug-in-
duced liver failure: nimesulide as the first implicated
compound. Eur J Gastroenterol Hepatol 19: 919-922.

Duarte MD, Peixoto PV, Bezerra PS, de Oliveira KD,
Loretti AP, Tokarnia CH (2003) Natural and experimen-
tal poisoning by amitraz in horses and donkey: Clinical
aspects (in Portuguese). Pesqui Vet Bras 23: 105-118.

El Hajj II, Malik SM, Alwakeel HR, Shaikh OS, Sasatomi E,
Kandil HM (2009) Celecoxib-induced cholestatic liver
failure requiring orthotopic liver transplantation. World
J Gastroenterol 15: 937-3939.

El-Makawy A, Radwan HA, Ghaly IS, Abd El-Raouf
A (2006) Genotoxical, teratological and biochemical ef-
fects of anthelmintic drug oxfendazole Maximum Resi-
due Limit (MRL) in male and female mice. Reprod Nutr
Dev 46: 139-156.

Evans J, Levesque D, Knowles K, Longshore R, Plummer
S (2003) Diazepam as a treatment for metronidazole
toxicosis in dogs: A retrospective study of 21 cases. J Vet
Intern Med 17: 304-310.

Fent K, Weston AA, Caminada D (2006) Ecotoxicology of
human pharmaceuticals. Aquat Toxicol 76: 122-159.

Focarelli B, Ausili E, Tabacco F, Rendeli C (2007)
Loperamide cause of prolonged urinary retention after
acute gastroenteritis. Eur Rev Med Pharmacol Sci
11: 65-67.

Folliot C, Kolf-Clauw M (2004) Treatment of chronic in-
flammatory intestinal disease with human medicines in
dogs and cats (in French). Point Veterinaire 35: 18+.

Franca TN, Nogueira VA, Yamasaki EM, Caldas SA, Tokar-
nia CH, Peixoto PV (2009) Accidental monensin poison-
ing in sheep in Rio de Janeiro state (in Portuguese). Pes-
qui Vet Bras 29: 743-746.

Gary AT, Kerl ME, Wiedmeyer CE, Turnquist SE, Cohn LA
(2004) Bone marrow hypoplasia associated with fenben-
dazole administration in a dog. J Am Anim Hosp Assoc
40: 224-229.

Geyer J, Klintzsch S, Meerkamp K, Wohlke A, Distl O,
Moritz A, Petzinger E (2007) Detection of the
nt230(del4) MDR1 mutation in White Swiss Shepherd
dogs: case reports of doramectin toxicosis, breed predis-
position, and microsatellite analysis. J Vet Pharmacol
Ther 30: 482-485.

Gokce HI, Gunes V, Erdogan HM, Citil M, Akca A, Yuksek
N (2004) The effects of levamisole poisoning on the hae-
matological and biochemical parameters in dogs (in Ger-
man). Dtsch Tierarztl Wochenschr 111: 81-85.

Goodman L, Torres B, Punke J, Reynolds L, Speas A, Ellis
A, Budsberg S (2009) Effects of firocoxib and tepoxalin
on healing in a canine gastric mucosal injury model. J Vet
Intern Med 23: 56-62.

Gozalo AS, Schwiebert RS, Lawson GW (2006) Mortality
associated with fenbendazole administration in pigeons
(Columba livia). J Am Assoc Lab Anim Sci 45: 63-66.

Hainzl D, Cole LM, Casida JE (1998) Mechanisms for selec-
tive toxicity of fipronil insecticide and its sulfone meta-
bolite and desulfinyl photoproduct. Chem Res Toxicol
11: 1529-1535.

Hautekeete LA, Khan SA, Hales WS (1998) Ivermectin toxi-
cosis in a zebra. Vet Hum Toxicol 40: 29-31.

Hernandez J, Blot S (2001) Loperamide poisoning in a Col-
lie (in French). Point Veterinaire 32: 58+.

Hopper K, Aldrich J, Haskins SC (2002) Ivermectin toxicity
in 17 collies. J Vet Intern Med 16: 89-94.

Hsu WH (Ed.) (2008) Handbook of Veterinary Pharmacol-
ogy, 1 ed., Wiley-Blackwell, Ames, 550 p.

Hu SY, Hsu CL, Tsan YT, Hung DZ, Hu WH, Li HP (2010)
Torsades de pointes in amitraz poisoning. Resuscitation
81: 366-367.

Hugnet C, Cadore JL, Buronfosse F, Pineau X, Mathet T,
Berny PJ (1996) Loperamide poisoning in the dog. Vet
Hum Toxicol 38: 31-33.

Hussain I, Khan MZ, Khan A, Javed I, Saleemi MK (2008)
Toxicological effects of diclofenac in four avian species.
Avian Pathol 37: 315-321.

Jones AL, Prescott LF (1997) Unusual complications of
paracetamol poisoning. QJM 90: 161-168.

Kart A, Bilgili A (2008) Ionophore antibiotics: toxicity,
mode of action and neurotoxic aspect of carboxylic
ionophores. J Anim Vet Adv 7: 748-751.

Kenny PJ, Vernau KM, Puschner B, Maggs DJ (2008) Re-
tinopathy associated with ivermectin toxicosis in two
dogs. J Am Vet Med Assoc 233: 279-284.

Khan A, Faridi HAM, Ali M, Khan MZ, Siddique M, Hus-
sain I, Ahmad M (2009) Effects of cypermethrin on some
clinico-hemato-biochemical and pathological parameters
in male dwarf goats (Capra hircus). Exp Toxicol Pathol
61: 151-160.

Khan SA, Kuster DA, Hansen SR (2002) A review of
moxidectin overdose cases in equines from 1998 through
2000. Vet Hum Toxicol 44: 232-235.

Kim KA, Chung JG, Jung DH, Park JY (2004) Identification
of cytochrome P450 isoforms involved in the metabolism
of loperamide in human liver microsomes. Eur J Clin
Pharmacol 60: 575-581.

Kockaya EA, Selmanoglu G, Kismet K, Akay MT (2010)
Pathological and biochemical effects of therapeutic and

The toxicity and adverse effects... 189



supratherapeutic doses of celecoxib in Wistar albino male
rats. Drug Chem Toxicol 33: 410-414.

Krautmann MJ, Boucher JF, Cox SR, Savides MC,
Stegemann MR (2009) Target animal safety studies of
mavacoxib in dogs. J Vet Pharmacol Therap 32(S): 59-127.

Krishnaswamy S, Duan SX, von Moltke LL, Greenblatt DJ,
Sudmeier JL, Bachovchin WW, Court MH (2003)
Serotonin (5-hydroxytryptamine) glucuronidation in
vitro: assay development, human liver microsome activ-
ities and species differences. Xenobiotica 33: 169-180.

Krotz F, Schiele TM, Klauss V, Sohn HY (2005) Selective
COX-2 inhibitors and risk of myocardial infarction.
J Vasc Res 42: 312-324.

KuKanich B (2008) A review of selected systemic antifungal
drugs for use in dogs and cats. Vet Med 103: 41-50.

Kupper J, Naegeli H, Eser MW (2010) Common poisonings
in the horse (in German). Prakt Tierarzt 91: 492-498.

Kuriyama A, Jackson JL, Doi A, Kamiya T (2011) Metro-
nidazole-induced central nervous system toxicity: a sys-
tematic review. Clin Neuropharmacol 34: 241-247.

Lascelles BDX, Blikslager AT, Fox SM, Reece D (2005)
Gastrointestinal tract perforation in dogs treated with
a selective cyclooxygenase-2 inhibitor: 29 cases (2002-
-2003). J Am Vet Med Assoc 227: 1112-1117.

Lascelles BDX, Court MH, Hardie EM, Robertson SA
(2007) Nonsteroidal anti-inflammatory drugs in cats:
a review. Vet Anaesth Analg 34: 228-250.

Leghait J, Gayrard V, Toutain PL, Picard-Hagen N, Viguie
C (2010) Is the mechanisms of fipronil-induced thyroid
disruption specific of the rat: Re-evaluation of fipronil
thyroid toxicity in sheep? Toxicol Lett 194: 51-57.

Luna SPL, Basilio AC, Steagall PVM, Machado LP,
Moutinho FQ, Takahira RK, Brandao CVS (2007)
Evaluation of adverse effects of long-term oral adminis-
tration of carprofen, etodolac, flunixin meglumine,
ketoprofen, and meloxicam in dogs. Am J Vet Res
68: 258-264.

MacNaughton SM (2003) Acetaminophen toxicosis in
a Dalmatian. Can Vet J 44: 142-144.

MacPhail CM, Lappin MR, Meyer DJ, Smith SG, Webster
CRL, Armstrong PJ (1998) Hepatocellular toxicosis as-
sociated with administration of carprofen in 21 dogs.
J Am Vet Med Assoc 212: 1895-1901.

Martino PE, Parrado E, Sanguinetti R, Espinoza C, De-
benedetti R, Di Benedetto NM, Cisterna C, Gomez
P (2009) Short communication: Massive mortality in rab-
bits by maduramicin poisoning. World Rabbit Sci
17: 45-48.

McConnico RS, Morgan TW, Williams CC, Hubert JD,
Moore RM (2008) Pathophysiologic effects of phenyl-
butazone on the right dorsal colon in horses. Am J Vet
Res 69: 1496-1505.

Merlani G, Fox M, Oehen HP, Cathomas G, Renner EL,
Fattinger K, Schneemann M, Kullak-Ublick GA (2001)
Fatal hepatotoxicity secondary to nimesulide. Eur J Clin
Pharmacol 57: 321-326.

Merola V, Khan S, Gwaltney-Brant S (2009) Ivermectin
toxicosis in dogs: a retrospective study. J Am Anim Hosp
Assoc 45: 106-111.

Muhammad G, Abdul J, Khan MZ, Saqib M (2004) Use of
neostigmine in massive ivermectin toxicity in cats. Vet
Hum Toxicol 46: 28-29.

Muntener CR, Bruckner L, Sturer A, Althaus FR,
Caduff-Janosa P (2010) Vigilance for veterinary medici-

nal products: declarations of adverse reactions in the year
2009 (in German). Schweiz Arch Tierheilkd 152: 575-583.

Nasuti C, Cantalamessa F, Daly CJ, McGrath JC (2007)
Alterations in rabbit aorta induced by types I and II
pyrethroids. Environ Toxicol Pharmacol 23: 250-253.

Neff MW, Robertson KR, Wong AK, Safra N, Broman KW,
Slatkin M, Mealey KL, Pedersen NC (2004) Breed dis-
tribution and history of canine mdr1-1Δ, a phar-
macogenetic mutation that marks the emergence of
breeds from the collie lineage. Proc Natl Acad Sci USA
101: 11725-11730.

New pesticide fact sheet – fipronil. Obtained on 2nd March
2012 from http://nepis.epa.gov/EPA/html/DLwait.htm?
url=/Adobe/PDF/P1001KCY.PDF.

Oaks JL, Gilbert M, Virani MZ, Watson RT, Meteyer CU,
Rideout BA, Shivaprasad HL, Ahmed S, Chaudhry MJI,
Arshad M, Mahmood S, Ali A, Khan AA (2004) Dic-
lofenac residues as the cause of vulture population de-
cline in Pakistan. Nature 427: 630-633.

Oberkirchner U, Linder KE, Dunston S, Bizikova P, Olivry
T (2011) Metaflumizone-amitraz (Promeris)-associated
pustular acantholytic dermatitis in 22 dogs: evidence sug-
gests contact drug-triggered pemphigus foliaceus. Vet
Dermatol 22: 436-448.

Oh SJ, Park J, Lee MJ, Park SY, Lee JH, Choi K (2006)
Ecological hazard assessment of major veterinary ben-
zimidazoles: acute and chronic toxicities to aquatic
microbes and invertebrates. Environ Toxicol Chem
25: 2221-2226.

Ohi M, Dalsenter PR, Andrade AJM, Nascimento AJ
(2004) Reproductive adverse effects of fipronil in Wistar
rats. Toxicol Lett 146: 121-127.

Okamura M, Watanabe T, Kashida Y, Machida N, Mit-
sumori K (2004) Possible mechanisms underlying the tes-
ticular toxicity of oxfendazole in rats. Toxicol Pathol
32: 1-8.

Olson EJ, Morales SC, McVey AS, Hayden DW (2005) Pu-
tative metronidazole neurotoxicosis in a cat. Vet Pathol
42: 665-669.

Oruc HH, Cangul IT, Cengiz M, Yilmaz R (2010) Acute
lasalocid poisoning in calves associated with off-label use.
J Vet Pharmacol Ther 34: 187-189.

Pancarci SM, Gungor O, Gurbulak K, Cenesiz M, Kaya M,
Cenesiz S, Guzeloglu A (2007) Effects of levamisole on
pregnancy in ewes. Bull Vet Inst Pulawy 51: 253-256.

Peveling R, Demba SA (2003) Toxicity and pathogenicity of
Metarhizium anisopliae var. acridum (Deuteromycotina,
Hyphomycetes) and fipronil to the fringe-toed lizard
Acanthodactylus dumerili (Squamata : Lacertidae). En-
viron Toxicol Chem 22: 1437-1447.

Plumb DC (Ed.) (1999) Veterinary Drug Handbook, 3 ed.,
Iowa State University Press, Ames, 750 p.

Poortinga EW, Hungerford LL (1998) A case-control study
of acute ibuprofen toxicity in dogs. Prev Vet Med
35: 115-124.

Price RJ, Scott MP, Walters DG, Stierum RH, Groten JP,
Meredith C, Lake BG (2004) Effects of thiabendazole on
some rat hepatic xenobiotic metabolising enzymes. Food
Chem Toxicol 42: 899-908.

Rehni AK, Singh TG (2010) Levamisole-induced reduction
in seizure threshold: a possible role of nicotinic
acetylcholine receptor-mediated pathway. Naunyn
Schmiedebergs Arch Pharmacol 382: 279-285.

190 Z. Siroka, Z. Svobodova



Report of adverse experiences for veterinary medicines and
agricultural chemicals, Calendar year 2009. Document
obtained on 2nd March 2012 from www.apvma.gov.au.

Richardson JA, Balabuszko RA (2001) Ibuprofen ingestion
in ferrets: 43 cases (January 1996-March 2000). J Vet
Emerg Crit Car 11: 53-58.

Richardson JA, Gwaltney-Brant SM, Albretsen JC, Khan
SA, Porter JA (2002) Clinical syndrome associated with
zolpidem ingestion in dogs: 33 cases (January 1998-July
2000). J Vet Intern Med 16: 208-210.

Rohde C, Anderson DE, Bertone AL, Weisbrode SE (2000)
Effects of phenylbutazone on bone activity and formation
in horses. Am J Vet Res 61: 537-543.

Sartor LL, Bentjen SA, Trepanier L, Mealey KL (2004)
Loperamide toxicity in a collie with the MDR1 mutation
associated with ivermectin sensitivity. J Vet Intern Med
18: 117-118.

Segev G, Baneth G, Levitin B, Shlosberg A, Aroch I (2004)
Accidental poisoning of 17 dogs with lasalocid. Vet Rec
155: 174-176.

Sekis I, Ramstead K, Rishniw M, Schwark WS, McDonough
SP, Goldstein RE, Papich M, Simpson KW (2009)
Single-dose pharmacokinetics and genotoxicity of metro-
nidazole in cats. J Feline Med Surg 11: 60-68.

Shah SS, Sasaki K, Hayashi Y, Motoyama S, Helmi AR,
Khalil WF, Shimoda M (2009) Inhibitory effects of
ketoconazole, cimetidine and erythromycin on hepatic
CYP3A activities in cats. J Vet Med Sci 71: 1151-1159.

Stark JD, Vargas RI (2005) Toxicity and hazard assessment
of fipronil to Daphnia pulex. Ecotoxicol Environ Saf
62: 11-16.

Stehr CM, Linbo TL, Incardona JP, Scholz NL (2006) The
developmental neurotoxicity of fipronil: notochord de-
generation and locomotor defects in zebrafish embryos
and larvae. Toxicol Sci 92: 270-278.

Sutton NM, Bates N, Campbell A (2007) Clinical effects and
outcome of feline permethrin spot-on poisonings re-
ported to the Veterinary Poisons Information Service
(VPIS), London. J Feline Med Surg 9: 335-339.

Swor TM, Whittenburg JL, Chaffin MK (2009) Ivermectin
toxicosis in three adult horses. J Am Vet Med Assoc
235: 558-562.

Szucs G, Tamasi V, Laczay P, Monostory K (2004) Bio-
chemical background of toxic interaction between ti-
amulin and monensin. Chem Biol Interact 147: 151-161.

Tada Y, Fujitani T, Yano N, Yuzawa K, Nagasawa A, Aoki
N, Ogata A, Yoneyama M (2001) Chronic toxicity of
thiabendazole (TBZ) in CD-1 mice. Toxicology
169: 163-176.

Tada Y, Fujitani T, Yoneyama M (1996) Subchronic toxicity
of thiabendazole (TBZ) in ICR mice. Food Chem Toxi-
col 34: 709-716.

Tang J, Usmani KA, Hodgson E, Rose RL (2004) In vitro
metabolism of fipronil by human and rat cytochrome
P450 and its interactions with testosterone and diazepam.
Chem Biol Interact 147: 319-329.

Teruel MT, Felipe AE, Solana HD, Sallovitz JM, Lanusse
CE (2003) Placental and fetal toxicity of albendazole sul-
phoxide in Wistar rats. Vet Hum Toxicol 45: 131-136.

Uzlu E, Uzun M, Yapar K, Citil M, Erdogan HM (2007) QT
and QTc prolongation and decreased heart rate after IV
administration of levamisole hydrochloride in conscious
rabbits. Bull Vet I Pulawy 51: 631-634.

van der Linde-Sipman JS, van den Ingh TSGAM, van Nes JJ,
Verhagen H, Kersten JGTM, Beynen AC, Plekkringa
R (1999) Salinomycin-induced polyneuropathy in cats:
morphologic and epidemiologic data. Vet Pathol
36: 152-156.

Veale DJ, Wium CA, Muller GJ (2011) Amitraz poisoning
in South Africa: a two year survey (2008-2009). Clin Toxi-
col 49: 40-44.

Vidau C, Gonzales-Polo RA, Niso-Santano M, Gomez-San-
chez R, Bravo-San Pedro JM, Pizarro-Estrella E, Blasco
R, Brunet JL, Belzunces LP, Fuentes JM (2011) Fipronil
is a powerful uncoupler of oxidative phosphorylation that
triggers apoptosis in human neuronal cell line SHSY5Y.
Neurotoxicology 32: 935-943.

Walker SL, Kennedy F, Niamh N, McCormick PA (2008)
Nimesulide associated fulminant hepatic failure. Phar-
macoepidemiol Drug Saf 17: 1108-1112.

Weber MA, Miller MA, Neiffer DL, Terrell SP (2006) Pre-
sumptive fenbendazole toxicosis in North American por-
cupines. J Am Vet Med Assoc 228: 1240-1242.

Weber MA, Terrell SP, Neiffer DL, Miller MA, Mangold BJ
(2002) Bone marrow hypoplasia and intestinal crypt cell
necrosis associated with fenbendazole administration in
five painted storks. J Am Vet Med Assoc 221: 417-419.

Webster M (1999) Product warning: Frontline. Aust Vet
J 77: 202.

Xavier FG, Kogika MM, Spinosa HD (2002) Common
causes of poisoning in dogs and cats in a Brazilian vet-
erinary teaching hospital from 1998-2000. Vet Hum Toxi-
col 44: 115-116.

Yas-Natan E, Shamir M, Kleinbart S, Aroch I (2003)
Doramectin toxicity in a collie. Vet Rec 153: 718-720.

Yoshimura H (2003) Effect of oral dosing vehicles on the
developmental toxicity of flubendazole in rats. Reprod
Toxicol 17: 377-385.

The toxicity and adverse effects... 191


