Drug Toxicities in Dogs and
Cats

> Abstract
Drug toxicities are relatively common in dogs and cats and they can be classified into type A or
predictable which are caused by the pharmacological or the intrinsic toxic effects of the respon-
sible drug and into type B or non-predictable that are unrelated to the above. The appearance of
type A drug toxicities depends on multiple factors that are related to the affected animal, the dos-
age regimen and the simultaneous administration of other drugs. Clinical manifestations most
commonly originate from organ systems where the responsible drug accumulates or those that
are characterized by an increased metabolic rate. In contrast, type B drug toxicities commonly
affect organs presenting suitable proteins that after coupling with the drug or its metabolites
(haptens) form complete antigens or organs that trap circulating immune complexes. Drugs most
commonly responsible for toxicities in dogs and cats include aminoglycosides, macrocyclic lac-
tones (avermectins and milbemycins), pyrethroids, non-steroidal anti-inflammatories, phenobar-

bital and diazepam.

> Introduction

Drug toxicities in dogs and cats following ad-
ministration or accidental exposure to various
agents are fairly common in the clinic setting. In
the U.S.A., the most common cause of poisoning
during the period 2002-2010 was the exposure to
human medications (approximately 25% of cas-
es), whereas toxicities from ectoparaciticidal and
other veterinary medications were included into
the 10 most common groups.'

The aim of this article is to present updated in-
formation on the classification and the mecha-
nisms that are involved in canine and feline drug
toxicities, followed by the presentation of the
most commonly responsible drugs or groups of
drugs. Only drug-specific treatment guidelines
are presented without reference to the general
treatment measures (initial stabilization, detoxi-
fication, supportive care and symptomatic treat-
ment). Furthermore, there is no reference to cu-
taneous adverse drug reactions that may present
as emergencies (angioedema, Stevens-Johnson
syndrome and toxic epidermal necrolysis, cuta-
neous vasculitis, sterile pustular erythroderma,

> Classification and
pathomechanisms of drug

toxicities in dogs and cats

Drug toxicities are classified into these that are
caused by the pharmacologic or intrinsic toxic ef-
fect of the responsible agent and usually depend
on its blood and tissue concentrations (type A or
predictable) and those that are unrelated to drug
concentrations, occur in a small percentage of
treated animals and are usually of immunologic
aetiology (type B or unpredictable).>* The organs
affected by type A toxicities vary according to the
agent and they are typically organs where it ac-
cumulates, is metabolized and eliminated (e.g.
liver, kidneys) or organs with an increased meta-
bolic rate (e.g. bone marrow, intestinal mucosa).?
By contrast, type B toxicities commonly affect or-
gans that express the necessary proteins which
bind with the drug or its metabolites (haptens)
to form complete antigens (e.g. skin) or organs
where circulating antibodies are trapped (e.g. re-
nal glomeruli, joints, blood vessels).?

The appearance of type A drug toxicities depends
on multiple factors, including: a) the animal spe-
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Table 1. Selected drugs that are substrates of P-glycoprotein

Antimicrobials: doxycycline, erythromycin, levofloxacin, tetracycline

Antifungals: itraconazole, ketoconazole, terbinafine
Antiparasitics: macrocyclic lactones, spinosad
Cardiovascular drugs: verapamil, digoxin, diltiazem
Antiemetic drugs: ondansetron

Opioids: loperamide, morphine

Glucocorticoids: dexamethasone, methylprednisolone, triamcinolone

Antihistamines: terfenadine
Immunomodulating drugs: cyclosporine
Tricyclic antidepressants: amitriptyline

Selective serotonin reuptake inhibitors: paroxetine

Antineoplastic drugs: vinblastine, vincristine, doxorubicin

fect the pharmacokinetics of various agents, like
the mutation of the gene that synthesizes P-gly-
coprotein (P-gp) and is responsible for ivermec-
tin toxicity in Collies; c) any pre-existing lesions
in the organs that are affected by the toxic drug
(“target” organs) and the functional capacity of
the organs that are involved in its metabolism
and elimination (e.g. liver, kidneys); d) the effect
on the latter and also on the “target” organs of
the disease condition for which the toxic drug has
been is prescribed; e) the active substance and
especially its therapeutic index (the difference
between the therapeutic and the toxic dose);
f) the dosage regimen (dose, frequency, route
and duration of administration), like in the case
of aminoglycosides where the administration of
the same total daily dose divided every 12 or 8
hours will increase their toxic potential; and, g)
the simultaneous administration of other drugs
that can affect the pharmacokinetics of the toxic
substance through interactions on P-gp and cy-
tochrome P450 enzymes or that can increase its
concentration in “target” organs.3*

P- glycoprotein is encoded by the ABCB-1 (or
MDRT1) gene and is extensively expressed on the
membrane of multiple cells, including intestinal
epithelial cells, capillary endothelial cells of the
central nervous system that are part of the blood-
brain barrier, hepatocytes and renal tubular epi-
thelial cells.*¢ Its main biologic role is the reduc-
tion of intracellular concentration of various sub-
stances, including those drugs that are P-gp sub-
strates (Table 1).#%7 Certain drugs can increase the
activity of P-gp (Table 2), resulting into reduced
intestinal absorption and consequently reduced
therapeutic efficacy following oral administra-
tion of its substrates.* Exactly the opposite hap-
pens after co-administration of drugs that down-
regulate the activity of P-gp (Table 2) as well as in
the case of ABCB-1 gene mutations, like the nt228
(del4) mutation in dogs of various breeds (Table
3), including Collies.**#'3In such cases there is an
increased potential of toxicity by P-gp substrates,
including macrocyclic lactones, loperamide and
antineoplastic drugs, due to their increased in-
testinal absorption, reduced clearance from the

Table 2. Selected drugs that up-regulate or down-regulate P-glycoprotein activity

Drugs up-regulating P-glycoprotein activity

Antimicrobials: rifampicin

Glucocorticoids

Drugs down-regulating P-glycoprotein activity

Antimicrobials: erythromycin, clarithromycin
Antifungals: itraconazole, ketoconazole
Antiparasitics: spinosad

Immunomodulating drugs: cyclosporine

Selective serotonin reuptake inhibitors: paroxetine, fluoxetine

36 laTpIK ZWWV XuvTEOQIAG » Topog 2 « Teuxog 2 « 2013



Drug toxicities ( s

Homozygous mutation*

Heterozygous mutation*

Australian shepherd 2-25% 25-43%
Collie 24-73% 14-64%
Border collie 0-0.3% 0-5%
Rough collie 52% 38%
Smooth collie 45% 55%
English shepherd 0% 14%
German shepherd (white) 0% 0%
McNab 3% 29%
Old English sheepdog 0% 7-21%
Shetland sheepdog 1-12% 15-49%
Silken Windhound 1% 33%
Whippet (longhaired) 16% 52%
White shepherd Waller 0% 37%
White Swiss shepherd 2% 22%

*The frequency of homozygous and heterozygous mutation significantly differs according to the geographic

area

central nervous system, and possibly reduced
elimination in bile and urine.*®'*'¢ |t is empha-
sized that a dog may be homozygous or heterozy-
gous for nt228 (del4) mutation and that although
the possibility of toxicity from the same dose of
the drug is higher in the former dogs, it cannot
be excluded in the latter; therefore, complete
avoidance or dose reduction of P-gp substrates
is necessary in both cases.*3'® Furthermore, inde-
pendently of breed of the dog, co-administration
of drugs down-regulating P-gp with its substrates
must be avoided, especially when the latter have
a narrow therapeutic index.>¢

Cytochrome P450 enzymes, responsible for me-
tabolizing hormones, drugs and various chemi-
cals are present in many organs and tissues, in-

cluding the intestine and the liver." In the intes-
tine they metabolize orally administered drugs,
thus reducing their bioavailability,* whereas in
liver they catalyse multiple biochemical reactions
related to drug metabolism, resulting in the for-
mation of inactive or active metabolites or toxic
by-products (Table 4)."'8 The activity of specific
cytochrome P450 enzymes that are responsible
for metabolism of certain drugs (e.g. enzymes CY-
P2B11 and CYP2D15) has been found to differ sig-
nificantly among dogs of the same or of different
breeds.*'8'® Moreover, concomitant administra-
tion of drugs that inhibit these enzymes (Table 5)
results in reduced metabolism, accumulation and
increased toxicity of drugs depending on P-450
cytochrome enzymes for their metabolism.”7:20-22
Finally, drug interactions on the activity of these

Antimicrobials: erythromycin, fluoroquinolones
Cardiovascular drugs: propranolol

Bronchodilators: theophylline

Sedatives-anaesthetics: diazepam, midazolam, propofol

Non-steroidal anti-inflammatory drugs: diclofenac
Immunomodulating drugs: cyclosporine
Tricyclic antidepressants: imipramine

Antineoplastic drugs: cyclophosphamide
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Table 5. Selected drugs that up-regulate or down-regulate cytochrome P450 enzyme activity in dogs

Drugs up-regulating enzyme activity
Antimicrobials: rifampicin

Proton pump inhibitors: omeprazole

Antiepileptic drugs: phenobarbital

Drugs down-regulating enzyme activity
Antimicrobials: fluoroquinolones, chloramphenicol

Antifungals: ketoconazole

enzymes can be used for dose reductions and
consequently reduced treatment costs, like in the
case of co-administration of cyclosporine with ke-
toconazole that permits up to 75% reduction of
the dosage of the former.”232*

> Aminoglycoside toxicity in dogs
and cats

Aminoglycosides (e.g. aminosidine, amikacin,
gentamicin, kanamycin, neomycin, streptomycin,
tobramycin) are effective mostly against Gram-
negative aerobic bacteria (e.g. Pseudomonas sp.),
but also against some Gram-positives (Staphy-
lococcus sp.) as well as against Leishmania sp.
(aminosidine).” Their bactericidal effect is accom-
plished following accumulation in the cytoplasm
and binding to the 30S ribosome subunit that re-
sults in disruption of protein synthesis, increased
cell membrane permeability and eventually mi-
croorganism death.” Their bactericidal and post-
antibiotic effect (PAE) as well as the avoidance of
bacterial resistance depend on their maximum
concentration and not on the percentage of the
dose interval during which their concentrations
remain above the minimum inhibitory concentra-
tion of the microorganism.” For this reason, ami-
noglycosides should be administered in a single
daily dose instead of every 8 or 12 hours, as it was
practiced in the past.>%* Until a few years ago,
mainly due to their toxicity, aminoglycosides had
been largely replaced by fluoroquinolones and
were used, almost exclusively, in cases of sepsis.”®
However, the use of aminoglycosides has been
lately expanded and this trend may continue in
the future, for the treatment of canine leishmani-
osis (aminosidine) and of methicillin-resistant S.
pseudintermedius infections (usually amikacin).?”

Aminoglycoside toxicity in dogs and cats is a type
A toxicity, targeting mainly the kidneys and inner
ear (affecting hearing and balance) and rarely the
neuromuscular synapses.>* Nephrotoxicity oc-
curs because of their elimination through the kid-
neys, where they accumulate in tubular epithelial
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cells resulting into their death, and they inhibit
phospholipase activity, necessary for prostaglan-
dine synthesis, resulting in vasoconstriction and
reduction of glomerular filtration rate.? The
factors which increase nephrotoxic potential are
many, including active ingredient (gentamicin is
considered more nephrotoxic than amikacin), ad-
ministration every 8 or 12 hours instead of every
24 hours, prolonged duration of treatment, pre-
existing kidney lesions, reduced renal blood flow,
presence of acidosis and electrolyte imbalances
(hypokalaemia, hypernatremia) and simultane-
ous administration of other nephrotoxic drugs or
furosemide.?*?” The most reliable early indicator
of kidney damage is increased activity in the urine
of those enzymes that are released after necrosis
of tubular epithelial cells, like gamma-glutamyl
transferase (y-GT), N-acetyl-b-glucosaminidase
(NAG), alanine aminotransferase (ALT) and al-
kaline phosphatase (ALP)>32>?% whereas more
advanced stages present with casts, decreased
urine specific gravity, proteinuria, glucosuria and
azotemia 32>

Treatment, other than drug discontinuation, is
identical to that of acute renal failure except that
furosemide is contraindicated in case of oliguria
because it will increase the accumulation of ami-
noglycosides in renal tubular epithelial cells.?
Prevention includes the avoidance of all those
factors that increase the likelihood of toxicity and
ideally dosage regimen individualization based
on active substance concentration in the serum
just before the next administration (e.g. it must
be lower than 6 pg/ml for amikacin).>¥?° Unfor-
tunately the latter is not usually feasible in the
clinical setting. For this reason, clinical evaluation
of the hydration status, urinalysis (with particular
attention to protein/creatinine ratio, enzymuria,
and microscopic examination of urine sediment
for casts) and biochemical assessment of kidney
excretory function (blood urea nitrogen, creati-
nine, and inorganic phosphorus concentration)
should be performed in all treated dogs and cats
every 7 days during the course of treatment and
a week after its completion.>?’” Moreover, co-ad-



ministration of antioxidants, like silymarin [20mg/
kg body weight (B.W.) daily, per os] and vitamin E
(25mg/kg B.W. daily, per os) may reduce the renal
toxicity of aminoglycosides.*

The ototoxicity, which is usually irreversible and
appears more commonly with streptomycin com-
pared to the other drugs of this group, is caused
by their prolonged accumulation in perilymph
and the consequent metabolic imbalances, in-
cluding mainly the oxidative damage from free
radicals.>**3' It may occur after systemic or topi-
cal administration, manifesting as deafness or pe-
ripheral vestibular syndrome or both which also
depends on the specific aminoglycoside (e.g. ami-
kacin and kanamycin have increased toxic poten-
tial for the organ of hearing, whereas streptomy-
cin and gentamicin target mainly the balance).?>*'
Ototoxicity potential depends on the frequency
of administration, treatment duration, and simul-
taneous use of other ototoxic medication.

Diagnosis is based on acuometry (deafness), an
examination not widely used in the clinical set-
ting (however, nowadays there are clinics in our
country where it can be performed) and the clini-
cal examination (peripheral vestibular syndrome),
whereas the only possible therapeutic measure
is immediate treatment discontinuation.?*' On a
preventative basis, simultaneous administration
of furosemide is contraindicated because it will
increase the concentration of aminoglycosides in
the perilymph, and concomitant use of antioxi-
dants may be helpful although, in contrast to ne-
phrotoxicity, this has not been proven for the oto-
toxic effect of aminoglycosides in dogs and cats.?'

Neurotoxicity is rare and occurs because of the
inhibition of acetylcholine release in the neuro-
muscular synapses.>?® General anaesthesia is a
predisposing factor and symptoms are charac-
terized by flaccid paresis or paralysis of all limbs,
even progressing in respiratory failure due to res-
piratory muscle weakness.>* Treatment consists
of slow intravenous administration of calcium
(calcium chloride at 10-20 mg/kg B.W. or calcium
glyconate at 30-60 mg/kg B.W.) and perhaps ne-
ostigmine (0.04-0.05 mg/kg B.W. subcutaneously
or intramuscularly) or edrophonium chloride (0.1-
0.2 mg/kg B.W. intravenously).”

> Macrocyclic lactone toxicity in

dogs and cats
Macrocyclic lactones, including avermectins
(abamectin, doramectin, eprinomectin, ivermec-
tin, selamectin) and milbemycins (milbemycin,
moxidectin, nemadectin) are broad-spectrum an-
thelminthic parasiticides, effective mainly against
nematode worms (including microfilariae) and
arachnids and less effective against insects.®
These molecules act mainly as chloride chan-

nel agonists but they also increase the release of
gamma-aminobutyric acid in sensitive parasites,
causing their paralysis and eventually death.®
There are various commercially available formu-
lations (for oral, parenteral, topical administra-
tion and as spot-on solution that is systemically
absorbed), sometimes in combination with other
antiparasitic drugs, with various indications and
contraindications, depending on the formulation,
suggested dosage regimen and target animal
species.® In an everyday clinic practice they are
used very frequently for the prevention and treat-
ment of a large number of parasitic infestations of
dogs and cats.

They are safe when administered according to
the manufacturer’s instructions.*23 |In contrast,
use of formulations intended for farm animals
and administration at high doses may cause
neurotoxicity (type A toxicity).®** For example,
ivermectin was the agent responsible for 2.1% of
intoxications in companion animals recorded in
the U.S.A. during 2009." Neurotoxicity occurs due
to increased concentration of these substances in
the host’s central nervous system, where chloride
channels and gamma-aminobutyric acid do ex-
ist, and it involves similar mechanisms to those
responsible for their paraciticidal effects.® Symp-
toms may appear a few hours after the first ad-
ministration or after several days or even weeks
in case of long-standing treatment (e.g. for canine
generalized demodicosis) and they are character-
ized by reduced level of consciousness, disorien-
tation, seizures, mydriasis (or sometimes miosis
in cats), blindness (due to retinal oedema), sali-
vation, ataxia, muscle tremors, bradycardia, and
even respiratory failure leading to death.363543
Macrocyclic lactone neurotoxic potential de-
pends on: a) the active substance, since for exam-
ple ivermectin and moxidectin are considered to
be more toxic than selamectin;*** b) dosage regi-
men and in particular the dose and the duration
of administration;*®* c) presence of ABCB-1 gene
mutations decreasing the activity of P-gp.6343844
For example, Collies homozygous for the
nt228 (del4) mutation present signs
of toxicity after a single ivermec-

tin administration at the dose

of 0.1-0.12mg/kg B.W., het-
erozygous dogs after pro-

longed administration at a

daily dose of 0.3mg/kg B.W. .
and dogs without the muta- e
tion do not develop toxic-

ity after prolonged use at a

daily dose of 0.6mg/kg B.W. 'B
or after a single administra-

tion at a dose up to 2mg/kg .
B.W.4542 Similarly, dogs with the _-m :

same gene mutation present symp-
toms of toxicity after a single adminis-
tration of moxidectin at 0.09mg/kg B.W.,

Drug toxicities c\
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whereas toxicity appears in dogs without the mu-
tation at dose levels of 1.9-2.8mg/kg B.W.° On the
other hand, ivermectin-sensitive Collies typically
do not manifest symptoms of toxicity after milbe-
mycin administration at a dose less than 5mg/kg
B.W. and daily doses of 1-2mg/kg B.W. are consid-
ered safe, although sporadic cases of toxicity have
been reported even with this dosage regimen;5**
d) concomitant administration of other drugs that
inhibit P-gp (Table 2);*% and, e) perhaps the age,
because very young or very old animals may be
more susceptible.>* Macrocyclic lactone toxicity
is reported more commonly in dogs compared to
cats [possibly due to the nt228 (del4) mutation
and the more frequent administration at high
doses in dogs for the treatment of ectoparasitic
skin diseases and especially of generalized de-
modicosis] and more commonly for ivermectin
compared to milbemycin and moxidectin (prob-
ably because of the more frequent use of the for-
mer at high doses).3843

Diagnosis is based on history, clinical signs and
improvement after drug discontinuation. Howev-
er, the latter should not be taken for granted and
may be seen after several days or even weeks, es-
pecially after administration at high doses in dogs
with the nt228 (del4) mutation, due to the long
elimination half-life of these compounds.63¢42
Besides symptomatic treatment (e.g. detoxifica-
tion, antiepileptic medication, mechanical venti-
lation),”#2 in severe cases of macrocyclic lactone
toxicity in dogs intravenous administration of
a 20% lipid emulsion (e.g. Intralipid’) has been
employed with encouraging results; the initial
dose of 1.5ml/kg B.W. over 1-15min is followed
by constant rate infusion at 0.25-0.5ml/kg B.W./
min over 30-60min and the latter can be repeat-
ed, once or twice, every 4-6 hours, provided that
gross lipemia is not detected in the serum or plas-
ma.s3*374546 The most likely mechanism of action
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of lipid emulsions is binding of these lipid-soluble
compounds and enhancement of their elimina-
tion from the body.2%34¢ Due to lack of sufficient
scientific data and of prospective studies and due
to the possibility of side effects (hyperlipidemia,
hemolysis, lipid embolism, septicemia), this treat-
ment is currently reserved only for those cases
with severe symptoms that do not respond to
the usual treatment modalities.5*'*4¢ Tradition-
ally, treatment for macrocyclic lactone toxicity
includes physostigmine (0.02-0.06mg/kg B.W. or
1 mg/dog, every 12 hours, slowly intravenously)
which, despite its short duration of action (30-
90min), allows the animal to regain conscious-
ness and possibly to eat and drink.>%4”

To avoid macrocyclic lactone toxicity in dogs
(independently of their breed) and in cats, only
approved formulations and dosage regimens
of these drugs should be used. When this is not
feasible (for example in dogs with generalized de-
modicosis when the owner cannot afford the cost
of milbemycin treatment), the following measures
are recommended: a) toxic doses should not be
administered without previous genetic testing
for the nt228 (del4) mutation, at least in dogs of
high-risk breeds (Table 3); b) the dose should pro-
gressively increase (for example in dogs with gen-
eralized demodicosis daily oral treatment with
ivermectin can be started at 0.1mg/kg B.W. and
progressive increase by 0.1mg/kg B.W. up to final
dose of 0.6mg/kg B.W.); c) continuous monitoring
of the animal during the whole treatment period
and immediate discontinuation of the drug if
early signs of toxicity, usually mydriasis and saliva-
tion, are witnessed; and d) avoidance of concur-
rent administration of P-gp inhibitors (Table 2).#
It is emphasized that these measures may reduce
but they do not eliminate the possibility of toxic-
ity and they may permit timely diagnosis of the
latter, which can improve the prognosis. 3384344




> Pyrethroid toxicity in cats
Pyrethroids (e.g. deltamethrin, permethrin) are
commonly used in dogs, mostly because their fast
and broad spectrum activity against ticks, acari
and insects is combined with their insect-repel-
lent properties.®®>°They act at the central nervous
system of susceptible parasites and particularly in
sodium pumps causing either constant stimula-
tion and spastic paralysis (type 1 pyrethroids like
permethrin) or flaccid paralysis after blocking
neurotransmission (type 2 pyrethroids like del-
tamethrin).***° They are commercially available in
various formulations (shampoos, spot-on, sprays,
collars) mostly approved for dogs only, and they
are generally safe in this species when used ac-
cording to the manufacturer’s instructions.*

Pyrethroid toxicity is fairly common in cats.®*°
Indeed, permethrin toxicity was the most com-
mon companion animal poisoning caused by vet-
erinary ectoparaciticidal drugs in the USA during
2009.' The increased sensitivity of cats is due to
reduced activity of the enzymes responsible for
pyrethroid metabolism in the liver (type A toxic-
ity) and particularly of glucuronyl transferase."*
Toxicity may be observed not only when canine
formulations of these compounds are acciden-
tally used in cats, but also when the latter are
exposed to recently treated dogs**“°*'*> and the
owners of dogs living along with cats must be
made aware of this. Symptoms, usually develop
within a few hours or up to three days post-expo-
sure, they are characterized by salivation, general-
ized muscle tremors, ataxia, hypersensitivity, par-
aesthesia, excitation and seizures and may result
in the animal’s death.*¥0525556 Due to the intense
muscle activity, hyperthermia is common where-
as myoglobulinuria, which may cause acute renal
failure, is less frequently wittnessed.*>* In case of
a positive outcome, recovery is expected after 2-3
days although occasionally it may take up to one
week.*%6

Diagnosis is based on history and compatible clin-
ical signs and, at least in theory, may be confirmed
by measuring the concentrations of the drug in
various tissue samples, including skin and hair.*>*°
Treatment includes detoxification (use of a dish
washer is recommended for the removal of these
lipophilic substances from the skin),*® supportive
measures, control of seizures (diazepam, barbitu-
rates, propofol, inhalant anaesthetics)*#%452 and
control of muscle tremors with the muscle relax-
ant methocarbamol (44-50mg/kg B.W., intrave-
nously that may repeated as needed up to a total
daily dose of 330mg/kg B.W.).*484%55 Moreover, as
in the case of macrocyclic lactone toxicity, intra-
venous administration of 20% lipid emulsion has
been proposed, unfortunately without sufficient
scientific evidence to support its effectiveness
and safety.*6485257 Prognosis is guarded although
approximately 85-95% of cats fully recover, pro-

vided that the recommended treatment is insti-
tuted in a timely fashion.*5052545¢ Prevention is
based on the avoidance of direct or indirect expo-
sure of cats to these substances, especially when
at large concentrations, like the spot-on solutions
intended to be used on dogs.>**¢ For this reason,
the author does not recommend the use of the
latter in dogs that live in close contact with cats.>*

> Non-steroidal anti-inflammatory

drug toxicity in dogs and cats
Non-steroidal anti-inflammatory drugs (NSAIDs)
are commonly used in the clinical setting, mostly
for the control of fever, inflammation and pain.>®>°
Their main mode of action includes the selective
inhibition of cyclooxygenase-2 (COX-2), the nec-
essary enzyme for arachidonic acid metabolism
and production of inflammatory mediators like
prostaglandins.®®*° Many formulations for vet-
erinary and human use that can be administered
topically, parenterally, and orally are commer-
cially available. Although human formulations are
more toxic, they are still being used in companion
animals, although not as frequently as in the past.

NSAID toxicity occurs mostly due to cyclooxy-
genase-1 (COX-1) inhibition, affects mainly the
gastrointestinal tract (gastro-duodenal ulcers)
and, typically at higher doses, the kidneys (type
A toxicity) and it is particularly common.*® For
example, ibuprofen (Advil’, Algofren®, Brufen®,
Nurofen®) was the second most common cause
of drug toxicity in dogs and cats in the USA dur-
ing 2009." Gastrointestinal ulceration appears
secondarily to the inhibition of synthesis of those
prostaglandins that are necessary to control gas-
tric acid secretion, mucus and bicarbonate pro-
duction and to preserve normal blood flow in the
gastrointestinal tract®®*° and is more common
when corticosteroids are simultaneously adminis-
tered.* The nephrotoxic effects of NSAIDs are due
to inhibition of prostaglandin E,and I, synthesis,
which are necessary for vasodilation of renal ar-
terioles,*®*° and appears more frequently in older
animals, when renal blood flow is reduced (like
in animals with heart and renal failure and with
hypotension) and when other nephrotoxic drugs
are administered at the same time.>*® Moreover,
both gastrointestinal ulcers and NSAID nephro-
toxicity are more commonly witnessed after ad-
ministration of human formulation (they contain
high drug concentrations and possibly they are
less selective inhibitors of COX-2; for example in
dogs the toxic dose of ibuprofen is lower than
the therapeutic dose),**#*° with oral formulations,
with higher doses and prolonged duration of
administration® and in cats compared to dogs.®®
Finally, it is emphasized that, even with the newer
NSAIDs that are approved for companion animals
and largely safe, the possibility of toxicity cannot

Drug toxicities c\
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be fully excluded, particularly when some of the
above predisposing factors do exist.*

Diagnosis of NSAID toxicity is based on history of
administration and clinical signs. Besides detoxifi-
cation and supportive measures, treatment is that
of gastrointestinal ulcers (sucralfate, H,-blockers
or proton pump inhibitors, antiemetics, blood
transfusion)**® and of acute renal failure (intrave-
nous crystalloids, diuretics, dopamine),*® with the
addition of misoprostol (0.002-0.005mg/kg B.W.
every 8 to 12 hours, per 0s), a synthetic analogue
of prostaglandin E, that is effective for the treat-
ment of gastrointestinal ulcers and potentially of
NSAID-induced nephrotoxicity.>*®% Prevention
measures include avoidance or exclusion of all
predisposing factors and, particularly for high-risk
animals, co-administration of misoprostol.>¢°

A particular case of NSAID toxicity is carprofen-
induced liver toxicity in dogs. This is a type B
toxicity that can lead even to liver failure by
pathomechanisms that have not been fully elu-
cidated.>**¢" Common clinical signs are anorexia,
vomiting and jaundice and the main laboratory
findings include increased ALP and ALT activities
and hyperbilirubinemia.’ Prognosis is relatively
good since most dogs show clinical and labora-
tory improvement following timely discontinua-
tion of the medication coupled with symptomatic
treatment and supportive care.®’ For this reason,
frequent clinical examination and laboratory
evaluation of the liver function is recommended,
especially when this drug is administered on a
long-term basis (e.g. in dogs with osteoarthritis).

Another particular case of NSAID toxicity is due
to paracetamol (acetaminophen) in cats and
dogs. Paracetamol (Apotel’, Depon’, Panadol’,
Protalgon” etc) is broadly used as an analgesic
and antipyretic drug in humans that metabolize
it through glucuronidation into non-toxic mol-
ecules. Paracetamol toxicity in cats was the most
common toxicity from human drugs in the USA
during 2009." It occurs because of the relative
lack of glucuronyl transferase activity in this ani-
mal species, resulting in paracetamol metabolism
initially through the sulfation pathway and then
through hydroxylation that produces N-acetyl-
para-benzoquinoneimine (NAPQUI); the latter is
responsible for acute hepatic necrosis, methemo-
globulinemia and hemolytic anemia with Heinz
body formation.>$>%3 Paracetamol toxicity with
similar symptoms has been reported in dogs al-
though less often compared to cats.®%%*% This is a
type A toxicity usually appearing a few hours fol-
lowing administration of a single high dose®® and
may be more common in male than female cats.®?
Symptoms consist of depression, cyanosis, tachy-
pnea, subcutaneous edema and in severe cases
coma and death. Laboratory findings include
anaemia, increased ALT and ALP activities and
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hyperbilirubinaemia.®®” Treatment includes N-
acetylcysteine (intravenous or oral administration
at the initial dose of 140-150mg/kg B.W., followed
by 50-70mg/kg B.W. every 4-6 hours for 5-17
times); this drug is metabolized into glutathione
which binds and removes the toxic metabolites
of paracetamol.3456062636668 Adjunctive adminis-
tration of cimetidine (5-10mg/kg B.W. within 48
hours after paracetamol intake) has been pro-
posed to block metabolic enzyme activity and
thus to reduce the synthesis of toxic drug metab-
olites;? also liver protectants and antioxidants, like
S-adenosyl-L-methionine (SAMe at 20mg/kg B.W.
every 24 hours per os) and silymarin (20-50 mg/
kg, every 24 hours per os) may be used.**%>¢” Par-
acetamol administration, especially in cats, must
be avoided at any cost and to this end owner edu-
cation is highly important, because, most of the
time, this human drug is administered without
veterinary advice.”’

> Phenobarbital toxicity in dogs
Phenobarbital, the first choice drug for the long-
term symptomatic treatment of seizures in dogs,®
acts mainly by increasing the activity of gamma-
aminobutyric acid in the central nervous sys-
tem.® This substance is metabolized in the liver
and relatively rarely, following long-term use, may
cause hepatotoxicity (type A and possibly type B)
that can become lethal, or superficial necrolytic
dermatitis (hepatocutaneous syndrome or meta-
bolic epidermal necrosis).>¢°7!

The usual symptoms of liver toxicity are depres-
sion, anorexia, ascites, and bleeding tendency.”
Diagnosis should not be based only on increased
ALP and ALT activities, because this is also wit-
nessed in animals without liver toxicity that are
treated with phenobarbital. For this reason, the
above laboratory findings should be combined
with the increased concentrations of bile acids
and possibly of total bilirubin, the decreased con-
centrations of albumins, blood urea nitrogen and
cholesterol and the pathological findings of liver
ultrasonography.>¢#707273 Clinical signs and labo-
ratory abnormalities may be reversible if toxicity is
diagnosed early and the administration of pheno-
barbital is discontinued (replacement by another
antiepileptic drug) or the dose is reduced, and in
every case, by starting symptomatic treatment for
liver disease.”® The best preventative measure is
regular monitoring, not only of liver function but
also of drug concentrations in the blood, start-
ing at 2-3 weeks after the first administration or
after any increase in the dosage regimen® and
continuing every 3-6 months, since the potential
for toxicity increases when the concentrations are
higher than 35-40ug/ml.3627°

Superficial necrolytic dermatitis after prolonged



phenobarbital administration is characterized by
skin lesions, laboratory and diagnostic imaging
findings that are indistinguishable from those of
the same syndrome not associated with the ad-
ministration of this drug.”’ Diagnosis is based on
cutaneous histopathology and liver ultrasonogra-
phy, treatment is symptomatic and prognosis is
guarded.”

> Diazepam toxicity in cats

Diazepam increases the activity of gamma-ami-
nobutyric acid in the central nervous system and
has sedative, anxiolytic, antiepileptic and appe-
tite-stimulating properties.® This molecule can
induce an acute and usually lethal liver necrosis
(type B toxicity) in the cat by mechanisms that
have not been fully elucidated.3*7* In fact, diaze-
pam toxicity appears to be more common follow-
ing short-term treatment as an appetite stimulant
(single administration or after a few days), but it
is also possible during long-term use (e.g. as an
antiepileptic or anxiolytic).>”#7> Diagnosis is based
on clinical signs (lethargy, ataxia, anorexia, jaun-
dice, bleeding tendency) and laboratory evalua-
tion of liver function, treatment is symptomatic
and prognosis is guarded to grave.”*’> Measure-
ment of ALP activity before and 5 days post-treat-
ment has been suggested and the drug should
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