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There are several nonsteroidal anti-inflammatory drugs (NSAIDs) to choose from
(Box 1). The pharmacologic activity of the NSAIDs has been reviewed in other articles,
textbooks, popular journals, and promotional material distributed by drug sponsors. It
is not necessary to review in-depth information on chemistry, mechanism of action,
history, discovery, or pharmacokinetics of these drugs, because that information
has been described previously. The clinical use and dosages of these drugs are pro-
vided in a recent book by the author,1 and this topic was last reviewed by this author in
2000.1,2 A description of the chemistry, mechanism of action, and clinical use of the
cyclooxygenase-2 inhibiting (COXIB) class of NSAIDs was provided in a thorough re-
view.3 Pharmacokinetics and pharmacodynamics of NSAIDs were reviewed exten-
sively by Lees and colleagues.4 Guidelines for clinical use in dogs5 and cats6 was
recently provided in excellent reviews. This article primarily reviews developments
that were not available at the time of this author’s previous review in 2000 and dis-
cusses issues for which updates are necessary.

MECHANISM OFACTION

The review articles by experts in this area are sufficient to describe the basic pharma-
cology and mechanism of action of these drugs.7,8 The most significant development
in our understanding of NSAIDs occurred in the early 1990s with a revision in the un-
derstanding of the targets of these drugs. At that time, it was discovered that there are
two isoenzymes (isoforms) of cyclooxygenase (prostaglandin synthase) that are
responsible for synthesis of prostaglandins. Prostaglandin synthase-1 (COX-1) is
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Box1
Currently available nonsteroidal anti-inflammatory drugs for dogs

Aspirina

Phenylbutazoneb

Carprofen (Rimadyl, and generic)f

Etodolac (EtoGesic)

Meloxicam (Metacam)c,f,1

Ketoprofen (Anafen)d,4

Deracoxib (Deramaxx)

Firocoxib (Previcox)

Meclofenamic acid (Arquel)e,11

Tepoxalin (Zubrin)

Tolfenamic acid (Tolfedine)d,f

a Aspirin is not US Food and Drug Administration (FDA)–registered for dogs, but some forms
are marketed for dogs as if there were FDA approval. There is an approved combination with
methylprednisolone (Cortaba tablets, 0.5 mg of methylprednisolone and 300 mg of aspirin).
b Registered for dogs but not actively marketed.
c Registered for cats also as a single dose.
d Registered in Canada only.
e Registered but not marketed.
f Also available as an injectable and oral; the others are all available in oral forms.
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usually a constitutive enzyme expressed in tissues.9 Prostaglandins, prostacyclin, and
thromboxane synthesized by this enzyme are responsible for normal physiologic func-
tions. Prostaglandin synthase-2 (COX-2), on the other hand, is inducible and synthe-
sized by macrophages and inflammatory cells after stimulation by cytokines and other
mediators of inflammation. In some tissues, COX-2 may be constitutive. For example,
COX-2 production of prostaglandins was found to be constitutive in canine pyloric and
duodenal mucosa,10 even though it previously was believed to be induced only in the
presence of injury or inflammation. COX-2 may be up-regulated in these tissues,
responding to inflammatory stimuli to produce a protective and healing role.11 There
is evidence, confirmed in two independent studies,10,12 that prostaglandin synthesis
is inherently higher in gastric mucosa than duodenal mucosa. This suggests that, in
the duodenum, there may be a greater requirement for induction of COX-2, and that
there is a protective mechanism to emerge in the duodenum rather than in the stom-
ach. The perception that COX-2 is a bad enzyme and COX-1 is a good enzyme is prob-
ably overly simplistic because we now understand that there is some overlap in the
functions of these isoforms.13 Nevertheless, the target of most of the most recently
developed NSAIDs has been COX-2—or to spare COX-1 as much as possible—
with the goal of producing analgesia and suppressing inflammation without inhibiting
physiologically important prostanoids.

Selectivity of COX-2 versus COX-1 is often expressed as the COX-1/COX-2 inhibi-
tory ratio. This ratio is derived from an in vivo study in which the inhibitory effect, usu-
ally expressed as the inhibitory concentration to inhibit 50% of activity (IC50), is
measured from stimulating cells that are capable of expressing products of these
enzymes. In the whole blood assay, the source for COX-1 products (thromboxane
or TXA2) is platelets, and the source of COX-2 products (PGE2) is leukocytes. The ratio
is expressed as COX-1 [IC50]/COX-2 [IC50], or simply COX-1/COX-2. The higher the
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value above 1.0, the more specific the drug is for COX-2 compared with COX-1. There
is subjective value placed on the magnitude of the ratio to consider the drug as ‘‘COX-
1 sparing,’’ ‘‘COX-2 specific,’’ ‘‘COX-2 preferential,’’ or ‘‘COX-2 selective.’’ These
terms have been used by many authors without any true definition of the magnitude
of the ratio used to determine the criteria for each term.

Is there a COX-3?

After the discovery of COX-1 and -2, interest emerged of the presence of yet another
isozyme, the COX-3 enzyme. Interest in COX-3 began after a discovery, in dog tissues,
that there was a central cyclooxygenase that was inhibited by acetaminophen.14 This
substance was called COX-3. It is believed now that COX-3 is a variant of COX-1,
rather than a distinct isomer.15,16 The term ‘‘COX-3’’ has even been rejected by
some authors.17 This variant of the COX enzyme was selectively inhibited by acet-
aminophen in dogs15 and this inhibition may represent a target for a central mecha-
nism for some NSAIDs, including acetaminophen and dipyrone. As proposed by
Chandrasekharan and colleagues,15 other NSAIDs that produce analgesia, but are
not selective for COX-2, perhaps have a central mechanism of action targeting
COX-3. Despite the initial interest in COX-3, this enzyme may be more prominent in
dogs than in people or laboratory rodents.17 Subsequently, there has been little focus
on inhibition of this enzyme in the human literature and some of the initial enthusiasm
about COX-3 has waned. (See the review by Kis and colleagues18 for a more in-depth
treatment of this topic.) Nevertheless, there is evidence to suggest that an enzyme
exists centrally in dogs, at levels that are distinct from humans and laboratory animals,
that may be a central target for some NSAIDs. It may be worthwhile to consider this
method of treatment in dogs for some types of pain (see later discussion).

Inconsistencies Among the Studies

When one examines the drugs registered for veterinary medicine, there is disagree-
ment in the literature with respect to the selectivity for the COX-1 versus COX-2
enzyme (Table 1). For example, deracoxib is considered a highly selective COX-2
Table 1
COX-1/COX-2 inhibitory ratios based on IC50 values in dogs

Drug

Streppa
et al
2002a

Ricketts
et al
199821,a

Kay-Mugford
et al
200022,a

Cryer
et al
1998b

Brideau
et al
2001b

Wilson
et al
200423,b

Gierse
et al
200219,c

Ketoprofen 0.17 0.23 0.36 0.125 0.6 0.5 —

Aspirin 0.39 <0.3 — 0.32 — 0.37 —

Etodolac 0.53 0.52 — 7.92 — 6.3 3.4

Ibuprofen 0.74 — — 0.6 — — —

Piroxicam 2 — — 1.27 — 1.75 —

Meloxicam 2.72 2.9 12.3 — 10 — —

Meclofenamic
acid

5 15.4 — 12.1 — 5 —

Phenylbutazone 9.7 >2.6 — — 0.6 — —

Carprofen 16.8 129 1.75 — 6.5 5.3 65

Deracoxib — — — — — — 1275

a Assay with canine cell lines.
b Assay with human cell lines.
c Assay with purified enzymes.

AdrianoBC
Rectangle

AdrianoBC
Rectangle

AdrianoBC
Rectangle



Papich1246
inhibitor based on an assay performed in purified enzymes.19 In this study, the COX-1/
COX-2 ratio was 1275, much higher than other drugs tested. But when tested in canine
whole blood and compared with other NSAIDs, deracoxib had a ratio of only 12. In this
study, carprofen had a ratio of 6 to 7, and firocoxib (the newest NSAID for dogs) had
a ratio of 384 to 427.20

Some of the confusion regarding understanding the action of the veterinary NSAIDs
is that in vitro studies to examine their relative effects on COX-1 versus COX-2 have
varied in their techniques and the cell system used. For example, in a study using
canine enzyme systems, carprofen had a COX-1/COX-2 ratio of 129.21 In another
study, using cell lines of another species (sheep and rodent) the ratio was 1.0,7 and
in a study using canine macrophages, the ratio was 1.75.22 Yet another study on
carprofen showed a ratio of 5.3 and that it was 1000 times less potent in whole blood
than in cell culture.23 This emphasizes the effect of protein binding on in vitro assays
(see later discussion). An in vivo study with carprofen in dogs did not demonstrate that
it was capable of inhibiting prostaglandins systemically in dogs.24

Carprofen is not the only drug for which conflicting results have been reported.
The ratios for etodolac, another NSAID approved for dogs, has a COX-1/COX-2 ratio
of 8.1 in humans, but 0.52 to 0.53 in dogs. Another study with etodolac showed that
the selectivity for COX-2 was 10 times greater in people than dogs.19,25 Dr. Vane,
a preeminent expert on COX inhibition, concludes that the inhibitory activity of
a drug for COX-1 to its inhibitory activity for COX-2 can vary according to whether
tests are done on pure enzymes, cell homogenates, or intact cells, or with the types
of cells used.7 According to Dr. Lees, one of the leading investigators of NSAIDs in
veterinary medicine, there are several unexplored questions to be answered for vet-
erinary drugs.26

What is the Best Assay?

In view of the discrepancies among studies and techniques, it is now generally
accepted that the whole-blood assay should be the gold standard for determining
COX-1/COX-2 specificity. The first evidence of this technique was published in
199227 and it is now used in most of the veterinary drug studies. The advantage of
the whole-blood assay is that it incorporates the components into the assay that nor-
mally occur in circulating blood: proteins, cells, platelets, and circulating enzymes.
These components are not present in isolated cells or enzyme systems used for
some earlier assays.

Because the NSAIDs are highly protein bound, this is particularly important because
only a small fraction—the unbound fraction—is biologically active in the blood. The
whole-blood assay measures COX-2 products (PGE2) from stimulated leukocytes,
and COX-1 products (TXA2) from stimulated platelets.

Taking the whole-blood assay one step further is to perform an ex vivo assay in
which blood samples are collected after administration of the NSAID. This assay is
perhaps more clinically relevant than the in vitro assay because it accounts for differ-
ences in metabolism among the drugs, pharmacokinetic variations, and the potential
presence of active metabolites.28,29 The ex vivo assay allows the investigator to study
the time course of prostaglandin inhibition (duration of effect) and may be more rele-
vant to predict clinical and adverse effects of NSAIDs.29

Pharmacokinetic-pharmacodynamic modeling
There has been tremendous interest in combining the pharmacodynamic studies that
measure COX-1 and COX-2 inhibitory concentrations with the pharmacokinetics of
the drug to derive the clinically optimal and safe doses for animals. Pharmacokinetics
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and pharmacodynamics (PK-PD) can be useful for preclinical evaluation to select the
most appropriate dose to use in further studies. These approaches were described in
an excellent review by Lees and colleagues,4,30 and demonstrated for specific drugs in
studies by Giraudel and colleagues.31,32 The approach by these investigators is to use
a blood concentration corresponding to 80% inhibition of COX-2 (IC80) to produce
a therapeutic effect, and only 20% inhibition of COX-1 (IC20) to avoid adverse effects.
As reviewed by Hinz and Brune29 80% COX-2 inhibition to predict clinical effects also
has been supported by other studies. A drug concentration producing 50% inhibition
may not be enough to produce a therapeutic effect and an inhibitory concentration of
80% may be more realistic.

Using these inhibitory concentration values as targets, PK-PD mathematical model-
ing can be performed by taking into consideration the corresponding pharmacokinet-
ics of the drug (plasma clearance). Safe and effective doses can be derived to attain
these blood concentration targets. The calculations and descriptions of the model are
beyond this article but are well described in the citations above. In a PK-PD modeling
approach using these techniques, the investigators determined a dose of meloxicam
of 0.17 mg/kg every 24 hours in cats.32 At this dose inhibition of COX-1 actually
exceeded 20%.32 This dose is below the US Food and Drug Administration (FDA)–reg-
istered single dose for cats, but higher than the chronic dose registered in Europe
(doses of meloxicam are discussed later in the section on cats). The PK-PD approach
suggested that meloxicam is safe for a single dose of 0.3 mg/kg, despite high COX-1
inhibition, but for chronic treatment lower doses are necessary to minimally inhibit
COX-1. This agrees with the clinical experience with meloxicam in cats.

Rather than using an in vitro assay, such as the whole-blood assay, to measure
cyclooxygenase inhibition as the pharmacodynamic surrogate marker for efficacy,
another approach is to use an in vivo measure. An in vivo measure is more likely to
reflect physiologic and pathologic conditions and predict clinical outcome. Several
in vivo models have been used to test NSAIDs in animals. These are described
in more detail by Lees and colleagues.30 An in vivo model may involve inducing inflam-
mation in a tissue cage and measuring the inhibition of inflammation in response to the
drug concentration. It may use an injection of an irritant in a joint and observing the
response by measuring the degree of lameness produced, heat, and pain. Injections
of an irritant (kaolin) have been administered to cats to measure inflammatory pain and
heat. Values such as 50% inhibitory concentration (IC50) can be calculated from the in
vivo model, as for the in vitro model.

Using this approach, induced inflammation in cats was used for PK-PD modeling of
meloxicam.31 These investigators calculated a single dose of 0.25 to 0.3 mg/kg of
meloxicam to produce optimum analgesic, anti-inflammatory, and antipyretic effects.
This dose agrees with the dose derived from clinical trials that led to the current FDA-
registered dose for cats.

Do in vitro Tests Predict in vivo Performance?

Whether or not in vitro measurements of COX-1 versus COX-2 inhibition predict in vivo
response and safety has been debated. PK-PD approaches to dose determination
may not always agree with results from clinical trials. Deviations from clinically-derived
doses are attributed to effects of NSAIDs that may not directly correlate with blood
concentrations. As the authors of the studies cited above explained,4,30–32 participa-
tion of other mechanisms of action in the anti-inflammatory effects of NSAIDs may
explain deviations from these models, along with the accumulation of the active com-
pound in the target cells or biotransformation leading to active metabolites. These
effects cannot be measured with in vitro whole-blood assays alone. For example,
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although carprofen etodolac and meloxicam all have been shown to inhibit COX-2 with
different magnitudes of COX-1/COX-2 ratios and meloxicam generally being more
selective, carprofen and etodolac were equally effective for reducing pain scores in
experimentally treated dogs33 but were more effective than meloxicam. Likewise, ac-
cording to safety studies available from the drug sponsor, firocoxib, carprofen, and
etodolac all were similar with respect to incidence of gastrointestinal adverse effects
in dogs, even though they vary widely in the COX1/COX-2 ratios, with deracoxib being
the most COX-2 specific.

Many in vitro studies have agreed qualitatively with results from in vivo assays.
When effects of meloxicam were compared with aspirin in dogs, meloxicam, which
is a somewhat selective COX-2 inhibitor using a whole-blood assay, also had a sparing
effect on gastrointestinal prostaglandins (COX-1 mediated) compared with aspirin.34

Meloxicam also was a potent inhibitor of lipopolysaccharide-induced prostaglandin
synthesis (COX-2 mediated). These findings are consistent with COX-2 inhibition
and COX-1–sparing effects of meloxicam, but demonstrate the lack of such specificity
for aspirin. In a follow-up study by the same laboratory they compared carprofen,
deracoxib, and etodolac.35 All three drugs failed to inhibit prostaglandins in the
stomach mucosa, and thromboxane in platelets, consistent with a COX-1–sparing
effect. All three drugs produced the same degree of COX-1 sparing, despite a wide
range in COX-1/COX-2 inhibitory ratios among these drugs. In the same study, etodo-
lac did not suppress the COX-2–mediated product, PGE2, in a blood assay compared
with carprofen and deracoxib on days 3 and 10 of treatment. Carprofen and deracoxib
did not differ in their in vivo effects on either COX-1 or COX-2 inhibition, despite large
differences for in vitro COX-1/COX-2 ratios. In a more recent study, the same labora-
tory showed that firocoxib and meloxicam, both of which have a preference for COX-2
but have widely different COX-1/COX-2 ratios, were similar in their ability to suppress
COX-2–mediated prostaglandins in whole blood and sparing COX-1–mediated pros-
taglandins in gastric mucosa.12 These results suggest that the in vitro assays may be
helpful for demonstrating qualitative differences among the NSAIDs, but do not pro-
vide a quantitative measure of difference in efficacy or safety.

Is Prostaglandin Inhibition all there is?

Although we assume that prostaglandin inhibition is the most important mechanism of
action for most NSAIDs, there may be other mechanisms, some not fully understood,
that also may explain the actions of these drugs. For example, some NSAIDs, includ-
ing salicylates, may inhibit nuclear factor kappa-B (NF-kB). NF-kB is an important pro-
moter for inflammatory mediators.

Carprofen seems to be a COX-1–sparing drug,25 but there is not agreement among
investigators on whether it also inhibits COX-2 in vivo. Although there is evidence for
inhibitory effects on the enzyme cyclooxygenase in some models, carprofen did not
show an in vivo anti-prostaglandin effect in dogs,24 which may explain the low rate
of gastrointestinal adverse effects at approved doses. In one study, the investigators
were unable to show that carprofen inhibited either COX-1 or COX-2,36 suggesting
either a central mechanism of action or activity on other pathways.

IS THERE REALLYAN ADVANTAGE FOR COX-2 INHIBITORS?

After the discovery of two isoenzymes, COX-1 and -2, there was a focus in drug
development toward developing highly selective COX-2 inhibitors. Drugs that
emerged from this work were celecoxib (Celebrex), valdecoxib (Bextra, now discontin-
ued), and rofecoxib (Vioxx, now discontinued).37 These are often referred to as the
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COXIBs and they were among the top-selling prescription drugs of any category in
human medicine. The removal of rofecoxib and valdecoxib from the human market
has been well chronicled in the human literature and is discussed later. The back-
ground and pharmacology of the COXIBs was reviewed thoroughly by Bergh and
Budsberg.3

Deracoxib was the first veterinary drug in this group; the next one approved was
firocoxib (Previcox). Both are licensed for dogs to treat pain associated with osteoar-
thritis. Other COX-2–specific drugs may follow in veterinary medicine. Based on in
vitro tests in one study, firocoxib is more specific for COX-2 than deracoxib, with
a COX-1/COX-2 ratio of 384 to 427 compared with deracoxib with a ratio of 12.38 In
efficacy studies, firocoxib was compared with etodolac and carprofen and was shown
in some measurements to have better improvement in lameness scores. Although
studies that have performed safety assessment comparisons among drugs have
been scarce and of low statistical power, firocoxib, carprofen, and etodolac all were
similar with respect to incidence of vomiting and anorexia in dogs. There was a lower
incidence of diarrhea with firocoxib compared with carprofen and etodolac and less
melena compared with etodolac (data available from drug sponsor).

Evaluations of the COXIBs in people have shown that they are not necessarily more
effective than older drugs, but they may be safer for the gastrointestinal tract39 during
short-term evaluations. In veterinary studies, there is no convincing evidence that
drugs with higher COX-1/COX-2 ratios produce fewer gastrointestinal or renal adverse
effects than drugs with low ratios. One of the veterinary drugs with selective COX-2
inhibitory action, deracoxib, was shown to be safe in studies performed by the
manufacturer.3 In 2005, however, investigators from North Carolina State University
reported on 29 cases of gastrointestinal perforation and bleeding in association with
deracoxib use in dogs.40 Most occurred in the duodenum near the pyloric junction.
Some of these animals may have had predisposing factors that contributed to the gas-
trointestinal perforations (for example, high dose or concurrent corticosteroid
administration).

The adverse reactions from the COXIBs in people have resulted in removal of
some from the market. Thousands of lawsuits against the drug sponsor are still
being settled in the courts. The studies that originally demonstrated safety and
led to initial FDA approval in people have been criticized.41–43 Some reviews have
pointed out that these selective COX-2 inhibitors may have been no better for
long-term therapy than older established drugs, many with mixed COX-1/COX-2
inhibition in gastrointestinal safety and efficacy.44,45 Some skeptics have proposed
that selective COX-2 inhibitors may not be appropriate for all patients because
COX-2 enzyme products may be involved in actions other than inflammation. For
example, COX-2 products may be biologically important for angiogenesis, renal
function, regulation of bone resorption, reproductive function, and healing of gastro-
duodenal ulcers.46

The safety concern in people from COX-2 selective drugs is a higher risk for cardio-
vascular problems because they preserve COX-1, which may promote platelet aggre-
gation and vasoconstriction.47 This cardiovascular risk is why the popular drug
rofecoxib (Vioxx) was voluntarily taken off the market, soon followed by valdecoxib
(Bextra). Some experts believe that the high COX-2 selectivity of this drug led to
this increased risk.48,49 There have been serious concerns expressed about the events
that led up this withdrawal and whether or not the public was aware of the safety
concerns. Editorials in major journals41,43 suggested that the drug review process
was inadequate for these drugs and we anticipate closer scrutiny of highly selective
COX-2 human drugs in the future.50,51
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DUAL INHIBITORS

There have been older drugs promoted to be dual inhibitors of arachidonic acid
metabolites, but none were commercially successful. Dual inhibitor drugs effectively
inhibit both cyclooxygenase (COX) and lipoxygenase (LOX). Therefore, they inhibit
synthesis of inflammatory prostaglandins (PG) and leukotrienes (LT). Interest in
a dual inhibitor has focused on the potential benefits in inhibiting LOX, which may
include higher gastrointestinal safety and greater analgesic efficacy.52 Lipoxygenase
metabolites are involved in hyperalgesia and inflammatory responses.13 Older drugs
believed to have dual inhibitor capability were benoxaprofen and ketoprofen. Benox-
aprofen was taken off the market, and the evidence for ketoprofen acting as a dual in-
hibitor is weak. A new drug being evaluated in people and dogs is licofelone, which is
a true dual inhibitor, but it is not yet on the market. Licofelone may have greater gas-
trointestinal safety than other NSAIDs.53

Corticosteroids have been shown to be dual inhibitors in some studies because they
inhibit phospholipase A2, the enzyme that forms arachidonic acid from cell membranes.
Corticosteroid inhibition of both LT and PG by way of this mechanism may not be clin-
ically relevant, however. There is evidence that corticosteroids block COX-2 gene
expression resulting in inhibition of synthesis of COX-2, which may be responsible for
some anti-inflammatory effects. By inhibition of COX-2 in the gastrointestinal tract dur-
ing conditions in which COX-2 products are needed for healing and repair, corticoste-
roids may exacerbate or produce injury to the gastrointestinal mucosa.11,54,55

The only drug approved in Europe and the United States that acts as a dual inhibitor
in animals is tepoxalin (Zubrin). The metabolite is active, but only acts as a COX inhib-
itor. The COX inhibitor functions are more specific for COX-1 than COX-2, although
this was not a canine-specific assay (data from Schering-Plough). In vivo and in vitro
studies in dogs administered tepoxalin showed that it inhibited COX-1– and COX-
2–mediated prostaglandins in blood and gastroduodenal mucosa, but it also inhibited
LOX activity, consistent with its proposed mechanism of action.12,56

Despite being a nonselective COX inhibitor (primarily COX-1 using in vitro assays),
tepoxalin has a gastrointestinal safety profile that matches other more selective
COX-2 inhibitors. Tepoxalin has been effective in dogs that have osteoarthritis and
showed gastrointestinal safety at several times the label dose. A question remaining
about tepoxalin is the duration of the LOX inhibitory effect. The half-life for the LOX
inhibitor parent drug is much shorter than the metabolite, which has little LOX inhibi-
tion (Table 2). The other question remaining to be answered for tepoxalin is the con-
tribution of anti-LOX action on the overall therapeutic effect. Studies in osteoarthritis in
dogs (the registered indication for tepoxalin) have not revealed whether it is the COX or
the LOX inhibition (or possibly some other mechanism) that is responsible for a favor-
able clinical effect. Whether the dual inhibition action of tepoxalin will be effective for
other inflammatory diseases (eg, respiratory disease, dermatitis) has not been
reported.

IS IT TIME TO RECONSIDER ACETAMINOPHEN?

Veterinarians have been reluctant to consider acetaminophen treatment in animals
because of its well-known toxicity in cats.57 It should not be prescribed to cats under
any circumstances—but what about dogs? Acetaminophen has been safe in dogs,
even when administered at high doses. Although it produces analgesic effects, it
does not produce anti-inflammatory effects at clinically relevant doses.58–60 A study
in a canine surgery model that demonstrated anti-inflammatory effects used doses
that are higher than recommended clinically.59 Acetaminophen has not produced
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Table 2
Pharmacokinetic data for nonsteroidal anti-inflammatory drugs at the dosages tested in dogs

Drug Half-Life in Dogs Test Dose
Aspirin 8 h 10–20 mg/kg q8–12 h, oral

Carprofen 8 h (range 4.5–10) 4.4 mg/kg q24 h,
or 2.2 mg/kg q12 h, oral

Deracoxib 3 h at 2–3 mg/kg;19 h
at 20 mg/kg

3–4 mg/kg q24 h, oral

Etodolac 7.7 h fasted; 12 h nonfasted 10–15 mg/kg q24 h, oral

Flunixin 3.7 h 1 g/kg, oral or IM, once

Meloxicam 12–36 h 0.2 mg/kg initial, then
0.1 mg/kg q24 h, oral

Naproxen 74 h 5 mg/kg initial, then
2 mg/kg q48 h, oral

Phenylbutazone 6 h 15–22 mg/kg q12 h, oral

Piroxicam 40 h 0.3 mg/kg, q24 h, or q48 h,
oral

Tepoxalin 1.6 h parent drug;
13 h for active metabolite

20 mg/kg initial; then
10 mg/kg q24 h, oral

Firocoxib 7.8 h 5 mg/kg q24 h, oral
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renal or gastric injury in dogs when prescribed at commonly recommended doses for
dogs (15 mg/kg orally, every 8 to 12 hours). Evidence of toxicity was not observed in
dogs until doses of 100 mg/kg were exceeded.61 It has been administered to dogs an-
ecdotally, when other alternatives either are contraindicated or have caused adverse
effects. It has been administered to dogs in combination with codeine, oxycodone
(Percocet), and hydrocodone (Vicodin), despite a lack of clinical studies on the effec-
tiveness of these preparations. Clinical-effectiveness seems to be mostly anecdotal.

More recent investigations reveal that acetaminophen actually is a COX inhibitor,
but acts in cells in which low concentrations of arachidonic acid are present.17 There
is evidence that the site of acetaminophen action is the peroxidase enzyme compo-
nent of prostaglandin H2 synthase.17 (Prostaglandin H2 synthase consists of the
peroxidase and cyclooxygenase portions, but it has collectively been referred to as
‘‘COX’’ in most recent studies.) The target for traditional NSAIDs is the cyclooxyge-
nase portion of prostaglandin H2 synthase. As reviewed by Davies and colleagues,16

the COX inhibition probably occurs at site-specific tissues, sparing the gastrointestinal
mucosa, platelets, and kidneys, but acting centrally. There also is evidence that it is
a selective COX-2 inhibitor in selected tissues.62

Other supporting evidence for acetaminophen is that it seems to inhibit the COX-1
variant that was referred to as COX-3 earlier in this article.15 The action is more prom-
inent in dogs than in any other species and acts centrally, without affecting prostaglan-
din synthesis at other sites in the body that could potentially lead to adverse effects
(for example, kidney and gastrointestinal mucosa). Other selected NSAIDs (dipyrone,
phenacetin) also seem to inhibit COX-3. Because COX-3 may have a centrally medi-
ated effect to produce analgesia and pyrexia, particularly dogs in which it was first dis-
covered, perhaps acetaminophen has a role in treatment of some types of pain when
other traditional NSAIDs are not appropriate.

In review articles, other authors have not supported this mechanism for the action of
acetaminophen.18,19,29 Other proposed mechanisms of action for acetaminophen in-
volve pathways that may also be affected by other drug categories. Descending
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inhibitory pain pathways are mediated by serotonin (5-HT3). Acetaminophen can stim-
ulate the inhibitory pain pathway mediated by serotonin, and this can be blocked by
serotonin antagonists.63 This evidence suggests that acetaminophen may directly
activate serotonin receptors. Other drugs that have been used to treat pain in
animals—tricyclic antidepressants (eg, amitriptyline) and selective serotonin reuptake
inhibitors (eg, fluoxetine)—modulate serotonin activity by inhibiting the reuptake of
serotonin at the synapse. These drugs also have been used in some pain syndromes.
One of the enantiomers of tramadol, a widely used analgesic in people and animals,
also affects serotonin systems. Although it is appealing to consider studies in which
acetaminophen could be combined with these agents to treat pain in animals, there
are no such reports available in animals. Clearly, there is a risk of combining drugs
that act on the serotonergic system without understanding the implications. Other
drugs used in veterinary medicine that affect serotonin systems include serotonin-
reuptake inhibitors, tricyclic antidepressants, and selegiline. On the other hand,
some antiemetic drugs (eg, ondansetron) compete with serotonin receptors. The ben-
efits and risks of adding another drug to a patient already receiving any of these other
drugs would have to be weighed.

PHARMACOKINETIC FEATURES

For most of the NSAIDs there are adequate pharmacokinetic data for dogs, and some
for cats, available in the reviews cited previously. Most of the traditional drugs in this
group are weak acids that are highly protein bound and most of them have a small
volume of distribution (some new drugs are an exception to this standard). These
drugs are excreted at varying rates, depending on the metabolic pathway and extent
of enterohepatic circulation. There are tremendous species differences in drug elimi-
nation among the NSAIDs. For some drugs the enterohepatic cycling may increase the
risk for toxicosis because the local effects of the drug may be focused on the intestinal
mucosa through repeated cycling in the biliary system.

Although the drug distribution, half-life, and clearance have been characterized for
most NSAIDs used in animals, this information has not always been of use for predict-
ing safe and effective dosage regimens. For example, NSAIDs such as ibuprofen and
indomethacin easily cause toxicity in dogs even though they have short half-lives. On
the other hand, naproxen and piroxicam have long half-lives of 74 hours and 40 hours,
respectively, but have been used safely when dosed carefully. Among the small animal
NSAIDs, half-lives do not correlate with the frequency of administration. Most currently
used NSAIDs are given once a day, but half-lives vary widely (see Table 2).

As reviewed by Lees and colleagues,4 an important feature of the NSAID pharma-
cokinetics is that anti-inflammatory and analgesic effects persist longer than the
plasma half-lives would predict. In dogs, several NSAIDs have half-lives of 24 hours
or less, (aspirin and carprofen, 8 hours; phenylbutazone, 6 hours; flunixin, 3.7 hours;
meloxicam, 10–24 hours; etodolac, 8–12 hours), but have been administered once
every 24 hours with effective results.64 One explanation for the long duration of effect
is the high protein binding. The tissue protein binding (for example the protein in an
inflamed site) may serve as a reservoir for the drug after it has been eliminated from
the plasma. The NSAID may thus persist in inflamed sites longer than the plasma.

IS AWASHOUT TIME NECESSARY?

As cited above, the pharmacologic effects may persist for longer than predicted by the
half-life. Does this warrant a washout period between treatments? The washout time is
the period between administrations of an NSAID when switching from one drug to
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another. Some promotional material published by veterinary pharmaceutical compa-
nies has advocated such a washout period when switching from one NSAID to another
in animals. That is, when switching from one NSAID to another—which may be neces-
sary because it is recognized that animals may respond to individual drugs differently,
despite a shared mechanism of action—some unsupported citations have advocated
an unspecified time to wash out the effects of one NSAID before another is adminis-
tered. In one of the studies investigating this effect it was stated that, ‘‘In general, vet-
erinarians are advised to discontinue an NSAID for 24 hours to 7 days before initiating
administration of a second NSAID.’’65 The intended purpose of a washout is to allow
any residual effect from previous administration to wane before introducing another
drug. Despite the well-meaning intentions, there is little scientific support for this prac-
tice. We do not know how much residual effect remains after a dose, and how long the
period should be. Most NSAIDs used chronically are administered once per day (see
Table 2), even some that have long half-lives. Piroxicam, a human drug that has a half-
life of 35 to 40 hours in dogs, has been safely administered once daily.66–68 The con-
cept of assigning a washout time has gained support primarily through discussions on
Internet sites and NSAID promotions by sponsors without any convincing scientific
evidence for support. A remaining question is: should the patient be without treatment
for 2 to 7 days before another NSAID is administered while waiting for the washout?
This is indeed an important consideration because it may be common to switch
NSAIDs between immediate postoperative care (with an injectable NSAID) to be
followed by at-home treatment with another drug administered orally.

The Role of Aspirin-Triggered Lipoxin

The FDA-approved labels for these drugs give no guidance on prescribing that indi-
cates that a washout period is needed, or how long it should be. A case can be
made for caution when switching between treatment with aspirin and a COX-2 inhib-
itor. Aspirin is a nonselective COX inhibitor, and at low doses is more COX-1 selective.
(Aspirin is not an FDA-approved drug for dogs.) As reviewed by Brune,69 and Wallace
and Fiorucci,70 during treatment with aspirin a pathway is induced to produce lipoxin
(lipoxin A4), also known as aspirin-triggered lipoxin (ATL). ATL is generated by COX-2
and has a protective role, reducing inflammation. Over time, gastrointestinal adapta-
tion occurs, which is believed to be mediated by ATL, and induces the gastrointestinal
mucosa to become more tolerant of potential injury caused by NSAIDs.71,72

COX-2 inhibitors inhibit the synthesis of ATL. If aspirin is administered simulta-
neously with a COX-2 inhibitor, or if a COX-2 inhibitor is administered before aspirin,
it may prevent the process of adaptation, making the gastrointestinal mucosa more
vulnerable to injury from NSAIDs.

There is evidence that gastric adaptation also involves other factors. As discussed
by Brzozowski and colleagues,73 who showed attenuation of gastric mucosal injury af-
ter repeated exposure to aspirin, gastric adaptation may rely on enhanced production
of growth factors, increased cell proliferation, and mucosal regeneration. In this article
the authors also argued that gastric adaptation is a long-lasting effect that produces
increased resistance of the adapted mucosa to subsequent damage by ulcerogenic
agents.

What is the evidence that NSAID adaptation and ATL synthesis is important in our
patients? Most of the studies and review papers deal primarily with laboratory rodent
studies. But studies in dogs from many years ago (Hurley and Crandal, 1964; Phillips
1973)74 demonstrated that adaptation to administration of aspirin is possible in dogs.
These reports showed that lesions were observed initially after aspirin treatment. After
1 to 2 weeks of aspirin treatment, the lesions resolved in the face of continued
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administration. The adaptation to aspirin in the dogs of this study was accompanied
by an increase in gastric blood flow, reduction in inflammatory cell infiltration, and
an increase in mucosal cell regeneration and mucosal content of epidermal growth
factor. These observations are consistent with the role of ATL. There is reason to sus-
pect that ATL is synthesized after aspirin treatment in dogs and this can potentially be
inhibited by COX-2 inhibitors. Additional evidence for up-regulation of COX-2 after
mucosal injury was demonstrated by Wooten and colleagues,10 in which COX-2
was increased in the duodenum of dogs after administration of aspirin after 3 days.
It is plausible that treatment with a COX-2 inhibitor would suppress this induction,
and possibly the protection derived from COX-2. A washout time of several days
between switching from a COX-2 inhibitor to aspirin therefore seems appropriate.
Additionally, caution should be exercised when administering aspirin simultaneously
with a COX-2 inhibitor. The phenomenon of adaptation from chronic administration
is not without controversy, because other studies have failed to demonstrate gastric
adaptation after aspirin administration to dogs. When dogs received aspirin at
a high dose of 25 mg/kg every 8 hours, there was no evidence of adaptation; the
lesions were as severe or worse on day 28 compared with earlier in the study.75

Does adaptation occur with other nonsteroidal anti-inflammatory drugs?
There are insufficient data to resolve this question and some conflicting evidence. The
study cited earlier by Dowers and colleagues65 suggests that some adaptation may
occur after repeated administration of NSAIDs other than aspirin. In their study the ob-
served gastrointestinal lesions from administration of deracoxib and carprofen were
worse early in the course of treatment to day 2, but improving by day 5. There was
also conflicting evidence in that study that indicated that residual effects of NSAID
treatment to these experimental dogs may have occurred. On day 1 of the crossover
study, lesions were observed, despite a 16-day washout time to allow recovery of the
previous crossover in the preceding weeks of the study. The investigators of this study
suggested that sequential NSAID administration may exert long-term effects and
requires further study. On the other hand, evidence for long-term effects after 2 months
of treatment was not observed by Raekallio and colleagues,76 but there is evidence
that adaptation occurred in these dogs. Dogs that had arthritis were treated every
day for two months with carprofen. Plasma proteins were lower at 4 weeks, but recov-
ered to pretreatment levels by 8 weeks. The protein loss may have been from changes
in permeability of the gastrointestinal mucosa, but recovered by two months.

Is a Washout Period Needed Between Nonsteroidal Anti-Inflammatory
Drugs Other than Aspirin?

A washout time when switching between NSAIDS other than aspirin is not supported
by evidence. Although ATL can be synthesized independently of aspirin, there has not
been conclusive evidence that ATL is induced by drugs other than aspirin, despite in-
vestigations to identify other potential candidates.70,77 A precaution to avoid switching
between NSAIDs without a washout period because it decreases ATL and increases
risk for adverse reactions seems to apply only to aspirin treatment in combination with
other drugs.

In a clinical trial the COX-2 inhibitor firocoxib was administered to dogs after a wash-
out period ranging from 1 to 5 days. After analysis of 1000 patients, there was no
increased risk from switching from another NSAID to firocoxib within 7 days compared
with a longer washout period.78 The washout time within the 7-day period varied from
0 days to 7 days. Most common washout time within the 7-day period was 2 days or
longer. Furthermore, there was no observed risk when switching from one NSAID to
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another within 1 week, compared with administration of an NSAID without any previ-
ous treatment. The study only examined administering firocoxib after another NSAID
and the results cannot necessarily be extended to other drugs. Furthermore, the study
did not include aspirin, which would have induced ATL.

When dogs were administered sequential NSAIDs (deracoxib and carprofen), there
was no evidence that following one NSAID treatment (injectable carprofen) with an-
other (oral deracoxib) in sequential treatment produced treatment-related lesions in
the gastrointestinal tract.65 A clinical report described gastrointestinal lesions in
dogs associated with administration of deracoxib.40 Many of the dogs in that report
had severe ulceration and had received either a high dose, concurrent treatment
with a corticosteroid, or another NSAID in close temporal association with deracoxib.
It has already been established in other studies that concurrent treatment with an
NSAID and a corticosteroid exacerbates the gastroduodenal lesions.11,54,55 The
NSAID therapy reported by Lascelles and colleagues40 was variable and consisted
of different drugs and doses, making it difficult to determine whether these dogs
were predisposed to NSAID-induced injury or if the NSAID therapy compounded
the toxicity from deracoxib. COX-2 is important for healing to occur when gastrointes-
tinal injury has occurred. By administering a COX-2 inhibitor to the dogs described in
the clinical report,40 the ability for mucosal recovery, regeneration, and healing may
have been compromised. This evidence supports a recommendation that if gastroin-
testinal injury or compromise is observed, or even suspected, administration of an-
other NSAID, particularly a COX-2 inhibitor, before allowing for healing to occur
could produce additional injury.
ADVERSE EFFECTS OF NONSTEROIDAL ANTI-INFLAMMATORY DRUGS
Gastrointestinal Toxicity

Among the adverse reactions caused by NSAIDs, gastrointestinal problems are the
most frequent reason to discontinue NSAID therapy or consider alternative treatment.
The FDA’s Freedom of Information (FOI) Summary for all the approved veterinary
drugs provides the documentation of safety tests conducted prior to a drug’s registra-
tion. The FOI summaries also provide the adverse events reported from clinical trials
that led to FDA approval. For all drugs, adverse events that can be attributed to the
gastrointestinal tract (vomiting, anorexia, diarrhea), but not necessarily to ulceration,
are the most common. In animals, gastrointestinal effects can potentially range from
mild gastritis and vomiting to severe gastrointestinal ulceration, bleeding, and even
death. Gastrointestinal adverse events also have been documented for the past 3 de-
cades in the veterinary literature. Gastrointestinal toxicity is caused by two mecha-
nisms: direct irritation of the drug on the gastrointestinal mucosa and prostaglandin
inhibition.11,46,79 Direct irritation occurs because the acidic NSAIDs become more li-
pophilic in the acid milieu of the stomach and diffuse into the gastric mucosa where
they cause injury. Prostaglandins have a cytoprotective effect on the gastrointestinal
mucosa and inhibition of these compounds results in decreased cytoprotection, di-
minished blood flow, decreased synthesis of protective mucus, and inhibition of mu-
cosal cell turnover and repair. In the gastrointestinal tract of healthy dogs, COX-1 is the
primary COX enzyme that produces prostaglandins (primarily PGE2),23 but COX-2 may
also be present and up-regulated after exposure to an irritant.10 Two independent re-
ports have confirmed a higher level of prostaglandin synthesis in the canine stomach
compared with the mucosa.10,12 A pattern is emerging to suggest that in the stomach
there is an endogenous high level of COX-1–synthesized prostaglandins because of
the requirement to protect the stomach from high shear forces and gastric acid and
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produce mucosal bicarbonate. Consistent with published studies, inhibition of COX-1
in the stomach increases the risk for gastric erosions and ulcers. In the duodenum the
prostaglandin requirement is lower because there is less acid, less requirement for
mucosal bicarbonate (bicarbonate is secreted by the pancreas), and less shear force
because of the trituration of food that has already occurred in the stomach. Injury or
insult to the duodenum induces COX-2 to produce protective and healing prostaglan-
dins. If the COX-2–mediated prostaglandins are inhibited by NSAIDs, it may increase
the risk for duodenal ulceration.

An examination of published reports of gastrointestinal toxicity from administration
of NSAIDs in animals indicates that the most serious problems are caused from doses
that are higher than recommended, but toxicity also has been observed from relatively
mild doses in susceptible individuals. Some factors may increase the risk for gastro-
intestinal toxicosis, including concurrent corticosteroids and other gastrointestinal
diseases. In people, there is now evidence that genetic variation may determine one’s
susceptibility to NSAIDs.80

The most recently-approved NSAIDs in the United States for dogs are carprofen,
etodolac, meloxicam, deracoxib, firocoxib, and tepoxalin (see Box 1). A few other
drugs are approved in Canada and Europe (eg, tolfenamic acid and ketoprofen). For
the newer veterinary-registered NSAIDs, the gastrointestinal safety profile compared
with older drugs has contributed to their popularity in veterinary medicine. There is no
evidence in the published literature using controlled clinical trials to show that one is
noticeably safer or more effective than another, however. For example, in a study in
which carprofen, meloxicam, and ketoprofen were compared in dogs after endo-
scopic evaluation after 7 and 28 days of administration, there was no statistical differ-
ence among the drugs with respect to development of gastroduodenal lesions.81 In
another study that compared the gastrointestinal effects of recommended doses of
carprofen, etodolac, and aspirin on the canine stomach and duodenum for 28 days,
etodolac and carprofen produced significantly fewer lesions than aspirin, but lesion
scores in the carprofen- and etodolac-treated groups were no different than adminis-
tration of placebo.82

The putative explanation for the safety of carprofen, etodolac, deracoxib, firocoxib,
and meloxicam is that these drugs have preferential inhibitory action for COX-2 over
COX-1 (high COX-1/COX-2 ratio). Perhaps a more accurate description of these drugs
is that they have a COX-1–sparing effect.39 COX-1/COX-2 ratios many not necessarily
correlate with gastrointestinal safety, however, and the calculated ratios may vary
from study to study and from species to species. Some drugs may lose their COX-2
selectivity at high doses.46 The dose dependence was shown for etodolac. At the label
dose it was safe, but at higher doses (2.7 � dose) it produced gastrointestinal lesions,
and at the high dose (5.3 � dose) it caused death. At high doses, meloxicam—a drug
ordinarily associated with good gastrointestinal safety34,83—also has produced some
gastrointestinal toxicity.84 According to one report, the sponsors of this drug in Europe
recommended reducing the original approved dose from 0.2 mg/kg to 0.1 mg/kg
because of some initial gastrointestinal problems.81

Renal Injury from Nonsteroidal Anti-Inflammatory Drugs

In the kidney, prostaglandins play an important role in modulating the tone of blood
vessels and regulating salt and water balance. Renal injury caused by NSAIDs has
been described in people and horses, but has not been as well documented in small
animals. Reported cases of toxicity occurred when high doses were used or when
there were other complicating factors. Renal injury occurs as a result of inhibition of
renal prostaglandin synthesis. In animals that have decreased renal perfusion caused
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NSAIDs in Small Animals 1257
by dehydration, anesthesia, shock, or pre-existing renal disease, this leads to renal
ischemia.64,85

Healthy animals are somewhat immune from adverse effects from NSAIDs,86 but if
there is renal compromise (eg, dehydration, tubular dysfunction, electrolyte depletion,
or anesthesia), the kidney depends on COX-1 and COX-2 for prostaglandin synthesis
to autoregulate water metabolism, tubular function, and renal blood flow.87 Animals
that have renal disease are more at risk for dehydration, which can increase the likeli-
hood of NSAID-induced nephropathy.

Renal toxicity associated with NSAIDs is characterized by decreased renal perfu-
sion, sodium and fluid retention, and decreased tubular function. In people, pain in
the kidney area has been recorded. One should not assume that NSAIDs that are
more specific for the COX-2 enzyme are safer for the kidneys. Both COX-1 and
COX-2 enzymes are involved in renal blood flow regulation and tubular function.
Some of the prostaglandins that play an important role in salt and water regulation
and hemodynamics in the kidney are synthesized by COX-2 enzymes.88 Constitutive
COX-2 is found in various sections of the kidney and administration of drugs that are
selective for COX-2 may adversely affect the kidney during conditions in which the
kidney is stressed because of dehydration, decreased perfusion, or disease. Admin-
istration of a specific COX-2 inhibitor to salt-depleted people decreased renal blood
flow, glomerular filtration rate, and electrolyte excretion.88 Corticosteroids may also
increase the risk for injury because it was shown that administration of prednisolone
to dogs in combination with either meloxicam or ketoprofen has a potential for serious
adverse effects on the kidneys and the gastrointestinal tract.55

Of the currently available NSAIDs, the effect of carprofen and meloxicam on renal
function has been the most extensively studied. Because these drugs are used in peri-
operative situations in an injectable formulation, investigations were performed to
determine if there was any evidence of renal toxicity, particularly during conditions
of anesthesia. In one study, carprofen, ketorolac, and ketoprofen were examined in
healthy dogs undergoing surgery, but without intravenous fluid administration. There
were minor increases in renal tubular epithelial cells on urine sediment, but carprofen
had no adverse effects on renal function.86 Some ketorolac- and ketoprofen-treated
dogs had transient azotemia. In other studies, administration of carprofen to anesthe-
tized healthy dogs had no adverse effects on renal function (Bergmann and
colleagues, 2005).89–93

Meloxicam did not produce adverse renal effects in healthy dogs after short-term
administration, with and without pimobendan.94 In healthy dogs anesthetized and
treated with acepromazine to produce hypotension, preanesthetic administration of
meloxicam did not produce any altered renal function.95 Healthy dogs administered
meloxicam before anesthesia and electrical nociceptive stimulus did not have
decreased renal function associated with treatment.90 Tepoxalin was evaluated in
anesthetized, healthy, normotensive, normovolemic dogs at a dose of 10 mg/kg
(currently registered dose) using renal scintigraphy.96 There were no adverse effects
on renal function detected. In another study with tepoxalin on renal function, there
were no adverse effects when it was administered to dogs in combination with an
angiotensin-converting enzyme (ACE) inhibitor.96

The common design in the studies cited above was that dogs were healthy, gener-
ally young, and NSAID doses were from a single dose and within the recommended
range. Deviations from this design, use of higher doses, longer treatment, or adminis-
tration to clinical patients with other problems could produce different results.

Renal effects following deracoxib administration to dogs were reported by the manu-
facturer. At high doses, there is a dose-dependent effect on renal tubules. It is well
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tolerated in most dogs up to 10 mg/kg for 6 months, but there is a potential for a
dose-dependent renal tubular degeneration/regeneration at doses of 6 mg/kg or higher.
(Clinically approved dose for long-term treatment is 1–2 mg/kg per day.) Long-term ad-
ministration of carprofen, etodolac, flunixin, ketoprofen, or meloxicam to dogs did not
induce any evidence of renal injury as measured by urinalysis and serum biochemistry.97

There is another form of analgesic nephritis, usually caused by chronic use of acet-
aminophen (eg, Tylenol) in people.98 This syndrome has not been described in domes-
tic animals.

Are there increased effects with angiotensin-converting enzyme
inhibitors and nonsteroidal anti-inflammatory drugs?
Because ACE inhibitors carry a risk for decreased renal perfusion, administration of
ACE inhibitors and NSAIDs has been suggested to increase the risk.99 The review
by Lefebvre and Toutain100 examines the role of ACE inhibitors on the kidney and
the potential for complications from coadministration of NSAIDs. For example, in hu-
mans there is concern that in some patients the combination of an ACE inhibitor and
an NSAID may increase the risk for renal injury.99 Only one study examining this com-
bination has been published for dogs.96 It was concluded in that study that tepoxalin
did not alter renal function in healthy beagle dogs receiving an ACE inhibitor. Such an
effect of other NSAID combinations has not been adequately studied in veterinary
medicine to make adequate conclusions.
Sensitivity of Nonsteroidal Anti-Inflammatory Drugs in Cats

A complete and in-depth review of NSAIDs in cats was published by Lascelles and
colleagues.6 The toxic effects of salicylates in cats are well documented. Cats are sus-
ceptible because of slow clearance and dose-dependent elimination. Affected cats
may have hyperthermia, respiratory alkalosis, metabolic acidosis, methemoglobine-
mia, hemorrhagic gastritis, and kidney and liver injury. Cats also are prone to acet-
aminophen toxicosis because of their deficiency in drug-metabolizing enzymes.
Cases of acetaminophen toxicity in cats also have been well documented. Treatment
of acetaminophen toxicity consists of measures to replenish compounds that can con-
jugate the metabolites of acetaminophen and increase clearance, such as acetylcys-
teine57 or S-adenosyl methionine. Despite the sensitivity in cats to some of the
NSAIDs, there are still drugs in this group have been used safely. Aspirin has been
used at doses of 10 mg/kg every other day.1 There are also reports of the safe use
of ketoprofen (registered in Canada) at a dose of 1 mg/kg/day for 4 days and flunixin
meglumine (1 mg/kg once) in cats for short-term treatment.

In the United States meloxicam is registered for single use at 0.3 mg/kg and also is
used in Canada and Europe. The label instructions carefully warn not to administer
more than one dose. When cats were administered high doses (5 � dose) vomiting
and other gastrointestinal problems were reported. With repeated doses (9 days) of
0.3 mg/kg per day to cats, inflamed gastrointestinal mucosa and ulceration was
observed. (Earlier in this article the PK-PD analysis of meloxicam indicated that this
dose would be high for repeated doses.) On the other hand, many veterinarians have
administered meloxicam to cats for multiple doses at lower doses. Some regimens rec-
ommend meloxicam in cats at 0.1 mg/kg initially, followed by decreased doses. If
a favorable response is seen in the first few days, increase the dose interval to once ev-
ery 48 to 72 hours, at a lower dose of 0.05 mg/kg and as low as 0.025 mg/kg. In Europe
the approved dose for cats is 0.05 mg/kg per day for chronic use. There are safety data
from the sponsor to support this claim. Long-term safety of meloxicam in cats was
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published at a lower dose of 0.01 to 0.03 mg/kg, which is lower than the approved
European dose.101

Use of carprofen in cats has been discouraged because of reports of gastroduode-
nal toxicosis when it was administered according to canine dose rates. Carprofen is
approved for single-dose administration in Europe. Tepoxalin has not been tested clin-
ically in cats, even though pharmacokinetic studies showed that both the parent drug
and metabolite would allow for safe dosing at 10 mg/kg. At high doses, however, it has
produced adverse effects and a safe dose for routine therapeutic use has not been
identified. There is one report of use of firocoxib in cats.102 In this report, cats were
given doses of 0.75 to 3 mg/kg (single dose), which was effective for attenuating
experimentally induced fever. Other selections of NSAIDs in cats should be guided
by the review cited earlier.6
Hepatic Safety

As pointed out in a recent review, any NSAID has the potential for causing hepatic
injury.103 The author states that NSAIDs as a class have been associated with consid-
erable hepatotoxicity. Hepatotoxicity caused by NSAIDs can be either idiosyncratic
(unpredictable, non–dose related) or intrinsic (predictable and dose related).104,105

Toxicity to acetaminophen and aspirin are intrinsic; reactions to other drugs tend to
be idiosyncratic and unpredictable. Administration of NSAIDs to animals that have
hepatic disease has been questioned because of the role of the liver in metabolizing
these drugs, but there is no evidence that prior hepatic disease predisposes a patient
to NSAID-induced liver injury. Drug enzyme systems are remarkably preserved in
hepatic disease and pre-existing hepatic disease is not necessarily a contraindication
for administration of an NSAID. Patients that have liver disease may be more prone to
gastrointestinal ulceration, and there is concern that administration of NSAIDs could
increase the risk for this complication.

Carprofen was approved by FDA in October 1996 for relief of pain and inflammation
in dogs. Before this approval, it was registered for treatment of dogs in Europe
(Zenecarp) and was evaluated in clinical trials. In studies in dogs that had arthritis, it
was effective and had a low incidence of adverse effects.106 In long-term studies in
which carprofen was administered from 2 weeks to 5 years, the incidence of adverse
reactions was only 1.3%. Vomiting, diarrhea, anorexia, and lethargy were the most
common adverse reactions documented. Attention has focused on the hepatotoxicity
caused by carprofen because of a report in the published literature.107 Hepatic injury
signs are also among the most common adverse events reported for carprofen to the
FDA adverse events reporting site. In this report, 21 dogs were described in which car-
profen was associated with acute, idiosyncratic hepatotoxicosis. Affected dogs had
diminished appetites, vomited, and were icteric, with elevations in hepatic enzymes
and bilirubin. Dogs received the usual recommended dose and developed signs an
average of 19 days after therapy was initiated. No predisposing conditions were iden-
tified. Most dogs recovered without further consequences. Many of the dogs in that
report were Labrador retrievers, but there is no follow-up evidence to show that this
breed of dogs has increased risk for carprofen hepatotoxicity.108 Among the other
drugs, the newest drug, firocoxib, caused fatty liver changes in young dogs when
administered at high doses (manufacturer’s data). Other NSAIDs used in veterinary
medicine also have potential for causing liver injury, but they are uncommon. In a study
of long-term administration for 90 days, there were only minor and clinically unim-
portant changes in serum biochemical variables in dogs after administration of car-
profen, etdolac, flunixin, ketoprofen, and meloxicam.97 Idiosyncratic reactions are
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rare (1/1000 to 1/10,000 patients). Any unexplained increase in hepatic enzymes or
bilirubin 7 to 90 days after initiating NSAID administration should be investigated.
CLINICAL DRUG SELECTION

When selecting a drug for treatment in animals, there are several choices (see Box 1).
Veterinarians should not allow unsubstantiated claims to affect the selection of one
drug over another. Over the past several years we have learned some important infor-
mation about these drugs that should guide treatment (Box 2), and one of the most
significant of these is that we really do not know which NSAID drug is best. Each
has advantages and disadvantages. There are different dosage forms that include
injectable, oral liquid, rapidly dissolving tablets, regular tablets, and chewable tablets.
The preference for each of these depends on the clinical situation and the pet owner.
There are veterinary generic formulations of popular drugs and there are still some
human-labeled drugs used off- label (eg, piroxicam).

For acute pain, such as perioperative use, there is good evidence of efficacy from
oral and injectable formulations that has been published in previous reports and
reviews. For these and other indications, NSAIDs have been used for short-term du-
rations of 1 or 2 days to decrease fever and decrease pain from surgery or trauma.
Preoperative injections of carprofen to dogs were shown to be beneficial to decrease
postoperative pain in dogs after ovariohysterectomy.109 Meloxicam effects for surgical
pain have been reported and were shown to be superior to butorphanol in some of the
pain assessments that were measured.110–112

Oral NSAIDs also may be used for acute treatment of myositis, arthritis, and postop-
erative pain, or they may be administered chronically for osteoarthritis. Drugs that have
been administered in the United States to small animals are listed in Box 1, and some
veterinarians also have used human-label drugs, such as aspirin, piroxicam, and nap-
roxen. If these human-label drugs are considered, consult appropriate references for
accurate dosing because it may differ from the human dose schedule. The most re-
cently approved drugs are carprofen, etodolac, meloxicam, firocoxib, tepoxalin, and
deracoxib. Doses are listed in Table 2. For long-term use there are no controlled studies
that compare which is the most effective. When drugs are compared with one another it
is difficult, using subjective measurements, to demonstrate differences between these
drugs for reducing pain in animals. Without a very large number of patients, the statis-
tical power to detect differences among drugs in clinical veterinary studies is difficult.

In summary, there are several choices of NSAIDs for treating dogs that have oste-
oarthritis. Like people, there may be greater differences among individuals in their
Box 2
What havewe learned about nonsteroidal anti-inflammatory drugs?

All NSAIDs, regardless of COX-1/COX-2 specificity, are capable of producing gastrointestinal
lesions, particularly at high doses.

All NSAIDs (selective or nonselective) can produce other gastrointestinal signs, including
vomiting, diarrhea, and decreased appetite, without producing ulceration.

All NSAIDs have potential for producing hepatic injury. Susceptibility seems to be idiosyncratic
and unpredictable.

All NSAIDs have the potential for producing renal injury. Previous renal disease, salt depletion,
and dehydration increase the risk.

No NSAID is consistently more clinically effective than another.
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response than there are differences among the drugs. In past practice, veterinarians
often selected aspirin or phenylbutazone as an initial drug, and then progressed to
off-label human drugs (eg, piroxicam) or other agents as an alternative. Now we
have the advantage of several approved NSAIDs for which there are excellent pub-
lished studies and FDA or foreign approval to guide clinical use and safe dosages.
Among the drugs available (see Box 1) there may be variations among animals with
respect to tolerance of adverse effects and clinical response. It is a rational approach
to consider a rotating schedule of two or more drugs to identify which drug is better
tolerated, more effective, and easier to administer in each patient. When considering
a switch from one NSAID to another, the necessity of a washout period should be
considered.
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