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Abstract

Nonsteroidal anti-inflammatory drugs work through inhibition of cyclooxygenase (COX) and are
highly effective for the treatment of pain and inflammation in horses. There are two clinically
relevant isoforms of COX. Cyclooxygenase-1 is constitutively expressed and is considered
important for a variety of physiologic functions, including gastrointestinal homeostasis. Thus,
NSAIDs that selectively inhibit COX-2 while sparing COX-1 may be associated with a lower
incidence of adverse gastrointestinal effects. Various formulations of firocoxib, a COX-2-selective
NSAID, labeled for use in horses are available in the United States. Equine practitioners should
know that the FDA limits the use of firocoxib to formulations labeled for horses, regardless of
price concerns. In addition, practitioners will benefit from understanding the nuances of firocoxib
administration, including the importance of correct dosing and the contraindications of combining
NSAIDs. Together with knowledge of the potential advantages of COX-2 selectivity, these
considerations will help veterinarians select and treat patients that could benefit from this new
class of NSAID.

Nonsteroidal anti-inflammatory drugs are highly effective for the treatment of a variety of
common diseases in horses, including degenerative joint disease and colic.2:2 The anti-
inflammatory properties of NSAIDs are a result of COX inhibition.3 However, studies* have
demonstrated that there are multiple COX isoforms, each with its own physiological
expression and function (Figure 1). As a result, COX-2-selective drugs have been developed
that allow more targeted inhibition of COX-2, the inducible COX isoform associated with
inflammation.

Cyclooxygenase-2—selective NSAIDs entered the marketplace as human drugs intended for
treatment of pain and inflammation associated with osteoarthritis. The principal advantage
of COX-2-selective NSAIDs was a reduction in adverse gastrointestinal effects, compared
with effects of nonselective NSAIDs, presumably because of enhanced sparing of COX-1
activity.>8 Although these drugs showed promise for improved treatment of degenerative
joint disease in people, 2 COX-2-selective NSAIDs were found to have unexpected adverse
cardiovascular and thromboembolic effects that theoretically arose from inhibition of COX-2
(reducing the concentration of vasodilatory prostaglandin E,) and a lack of inhibition of
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COX-1 (permitting continued production of thrombogenic thromboxane Ay).”:8 Eventually,
these drugs were voluntarily withdrawn from the market.

Horses have similar susceptibility to the adverse gastrointestinal effects of nonselective
NSAIDs but are not known to be predisposed to the types of adverse cardiovascular effects
seen with the use of COX-2—selective NSAIDs in humans, suggesting that use of these drugs
may be safe in this species. A COX-2—selective NSAID, firocoxib,? is now available and
labeled for use in horses. However, the clinical benefits of firocoxib in horses remain
incompletely understood, and recent legal concerns with extralabel use of a small animal
formulation of firocoxib in horses have come to light.?

Physiology of COX-1 and COX-2

When considering the use of COX-2-selective NSAIDs in treating pain and inflammation in
horses, it is important to understand the differences in the physiology and pathophysiology
of the various COX isoforms. Although there are at least three known isoforms of COX,
COX-1 and COX-2, which have been shown to be present in equine tissues, are the most
relevant in regard to clinical use of NSAIDs in horses.19-13 Cyclooxygenase-1 is
constitutively expressed in virtually all tissues and is considered important for a variety of
physiologic functions, including gastrointestinal homeostasis, coagulation, and renal
homeostasis. In contrast, COX-2 is normally expressed at very low levels in most tissues
under physiological conditions, but is upregulated during pro-inflammatory states.*
Accordingly, the principle that COX-1 is a beneficial isoform and COX-2 is associated with
pain and inflammation has driven the development of COX-2—-selective NSAIDS to reduce
unwanted adverse effects.14 Both COX-1 and COX-2 produce prostaglandin H,, an
intermediary that is locally metabolized to active prostanoids, such as thromboxanes and
prostaglandins, by tissue synthases. Low-level continuous activity of COX-1 in organs such
as the gastrointestinal tract and the kidneys produces sufficient prostaglandin Ho to support
physiologic functions driven by prostaglandins. Upregulation of COX-2 in inflammatory
states leads to increased production of prostaglandin H, and pathophysiological amounts of
prostaglandins, contributing to pain, inflammation, and clinical signs of endotoxemia.1®16 |t
is important, however, to understand that the specific function of the various COX isoforms
is not necessarily the same in all tissues. For example, in the kidney, COX-2 is also
constitutively expressed and serves important functions in renal homeostasis. Therefore, it is
possible that a COX-2—selective NSAID can still have adverse renal effects.1” This
highlights the need for careful patient selection when prescribing NSAIDs, including
obtaining a full medical history and performing clinicopathologic testing in select patients.

NSAIDs and COX Selectivity

Cyclooxygenase-2—selective NSAIDs may be more suitably named COX-1-sparing. This is
because although an NSAID may have high selectivity for COX-2, it will still inhibit COX-1
to some degree. The selectivity of an NSAID for COX-2 may be determined through assays

8Equioxx, Merial Limited, Duluth, Ga.
Previcox , Merial Limited, Duluth, Ga.
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of thromboxane A, activity during whole blood clotting (as an indicator of COX-1 function)
and of lipopolysaccharide-induced prostaglandin E, activity in blood (as an indicator of
COX-2 function).18 A ratio of the NSAID concentrations required to inhibit 50% of
thromboxane A, activity versus 50% of prostaglandin E, activity is then used to calculate
the COX-1:COX-2 selectivity ratio.19-20 Phenylbutazone and flunixin meglumine have ratios
near 1, indicating that COX-1 and COX-2 are inhibited to similar degrees by these drugs,
which are considered non-selective NSAIDs.20 In contrast, meloxicam and firocoxib have
COX-2:COX-1 selectivity ratios of approximately 3 to 4 and approximately 200,
respectively, in horses. This indicates that these NSAIDs predominantly inhibit COX-2, but
will to some degree inhibit COX-1, particularly meloxicam with its lower selectivity. For
this reason, terminology such as COX-2 preferential may be used to describe meloxicam
rather than COX-2 selective. In recent years, many new COX-2-selective NSAIDs called
coxibs with a high degree of COX-2 selectivity have entered the veterinary market, including
deracoxib, mavacoxib, robenacoxib, and cimicoxib.21~25 However, only firocoxib is
commercially available and labeled for use in horses in the United States. Meloxicam is of
interest as a COX-2—preferential NSAID and is available in many countries outside the
United States for use in horses.

The Use of COX-2—selective NSAIDs in Horses

Firocoxib is available in the United States in formulations labeled for use in horses® and
dogs.b The substantial difference in cost of the equine and canine formulations has led to
frequent extralabel use of canine-labeled firocoxib tablets in horses to reduce treatment
costs. However, according to the Animal Medicinal Drug Use Clarification Act of 1994,°
when various species-specific formulations of a drug are available, it is not permissible to
use the formulation labeled for one species in a different species. In addition, the recent
introduction of an FDA-approved 57-mg firocoxib tablet labeled for use in horses, which is
the same formulation as the canine-labeled firocoxib tablet, has eliminated the need for use
of canine-labeled firocoxib tablets in horses. A preliminary study has shown that the equine-
labeled tablet and paste formulations have the same bioavailability in horses.28 A 57-mg
tablet provides a dose of 0.114 mg/kg (0.052 mg/Ib) in a 500-kg (1,100-Ib) adult horse.
Although it would be less expensive to administer a quarter of a 227-mg canine-labeled
firocoxib tablet, this would be a violation of the Animal Medicinal Drug Use Clarification
Act.9 Furthermore, it is difficult to accurately divide the 227-mg tablets in quarters, because
these tablets are only scored in half. Thus, doing so may lead to inadvertent over- or
underdosage.

Another important consideration when using firocoxib in horses is that COX selectivity is
only achieved when the drug is administered at the correct dosage. If a COX-2—selective
drug is overdosed, the selectivity diminishes and the same adverse effects seen with
nonselective NSAIDs may occur. For instance, in dogs, administration of deracoxib, a
COX-2-selective NSAID, at a higher than recommended dosage has, in some instances,
been associated with gastric perforation.2’

When firocoxib initially became available for use in horses in the United States, the United
States Equestrian Federation permitted the administration of firocoxib in combination with
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other NSAIDs. However, this has since been changed, and firocoxib can no longer be given
with any other NSAIDs.28 Given our current understanding of COX selectivity, it appears
likely that co-administration of firocoxib with a nonselective NSAID would eliminate the
intended benefits of COX-2—selective NSAIDs and, therefore, is not advisable. Additionally,
administering combinations of NSAIDs increases the likelihood of complications. A
prospective, non-blinded study’ involving co-administration of firocoxib (0.1 mg/kg [0.045
mg/Ib], PO, g 24 h) and phenylbutazone (2.2 mg/kg [1 mg/Ib], PO, g 24 h) to horses for 10
days showed significant increases in serum creatinine concentration, suggesting the
possibility of adverse renal effects in these animals.

In the United States, firocoxib has been approved by the FDA for the treatment of
degenerative joint disease in horses, and studies have proven its effectiveness in controlling
pain and inflammation associated with osteoarthritis. For instance, a randomized, controlled,
unblinded, multi-institutional clinical study?® funded by Merial found that 80% of horses
with osteoarthritis treated with firocoxib at a dosage of 0.1 mg/kg, PO, every 24 hours had
an improvement in lameness severity.

Some veterinarians have, on the basis of their clinical experience, expressed concerns that
firocoxib may be inferior to phenylbutazone for controlling pain associated with
degenerative joint disease. However, in a multicenter, unblinded, non-inferiority clinical
trial3® funded by Merial that compared firocoxib (0.1 mg/kg, PO, q 24 h) and
phenylbutazone (4.4 mg/kg [2 mg/Ib], PO, q 24 h), there was no significant difference in the
degree of lameness reduction after 7 or 14 days of treatment in horses with chronic (ie, > 4
weeks’ duration), moderate to severe (ie, a score = 3 on a scale from 0 to 5 or = 2 on a scale
from 0 to 3) lameness.

The effectiveness of firocoxib for the treatment of gastrointestinal pain has also been
investigated. In an experimental study!? involving horses recovering from surgically induced
small intestinal strangulating obstruction, firocoxib (0.1 mg/kg, 1V, q 24 h) was found to
control pain as effectively as flunixin meglumine (1.1 mg/kg [0.5 mg/Ib], 1V, q 12 h).

Clinical Benefits of COX-2—selective NSAIDs

Although it is valuable to know that firocoxib is as effective as traditional nonselective
NSAIDs at controlling lameness and postoperative gastrointestinal pain in horses, it is
important to acknowledge that the primary advantage of treating patients with COX-2—
selective NSAIDs is their COX-1-sparing activity, which should, in theory, reduce the
likelihood of adverse effects, particularly adverse gastrointestinal effects. Further
investigation is required to determine whether there is a decreased incidence of adverse
gastrointestinal effects in horses treated with COX-2—selective NSAIDs. However, there
have been informative studies!!12 assessing the efficacy of COX-2-selective NSAIDs in
controlling visceral pain and endotoxemia as well as their effects on the intestinal barrier in
horses with experimentally induced small intestinal strangulating obstruction. For example,
a study!3 of intestinal barrier recovery in horses with experimentally induced ischemic
injury of the jejunum found that ex vivo application of flunixin meglumine inhibited
intestinal barrier recovery, but that ex vivo application of etodolac, an NSAID shown to be
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COX-2 selective in horses,3! permitted recovery. In the previously referenced study?
comparing firocoxib and flunixin, healing jejunum from horses treated with flunixin had a
significantly higher permeability to lipopolysaccharide, compared with healing jejunum
from horses treated with firocoxib, supporting the assertion that sparing COX-1 may reduce
the incidence of intestinal complications in horses with colic. A study!! examining the
effects of meloxicam in horses with experimentally induced small intestinal strangulating
obstruction had similar results. On the other hand, a non-blinded, randomized clinical trial32
of client-owned horses with small intestinal strangulating obstruction did not identify any
significant differences between the effects of flunixin meglumine (1.1 mg/kg, IV, g 12 h) and
meloxicam (0.6 mg/kg [0.27 mg/Ib], IV, g 12 h) on intestinal permeability. However, it is
important to consider the implications of the lack of blinding in this study as well as the fact
that meloxicam was given at twice the usual dosage, which may have reduced its COX-2
selectivity.

Conclusions

The introduction of equine-labeled formulations of firocoxib to the US market provides an
opportunity for equine veterinarians to use a COX-2-selective NSAID in the treatment of
their patients. However, equine practitioners should know that the FDA limits the usage of
firocoxib to formulations labeled for use in horses, regardless of price concerns.
Practitioners will benefit from understanding the nuances of firocoxib administration,
including the importance of correct dosing to achieve therapeutic concentrations while
preserving COX selectivity and the contraindications of combining NSAIDs. Together with
knowledge of the potential advantages of COX-2 selectivity, these considerations will help
veterinarians select and treat patients that could benefit from this new class of NSAID.
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COX Cyclooxygenase
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Figure 1.
Diagrammatic representation of the overlapping functions of prostanoids elaborated by

COX-1 and COX-2.
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