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ABSTRACT

The objective of the study was to conduct a review of the pharmacological regulation and pharmaco-
kinetic parameters of firocoxib when administered orally or intravenously in horses. A search for liter-
ature was done in SCOPUS and PubMed for studies that had to evaluate the pharmacological regulation
as well as the pharmacokinetic parameters of firocoxib when administered in horses. The nonsteroidal
anti-inflammatory drugs have analgesic, anti-inflammatory, antipyretics, and antiendotoxic effects. The
newly developed is selective to COX2 characterized by less adverse effects in veterinary patients when
administered at the recommended doses and do not exceed the established prescribed time. Firocoxib is
authorized by the Food and Drug Administration for the treatment of pain in horses, whereas for
humans, there is still no approval. Controversy has arisen because the administration of the same
pharmaceutical presentation in horses and dogs has pharmacokinetic differences between animal spe-
cies. However, special attention must be paid to pharmacokinetic differences between species like in
horses and dogs. In the case of the horse, the dosage is 0.1 mg/kg in single dose or up to 14 days in oral
paste formulation and can keep maintained on the same concentration for a period of 7—14 days in oral
tablet formulation. Thorough knowledge of pharmacological regulations and pharmacokinetic parame-
ters, it allows the posology and effective application of firocoxib in pathologies associated with chronic
pain, avoiding the indiscriminate use by owners and in some cases veterinarians, thus reducing the
negative impacts on horse's health.

© 2019 Elsevier Inc. All rights reserved.

1. Introduction

1.1. Nonsteroidal Anti-Inflammatory Drugs General
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Nonsteroidal anti-inflammatory drugs (i.e., NSAIDs) possess
analgesic, antiinflammatory, antipyretics, and antiendotoxic prop-
erties [1], these properties, result of potent inhibitors of cyclo-
oxygenase (COX) enzymes [2]. They are among the most important
drugs used in all species of animals [1]. In horses, they are highly
effective for the treatment of a variety of common diseases [3] used


mailto:pedrossanchezaparicio0@gmail.com
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jevs.2019.02.007&domain=pdf
www.sciencedirect.com/science/journal/07370806
www.j-evs.com
https://doi.org/10.1016/j.jevs.2019.02.007
https://doi.org/10.1016/j.jevs.2019.02.007
https://doi.org/10.1016/j.jevs.2019.02.007

A. Rangel-Nava et al. / Journal of Equine Veterinary Science 77 (2019) 36—42 37

in the regime of acute or chronic pain, endotoxemia associated with
colic [1], and pain management before surgery [4].

Different COX1 or COX2 inhibitors can be administered for the
treatment of painful inflammatory conditions in animal species like
the horses [5]. Until 2018, three COX type enzymes have been
identified, COX1, COX2, and COX3. The first two enzymes have been
well characterized [6]. COX3 enzyme was identified in the central
nervous system and was found to be selectively inhibited by
antipyretic-analgesic [7].

There are a variety of formulations and routes of administration
to choose from in animals that includes oral tablets, oral caplets,
oral liquids, chewable tablets, oral paste, oral transmucosal mist,
transdermal, and injectable solutions for intravenous or subcu-
taneous administration [1].

1.2. Chemical Properties Nonsteroidal Anti-Inflammatory Drugs

At the beginning of 1990s, it was shown that there were two
isoforms of COX. The COX1, which was expressed constitutively, and
COX2, which was inducible, quickly regulated at inflammatory sites
and seemed responsible for the formation of proinflammatory
prostanoids. Then it was found that there are similarities in the
amino acid sequences of the COX isozymes up to 60%. The
discriminating binding site in the COX2 isozyme is by a single amino
acid difference between the COX1 and COX2 isozymes to level of
position 523 of the protein chain. Specifically the isoleucine mole-
cule of COX1 is replaced by valine in COX2 [8]. The valine molecule is
smaller; it leaves a cleavage in the COX2 protein chain that provides
a more accessible binding site respect to structure of COX1 [9]. This
allowed the development of drugs highly selective for the COX2
isozyme and reducing the incidence of COX1 side effects [10].

1.3. COX2 Normal Physiology

At blood level, the source for COX1 products are the throm-
boxane A2 (TXA;) and platelets, and the source of COX2 products
through prostaglandin E, is leukocytes [1]. The COX enzyme cata-
lyzes reactions that regulate physiologic function, such as the
mediation of inflammatory response, platelet aggregation, cartilage
erosion, angiogenesis, and gastrointestinal mucosal blood
flow [10,11].

The COX2 is usually expressed at low levels in large part of the
tissues under physiologic conditions but is upregulated during
proinflammatory stages [12]. Both PGE, and PGI, regulate renal
blood flow, water excretion, and hydroelectrolytic balance. The
production of both prostaglandins is carried out under the control
of COX1 and COX2, which are constitutively expressed to level of
the kidneys in the hydrated patient [13]. The COX2 is very impor-
tant in renal homeostasis, reducing the likelihood of renal toxicity
[6]. However, from the year 1999 to the date, COX2 has been shown
to be constitutively expressed in renal tissues of various animal
species among which stands out dogs, mice, monkeys, rabbits, rats,
or humans in addition to glandular gastric and bladder mucosa of
horse [14].

1.4. COX2 Inflammation Physiology

Arachidonic acid, a fatty acid predominant in animal cell
membranes, is released from cell membranes by the enzyme
phospholipase A. In consequence of various stimuli, arachidonic
acid may be acted on by COX or lipoxygenase enzymes to form
various eicosanoids, which have a role in homeostasis and disease.
Prostanoids are specific eicosanoids that are further metabolized
into the various prostaglandins (PGD,, PGF,a, and PGE;), prosta-
cyclin (PGIl;), TXA; and the leukotrienes (LT), which are also

responsible for inflammation [1]. These products act locally via G-
protein—coupled receptors, triggering the AMPc cascade, activation
of calcium ions, and protein kinase through inositol phosphatidyl to
generate inflammatory and immunological responses and are also
responsible for important physiological functions [15].

As part of the inflammatory process, COX2 can be upregulated as
much as 20-fold in endothelial tissue and other cell types. They
raise following exposure to stimuli associated with inflammation,
highlighting interleukins 1 and 2 besides of tumor necrosis factor
alpha [16]. In inflammatory stages, COX2 increases production of
prostaglandin Hy induced by proinflammatory molecules, such as
lipopolysaccharide (LPS) and other intermediaries that are locally
metabolized to activate prostanoids, such as thromboxanes and
prostaglandins by tissue synthases [17]. The prostanoids produced
by COX2 are related in the pathologic responses of inflammation,
that is, fever and nerve ending sensitization to pain. An increase of
that amounts of prostaglandins contributes to pain, inflammation,
and clinical signs of endotoxemia [18]. It is important to understand
the pathophysiology of inflammation that results in pain for the
animal and becomes the first clinical sign that should be resolved
by the veterinarian, and the understanding of it will allow the use of
drugs that inhibit COX in addition to other selective inflammatory
mediators.

1.5. NSAIDs and COX2 Selectivity

Derived from the studies of pharmacology, it was determined
selectivity of existing NSAIDs on these COX enzymes is an impor-
tant event to carry out producing a new generation of COX2 se-
lective drugs [19]. The more recent NSAIDs have targeted COX2
inhibition, so that COX1 is spared as much as possible to produce
analgesia and suppress inflammation without inhibiting physio-
logically important prostanoids in various organs and tissues [1].

The recognition that inhibition of COX2 achieve the anti-
inflammatory effects of NSAIDs and that the adverse effects associ-
ated to NSAIDs were attributable to the indiscriminate inhibition of
COX1 resulted in new drugs that would selectively inhibit COX2 [19].
These NSAIDs known as coxibs that selectively inhibit COX2 rather
than COX1 has been developed over the past 15 years, and several
coxibs have recently become available for use in animals. Indications
for the use of coxibs are similar to reported indications for the use of
other NSAIDs, with the most common reason for their use being the
control of pain and inflammation related with osteoarthritis or
surgery [20]. However, COX2 selective inhibitors have been associ-
ated with an increased risk for cardiovascular disease [21].

2. Methods

A literature search was made on SCOPUS (Elsevier Research
Intelligence) and PubMed (National Center for Biotechnology In-
formation, United States National Library, Bethesda, MD) from May
30, 2018. Experimental studies and review involving the most
relevant coxibs information, pharmacological regulation and
regulation for race and performance horses of firocoxib in the
United States of America, physicochemical aspects of firocoxib, the
relation between COX1:COX2, parameters pharmacokinetics, pos-
ology, and adverse effects of the drug given enterally or parenter-
ally in horses and neonatal foals were included.

3. Results
3.1. Pharmacological Regulation in Selective COX2 in the Horse

Until 2017, there were 4 coxibs approved for use in domestic
animals, the deracoxib, firocoxib, mavacoxib, and robenacoxib.



38 A. Rangel-Nava et al. / Journal of Equine Veterinary Science 77 (2019) 36—42

Referring to mavacoxib, it is not currently approved for its use in the
United States of America; only firocoxib is labeled for administra-
tion in horses. The Food and Drug Administration (FDA) has
approved equine formulations of firocoxib, which include a paste
for oral administration and an injectable solution for intravenous
administration.

The EQUIOXX is a commercial formulation of oral paste 0.82%
firocoxib approved in the United States of America for the Center
for Veterinary Medicine for the FDA [22]. In Europe, the European
Medicine Agency considers, as approved, the sale and distribution
of the same pharmaceutical product and is a registered trademark
of Merial in the United States of America [23] for the treatment of
pain and inflammation associated with osteoarthritis in animals
like the horse, which is administered at a dose of 0.1 mg/kg, once
daily for up to 14 days [24].

In addition, recently FDA approved a 57 mg firocoxib tablet
labeled for use in horses, which is the same formulation for other
animal species like the dog; this phenomenon has eliminated the
need for using of canine firocoxib tablets in horses [17]. Adminis-
tration of drugs in animal species different from those approved by
the FDA constitutes extra label drug use and regulations as
described in the Animal Medicinal Drug Use and Clarification Act
apply [6]. The substantial difference in cost of the equine and
canine formulations has led to frequent extra label use of canine
firocoxib tablets in horses to reduce treatment costs [17]. The An-
imal Medicinal Drug Use and Clarification Act mark that it is not
permissible to use the formulation labeled for one species in a
different species. Besides, horses and dogs had different pharma-
cokinetic profiles. Nevertheless, Knych et al [25] measured by liquid
chromatography, firocoxib plasma concentrations, and determined
the pharmacokinetics of equine intravenous and paste formula-
tions and the canine-labeled tablets, showing no differences be-
tween the three routes of administration. Currently, a study carried
out by European Medicines Agency Science Medicines Health [23]
has shown that the equine-labeled tablet and paste formulations
have the same bioavailability in horses. Despite these findings, it is
important to remark that extra labeled use of any drug is not
recommended.

3.2. Regulation for Race and Performance Horses

In the United States of America, the United States Equestrian
Federation (USEF) and the Racing Medication and Testing Con-
sortium (RMTC) developed threshold-level recommendations for
performance and race horses, respectively. The values established
by the RMTC in the USA are mainly related to pharmacodynamics
parameters of the drug, regulatory stand down times, and labora-
tory analytical concerns among others factors. The intention is to
establish the concentrations of the drug in plasma and urine [25].

The recommendation made by the RMTC for racehorses is that
the administration of firocoxib in horse in the United States of
America should be regulated at plasma or serum threshold con-
centration of 20 ng/mL. Based on FDA-approved label dose of
0.1 mg/kg for 7 days P.O., the recommendation of the USEF for non
racing performance horses is different, whose concentration equals
to 240 ng/mL.

Knych et al [25] demonstrated that firocoxib plasma concen-
trations were below the RMTC-recommended threshold in horses
after 7 days administration of the dose by LV. or P.O. administration
routes. The foregoing implies compliance with the recommenda-
tions issued by the corresponding bodies. The firocoxib is
commonly administered in performance horses with appropriate
withdrawal time guidelines being necessary.

Firocoxib initially became available for use in horses, and the
USEF permitted the administration of firocoxib in combination with

other NSAIDs [26]. However, this has since been changed, and fir-
ocoxib can no longer be given with any other NSAIDs because given
our current understanding of COX selectivity, it appears likely that
coadministration of firocoxib with a nonselective NSAID would
eliminate the intended benefits of COX2 selective NSAIDs and,
therefore, is not advisable [17].

As firocoxib can be used as a palliative for multiple pathologies
and inflammatory processes for its proven safety, it can cause
indiscriminate use and even more in sport horses that are exposed
to joint diseases. This is why it is important to take in account drug
use regulation, so that these concentrations do not exceed their
limits that could harm the animal not only in adverse effects of the
drug (which are usually few) but also when affected sport horses
are forced to compete they are exposed to develop more serious
pathologies than those presented previously.

3.3. Firocoxib

The chemical nomenclature of firocoxib corresponds to fir-
ocoxib 3-(cyclopropylmethoxy)-4-(4-(methyl-sufonyl) phenyl)-5,5
dimethylfuranone [19]. It is a COX2 isozyme selective NSAID
[19,27], 643 times more potent respect to COX1 inhibition [10].
Firocoxib is now available and labeled for the treatment of
musculoskeletal pain and lameness associated with osteoarthritis
in horses [28]. However, the clinical benefits of firocoxib in horses
remain incompletely understood, and recent legal concerns with
extra label use of a small animal formulation of firocoxib in horses
have come to knowledge [29].

3.4. Ratio COX1:COX2

In a great number of ex vivo studies, COX2 inhibitory effects of
firocoxib have been dilucidated [10,28]. Selectivity for the isoforms
for COX1 and COX2 is manifested as ICsg, which represents the
plasma concentration essential to inhibit 50% of COX activity. More
selective the NSAID, the higher the ratio. The selectivity of an NSAID
for COX2 may be determined through assays of thromboxane A;
activity during whole blood clotting (indicator of COX1 function)
and lipopolysaccharide-induced prostaglandin E, activity in blood
(indicator of COX2 function) [30].

Several studies [10,19] have used in vitro models with horse's
blood and have determined that firocoxib is up to 265 times more
selective inhibiting COX2. McCann et al [30], McCann [31], Kva-
ternick et al [10] have shown that the concentrations of firocoxib
required to inhibit 50% of COX1 activity were 384, 58, and 643 times
in dog, cat, and horse, respectively. It can be assumed that at a given
therapeutic concentration, firocoxib inhibits COX2 to a far greater
degree than it inhibits COX1, and that, accordingly, its clinical ef-
ficacy can primarily be related to COX2 inhibition [26]. However,
the inhibitory ratio IC59 COX1: IC59 COX2 for selected NSAIDs used
in equine medicine was 268:643, respectively [6]. Firocoxib has a
COX-2: COX1 selectivity ratio of 265 in horses, pointing out a
favorable safety margin compared with less selective NSAIDs [25].
In vitro experiments indicated the concentrations of firocoxib that
inhibit 80% and 50% of COX2 activity is 67 and 30 ng/mL, respec-
tively. These concentrations of firocoxib are readily achievable in
equine plasma following oral dose of 0.1 mg/kg [10,19].

Studies in humans report that inhibiting 50% of COX-2 is not
enough to achieve therapeutic effects if not up to 80%. In horses, it is
not known until what percentage the inhibition is able to exert
therapeutic effects, although the dose is known to reach the inhi-
bition of 50% and 80%. It would be important to know in future
experiments what percentage of inhibition of COX2 exerts a ther-
apeutic effect. This is very important because COX selectivity is only
achieved when the drug is administered at the correct dosage. If a
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COX2—selective drug is overdosed, the selectivity diminishes and
the same adverse effects seen with nonselective NSAIDs may
occur [17].

3.5. Pharmacokinetics Parameters

Firocoxib preclinical studies in horses have revealed that fir-
ocoxib is effective at attenuating lameness [3,10,19,26]. Controlled
lameness and postoperative gastrointestinal pain in horses [16], in
theory, reduce the likelihood of adverse effects, particularly adverse
gastrointestinal effects. Besides the palatability for the patient and
acceptability by the owner are important factors related to
compliance and continuation of long-term treatment in veterinary
patients. The pharmacokinetic behavior of firocoxib is linear after
multiple doses administered IV and orally [19].

3.5.1. Liberation

Usually well absorbed after oral administration and are weak
acids that have high lipophilicity at physiologic tissue pH. The paste
formulation of firocoxib was found to be of equivalent acceptability
and ease of administration as the commercially available paste
formulation of phenylbutazone [27].

3.5.2. Absorption

Firocoxib oral administration in horses is rapidly and completely
absorbed, similar to most NSAIDs [32]. The average absolute
bioavailability of firocoxib is of 79%, and a Cmax of 75 ng/mL at
3.9 hours after administration [10] indicates a good absorption rate.
Letendre et al. [19] found that using the dose 0.1 mg/kg of firocoxib
P.O. as a paste once daily in horses in comparison with another
study, the absorption of the drug change, and this difference is
likely to be attributable to differences in experimental design. They
found that the presence of food in either the gastrointestinal tract
may decrease absorption by binding of the drug to food particles or
direct inhibition of absorption, reducing plasma concentrations.
The extent of absorption could also have been influenced by a
saturation of first pass metabolism [10]. With respect to the dif-
ferences in absorption during the first and last period, the plasma
t12 after discontinuation of daily dosing was comparable to that
after IV administration of a single dose and therefore was not
influenced by continued absorption. The maximum plasma con-
centration reported was 45.0 + 11.3 ng/mL, which was reached 7.80
+ 4.80 hours after the first oral administration. Absorption was slow
after the first orally administered dose (Cmax of 173 + 44 ng/mL
was 0.79 + 0.70 hours after administration), compared with ab-
sorption after the last dose. Mean plasma typafter the final dose
was 36.5 + 9.5 hours [19].

3.5.3. Distribution

Protein binding is generally high for NSAIDs, and > 97% of fir-
ocoxib is bound to plasma proteins at concentrations up to 1.0 pg/
mL [6]. When oral firocoxib paste for horses is given daily, steady
state plasma concentrations are achieved by the seventh day and
plasma concentrations of the drug peak approximately one hour
after the seventh dose and the drug's half-life in horses is >
36 hours. In this sense, the peak plasma concentration after 7 or 12
daily doses is higher than that after the first dose [19]. Plasma fir-
ocoxib concentrations that are considered sufficient to suppress at
least 50% of COX2 activity are achieved in horses within 8 hours
after a single orally administered dose of firocoxib (0.1 mg/kg). Back
et al [33] demonstrated in a clinical study with horses with chronic
lameness attributed to osteoarthritis that they had a significant
improvement in lameness score, and peak vertical force when
trotting over a force plate was detected within 10 hours after the
first dose of firocoxib.

The area under the curve was 1.8 pg/hour/mL for the oral dose
and 2.3 pg/hour/mL for the intravenous dose. Firocoxib has the
mean highest volume of distribution of 1.6 L/kg [10]. And the high
lipophilicity of these drugs also may explain the long tissue half-
lives because it favors intracellular distribution, which can serve as
a reservoir for prolonged tissue levels [1].

Knych et al [25] performed a study to describe plasma concen-
trations and characterize the pharmacokinetics of firocoxib for-
mulations following multiple administrations. They reported that
the determinant of the time to reach steady plasmatic concentra-
tions is the terminal elimination half-life. The firocoxib is long, and
therefore, as expected, the time to reach steady state plasma con-
centrations was prolonged. In the majority of the horses studied,
the steady state mean concentration following paste administra-
tion was of 52.4—131 ng/mL, lower than those reported by Vane
[19]. It is important to point out that plasma concentrations may
not be representative of tissue concentrations for all drugs [19].

Barton et al [34] proved the efficacy of firocoxib in canine
chewable preparation and equine paste formulation administered
orally for 7 days to 8 healthy adult horses. They demonstrated that
PGE; concentrations decreased by 58 + 11% and 69 + 5% immedi-
ately before dosing and one hour after dosing by 71 + 7% and 79 +
8% for horses receiving the canine chewable tablet and the equine
paste, respectively. The two preparations have steady state plasma
firocoxib similar concentrations resulting equally effective at
inhibiting lipopolysaccharides-induced PGE; production. In syn-
thesis, the firocoxib is widely distributed in tissues, partially as a
result of its physicochemical properties, such as high lipophilicity
and low ionizability at physiologic pH. The volume of distribution is
much higher than that for many NSAIDs.

3.5.4. Elimination

The main elimination pathway is hepatic via dealkylation and
glucuronidation to inactive metabolites of firocoxib namely
descyclopropylmethylfirocoxib and its glucuronide conjugate [10].
Urinary excretion is principal route of elimination; the parent drug
and metabolites can be detected in the urine [19]. Total body
clearance in horses is low (37 mL/h/kg) and similar to other NSAIDs
[32]. The mean renal clearance of firocoxib is 0.26 + 0.09 mL/kg/h,
which is considered low with respect to the total washing time [19].
Following intravenous administration of firocoxib, the average
elimination half-life was 30 hours, the average Cpax was 210 ng/mL,
and the elimination half-life was 34 hours [10]. Letendre et al [19]
demonstrated that the terminal plasma half-life was 42.1 + 13.5
and 48.1 + 18.9 hours following 1.V. and oral paste administration,
respectively, and in another study performed by Knych et al [25]
reported the plasma elimination half-life was prolonged for for-
mulations injectable, paste, or tablet formulations 1.64 + 0.737,1.70
+ 0.800, and 1.73 + 0.767 days, respectively. In summary, the half-
life in oral administration is longer than L.V. administration. By high
potency and long half-life, once-daily administration is sufficient
for prolonged treatment of animals with chronic pain and inflam-
mation [10] due to a significant bioaccumulation that occurs with
concentrations at steady state being 3 to 4 times higher than after a
single dose [35].

Kvaternick et al [10] demonstrated that firocoxib was the major
residue in tissues like liver, muscle, and kidney fat. In the kidney
and urine, the major metabolites were the dealkylated parent,
descyclopropylmethylfirocoxib, and its glucuronide conjugate. A
third metabolite found in urine was a glucuronide conjugate of the
hydroxylated parent.

Because of chemical characteristics of firocoxib, it is more than
proven that it bioaccumulates; this is important because the
plasma concentrations are prolonged and the elimination is slow; it
would be more likely that 100% of the daily doses that we apply a
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Table 1

Dosage of firocoxib administered to horses in studies under experimental conditions.
Active Substance Dose Administration Time Pharmaceutical Form Disease Authors
Equioxx Paste (Firocoxib) 0.1 mg/kg P.O. q 24 hr 14d Oral commercial paste  Healthy horses Knych [6]

Firocoxib

Firocoxib

Firocoxib

Firocoxib
Equioxx Injectable

Firocoxib
Firocoxib

Equioxx Paste (Firocoxib)

Equioxx Paste (Firocoxib)
Firocoxib

Firocoxib

Firocoxib
Firocoxib
Equioxx Paste (Firocoxib)
Firocoxib
Firocoxib
Firocoxib
Firocoxib

Firocoxib
Equioxx Paste (Firocoxib)

0.3 mg/kg P.O.
0.2 mg/kg LV.

0.05 mg/kg P.O.

0.10 mg/kg P.O.

0.20 mg/kg P.O.

0.1 mg/kg L.V.

0.1 mg/kg P.O. q 24 hr
0.2 mg/kg L.V. q 24 hr

0.1 mg/kg P.O. q 24 hr
0.09 mg/kg L.V. q 24 hr

0.1 mg/kg P.O. q 24 hr

0.5 mg/kg P.O. q 24 hr
0.1 mg/kg P.O. q 24 hr
0.25 mg/kg P.0. q 24 hr
0.1 mg/kg P.O. q 24 hr

0.09 mg/kg

LV.q 24 hr
0.1 mg/kg P.O. q 24 hr

0.1 mg/kg P.O. q 24 hr

0.1 mg/kg P.O. q 24 hr

0.3 mg/kg P.O. single dose

0.1 mg/kg P.O. q 24 hr
0.1 mg/kg P.O. q 24 hr

0.09 mg/kg LV. q 24 hr
0.1 mg/kg P.O.

0.27 mg/kg L.V. on day 1
0.09 mg/kg L.V. q 24 hr
0.09 mg/kg LV. q 24 hr
0.1 mg/kg P.O. q 24 hr

Single loading dose

Single dose

12d

14d
5d

14d

7d

7d
Single dose

7d

Single dose
14d

1 d (loading dose)
9 d (maintenance dose)
10d

Single dose

Single dose during late
gestation and 12—33 d
postpartum

1 d (loading dose)

5 d (maintenance dose)
7d

Single dose

formulation

Oral paste

Tablets

Injectable

Oral commercial paste
formulation

Injectable

Oral commercial paste
formulation

2% (wt/vol) solution
Oral commercial paste
formulation

Injectable

Oral commercial paste
formulation

Oral commercial paste
formulation

Oral commercial paste
formulation
Injectable

Oral commercial paste
formulation

Oral commercial paste
formulation

Oral commercial paste
formulation

Oral commercial paste
formulation

Oral commercial paste
formulation

Injectable

Oral commercial paste
formulation

Injectable
Injectable

Oral commercial paste
formulation

Healthy horses

Healthy horses

Healthy horses
Healthy horses

Osteoarthritis and Navicular
disease
Healthy horses

Naturally occurring
osteoarthritis and distal
sesamoid (navicular)
degeneration

Ostearthritis and Navicular
disease

Healthy horses
Horses with jejunal ischemia

Healthy horses suggesting the
use on horses with
inflammatory ophthalmic
lesions

Healthy horses pretreated with
enrofloxacin

Osteoarthritis

Healthy horses

Healthy horses

Underwent elective surgery
Late pregnant mares and early
postpartum mares

Healthy horses

Healthy neonatal foals
Healthy horses

Kvaternick et al [10]

Letendre et al [20]

Koene et al [24]
Knych et al [25]

Doucet et al [27]

Back et al [33]

Barton et al [34]
Cook et al [36]

Hilton et al [37]

Cox et al [38]
Orsini et al [39]
Cox et al [40]
Kivett et al [41]
Duz et al [29]
Giguere et al [42]
Burkett el al [43]

Wilson et al [44]
Ortved et al [45]

certain percentage will be eliminated without being used or accu-
mulated, so it would be necessary to conduct research to see if
perhaps reinforcement doses in days after treatment are needed.

3.6. Dosage Firocoxib

Twenty-one experimental studies in horses that determined the
posology of oral or intravenously administered firocoxib in horses
were included in Table 1. The investigations report doses from 0.05

Table 2

to 0.3 mg/kg when administered orally, whereas for the L.V. route, it
goes from 0.09 to 0.27 mg/kg via L.V. Three experimental studies
characterized posology of firocoxib when administered to dog,
horse, or neonatal foal. The studies were conducted at the some
doses administered P.O. where each horse received 0.1 mg/kg of
firocoxib with dosage periods of 7—14 days (Table 2). Another five
studies described the posology of the firocoxib when administered
to horses. The studies were not experimental; the authors of
studies demonstrated the oral or intravenously administered

Dosage of firocoxib administered to horses, neonatal foals, and dogs in studies under experimental conditions.

Active Substance Animal Specie Dose Administration Pharmaceutical Form Disease Authors
Time
Previcox (Firocoxib) Dog Horse 57 mg tablets total dose 14d Tablet formulation Healthy horses Knych et al [25]
0.1 mg/kg P.O. q 24 hr
Previcox (Firocoxib) Dog Horse 57 mg tablets total dose 7d Tablet formulation Healthy horses Barton et al [34]
(0.1 mg/kg) PO q 24 hr
Firocoxib Neonatal foals 0.1 mg/kg P.O. q 24 hr 9d Oral commercial Healthy neonatal foals Hovanessian et al [46]

paste formulation
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Table 3

Dosage of firocoxib administered to horses in nonexperimental studies that report doses from other studies.
Active Substance Dose Administration Time Pharmaceutical Form Disease Authors
Firocoxib 0.1 mg/kg P.O. q 24 hr Forup to 14d Oral formulation — Grimm et al [1]

0.09 mg/kg LV. q 24 hr Forupto5d

Firocoxib 0.114 mg/kg (57 mg per horse) 10d
0.1 mg/kg P.O. q 24 hr

Firocoxib 0.09 mg/kg q 24 hr L.V. —
0.1 mg/kg q 24 hr P.O.

Firocoxib 0.1 mg/kg P.O. q 24 hr —

Firocoxib 0.1 mg/kg P.O. q 24 hr 7d

Injectable

Tablet formulation

Oral commercial paste formulation

Injectable —

Tablets, paste

Oral commercial paste formulation —

Oral commercial paste formulation Osteoarthritis and
Navicular disease

Osteoarthritis Ziegler et al [17]

Knych et al [35]

Ross [47]

firocoxib, suggesting doses of 0.09—0.114 mg/kg P.O. up to 14 days,
whereas for IV, they reported doses of 0.09 mg/kg for no more than
5 days (Table 3).

Although the dose of firocoxib established in most books and
articles is 0.1 mg/kg, it is important to take into account the pre-
sentation of the drug. When it is applied IV, the dose decreases to
0.9 mg/kg as well as the tablets that come in 57 mg for a 500 kg
horse approximately, although it has been demonstrated that they
reach almost the same plasmatic concentrations regardless of the
pharmaceutical presentation. Because of the pharmacokinetic as-
pects seen previously, it is important to follow the dose depending
on the presentation, also the days which must be used continuously
change depending on the formulation. The presentations P.O.
should be a maximum of 14 days, and if it is LV., it should not
exceed 5 days. The aspect that do not change regardless of the
presentation of the drug are the frequency of administration
because in all the presentations it is once a day (S.1.D).

3.7. Adverse Effects of Coxibs in Horses

There are clinical studies of firocoxib administered in horses
that have demonstrated no adverse renal effects [24,28,40], but it is
possible that a COX2-selective NSAID can still have adverse renal
effects. There is some evidence to support the potential for renal
toxicity of a COX2 inhibitor; this was evident in the manufacturer's
safety study [41]. Another adverse effect was demonstrated in 2
COX2-selective NSAIDs, where it was found to have unexpected
adverse cardiovascular and thromboembolic effects that theoreti-
cally arose from inhibition of COX2 (reducing the concentration of
vasodilatory prostaglandin E;) and a lack of inhibition of COX1
(permitting continued production of thrombogenic thromboxane
A;) [48]. Horses are not known to be predisposed to the types of
adverse cardiovascular effects seen with the use of COX-2—selective
NSAIDs like in humans, suggesting that the use of these drugs may
be safe in this species [17].

The properties of the most NSAIDs used in horses have been well
described, which has allowed an effective use in certain pathol-
ogies; however, although the adverse effects and restrictions of the
use of these drugs have already been reported, their indiscriminate
use by the owners and in some cases by veterinarians have caused
negative impacts on the health of the horses, which is why the
implementation of new selective drugs that significantly reduce the
risks and allow their longer use can be an alternative to this current
problem that will go hand in hand with education to the owner.

4. Discussion

NSAIDs, possess analgesic and inflammatory properties, in dogs
and horses it is preferred the use of [1]. Highly selective drugs for
the COX2 isozyme which exert therapeutic effects that have the
potential to reduce the incidence of COX1 side effects. Although the
role of COX2-specific drugs is more related to inflammatory

processes, it is important to understand that they also perform
functions on normal physiology, and although treatment with se-
lective COX2 does not reflect such serious adverse effects as
nonselective, it should be considered that prolonged treatments
can generate adverse effects or cause damages that do not generate
clinical signs in short periods. Therefore, it is important to know the
dosage and period of administration allowed based on the phar-
maceutical presentation and animal species.

Until 2017, 4 coxibs, approved for use in animals in the USA, are
deracoxib, firocoxib, mavacoxib, and robenacoxib [22]. Food and
Drug Administration has approved equine formulations of fir-
ocoxib, which include a paste for oral administration and injectable
solution for I.V. administration [23], although there is also a tablet
formulation used in horses and dogs. Although there are still not
many coxibs that are available for use in animals, their develop-
ment and application in the veterinary field have brought many
benefits and have been a guideline for various research projects as
they prove their safety and efficacy level with respect to nonse-
lective. They allow achievement of better management of vulner-
able patients such as neonatal horses, geriatric, and those with
chronic pain related to osteoarthritis.

Firocoxib is used for the treatment of musculoskeletal pain and
lameness associated with osteoarthritis in horses and dogs [28].
Safety and efficacy of firocoxib have been proven in different in-
flammatory pathologies and chronic pain; however, the anti-
endotoxic part has not yet been well documented.

As firocoxib can be used as a palliative for multiple pathologies
and inflammatory processes for its proven safety, it can cause
indiscriminate use and even more in sport horses that are exposed
to joint diseases. However, the clinical benefits of firocoxib in
horses remain incompletely understood, and recent legal concerns
with extra label use of a small animal formulation of firocoxib in
horses have come to light [29]. This is why it is important to take in
account drug use regulation, so that these concentrations do not
exceed their limits and harm the animal not only in adverse effects
of the drug (which are usually few) but also when affected sport
horses are forced to compete, they are exposed to develop more
serious pathologies than those presented previously.

5. Conclusions

The use of NSAIDs in veterinary practice is highly useful in
several conditions because of the easy accessibility and cost benefit,
but that is one of the reasons that makes them overused. The
regulation of these drugs plays an important role in control and use
in horses, avoiding the use of extra label drugs preventing doses
and inappropriate uses, correct dosing to achieve therapeutic
concentrations, while preserving COX selectivity and the adverse
effects of combining NSAIDs. The new generation of selective COX2
NSAIDs has brought benefits that have allowed to prolong the use
of these drugs with a wide degree of safety. The implementation of
selective NSAIDs to COX2 that equals or exceeds the efficacy of
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nonselective NSAIDs, and that also provide safety when used, has
allowed to improve the quality of life of those animals in chronic
pathological conditions or in physiological stages that make them
vulnerable to adverse effects. Firocoxib has been well accepted in
veterinary practice due to the pharmacokinetic properties, a dosing
regimen that promotes compliance and provides longer lasting
pain relief, that allow it to be used for long periods of time in
different pathologies; undoubtedly more research studies are
required to assess the possible adverse effects in each of the sys-
tems to continue regulating the use and control.
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