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ABSTRACT

Traditional Non-steroidal Anti-Inflammatory Drug®lAIDs) have been widely used to deal with many
inflammatory conditions in veterinary medicine. Nalays however, as the quality of life of animals is
improved, new drug options need to be exploredhisreview, the authors report on recent trendktha
application of the active ingredients labeled feterinary purposes.
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1. INTRODUCTION conditions, while COX-2 is an enzyme up-regulated
during inflammatory processes. Additionally in 20€#&

In basic terms, inflammation is a protective reacti  third COX isoform (COX-3) was discovered. It is
of the body against external and internal stimimlithe encoded by the same gene as COX-1, but COX-3, as a
acute phase, it serves to remove triggering agents clinical target, is yet to be fully understood (Bad,
addition to restoring tissue following damage. Huere 2003; Perronet al., 2010).
if the inflammatory process becomes overwhelming, i In general, COX-1 is thought to be beneficial te th
results in pain through activation of nociceptorg b body’s homeostasis with  functions including
various inflammatory mediators and eventually ihca maintenance of mucosal epithelium integrity, thits,
become life threatening and requiring of clinical inhibition readily leads to gastric ulcers (Buvaden,
intervention (Dubin and Patapoutian, 2010). 2012). Inhibiton of COX-2 only could decrease

The  Nonsteroidal  Anti-Inflammatory ~ Drugs production of prostanoids such as RGd PG) that
(NSAIDs) are used to treat pain, fever and inflamiom.  are just involved in inflammatory and pathological
in various diseases. Although the properties of NBSA  processes, as well as ameliorate pain generation
may vary slightly between the diverse classes andiagarwal et al., 2009). Therefore, many clinical trials
generations, the main mechanism of action involves,yjih NSAIDs focus on the selective inhibition of G2
inhibition of Cyclo-Oxygenase (COX) in various ong2  gnzymes because of the superior safety profileltiegu
COX is the enzyme that converts Arachidonic ACIAJA  tom the COX-1 sparing effect.
to form prostanoids, which are essential biological  Nowadays, there is a growing interest in animal
mediators including  Prostaglandins  (PG)  and \elfare. Owners consider their pets as memberkedf t
Thromboxanes (TX). In 1990, two decades after thefamilies. The changed breeding environment and
discovery of COX, it was revealed that COX exists a extended life span of pets has meant that they are
two isoforms, COX-1 and COX-2 (Meedt al., 2010;  predisposed to an extended spectrum of diseases for
Vonkeman and Laar, 2010). In brief, COX-1 is a which owners are demanding a higher level of care.
constitutive enzyme found in many organs under mbrm These trends have been an impetus for the develdpme
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of more effective and innovative veterinary theegpi Coxibs are regarded as a third generation of
(Giorgi, 2012; Giorgiet al., 2012a; Giorgi and Yun, NSAIDs (Sternon, 2001). In the human field, several
2012). However, veterinarians still have a redudaty  coxibs have been launched. The first to be launched
armamentarium compared to their human counterpartsywere rofecoxib and celecoxib, these have been
thus, many studies have been conducted on the fuse @ategorized as first generation. The newest active
human medicine in the veterinary field (Giomial.,  jngredients (valdecoxib, parecoxib, etoricoxib and
2012b; Lavyet al., 2011). As use of selective COX-2 lumiracoxib) have been classified as second geioerat
inhibitors (coxibs) became more prominent in human gy possess a stronger selectivity for the COX-2
medicine, it followed that many selective inhibgor enzyme inhibition (Stichtenoth, 2004; Andersaral
were introduced into clinical use for the veterynar 2006). In veterinary medic'ine d,eracoxib (2(')’02)
?a""vte:he’\ilrovgsvia?o'xirgagyugga(r“rpnaecetggfacljrﬁggng'(?%irocoxib (2007), mavacoxib (2008) and robenacoxib
S : 2009) have been introduced for animal use (Bergh a
some of these active ingredients have been recentl udsberg, 2005). Recently, cimicoxib (2011) ham als

launched on the veterinary market. b introduced for th teri ket f th
However, animal species differences in factors such een introduced for the veterinary market rom the
human field (Emmerich, 2012).

as the sensitivity and disposition of certain dregsid
evoke unexpected results if they are used withowt a 1.2, Deracoxib

understanding of the drugs’ behaviour in the target . & . , .
species (Martignonit al., 2006; Giorgiet al., 2011; Deracoxib (DeramaxX Novartis) was the first coxib

Toutain et al., 1997). In addition, to the best of the (© P& approved in veterinary medicine (Papich, 3008

Authors’ knowledge, the cardiovascular effects atibs ~ D€racoxib contains a sulfonamide moiety. Chemicilly
during protracted therapy have not described imats. IS a 4-[3—(d|f|uoromethyl)-5-(3-ﬂuoro—4-.

In contrast, in the human field, coxibs have besorted ~ Methoxyphenyl)-1H-pyrazole-1-yl] benzenesulfonamide
to produce adverse effects on cardiovascular systsn ~ @nd its molecular weight is 397.38 g molDeracoxib is
as thrombotic disorders including cerebral vascelants ~ categorized as a diarylheterocycle drug, thesetexer
and myocardial infarction (Cairns, 2007; Batlo010). ~ time-dependent  pseudo-irreversible inhibition of
Furthermore, animals can be more sensitive to sakian ~ COX-2 (Walkeret al., 2001). Deracoxib was initially
humans due to differences in drug metabolism, atisor approved_lior postoperative orthopedic pain in dags
and enterohepatic recirculation (Bergh and Budsberg3-4 Mg kg™ by oral (PO) daily dose for a maximum of
2005). For these reasons, knowing the pharmacalbgic / days. In 2003, deracoxib was also app_ri)ved for
properties, pharmacokinetic/pharmacodynamic anefysaf Chronic administration at a dosage of 1-2 mg"kgO
profile of each drug is essential in order to ustesinary ~ once daily (Smith, 2003).

coxibs appropriately. Inin vitrq evaluations_, among thg coxibs, dgrac;o_xib
o _ was determined as a highly selective COX-2 inhibito
1.1. Classification of Coxibs with a COX-1/COX-2 ratio of 1275 in purified enzyse

assay (Gierset al., 2002). However when tested using
canine whole blood, the COX-1/COX-2 ratio was chly
h (McCannet al., 2004). This inconsistency resulted from
the different types of cells with different cell nditions

The coxibs are a subclass of NSAID which have a
COX-1 sparing effects. Because of steric hindratioe,
COX-1 active site is smaller than that of COX-2.eT

bulky structure of coxibs restricts their inhibitioof . X .
L being used in each assay (Vane and Botting, 1995).
COX-1 but allows for complete inhibition of the C@X In another study using dogs, deracoxib showed the

pathway. The classification of NSAIDs is expressed same degree of COX-1 and COX-2 inhibition as
COX-2 _select_lvg, _COX'Z specific, or COX-2 carprofen (COX-2 preferential drug), despite a wide
preferen.tlall. This mdu;ates the drug selecnvn?y €OX- variation of COX-1/COX-2 inhibitory ratios betwedme
2 and it is determined through calculation of the 4o drugs being found im vitro assays (Sessioesal.,

inhibitory - concentration (I§) COX-1:COX-2 ratio  2005). These discordance results betwi@evivo andin
(Bergh and Budsberg, 2005; Vane and Warner, 2000)yitro studies suggest that the vitro results do not

However, these ratios have not been fully quastited  provide a quantitative measure of difference iricatfy
ratios for the same compound can be inconsisterthe  or safety (Papich, 2008).

assays used were considerably different (Livingston In the pharmacokinetic evaluation after oral
2000; Pairet and Ryn, 1998). administration of deracoxib (2~3 mg Ky in dogs,
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deracoxib had a protein binding affinity of over980it
also underwent hepatic biotransformation with an
elimination half-life of 3 h, using biliary excreti as a
major excretion route (Smith, 2003). After high-dos
administration (8 mg Kd) however, a non-linear
elimination has been shown: deracoxib loses its €0X
selectivity and starts to inhibit COX-1 also (D&N03).
The nonlinearity at high doses might result from
saturation of the metabolizing enzymes. In othecss
treated with deracoxib including cats (1 mg%gand
horses (1~2 mg K@), a longer half-life (7.9 and 12 h,
respectively) than dogs was reported (Dagisal.,
2011; Gasselet al., 2006). In cats and horses the
hepatic enzymes, which participate in

1.3. Firocoxib

Firocoxib (PrevicoX; Meriel) was developed
specially for the veterinary field (for dogs and$es). It
was found to be 350~430 fold more selective for GDX
than COX-1 inin vitro canine whole blood assays
(McCann et al., 2004). Chemically it is a 3-
cyclopropymethoxy-5,5-dimethyl-4-[4-(methyl sulfdhy
phenyl]-2-(5H)-furanone and its molecular weight is
336.402 g mo[*. The drug was launched several years
ago and in this short time, the pharmacokinetic
properties of firocoxib in dogs and horses haveady
been well established (Kvaternickt al., 2007a;
2007b; Letendreet al., 2008). Firocoxib is available

biotransformation of deracoxib, may be present atas a chewable tablet oral preparation which has bee

lower concentrations than in dogs and might theefo
be saturated at lower concentrations, which leads t
the longer half-life (Davigt al., 2011).

Clinical trials in dogs showed that deracoxib (In@
kg™ PO for 3 days) was able to reduce postoperative pai
and inflammation after dental extraction surgery
(Bienhoff et al., 2012). In addition, Milliset al. (2002)
reported that the administration of deracoxib (101310
mg kg' PO) was more effective in reducing pain
associated with urate crystal-induced synovitis ntha
carprofen (2.2 mg kg PO). Deracoxib treatment also
showed no significant adverse effects (Miisl., 2002).

After 28 days of once daily administration of
deracoxib (1.6 mg Kg PO), it was shown to be safer
than aspirin in regards to risk of gastric ulceryatin
healthy dogs (Sennello and Leib, 2006). In addition
long-term therapy of deracoxib for up to 6 months
administered at the labeled dose, was found toale s
and well tolerated in dogs without any significant
nephrotoxicity (Robertst al., 2009). On the contrary,
at higher than labeled doses or when given witreioth

approved in the European Union for dogs at a once
daily administration of 5 mg kg In addition,
firocoxib, as an oral paste was approved by FD Aliier
control of pain and inflammation associated with
osteoarthritis in horses at 0.1 mg kgonce daily
(Kvaternick et al., 2007b). In dogs, following PO
administration (5 mg Kg), firocoxib was well absorbed
and eliminated by hepatic metabolism and fecalegiam
with an elimination half-life of 8 h (Kvaternickt al.,
2007a). Firocoxib in horses (0.1 mg Kgshowed a
bioavailability of 79% and an elimination half-lifef 30
and 34 h for oral and intravenous administration,
respectively. Due to its lipophilic and non-ionifab
nature, firocoxib was widely distributed with a voie
of distribution value of 1.7 L Kg after intravenous
administration in horse. Firocoxib showed a lonieif-
life compared with other NSAIDs, such as
phenylbutazone and flunixin meglumine (Kahn andel.in
2010; Kvaterniclet al., 2007b).

A clinical study including 1,000 dogs treated for a
40-day period, reported that withdrawal rate due to

NSAIDs or corticosteroids, deracoxib has been founddevelopment of gastrointestinal side effects waly on

to cause gastrointestinal in
(Lascelleset al., 2005).

Even though there has been no significant
instances of hypersensitivity reported thus fare th
administration of sulfonamide coxibs in animals
allergic to sulfonamides should be carefully
considered. Indeed it might be likely a cross rieact
with other sulfonamides such as antimicrobial or an
evocation of hypersensitivity (Shapiret al., 2003;
Sanchez-Borgedt al., 2004; Bergh and Budsberg, 2005;
Ayusoet al., 2013). The hypersensitivity of sulfonamide
coxib such as deracoxib is yet to be confirmed.

perforations
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dogs2.9%. Over 90% of investigators and owners rated

improved clinical scores after firocoxib treatment
(Ryanet al., 2006). In a long-term study over 52 weeks
of treatment, a slight increase in withdrawal r&e %)
was reported due to Gl signs (Autefagieal., 2011).
Steagallet al. (2007) evaluated the adverse effects of
oral firocoxib in healthy dogs for 29 days and fdun
that a dose of 5.3+0.34 mg Rgof firocoxib did not
cause any adverse effects on the GI tract or serum
biochemical variables and was well tolerated inmter
of hematological signs including platelet aggregati
and buccal mucosal bleeding time index (Steagall.,
2007). Firocoxib was found to be effective in a®dy
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long-term study performed on relatively geriatricgd

evoke cumulative side effects. Moreover, it hasnbee

(over 7 years) affected by osteoarthritis. The sidereported that food intake significantly affects meoxib
effects reported (minimal biochemical changes andabsorption. The administration of mavacoxib (4 oy k
diarrhea) were thought to be due to age-relatedin fasted and fed dogs resulted in a bioavailabitt

deterioration in liver and renal functions (Joubert
2009). Furthermore, in the sodium urate crystal:oet!

46.1 and 87.4% respectively. In field trials, mawdb
showed a terminal elimination plasma half-life of 4

syplovitis model, firocoxib treatment (5.3~6.49 mg days in the target population, however 5% of doad h
kg™) resulted in reduced lameness and increasethn extended half-life of 80 days. In addition, most
weight-bearing at both 3 and 7 h post-treatment, asynimals treated with 2 mg Ky maintained trough

compared with carprofen. Firocoxib efficacy was

similar to dogs treated with vedaprofen but withany

cardiovascular effects (Hazewinletlal., 2008).
However, in developmental toxicity studies firodmxi

showed embryotoxic and foetotoxic effects in bailtsr

and rabbits, inducing a variety of malformationsd an

anomalies. Consequently firocoxib, as with otheriles,

is contraindicated for use during pregnancy anthtam

in dogs. Furthermore, firocoxib had a low safetyrgima

plasma mavacoxib concentrations associated with
efficacy (Coxet al., 2011).

As the safety profile has not been established in
reproductive toxicity, application of mavacoxib to
pregnant or breeding animals should be avoided.
Furthermore, this kind of drug, which has a londf-ha
life, should be carefully handled because of themtial
for prolonged exposure.

in puppies compared to older dogs. Thus, like otherl.5. Robenacoxib

drugs, its use in very young animals requires céref
monitoring EMEA, 2006.

1.4. Mavacoxib

Mavacoxib (Trocoxif; Pfizer) is a long acting coxib
which has a chemical structure of 4-[5-(4-fluoropyi®
3-(trifluoromethyl)-1H-pyrazol-1-yl]-
benzenesulfonamide, it has a molecular weight &f @8

Robenacoxib (Onsifr Norvatis) is a coxib which
has been developed solely for use in veterinary
medicine and is the only approved coxib in catslabte
as a tablet as well as injectable form (Katal., 2009).

It is recommended at a dose of 1~2 mg‘kence daily

for both species. It has a chemical structure eftB-
2-[(2, 3, 5, 6-tetrafluorophenyl)amino]-phenyl acet
acid and a molecular weight of 327.27. Robenacoxib

moL ™! and it acts as a preferential rather than selectivis a weak acidic drug (pKa 4.7) which has high

COX-2 inhibitor if compared with carprofen. It is

protein-binding affinity (>98% in dogs) (Jurgf al.,

approved for the treatment of canine osteoarthritis2009). In thein vitro COX-2 selectivity comparative
requiring long-term treatment between 1 and 7 n®nth study in dogs with whole blood assay, thel€atio

EMEA, 2008. Mavacoxib is produced in a diverse mng
of tablets (6, 20, 30, 75 and 90 mg) as an oralvabé

(COX-1:COX-2) was highest in robenacoxib (128.8)
when compared to other NSAID such as deracoxilb{48.

form. Unlike other coxibs, mavacoxib is recommended Nimesulide (29.2) and meloxicam (7.3) (Kirg al.,

for monthly administration at 2 mg Kgbecause of its
long half-life. In order

administered with a 2-week interval between thet find
second dose with monthly dosing thereafter.

The pharmacokinetics profile of mavacoxib has been

well described in Beagle dogs (Cex al., 2010). It
showed significant low clearance rate (2.7 mL/hAkgh
a large volume of distribution (1.6 L/kg) in expaental
intravenous administration. Especially in termialf-
life, all PO treated Beagle dogs (n =

to achieve steady-state
concentrations, it is recommended that mavacoxib is

2010). In cats, robenacoxib also showed more COX-2
selectiveness (32.2) compared with diclofenac (3.9)
and meloxicam (2.7) (Schmit al., 2010a).

Previous studies have revealed its pharmacokinetic
properties via different administration routes utihg,
intravenous, subcutaneous and oral administraticthe
dog and cat (Jung al., 2009; Pelliganet al., 2012). In
dogs, robenacoxib showed good bioavailability adted
(84%) and subcutaneous (88%) administration with a
short blood half-life of 1 h (Jungt al., 2009). In

63) showed anaddition, Silberet al. (2010) revealed that robenacoxib

average value of 16.6 days with individual values remained longer in inflamed synovial joints thaodal.

ranging from 7.9 to 38.8 days. The half-life difaces
between individuals should be considered as afgigni
factor in the use of this drug. In fact, in indivals
demonstrating a poor elimination rate this drugldou
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The anatomically focused persistence of robenacoxib
may be triggered by its weak acidity and high prete
binding affinity. In an inflamed area, the bloodoply is
increased and pH has become mildly acidic. These
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alterations allow robenacoxib to enter cells maadily
than under normal conditions. The ion-trapping due
the pH change slows release of the drug and asudt,re
intracellular drug concentrations increase (Brumal a
Furst, 2007).

In a clinical study, Schmiet al. (2010b) reported that
SC injection of robenacoxib exerted analgesic amd a
inflammatory effects in the urate synovitis modél a
dosages of 0.25-4 mg Kgwithout COX-1 inhibition
(Schmid et al., 2010b). In comparison with carprofen,
robenacoxib also demonstrated good efficacy indfiel
trials when given once daily (Reymorall al., 2012).
Furthermore, robenacoxib provided similar efficaayd
tolerability to meloxicam in controlling periopeira pain
and inflammation in dogs (Gruettal., 2011). In cats after
ovariohysterectomy surgery, SC injected robenacd&ib
mg kg?) provided a greater analgesic effect for up th24
compared to buprenorphine (Staffieet al., 2013).
According to the study from Kingt al. (2012), as
expected, robenacoxib had an excellent safety lerofi
young healthy cats when administered at daily desagp
to 10 mg k@' for 28 days and up to 20 mgkdor 42
days (King et al., 2012). Also in dogs, robenacoxib
showed high safety index without any relevant tayic
with daily dosages as high as 40 mg kdor one
month and 10 mg kg for 6 months (Kinget al.,
2011). This proven safety of robenacoxib may result
from its high COX-2 selectivity and rapid central

compartment clearance with longer residence at

inflamed sites (Kinget al., 2012). However there is no
data on reproductive toxicity and robenacoxib stoul
not be used in pregnant or breeding animals.

1.6. Cimicoxib

Cimicoxib (CimalgeX; Vetoquinol) is a novel
imidazole derivative coxib and a highly selectiv@)G2
inhibitor, that has recently been launched (Emnheric
2012). Chemically it is a 4-[4-Chloro-5-(3-fluore-4
methoxyphenyl)-1H-imidazol-1-yllbenzenesulfonamide
and its molecular weight is 381.809 g mblAlthough it
was originally developed to treat depression and
schizophrenia, this compound showed good oral iactiv
when tested in experimental models of acute andnitr
inflammation and pain (Haroost al., 2012). After some
years of human clinical studies on its anti-inflaatary
and analgesic properties, cimicoxib was rediredteth
the human to the veterinary field.

Cimicoxib is available as chewable oral tablets
licensed for dogs as a once daily administraticegiat
a dose of 2 mg Kg. Due to its recent release, there is
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very little published data available. Recently an
analytical method for cimicoxib pharmacokinetic dstu
has been published (Giorgt al., 2013). Sorbera and
Ramis (2004) found that cimicoxib was more
metabolically stable than celecoxib. In humans,
cimicoxib undergoes demethylation and a subsequent
conjugation reaction, the demethylated metabolite o
cimicoxib has been found to be inactive in both GDX
and COX-2 activity assays. In rats after oral and i
administrations, biliary excretion was the majoutenof
elimination. 70 and 30% of the Cimicoxib dose was
excreted in the feces and urine respectively. laghe
dogs, the bioavailability was 75% following oral
administration (1 mg Kg) with tna, 0f 2 h and ,0f 7 h.
Like in rats, biliary/intestinal excretion was timeajor
route of elimination in Beagle dogs and cimicoxilasw
extensively metabolized, as <0.2% unchanged drug wa
detected (Sorbera and Ramis, 2004). In ianvivo
inflammatory acute pain model study, 10 h after
administration (2 mg k@) the plasma concentrations
were above a level of 100 ng 1\J/|I(the EGy/ICsovalues
varied between 216 and 452 ng Tthifor different
parameters) in six out of ten animals. At 24 h, the
concentrations are lower than the stated#Cs, values

in all animals. Considering the estimated diffeenin
bioavailability and correcting for non-linear PK{ i
appeared that the effect of cimicoxib lasted for
approximately 10-14 h in the simulated inflammatory
acute pain model EMEA, 2009. In addition, the non-
inferiority study where it was compared with firado
confirmed that cimicoxib reduced the clinical sigofs
disease including lameness, pain, locomotor distucé
and oedema in dogs with chronic osteoarthritis rdyri
the 90 days of the follow up study. Furthermore,
compared with carprofen, cimicoxib was also effexin
peri-operative pain control in orthopaedic or difsue
surgery during the first 24 h after surgery EMEA0Q.

In a 26 week tolerance study with Beagle dogsais w
demonstrated that adverse effects occur on the
gastrointestinal tract and to a lesser extent tiaey
especially papillary necrosis at higher doses (1§ m
kg™). However, there were no significant adverse signs
in the recommended dose group (2 mg'kgnd notably,
there were no cardiovascular events. The reproducti
toxicity study with rabbits however, revealed thhe
cimicoxib affects fertility and fetal developmer8ince
there are no data in pregnant bitches, “caution” or
“cimicoxib is contraindicated in” is needed in bdéeg,
pregnant and lactating dogs EMEA, 2009.
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2. CONCLUSION

It is complicated work to make firm distinctions
between preferential and selective COX inhibition o
between nonselective and preferential inhibitiohisTis

Bergh, M.S. and S.C. Budsberg, 2005. The coxib

NSAIDs: Potential clinical and pharmacologic
importance in veterinary medicine. J. Vet. Intern.
Med., 19: 633-643. DOIl: 10.1892/0891-
6640(2005)19[633: TCNPCA]2.0.CO;2

because 1. Potency ratios (COX-1:COX-2) vary widely Bienhoff, S.E., E.S. Smith, L.M. Roycroft and E.S.

according to experimental conditions both withindan
between laboratories, 2. the ratio calculated many v
depending on whether it is based on 50, 80, 9%es
other percentage inhibition and 3. apparent species
differences in inhibition ratios (Leest al., 2004;

Giraudelet al., 2009). However, classification of coxibs Botting,

is mostly academic and for the purposes of drug
categorization. The most important thing is to ustind
the pharmaco-physiological properties of each camib
order to make the appropriate choice for each tiina

In addition, to secure the expanded list of drugs f
veterinary use, trials for adaptation should bgoimg.
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