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Abstract
Robenacoxib (RX) is a veterinary cyclooxygenase-2 selective inhibitor drug. It has 
never been tested on birds and is only labelled for use in cats and dogs. The purpose 
of this study was to assess its pharmacokinetics in geese after single intravenous (IV) 
and oral (PO) administrations. Four-month healthy female geese (n = 8) were used. 
Geese were subjected to a two-phase, single-dose (2 mg/kg IV, 4 mg/kg PO), open, 
longitudinal study design with a four-month washout period between the IV and the 
PO phases. Blood was collected from the left wing vein to heparinized tubes at 0, 
0.085 (for IV only), 0.25, 0.5, 0.75, 1, 1.5, 2, 4, 6, 8, 10, and 24 h. Plasma RX concen-
trations were measured using HPLC coupled to an UV detector, and the data were 
pharmacokinetically analysed using ThothPro™ 4.3 software in a non-compartmental 
approach. Following IV administration, terminal elimination half-life, volume of dis-
tribution, and total clearance were 0.35 h, 0.34 L/kg, and 0.68 L/h/kg, respectively. 
For the PO route, the mean peak plasma concentration was 6.78 μg/mL at 0.50 h. The 
t1/2λz was very short and significantly different between the IV and PO administra-
tions (0.35 h IV vs. 0.99 h PO), suggesting the occurrence of a flip-flop phenomenon. 
The Cl values corrected for the F% were significantly different between IV and PO 
administrations. It might have been a consequence of the longitudinal study design 
and the altered physiological and environmental conditions after a 4-month washout 
period. The absolute oral F% computed with the AUC method surpassed 150%, but 
after normalizing it to t1/2λz, it was 46%. In conclusion, the administration of RX 
might not be suitable for geese, due to its short t1/2λz.
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1  |  INTRODUC TION

One of the largest food industries in the world is the avian indus-
try, particularly the poultry industry. Even though geese are some 
of the earliest domesticated birds raised for commercial purposes, 
they are regarded as minor species because they are not as fre-
quently produced as other avian species such as chickens and tur-
keys (Cilavdaroglu et al., 2020; Kozák et al., 2010). However, geese 
production has expanded worldwide in the recent years due to rising 
demand, particularly in China, Hungary, Ukraine, Egypt, and Poland 
(Cilavdaroglu et al., 2020; Kozák et al., 2010). This is because they, 
among the birds' species, have the highest growth intensity and ca-
pacity for utilizing green forages (Romanov,  1999). They are bred 
for high-value products like meat, fatty liver, eggs, and feathers 
(Hugo, 1995; Romanov, 1999). They also aid in weed and pest con-
trol, which makes them useful for integrated farming (Hugo, 1995).

Avian pain management is characterized by multiple challenges. 
Recognizing pain and assessing its intensity are both essential for 
effective management. Behaviour associated with painful stimuli is 
often subtle and not very specific in birds. Thus, the farmer's ap-
preciation of the intensity of pain, as well as his familiarity with the 
normal behaviour of both animal species and individual birds in order 
to recognize signs of pain, is critical for the selection of an analge-
sic drug and its dosage regimen (Hawkins, 2006). According to nu-
merous studies (McGeown et al., 1999; Proudfoot & Hulan, 1983; 
Shlosberg et al.,  1996; Thomas et al.,  1966), Non-Steroidal Anti-
Inflammatory Drugs (NSAIDs) are effective for a wide range of clin-
ical treatments in avian medicine and are used to reduce pain and 
inflammation of various origins, including musculoskeletal, visceral 
and postoperative pain. Arthritis and degenerative joint disease are 
two of the most serious illnesses affecting waterfowl, particularly 
young geese (Degernes et al., 2011).

The drug's pharmacokinetic (PK) processes, differ significantly 
between mammals and birds, as well as between different avian 
species. Some NSAIDs exhibit significant species differences in their 
primary PK properties, demonstrating that it is difficult to extrapo-
late PK data and posology from mammals to birds and between dif-
ferent bird species. Furthermore, different animal species, including 
birds, may have very different NSAID safety profiles (Baert & De 
Backer, 2003; Hawkins, 2006).

Various NSAIDs, like meloxicam, piroxicam, carprofen, keto-
profen, celecoxib and mavacoxib, have been used in birds to treat 
pain and inflammation (Dhondt et al., 2017). However, their usage 
is extra-label. The gastrointestinal, renal, and haematopoietic sys-
tems are all affected by the toxic effects of this class of medications. 
Nephrotoxicity is the most frequently reported NSAID side effect 
in birds (Jayakumar et al., 2010; Pereira & Werther, 2007; Zollinger 
et al.,  2011). For instance, in some countries, the vulture popula-
tion has decreased recently, due to NSAIDs such as diclofenac and 
flunixin, which cause kidney failure due to renal residues (Toutain 
et al., 2010; Zorrilla et al., 2015). Yet, the safety of tolfenamic acid and 
meloxicam has been demonstrated in vultures and is most probably 
due to their cyclooxygenase (COX)-2 selectivity (Turk et al., 2021). 

In this case, coxibs might be an even safer option for application 
in avian species due to their higher COX-2 selectivity and efficacy 
compared to the previously stated drugs (Flower,  2003; Kamata 
et al., 2012).

Robenacoxib (RX) is a highly selective COX-2 inhibitor, approved 
for use in cats and dogs to treat musculoskeletal and post-operative 
pain and inflammation. Its pre-clinical safety studies indicated that 
it produces minimal adverse effects, whether renal or gastrointesti-
nal, even at very high dosages, in healthy rats, dogs and cats (Lees 
et al., 2022). As RX has a great safety profile in other species and be-
cause NSAIDs' PK data in geese is limited or extrapolated from other 
species, the goal of this study was to assess the PK of RX following 
single oral (PO) and intravenous (IV) administration.

2  |  MATERIAL S AND METHODS

2.1  |  Chemicals and reagents

The sodium chloride (NaCl) and pure powders of RX and diclofenac 
used as the internal standard (IS) with a standard purity of 99.0% 
were purchased from Sigma-Aldrich (Milan, Italy). Acetonitrile 
(ACN), methanol (MeOH), and formic acid were purchased from 
VWR chemicals (Oud-Heverlee, Belgium) in high-performance liquid 
chromatography (HPLC) grade. With the aid of a Milli-Q Millipore 
Water System, deionized water was produced (Millipore, Darmstadt, 
Germany). The aqueous and organic components of the mobile 
phase were degassed under pressure and combined in the HPLC sys-
tem. The mobile phases were filtered through 0.2 μm cellulose ac-
etate membrane filters using a solvent filtration apparatus (Sartorius 
Stedim Biotech, Goettingen, Germany).

2.2  |  Animals and experimental design

This study included eight 4-month-old female geese chosen ran-
domly from a larger group. Based on serum chemistry, physical 
examination, and haematological analyses, they were deemed in 
good health and acclimatized for 1 week in a 60 m2 enclosure with 
an indoor shelter of 9 m2 prior to the start of the study. The geese 
were fed a drug-free pelleted diet twice a day, and water was pro-
vided ad libitum. The daily behaviour and appetite of the geese were 
observed. The animal experiment was approved by the Lebanese 
ministry of Agriculture ethical committee, verifying that this study 
complies with appropriate regulations and animal welfare interna-
tional guidelines (study protocol number 1120222).

A two-phase, two-dose (2 mg/kg IV, 4 mg/kg PO), open, longi-
tudinal study design with a washout period of 4 months was carried 
out. In the first phase (September 2022), eight geese (four-month-
old) were administered intravenously with 2 mg/kg RX (Onsior®, 
20 mg/mL) using a sterile 20-gauge 3.75 cm needle in the left-wing 
vein. In this period, the geese body weights (BW) ranged between 
3.40 and 4.30 kg with an average of 3.72 kg. In the second phase 
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    |  415FADEL et al.

(December 2022), geese were administered orally with 4 mg/kg 
RX (Onsior®, 20 mg/tablet) via crop gavage by a rounded tip metal 
catheter. The RX tablets were carefully grinded then weighed and 
partitioned to form the 4 mg/kg PO doses, then the catheter was 
promptly flushed with 5 mL of water. The BWs of the animals ranged 
between 4.55 and 5.43 kg with an average of 5.10 kg. Blood (approx-
imately 2 mL) was collected from the right-wing vein by direct veni-
puncture at 0, 0.085 (for IV only), 0.25, 0.5, 0.75, 1, 1.5, 2, 4, 6, 8, 10, 
and 24 h. Blood was collected in heparinized tubes and centrifuged 
at 1500 x g. The harvested plasma was stored at −20°C and analysed 
within 10 days of collection.

2.3  |  Sample extraction

The sample preparation method was determined using a previ-
ously published method (Jung et al., 2009), and modified as in Fadel 
et al. (2022). To boost water's ionic power, 50 mg of NaCl was mixed 
into 200 μL of plasma. After that, the plasma was spiked with 50 μL 
of an IS solution in MeOH (50 μg/mL). Then 800 mL of ACN was 
added. After vigorous vortex mixing (30 s), the samples were shaken 
at 60 oscillations per min, for 10 min, before being centrifuged at 
4000 g for 10 min. The upper layer was transferred to a clean tube 
and gently steamed with nitrogen while drying at 45°C. The residue 
was dissolved in 120 μL of ACN:H2O 60:40 (v/v), vortexed for 1 min, 
sonicated at 25°C for 10 min, and then finally centrifuged at 4000 g 
for 2 min. An aliquot of 50 μL of the upper layer was injected onto the 
HPLC system for analysis.

2.4  |  HPLC instrumentation and 
analytical conditions

An autosampler (AS2055), ternary gradient system (PU 980), in-
line degasser (DG-2080-53), and UV multiple wavelength detector 
(MD-1510) were all part of the LC Jasco HPLC system. The chroma-
tographic separation experiment was carried out using a Luna C18 
analytical column (150 mm × 4.6 mm inner diameter, 3 μm particle 
size, Phenomenex) and a Peltier device (CO4062) to keep the col-
umn temperature at 30°C. The mobile phases were formic acid 0.1% 
in water:ACN 95:5 (v/v) (phase A) and ACN (phase B). The column 
was isocratically eluted with 38% A and 62% B at a flow rate of 1 mL 
per min. The optimal wavelength for quantification was chosen to 
be 275 nm.

2.5  |  Validation of the analytical method

RX and IS singular stock solutions were prepared in MeOH at 
1000 μg/mL concentration, then diluted to a final concentration of 
100 μg/mL and stored at −20°C. This final concentration was then 
diluted to the following concentrations: 10, 5, 2.5, 1, 0.5, 0.1, and 
0.05 μg/mL in order to prepare the calibration curve of RX in plasma. 

Spiked curves were created using these RX concentrations vs the 
ratio of IS peak areas. The linearity of the calibration curves in the 
range of 0.05–50 μg/mL for plasma was evaluated using the residual 
plot, fit test, and back calculation. Six plasma samples spiked with 
IS at high (10 μg/mL), middle (1 μg/mL), and low (0.05 μg/mL) con-
centration standards were analysed using the same instrument and 
operator on the same day and three different days, respectively, to 
determine the intra-day and inter-day precision. These precision val-
ues were expressed as the percentage coefficients of variation (CV 
%). We were able to assess drug recoveries by comparing the detec-
tor responses (in terms of areas) for the extracted quality control 
samples and those for the pure standards dilutions. The recovery 
was calculated using the mean and standard deviation (SD). The 
lower limit of quantification (LLOQ) was established as the lowest 
plasma concentration that produced a signal to noise ratio of 5. The 
limit of detection (LOD) was estimated as the plasma concentration 
that produced a signal to noise ratio of 3 (EMA, 2008).

2.6  |  Pharmacokinetics and statistical analysis

Using a non-compartmental method, the pharmacokinetic evalu-
ation of the data was performed (ThothPro™ 4.3; ThothPro LLC, 
Poland). The concentration vs time curves were used to directly 
calculate the maximum plasma concentration (Cmax) and the time re-
quired to reach it (Tmax). By analysing the concentration–time curve 
using least squares regression, the elimination half-life (t1/2λz) was 
calculated. The area under the curve (AUC) was calculated by linear 
log trapezoidal for the IV administration and by the linear-up log-
down rule for the oral administration. Area under the first moment 
curve (AUMC) was calculated as ∫∞

0
0C(t)dt. From these values, mean 

residence time (MRT = AUMC/AUC), and clearance (Cl = dose/AUC) 
were calculated. The individual value of AUCrest was lower than 20% 
of AUC(0–∞), and the square of coefficient of determination (R2) of 
the terminal phase regression line was >0.85. Values below the 
LLOQ were not considered for the pharmacokinetic analysis.

The PO bioavailability (F) were calculated using the following 
equation:

For random inter-occasion clearance variability, the formula was 
corrected by the terminal half-life (Wagner, 1967) using the follow-
ing equation:

The mean absorption time (MAT) was calculated using the fol-
lowing equation:

F% = 100 ×
AUC(PO) × Dose (IV)

AUC(IV) × Dose (PO)

F% = 100 ×
AUC (PO) × t1∕2�z(IV)

AUV (IV) × t1∕2�z(PO)

MAT(PO) = MRT(PO) −MRT(IV)
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The body extraction ratio (Ebody) for RX after IV administration 
was calculated using Cl/CO (Toutain & Bousquet-Mélou,  2004b), 
where CO (mL/kg/min) was the cardiac output calculated according 
to the allometric equation in birds: 290.7 × body weight (in kg)0.69 
(Grubb, 1983; Waxman et al., 2019).

To determine statistically significant differences in pharmacoki-
netic variables between the two treatment groups, the paired t-test 
was used. A p-value <.05 was considered statistically significant. 
GraphPad InStat was used for the analyses (GraphPad Software 5.3v).

3  |  RESULTS

3.1  |  Analytical method validation

The analytical method showed an optimal linearity (R2 = 0.99; 
y = 0.1817x + 0.0121) in the range of 0.05–50 μg/mL. The recov-
ery was seen to be 87 ± 8.2%. The LOD and LLOQ were 0.01 and 
0.05 μg/mL, respectively. A CV% lower than 13.8 and 3.19% was 
seen for the intra- and inter- day precision, respectively. The mean 
concentrations for the QCs and LLOQ samples were <15% of the 
nominal values.

3.2  |  Animals

The health of the geese was assessed before, throughout, and after 
the study period by a qualified veterinarian (B L-W). The geese did 
not show any apparent immediate or delayed (up to 7 days) local or 
systemic adverse effects.

3.3  |  Pharmacokinetics

Figure  1 depicts the semi-logarithmic plot of the mean (±SD) 
plasma RX concentrations over time after single IV and PO ad-
ministration. RX was quantifiable till 1.5 h IV and 6 h PO. Table 1 
displays the mean pharmacokinetic parameters based on non-
compartmental pharmacokinetic model. Apart from Tmax (a cat-
egorical variable), which was expressed as the median value and 
range, the PK parameters of RX have been presented as geometric 
means and ranges (Julious & Debarnot, 2000). After IV adminis-
tration, the mean Cl value was moderate (0.68 L/h/kg), and the 
Vd value was low (0.34 mL/kg). Peak RX plasma concentration 
(Cmax = 6.78 μg/mL) was achieved rapidly (Tmax = 0.5 h). The oral Cl 
(0.14 L/h/kg), corrected for F%, was significantly lower than that 
IV (0.68 L/h/kg). Oral bioavailability assessed using the AUC cal-
culation exceeded 150%, while it was 46.44% using the t1/2λz 
corrected formula. Additionally, MATPO (1.45 h) was higher than 
the oral t1/2λz (0.99 h), and the MRT(0–∞) for PO (1.86 h) was sig-
nificantly higher than that of IV (0.37 h), suggesting the presence 
of a flip-flop phenomenon. The Ebody was low with a geometric 
mean of 1%.

4  |  DISCUSSION

To the best of the author's knowledge, there have been no previous 
RX studies in geese. No systemic or local adverse effects were ob-
served following IV and PO administrations at a dose of 2–4 mg/kg 
in geese, as it was the case in sheep (Fadel et al., 2022), goats (Fadel 
et al., 2023), dogs (Jung et al., 2009), cats (King et al., 2013), rab-
bits (Jeffrey et al., 2023), rats (King et al., 2009), and rainbow trouts 
(Raulic et al., 2021).

In avian species, drugs can be provided individually or as flock 
therapy, with drinking water and feed medication being the most 
used techniques. In this study, however, drinking water and feed 
medicine techniques were not recommended due to the various lim-
itations, including differences in drug intake across geese, imprecise 
dosing, and solubility difficulties (Powers, 2006; Turk et al.,  2021; 
Vermeulen et al.,  2002). While parenteral medication is an alter-
native form of delivery for the quickest onset of action in critically 
ill birds, oral gavage offers accurate dosing and no stability issues 
(Flammer,  1994; Powers,  2006; Vermeulen et al.,  2002). Although 
the IV route for RX is not recommended, it was critical in this study 
in order to determine the true Cl, Vd, and the absolute F% for the 
oral route. To avoid systemic toxicity and side effects, the IV dose 
was purposely set lower than that PO (Borer et al.,  2017; King 
et al., 2011; Schmid et al., 2010). Still, the dosages for both adminis-
trations were within the therapeutic ranges recommended for cats 
and dogs (EMA, 2008).

Following IV administration, Vd was low (0.34 L/kg), and was com-
parable to that in dogs (0.24 L/kg), cats (0.19 L/kg), goats (0.24 L/kg), 
rats (0.3 L/kg), and higher than that in sheep (0.077 L/kg). Generally, 
NSAIDs are characterized by a small volume of distribution, due to 
the high binding to serum albumin. Indeed, RX (2 μg/mL) protein 
binding exceeded 98% in dogs and cats (Jung et al.,  2009). Given 
the similar Vd, it may be the case as well in geese. Inopportunely, 
plasma protein binding was not assessed in this study. The discrep-
ancies in Vd values between geese and sheep may be explained by 
differences in body temperature and body components (fat/water 
partition) (Dorrestein, 1991; Toutain et al., 2010), albeit the precise 
reasons are yet unclear.

F I G U R E  1  Semi logarithmic mean (±SD) plasma concentration–
time curves of robenacoxib, following intravenous (IV, 2 mg/kg, 
—●—) and oral (PO, 4 mg/kg, --■--) administration in geese (n = 8).
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Cl following IV administration of RX in geese was moderate 
(0.68 L/h/kg), and was higher than that found in sheep (0.056 L/h/
kg; Fadel et al.,  2022), rats (0.14 L/h/kg; King et al.,  2009), and 
slightly higher than in cats (0.44 L/h/kg; King et al., 2013), and goats 
(0.52 L/h/kg; Fadel et al., 2023). Differences in Cl of RX in different 
animal species may be due to species disparities in isoform compo-
sition, expression, and activities of biotransformation enzymes, as 
well as excretory organ functions (Dantzler,  2016). Birds are gen-
erally known to have a faster clearance than larger-sized mammals; 
this is due to their higher rate-specific metabolic rate. They have 
larger excretory organs than large mammals, in relation to their 
size (Frazier et al., 1995). However, Ebody in geese was low (1%). This 
might indicate that geese have a low ability to eliminate RX (Toutain 
& Bousquet-Mélou,  2004b). RX is extensively metabolized by the 
liver in cats and dogs (EMA, 2008). This may not be the case in geese. 
Even though the biotransformation enzymes are ubiquitous in avian 
species, little is known about their function, and excretory organs 
in birds differ physiologically and anatomically from those in mam-
mals (Dorrestein, 1991; Toutain et al., 2010; Vermeulen et al., 2002). 
Thus, further investigations are warranted on this subject.

Regarding t1/2λz, it was significantly longer (0.99 h) for the oral 
than the IV route (0.35 h). This might be due to a flip–flop phenom-
enon. It may occur in formulations with poor solubility, such as RX 
(Zornoza et al., 2006), and it can be confirmed by having a MAT lon-
ger than the MRTIV (Yáñez et al.,  2011; 1.45 h >0.37 h). Given the 
short Tmax in previous studies (0.25–1.5 h), and in this study (0.5 h), 
this phenomenon was suggested to have occurred as well in cats, 
dogs, and rats (Lees et al., 2022). Another main reason that could 
directly impact the t1/2λz is the Cl, which was actually significantly 
different between the IV and PO routes for the same individuals. 

This inter-individual variability may be due to the long washout inter-
val period (4 months), because of technical constraints. This period is 
vast, particularly in the case of four-month-old geese, which are con-
tinuously growing and, as a result, undergoing physiological changes. 
In fact, growth-dependent decrease in drug elimination has been 
frequently described in bird species (Fadel & Giorgi, 2023; Poźniak 
et al.,  2020a, 2020b; Santos et al.,  1996; Świtała et al.,  2016), at-
tributed mainly to changes in hemodynamics, metabolism, and drug 
binding. The t1/2λz in this study after IV administration (0.35 h) was 
similar to that in goats (0.32 h) and lower than that in dogs (0.69 h), 
cats (1.49 h), sheep (2.64 h), and rats (1.9 h). It is known that t1/2λz for 
many NSAIDs varies significantly between species (Hawkins, 2006). 
Indeed, as for meloxicam, celecoxib, and mavacoxib, previous re-
search demonstrated that dose extrapolation is not a suitable 
method for dose and posology determination in avian species, due 
to inter-species differences in PK values (Baert & De Backer, 2003; 
Dhondt et al., 2017).

When F% was calculated using the classical equation, the val-
ues were abnormal and exceeded 150%. Indeed, when determining 
the absolute bioavailability, the error can be major if the two con-
centration curves (IV and PO) correspond to different clearances 
(Rescigno, 2000). It is because AUC is proportional to the fraction 
absorbed only if the clearance is constant and the concentration is 
uniform; in other cases, F% cannot be determined by only comparing 
the AUCs (Rescigno, 2000). For such random inter-occasion Cl vari-
ability, it has been suggested to correct the computed F% by t1/2λz 
(Toutain & Bousquet-Mélou, 2004a; Wagner, 1967). Hence, the oral 
F resulted as moderate (46%), similar to that in cats (49%), substan-
tially higher than that in sheep (16%), and lower than that in dogs 
(62–84%) and rats (80%). Anatomic and physiological differences in 

Parameter Unit

IV PO

Geo mean Max Min Geo mean Max Min

AUC(0–t) h*μg/mL 2.8* 3.86 1.89 12.12 25.93 3.92

AUC(0–∞) D h*μg/mL 5.85* 8.22 4.14 12.6 27.62 4.5

λz 1/h 1.96* 2.63 0.89 0.74 1.163 0.44

t1/2λz h 0.35* 0.77 0.26 0.99 1.55 0.75

Clc L/h/kg 0.68* 0.96 0.48 0.14 0.11 0.41

Vd
c L/kg 0.34 0.59 0.21 0.19 0.26 0.03

MRT(0–t) h 0.3* 0.45 0.18 1.66 1.86 1.41

MRT(0–∞) h 0.37* 0.71 0.28 1.86 2.46 1.54

Cmax μg/mL _ _ _ 6.78 15.94 2.23

Tmax
m h _ _ _ 0.5 1 0.25

F % _ _ _ 46.44 133.72 21.1

MAT h _ _ _ 1.45 2.13 1.01

Abbreviations: AUC(0–t), area under the curve from 0 h to last time collected samples; AUC(0–∞) D, 
area under the curve from 0 h to infinity normalized for the dose; λz, terminal phase rate constant; 
t1/2λz, terminal half-life; Cl, plasma clearance; Vd, volume of distribution; MRT(0–t), mean residence 
time from 0 h to last time collected samples; MRT(0–∞), mean residence time from 0 h to infinity; 
Cmax, peak plasma concentration; Tmax, time of peak concentration; F, bioavailability corrected for 
t1/2λz; MAT, mean absorption time; *, statistically significant from PO; m, Median value; c, Value 
corrected for bioavailability.

TA B L E  1  Mean pharmacokinetic 
parameters and range after single IV 
(2 mg/kg) and PO (4 mg/kg) doses of 
robenacoxib in geese (n = 8).
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the digestive tract, as well as levels of efflux proteins that contribute 
to intestinal barrier function, might account for this difference, as 
do species-specific differences (Turk et al., 2021). The Tmax of 0.5 h 
was comparable to that of other species. At first sight, it appears 
to indicate rapid absorption; however, as previously indicated, this 
short Tmax might be more likely due to flip-flop PK (Lees et al., 2022).

This study accounts for some limitations. First, the washout period 
was very long for practical/technical reasons. It endured limitations, 
particularly because the study was designed as longitudinal rather 
than as a cross-over study due to technical constraints, which would 
have reduced intra- and inter-individual variability. Second, the ab-
sence of a pharmacodynamic investigation is another drawback of the 
study. Assessing the IC80 for COX-2 inhibition would be vigorous to 
assess RX plasma concentrations in geese that could provide appro-
priate analgesia and anti-inflammatory effects (Warner et al., 1999).

From the pharmacokinetic side, RX, due to its brief terminal half-
life, might not be suitable for use in geese. However, in other animal 
species where RX had short t1/2z values similar to geese, the ther-
apeutic effects of RX lasted up to 24 h (King et al., 2009; Pelligand 
et al., 2014). Further studies are warranted to clarify this issue.

AUTHOR CONTRIBUTIONS
Despite Charbel Fadel's role as the primary planner and organizer of 
the experiment stages, the contribution of each author to the piece 
was crucial due to their meticulous integration of the experiment's 
findings. Furthermore, all the authors actively participated in every 
step of the research process.

ACKNOWLEDG MENTS
None of the authors has any financial or personal relationships that 
could inappropriately influence or bias the content of this paper. This 
work was supported by University of Pisa (ex 60%).

CONFLIC T OF INTERE S T S TATEMENT
The authors declare that there are no conflicts of interest in publish-
ing this work.

DATA AVAIL ABILIT Y S TATEMENT
The data sets used and/or analysed during the current study are 
available from the corresponding author, upon reasonable request.

ANIMAL WELFARE AND E THIC S S TATEMENT
The animal experiment was held in Lebanon and was approved by 
the Lebanese ministry of Agriculture ethical committee, verifying 
that this study complies with international standards for animal wel-
fare guidelines (study protocol number 1120222).

ORCID
Charbel Fadel   https://orcid.org/0000-0001-9996-5942 
Beata Łebkowska-Wieruszewska   https://orcid.
org/0000-0002-1569-0599 
Andrzej Lisowski   https://orcid.org/0000-0003-1463-9908 
Amnart Poapolathep   https://orcid.org/0000-0001-5322-3281 

Mario Giorgi   https://orcid.org/0000-0003-3657-4703 

R E FE R E N C E S
Baert, K., & De Backer, P. (2003). Comparative pharmacokinetics of 

Cilavdarogluee non-steroidal anti-inflammatory drugs in five 
bird species. Comparative Biochemistry and Physiology Part C: 
Toxicology & Pharmacology, 134, 25–33. https://doi.org/10.1016/
S1532-0456(02)00184-9

Borer, L. R., Seewald, W., Peel, J. E., & King, J. N. (2017). Evaluation 
of the dose-response relationship of oral robenacoxib in urate 
crystal-induced acute stifle synovitis in dogs. Journal of Veterinary 
Pharmacology and Therapeutics, 40, 148–157. https://doi.
org/10.1111/jvp.12348

Cilavdaroglu, E., Yamak, U. S., & Boz, M. A. (2020). Geese meat produc-
tion. Black Sea Journal of Agriculture, 3, 66–70.

Dantzler, W. H. (2016). Comparative physiology of the vertebrate kidney 
(2nd ed., pp. 7–36). Springer.

Degernes, L. A., Lynch, P. S., & Shivaprasad, H. L. (2011). Degenerative 
joint disease in captive waterfowl. Avian Pathology, 40, 103–110. 
https://doi.org/10.1080/03079​457.2010.541421

Dhondt, L., Devreese, M., Croubels, S., de Baere, S., Haesendonck, R., 
Goessens, T., Gehring, R., de Backer, P., & Antonissen, G. (2017). 
Comparative population pharmacokinetics and absolute oral bio-
availability of COX-2 selective inhibitors celecoxib, mavacoxib and 
meloxicam in cockatiels (Nymphicus hollandicus). Scientific Reports, 
7(1), 12043. https://doi.org/10.1038/s41598-017-12159-z

Dorrestein, G. M. (1991). The pharmacokinetics of avian therapeu-
tics. Veterinary Clinics of North America: Small Animal Practice, 21, 
1241–1264.

EMA, European Medicines Agency. (2008). Onsior: European public 
assessment report, scientific discussion. http://www.ema.europa.
eu/docs/en_GB/docum​ent_libra​ry/EPAR_-_Scien​tific_Discu​ssion/​
veter​inary/​00012​7/WC500​067756.pdf

Fadel, C., & Giorgi, M. (2023). Synopsis of the pharmacokinetics, phar-
macodynamics, applications, and safety of firocoxib in horses. 
Veterinary Animal Sciences, 11, 100286. https://doi.org/10.1016/j.
vas.2023.100286

Fadel, C., Łebkowska-Wieruszewska, B., Sartini, I., Lisowski, A., 
Poapolathep, A., & Giorgi, M. (2022). Robenacoxib pharmacokinet-
ics in sheep following oral, subcutaneous, and intravenous admin-
istration. Journal of Veterinary Pharmacology and Therapeutics, 14, 
1–8. https://doi.org/10.1111/jvp.13089

Fadel, C., Łebkowska-Wieruszewska, B., Zizzadoro, C., Lisowski, A., 
Poapolathep, A., & Giorgi, M. (2023). Pharmacokinetics of ro-
benacoxib following single intravenous, subcutaneous, and oral 
administrations in Baladi goats (Capra hircus). Journal of Veterinary 
Pharmacology and Therapeutics, 1–8. https://doi.org/10.1111/
jvp.13396

Flammer, K. (1994). Antimicrobial therapy. In B. W. Ritchie (Ed.), Avian 
medicine: Principles and applications. Wingers.

Flower, R. J. (2003). The development of COX2 inhibitors. Nature Reviews 
Drug Discovery, 2, 179–191.

Frazier, D. L., Jones, M. P., & Orosz, S. E. (1995). Pharmacokinetic con-
siderations of the renal system in birds: Part II. Review of drugs 
excreted by renal pathways. Journal of Avian Medicine and Surgery, 
9, 104–121.

Grubb, B. R. (1983). Allometric relations of cardiovascular function in 
birds. American Journal of Physiology, 245, 567–572.

Hawkins, M. G. (2006). The use of analgesics in birds, reptiles, and small 
exotic mammals. Journal of Exotic Pet Medicine, 15, 177–192.

Hugo, S. (1995). Geese: The underestimated species. World Animal 
Review, 83, 64–67.

Jayakumar, K., Mohan, K., Narayana-Swamy, H. D., Shridhar, 
N. B., & Bayer, M. D. (2010). Study of nephrotoxic potential of 

 13652885, 2023, 6, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/jvp.13398 by C

ochraneItalia, W
iley O

nline L
ibrary on [14/05/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://orcid.org/0000-0001-9996-5942
https://orcid.org/0000-0001-9996-5942
https://orcid.org/0000-0002-1569-0599
https://orcid.org/0000-0002-1569-0599
https://orcid.org/0000-0002-1569-0599
https://orcid.org/0000-0003-1463-9908
https://orcid.org/0000-0003-1463-9908
https://orcid.org/0000-0001-5322-3281
https://orcid.org/0000-0001-5322-3281
https://orcid.org/0000-0003-3657-4703
https://orcid.org/0000-0003-3657-4703
https://doi.org/10.1016/S1532-0456(02)00184-9
https://doi.org/10.1016/S1532-0456(02)00184-9
https://doi.org/10.1111/jvp.12348
https://doi.org/10.1111/jvp.12348
https://doi.org/10.1080/03079457.2010.541421
https://doi.org/10.1038/s41598-017-12159-z
http://www.ema.europa.eu/docs/en_GB/document_library/EPAR_-_Scientific_Discussion/veterinary/000127/WC500067756.pdf. Accessed 30 Mar 2022
http://www.ema.europa.eu/docs/en_GB/document_library/EPAR_-_Scientific_Discussion/veterinary/000127/WC500067756.pdf. Accessed 30 Mar 2022
http://www.ema.europa.eu/docs/en_GB/document_library/EPAR_-_Scientific_Discussion/veterinary/000127/WC500067756.pdf. Accessed 30 Mar 2022
https://doi.org/10.1016/j.vas.2023.100286
https://doi.org/10.1016/j.vas.2023.100286
https://doi.org/10.1111/jvp.13089
https://doi.org/10.1111/jvp.13396
https://doi.org/10.1111/jvp.13396


    |  419FADEL et al.

acetaminophen in birds. Toxicology International, 17, 86–89. https://
doi.org/10.4103/0971-6580.72677

Jeffrey, A., Gardhouse, S., Kleinhenz, M., Hocker, S. E., Weeder, M., 
Montgomery, S. R., Zhang, Y., Porting, A., & Rooney, T. (2023). 
Examination of the pharmacokinetics and differential inhibition 
of cyclooxygenase isoenzymes in New Zealand white rabbits 
(Oryctolagus cuniculus) by the non-steroidal anti-inflammatory 
Robenacoxib. Journal of Veterinary Pharmacology and Therapeutics, 
46, 103–111. https://doi.org/10.1111/jvp.13105

Julious, S. A., & Debarnot, C. A. (2000). Why are pharmacokinetic data 
summarized by arithmetic means? Journal of Biopharmaceutical 
Statistics, 1, 55–71. https://doi.org/10.1081/BIP-10010​1013

Jung, M., Lees, P., Seewald, W., & King, J. N. (2009). Analytical deter-
mination and pharmacokinetics of robenacoxib in the dog. Journal 
of Veterinary Pharmacology and Therapeutics, 32, 41–48. https://doi.
org/10.1111/j.1365-2885.2008.01035.x

Kamata, M., King, J. N., Seewald, W., Sakakibara, N., Yamashita, K., & 
Nishimura, R. (2012). Comparison of injectable robenacoxib ver-
sus meloxicam for peri-operative use in cats: Results of a ran-
domised clinical trial. Veterinary Journal, 193, 114–118. https://doi.
org/10.1016/j.tvjl.2011.11.026

King, J. N., Dawson, J., Esser, R. E., Fujimoto, R., Kimble, E. F., 
Maniara, W., Marshall, P. J., O'Byrne, L., Quadros, E., Toutain, 
P. L., & Lees, P. (2009). Preclinical pharmacology of robena-
coxib: A novel selective inhibitor of cyclooxygenase-2. Journal of 
Veterinary Pharmacology and Therapeutics, 32, 1–17. https://doi.
org/10.1111/j.1365-2885.2008.00962.x

King, J. N., Jung, M., Maurer, M. P., Schmid, V. B., Seewald, W., & Lees, 
P. (2013). Effects of route of administration and feeding sched-
ule on pharmacokinetics of robenacoxib in cats. American Journal 
of Veterinary Research, 74, 465–472. https://doi.org/10.2460/
ajvr.74.3.465

King, J. N., Rudaz, C., Borer, L., Jung, M., Seewald, W., & Lees, P. (2011). 
In vitro and ex vivo inhibition of canine cyclooxygenase isoforms by 
robenacoxib: A comparative study. Research in Veterinary Science, 
88, 497–506. https://doi.org/10.1016/j.rvsc.2009.11.002

Kozák, J., Gara, I., & Kawada, T. (2010). Production and welfare aspects of 
goose down and feather harvesting. World's Poultry Science Journal, 
66(4), 767–778. https://doi.org/10.1017/S0043​93391​0000723

Lees, P., Toutain, P. L., Elliott, J., Giraudel, J. M., Pelligand, L., & King, J. 
N. (2022). Pharmacology, safety, efficacy and clinical uses of the 
COX-2 inhibitor robenacoxib. Journal of Veterinary Pharmacology 
and Therapeutics, 45, 325–351. https://doi.org/10.1111/jvp.13052

McGeown, D., Danbury, T. C., Waterman-Pearson, A. E., & Kestin, 
S. C. (1999). Effect of carprofen on lameness in broiler chick-
ens. Veterinary Record, 144, 668–671. https://doi.org/10.1136/
vr.144.24.668

Pelligand, L., King, J. N., Hormazabal, V., Toutain, P. L., Elliott, J., & Lees, 
P. (2014). Differential pharmacokinetics and pharmacokinetic/
pharmacodynamic modelling of robenacoxib and ketoprofen in a 
feline model of inflammation. Journal of Veterinary Pharmacology 
and Therapeutics, 37, 354–366. https://doi.org/10.1111/jvp.12107

Pereira, M. E., & Werther, K. (2007). Evaluation of the renal effects of 
flunixin meglumine, ketoprofen and meloxicam in budgerigars 
(Melopsittacus undulatus). Veterinary Record, 160, 844–846. https://
doi.org/10.1136/vr.160.24.844

Powers, L. V. (2006). Techniques for drug delivery in psittacine birds. 
Journal of Exotic Pet Medicine, 15(3), 193–200.

Poźniak, B., Tikhomirov, M., Motykiewicz-Pers, K., Bobrek, K., & Świtała, 
M. (2020a). Allometric analysis of tylosin tartrate pharmacokinet-
ics in growing male turkeys. Journal of Veterinary Science, 21, e35. 
https://doi.org/10.4142/jvs.2020.21.e35

Poźniak, B., Tikhomirov, M., Motykiewicz-Pers, K., Bobrek, K., & Świtała, 
M. (2020b). The influence of age and body weight gain on enro-
floxacin pharmacokinetics in turkeys-allometric approach to dose 

optimization. Journal of Veterinary Pharmacology and Therapeutics, 
43, 67–78. https://doi.org/10.1111/jvp.12833

Proudfoot, F. G., & Hulan, H. W. (1983). Effects of dietary aspirin (acetyl-
salicylic acid) on the incidence of sudden death syndrome and the 
general performance of broiler chickens. Canadian Journal of Animal 
Science, 63, 469–471. https://doi.org/10.4141/cjas83-056

Raulic, J., Beaudry, F., Beauchamp, G., Jalenques, M., Summa, N., Lair, 
S., Youcef, W. A., & Vergneau-Grosset, C. (2021). Pharmacokinetic, 
pharmacodynamic, and toxicology study of robenacoxib in rainbow 
trout (Oncorhynchus mykiss). Journal of Zoo and Wildlife Medicine, 52, 
529–537. https://doi.org/10.1638/2020-0130

Rescigno, A. (2000). Area under the curve and bioavailability. 
Pharmacological Research, 42, 539–540.

Romanov, M. N. (1999). Goose production efficiency as influenced by 
genotype, nutrition and production systems. World's Poultry Science 
Journal, 55(3), 281–294.

Santos, M. D., Vermeersch, H., Remon, J. P., Schelkens, M., De Backer, 
P., Ducatelle, R., & Haesebrouck, F. (1996). Validation of a high-
performance liquid chromatographic method for the determina-
tion of doxycycline in Turkey plasma. Journal of Chromatography 
B: Biomedical Sciences and Applications, 682, 301–308. https://doi.
org/10.1016/0378-4347(96)00076-x

Schmid, V. B., Spreng, D. E., Seewald, W., Jung, M., Lees, P., & King, J. 
N. (2010). Analgesic and anti-inflammatory actions of robena-
coxib in acute joint inflammation in dog. Journal of Veterinary 
Pharmacology and Therapeutics, 33, 118–131. https://doi.
org/10.1111/j.1365-2885.2009.01117.x

Shlosberg, A., Bellaiche, M., Hanji, V., Nyska, A., Lublin, A., Shemesh, 
M., Shore, L., Perk, S., & Berman, E. (1996). The effect of acetyl-
salicylic acid and cold stress on the susceptibility of broilers to 
the ascites syndrome. Avian Pathology, 25, 581–590. https://doi.
org/10.1080/03079​45960​84191​63841​9163

Świtała, M., Poźniak, B., Pasławska, U., Grabowski, T., Motykiewicz-Pers, 
K., & Bobrek, K. (2016). Metronidazole pharmacokinetics during 
rapid growth in turkeys – relation to changes in haemodynam-
ics and drug metabolism. Journal of Veterinary Pharmacology and 
Therapeutics, 39, 373–380. https://doi.org/10.1111/jvp.12283

Thomas, J. M., Nakaue, H. S., & Reid, B. L. (1966). Effect of increasing di-
etary levels of acetylsalicylic acid on performance and cecal micro-
bial counts of white leghorn pullets. Poultry Science, 45, 1313–1317. 
https://doi.org/10.3382/ps.0451313

Toutain, P. L., & Bousquet-Mélou, A. (2004a). Bioavailability and its as-
sessment. Journal of Veterinary Pharmacology and Therapeutics, 27, 
455–466. https://doi.org/10.1111/j.1365-2885.2004.00604.x

Toutain, P. L., & Bousquet-Mélou, A. (2004b). Plasma clearance. Journal 
of Veterinary Pharmacology and Therapeutics, 27, 415–425. https://
doi.org/10.1111/j.1365-2885.2004.00605.x

Toutain, P. L., Ferran, A., & Bousquet-Melou, A. (2010). Species dif-
ferences in pharmacokinetics and pharmacodynamics. In F. 
Cunningham, J. Elliott, & P. Lees (Eds.), Comparative and veterinary 
pharmacology. Springer.

Turk, E., Tekeli, I. O., Durna Corum, D., Corum, O., Sakin, F., & Uney, 
K. (2021). Pharmacokinetics of tolfenamic acid after differ-
ent administration routes in geese (Anser cygnoides). Journal of 
Veterinary Pharmacology and Therapeutics, 44, 381–387. https://doi.
org/10.1111/jvp.12956

Vermeulen, B., De Backer, P., & Remon, J. P. (2002). Drug administration 
to poultry. Advanced Drug Delivery Reviews, 54, 795–803. https://
doi.org/10.1016/s0169-409x(02)00069-8

Wagner, J. G. (1967). Method of estimating relative absorption of a 
drug in a series of clinical studies in which blood levels are mea-
sured after single and/or multiple doses. Journal of Pharmaceutical 
Sciences, 56, 652–653.

Warner, T. D., Giuliano, F., Vojnovic, I., Bukasa, A., Mitchell, J. A., & Vane, 
J. R. (1999). Nonsteroid drug selectivities for cyclooxygenase-1 

 13652885, 2023, 6, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/jvp.13398 by C

ochraneItalia, W
iley O

nline L
ibrary on [14/05/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://doi.org/10.4103/0971-6580.72677
https://doi.org/10.4103/0971-6580.72677
https://doi.org/10.1111/jvp.13105
https://doi.org/10.1081/BIP-100101013
https://doi.org/10.1111/j.1365-2885.2008.01035.x
https://doi.org/10.1111/j.1365-2885.2008.01035.x
https://doi.org/10.1016/j.tvjl.2011.11.026
https://doi.org/10.1016/j.tvjl.2011.11.026
https://doi.org/10.1111/j.1365-2885.2008.00962.x
https://doi.org/10.1111/j.1365-2885.2008.00962.x
https://doi.org/10.2460/ajvr.74.3.465
https://doi.org/10.2460/ajvr.74.3.465
https://doi.org/10.1016/j.rvsc.2009.11.002
https://doi.org/10.1017/S0043933910000723
https://doi.org/10.1111/jvp.13052
https://doi.org/10.1136/vr.144.24.668
https://doi.org/10.1136/vr.144.24.668
https://doi.org/10.1111/jvp.12107
https://doi.org/10.1136/vr.160.24.844
https://doi.org/10.1136/vr.160.24.844
https://doi.org/10.4142/jvs.2020.21.e35
https://doi.org/10.1111/jvp.12833
https://doi.org/10.4141/cjas83-056
https://doi.org/10.1638/2020-0130
https://doi.org/10.1016/0378-4347(96)00076-x
https://doi.org/10.1016/0378-4347(96)00076-x
https://doi.org/10.1111/j.1365-2885.2009.01117.x
https://doi.org/10.1111/j.1365-2885.2009.01117.x
https://doi.org/10.1080/030794596084191638419163
https://doi.org/10.1080/030794596084191638419163
https://doi.org/10.1111/jvp.12283
https://doi.org/10.3382/ps.0451313
https://doi.org/10.1111/j.1365-2885.2004.00604.x
https://doi.org/10.1111/j.1365-2885.2004.00605.x
https://doi.org/10.1111/j.1365-2885.2004.00605.x
https://doi.org/10.1111/jvp.12956
https://doi.org/10.1111/jvp.12956
https://doi.org/10.1016/s0169-409x(02)00069-8
https://doi.org/10.1016/s0169-409x(02)00069-8


420  |    FADEL et al.

rather than cyclooxygenase-2 are associated with human gastroin-
testinal toxicity: A full in vitro analysis. Proceedings of the National 
Academy of Sciences of USA, 96, 7563–7568.

Waxman, S., Prados, A. P., De Lucas, J. J., Wiemeyer, G., Torres-Bianchini, 
L., Andres, M. I. S., & Rodríguez, C. (2019). Evaluation of allome-
tric scaling as a tool for extrapolation of the enrofloxacin dose 
in American black vultures (Coragyps atratus). American Journal 
of Veterinary Research, 80, 727–735. https://doi.org/10.2460/
ajvr.80.8.727

Yáñez, J. A., Remsberg, C. M., Sayre, C. L., Forrest, M. L., & Davies, N. M. 
(2011). Flip-flop pharmacokinetics delivering a reversal of disposition: 
Challenges and opportunities during drug development. Therapeutic 
Delivery, 2, 643–672. https://doi.org/10.4155/tde.11.19

Zollinger, T. J., Hoover, J. P., Payton, M. E., & Schiller, C. A. (2011). 
Clinicopathologic, gross necropsy, and histologic findings after 
in- tramuscular injection of carprofen in a pigeon (Columba livia) 
model. Journal of Avian Medicine and Surgery, 25, 173–184. https://
doi.org/10.1647/2010-023

Zornoza, T., Cano-Cebrian, M. J., Hipolito, L., Granero, L., & Polache, 
A. (2006). Evidence of a flip-flop phenomenon in acamprosate 

pharmacokinetics: An in vivo study in rats. Biopharmaceutics & Drug 
Disposition, 27, 305–311. https://doi.org/10.1002/bdd.513

Zorrilla, I., Martinez, R., Taggart, M. A., & Richards, N. (2015). Suspected 
flunixin poisoning of a wild Eurasian griffon vulture from Spain. 
Conservation Biology, 29, 587–592. https://doi.org/10.1111/
cobi.12417

How to cite this article: Fadel, C., Łebkowska-Wieruszewska, 
B., Lisowski, A., Laut, S., Poapolathep, A., & Giorgi, M. (2023). 
Disposition kinetics of robenacoxib following intravenous 
and oral administration in geese (Anser anser domesticus). 
Journal of Veterinary Pharmacology and Therapeutics, 46, 
413–420. https://doi.org/10.1111/jvp.13398

 13652885, 2023, 6, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/jvp.13398 by C

ochraneItalia, W
iley O

nline L
ibrary on [14/05/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://doi.org/10.2460/ajvr.80.8.727
https://doi.org/10.2460/ajvr.80.8.727
https://doi.org/10.4155/tde.11.19
https://doi.org/10.1647/2010-023
https://doi.org/10.1647/2010-023
https://doi.org/10.1002/bdd.513
https://doi.org/10.1111/cobi.12417
https://doi.org/10.1111/cobi.12417
https://doi.org/10.1111/jvp.13398

	Disposition kinetics of robenacoxib following intravenous and oral administration in geese (Anser anser domesticus)
	Abstract
	1|INTRODUCTION
	2|MATERIALS AND METHODS
	2.1|Chemicals and reagents
	2.2|Animals and experimental design
	2.3|Sample extraction
	2.4|HPLC instrumentation and analytical conditions
	2.5|Validation of the analytical method
	2.6|Pharmacokinetics and statistical analysis

	3|RESULTS
	3.1|Analytical method validation
	3.2|Animals
	3.3|Pharmacokinetics

	4|DISCUSSION
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGMENTS
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT

	ANIMAL WELFARE AND ETHICS STATEMENT
	REFERENCES


