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ABSTRACT

Background: Nonsteroidal anti-inflammatory drugs (NSAIDs) are used extensively in several domestic animal species
for the treatment of a range of musculo-skeletal disorders and soft tissue injuries or inflammatory conditions. These drugs
have antipyretic, anti-inflammatory and analgesic properties. Meloksikam (MLX) and carprofen (CRP) are two of the
NSAIDs most commonly used by oral administration, which is the preferred route for the treatment of chronic pain and
inflammation in dogs. The aim of the present study was to determine the pharmacokinetic properties of CRP and MLX in
healthy dogs following oral administration at the doses of 2 mg/kg and 0.2 mg/kg bodyweight, respectively.

Materials, Methods & Results: A total of 12 client-owned, cross-bred bitches, 2-5 years old and weighing 15-20 kg were
used in the study. The animals were allocated into two groups of six such that the mean weight of animals in each group
was similar. In Group I, CRP was given orally at a dose of 2 mg/kg and in Group II, MLX was given orally at a dose of 0.2
mg/kg. Blood samples were collected one day prior to drug administration and 1, 2, 3,4, 5, 6,7, 8, 10, 12, 16, 24, 32, 40,
48, 56, 72 and 96 h post-treatment. Samples were centrifuged at 3000 g for 20 min and plasma was transferred to plastic
tubes. Heparinized drug-free blood samples for analytical method development and validation process were collected from
dogs not included in the study. All the plasma samples were stored at -20°C until estimation of drug concentrations with
all analyses completed within one month of sampling and they were analysed by high-performance liquid chromatography
(HPLC). The terminal half-life of MLX (t,,, = 37.91 £ 9.15 h) was significantly longer compared with that of CRP (t,, =
17.02 £ 6.95 h). In addition, CRP was absorbed faster (t = 2.20 h) from gastrointestinal system and reached the peak
plasma concentration significantly earlier than MLX (t_ = 5.00 h). Moreover, the results indicated that Cmax (1.31 £0.33
pg/mL) and AUC (33.73 £+ 15.25 ug.h/mL) for CRP values were significantly higher and larger compared with those ob-
served for MLX (C =0.39 +£0.13 pg/mL and AUC = 17.99 £ 4.97 ug.h/mL), respectively following dose-proportionality
comparisons for C__and AUC values of both molecules done after dose normalization.

Discussion: The pharmacokinetic parameters of CPR were significantly different from those of MLX following oral ad-
ministration. The results of the present study suggest that, although the systemic availability of CPR was higher, its absorp-
tion and elimination phases were significantly faster compared with those of MLX. Though, as the earlier and higher C__
of CRP than MLX suggests that CRP seems to display anti-inflammatory effect faster than MLX in the treatment of the
acute inflammatory disorders in dogs following oral administration, the anti-inflammatory effect is not necessarily directly
relatedonly to C, andt_,especially when the pharmacodynamic characteristics of the drugs may be different. The pres-
ent study indicates that there are significant differences between pharmacokinetic parameters of MLX and CRP after oral
administration in dogs. Because of the relatively slow absorption from gastrointestinal system after oral administration,
MLX should be given intramuscular or subcutaneous routes in acute cases with respect of the time for onset of action.
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INTRODUCTION

Nonsteroidal anti-inflammatory drugs
(NSAIDs) are used extensively in several domes-
tic animal species for the treatment of a range of
musculo-skeletal disorders and soft tissue injuries or
inflammatory conditions. These drugs have antipyretic,
anti-inflammatory and analgesic properties. The
common mechanism of action of this class of drugs
can be attributed to a blockade of the biosynthesis of
prostaglandins, resulting from inhibition of the cyclo-
oxygenase (COX) enzyme [6,8,11].

MLX belongs to enolic acid class of NSAIDs
with analgesic, antipyretic and anti-inflammatory
activity. It preferentially inhibits COX-2, which is in-
duced by inflammatory stimuli in pathophysiological
conditions [4]. MLX is about 12 times more potent at
inhibiting COX-2 than COX-1 enzyme activity [7].

CRP is one of the 2-aryl-propionic acid
(profen) class that includes ketoprofen, ibuprofen,
vedaprofen, naproxen and fenoprofen [3]. CRP
contains an asymmetrical carbon atom and exists in
two enantiomeric forms, (R)-CRP and (S)-CRP. The
mechanism of action of CRP is not fully. Studies in
a number of species have found that CRP is a weak
inhibitor of cyclooxygenase (COX) at recommended
dosages [9].

MLX and CRP are two of the NSAIDs most
commonly used by oral administration, which is the
preferred route for the treatment of chronic pain and
inflammation in dogs.

The aim of the present study was to determine
the pharmacokinetic properties of CRP and MLX in
healthy dogs following oral administration at the doses
of 2 mg/kg and 0.2 mg/kg bodyweight, respectively.

MATERIALS AND METHODS

Experimental animals

A total of 12 client-owned, cross-bred bitches,
2-5 years old and weighing 15-20 kg were used in the
study. For the duration of the study, the animals in each
group were housed in appropriate single pens and each
dog was identified by natural markings. Water was sup-
plied ad libitum and animals were fed a standard com-
mercial diet once daily with an appropriate quantity
of feed during the experiment period. This study was
approved by Animal Ethics Committee of University
of Adnan Menderes.

Treatments and sampling

The animals were allocated into two groups
of six such that the mean weight of animals in each
group was similar. All dogs were fed 1 h prior to the
drug administration. Group I (CRP) and group II
(MLX) received orally the commercially available
tablet formulations of CRP and MLX at doses of 2 mg/
kg and 0.2 mg/kg bodyweight, respectively. After the
treatment, the animals were observed continuously for
any adverse reactions within the first day.

Heparinized blood samples (5 mL) were col-
lected by cephalic venipuncture using a 20 G catheter!
1 day prior to drug administration and 1, 2, 3, 4, 5, 6,
7,8, 10, 12, 16, 24, 32, 40, 48, 56, 72 and 96 h post-
treatment. Blood samples were centrifuged at 3000 g
for 20 min and plasma was transferred to plastic tubes?
(5 mL). Heparinized drug-free blood samples for
analytical method development and validation process
were collected from dogs not included in the study. All
the plasma samples were stored at -20°C until estima-
tion of drug concentrations with all analyses completed
within one month of sampling.

Analytical procedures

The parent compounds of CRP and MLX in
dog plasma were analysed using validated high per-
formance liquid chromatography (HPLC) following a
liquid-liquid phase extraction procedure. Plasma con-
centrations of CRP and MLX were measured by minor
modifications of the methods described by Nielsen-
Kudsk [14] and Velpandian et al. [18], respectively.

Stock solutions (100 pg/mL) of analytical stan-
dards of CRP? and MLX* were prepared using water
and ethanol as the solvents, respectively. These were
diluted to give 0.05, 0.5, 1, 5 and 10 pg/mL standard
solutions for calibration as standard curves and to add
to drug-free plasma samples to determine the recovery.

For CPR analysis, drug-free plasma samples
(0.25 mL) were spiked with CRP standards to reach
the following final concentrations: 0.1, 0.5, 1,5 and 10
ug/mL and after vortexing for 15 s. Acetonitrile (0.5
mL) was added, and after vortexing for 15 s. All tubes
were centrifuged at 12.000 g for 10 min and then the
organic phase (0.25 mL) was transferred to 250 pL-
insert and 35 pL of this solution was injected into the
chromatographic system. The mobile phase consisted
of acetonitrile-buffer (99.5% deionized water and
0.5% phosphoric acid) (50:50, v/v) for CRP and was
delivered” at a flow rate of 1 mL/min. A nucleosil C g
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analytical column® with nucleosil C ; guard column®
was used for analysis of molecule. The eluate was con-
tinuously monitored using a photodiode array detector®
at a wavelength of 300 nm.

For MLX analysis, drug-free plasma samples
(0.5 mL) were spiked with MLX standards to reach the
following final concentrations: 0.05, 0.1, 0.5, 1, 5 and
10 pg/mL. Hydrochloric acid (150 pL) was added, and
after vortexing for 15 s, ethyl acetate (4 mL) was added
and shaken on a slow rotary mixer for 15 min. After
centrifugation at 2000 x g for 15 min, the organic phase
(3 mL) was transferred to a thin-walled 10 mL-conical
glass tube and evaporated to dryness at 45°C in a sample
concentrator’. The dry residue was dissolved in 250 L
of mobile phase and 35 pL of this solution was injected
into the chromatographic system. The mobile phase
consisted of acetonitrile-deionized water (65:35, v/v)
for MLX and was delivered® at a flow rate of 1 mL/min.
A nucleosil C  analytical column® with nucleosil C g
guard column® was used for analysis of molecules. The
eluate was continuously monitored using a photodiode
array detector’ at a wavelength of 355 nm.

The analytical method used for two molecules
in dog plasma was validated prior to the start of the
studies. The analytes were identified with the reten-
tion times of the pure reference standards. Recoveries
of the two molecules under study were measured by
comparison of the peak areas from spiked plasma
samples with the areas resulting from direct injec-
tions of standards prepared ethanol and water. The
inter- and intra-assay precisions of the extraction
and chromatography procedures were evaluated by
processing replicate aliquots of drug-free dog plasma
samples containing known amounts of the drugs on
different days. Calibration graphs were prepared
(linear range 0.05-10 pg/mL for MLX and 0.1-50 pg/
mL for CRP). The slope of the lines between peak
areas and drug concentration was determined by least
squares linear regression and showed correlation coef-
ficients between 0.996 and 0.999. The detection limits
of the two molecules were established with HPLC
analysis of blank plasma fortified with the standard,
measuring the baseline noise at the retention time of
the peak. The mean baseline noise at the peak reten-
tion time plus three standard deviations was defined
as the detection limit [15]. The mean baseline noise
plus five standard deviations was defined as the limit
of quantification.

Pharmacokinetic and statistical analysis of data

The plasma concentration vs. time curves
obtained after each treatment in individual animals,
were fitted with the WinNonlin software program?®.
Pharmacokinetic parameters for each animal were
analysed using non-compartmental model analysis
with extravascular input without applying of any
weighting factor. The maximum plasma concentration
(C,,,) and time to reach maximum concentration (t )
were obtained from the plotted concentration-time
curve of each drug in each animal. The area under the
plasma concentration time curve (AUC) and mean
residence time (MRT) from time zero to infinity were
calculated by trapezoidal rule. Terminal half-life (t
was calculated as:

1/27\2)

L, = _ln(z)/)‘z
where A represents the first-order rate constant associ-
ated with the terminal portion of the curve.

The pharmacokinetic parameters are reported
as mean + SD. Mean pharmacokinetic parameters
were statistically compared by an analysis of variance
(ANOVA). Mean values were considered significantly
different at P < 0.05.

RESULTS

Clinically no adverse response was observed
for any of the treatments in dogs during the study.
The analytical methods used to extract and quantify
the plasma concentration of CRP and MLX by chro-
matographic analysis were validated before analysis
of experimental samples. The linear regression lines
ranging from 0.1 to 10 pg/mL for CRP and from 0.05
to 10 pg/mL for MLX showed a coefficient of corre-
lation of 0.996 and 0.999, respectively. The limits of
detection of the assay for CRP and MLX were 0.021
and 0.011 pg/mL. The limits of quantification of the
assay for CRP and MLX were 0.1 and 0.05 pg/mL.
The mean extraction recoveries were 102.98% (inter
assay CV = 6.43%) for CRP and 64.92% (inter assay
CV = 4.43%) for MLX. The mean pharmacokinetic
parameters of CPR and MLX after oral administration
of 2 mg/kg and 0.2 mg/kg bodyweight are shown in
Table 1, respectively. The mean plasma concentrations
vs. time curves of CPR and MLX in dogs plotted on a
semi-logarithmic scale are presented in Figure 1. The
terminal half-life of MLX (t,, = 37.91 £ 9.15 h) was
significantly longer compared than that of CRP (t,,, =

-

17.02 £ 6.95 h). In addition, the results indicated that
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time to reach peak plasma concentration (t = 5.00
+ 1.41 h) and mean residence time (MRT = 56.03 +
13.62 h) for MLX were significantly longer compared
with those observed for CRP (t =2.20+0.45 h and
MRT = 25.35 + 10.15 h). Moreover, following the
statistical dose-proportionality comparisons for C_

X

and AUC values of both molecules done after dose
normalization across the dosages, C_  (1.31 + 0.33
pg/mL) and AUC (33.73 + 15.25 pg.h/mL) for CRP
values were significantly higher and larger compared
with those observed for MLX (C_ =0.39 £ 0.13 pg/
mL and AUC = 17.99 + 4.97 pg.h/mL), respectively.

Table 1. Mean (+SD) pharmacokinetic parameters (with min and max ranges) of CRP (2 mg/kg) and MLX (0.2 mg/kg) following oral administra-

tion in healthy dogs (n = 6).

Kinetic parameter CRP MLX P values
17.02 +£ 6.95" 3791 +£9.15
b, (1) 0.002
(9.53-24.60) (26.25-48.77)
2.20+0.45" 5.00 £ 141
t (h) 0.002
(2.00-3.00) (3.00-7.00)
13.10 £3.36" 0.39+0.13
C, .. (ug/mL) 0.001
(10.34-18.86) (0.24-0.53)
337.34 +152.59" 17.99 +4.97
AUC,_ (ug.h/mL) 0.04
(185.79-553.95) (11.58-26.25)
9537.05 + 6444.03 1015.65 £416.75
AUMC,  (ug.h*/mL) 0.85
(2751.89-16839.46) (664.70-1740.44)
0.15+0.03" 0.63+£0.24
V/F (L/kg) 0.001
(0.11-0.19) (0.37-0.95)
7.10 +£3.28" 11.90 £ 3.23
CUF (mL/kg) 0.037
(3.60-10.90) (7.90-17.30)
25.35+10.15" 56.03 £13.62
MRT,  (h) 0.003

(14.12-35.94)

(40.88-75.92)

t,,,: terminal half-life; t__ : time to reach peak plasma concentration; C__ : peak plasma concentration; AUC, : area under the (zero moment) curve from
time O to infinity; AUMC0 - area under the moment curve from time 0 to infinity; V. & Volume of distribution; Cl: Body clearance; MRTo - mean residence
time. "CRP is significantly different (P < 0.05) from MLX (The statistical comparisons for C__ and AUC values were done after dose normalization).

Plasma concentrations {pgml)

—=— CRF

T T
L] s} 40

Time (h}

Figure 1. Semi log plot of mean (+SD) plasma concentrations of Carprofen
(CRP) and Meloxicam (MLX) following oral administration in healthy
dogs (n = 6) at a dose of 2 and 0.2 mg/kg, respectively.
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DISCUSSION

MLX and CRP are NSAIDs that are currently
used veterinary medicine. The pharmacokinetic param-
eters of CPR were significantly different from those of
MLX following oral administration. The results of the
present study suggest that, although the systemic avail-
ability of CPR was higher, its absorption and elimination
phases were significantly faster compared with those of
MLX. Though, as the earlier and higher Cmax of CRP
than MLX suggests that CRP seems to display anti-
inflammatory effect faster than MLX in the treatment
of the acute inflammatory disorders in dogs following
oral administration, the anti-inflammatory effect is not
necessarily directly related only to Cmax and tmax, espe-
cially when the pharmacodynamic characteristics of the
drugs may be different [10,17]. Moreover, the onset of
anti-inflammatory effect depends on the transfer rate to
tissues, which is also affected by the local modifications
of the extracellular environment induced by inflamma-
tion, and, importantly, on the interaction of the drug with
COX (or any other final mediators).

There are a number of limitations of this study
- namely we did not examine the confounding effects
of bodyweight, age, feeding regimen, feed type, drug
interactions; as well as the possible effect of differ-
ent formulations. The pharmacokinetic parameters of
MLX (t,,=3791h,t =5.00h,C_ =0.39 pg/mL,
AUC = 17.99 pg.h/mL and MRT = 56.03 h) in the
present study were relatively similar to the parameters
obtained by Busch et al. [2] (t,,=23.7h,t =75
h, C_ = 0.46 pg/mL and AUC = 22.9 pug.h/mL and
MRT = 40 h), but different from those observed by
Montoya et al. [13] (t,,=12.13h,t  =85h,C_ =
0.82 pg/mL and AUC = 14.61 pg.h/mL) and follow-
ing same administration route and dose (0.2 mg/kg
bodyweight) in dogs. These differences may in part
be due to differences in methodology, namely differ-
ent drug formulations and/or different feeding regime
before drug administration. In the present study, the
animals were fed 1 h before the drug administration
and a commercial tablet formulation of MLX was
used for treatment. Whereas, suspension formulation
of MLX was administered to animals following fast-
ing for 12 h and they were fed 8 h later of the drug
administration in the study reported by Montoya and
his colleagues [13]. Moreover, the present study was
not omit a blinded randomised study with regard to
selection of dogs and drugs.

In the present study, MLX displayed relatively
slower absorption and longer tmax after oral administra-
tion compared with the previous studies conducted fol-
lowing subcutaneous [2] and intramuscular [5] routes in
dogs. Oral administration could be a disadvantage in acute
cases and subcutaneous or intramuscular routes should
be preferred for MLX, because the onset time of the ef-
fect of the drug is longer for the oral route in dogs [2,5].

Large inter individual variations were observed
in the kinetic parameters, especially for AUC values of
two investigated drugs. The origin of these variations is
unclear. Although, the animals were clinically healthy,
possible chronic renal/hepatic problems that may have
affected the kinetic parameters of the study; since any
biochemical tests were not performed in the animals
before the experiment in the present study.

The plasma pharmacokinetic parameters of CPR
in dogs were different in this study when compared with
those observed from previous studies [3,12]. The t
(2.20h),t,, (17.02h) and AUC (337.34 pg.h/mL) values
of CRP were longer and larger in the presents study than
those obtained by Clark and his colleagues [3] (t =
1.05 h, t,, and AUC = 89.60 pg.h/mL). The origin of
these differences is also unclear, but may be attributable
to the differences in drug formulations, feeding regimes
or animal breeds used in the studies.

CONCLUSION

The present study indicates significant differ-
ences between pharmacokinetic parameters of MLX
and CRP after oral administration, MLX may be better
given by the intramuscular or subcutaneous routes in
dogs. Because of the relatively slow absorption from
gastrointestinal system after oral administration, MLX
should be given intramuscular or subcutaneous routes
in acute cases with respect of the time for onset of ac-
tion. Moreover the longer terminal half life of MLX
may result in potential accumulation of drug after
multi-dosing.
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