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bstract

A sensitive reversed-phase HPLC-UV method was developed for the determination of firocoxib, a novel and highly selective COX-2 inhibitor, in
lasma. A 1.0 mL dog or horse plasma sample is mixed with water and passed through a hydrophobic–lipophilic copolymer solid-phase extraction
olumn to isolate firocoxib. Quantitation is based on an external standard curve. The method has a validated limit of quantitation of 25 ng/mL and

limit of detection of 10 ng/mL. The validated upper limit of quantitation was 2500 ng/mL for horses and 10,000 ng/mL for dogs. The average

ecoveries ranged from 88–93% for horse plasma and 96–103% for dog plasma. The coefficient of variation in all cases was less than 10%. This
ethod is suitable for the analysis of clinical samples from pharmacokinetic and bioequivalence studies and drug monitoring.
2007 Elsevier B.V. All rights reserved.
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. Introduction

Inflammation is a beneficial response that protects tissues
ffected by injury or pathogens; yet, left unchecked, inflam-
ation (and inflammatory mediators) can contribute to the

athogenesis of numerous diseases including arthritis, cancer,
eriodontitis-induced bone loss, and colitis [1–4]. Firocoxib
Fig. 1), a veterinary analgesic and anti-inflammatory drug,
s administered orally once daily for the control of pain and
nflammation associated with osteoarthritis in dogs (NADA
41–230) and horses (NADA 141–253). Dosages of firocoxib
re species dependent, with the recommended dosage for dogs
eing 5 mg/kg every 24 h and for horses 0.1 mg/kg every
4 h.

Firocoxib belongs to an important class of nonsteroidal anti-
nflammatory drugs (NSAID) known as coxibs that are selective
or cyclooxygenase-2 (COX-2) and sparing for cyclooxygenase-

(COX-1). Development of this new phase of NSAIDs began

n the 1990s after the discovery of a mitogen-inducible form of
he cyclooxygenase enzyme (also known as prostaglandin G/H

∗ Corresponding author. Tel.: +1 732 729 5706; fax: +1 732 729 5821.
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ynthase) [5]. Two groups of researchers independently discov-
red this second cyclooxygenase gene that appeared, based on its
attern of regulation and expression, to be the sole isozyme that
roduced prostaglandins responsible for potentiating inflamma-
ory processes [6]. The recognition that inhibition of COX-2

ight be sufficient to achieve the anti-inflammatory benefits of
SAIDs, and that the side effects commonly associated with
SAIDs was due at least in part to the indiscriminate inhibi-

ion of COX-1, resulted in the development of new chemical
ntities that would selectively inhibit only COX-2. This class
f drugs, coxibs, which firocoxib belongs to, has now evolved
o second generation drugs [7,8] that are highly selective for
he COX-2 isozyme, thus sparing COX-1 at therapeutic levels
nd potentially reducing the incidence of COX-1 side effects,
uch as gastrointestinal irritation [9–11]. Firocoxib’s mode of
ction is similar to that of other NSAIDs, and is through inhi-
ition of the arachidonic acid enzyme cascade that synthesizes
arious prostanoids, such as prostaglandins, thromboxanes, and
ipoxins, from arachidonic acid via the COX isozymes, and it
pecifically interrupts the biosynthetic pathway of prostaglandin

ormation, an inflammation mediator, by inhibition of COX-2
3,12,13].

While a variety of studies have been published on the
yclooxygenase potency and selectivity of this new genera-
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35–40 ◦C. The residue was reconstituted in 0.25 mL of 40% ace-
ig. 1. Structure of firocoxib (3-cyclopropylmethoxy)-4-(4-(methylsulfonyl)
henyl)-5,5-dimethylfuranone).

ion of NSAIDs, including firocoxib [14–16], there are, to
he best of our knowledge, no comprehensive published bio-
nalytical procedures for the detection and quantification of
rocoxib in plasma. There are, however, a large number of
ublished methods (HPLC-UV, LC/MS/MS, LC and chemo-
etric methods) for the determination of various other COX-2

nhibitors such as valdecoxib and rofecoxib in plasma and as
ulk drug [17–20] of which the chromatographic conditions
ave been succinctly summarized in a review paper by Rao
t al. [21]. Firocoxib is a small nonionizable molecule with a
olecular weight of 336.4 amu. It has a conjugated ring sys-

em similar to other NSAIDs/coxibs making it amenable to
V and fluorescence detection. While the LC/MS/MS meth-
ds generally reported much lower limits of quantitation,
anging from <1–10 ng/mL, sufficient limits of quantitation
5–25 ng/mL) were reported for HPLC-UV methods of related
ompounds [20,22,23]. Rao et al. [24] also reported a multi-
nalyte reversed-phased HPLC method using a photodiode array
etector, however, the quantitation limits were high, e.g., greater
han 1000 ng/mL for valdecoxib and rofecoxib. For sample
reparation, these methods typically employed protein precipi-
ation, liquid–liquid extraction, solid-phase extraction, and/or
ltration, however, one method using a first derivative spec-

rophotometric method noted that it circumvents the need for
xtensive sample clean-up such as filtration, thus saving time
17]. Typically solvents such as diethyl ether/methylene chlo-
ide or acetonitrile were reported for liquid–liquid extraction or
rotein precipitation, respectively, [22,23] while others reported
he use of solid-phase extraction, mainly reversed-phase, for
he separation of NSAIDs from plasma. These sample prepa-
ation steps, alone or in combination, are intended to improve
electivity and recovery, but can be onerous and require the
se and disposal of organic solvents. Thus, presented here is
he first bioanalytical method (validated) for the determina-
ion and quantification of firocoxib, a new chemical entity,
hat involves a simple one step extraction (copolymer-based
olid-phase extraction) and HPLC-UV analysis that reduces the
uantity of solvent used and chromatographically separates firo-
oxib in under 10 min from horse and dog plasma with excellent
ccuracy. Although a lower LOQ can be achieved with MS
etection, an acceptable LOQ (25 ng/mL) is achieved with UV
etection which is more widely available in labs. This method

as demonstrated suitable for the analysis of the large number
f samples generated by pharmacokinetic studies in dogs and
orses.

t
t
v

gr. B 854 (2007) 313–319

. Experimental

.1. Chemicals

Firocoxib (of known purity) was provided internally by
he Formulations Development department (Merial North
runswick, NJ, USA). HPLC grade acetonitrile (ACN) and tri-
uoroacetic acid (TFA) were obtained from Burdick and Jackson
Muskegon, MI, USA) and J.T. Baker (Phillipsburg, NJ, USA),
espectively. Water was obtained from an in-house Barnstead
ater purification system.

.2. Liquid chromatography apparatus and conditions

The HPLC system consisted of a SCL-10AVP System
ontroller, a SIL-10A autosampler, LC-10AS liquid chro-
atographic pumps, a SPD-10A series UV-vis detector, a
TO-10A column oven, and Class VP Data Acquisition Soft-
are, version 5.03, all from Shimadzu® Scientific Instruments,

nc. (Columbia, MD, USA). Separation was achieved on an
nertsilTM ODS-3 column (150 mm × 4.6 mm, 5 �m, 100 Å pore
iameter, ES Industries, West Berlin, NJ, USA) maintained at
0 ◦C and protected by one or two 2-�m frits (Upchurch, Oak
arbor, WA, USA). The mobile phase consisted of 45:55:0.025

cetonitrile/water/trifluoroacetic acid at a flow rate of 1.0 or
.2 mL/min. The mobile phase was prepared daily and degassed
y an in-line membrane degasser. The detector wavelength was
et at 290 nm.

.3. Standard preparation

A stock standard (nominal 50 �g/mL) was prepared by dis-
olving 5.0 mg (corrected for purity) of firocoxib in 100 mL of
cetonitrile. Calibration standards (10,000, 5000, 2500, 1000,
00, and 50 ng/mL) were prepared by serial dilution of the stock
tandard. An aliquot of each calibration standard was evaporated
o dryness, reconstituted in an equal volume of 40% acetoni-
rile/water, and transferred to an autoinjector vial for injection
50 �L). Standard solutions were also used to prepare fortified
r quality control samples. Standard solutions were stored at
20 ◦C.

.4. Sample preparation

Aqueous plasma samples (1.0 mL of plasma plus 2.0 mL
f water) were transferred to preconditioned (2.0 mL of ace-
onitrile followed by 2.0 mL of water) solid-phase extraction
olumns (Waters Oasis®, HLB, 3cc/60 mg) and allowed to elute
y gravity. A minimum amount of vacuum (<5 in. Hg) or pos-
tive pressure was used if necessary. The columns were rinsed
ith 2.0 mL of 5% acetonitrile in water (gravity elution) and a
acuum of ∼10 in. of Hg was used to remove the residual sol-
ent. Firocoxib was eluted with 2.0 mL of acetonitrile that was
vaporated to dryness with nitrogen while heating the samples to
onitrile/water with vortex mixing for 10 s. An aliquot sufficient
o allow the injection of 50 �L was transferred to an autoinjector
ial for analysis.
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Fortified samples were prepared by adding the appropri-
te amount of standard to a control (blank) plasma sample
fter the addition of 2.0 mL of water. Samples were fortified
t 25–2500 ng/mL for horse plasma and 25–10,000 ng/mL for
og plasma.

Firocoxib was identified by comparing retention times of
eaks in the samples to retention times of peaks in the standards
ithin sets.

.5. Method validation

To yield reliable results that could be properly interpreted, this
ethod was validated according to Good Laboratory Practice

tandards for Nonclinical Laboratory Studies promulgated by
he FDA as well as the bioanalytical method validation guideline
145 [25,26].

.5.1. Selectivity
Potential endogenous and exogenous interferences were eval-

ated by assaying control plasma from at least 20 different
nimals as well as 7 potential concomitant medications. None
f the animals had been treated with NSAIDs or other anti-
nflammatory drugs for at least 30 days prior to treatment or
lood collection for blank plasma analysis.

.5.2. Accuracy and precision
Validation samples were prepared and analyzed in quintupli-

ate on 3 or more separate days to evaluate the intra- and interday
ccuracy and precision. Accuracy, the measure of the close-
ess of agreement between the observed value and the “true”
alue, was determined by the use of plasma samples fortified
ith known amounts of firocoxib. The amount of the recov-

red analyte was compared to the amount added and expressed
s percent recovery. In this method, accuracy and extraction
ecovery (absolute recovery) are the same as unknown amounts

n matrix are quantified from a nonmatrix-based external stan-
ard curve. Precision, defined as the closeness of agreement
mong multiple independent observations, was expressed as the
oefficient of variation or percent relative standard deviation

o
f
c
a

ig. 2. Chromatogram of a fortified plasma sample showing peak tailing related to c
earlier retention time due to slightly different mobile phase composition evaluated d
atched within set).
gr. B 854 (2007) 313–319 315

round the mean. Intra- or interday precision was evaluated by
etermining the coefficient of variation for each fortification
evel for each set (intraday) or across all sets (interday). Horse
lasma was fortified at the following concentrations: 25, 50,
00, 500, 1000, and 2500 ng/mL. Dog plasma was fortified at
he following concentrations: 25, 50, 500, 1000, 2500, 5000, and
0,000 ng/mL.

.5.3. Limit of detection and quantification
The limit of detection (LOD) and quantification (LOQ) were

etermined by signal-to-noise ratio evaluations of samples for-
ified from 5–50 ng/mL. The LOD was defined as the lowest
oncentration with a signal-to-noise ratio of at least 5. The LOQ
as defined as the lowest concentration with a signal-to-noise

atio of at least 10 and acceptable accuracy (±20%) and preci-
ion (≤20%). Responses from control samples were also used
o statistically evaluate the LOD and LOQ, calculated as the

ean of the blanks plus three times the standard deviation of the
ean for the LOD and the mean of the blanks plus six times the

tandard deviation of the mean for the LOQ.

.5.4. Linearity
A calibration curve covering the LOQ was prepared with each

et and included concentrations of 50, 500, 1000, 2500, 5000,
nd 10,000 ng/mL. This set of standards was run before and
fter the samples; both sets of standard peak areas were used to
alculate the linear regression equation as well as the coefficient
f determination (r2). Blank samples were included with each
et.

.5.5. Stability
Standard solutions prepared at the beginning of the study

nd stored at −20 ◦C when not in use were compared to freshly
repared standard solutions at the end of the study. Stability

f firocoxib in plasma was evaluated during storage at −20 ◦C
or more than 2 years and after three, six, or eight freeze–thaw
ycles at −20 ◦C. Post-preparation (extract) storage stability was
ssessed at room temperature after approximately 16 h.

olumn deterioration prior to adding an in-line filter and mobile phase modifier
uring method development and validation, standard and sample retention time
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. Results/discussion

.1. Method development

This method was based on the facts that firocoxib is a non-
onizable molecule that is soluble in polar solvents, amenable
o reversed-phase HPLC, and has a chromophore sufficient to
llow UV detection at 290 nm. A sample preparation technique,
rotein precipitation, was evaluated because of its simplicity,
ut the resulting sample was not suitable for HPLC-UV anal-
sis without additional clean-up. Liquid–liquid extraction was

ot tried as it is more time consuming and generates more sol-
ent waste. A single solid-phase extraction clean up was found
o be suitable. Internal standards were not investigated since the
xternal standard method initially employed yielded acceptable

u
l
a
m

ig. 3. (a) Chromatographic overlay representing a control (blank) horse plasma sampl
n incurred firocoxib plasma sample (1 min) from a horse administered a single intrave
b) Chromatographic overlay representing a control (blank) dog plasma sample; 25,
n incurred firocoxib plasma sample (6 h) from a dog administered a single oral dose
gr. B 854 (2007) 313–319

ccuracy, precision, and linearity, and correction by an internal
tandard was not necessary. Various combinations of organic
olvents (methanol and acetonitrile) and water were evaluated
s mobile phase components. Finally, a 55% water/acetonitrile-
ased mobile phase was selected as one that yielded sufficient
esolution in a reasonable time, retention time less than 10 min.

obile phase was prepared by either the volume/volume or dilu-
ion (quantity sufficient (qs) to volume) technique. Flow rate of
ither 1.0 or 1.2 mL/min was evaluated and resulted in acceptable
hromatography and incorporated into the method. Depending
n the mobile phase, flow rate, and chromatographic system

sed the retention time ranged from ∼8 to 9.5 min. Three ana-
ytical columns were also tested during method development
nd the InertsilTM ODS-3 found to produce acceptable chro-
atography. Increased column backpressure and unacceptable

e; 25 and 1000 ng/mL firocoxib (ML-1,785,713) fortified horse plasma samples;
nous dose of firocoxib (ML-1,785,713) at 0.1 mg/kg; and a 500 ng/mL standard.
250, and 2500 ng/mL firocoxib (ML-1,785,713) fortified dog plasma samples;
of firocoxib (ML-1,785,713) at 5 mg/kg; and a 1000 ng/mL standard.
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eak symmetry (Fig. 2) were observed after several injection
ets requiring the analytical column to be replaced. First, 2-�m
rits were placed in-line prior to the analytical column. This
nitially helped extend the life of the analytical column, but a
onger column life was desirable. Second, trifluoroacetic acid
as added to the mobile phase which appeared to completely

esolve the problem. Several different concentrations of TFA
ere evaluated and a concentration of 0.025% had the desired

ffect of extending column life and improving peak symmetry.
oncentrations below this had no effect and at higher concen-

rations the low pH impacted column life. Subsequently, during
outine analyses a packed guard column/precolumn (InertsilTM

DS-3), in conjunction with the TFA, was also used. In addition,
t was found that the 10,000 ng/mL standard could be excluded
rom the standard curve and 100 and 250 ng/mL level standards
ncluded since sample responses were typically in the lower half
f the curve.

.2. Method validation

.2.1. Selectivity
Under the method and chromatographic conditions used, no

nterferences were noted in the control samples around the reten-
ion time of firocoxib.

Control samples from 20 different horses and 45 differ-
nt dogs were analyzed during the validation. Additionally,
even drugs commonly used in veterinary medicine and one
sed in human medicine were tested and found not to interfere

hromatographically with firocoxib. The drugs tested were keto-
rofen, carprofen, acepromazine, phenylbutazone, ivermectin,
raziquantel, ketamine, and rofecoxib. Representative chro-
atograms are shown in Fig. 3.

3

u
(

able 1
ntra- and interday accuracy (percent recovery) and precision (coefficient of variation

orse

ort level (ng/mL) Intraday

Rep 1 (% rec) Rep 2 (% rec) Rep 3 (% rec)

25 91 99 91
50 92 90 93
00 96 98 96
00 95 96 90

1,000 96 96 96
2,500 94 93 98

og

ort level (ng/mL) Intraday

Rep 1 (% rec) Rep 2 (% rec) Rep 3 (% rec)

25 90 90 93
50 104 91 94
00 93 95 96

1,000 95 94 96
2,500 96 95 96
5,000 96 96 96

10,000 97 98 103

ort: fortification; rep: replicate; % rec: percent recovery; avg: average (unit: %); CV
gr. B 854 (2007) 313–319 317

.2.2. Accuracy and precision
Excellent accuracy, defined as absolute recovery, and preci-

ion for both interday and intraday evaluations were established
or concentration ranges of 25–2500 ng/mL for horses and
5–10,000 ng/mL for dogs. Typically, recoveries were in the
0% range and coefficients of variation were less than 5%. The
nterday results for horse and dog samples are summarized in
able 1 and correspond to work from different analysts on dif-
erent days, that is, intermediate precision or reproducibility.
epresentative intraday results from one analyst demonstrating

epeatability for horse and dog samples are also presented in
able 1.

.2.3. Limit of detection and quantification
The established LOD and LOQ were 10 and 25 ng/mL,

espectively. Acceptable accuracy and precision (88 ± 6%) were
btained at the LOQ which is contained within the standard
urve. The signal-to-noise ratios for the defined LOD and LOQ
ere ∼16 and 30, respectively. For comparison, the statistically

alculated LOD and LOQ values were 5 and 10 ng/mL. The
tatistical limit of detection was calculated as the mean of the
oise (n = 20) + 3x standard deviation of the mean, where the
oise (response) was determined at the retention time of firo-
oxib in control matrix extracts. The equivalent concentration
as determined using the mean calibration curve obtained from

he linearity portion of the study. The limit of quantitation was
etermined similarly except using 6x the standard deviation.
.2.4. Linearity and response function
Both unweighted and 1/x weighted standard curves were eval-

ated and shown to yield acceptable and comparable results
Table 2), so the simplest linear regression model (unweighted)

) of the method for the determination of firocoxib from horse and dog plasma

Interday (n ≥ 49)

Rep 4 (% rec) Rep 5 (% rec) Avg ± CV (%) Avg ± CV (%)

88 82 90 ± 6 88 ± 6
91 96 92 ± 2 91 ± 5
94 99 97 ± 2 92 ± 5
97 98 95 ± 3 93 ± 5
95 95 95 ± 1 92 ± 2
98 95 96 ± 2 92 ± 3

Interday (n ≥ 15)

Rep 4 (% rec) Rep 5 (% rec) Avg ± CV (%) Avg ± CV (%)

88 85 89 ± 3 103 ± 3
89 94 94 ± 6 100 ± 4
95 93 95 ± 1 96 ± 1
95 95 95 ± 1 96 ± 1
97 98 96 ± 1 96 ± 3
97 96 96 ± 1 96 ± 1

102 102 100 ± 3 98 ± 2

: coefficient of variation (unit: %); n: number of samples.
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Table 2
Comparison of results from fortified horse plasma samples (Set A) using either
a 1/x weighted or unweighted linear regression analysis of the standard curve
ranging from 50 to 5000 ng/mL and inter-assay linearity statistics

Fortification level = 50 ng/mL Percent recovery

1/x weighted Unweighted

Sample 1 101 103
Sample 2 95 98
Sample 3 100 102
Sample 4 96 98
Sample 5 101 103

Average ± coefficient of variation 98 ± 3 101 ± 3

Curve parameters
Slope 1.10E-05 1.10E-05
Intercept −0.0001 0.0052
Coefficient of determination 1.00 1.00

Inter-assay linearity (n = 4) (average ± standard deviation)

C 2

0

(
t
(

o
f
v
b
t
c

3

s
s
a

F
l
S

Fig. 5. Dose response curve for horse plasma fortified at 25, 100, and
2500 ng/mL (n = 12 each level) and dog plasma fortified at 25, 50, 500, 1000,
and 5000 ng/mL (n = 14 or 15 each level).

Table 3
Evaluation of firocoxib standard solution stability using the Student’s t-Test
(95% confidence level)

Standard solution
(ng/mL)

Initial mean
value (ng/mL)

Reassay mean
value (ng/mL)*

p-value

50 48.8 54.8 0.07
100 97.5 103 <0.01
500 505 498 0.37

1000 989 1010 0.18
2500 2510 2470 0.13
5000 4990 5000 0.54

p

t
1
e
a
s
i

oefficient of determination (r ) Slope Intercept

.9998 ± 0.0003 1.102E-05 ± 1.882E-07 0.00448 ± 0.00216

Fig. 4) was chosen for routine use. Coefficients of determina-
ion were >0.99 in all cases and the slopes were significantly
p < 0.05) different from 0.

Response linearity was determined by regression analyses
f calculated concentration versus theoretical concentration for
ortified horse and dog plasma samples. The output (Fig. 5) pro-
ides evidence that a linear model describes the relationship
etween the calculated (response) and theoretical concentra-
ions over several orders of magnitude, 25–5000 ng/mL. The
oefficient of determination was >0.99 for both horse and dog.

.2.5. Stability

The standard solutions were stable for almost 2 years when

tored at ∼−20 ◦C. Except for the 100 ng/mL concentration
tandard, the means of the standard solutions at the beginning
nd the end of the study were equivalent (Table 3). Based on

ig. 4. Dog Set B Firocoxib Standard Curve from 50–10000 ng/mL (unweighted
inear regression) with a Normal Distribution and a p-value < 0.0001 for the
lope Based on ANOVA.

a
r
t
p
w
a
u

T
P

S
S
S
S
S

A
P

I
c

-value > 0.05 indicates no statistically significant difference.
* Standard solutions reassayed 23 months later.

he results, the authors conclude the difference observed for the
00 ng/mL standard may be attributed to sample preparation
rror rather than lack of stability. Inherent variability of response
t the lower level may also have been a contributor. Long-term
tability studies showed no significant degradation of firocoxib
n horse or dog plasma samples stored >2 years at −20 ◦C. The
verage percent difference between initial results and stability
esults was less than 15%. Overnight (∼16 h) stability at room
emperature was also demonstrated for the post-preparation sam-
les (extracts), Table 4. Triplicate fortified samples (500 ng/mL)

ere prepared for each freeze–thaw cycle scenario and the aver-

ge stability results (Table 5) were ≥86%. Horse plasma was
sed to perform the freeze–thaw test, but similar results would

able 4
ost-preparation (extract) stability of firocoxib at room temperature

50 ng/mL 1000 ng/mL

Original
inj (% rec)

Reinj
(% rec)

Original
inj (% rec)

Reinj
(% rec)

ample 1 104 95 95 96
ample 2 91 96 94 97
ample 3 94 99 96 98
ample 4 89 97 95 97
ample 5 94 103 95 96

vg ± CV 94 ± 6 98 ± 3 95 ± 1 97 ± 1
ercent difference of average 4 2

nj: injection; reinj: reinjection; % rec: percent recovery; avg: average; CV:
oefficient of variation.
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Table 5
Freeze–thaw sample stability of firocoxib using fortified (500 ng/mL) horse
plasma

Number of freeze/
thaw cycles

Average firocoxib
concentration (ng/mL)

Average percent
recovery ± coefficient
of variation

0 Cycles (n = 3) 450 90 ± 8
3 Cycles (n = 3) 431 86 ± 7
6 Cycles (n = 3) 475 95 ± 2
8 Cycles (n = 3) 448 90 ± 7

Overall (n = 12) 451 90 ± 7

F
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[

[

[

[

[
[

ig. 6. Mean firocoxib plasma concentration profile after a single oral dose of
mg/kg to dogs (n = 8) or 0.1 mg/kg to horses (n = 12).

e expected using dog plasma. Overall, the results indicate that
rocoxib is a very stable compound for extended periods of time.

.2.6. Application to pharmacokinetic studies
The validated method was applied to numerous pharmacoki-

etic studies following oral and intravenous administrations to
ogs and horses and the peak plasma concentrations were within
he validated concentration ranges, i.e., <1500 ng/mL for the dog
nd <200 ng/mL for the horse (Fig. 6). After oral administration,
rocoxib is relatively well absorbed (oral bioavailability greater

han 75% in the horse) [27] and distributed, biotransformed into
ealkylated compounds and glucuronide conjugates with no or
ow activity, and eliminated in the urine and feces with a half-life
f approximately 8 h in dogs. Also, based upon efficacy stud-
es completed during the registration process, the threshold for
ffect (approximately 100 ng/mL for the dog and 30 ng/mL for
he horse) levels were also within the validated limits of the

ethod [28].

. Conclusion

A facile and robust method, with a single solid-phase extrac-
ion step that reduces the sample preparation time and solvent
sage relative to liquid–liquid extraction, was developed and
alidated and is reported for the first time. It uses common,
ommercially available equipment and reagents, and is suitable

or the analysis of pharmacokinetic or drug monitoring samples
∼50 samples can be prepared in an 8 h day with overnight anal-
sis by HPLC-UV). The method is selective, accurate, precise,
nd practical for the quantitation of firocoxib from horse and dog

[

[
[
[
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lasma. It achieves a limit of quantitation (25 ng/mL) similar to
hat reported for other single drug HPLC-UV methods (5 and
0 ng/mL for valdecoxib and rofecoxib, respectively) and better
han those reported for a multi-drug method (over 1000 ng/mL
or both valdecoxib and rofecoxib) [20,22,23]. Moreover, if a
mL plasma sample is used, as would be available from horses,

he LOQ can be lowered to 7.5 ng/mL. Additionally, the extrac-
ion recovery of firocoxib using this method was much higher,
amely ∼90% or higher versus ∼76%, compared to other meth-
ds for related compounds such as etoricoxib [23], and with very
ood precision. Accordingly, an internal standard was not used
n this method as is reported in so many methods in the literature
20,22,23,29]. The exclusion of an internal standard also sim-
lifies the standard and sample preparation as well as the data
rocessing, and in some instances improves the precision [30].

eferences

[1] V. Steele, E.T. Hawke, J.L. Viner, R.A. Lubet, Mut. Res. 523–524 (2004)
137.

[2] D.W. Gilroy, T. Lawrence, M. Perretti, A.G. Rossi, Nat. Rev. Drug Discov.
3 (2004) 401.

[3] D.L. Simmons, R.M. Botting, T. Hla, Pharmacol. Rev. 56 (2004) 387.
[4] F. Zhang, S.P. Engebretson, R.S. Morton, et al., J. Am. Dent. Assoc. 134

(2003) 861.
[5] W. Xie, D.L. Robertson, D.L. Simmons, Drug Dev. Res. 25 (1992) 249.
[6] D.A. Kujubu, B.S. Fletcher, B.C. Varnum, et al., J. Biol. Chem. 266 (1991)

12866.
[7] D.O. Stichtenoth, J.C. Frolich, Drugs 63 (2003) 33.
[8] T.J. Schnitzer, M.C. Hochberg, Cleve Clin. J. Med. 69 (2002) SI20.
[9] M. Reimer, S. Johnston, et al., J. Vet. Intern. Med. 13 (1999) 472.
10] S.F. Forsyth, W.G. Guilford, C.R.O. Lawoko, N. Z. Vet. J. 44 (1996) 179.
11] C.J. Hawkey, Gut 50 (2002) 25.
12] W.R. Garnet, Pharmacotherapy 21 (2001) 1223.
13] B. Hinz, K. Brun, J. Pharmacol. Exp. Ther. 300 (2002) 367.
14] M.E. McCann, D.R. Andersen, et al., Am. J. Vet. Res. 65 (2004) 503.
15] S. Tacconelli, M. Capone, et al., Curr. Med. Res. Opin. 18 (2002) 503.
16] P. Patrignani, S. Tacconelli, M. Sciulli, M. Capone, Brain Res. Rev. 48

(2005) 352.
17] N. Erk, T. Altunitas, Pharmazie 59 (2004) 453.
18] M. Aminni, M. PirAli Hamedani, M. Vosooghi, et al., Anal. Bioanl. Chem.

382 (2005) 1265.
19] M.A. Shehata, A. Ashour, N.Y. Hassan, et al., Anal. Chim. Acta 519 (2004)

23.
20] R.T. Sane, S. Menon, A.Y. Deshpande, A. Jain, Chromatographia 61 (2005)

137.
21] R. Nageswara Rao, S. Meena, A. Raghuram Rao, J. Pharm. Biomed. Anal.

39 (2005) 349.
22] A. Zarghi, A. Shafaati, S.M. Foroutan, A. Khoddam, J. Chromatogr. B 835

(2006) 100.
23] N.V.S. Ramakrishna, K.N. Wishwottam, S. Wishu, M. Koteshwara, J. Chro-

matogr. B 816 (2005) 215.
24] R. Nageswara Rao, S. Meena, D. Nagaraju, A. Raghu Ram Rao, Biomed.

Chromatogr. 19 (2005) 362.
25] FDA Code of Federal Regulations Title 21 Part 58.
26] FDA Guidance for Industry 145 Bioanalytical Method Validation May

2001.

27] V. Kvaternick, M. Pollmeier, P.D. Hanson, J. Fischer, J. Vet. Pharmacol.

Ther. 30 (2007) 208.
28] Merial Ltd., unpublished data.
29] H.-Y. Cho, C.-H. Park, Y.-B. Lee, J. Chromatogr. B 835 (2006) 27.
30] P. Haefelfinger, J. Chromatogr. 218 (1981) 73.


	Quantitative HPLC-UV method for the determination of firocoxib from horse and dog plasma
	Introduction
	Experimental
	Chemicals
	Liquid chromatography apparatus and conditions
	Standard preparation
	Sample preparation
	Method validation
	Selectivity
	Accuracy and precision
	Limit of detection and quantification
	Linearity
	Stability


	Results/discussion
	Method development
	Method validation
	Selectivity
	Accuracy and precision
	Limit of detection and quantification
	Linearity and response function
	Stability
	Application to pharmacokinetic studies


	Conclusion
	References


