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Abstract

A simple, sensitive and specific HPLC method with UV detection (284 nm) was developed and validated for quantitation of Etoricoxib
in human plasma, the newest addition to the group of nonsteroidal anti-inflammatory drugs—a highly selective cyclooxygenase-2 inhibitor.
Following a single-step liquid—liquid extraction with diethyl ether/dichloromethane (70/30, v/v), the analyte and internal standard (Zaleplon)
were separated using an isocratic mobile phase of water/acetonitrile (58/42, v/v) on reverse phase Waters®s@aroelmynn. The lower
limit of quantitation was 5 ng/mL, with a relative standard deviation of less than 20%. A linear range of 5-2500 ng/mL was established. This
HPLC method was validated with between- and within-batch precision of 4.1-5.1% and 1.1-2.4%, respectively. The between- and within-
batch bias was-3.8—-4.7% and-0.6-9.4%, respectively. Frequently coadministered drugs did not interfere with the described methodology.
Stability of Etoricoxib in plasma was >90%, with no evidence of degradation during sample processing (autosampler) and 30 days storage in
a freezer. This validated method is sensitive and simple with between-batch precision of <6% and was used in pharmacokinetic studies.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction The NSAIDs exert their anti-inflammatory analgesic and
antipyretic activities through the inhibition of cyclooxyge-
Etoricoxib  {5-chloro-3-(4-methanesulfonylphenyl}-6  nase (COX), a key enzyme for prostanoid synthesis. The
methyl-[2,3]-bipyridinyl} (Fig. 1) is the newest addition = enzyme exists as two isoforms: a constitutive form, COX-
to the group of nonsteroidal anti-inflammatory drugs 1, and an inducible form, COX-§5]. COX-1 is involved
(NSAIDs) known as selective cyclooxygenase-2 inhibitors in prostaglandin synthesis and inhibition of this enzyme by
(e.g., Celecoxib, Rofecoxib and Valdecoxif)}-3]. This nonselective NSAIDs is thought to be responsible for damage
drug has been launched in 38 countries worldwide in Europe, to the gastric mucosa and for antiplatelet activity, increasing
Latin America and the Asia Pacific region. Recently Merck therisk of bleeding. In contrast, COX-2 primarily synthesizes
& Co. Inc., has submitted a new drug application (NDA) prostaglandins involved ininflammation. Selective inhibition
for ARCOXIA (etoricoxib) to the U.S. Food and Drug Ad- of COX-2, while preserving COX-1 function, suppresses in-
ministration for the treatment of osteoarthritis, rheumatoid flammation without causing the gastric adverse effects on
arthritis, chronic low back pain, acute pain, dysmenorrheal, increasing the risk of bleedinff,2,6] The development
acute gouty arthritis and ankylosing spondylj2s4]. of COX-2 inhibitors with improved biochemical selectivity
(such as etoricoxib and valdecoxib) over that of commercially
available coxibs has been driven by the potential advantage
* Corresponding author. Tel.: +91 40 23556038/23541142; of safety usmg_ h.lghe.r COXI.b d(.)S€S forincreased eﬁlcacy'.
fax: +91 40 23541152, Recently, clinical investigations have demonstrated a link
E-mail addressnvsrk@suven.com (N.V.S. Ramakrishna). between use of the sulfone COX-2 inhibitor, rOfeCOXib, and
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cence detection with a structural analogue as internal standard
has been published. The limit of quantification determined
by Matthews et al[10] was 5ng/mL. Rose et aJll] re-
ported a liquid chromatography/tandem mass spectrometry
(LC-MS/MS) method with atmospheric pressure chemical
ionization (APCI) for determination of Etoricoxib in human
plasma with a stable isotope of Etoricoxib as internal stan-
dard. The runtime of this method was 8 min and it was vali-
dated over the concentration range 0.5-250 ng/mL. Recently,
Brautigam et al[12] reported a LC-MS/MS method with
electrospray ionization (ESI) for the determination of Etori-
coxib in human plasma using SPE. However, the LC-MS
machine is quite expensive and is not readily available in
most clinical, bio-analytical research laboratories. To date,
no simple HPLC method with commonly used ultraviolet
absorbance detection has been reported for Etoricoxib quan-
( titation at therapeutic concentrations in plasma. This paper

Etoricoxib

describes a simple, selective and sensitive HPLC/UV method
N CHs for quantitation of the plasma concentrations of Etoricoxib
T using liquid—liquid extraction. Additionally, this method pro-

o vides information about the stability of Etoricoxib in plasma
and during sample processing (autosampler). This method
has been successfully used for clinical Etoricoxib pharma-
cokinetic studies.

When the manuscript is under revision, Werner et al.
[13] presented a liquid chromatography—mass spectrometry
N method for the quantification of both etoricoxib and valde-
coxib in human plasma. The method was validated over a
=N linear range 10—-2500 and 5-1000 ng/mL using the other sub-
Zaleplon (1.S.) strate as internal standard.

Fig. 1. Chemical structures of Etoricoxib and Zaleplon.

2. Experimental

increased risk for atherothrombotic events. This increased
risk was not observed for a sulfonamide COX-2 inhibitor 2.1. Chemicals
(celecoxib), indicating a potential non-enzymatic mechanism
for rofecoxib. Walter et al[7] demonstrated that sulfone Etoricoxib drug substance and Zaleplon (internal stan-
COX-2 inhibitors (rofecoxib and etoricoxib) increase the dard, IS) were obtained from Cadila Healthcare Limited
susceptibility of biological lipids to oxidative modification (Ahmedabad, India). Chemical structures are presented in
through a non-enzymatic process. These findings may pro-Fig. L HPLC-grade LiChrosolv methanol, LiChrosolv ace-
vide mechanistic insight into reported differences in cardio- tonitrile, diethyl ether and dichloromethane were from Merck
vascular risk for COX-2 inhibitors. (Darmstadt, Germany). HPLC Type | water from Milli-Q

Etoricoxib does not inhibit prostaglandin synthesis in the system (Millipore, Bedford, MA, USA) was used. All other
gastric mucosa, even at doses above the clinical dose rangehemicals were of analytical grade.
of 60—-120 md8]. It is rapidly absorbed after oral ingestion
with a bioavailability of >80% and #ynax of 1-1.5h[1,6]. 2.2. Chromatography
At steady state (reached within 7 days), peak plasma con-
centration Cmax) Of etoricoxib of 3.6.g/mL was reached The integrated high performance liquid chromatography
with once-daily administration of etoricoxib 120 mg in fasted system (LC 2010C, Shimadzu Corporation, Kyoto, Japan)
adults[6]. Etoricoxib pharmacokinetics are linear at clini- was equipped with a quaternary pump, a degasser, an au-
cally relevant doses and the pharmacokinetic half-life,( tosampler, an injector with a 1QQ loop, a column oven, a
approximately 22 h), and pharmacological response, supportdJV detector and a data system (Class VP version 6.12). The
oral once-a-day dosing]. separation of compounds was made on a Waters symfhetry

An analytical method for the quantitation of Etoricoxib Cig column (5um, 250 mmx 4.6 mm i.d.) at 30C temper-
in human plasma and urine using solid phase extractionature. The mobile phase was a mixture of water/acetonitrile
(SPE) and HPLC with photochemical cyclisation and fluores- (58/42, v/v) pumped at a flow-rate of 1.2 mL/min. Detection
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was set at a wavelength of 284 nm. Peak quantitation wasdards should meet the above criteria, including acceptable
done by peak area ratio method. All regressions and figuresLLOQ and upper limit of quantitation.
presented in this study were generated by Shimadzu Class

VP v 6.12 software. A
2.4.2. Specificity

2.3. Sample processing Randomly selected six blank human plasma samples,
which were collected under controlled conditions, were car-

A1 mL volume of plasma was transferred to a 15 mL glass ried through the extraction prqcedure and chromatographed

test tube, and then 5L of IS working solution (5Qvg/mL) to determine the e>_<tent to Whlch endogen_ous plasma com-

was spiked. Next a 5-mL aliquot of extraction solvent, diethyl Ponents may contribute to interference with the analyte or

ether/dichloromethane (7/3), was added using Dispensettethe internal standard. The results were compared with LLOQ

Organic (Brand GmbH, Postfach, Germany). The sample was(® Ng/mL).

vortex-mixed for 5 min using a Multi-Pulse Vortexer (Glas-

Col, Terre Haute, USA). The sample was then centrifuged

using Multifuge 3S-R (Kendro Laboratory Products, Sorvall-

Heraeus, Germany) for 3 min at 880y. The organic layer

(4 mL) was quantitatively transferred to a 6 mL glass tube

and evaporated to dryness using a TurboVap LV Evaporator

(Zymark, Hopkinton, MA, USA) at 40C under a stream of

nitrogen. Then, the dried extract was reconstituted ini50

of water/methanol (50/50, v/v; diluent) and a J00aliquot

was injected into chromatographic system.

2.4.3. Recovery

Recovery of Etoricoxib was evaluated by comparing the
mean peak areas of six extracted low, medium and high qual-
ity control samples to mean peak areas of six unprocessed
reference solutions. Recovery of IS was evaluated by com-
paring the mean peak areas of ten extracted quality control
samples to mean peak areas of ten unprocessed reference
solutions of the same concentration.

2.4. Bioanalytical method validation 2.4.4. Accuracy and precision
o Within-batch accuracy and precision evaluations were per-
2.4.1. Calibration and control samples formed by repeated analysis of Etoricoxib in human plasma.

Working solutions for calibration (0.1, 0.3, 1, 2, 4, 10, The run consisted of a calibration curve plus six replicates
20 and 5Qug/mL) and controls (0.1, 0.3, 25 and g@/mL) of each LLOQ, low, medium and high quality control sam-
were prepared from the stock solution by an adequate dilu- ples. Between-batch accuracy and precision were assessed by
tion using diluent (water/methanol, 50/50, v/v). The IS work- analysis of samples consisting of a calibration curve and six
ing solution (5Qug/mL) was prepared by diluting stock so- replicates of LLOQ, low, medium and high quality control
lution with diluent. Fifty microlitres of working solutions  samples for Etoricoxib on three separate occasions. During
were added to 95QL of drug-free plasma to obtain Etori-  routine analysis, each analytical run included a set of calibra-
coxib concentrations of 5, 15, 50, 100, 200, 500, 1000 and tion samples, a set of QC samples in duplicate and plasma
2500 ng/mL. Five percent working solutions of quality con- samples to be determined.
trols were added to 95% of drug-free plasma in pool, to ob-  The overall precision of the method expressed as relative
tain etoricoxib concentrations of 5 ng/mL (LLOQ), 15 ng/mL  standard deviation and accuracy of the method expressed in
(low), 1250 ng/mL (medium) and 2000 ng/mL (high), as a terms of bias (percentage deviation from true value).
single batch at each concentration. The quality control pools
were divided into aliquots in micro centrifuge tubes (Tarson,
2mL) and stored in the freezer a70°C until analysis. 2.4.5. Stability

Each validation run consisted of a double control, system  Twenty-four hour stability was examined by keeping repli-
suitability sample, blank samples (a plasma sample processedates of the low and high plasma quality control samples at
without an 1S), a zero sample (a plasma processed with IS),room temperature for approximately 24 h. Freeze—thaw sta-
calibration curve consisting of eight non-zero samples cover- bility of the samples was obtained over three freeze-thaw cy-
ing the total range (5-2500 ng/mL) and QC samples at threecles, by thawing at room temperature for 2-3 h and refrozen
concentrationsr(=6, at each concentration). Such valida- for 12-24h for each cycle. Autosampler stability of Etori-
tion runs were generated on six consecutive days. Calibrationcoxib was tested by analysis of processed and reconstituted
samples were analyzed from low to high at the beginning of low and high plasma QC samples, which are stored in the
each validation run and other samples were distributed ran-autosampler tray for 24 h. Stability of Etoricoxib in human
domly through the run. Linearity was assessed by a weightedPlasma was tested after storage at approximat@§°C for
(1/x?) least squares regression analysis. The calibration curve30 days. For each concentration and each storage condition,
had to have a correlation coefficienf)of 0.99 or better. The ~ siXreplicates were analyzed in one analytical batch. The con-
acceptance criterion for each back-calculated standard concentration of Etoricoxib after each storage period was related
centration was 15% deviation from the nominal value except t0 the initial concentration as determined for the samples that
LLOQ, which was set at 20%. At least 67% of non-zero stan- Were freshly prepared and processed immediately.
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lected based on the analysis of the data by linear regres-
sion with/without intercepts and weighting factors x(1/
12 and 14/X). The residuals improved by weighted X3y
least-squares linear regression. The best fit for the cali-
Fig. 2 shows the representative chromatograms of blank bration curve could be achieved with the linear equation
plasma, plasma samples spiked with Etoricoxib at 1000 ng/mly = mx+ ¢ with a 1&% weighing factor. The mean linear re-
and at LLOQ (5ng/ml), and plasma sample obtained from gression equation of calibration curve for the analyte was
a healthy subject after 36 h following an oral 120 mg dose y=0.6750.0365)x —0.540 ¢-1.2861), wherey was the
of Etoricoxib. The analytes were well separated from co- peak area ratio of the analyte to the IS awias the concen-
extracted material under the described chromatographic con-4ration of the analyte. The correlation coefficientfor Etori-
ditions at retention times of 7.8 and 5.2 min, respectively. The coxib was above 0.999 over the concentration range used.
peaks were of good shape, completely resolved one from an-Table 1summarizes the calibration curve results for the an-
other at therapeutic concentrations of Etoricoxib. No interfer- alyte. These calibration curves were suitable for generation
ence with constituents from the plasma matrix was observed.of acceptable data for the concentrations of the analyte in the
samples during between- and within-batch validations.
3.2. Linearity and sensitivity of the assay The lower limit of quantification (LLOQ), the lowest con-
centration in the standard curve, which can be measured with
The peak area ratio of Etoricoxib to IS in human plasma acceptable accuracy and precision for the analyte from nor-
was linear with respect to the analyte concentration over mal human plasma was established as 5ng/mL. The mean
the range 5-2500ng/mL. The calibration model was se- response for the analyte peak at the assay sensitivity limit

3. Results and discussion

3.1. Separation
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Fig. 2. Chromatograms of (A) blank human plasma; (B) human plasma sample spiked with 1000 ng/mL of Etoricoxib and IS; (C) plasma sample from a healthy
subject after 36 h following a 120 mg oral dose of Etoricoxib, the plasma concentration was determined to be 479.96 ng/mL for Etoricoxib; (D) spiked hum

plasma sample at LLOQ (5 ng/mL). Approximate retention times: Etoricoxib = 7.8 min; IS=5.2 min.
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Table 1
Precision and accuracy data of back-calculated concentrations of calibration samples for Etoricoxib in human plasma
Concentration added (ng/mL) Concentration found Precision (%) Bias (%)
(meant S.D.n=6) (ng/mL)
5 5.22+ 0.22 4.3 4
15 15.08+ 0.46 3.1 05
50 51.56+ 2.87 5.6 30
100 98.00+ 4.79 4.9 -20
200 192.26+ 10.57 5.5 -38
500 490.22+ 36.99 7.5 -19
1000 942.06+ 58.96 6.3 -58
2500 2410.5H 144.92 6.0 -35

(5ng/mL) was~8.12-fold greater than the mean response covery of Etoricoxib is independent of concentration. The
for the peak in six blank human plasma samples at the reten-recovery of IS was 75.9% at the concentration used in the
tion time of the analyte. assay (5Qug/mL).

3.3. Extraction 3.4. Specificity

In the previous studies, all the publications described  There were no interfering peaks present in six differ-
a solid phase extraction method (using either Oasis HLB ent randomly selected samples of drug free human plasma
or 96-well plate equipped with C8 material) to extract the used for analysis at the retention times of either analyte or
Etoricoxib from plasma; the extraction recovery was >70% IS There was no interference of Etoricoxib and IS analysis
[10-12] For routine clinical analysis, a high-throughput by other potentially co-administered drugs such as paraceta-
method with expensive SPE is always not advantageous agnol, nicotinamide, ibuprofen, caffeine, aspirin, ampicillin,
such equipment/techniques are not available in most of theamoxicillin, loratadine, desloratadine, atorvastatin, clopido-
laboratories. We were looking for alternative simple meth- grel, metformin, glimepiride, celecoxib, rofecoxib, valde-
ods. The extraction method should also be suitable for ancoxib, naproxen and nimuselide.
internal standard that is commercially available without be-
ing a stable isotope or a structural isomer of Etoricoxib. In 3.5. Accuracy of the assay
order to develop a single step liquid—liquid extraction proce-
dure with sufficient recovery, we investigated a large range ~ The accuracy values for between- and within-batch studies
of extraction solvents. The absolute recovery of Etoricoxib atthe LLOQ and at low, medium and high concentrations of
after single extraction from plasma using chloroform, ethyl Etoricoxib in plasma were within acceptable limits<(3)
acetate and hexane were all <50%; however, when the di-(Table 2.
ethyl ether/dichloromethane (7/3) was used, the absolute re-
covery was quite high (>75% for both Etoricoxib and 1S). 3.6. Precision of the methods
The commercially available substance Zaleplon was cho-
sen as the IS for several reasons. First, Zaleplon physico-3.6.1. Within-batch variability of the assay
chemical properties are very well in match with Etori- The results shown ifable Zindicate that the assay method
coxib with regard to this bioanalytical method. Second, the is reproducible for replicate analysis of Etoricoxib in human
chromatographic and extraction properties are similar to Plasma within the same day.

Etoricoxib.
The extraction recovery of Etoricoxib at low, medium and 3.6.2. Between-batch variability of the assay
h|gh qua“w control Samp|es was 76:&21%, 75.6+2.3% The results shown ifable 2indicate that the assay method

and 76.6+ 2.4%, respectively. It indicates that extraction re- is reproducible on different days.

Table 2
Accuracy and precision of the HPLC method for determining Etoricoxib concentrations in plasma samples
Concentration Within-batch precisionr(= 6) Between-batch precision € 3)
added (ng/mL) - . - - - -
Concentration found Precision (%) Bias (%) Concentration found Precision (%) Bias (%)
(meant S.D.) (ng/mL) (meant S.D.) (ng/mL)
5 5.23+ 0.11 2.2 47 5.17+ 0.21 4.1 A
15 16.42+ 0.17 1.1 A 15.71+ 0.75 4.8 47
1250 1242.26+ 29.30 24 —0.6 1201.56+ 55.64 4.6 -3.8

2000 2092.72+ 27.92 1.3 46 1986.74+ 100.78 51 -0.6
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Table 3

Stability of the samples

Sample concentration (ng/mL) Concentration found Concentration found Precision (%) Bias (%)
immediately (ng/mL) after storage (ng/mL)

Short term stability for 24 hn(=6) in plasma

15 1475 1498 2.8 15
2000 195642 200058 45 22
Three freeze and thaw cyclas<6)

15 1475 1473 7.6 -01
2000 195642 180024 2.9 -79
Autosampler stability for 24 hn(= 6) (after extracting and reconstitution)

15 1475 1577 1.9 69
2000 195642 201488 47 29
30-days stability at-70°C (n=6)

15 1519 1456 6.9 —41
2000 201%3 186428 5.1 -75
3.7. Stability 2500

a5

Stock solutions of Etoricoxib (1 mg/mL) and IS %, 2000
(2 mg/mL) were prepared separately in methanol. The weight -E—-
of analytes was corrected for purity. The solutions were stable §
for at least 6 months when stored under light-protected condi- 15007
tions at 4°C. The stability experiments were aimed at testing £
all possible conditions that the samples might experience af- & 1000
ter collecting and prior the analysis. These were performed 2
as described in Sectich4.5 All stability results are sum- 8 500
marized inTable 3 Three freeze—thaw cycles and 24hroom §
temperature storage for low and high quality controls sam- * o : ‘ _ : ‘
ples indicated that Etoricoxib was stable in human plasma 0 12 24 36 48 60 72 84 9
under these conditions. QC samples were stable for at least Time (hr)
30 days if stored frozen at approximately0°C. Testing of
autosampler stability of quality control sampld@slle 3 in- Fig. 3. Concentrati'on versu's'time profiles over 96 h of Etorico'xib ih human
dicated that Etoricoxib is stable when kept in the autosampler plasma from a subject receiving a single 120 mg dose of Etoricoxib.
for up to 24 h.

96 h for Etoricoxib quantitatiorfzig. 3shows the representa-
tive concentration—time profiles of Etoricoxib in one subject
3.8. Dilution integrity following a 120 mg oral dose of Etoricoxib under fasting con-
dition. The maximum Etoricoxib plasma concentration was
The dilution integrity was also conducted to assess 2074 ng/mL,tmax Was 1.5h, andy, in the terminal elimi-
whether the upper concentration limit (2500 ng/mL) can be nation phase was 22.2 h. The parameter values are in good

extended. Quality control samples (in six replicates) at con- agreement with those reported previously.
centration 4000 ng/mL were diluted by two times with blank

plasma, and the assay precision and accuracy were deter-
mined in a similar manner as described in Secfiah4 For 4. Conclusions
Etoricoxib, the concentration found was 4G£3.7% ng/mL
and bias was 3.2%. The results suggested that samples whose The developed HPLC/UV method employing liquid—
concentrations were greater than the upper limit of the stan-liquid extraction for sample preparation is very simple and
dard curve could be re-analyzed by appropriate dilution.  convenient for the quantitation of Etoricoxib in human
plasma samples. The previously reported methods for the
3.9. Application to clinical study analysis of Etoricoxib in biological fluidgl0—13]were not
too satisfactory because all of them were too expensive. The
The present HPLC method was for the first time employed validation data also demonstrate good precision, accuracy
to determine the pharmacokinetic parameters of Etoricoxib and high extraction efficiency. The validated method allows
in subjects’ plasma samples of clinical studies. After a single quantification of Etoricoxib in the 5-2500 ng/mL range. In
oral dose of 120 mg Etoricoxib tablet in 12 healthy subjects, addition, this method has a short turnover time (<10 min) and
concentration versus time profiles were constructed for up tois suitable for clinical pharmacokinetic studies. In conclusion,
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this paper describes avery simple and sensitive HPLC method [3] N.V.S. Ramakrishna, K.N. Vishwottam, S. Wishu, M. Koteshwara,

for the quantitation of Etoricoxib suitable to monitor plasma
concentrations during clinical pharmacokinetic studies in hu-
mans.
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