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A rapid, sensitive and reproducible HPLC method was developed and validated for the analysis of celecoxib in human plasma. The analysis
as carried out on a monolithic silica column using UV detection at 254 nm. The assay enables the measurement of celecoxib for therapeutic drug
onitoring with a minimum quantification limit of 10 ng ml−1. The method involves simple, one-step extraction procedure, and analytical recovery
as 100.5 ± 1.3%. The calibration curve was linear over the concentration range of 10–800 ng ml−1. The coefficients of variation for inter-day and

ntra-day assay were found to be less than 8%. We also demonstrate the applicability of this method for pharmacokinetic studies in humans.
2006 Elsevier B.V. All rights reserved.

eywords: Celecoxib; Plasma; HPLC; Monolithic column

. Introduction

Celecoxib (4-[5-(4-methylphenyl)-3-(trifluoromethyl)-1H-
yrazol-1-yl]benzene sulfonamide is a cyclooxygenase-2
COX-2) selective inhibitor that is used for treatment of
steoarthritis and rheumatoid arthritis. It is also used in the
anagement of acute pain and dysmenorrhoea [1]. Celecoxib

s readily absorbed from the gastro-intestinal tract with peak
oncentrations in plasma occurring about 2 h after administra-
ion by mouth. It is metabolized in the liver by the cytochrome
450 and is eliminated mainly as metabolites in the faeces and
rine [2]. Several analytical methods have been presented for
uantification of celecoxib in plasma including HPLC with UV
3–9] or fluorescence [10,11], MS [12,13] and MS–MS [14]. For
he sample preparation, most of these methods require tedious
xtraction procedures, which involve liquid–liquid extraction
4–6,8,12,13], protein precipitation followed by liquid–liquid
xtraction [9], solid-phase extraction [7,10,14] and protein pre-
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cipitation followed by solid-phase extraction [3]. Therefore,
sample preparation is time-consuming, complex or both. Gur-
guis et al. [4] used isooctane–isopropanol as the extraction
solvent and C18 column as stationary phase. However, it has
been reported that this extraction solvent gave a noisy chro-
matogram, which decreased the sensitivity of the method [8].
Moreover, the mean recovery obtained for celecoxib with this
method was low (70%). Altering the extraction solvent from
isooctane–isopropanol to chloroform increased the mean recov-
ery of celecoxib from 70 to 89% [8]. The extraction procedure
described by Schonberger et al. [11] using large volume of chlo-
roform for low amount of plasma sample practically caused
some difficulties during mixing of samples. In addition, in some
cases creation of emulsion prevented the separation of aqueous
and organic phase. The extraction method of Chow et al. [7]
involves solid phase extraction of celecoxib from plasma using
C18 extraction cartridges. However, this extraction method is
not suitable for the processing of multiple samples in a lim-
ited amount of time for bioequivalence and pharmacokinetic
studies. A normal-phase HPLC method using column switching
with a nitrophenyl column and UV detection for the determi-
E-mail address: azarghi@yahoo.com (A. Zarghi). nation of celecoxib in human plasma has been also reported by
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Rose et al. [3]. Limit of quantification (LOQ) of this method
is 25 ng ml−1 and a large volume of plasma samples is needed
for analysis. Moreover, most of the aforementioned methods
need long chromatographic elution time for analysis of cele-
coxib in plasma and were not suitable in all conditions. HPLC
methods based on MS or MS–MS [12–14] as the detection
system for the analysis of celecoxib in plasma are very sen-
sitive, having low quantitation limits. However, these methods
are not available for most laboratories because of their spe-
cialty requirement and financial reasons. The present study
describes a rapid and sensitive HPLC method using a monolithic
column with UV detection, which enables the determination
of celecoxib with good accuracy at low drug concentrations
in plasma using single-step extraction procedure. Separation
was performed on a reversed-phase monolithic column, which
has lower separation impedance compared with the particulate
packings, and therefore, it allows easy optimizing chromato-
graphic conditions to obtain desirable resolution in a short time.
The sample preparation only involves a simple one-step pro-
tein precipitation and no evaporation step is required. Also,
the use of a smaller sample volume provides an advantage
as compared with some previous methods that require large
sample volume for analysis of celecoxib. We also demonstrate
the applicability of this method for pharmacokinetic studies in
humans.
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2.4. Standard solutions

Stock solutions (16 mg ml−1) of celecoxib were prepared in
methanol and 1600 and 16 �g ml−1 solutions were made by dilu-
tion in methanol. Then 0.1, 0.2, 0.5, 1, 2, 4, 6 and 8 �g ml−1

working standards were prepared from the 16 �g ml−1 solutions
and stored at +4 ◦C.

The solution of mefenamic acid, internal standard was pre-
pared by dissolving 10 mg mefenamic acid in 10 ml methanol
to obtain a concentration of 1 mg ml−1. The final solution was
obtained by diluting this solution with methanol to give concen-
tration of 5 �g ml−1 of mefenamic acid and stored at +4 ◦C.

2.5. Sample preparation

To 450 �l of plasma in a glass-stoppered 15-ml centrifuge
tube were added 50 �l of mefenamic acid as internal standard
(5 �g ml−1), 500 �l of acetonitrile and 100-mg NaCl. After mix-
ing (30 s), the mixture centrifuged for 15 min at 8000 rpm. Then
20 �l of supernatant was injected into liquid chromatograph.

2.6. Biological samples

Twelve healthy male volunteers were included in this study.
The study protocol was approved by the Ethics Committee of
Shaheed Beheshti University of Medical Sciences, and a written
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. Experimental

.1. Chemicals

Celecoxib and mefenamic acid were supplied by Kimi-
arou Pharmaceuticals (Tehran, Iran). Celecoxib is available as
ral capsule containing 200 mg of celecoxib and other inac-
ive ingredients such as lactose monohydrate, sodium lau-
yl sulphate, povidone K30 and magnesium stearate. HPLC-
rade acetonitrile and all other chemicals were obtained
rom Merck (Darmstadt, Germany). Water was obtained by
ouble distillation and purified additionally with a Milli-Q
ystem.

.2. Instrumentation

The chromatographic apparatus consisted of a model
ellchrom K-1001 pump, a model Rheodyne 7125 injector and
model K 2501 UV detector connected to a model Eurochrom
000 integrator, all from Knauer (Berlin, Germany).

.3. Chromatographic conditions

The separation was performed on Chromolith Performance
RP-18e, 100 mm × 4.6 mm) column from Merck (Darmstadt,
ermany). The wavelength was set at 254 nm. The mobile phase

onsisted acetonitrile, methanol and distilled water (45:10:45,
/v/v) containing 0.2% acetic acid (pH 3.5) at a flow rate of
ml min−1. The mobile phase was prepared daily and degassed
y ultrasonication before use. The mobile phase was not allowed
o recirculate during the analysis.
nformed consent was obtained from the volunteers. Celecoxib
as administered in a single dose of 200 mg to the volunteers

fter overnight fasting. Plasma samples were collected at several
ntervals after dosing and then frozen immediately at −20 ◦C
ntil assayed.

.7. Stability

The stability of celecoxib was assessed for spiked plasma
amples stored at −20 ◦C for up to 2 months, +4 ◦C for at least 1
onth and at ambient temperature for 12 h. The stability of stock

olutions stored at above mentioned temperatures was deter-
ined by injecting appropriate dilutions of stocks in distilled
ater at different days and comparing their peak areas with fresh

tock prepared on the day of analysis. Samples were considered
o be stable, if the assay values were within the acceptable limits
f accuracy and precision.

.8. Plasma calibration curves and quantitation

Blank plasma was prepared from heparinized whole-blood
amples collected from healthy volunteers and stored at −20 ◦C.
fter thawing, 50 �l of one of the above-mentioned celecoxib
orking standards were added to yield final concentrations of
0, 20, 50, 100, 200, 400, 600 and 800 ng ml−1. Internal stan-
ard solution was added to each of these samples to yield a
oncentration of 500 ng ml−1. The samples were then prepared
or analysis as described above.

Calibration curves were constructed by plotting peak area
atio (y) of celecoxib to the internal standard versus celecoxib
oncentrations (x). A linear regression was used for quantitation.
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2.9. Selectivity and specificity

Control human plasma, obtained from 12 healthy volunteers,
was assessed by the procedure as described above and compared
with respective plasma samples to evaluate selectivity of the
method. Aspirin, naproxen, indomthacin and codeine were also
tested for potential interferences.

2.10. Precision and accuracy

The precision and accuracy of the method were examined
by adding known amounts of celecoxib to pool plasma (quality
control samples). For intra-day precision and accuracy six repli-
cate quality control samples at each concentration were assayed
on the same day. The inter-day precision and accuracy were
evaluated on three different days.

2.11. Limit of quantification and recovery

For the concentration to be accepted as LOQ, the percent devi-
ation from the nominal concentration (accuracy) and the relative
standard deviation must be ±10% and less than 10%, respec-
tively, considering at least five times the response compared
with the blank response. The analytical recovery for plasma
at four different concentrations of celecoxib (10, 50, 200 and
500 ng ml−1) was determined. Known amounts of celecoxib
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separations are possible as compared with traditional chromato-
graphic columns packed with porous particles. Accordingly, the
chromatographic elution step is undertaken in a short time (less
than 6 min) with high resolution. A mobile phase consisted ace-
tonitrile, water, and methanol in the ratio of 45:45:10 containing
0.2% acetic acid was optimum to achieve the best resolution
between celecoxib and internal standard peaks. The increased
percentage of acetonitrile or methanol reduced the retention
time of mefenamic acid and celecoxib peaks resulting by the
interference of latter and endogenous plasma peaks. Using less
amount of acetonitrile or methanol gave tailing for celecoxib and
internal standard peaks. Fig. 1 shows typical chromatograms
of blank plasma in comparison with spiked samples analyzed
for a pharmacokinetic study. The average retention times of
celecoxib and mefenamic acid were 3.6 and 4.8 min, respec-
tively. Celecoxib is metabolized to three inactive metabolites in
humans including hydroxylated and carboxylated metabolites
and the glucuronic acid conjugated of the carboxylated metabo-
lite [15]. We did not have the authentic metabolite standards
available to test for interference. However, these metabolites
are more hydrophilic than celecoxib and unlikely to elute at the

Fig. 1. Chromatograms of (A) blank plasma; (B) blank plasma spiked with
200 ng ml−1 celecoxib and 500 ng ml−1 mefenamic acid (internal standard); (C)
plasma sample from a healthy volunteer 2 h after oral administration of 200 mg
of celecoxib.
ere added to drug-free plasma and the internal standard was
hen added. The relative recovery of celecoxib was calculated by
omparing the peak areas for extracted celecoxib from spiked
lasma and a standard solution of celecoxib in methanol con-
aining internal standard with the same initial concentration (six
amples for each concentration level).

.12. Pharmacokinetic analysis

Celecoxib pharmacokinetic parameters were determined
y non-compartmental methods. Elimination rate constant
Kel) was estimated by the least-square regression of plasma
oncentration-time data points in the terminal log-linear region
f the curves. Half-life was calculated as 0.693 divided by Kel.
he area under the plasma concentration–time curve from zero

o the last measurable plasma concentration at time t (AUC0−t)
as calculated using the linear trapezoidal rule. Peak plasma

oncentration (Cmax) and time to peak concentration (Tmax) were
btained directly from the individual plasma concentration ver-
us time curves.

. Results and discussion

Under the chromatographic conditions described, celecoxib
nd the internal standard peaks were well resolved. Endoge-
ous plasma components did not give any interfering peaks.
eparation was performed on a reversed-phase monolithic col-
mn, which has lower separation impedance compared with the
articulate packings, and therefore, it allows easy optimizing
hromatographic conditions to obtain desirable resolution in a
hort time. Owing to use of the monolithic column, much faster
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Table 1
Assay linearity

Coefficient of the
linear regression
analysis (r ± S.D.)

Slope ± S.D. Intercept ± S.D.

Intra-assay 0.9998 ± 6.60 × 10−4 0.00328 ± 0.00005 0.0147 ± 0.0006
n = 6 R.S.D. = 0.0660% R.S.D. = 1.52%
Inter-assay 0.9995 ± 8.20 × 10−4 0.00331 ± 0.00006 0.0150 ± 0.0008
n = 9 R.S.D. = 0.0821% R.S.D. = 1.81%

same retention time as the parent compound under described
chromatographic conditions. To investigate possible interfer-
ence from commonly co-administered drugs, aspirin, naproxen,
indomethacin and codeine were analysed under our chromato-
graphic condition. None of the drugs mentioned above interfered
with analytes peaks as well. For the sample preparation, sev-
eral tedious extraction methods have been used for analysis of
celecoxib in biological fluids [3–6,8,9]. In the method of Gur-
guis et al. [4] isooctane–isopropanol as the extraction solvent
and C18 column as stationary phase were used. However, it has
been reported that this extraction solvent gave a noisy chro-
matogram, which decreased the sensitivity of the method [8].
Moreover, the mean recovery obtained for celecoxib with this
method was low (70%). The method described by Schonberger
et al. [11] using large volume of chloroform for 0.5 ml of plasma
practically caused some difficulties during mixing of samples. In
addition, in some cases creation of emulsion prevented the sep-
aration of aqueous and organic phase. The extraction method of
Chow et al. [7] involves solid phase extraction of celecoxib from
plasma using C18 extraction cartridges. However, this extraction
method is expensive and is not suitable for processing of mul-
tiple samples in a limited amount of time for bioequivalence
and pharmacokinetic studies. In our method, sample prepa-
ration involves protein precipitation, and no evaporation step
is required. Protein precipitation became more efficient with
increasing volumes of acetonitrile. However, greater volumes
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Table 2
Recovery data of celecoxib from plasma

Celecoxib spiked
concentration (ng ml−1)

Celecoxib concentraion
found (n = 6)

Recovery
(mean ± S.D.)%

10 9.8 98.1 ± 1.1
50 50.2 100.5 ± 1.9

200 204.0 102.0 ± 0.6
500 508.0 101.6 ± 1.8

Table 3
Reproducibility of the analysis of celecoxib in human plasma (n = 6)

Concentration
added (ng mL−1)

Concentration measured (mean ± S.D.)

Intra-day Inter-day

10 9.8 ± 0.7 (7.2) 9.8 ± 0.8 (7.9)
20 21.0 ± 1.5 (7.1) 21.6 ± 1.1 (5.1)

200 208.5 ± 12.3 (5.9) 206.5 ± 11.9 (5.8)
500 495.4 ± 18.8 (3.8) 505.6 ± 19.2 (3.7)

Values in parentheses are coefficients of variation (%).

recovery of celecoxib was calculated by comparing the peak
areas for extracted celecoxib from spiked plasma and a standard
solution of celecoxib in methanol containing internal standard
with the same initial concentration. As shown in Table 2 the
average recovery was 100.5 ± 1.3% (n = 6) which was consid-
erably higher than some previous reported methods [4–8,10].
Using UV detection method, the limit of quantification obtained
was 10 ng ml−1 by analyzing this amount of celecoxib in a drug-
free plasma sample, which was comparable with those obtained
by previous methods using LC–MS (LOQ = 5 ng ml−1) [12] or
fluorescence detector (LOQ = 10 ng ml−1)[10]. This is sensitive
enough for drug monitoring and other purposes such as pharma-
cokinetic studies. We assessed the precision of the method by
repeated analysis of plasma specimens containing known con-
centrations of celecoxib. As shown in Table 3, coefficients of
variation were less than 8%, which is acceptable for the routine
measurement of celecoxib. Stability was determined for spiked
plasma samples under the conditions as previously described.
The results showed that the samples were stable during the men-
tioned conditions. Over 500 plasma samples were analyzed by

F
t

f acetonitrile diluted the sample, thereby affecting the sensi-
ivity of the assay. To improve the sensitivity, a 1:1 ratio of
cetonitrile to plasma was considered for sample preparation.
nder this condition, the majority of protein was precipitated,

nd celecoxib and internal standard were free of inference from
ndogenous components in plasma. The calibration curve for the
etermination of celecoxib in plasma was linear over the range
0–800 ng ml−1. The linearity of this method was statistically
onfirmed. For each calibration curve, the intercept was not sta-
istically different from zero. The correlation coefficients (r) for
alibration curves were either equal to or better than 0.999. The
lops of plasma standard curves in the nine different prepara-
ions were practically the same (the CVs were less than 2% for
he slopes of plasma standard curves). For each point of cal-
bration standards, the concentrations were recalculated from
he equation of the linear regression curves (Table 1). The ana-
ytical recovery for plasma at four different concentrations of
elecoxib was determined. Known amounts of celecoxib were
dded to drug-free plasma in concentrations ranging from 10 to
00 ng ml−1. The internal standard was added and the absolute
ig. 2. Mean plasma concentration–time profile of celecoxib in healthy volun-
eers (n = 12) after a single 200 mg celecoxib.
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Table 4
Pharmacokinetic parameters of celecoxib in healthy volunteers following a sin-
gle oral dose of 200 mg of celecoxib

Parameter Result (mean ± S.D.)

Tmax (h) 18.1 ± 0.3
Cmax (ng ml−1) 699.1 ± 78.6
AUC0−t (ng h ml−1) 11942.1 ± 1422.9
Kel (h−1) 0.055 ± 0.002
T1/2 (h) 11.85 ± 0.61

this method without any significant loss of resolution. No change
in the column efficiency and back pressure was also observed
over the entire study time, thus proving its suitability. In this
study plasma concentrations were determined in 12 healthy vol-
unteers, who received 200 mg of celecoxib each. Fig. 2 shows
the mean plasma concentration–time profile of celecoxib. The
derived pharmacokinetic parameters of 12 healthy volunteers
are summarized in Table 4. These pharmacokinetic parameters
are in good agreement with that found previously [11,15].

4. Conclusions

A rapid and simple HPLC method using UV detector has
been described for analysis of celecoxib in human plasma. Using
reversed-phase monolithic column, the chromatographic elution
step is undertaken in a short time (run time < 6 min) with high
resolution. Sample preparation involves protein precipitation
using acetonitrile and no evaporation step is required. More-
over, due to low LOQ (10 ng/ml), good accuracy and precision
this method is suitable for pharmacokinetic and bioequivalence
studies of celecoxib in humans.
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