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ABSTRACT: A new method for the quantification of celecoxib in human plasma based on reversed-phase high-performance liquid
chromatography (HPLC) coupled to atmospheric pressure chemical ionization (APCI) mass spectrometry (MS) after liquid–liquid
extraction is presented. The method is rapid, sensitive and highly selective. The retention time of celecoxib was 2.3 min. The limit of
quantification was 5 �g/L. Rofecoxib was used as internal standard. After validation, the method was used to study the
pharmacokinetic profile of celecoxib following administration of a single oral dose (200 mg) in 12 healthy volunteers. Since
celecoxib should be metabolized primarily by cytochrome 2C9 (CYP2C9), a poor metabolizer (PM) for this cytochrome P450
enzyme was included in the study. Pharmacokinetic characteristics (mean � SD) of extensive metabolizers (EM) were tmax

2.9 � 1.2 h, cmax 842 � 280 �g/L, AUC� 6246 � 2147 �g h/L and t1/2 7.8 � 2.7 h. The area under the curve (AUC�) for the PM was
12561 �g h/L. However, we found no noticeable increase in half life in the PM (11.5 h) after a single dose of celecoxib. Copyright
� 2001 John Wiley & Sons, Ltd.
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Celecoxib [Fig. 1(a)] is a new cyclooxygenase inhibitor
that exhibits anti-inflammatory, analgesic and antipyretic
activities. The mechanism of action of celecoxib is the
inhibition of prostaglandin synthesis by cyclooxygenase
type 2 (COX-2). At therapeutic concentrations in
humans, celecoxib does not inhibit cyclooxygenase-1
(COX-1) (Clemett and Goa, 2000). Selective COX-2
inhibitors are claimed to provide analgesic/anti-inflam-
matory effects comparable to conventional non-steroidal
anti-inflammatory agents, but with a reduced propensity
for adverse side effects (Hawkey, 1999).

Despite celecoxib being one of the most successful
new drugs worldwide, there is little individual pharma-
cokinetic data. Quantification of celecoxib by an HPLC

method using UV absorbance at 260 nm with a column-
switching procedure after long-lasting extraction has
been described (Rose et al., 2000). It is, however, an
involved and time-consuming approach and, therefore, a
sensitive, easy, rapid and selective method based on
reversed-phase HPLC coupled to APCI mass spectro-
metry has been developed.

This method was used in the present study to assay
plasma specimens taken from 12 healthy volunteers after
oral administration of normal daily dose of celecoxib
(200 mg) and the pharmacokinetic profile is described.
Since celecoxib should be metabolized primarily by
CYP2C9, all volunteers were genotyped for cytochrome
P450 to show the role of genetic polymorphism in the
pharmacokinetics of celecoxib.
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��1 Celecoxib and rofecoxib were kindly
supplied by G. Geisslinger (Center of Pharmacology, Institute of
Clinical Pharmacology, Frankfurt a.m., Germany). All other
reagents were purchased from Merck (Darmstadt/Germany) in
analytical grade. Methanol and acetonitrile were of HPLC grade.

The stock solution of celecoxib (50 mg/L) was prepared with
acetonitrile/water (50/50, v/v) and stored at �80°C for no longer
than 2 months. Rofecoxib solubilized in acetonitrile (stock solution
250 �g/L) was used as the internal standard. Figure 1(b) shows the
structural formula of the internal standard.

All standard solutions were found to be stable at �80°C for at
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least 2 months and for a minimum of 2 weeks when stored
protected from light at ambient temperature.

2	��� ��	�	��
�1 An aliquot of plasma sample (1.00 mL),
100 �L acetonitrile:water (50:50, v/v) and 150 �L internal standard
stock solution was vortexed for approximately 1 min. Afterwards,
1 mL of 0.1 M sodium acetate buffer (pH 5) and 4 mL of
dichloromethane:hexane (50:50, v/v) were added. The tubes were
capped and agitated in an overhead shaker for 10 min (45 min�1)
and centrifuged at 4000 g for 10 min. The organic layer (3.5 mL)
was transferred to another tube and the solvent evaporated under a
stream of nitrogen at 40°C. The resulting residue was reconstituted
in 140 �L of mobile phase, and aliquots of 100 �L were injected
onto the column. Plasma calibration standards were prepared in the
same manner; the 100 �L acetonitrile:water contained varying
amounts of celecoxib to achieve different final concentrations (5,
10, 25, 50, 100, 200, 500, 1000 and 2000 �g/L).

����������	��
�1 The HPLC system consisted of a PU-1585
pump and an AS-1550 auto injector (Jasco, Groß-Umstadt/
Germany). Masses were acquired on a Finnigan MAT LCQ ion
trap spectrometer equipped with an APCI interface (Thermoquest,
Egelsbach/Germany) and connected to a PC running the standard
software Navigator (1.2).

0����� ���
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�����1 HPLC was
carried out isocratically at ambient temperature using a Nucleosil
C8 guard column (120-5, 11 � 2 mm; Macherey & Nagel, Düren,

Germany) and an eluent comprising methanol:water (50:50, v/v)
and 1% acetic acid, at a flow rate of 200 �L/min. The outlet was
coupled to the mass spectrometer’s atmospheric pressure chemical
ionization (APCI) source.

The vaporizer temperature was set to 450°C and N2 was applied
as sheath and auxiliary gas at flow rates of 80 and 40 (arbitrary
units), respectively. The heated capillary was maintained at 140°C.
Mass analysis was performed at unit resolution in the positive ion
mode with the corona discharge current set to 5 �A, and the
potentials of both tube lens and capillary to 13 V. The ion trap was
operated in the on-line tandem MS mode (MS2) and the transitions
of celecoxib [parent m/z 382.4, collision-induced dissociation
(CID) energy 28%, product m/z 362] and rofecoxib (315.4, 20%,
297.0) were followed by selected reaction monitoring (SRM) with
a maximum automatic gain control (AGC) ion storage time of 500
ms and a mass isolation width of 2 �; three microscans were
collected per spectrum.

The peak area ratios of the analyte and the internal standard
were determined. For the validation of the method as well as
quantitative analysis of the substrate the relevant principles (Shah
et al., 1992) were taken into account. The standard functions were
plotted with concentrations 0, 5, 10, 25, 50, 100, 200, 500, 1000
and 2000 �g/L. The intra-day repeatability of the method was
tested by multiple analysis of individual human plasma samples on
the same day. Inter-day reproducibility was assessed on three
different days. The recovery of celecoxib was assessed at 5, 100
and 2000 �g/L by comparing the peak area after extraction of
human plasma standards with the peak area obtained from injection
of the same amount of the celecoxib aqueous standards.

Figure 1. Chemical structures of celecoxib (a) and rofecoxib (internal standard, b).

Table 1. Individual and pharmacokinetic data after oral administration of celecoxib (200 mg) in 12 healthy human volunteers

Volunteer Gender Age (years) BMI CYP2C9-genotype tmax (h) cmax (�g/L) AUC� (�g h/L) t1/2 (h)

1 Male 28 24.1 EM 3 784 5206 5.1
2 Male 28 23.1 EM 2 788 9464 11.5
3 Male 35 25.4 EM 4 1419 7919 5.7
4 Female 22 20.1 PM 3 787 12561 11.5
5 Male 28 25.1 EM 2 942 4515 9.4
6 Male 29 23.5 EM 3 1012 6845 7.8
7 Male 26 24.2 EM 6 361 4136 7.1
8 Male 28 27.8 EM 3 948 6506 4.6
9 Male 26 32.1 EM 3 678 4022 7.9

10 Male 28 32.5 EM 1 413 2898 13.1
11 Male 28 22.6 EM 2 1009 7783 4.6
12 Female 26 19.1 EM 3 912 9421 8.9

Copyright  2001 John Wiley & Sons, Ltd. Biomed. Chromatogr. 16: 56–60 (2002)
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������� �����1 A single oral dose of celecoxib
(Celebrex� 200 mg tablet, Searle, Chicago, IL) was administered
to 12 healthy human volunteers (Table 1). EDTA blood samples
(5 mL) were taken before and 1, 2, 3, 6, 9, 12, 24, 32, 48, 52 and
72 h after administration and centrifuged immediately. The plasma
samples were stored at �80°C for no longer than 2 months.

Plasma concentration–time curves after administration of an
oral dose were evaluated by non-compartmental analysis using
Topfit 2.0 (Heinzel et al., 1993). The apparent half-life, t1/2,, was
calculated as ln(2)/�z, where �z denotes the time constant of the
terminal slope. The area under the plasma concentration–time
curve after an oral dose (AUC) was calculated using the linear
trapezoidal rule. The extrapolated AUC� after the last observed
plasma concentration was obtained by dividing this plasma
concentration by �z.

All volunteers were genotyped for cytochrome P450 2C9
(CYP2C9). The presence of 2C9*2 and 2C9*3 alleles was
determined using TaqMan PCR. The genotyping was carried out
using pre-developed reagents from Applied Biosystems (Weiter-
stadt, Germany). One of the volunteers was detected as a poor
metabolizer (PM) for CYP2C9. The body mass index (BMI) was
calculated as weight (kg)/height (m)2.

#.2�0+2

The described method yields meaningful results for the

quantitative analysis of celecoxib within 5 min (Fig. 2).
The retention times of celecoxib and the internal standard
rofecoxib were 2.3 and 1.1 min, respectively. When
plasma specimens were analysed without the addition of
celecoxib or internal standard, the chromatograms
contained no spurious signals in the relevant portions of
the trace (Fig. 2). Chromatograms obtained from 20
different human plasma samples showed that the method
is adequately specific.

Three separate analytical series analysed in duplicate
were used to verify the linearity of the calibration curve
for the relevant range from 5 up to 2000 �g/L in human
plasma. The correlation coefficients (r2) were greater
than 0.997.

Assay checks carried out over 2 months demonstrated
that the stability of celecoxib in human plasma at three
concentrations (5, 100 and 2000 �g/L, n = 5 in each case)
and the standard solution of celecoxib (50 mg/L in
acetonitrile) stored at �80°C, including two freeze–thaw
cycles, was adequate (difference between measured value
before and after freeze–thaw cycles �5% in each case).

The intra-day and inter-day assay precision and
accuracy for low, medium and high concentrations of
celecoxib in human plasma are summarised in Table 2.
The recoveries at concentrations of celecoxib of 5, 100

Figure 2. Representative SRM chromatograms of: (a) human plasma spiked with 5 �g/L celecoxib (LOQ) and internal standard; (b)
human plasma sample 24 h after oral administration of 200 mg spiked with internal standard; and (c) human plasma lacking both
celecoxib and internal standard.

Copyright  2001 John Wiley & Sons, Ltd. Biomed. Chromatogr. 16: 56–60 (2002)
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and 2000 �g/L were 75.5 � 2.8, 73.2 � 5.5 and 75.8 �
2.1%, respectively. The limit of quantification (LOQ),
according to Shah et al. (C. V., accuracy �20%; Shah et
al., 1992) was 5 �g/L (Fig. 2, Table 2).

Figure 3 presents the plasma concentration time
profiles of celecoxib in 12 human volunteers (11
CYP2C9 EM, one PM) following oral administration of
200 mg. The individual pharmacokinetic data are shown
in Table 1. However, mean pharmacokinetic data with
standard deviation of EMs were tmax 2.9 � 1.2 h, cmax

842 � 280 �g/L, AUC� 6246 � 2147 �g h/L and t1/2

7.8 � 2.7 h.

��2-�22�,*

The new HPLC-MS2-based method represents a suitable
approach to assess celecoxib concentrations in human
plasma and should be easily extendable to other matrices.
In contrast to the HPLC assay (Rose et al., 2000), this

assay is very easy and rapid. The products resulting from
the selected fragmentation reaction of celecoxib and
rofecoxib yielded approximately 50 and 70% of all
daughters registered, and could be explained by losses of
HF and H2O, respectively. The quantification assay for
celecoxib has been validated in the concentration range
from 5 to 2000 �g/mL, demonstrating a highly reliable
precision and accuracy; no signal interferences from
endogenous compounds have been observed. Further
quality controls revealed adequate analyte stability under
all conditions applied.

The LOQ (5 �g/mL) has been established in order to
meet the practical needs for profiling therapeutic
concentrations in humans. In the method described by
Rose et al. (2000) the LOQ was 25 �g/L. After oral
administration of the normal single dose recommended
for therapy (200 mg), the presented method was sufficient
to cover more than 95% of the area under the curve
(AUC�).

The pharmacokinetic results are well in accordance

Figure 3. Plasma concentration time-profiles of celecoxib (semilogarithmic plot) following
oral administration of 200 mg monitored in 12 healthy human volunteers.

Table 2. Precision (coefficient of variations, CV) and accuracy for low, medium and high concentrations of celecoxib in human
plasma

Intra-day (n = 5) Inter-day (3 days, n = 5 each)

Added concentration
(�g/L)

Measured concentration
(mean � SD, �g/L) CV (%)

Accuracy
(%)

Measured concentration
(mean � SD, �g/L) CV (%)

Accuracy
(%)

5 5.4 � 0.5 10.7 8.2 5.2 � 0.6 11.2 4.0
100 99.2 � 5.9 5.9 �0.8 98.0 � 4.6 4.6 �1.7

2000 1997 � 98.8 4.8 �0.2 2016 � 98 4.9 2.2
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with the parameters shown in the data for the FDA
(application no. NDA20-998, www.FDA.gov; n = 7,
tmax 2.9 � 1.2 h, cmax 842 � 280 �g/L, AUC� 5986 �
4032 �g h/L, t1/2 8.0 � 2.3 h) and seem generally to have
a wide variability. Interestingly, there was a negative
correlation (r = �0.76) between the body mass index and
the AUC�. This is possibly caused by the high lipid
solubility of celecoxib and could indicate drug seques-
tration into the liquid compartment. The range of half-life
was from 4.6 to 13.1 h and was on average shorter than
that published in the product information for celebrex�

(1999) (11 h). So, the dosage once daily for patients with
such a short half life seems questionable.

The maximum AUC� was obtained for CYP2C9 PM.
However, we found no noticeable increase in half life in
the PM after a single dose of celecoxib.

In conclusion, this new analytical approach features a
suitable method to assess the pharmacokinetics of the
standard celecoxib regimen in humans.
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