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Background: Celecoxib, a nonsteroidal antiinflammatory drug exhibits its antiinflammatory effect by
selective inhibition of cyclooxygenase-2 (COX-2) enzyme. Its efficacy has been accepted for the treatment of
arthritic pain with superior gastrointestinal side effect profile compared with other conventional NSAIDs.
Objective: To elucidate clinical pharmacokinetic of celecoxib following an oral dose administration.
Material and Method: Eighteen healthy Thai male volunteers were enrolled in the present study. Their mean
age was 20.94 + 1.21 years and their mean weight was 63 + 5.17 kg. They were orally administered 200 mg
celecoxib after an over night fasting, serial blood samples were drawn before and at 0.5, 1, 1.5, 2, 2.5, 3, 3.5,
4,5, 6,8, 10,12, 24 and 48 hours after dosing. Plasma celecoxib was analysed by reversed-phase HPLC.
Results: Following a 200 mg celecoxib oral administration, the drug was absorbed into the systemic circu-
lation and reach maximum concentration (T__) within 2.50 + 1.22 hrs by average with the mean peak
concentration (C__) of 686.83 + 211.35 ng/ml. The extent of absorption (area under the curve, AUC) was
approximately 5157.12 + 1499.46 and 5911.48 + 1363.51 ng hr/ml for AUC, _ and AUC,  _ respectively.
The apparent volume of distribution (Vd) was found to be 458.93 + 323.28 L/hr. Celecoxib was eliminated
after biotransformation and the metabolites were excreted in both urine and feces. The elimination half-life
(t ) of celecoxib appeared to be 8.79 + 5.49 hrs with the apparent clearance (CL) of 35.91 + 9.85 L. The
elimination rate constant for celecoxib obtained from this present study was about 0.11 + 0.05 hr.
Conclusion: Pharmacokinetic parameters following an oral dose of 200 mg celecoxib administration were
characterized, including C__, T__, Vd, kel, CL, AUC. These parameters reflected absorption, distribution,
biotransformation and excretion of celecoxib in healthy Thai volunteers.
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Celecoxib is a nonsteroidal anti-inflammatory
drug use for the treatment of several inflammatory
and painful conditions eg. osteoarthritis, rheumatoid
arthritis. Itis the first selective inhibitor of cyclooxge-
nase-2 (COX-2) available in the market®. Areduction
of cyclooxygenase-2-dependent prostaglandins, the
key mediators for inflammation was found both in vivo
and in vitro study.The upper gastrointestinal compli-
cation rate in clinical trials was significantly lower for
celecoxib than for traditional nonselective NSAIDs
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(eg. naproxen, ibuprofen) while its therapeutic efficacy
was similar to the conventional drugs®-®. Therefore,
celecoxib is one of the useful alternative NSAIDs for
the treatment of osteoarthritis, rheumatotcid arthritis,
particularly in patients at high risk of developing
gastrointestinal events. Celecoxib is well absorbed and
is extensively metabolized in humans, with less than
3% of the dose excreted unchanged in urine and feces.
The major route of metabolism appears to be methyl
hydroxylation which primarily catalyzed by human
liver microsomal CYP2C9®, Evidence from literature
review demonstrated that there were interethnic
differences on drug’s pharmacokinetic and may con-
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tribute to variability to drug response®®. Up to the
present there is increasing use of specific COX-2
inhibitor and no clinical pharmalokinetic data has
been reported in Thai volunteer? Therefore, the
objective of this present study was to characterize
the pharmacokinetic parameters of celecoxib after a
200 mg oral dose administration to healthy Thai
volunteers.

Material and Method
Subjects and dosages

Eighteen healthy Thai male volunteers
between the ages of 18-25 years were administered an
oral dose of 200 mg celecoxib. They have been resi-
dent in Thailand for at least two generations. They
were considered healthy on the basis of their medical
history, physical examination, blood chemistry and
urinalysis. All volunteers were absent from hypersen-
sitivity to drugs especially drugs in sulfonamide
group. Written informed consents were obtained
before entering the present study.

Chemicals

The chemical for HPLC analysis was HPLC
grade eg. acetronitrile which was purchased from
Merck Co Ltd, Germany as well as disodium hydro-
genphosphate. Ibuprofen was from BASF Company,
Germany.

Analysis of celecoxib in human plasma
For analysis of plasma celecoxib, high
performance liquid chromatography technic was used
according to a modified method of Schonberger F™.
Series of standard celecoxib concentration,
3200, 1600, 800, 400, 200, 100, 50 ng/ml were prepared
for construction of a calibration curve.

HPLC condition

Mobile phase : 33% 50 mM acetate buffer pH
4.3:67% acetronitrile

Flow rate : 1.2 ml/min

Column : Inertsil ODS-3 C18 silica column,
column size 4.6 x 250mm, silica size: 5 um, porous size:
0.45 um by GL Sci Inc. Japan

Detector : Fluorescence detector (Excitation:
emission wave length was 240:380 nm)

Injection volume : 50 ul

Sample preparations

To 0.5 ml of plasma, 10 ul of internal standard
(36.8 ug/ml) was added. After mixing, proteins were
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precipitated with 1.8 ml acetronitrile. The samples
were mixed by vortex and centrifuged at 4,000 rpm for
5 minutes. The supernatant was then transferred
and evaporated to dryness with speed vacuum. The
residue was dissolved in 500 ul of mobile phase and
the solution was centrifuged again at 4,000 rpm for 10
minute. Aliquot of 50 ul of supernate was used for
HPLC analysis.

In vivo study

After an overnight fasting, 5 ml of blood
samples were drawn from each subject as the baseline
control (time 0). Vital signs were also measured before
blood samples were drawn for the control purpose.
Then the subjects received a single oral dose of 200
mg celecoxib with 200 ml of water. Sixteen aliquot of
blood samples (5 ml) were collected in sodium heparin
tube before dosingand at0.5,1,1.5,2,2.5, 3,3.5,4, 5,
6, 8, 10, 12, 24 and 48 hours after dosing. Plasma
samples were kept at -20°C until drug analysis was
performed.

Ethical consideration

The study protocol, consent form, patient
information sheet and case report form were approved
by the Institutional Ethical Review Committee (Faculty
of Medicine, Chulalongkorn University). The present
study was carried out in accordance with recommen-
dations of World Medical Association Declaration of
Helsinki.

Adverse events monitoring

Adverse events of all volunteers were closely
monitored during and a week after study periods. Case
report forms were used to record all adverse events
encountered by the volunteers.

Data analysis

Pharmacokinetic parameters measurements:

1. Time to reach the maximal concentration
(Tmax)

2. Maximal plasma concentration (C )
Both T__and C__ were taken from plasma
drug concentration profile of each individual.

3. Area under the plasma concentration-time
curve from zero to the last quantifiable concentration
(AUC, ) was calculated using trapezoidal rule

4. Area under the plasma concentration-time
curve from zero to infinity (AUC, ) is the sum of
(AUC,  +AUC _ _where AUC,  _ (extrapolated AUC
from t to infinity) was determined as Ct/kel

633



5. Half-life (t
formula t,=0.693/kel

6. Apparent volume of distribution (Vd) was
calculated from the formula  Vd =CL/ kel

7. Apparent clearance (CL) was calculated
fromthe formulaCL=F, Dose/AUC,

8. Elimination rate constant (kel) was obtained
from the slope of log concentration-time curve in elimi-
nation phase

Since there is no clinical data available for
oral bioavailability of celecoxib (F,), thus clearance
(CL) in this present study meant CL/F  and the
apparent volume of distribution (Vd) meant Vd/ F,.

.») Was calculated from the

Statistical analysis

All pharmacokinetic parameters were pre-
sented according to descriptive statistics; mean +
standard deviation. (X + SD), Linear regression and
correlation analysis was applied to find the relation-
ship between peak area ratio and celecoxib concentra-
tion.

Results
Analytical method validation

In vitro plasma analysis of celecoxib concen-
tration by reversed-phase HPLC using fluorescence
detector demonstrated high selectivity. A clear sepa-
ration of celecoxib peak and ibuprofen peak (internal
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standard) are shown in Fig. 1. The retention time of
celecoxib and ibuprofen was 5.9 and 5.3 min. respec-
tively. Linear relationship between peak area ratio and
celecoxib concentration was observed (r> > 0.998) over
5 orders of magnitude (concentration range from 50-
3200 ng/ml, Fig. 2). Recoveries of the analyte varied
between 90-110% for high, medium and low concen-
tration. (3200, 800 and 100 ng/ml respectively) The
inter-day and intra-day precision were in the accept-
able range (%CV < 15%).

In vivo study

All the male subjects who participated in this
present study were healthy according to their medical
history, physical examination and blood chemistry
evaluation (Table 1). Their age ranged from 19-23 years
(average 20.94 + 1.21, the weight and height ranged
from 71.5-54.5 kg and 187-165 cm) (mean weight =63.00
+5.17 kg, mean height = 173 + 6.49 cm). Their body
mass indexes were within the normal range (18-24 kg/
m?). The summary of the subject demographic charac-
teristics are shown in Table 1. Each subject completed
the study without any adverse events. The mean
celecoxib plasma concentration-time profile is demon-
strated in Fig. 3, Table 2.

After oral administration of 200 mg celecoxib,
an average maximum concentration (C__) was found
to be 686 + 211.35 ng/ml, while the time to reach peak
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Fig. 1 Representative chromatograms of blank plasma, celecoxib (RT = 5.9) and ibuprofen (internal standard, RT = 5.3 min)

of a volunteer
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Fig. 2 Standard calibration curve of celecoxib in plasma

plasma concentration (T, ) was 2.5 + 1.27 hrs. The
extent of drug absorption which was characterized by
area under the plasma concentration-time from zero to
infinity (AUC, _ ) was shown to be 5911.48 + 1363.51
ng hr/mland 5157 + 1499.49 ng hr/ml for AUC,_ . The

t

Table 1. Demographic data of healthy male volunteers
participated in study

Subject  Sex Age Height Weight  Body mass

No. index (BMI)
1 male 20 169 63 22.06
2 male 20 175 66 21.55
3 male 20 167 61 21.87
4 male 19 165 54.5 20.02
5 male 20 169 71.5 25.03
6 male 20 170 62 21.45
7 male 19 173 62 20.72
8 male 23 185 68 19.86
9 male 23 171 60 20.52
10 male 21 173 59 19.71
11 male 22 168 58 20.55
12 male 21 175 67 21.88
13 male 21 187 70 20.05
14 male 22 180 71 21.92
15 male 21 182 66.5 20.07
16 male 22 171 60 20.52
17 male 21 173 56 18.71
18 male 22 165 58.5 21.48
Mean 20.94 173.22 63.00 20.95
sD 121 6.49 5.17 1.43
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Fig. 3 Mean + SD plasma celecoxib concentration-time
profile following an oral administration of 200 mg
celecoxib to 18 healthy male volunteers

mean elimination half-life (t ) was8.79 +5.49 hrs. The
apparent clearance (CL) of celecoxib in the volunteers
was 35.91 + 9.85 L by average. The apparent volume
of distribution (Vd) of approximately 458.93 + 323.28
L/hr was found in this present study with the mean
elimination rate constant of 0.11 + 0.05 hrt. All phar-
macokinetic parameters described above are shown
in Table 3.

Discussion

The discovery of cyclooxygenase-2 (COX-
2) enzyme has provided the rationale for the develop-
ment of a new class of nonsteroidal anti-inflammatory
drug (NSAIDs), the selective COX-2 inhibitors, with
the aim of reducing the gastrointestinal (GI) toxicity
associated with the administration of NSAIDs by
virtue of COX-1 sparing®. In this present study, the
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Table 2. Plasma celecoxib concentration (ng/ml)-time profile

following an oral administration of 200 mg celecoxib

Time (hrs)

Subject 0.5 1 15 2 2.5 3 3.5

4 5 6 8 10 12 24 48

1 47.19 205.13 37254 519.70 663.93 610.09 624.59
2 562.80 782.28 510.57 639.58 749.75 528.67 506.16
3 62.31 421.49 240.48 223.77 256.32 246.72 210.65
4 5.60 20.23 67.99 24893 556.94 739.20 572.77
5 195.30 647.04 678.06 655.59 599.45 425.99 346.29
6 246.88 405.85 400.73 430.52 415.99 335.92 310.34
7 364.06 493.69 405.81 428.64 382.21 324.63 233.40
8 69.40 143.85 27538 499.20 672.58 609.02 726.36
9 83.80 274.96 229.57 266.46 513.98 606.88 493.21
10 73.78 259.68 458.48 440.23 676.94 782.22 584.74
11 41.77 199.75 34433 32144 320.95 279.96 303.20
12 84.75 498.44 826.91 834.19 94295 822.30 841.06
13 157.58 368.48 317.54 515.32 1056.62 939.74 891.47
14 301.18 959.90 1081.21 1020.45 892.55 667.58 558.21
15 117.69 572.96 565.17 504.89 511.81 381.11 387.24
16 49.88 416.87 438.41 44434 389.28 302.97 263.78
17 94.20 441.50 64237 610.79 677.94 632.06 663.97
18 51.23 192.97 180.77 266.26 617.36 666.01 633.49
Mean 144.97 405.84 446.46 492.79 605.42 550.06 508.39
SD  142.63 234.90 245.78 207.96 216.11 206.80 205.42

759.09 629.65 442.12 376.49 273.89 217.10 47.97 <LOQ
402.94 292.06 235.49 142.62 94.26 66.45 56.84 <LOQ
211.72 183.80 142.41 103.71 114.15 9532 70.12 <LOQ
630.10 560.97 421.22 297.89 265.07 184.47 54.99 <LOQ
361.42 314.37 285.14 250.28 207.23 177.04 103.42 <LOQ
278.65 197.29 182.91 152.34 103.45 97.90 38.38 <LOQ
206.44 162.90 135.49 133.05 87.72 93.64 50.07 <LOQ
754.99 812.48 575.11 367.74 244.81 158.22 30.43 <LOQ
486.93 410.09 275.92 174.60 111.10 68.58 10.57 <LOQ
611.34 620.49 586.43 402.51 351.94 234.10 64.64 <LOQ
362.04 282.12 238.04 215.62 220.03 194.53 84.48 <LOQ
839.94 624.69 488.07 347.31 231.97 164.67 36.21 <LOQ
878.41 916.23 803.48 442.11 269.00 169.38 36.42 <LOQ
554.10 409.14 346.03 257.03 244.49 115.99 21.43 <LOQ
352.85 383.93 278.01 249.92 204.40 159.62 65.99 <LOQ
254.01 195.14 263.66 155.19 107.21 86.74 8.12 <LOQ
730.95 643.45 511.78 366.73 223.84 132.49 14.15 <LOQ
609.34 380.47 349.14 221.18 167.81 162.78 73.86 <LOQ
515.85 445.52 364.47 258.68 195.69 143.28 48.23

221.25 224.41 176.95 104.86 77.19 50.60 26.36

Table 3. Pharmacokinetic parameters (mean + SD) of celecoxib after an oral administration of celecoxib 200 mg to 18healthy

male volunteers

Subject C__ (ng/ml) T__ (hours) AUC

(ng.hr/ml) AUC,  (ng.hr/ml) t , (hr) K, (hr?) CL (L/hr) Vd (L)

max max 0>t

No.
1 759.09 4 6492.03 6877.54 5.57 0.1244  29.08 233.76
2 782.28 1 4367.38 5940.83 19.20 0.0361  33.67 932.56
3 421.49 1 2910.74 4924.79 19.91 0.0348 40.61 1166.98
4 739.2 3 5518.40 6007.93 6.17 0.1123  33.29 296.43
5 678.06 1.5 5561.83 7645.00 13.94 0.0497  26.16 526.38
6 430.52 2 3380.90 3922.81 9.79 0.0708 50.98 720.11
7 493.69 1 3234.61 4484.55 17.28 0.0401 44.60 1112.16
8 812.48 5 6254.52 6458.88 4.65 0.1489  30.97 207.96
9 606.88 3 3538.48 3601.41 4.13 0.168 55.53 330.56
10 782.22 3 7132.10 7666.07 5.72 0.1211  26.09 215.43
11 362.04 4 4556.26 5791.77 10.13 0.0684  34.53 504.85
12 942.95 2.5 6940.55 7213.52 5.22 0.1327  27.73 208.94
13 1056.62 2.5 7730.03 7985.07 4.85 0.1428 25.05 175.40
14 1081.21 1.5 6027.81 6151.03 3.99 0.1739 3251 186.97
15 572.96 1 5007.90 5824.97 8.58 0.0808 34.33 424.94
16 44434 2 3114.57 3518.59 3.76 0.1844 56.84 308.25
17 730.95 4 6034.17 6105.88 351 0.1973  32.76 166.02
18 666.01 3 5025.83 6285.95 11.83 0.0586 31.82 542.95
Mean 686.83 2.50 5157.12 5911.48 8.79 0.11 35.92 458.92
SD 211.35 1.22 1499.46 1363.51 5.49 0.05 9.85 323.28

authors characterized the pharmacokinetic parameters
after oral administration of 200 mg celecoxib, the first
selective COX-2 inhibitor, in 18 Thai male volunteers.
The results of the study demonstrated that celecoxib
was well absorbed, reaching peak plasma concentra-
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tion within 2.55 + 1.22 hours with the average maxi-
mum concentration of 686.83 + 211.35 ng/ml. Since
aqueous solubility of celecoxcib is low at 3to 7 ug/ml
when determined in vitro at pH 7 and at 40°C. pKa of
the drug is 11.11, thus, the solubility of the drug is
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likely to be low at the physiological pH and it needs
more time for dispersion and dissolution of the
solid dosage form in the gastrointestinal tract when
compared with the oral solution®. It was already known
that celecoxib was widely distributed in human plasma
and the apparent volume of distribution found from
the present study was 458.93 + 323.28 L/hr, suggestion
extensive distribution into the tissue. The area under
the plasma concentration-time (AUC, _ , AUC, _ ),
for celecoxib which reflects the extent of drug absorp-
tion from time zero to the last quantifiable concentra-
tion (0 — t) and infinity were found to be 5,157.12 +
1,499.46 and 5,911.48 + 1363.51 ng hr/ml respectively.
Celecoxib is hepatatically metabolized by CYP 2C9
into three inactive metabolites and excreted predomi-
nantly by the liver and by renal route to a lesser
extent@19, The elimination half-life for celecoxib was
8.79 + 5.49 hrs with the mean elimination rate constant
of 0.11 + 0.05 hr* were the result of this present study.
It also appeared that the low solubility of celecoxib
will prolong absorption process and make elimination
half-life more variable®. The apparent clearance of
celecoxib was approximately 35.91 +9.85 L. All pharma-
cokinetic parameters for celecoxib obtained from the
present study mostly complied with other studies, eg.
amean peak plasma concentration (C__)of705 g/L
was reached 2.8 hours (T __) after 200 mg dose in
volunteers (n = 36) under fasting conditions®. C__
and area under the plasma concentration-time curve
(AUC) increased in a dose-proportion manner over
the therapeutic dose range of 100 to 200 mg. The
apparent volume of distribution approximately 400 L
in volunteers (n = 24), the mean plasma half-life (t ) of
celecoxib was 11.2 hours after a single 200 mg dose.
The apparent plasma clearance was 27.7 L/hr@D, A
recent study performed in Indian subjects following
an oral dose of 200 mg celecoxib revealed that C __ was
544.89 +273.91ng/ml, T__ was4 +0.88 hr, AUC, _
was approximately 4,632.42 ng hr/ml. The elimination
half-life (t ) was 9.3 + 3.58 hr. The values for VVd and
clearance were 583 + 251 L/kg and 43.14 + 36.23 L/hr
respectively®?. Racial difference in drug disposition
and pharmacokinetic change in the elderly was
reported for celecoxib®@. Interindividual variability in
drug response might be a consequence in alteration
in drug disposition the data of which needs further
investigation.

J Med Assoc Thai Vol. 88 No.5 2005

In conclusion, pharmacokinetic study
following 200 mg oral dose of celecoxib was the first
report in normal male volunteers. Pharmacokinetic
parameters includingC__, T__,AUC, Kel,t ,Vdand

CL were elucidated from this present study.
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