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Characterization of metabolites of Celecoxib in
rabbits by liquid chromatography/tandem mass
spectrometry
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The metabolism of the anti-inflammatory drug Celecoxib in rabbits was characterized using liquid chromatog-
raphy (LC)/tandem mass spectrometry (MS/MS) with precursor ion and constant neutral loss scans followed by
product ion scans. After separation by on-line liquid chromatography, the crude urine samples and plasma and
fecal extracts were analyzed with turbo-ionspray ionization in negative ion mode using a precursor ion scan of
m/z 69 (CF3) and a neutral loss scan of 176 (dehydroglucuronic acid). The subsequent product ion scans of the
[M − H] ions of these metabolites yielded the identification of three phase I and four phase II metabolites. The
phase I metabolites had hydroxylations at the methyl group or on the phenyl ring of Celecoxib, and the subse-
quent oxidation product of the hydroxymethyl metabolite formed the carboxylic acid metabolite. The phase II
metabolites included four positional isomers of acyl glucuronide conjugates of the carboxylic acid metabolite.
These positional isomers were caused by the alkaline pH of the rabbit urine and were not found in rabbit
plasma. The chemical structures of the metabolites were characterized by interpretation of their product ion
spectra and comparison of their LC retention times and the product ion spectra with those of the authentic
synthesized standards. Copyright 2000 John Wiley & Sons, Ltd.
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INTRODUCTION

Celecoxib, 4-[5-(4-methylphenyl)-3-(trifluoromethyl)-1H-
pyrazol-1-yl]benzenesulfonamide (Fig. 1), is a new anti-
inflammatory drug that is highly selective for the inhibi-
tion of the inducible form of cyclooxygenase (COX-2).1–4

The drug is used to treat rheumatoid arthritis, osteoarthritis
and pain.5 The specific inhibition of the COX-2 enzyme
by Celecoxib offers a distinct safety advantage over
non-specific COX inhibitors. Constitutive cyclooxygenase
(COX-1) appears to be responsible for most of the phys-
iological prostaglandin production associated with gastric
lining cytoprotection. However, COX-2 is involved in
acute inflammatory response including joint inflammation.
Thus the selective inhibition of COX-2 while preserv-
ing COX-1 function provides an anti-inflammatory and
analgesic effect without compromising the gastrointestinal
tract.6–8 In fact, clinical studies have demonstrated that
Celecoxib leads to a significant reduction in joint pain,
tenderness and swelling with a statistically significantly
lower incidence of gastric ulceration.9 Additionally, recent
studies indicate that COX-2 inhibitors such as Celecoxib
appear to provide some relief for preventing colon cancer
and Alzheimer’s disease.8,10–12

LC/MS/MS has been widely used in the characterization
of metabolites found in complex biological matrices
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derived from in vitro and in vivo sources.13,14 It has
been shown that the application of precursor ion and con-
stant neutral loss scans can be employed to fully or par-
tially identify drug metabolites relatively rapidly.15,16 The
approach includes: (1) to perform a product ion scan of a
parent drug to select characteristic product or neutral loss
ions; (2) to conduct precursor ion scans of the selected
product ions or neutral loss scans of the selected neutral
loss ions to obtain the molecular ion information for the
metabolite candidates; (3) finally to acquire product ion
scans of the metabolites to gain the structural information
for characterization of the metabolite structures.

Celecoxib is extensively metabolized in humans and
rats.17,18 The metabolic pathways of Celecoxib in humans
and rats involve oxidation of the methyl group of Cele-
coxib to form a hydroxymethyl metabolite and a car-
boxylic acid metabolite. Glucuronide conjugates of the
oxidized metabolites are also produced in humans and
rats. This paper describes the application of LC/MS/MS
to determine the metabolites of Celecoxib in female rab-
bits after a single 10 mg kg�1 oral dose of [14C]Celecoxib.
Urine and fecal samples were collected at predose (approx-
imately�18 to 0 h) and every 24 h for 7 days postdose.
Blood samples collected at 0.5, 2, 8 and 24 h post-
dose were centrifuged to obtain plasma. The metabolic
profiles of [14C]Celecoxib in plasma, urine and feces
and the percentages of dose excreted in urine and feces
were determined. The metabolites of [14C]Celecoxib were
separated by LC and identified by MS/MS utilizing
the parent ion scan ofm/z 69 (CF3) and the neutral
loss ion scan of 176 (dehydroglucuronic acid) followed
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Figure 1. Chemical structure of Celecoxib (* and # denote the
positions labeled with [14C] and [13C] respectively).

by the product ion scans of the metabolite candidates.
The chemical structures of the metabolites were char-
acterized by interpreting their product ion spectra and
comparing both their LC retention times and the prod-
uct ion spectra with those of the authentic synthesized
standards.

EXPERIMENTAL

Chemicals

Commercially obtained chemicals and solvents were of
analytical or HPLC grade.̌ -Glucuronidase (fromHelix
pomatia, type H-1 with sulfatase activity), 0.2M sodium
acetate buffer and pH 10 glycine buffer solutions were
obtained from Sigma Chemical Co. (St Louis, MO). Cele-
coxib, [13C3]Celecoxib, M2 (4-[5-(4-hydroxymethylphe-
nyl)-3-(trifluoromethyl)-1H-pyrazol-1-yl]benzenesulfon-
amide), M1 (4-[5-(4-carboxylphenyl)-3-(trifluoromethyl)-
1H-pyrazol-1-yl] benzenesulfonamide) and M1-Glu (glu-
curonide conjugate of M1) standards were obtained from
the Searle Compound File.

Dosage forms and dose analysis

[14C]Celecoxib with a specific activity of 56 mCi mmol�1,
provided by the Radiochemistry Group, MSE, G. D. Sea-
rle, was mixed with non-radiolabeled Celecoxib to obtain
a final specific activity of 4.70µCi mg�1. [14C]Celecoxib
(141 mg) was dissolved in 53 g of PEG-400 by sonicating
for 5–10 min and then adding 23 ml of water to the mixture
while stirring. The ratio of PEG-400 and water was 2 : 1
(v/v) and the final concentration of Celecoxib in the dosing
solution was 1.8 mg g�1 or approximately 2 mg ml�1. The
radiochemical purity of [14C]Celecoxib in the dose was
greater than 96%, as determined by the LC/RAM method.

Animals and treatment

Three female white New Zealand rabbits (Hra : SPF),
purchased from Hazleton Research Products (Denver, PA),
were used for this study. The rabbits were approximately
5–6 months of age with body weights of approximately
2.8–3.2 kg. All the animals were acclimated for at least
3 days and did not receive any drug treatment prior to
the study. The rabbits were fasted overnight and for at
least 4 h postdose. Certified Rabbit Chow Diet #5322 was
availablead libitum to the animals through the rest of
the study. Each rabbit was administered [14C]Celecoxib
at a dose of 10 mg kg�1 that correlated to approximately
60 µCi kg�1.

Sample collection and storage

Blood samples (approximately 5 ml per time point) were
collected from the auricular artery or marginal ear vein
into chilled, heparinized vacutainers at 0.5, 2, 8 and
24 h postdose. The blood samples were kept on ice and
centrifuged within 30 min to separate the plasma from
the red blood cells (RBCs) at approximately 3000ð
g for 10 min at 4°C. The separated plasma samples
were aliquoted into NUNC cryotubes. Urine samples were
collected at predose (approximately�18 to 0 h) and
at 24 h intervals for 7 days postdose. The urine was
collected by free catch into containers packed in dry ice
containing approximately 2 ml of 0.1M sodium acetate
buffer, pH 5.0. Fecal samples were collected at predose
(approximately�18 to 0 h) and at 24 h intervals for
7 days postdose into pre-weighed Stomacher bags. All
plasma, RBC, urine and fecal samples were stored at
approximately�20°C until analysis.

Extraction and analysis of plasma samples

The plasma samples (1 ml) collected at 0.5, 2, 8 and 24 h
postdose were acidified with approximately 0.2 vol. of
1 M phosphoric acid and extracted by a 1 ml, 100 mg C18
Bond Elut solid phase extraction (SPE) column (Varian,
Harbor City, CA). The SPE column was preconditioned
with 2 ml aliquots of acetonitrile, methanol and water.
After loading the plasma sample, the column was washed
with 2 ml of water and eluted with 2 ml of acetonitrile.
The eluent was dried under a stream of nitrogen and
reconstituted with 0.2 ml of mobile phase A. 100µl of
the aliquot was injected onto the LC/MS/MS/radioactive
monitoring (RAM) system for metabolic profiling and
metabolite identification. 50µl aliquots of plasma or SPE
eluents were mixed with 10 ml of liquid scintillation cock-
tail (Aquassure) in 20 ml glass scintillation vials in order
to determine the radioactivity by a liquid scintillation
spectrometer (Mark III, Tracor Analytic, Elk Grove, IL),
with the chemical quench corrected using the automatic
external standard channel ratio method. All radioactive
values less than twice the background value were consid-
ered below the detection limit. The overall SPE extraction
efficiency (š SEM, standard error of mean) from plasma
samples based on radioactivity recovery was approxi-
mately 87.4š 4.1%.

Analysis of urine samples

The urine pH was adjusted to approximately pH 5.0 with
either 0.5 or 0.1M sodium acetate buffer, pH 5.0 and
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glacial acetic acid. Then aliquots (either 200 or 500µl)
of urine were placed in 20 ml glass scintillation vials
with approximately 15 ml of liquid scintillation cocktail
(Aquassure) added in order to determine the radioactiv-
ity by a liquid scintillation spectrometer. The percentage
of dose excreted in each urine sample was calculated
as [(radioactivity in the urine sample)/(total radioactivity
dosed to the animal)]ð 100. The metabolic profile and
metabolite identification of [14C]Celecoxib in urine were
determined by direct injection of urine samples (100µl)
onto the LC/MS/MS/RAM system.

Extraction and analysis of fecal samples

The fecal samples were thawed at ambient tempera-
ture and weighed on a Mettler PM-400 balance (Met-
tler Instrument Corp., Highstown, NJ). They were then
mixed with approximately two to three times the fecal
sample weight of methanol/water (1 : 1 v/v) in the Stom-
acher bag, weighed again and homogenized into a uniform
consistency using a Stomacher Laboratory Blender 400
(A. J. Seward, London, UK). Triplicate aliquots (approx-
imately 0.3–0.6 g) of each fecal homogenate were weig-
hed, placed in a Combustocone, dried overnight and then
combusted using a Packard Sample Oxidizer (Packard
Model A387, Packard Instruments Co., Downers Grove,
IL). The combustion products were mixed with 7 ml of
Carbosorb and 9 ml of Permafluor (Packard Instru-
ments Co., Downers Grove, IL) to determine the radioac-
tivity in each sample by a liquid scintillation spectrometer.
The percentage of dose excreted in each fecal sample
was calculated as [(radioactivity in the fecal sample)/(total
radioactivity dosed to the animal)]ð 100.

The fecal samples obtained over the 0–24 and 24–48 h
postdose time periods (approximately 11 g) were extracted
with 15 ml of methanol and mixed by rotation for about
1 h at ambient temperature. Extracts were centrifuged
at approximately 2000ð g for 15 min and the super-
natants were decanted. The remaining solid residues
were extracted twice with methanol using the same pro-
cedure as described previously, with the supernatants
from each extraction pooled and weighed. The amount
of radioactivity in the pooled supernatants was deter-
mined by a liquid scintillation spectrometer. The extrac-
tion efficiency for fecal samples ranged between 80.2
and 88.4%. The aliquots were dried under a gentle
stream of nitrogen at ambient temperature, reconstituted
in 0.5 ml of mobile phase A, and 100µl was injected onto
the LC/MS/MS/RAM system for metabolic profiling and
metabolite identification.

Enzyme and base hydrolysis of urine samples

The enzyme hydrolysis was conducted by mixing 500µl
of each urine sample with 500µl of 0.2 M sodium acetate
buffer (pH 5.0) and 20µl of ˇ-glucuronidase/sulfatase
(¾2000 units) in 50% glycerol solution, pH 5.0. The base
hydrolysis was prepared by mixing 500µl of each urine
sample with 500µl of 0.2 M glycine buffer, pH 10.0. The
control sample was prepared by mixing 500µl of urine
sample with an equal volume of the sodium acetate buffer
(pH 5.0). All prepared incubation samples were covered
with punctured parafilm and incubated in a shaking water
bath at 37°C for 16 h. After incubation the samples were
analyzed by LC/MS/MS/RAM.

LC/MS/MS/RAM

LC/MS/MS analyses were performed using a Perkin-
Elmer series 200 LC autosampler (Norwalk, CT) and two
Shimadzu LC-10A HPLC pumps coupled to a PE Sciex
API-III Plus triple quadrupole mass spectrometer (Con-
cord, Ontario). The separation was performed on a Waters
NovaPak C18 HPLC column (3.9 mmð 150 mm, 4µm)
that was eluted isocratically at a flow rate of 1.0 ml min�1

with 100% mobile phase A (acetonitrile/0.025M ammo-
nium acetate 20 : 80, pH 4.5) for 5 min, then programmed
with a linear gradient system to 100% mobile phase B
(acetonitrile/0.025M ammonium acetate 60 : 40, pH 4.5)
over a 20 min period and held at 100% mobile phase
B for another 5 min. Approximately 20% of the flow
was diverted to the mass spectrometer using a 1 : 4 T-
splitter. The rest of the flow was mixed with Flo-Scint

III (Packard Instruments, Meriden, CT) at a ratio of 0.8 : 3
(v/v) and detected with a Flo-One/Beta A-500 radioac-
tivity detector (Packard Instruments, Meriden, CT). The
mass spectral analysis was performed in negative ion
turbo-ionspray ionization mode set at 400°C with the
turbo-ionspray interface and orifice voltages maintained
at �3700 and�65 V, respectively. The nitrogen gas
for nebulization was set at 50 psi, whereas the nitro-
gen auxiliary and curtain gases were flow controlled at
2 and 1.8 l min�1, respectively. Collision-induced disso-
ciation (CID) studies were performed using a collision
energy of�30 eV and at a collision gas thickness of
250ð 1013 molecules cm�2 of argon with a pressure of
10 Psi.

RESULTS

Excretion of total radioactivity

The percentage of radioactivity (š SEM) excreted in the
urine and feces was 25.0š 4.4% and 72.2š 4.6% respec-
tively. The majority of the radioactivity was excreted
during 0–48 h postdose, with less than 0.001% of the
radioactive dose recovered in the cage wash. The mean
overall total radioactivity recovery of administered radio-
active dose in a 7 day collection period of urine and feces
was approximately 97%.

Metabolic profiling

Plasma.In the plasma LC/RAM profiles for 0.5, 2, 8 and
24 h samples, most of the radioactivity in plasma was
associated with the parent compound, a carboxylic acid
metabolite (M1) and its glucuronide conjugate (M1-Glu).
A hydroxymethyl metabolite (M2) and a hydroxyphenyl
metabolite (M3) were the minor metabolites observed
in plasma. A representative LC/RAM profile for rabbit
plasma is shown in Fig. 2(a).

Urine. The urine LC/RAM profiles for 0–24 and 24–48 h
samples indicated that M1 and M1-Glu were the major
components in rabbit urine. A representative LC/RAM
profile for rabbit urine is shown in Fig. 3(a).

Feces.The fecal LC/RAM profiles for 0–24 and 24–48 h
samples suggested that M1 was the most abundant meta-
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Figure 2. (a) LC/RAM profile and (b) precursor ion scan of rabbit plasma sample at 2 h postdose of [14C]Celecoxib.

bolite excretedin feces.A representativeLC/RAM profile
for rabbit fecesis shownin Fig. 4(a).

Identification of the metabolitesby MS

CID spectrumof the parent drug Celecoxib.The negativeion
massspectrumof Celecoxibshowsan[M � H] ion atm/z
380.TheCID of them/z 380generatesa seriesof product
ions at m/z 316, 296, 276, 256, 247, 225, 221, 198, 179,
159,139and80 anda basepeakatm/z 69 [Fig. 5(a)]. To
assistthe interpretationof massspectralfragmentation,
triply C-13 stable isotope-labeled[13C3]Celecoxib was
usedwith its C-13-labeledpositionsas shownin Fig. 1.
The CID spectrumof [13C3]Celecoxib is similar to that
of Celecoxib[Fig. 5(b)]. However,in the CID spectrum
of [13C3]Celecoxibthe product ions of Celecoxibat m/z
316, 296, 276, 256, 247, 225 and 221 are shifted 3 Da
higher to m/z 319, 299, 279, 259, 250, 228 and 224
respectively,indicatingthat thoseproductionscontainall
threeisotopeatoms.Theproductsatm/z 198,179,159and
139areshifted1 Da higherto m/z 199,180,160and140
respectively,suggestingthat thoseproduct ions contain
one isotopeatom. There is no shift for product ions at
m/z 80 and 69, indicating that theseions do not contain
any isotopeatoms.Basedon the above isotopepattern
analysisandmassspectralfragmentationmechanism,the
interpretationof CID dataof Celecoxibis summarizedas
follows andin Scheme1. Theproductionsatm/z 316and
225originatefrom the[M � H] ion by thelossof 64(SO2)
and155(C6H4SO2NH) Da respectively.Theproductions
atm/z 296,276and256aregeneratedby threesequential
lossesof 20 (HF) from the product ion at m/z 316. The
further lossof 69 (CF3) or 95 (CNCF3) by cleavageat the
five-memberring from them/z 316 generatesthe product
ions at m/z 247 and221 respectively.The combinedloss

of 79 (SO2NH) and103 (CH3C6H4C) from the [M � H]
ion yields the production m/z 198, which further lost 19
(F), 20 (HF) and 20 (HF) to form the product ions at
m/z 179, 159 and 139 respectively.The product ions at
m/z 69 and 80 correspondto CF3 and SO2NH2 groups
respectively.

Based on the fragmentation analysis of Celecoxib
above,the CF3 group (m/z 69) seemsto be a character-
istic functional group for Celecoxiband its metabolites.
In addition,m/z 69 is a basepeakin the CID spectrum,
so it can provide maximumsensitivity for the precursor
ion scan.Thereforem/z 69 was selectedas the ion for
the precursorion scananalysisof rabbit plasma,urine
and fecal samples.In addition, 176 (dehydroglucuronic
acid) wasusedto performthe neutrallossscanto detect
phaseII metabolites,glucuronideconjugates.The precur-
sorion scanof m/z 69for therabbitplasmaextractshowed
five peaksin its LC/MS/MS chromatogram.Fourof these
matchedthe retentiontimesof the radioactivepeaksM1,
M2, M3 andCelecoxibin the radioactiveprofile with the
correspondingprecursorions at m/z 410, 396, 396 and
380 [Fig. 2(b)]. The neutrallossscanof 176 for the rab-
bit plasmaextractshowedasinglepeakwith theprecursor
ion of m/z 586,which hadthe sameretentiontime asthe
radioactivepeak M1-Glu. In the rabbit urine and feces
the precursorion scanof m/z 69 showeda single major
peakwith the parention at m/z 410, which hadthe same
retentiontime asthe radioactivepeakM1 in the radioac-
tive profile [Figs 3(b) and4(b)]. The neutrallossscanof
176 for the rabbit urine yielded four small peakswith
the sameprecursorion of m/z 586; thesefour peaksalso
containedradioactivityasshownin theradioactiveprofile
[Fig. 3(a) and (c)]. When the plasmaextract was incu-
batedwith ˇ-glucuronidase,M1-Glu was convertedinto
M1, suggestingthatM1-Glu is a glucuronideconjugateof
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Figure 3. (a) LC/RAM profile, (b) precursor ion scan and (c) neutral loss scan of rabbit urine sample at 0 24 h postdose of [14C]Celecoxib.

Figure 4. (a) LC/RAM profile and (b) precursor ion scan of rabbit fecal sample at 0 24 h postdose of [14C]Celecoxib.
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Figure 5. CID mass spectra of (a) Celecoxib and (b) stable isotope-labeled [13C3]Celecoxib.

M1 with the conjugationoccurringat the C-1 positionof
theglucuronicacid.Whentherabbiturinewashydrolyzed
with ˇ-glucuronidase,oneof the four isomersof M1-Glu,
which had the retentiontime of 5.5 min, was converted
into M1. In addition,whentheurinewashydrolyzedwith
base,all four isomersof M1-Glu wereconvertedinto M1.
Theseresultsindicatedthat the four isomersof M1-Glu
in the urine were the positionalisomersof the esterglu-
curonideof M1 which were formed by an internal acyl
migrationmechanism.

By using the precursorion scan of m/z 69 and the
neutrallossscanof 176,we wereableto detectall major
metabolitesof Celecoxibin rabbitplasma,urineandfeces.
The interpretationof the production massspectraof the
precursorionsm/z 380 (Celecoxib),410 (M1), 396 (M2),
396 (M3) and586 (M1-Glu) wasaddressedasfollows.

Celecoxib.The [M � H] ion at m/z 380 in its negativeion
massspectrumwasconsistentwith thatof theparentdrug
Celecoxib.The CID spectrumof them/z 380 generateda
seriesof productionsatm/z 316,296,276,256,247,225,
179, 159 and80 anda basepeakat m/z 69 , which were
identical to thosein the CID spectrumof the Celecoxib
standard.In addition, its LC retentiontime wasthe same
asthat of Celecoxib.Thereforethe Celecoxibpeakin the
rabbit plasmaandfecal LC/RAM profileswasconfirmed
asthe parentdrug Celecoxib.

M1. The [M � H] ion of M1 at m/z 410 in its negative
ion massspectrumwas 30 Da higher than that of the
parentcompoundCelecoxib,suggestingthat M1 was a
carboxylic acid metaboliteof Celecoxib.The CID spec-
trum of them/z 410yieldeda seriesof productionsatm/z
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Scheme 1. Proposed fragmentation scheme of CID data of Celecoxib.

366,302,282,262,242,233,211,179and159anda base
peakatm/z 69 [Fig. 6(a)]. Sequentiallossesof 44 (CO2),
64 (SO2), 20 (HF), 20 (HF) and20 (HF) Da from them/z
410 generatedthe productions atm/z 366,302,282,262
and242respectively.Theproduction atm/z 302lost CF3
andC6H4NH to yield theproductionsatm/z 233and211
respectively.The combinedlossof 79 (SO2NH) and133
(CO2HC6H4C) from them/z 410 yieldedthe production
atm/z 198,which furtherlost 19 (F), 20 (HF) and20 (HF)
to form the productions atm/z 179,159 and139 respec-
tively. The basepeakatm/z 69 indicatedthe cleavageof
theCF3 group.TheCID spectrumandtheLC retentionof
M1 were the sameas thosefor syntheticcarboxylicacid
Celecoxib.ThereforeM1 was identified as a carboxylic
acid metaboliteof Celecoxib.

M2. The [M � H] ion of M2 at m/z 396 in its negative
ion massspectrumwas 16 Da higher than that of the

parent compound Celecoxib, suggestingthat M2 was
a monohydroxylatedmetaboliteof Celecoxib.The CID
spectrumof them/z 396 showedproductions atm/z 366,
302,282,262,233,179,159and69[Fig. 7(a)].Sequential
lossesof 30 (CH2O), 64 (SO2), 20 (HF) and20 (HF) Da
from them/z 396accountfor theproductionsatm/z 366,
302,282and262respectively.Theproduction atm/z 233
wasformedby thelossof 69 (CF3) from them/z 302.The
combinedloss of 79 (SO2NH) and 119 (CH2OHC6H4C)
from the [M � H] ion yieldedthe production atm/z 198,
which further lost 19 (F) and20 (HF) to form theproduct
ions at m/z 179 and 159 respectively.The product ion
m/z 69 correspondedto theCF3 group.TheCID spectrum
and the LC retentionof M2 were the sameas thosefor
synthetic hydroxymethyl Celecoxib.ThereforeM2 was
identifiedasa hydroxymethylmetaboliteof Celecoxibin
which the hydroxylationoccurredon the methyl moiety
of the 5-(4-methyl)phenylgroup.

Copyright 2000JohnWiley & Sons,Ltd. J. MassSpectrom. 35, 1259–1270(2000)
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Figure 6. CID mass spectra of (a) M1 from rabbit plasma and (b) its synthetic standard.

M3. The [M � H] ion of M3 at m/z 396 was 16 Da
higher than that of Celecoxib, indicating that it was
anothermonohydroxylatedmetaboliteof Celecoxib.The
CID spectrumof them/z 396produceda seriesof product
ions at m/z 332, 317, 312, 302, 297, 277, 226, 178 and
69 (Fig. 8) that werealsodifferentfrom the productions
of M2. The loss of 64 (SO2) or 79 (SO2NH) Da from
m/z 396 yielded the product ions at m/z 332 and 317
respectively.Further sequentiallossesof 15 (CH3), 20
(HF) and20 (HF) from them/z 317producedtheproduct
ionsatm/z 302,297and277respectively.Theproduction
of m/z 178 wasformedby the lossof 119 (CH3C6H4OC)
from them/z 297,suggestingthat thehydroxyl groupwas
locatedon the phenyl moiety of the 5-(4-methyl)phenyl
group. The product ion at m/z 69 correspondedto the
CF3 group. Basedon the MS data, M3 was identified

tentatively as a hydroxyphenylmetaboliteof Celecoxib
with thehydroxylationoccurringon thephenylmoietyof
the 5-(4-methyl)phenylgroup.

M1-Glu. There was one radioactive peak in the rabbit
plasma and four radioactive peaks in the rabbit urine
which had the samemolecularweight. The negativeion
massspectraof thesepeaksrevealedthe [M � H] ions
at m/z 586, 176 Da higher than that of M1, which was
consistentwith glucuronideconjugatesof a carboxylic
acid metabolite of Celecoxib. The CID spectraof the
m/z 586 from these peaks were similar, generatinga
seriesof product ions at m/z 410, 366, 302, 282, 175
and 113 [Fig. 9(a)]. The product ions at m/z 410, 366,
302 and 282 were similar to those in the CID spec-
trum of M1, indicating that M1-Glu was relatedto M1.

Copyright 2000JohnWiley & Sons,Ltd. J. MassSpectrom. 35, 1259–1270(2000)
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Figure 7. CID mass spectra of (a) M2 from rabbit urine and (b) its synthetic standard.

Sequentiallossesof 176 (dehydroglucuronicacid) and
44 (CO2) Da from the negative ion at m/z 586 in its
CID spectrumsuggestedthatM1-Glu wastheglucuronide
conjugateof M1 with the site of the glucuronideconju-
gationoccurringon the carboxylacidgroup.The product
ions at m/z 175 and 113 were generatedby sequential
lossesof 18 (H2O) and 62 (HOCH2CH2OH) from glu-
curonicacid andconfirmedthe existenceof a glucuronic
acid conjugate.The CID spectrumof M1-Glu was iden-
tical to the massspectrumof the syntheticglucuronide
of the carboxylic acid Celecoxib[Fig. 9(b)], confirming
that M1-Glu was a glucuronideconjugateof the Cele-
coxib carboxylic acid metabolite.The four isomersof
M1-Glu observedin the LC-RAM profilesof rabbit urine
were the positionalisomersformedby an acyl migration
mechanism.

DISCUSSION

The useof precursorion and constantneutral loss scans
for screeningmetabolitesin complexbiological matrices
is averyusefulanalyticaltool for theidentificationof drug
metabolites.19 In conjunctionwith on-line LC separation
andradioactivemonitoring,thesetechniquescansimplify
and reduce the time-consumingmetabolite recognition
stepsandspeedup themetaboliteidentificationprocesses.
In this study we have successfulidentified all major
metabolitesof Celecoxib in rabbit plasma, urine and
fecalsampleswith this approach.Successfullyidentifying
characteristicproduct ions or neutral ions to be used
for precursorion and neutral ion scansis critical. Based
on our experience,the selectedproduct ions for phaseI
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Figure 8. CID mass spectrum of M3 from rabbit plasma.

Figure 9. CID mass spectra of (a) M1-Glu from rabbit urine and (b) its synthetic standard.
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Scheme 2. Metabolic pathways of Celecoxib in female rabbits.

metabolitescreeningshouldcontaina characteristicgroup
in the parentdrug andhaverelatively low massandhigh
intensity. The constantneutral loss scan for 176, 162
and 80 Da can be used to screenphaseII metabolites
suchasglucuronides,glucosidesandsulfatesrespectively.
The approachby using precursorion and neutral loss
scanscreeningmay not work for all situationsof drug
metabolism,especiallyfor highly complex and multiple
metabolismpathways.However,it is worthwhile for this
approachto be consideredfirst in order to rapidly screen
some metabolites.This approachwas extremely useful
in detectingnovel metabolitesin our routine metabolism
studies.

The disposition of Celecoxib in female rabbits was
examined in this study. The urinary and fecal routes
of elimination accountedfor 97% of the administered
doseby 7 days post-oral administrationof 10 mg kg�1

of [14C]Celecoxib to female rabbits. Total radioactivity
excretedin the urine and feceswas 25 and 72% respec-
tively. Celecoxibwas extensivelymetabolized,with less
than 2% of the administereddose as unchangeddrug
in urine and feces.Three phaseI metabolitesand four
phaseII metabolitesof Celecoxibwerecharacterized.The
identificationof themetabolitesfrom thebiologicalmatri-
ceswasconductedby LC/MS/MS in conjunctionwith on-
line radioactivitymonitoring.The sensitivetandemmass
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spectrometric technique provided rich structural informa-
tion for metabolites, and the on-line radioactive moni-
toring characterized the retention times of the metabo-
lites. These techniques have enabled us to identify all
the radioactive peaks in the LC/RAM profiles of plasma,
urine and feces. The identification of the metabolites was
finally confirmed by HPLC retention times and compari-
son of their mass spectral patterns with those of synthetic
standards.

Based on the structures of the metabolites, the proposed
major metabolic pathways of Celecoxib in the female rab-
bit involved hydroxylation of Celecoxib at the methyl
group in the phenyl ring of Celecoxib to form M2, which
was oxidized at the hydroxyl group to form M1, a car-
boxylic acid metabolite. M1 was conjugated with glu-
curonic acid to form the acyl glucuronide conjugate of M1
(M1-Glu). A minor metabolic pathway was the hydroxy-
lation in the methylphenyl ring to form M3 (Scheme 2).

Celecoxib, M1 and the glucuronide conjugate of M1
(M1-Glu) were the major radioactive components cir-
culating in plasma, accounting for 38, 25 and 33% of
the total chromatographic radioactivity respectively. The
minor metabolites M2 and M3 represented only 0.71 and
2.9% of the radioactivity in plasma respectively. Only
one radioactive peak of M1-Glu was observed in plasma,
which formed M1 when hydrolyzed enzymatically by
ˇ-glucuronidase, suggesting that no acyl migration for
M1-Glu occurred in plasma. In urine the majority of the
radioactivity was associated with M1 and its glucuronide
conjugates (M1-Glu), accounting for 22 and 1.6% of the
total administered dose in 0–48 h respectively. Four posi-
tional isomers of M1-Glu were observed in urine that had

the same molecular weight and similar CID spectra. Only
one of these four isomers could be hydrolyzed enzymati-
cally by ˇ-glucuronidase to release M1; however, all four
isomers were hydrolyzed chemically by pH 10 base solu-
tion to release M1. These results demonstrated that the
acyl glucuronide, which occurred at the carboxylic acid
group of M1, underwent isomerization, probably through
an acyl migration mechanism, to generate four positional
isomers of M1-Glu. The alkaline catalysis of acyl migra-
tion by components of the urine may account for the
recovery of acyl migration products in urine and not in
plasma samples. The acyl migration reaction of ester glu-
curonides to form positional isomers is well investigated
and established.20 In feces, less than 2% of the admin-
istered dose was excreted as Celecoxib. M1, the major
radioactive component in feces, accounted for 64% of the
total administered dose excreted through 48 h postdose.

In summary, the clearance of Celecoxib in female rab-
bits included phase I and phase II metabolism followed by
elimination. The use of LC/MS/MS and on-line radioac-
tive detection was very helpful in identifying and charac-
terizing chemical structures of metabolites of Celecoxib
from various biological matrices. Three phase I metabo-
lites and four phase II metabolites were identified to sup-
port the proposed metabolic pathway for Celecoxib in
female rabbits.
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