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Abstract

A rapid screening procedure is described for the simultaneous determination of various acidic non-steroidal anti-
inflammatory drugs (NSAIDs) at sub-nanogram levels. The procedure involves solid-phase extraction (SPE) of NSAIDs
using Chromosorb P as the adsorbent in partition mode, with subsequent single-step conversion to rerr.-butyldimethylsilyl
(TBDMS) derivatives, followed by direct analysis by gas chromatography—mass spectrometry (GC-MS). The characteristic
[M—57]" high-mass ions constituting the base peaks in the electron-impact mass spectra of most TBDMS derivatives
permitted sensitive detection of NSAIDs by GC—MS in selected-ion monitoring (SIM) mode, even in the presence of higher
levels of coextracted urinary organic acids. The detection limit for SIM of each drug was in the range 0.03-0.9 pg. When
applied to urine samples (250 wl) spiked with NSAIDs, the present GC—SIM-MS method allowed simultaneous screening
for various NSAIDs with good overall precision and accuracy in the range of 10-40 ng.

Keywords: Non-steroidal anti-inflammatory drugs

1. Introduction

The carboxylated acidic non-steroidal anti-inflam-
matory drugs (NSAIDs) constitute the principal class
of agents for controlling pain and inflammation of
rheumatic diseases. A combination of these drugs is
also used for analgesic abuse in horses and other
animals [1]. Simultaneous detection and identifica-
tion of these various NSAIDs is important for
clinical and toxicological screening. as well as for
controlling illegal use in animals [1-9].

*Corresponding author.

In the literature, the application of high-resolution
capillary gas chromatography (GC) to NSAID profil-
ing analysis has been extensively investigated
[1,3,7-10]. We have previously reported a simple
profiling method which can simultaneously screen
for various acidic NSAIDs [8,10]. The major advan-
tage of our method is the use of solid-phase ex-
traction (SPE) in partition mode using hydrophilic
Chromosorb P as the adsorbent to recover NSAIDs
from small amounts of biological samples. The
recovered NSAIDs are then directly converted to
their corresponding stable rert.-butyldimethylsilyl
(TBDMS) derivatives in a single step for dual-
capillary column GC analyses. Our dual-capillary
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column GC system provides accurate measurements
of retention index (/) and area ratio (AR) values on
dual columns of different polarity, thus enabling
positive peak identification through computer library
matching based on the two / sets and AR comparison
[IT1].

A major problem with simultaneous screening for
various acidic NSAIDs present at sub-nanogram
levels in biological samples, especially urine speci-
mens, is the coextraction of multiple endogenous
organic acids at much higher concentrations which
interfere with the resolution of individual NSAIDs
upon GC analyses [10]. Therefore, a very sensitive
method which can selectively monitor NSAIDs is
required, such as gas chromatography—mass spec-
trometry (GC-MS) in selected-ion monitoring (SIM)
mode.

GC-SIM-MS methods have been applied to
trimethylsilylated [1] and methylated [9] NSAIDs,
but not to the TBDMS derivatives to date. However,
it 1s well known that TBDMS derivatives possess
superior SIM properties, because of the characteristic
IM—57]1" high mass ions that constitute base peaks
in their electron-impact ionization (EI) mass spectra
[8.12,13].

In continuation of NSAID screening research
[8,10], the present study was undertaken to investi-
gate the optimal conditions of GC-SIM-MS analy-
ses. The optimal SIM conditions were applied to the
accurate quantitative screening of urine samples for
trace NSAIDs that were either spiked or ingested.

2. Experimental
2.1. Materials

Standards of twenty NSAIDs obtained from Sigma
(St. Louis, MO, USA) and various pharmaceutical
companies were as follows: ibuprofen, alclofenac,
fenoprofen. flufenamic acid, naproxen, niflumic acid,
pirprofen, ketoprofen, mefenamic acid, fenclofenac,
tolfenamic acid, diclofenac. suprofen, tolmetin,
zomepirac, indoprofen, fentiazac, indomethacin,
flubiprofen and lonazolac. Silylating reagent, N-
methyl-N-(zert.-butyldimethylsilytrifluoroacetamide
(MTBSTFA) was purchased from Pierce (Rockford,

IL, USA). and triethylamine (TEA) from Aldrich
(Milwaukee, WI, USA). All other chemicals were of
analytical grade and used as received. Chromosorb P
(acid-washed, 80-100 mesh) was purchased from
Supelco (Bellefonte, PA, USA). A glass tube (5 mm
1.D.) packed with Chromosorb P (400 mg) was
washed successively with methanol, acetone, di-
chloromethane and diethyl ether, and activated under
vacuum (150°C, 3 h) prior to being used as a SPE
tube.

2.2. NSAID solutions

NSAID stock solution containing eighteen
NSAIDs in their free acid form was prepared at a
concentration of 0.1 ug/ul in methanol. The stock
solution was used to prepare working solutions of
varying concentrations (0.5 to 20 ng/ul) in metha-
nol. Flubiprofen and lonazolac, used as the internal
standards (L.S.)., were dissolved in methanol at a
concentration of 5 ng/ul. Flubiprofen was used as
the L1.S. for drugs eluted prior to lonazolac, and
lonazolac was used as the 1.S. for drugs eluted after
lonazolac.

2.3. tert.-Butvldimethylisilviation

Prior to GC-MS analyses, NSAIDs were con-
verted to their corresponding TBDMS derivatives as
follows: NSAID solutions were evaporated to dry-
ness under a gentle stream of nitrogen at 50°C: to the
residues 5 wl of TEA and 5 ul of dodecane were
added. and the mixtures were then silylated with 10
ul of MTBSTFA at 60°C for | h. The reaction
mixture was directly examined by GC-MS. The
standard samples containing twenty NSAIDs at 1 ng
each were prepared for determining detection limits.
The standard samples for testing linearity of GC—
SIM-MS responses were prepared with five NSAID
standard solutions containing 10, 20, 100, 200 and
400 ng of each NSAID and 100 ng of the LS.

2.4. Sample preparation

All the biological samples used for this study were
first morning urine samples collected in the early
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morning and stored frozen before use: Nine healthy
male subjects were divided to three groups, and urine
samples were collected on the first day following the
oral administration of ibuprofen (1200 mg),
mefenamic acid (1500 mg) and naproxen (500 mg)
to each group. Also, urine samples were collected on
the first, second and third days following the oral
administration of naproxen (250 mg) to a single
subject.

Aliquots of 250 ul of blank urine without spiking
or after spiking with increasing amounts of NSAIDS
(20. 100 and 200 ng each), and urine containing
unknown amounts of administered NSAIDs, were
mixed with 100 ng of LS. so that the concentration
of I.S. was 5 ng/ul in the tinal TBDMS reaction
mixture. Each solution was made alkaline (pH 13)
with 5 M sodium hydroxide, followed by washing
with diethyl ether (2X1 ml). The aqueous layer was
acidified (pH<1) with concentrated sulphuric acid.
and saturated with sodium chloride, and then subject-
ed to SPE in partition mode as described previously
[10]. Briefly, the mixture was loaded onto an acti-
vated Chromosorb P column, followed by elution
with diethyl ether (1 ml) and dichloromethane (1 ml)
in sequence, using a solid-phase extractor (Supelco).
The combined eluates were then evaporated and
derivatized as described above. Samples for intra-day
and inter-day assay tests were prepared by derivatiz-
ing blank urine extracts after spiking with increasing
amounts of NSAIDs (10, 20, 80, 160 and 240 ng
each) and fixed amount (100 ng) of L.S.. All samples
were individually prepared in triplicate. They were
analyzed in a day for intra-day assays, and on every
other day for inter-day assays.

2.5. Gas chromatography—mass spectrometry

A Hewlett-Packard HP 5890A series Il gas
chromatograph, interfaced to an HP 5970B MSD (70
eV, EI mode) which was on-line to an HP 59940A
MS ChemStation system. was used with a Ultra-2
(25 mx0.20 mm LD, 0.11 um d;) cross-linked
methyl silicone capillary column (Hewlett-Packard,
Avondale. PA, USA). The column head pressure of
helium as the carrier gas was set to 82.7 kPa.
Aliquots of 0.5 ul of samples were introduced in
split injection mode (5:1) at the injector temperature

of 270°C, and the oven temperature was initially
190°C (held for 0.5 min), programmed to 230°C at a
rate of 4°C/min then to 290°C at a rate of 30°C/min;
the run time was 20 min. The interface and ion
source temperatures were 300 and ~200°C, respec-
tively.

2.6. Data acquisition

In scanning mode, mass range was 60 to 500 u at
a rate of 1.29 scan/s, and the voltage of electron
multiplier (EM) detector was 1400 V. In SIM mode,
a base peak ion for each drug was selected and the
start time for ion monitoring was programmed from
3.0 to 17.0 min to set up ten groups of ions to be
monitored as listed in Table [. A dwell time of 80
ms and the EM voltage of 2000 V were chosen for
each ion monitored. The effect of dwell time such as
30. 50, 80, 100, 150 and 200 ms on the ion
abundances were investigated.

2.7. Calculation

The detection limit for each NSAID was calcu-
lated based on the weight giving a signal three times
the peak-to-peak noise of the background signal.
Least-squares regression analysis was performed on
the measured peak-area ratios against increasing
weight ratios of NSAIDs to LS. in order to test
linearity of SIM responses and to plot calibration
curves for the quantitative measurements of
NSAIDs. Recoveries of NSAIDs added at three
different levels to urine samples were calculated
using 1.S. method in order to test overall efficiency
of the combined SPE, TBDMS derivatization and
SIM measurement.

3. Results and discussion
3.1. Optimal GC-SIM-MS conditions
In a previous report (8], we verified that the

TBDMS derivatives of twenty-six acidic NSAIDs
possess superior GC and MS properties. In most of
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Table 1
GC-SIM-MS data of NSAID standards as their TBDMS derivatives
No. NSAID Retention Start [M—57]" ion Detection
time (min) time (min) selected (m/z2) limit (pg)
| Ibuprofen 4.330 3.0 263.15 0.3
2 Alclofenac 6.614 283.05 0.9
3 Fenoprofen 8.568 75 299.15 03
4 Flufenamic acid 8.579 338.15 0.4
5 Flubiprofen 8.722 301.10 0.1
6 Naproxen 9.870 9.0 287.15 0.2
7 Niflumic acid 9.958 339.05 0.2
8 Pirprofen 10.533 10.3 308.15 0.6
9 Ketoprofen 11.665 1.s 31115 0.3
10 Mefenamic acid 11.671 298.15 0.2
11 Fenclofenac 11.988 353.05 0.1
12 Tolfenamic acid 12.330 12.2 318.05 0.1
13 Diclofenac 12.538 352.05 0.2
14 Suprofen 12.729 317.05 0.2
15 Tolmetin 13.059 12.9 314.15 0.04
16 Zomepirac 13.544 348.15 0.9
17 Lonazolac 15.986 15.0 369.10 0.03
18 Indoprofen 16.609 16.3 338.25 0.2
19 Fentiazac 16.737 386.15 0.2
20 Indomethacin 17.630 17.0 370.25¢ 0.1

Analyzed on a Ultra-2 capillary column (25 mx0.20 mm 1.D., 0.11 zm d,), temperature programmed from 190°C (2 min) to 230°C at
4°C/min, then to 290°C at 30°C/min, in SIM mode at dwell time of 80 ms and EM voltage of 2000 V.

* Corresponds to [M—101]".

their EI mass spectra, [M—57] high-mass ions
generated by preferential cleavage of the labile zerr.-
butyl function from molecular ions constituted base
peaks with a few exceptions.

Thus, for profiling analysis of NSAID mixtures in
SIM acquisition mode, {M—357]  ions were selected
as the single ion to be monitored for all NSAIDs
except for indomethacin, where its second most
abundant [M—101]" ion at m/z 370 was chosen
rather than the third most abundant [M—57]" ion
(Table 1). Under the present GC-MS condition, the
retention time of each drug was very precise with
reproducibility of 0.20% or better. Therefore, the
start time of SIM activation was programmed from
3.0 to 17.0 min to set up ten groups of ions to be
monitored (Table 1). Among the dwell times tested,
80 ms was found to yield the highest ion abundance
for most of the drugs. With a single ion selected for
SIM of each drug, the detection limits were in the
range of 0.03-0.9 pg, proving the excellent sensitivi-
ty of our GC-SIM~MS conditions.

The typical total ion chromatogram of a standard

mixture containing 200 ng each of twenty NSAIDs
(Fig. 1A) shows that most drugs were resolved
within 20 min with good sensitivity. Incomplete
resolution between fenoprofen (peak 3) and
flufenamic acid (peak 4), between naproxen (peak 6)
and niflumic acid (peak 7), and between ketoprofen
(peak 9) and mefenamic acid (peak 10) were ob-
served. However, their peaks were clearly resolved
in the individual ion chromatograms (Fig. 1B-G),
because of the distinctive differences between the
masses of their selected-ions. When the linearity and
precision of the SIM response to each ion selected
were examined, linear responses for the range 10—
400 ng in 20 wl of final reaction mixtures were
obtained with correlation coefficients varying from
0.992-0.999 (Table 2).

3.2. Urine matrix effects

Previously, we reported that determination of trace
NSAIDs in urine was difficult due to the presence of
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Fig. 1. Total ion chromatogram (A) of a standard mixture containing 200 ng each of 20 NSAIDs and their selected-ion chromatograms
(B-G). Peak numbers correspond to those in Table 1. GC-SIM-MS conditions are given in Section 2.5 and Section 2.6.

interfering biogenic organic acids at much higher prepared from blank urine using our SPE method in
concentrations [10]. Therefore, urine matrix effects partition mode [10]. When the inner diameter of SPE
on SIM detection were examined with urine extracts tube was reduced to 5 mm, urinary organic acids
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Table 2
Linearity of GC-SIM-MS responses to NSAID standards as their
TBDMS derivatives

NSAID Regression line" Correlation
—— coefficient
m b (r)
[buprofen 1.130 0.0022 0.997
Alclofenac 0.364 -0.0112 0.990
Fenoprofen 1.010 - 0.0121 0.998
Flufenamic acid 0.365 0.0230 0.990
Naproxen 0.889 -0.0159 0.997
Niflumic acid 0.374 0.0149 0.997
Pirprofen 0.275 0.0033 0.997
Ketoprofen 0.613 --0.0175 0.993
Mefenamic acid 0.644 0.1350 0.996
Fenclofenac 0.471 0.0484 0.992
Toltenamic acid 0.364 0.0035 ().995
Diclotenac 0.221 - (L0070 0.994
Suprofen 0.545 0.0217 0.995
Tolmetin 0.151 0.0039 0.997
Zomepirac 0.093 (0.0041 0.996
Indoprofen 0.251 0.0571 0.997
Fentiazac 0.131 0.0222 0.998
Indomethacin 0.096 0.0121 0.996

Standards containing 10. 20. 100, 200 and 400 ng of each NSAID
at 100 ng of LS. were analyzed on a Ultra-2 capillary column (25
mx0.20 mm LD 0.11 gm d ). temperature programmed from
190°C (2 min) to 230°C at 4°C/min. then to 290°C at 30°C/min.
in SIM mode at dwell time of 80 ms and EM voltage of 2000 V.
“m=slope=relative  weight  response =mean  area  ratio  of
NSAID Xweight of [.S./weight of NSAID: h=y-intercept.

were recovered more efficiently within a shorter time
(20 min), and required smaller amounts of urine (250
ml). Chromosorb P (400 mg) and eluting solvent (2
ml), for the quantitative analyses compared to the
previous procedure [10]. The typical total ion chro-
matogram of blank urine extracts obtained in scan-
ning mode shows a good urinary organic acid profile
(Fig. 2A). When the same extract was analyzed in
SIM mode. only a few organic acids such as 4-
hydroxy-3-methoxyphenylacetic acid (peak a), p-
hydroxyphenylacetic acid (peak b), m-hydroxy-
phenylacetic acid (peak c¢). o-hydroxyhippuric acid
(peak d) and docosahexanoic acid (peak e) were
detected (Fig. 2B). The total ion chromatogram in
SIM mode of blank urine extract spiked with 240 ng
each of NSAIDs demonstrates that each drug was
well resolved from these interfering organic acids

(Fig. 2C). Complete resolutions with no interfer-
ences are more clearly depicted in the individual ion
chromatograms (Fig. 3).

When intra-day (Table 3) and inter-day (Table 4)
assay tests were performed, linear relationships were
observed between the area ratios and amount ratios
of NSAIDs. As the levels decreased, the precision
was generally lowered. However, the overali repro-
ducibility appears to be satisfactory for the quantifi-
cation of trace NSAIDs in unknown urine samples.

When the whole procedure of SPE and TBDMS
derivatization with subsequent GC-SIM-MS analy-
sis was applied to urine samples spiked with
NSAIDs at three different levels, efficient and selec-
tive detection of each drug was possible (Table 5).
The recoveries ranged from 74. 6-114.9% with
precision within 11.3% except for tolmetine (21.2%).
The extraction efficiencies decreased with a decrease
in the amount of the drugs added, indicating the
occurrence of endogenous interference at low drug
concentrations. The overall efticiency of the three
combined steps for the simultaneous screening of
NSAIDs appear to be sufficient for their quantitative
measurements in unknown urine samples.

3.3 Screening of urine for NSAIDs

The present method was applied to first morning
urine samples collected trom healthy subjects follow-
ing the oral administration of ibuprofen (1200 mg),
mefenamic acid (1500 mg) or naproxen (500 or 250
mg). A series of selected-ion chromatograms of
naproxen (Fig. 4) demonstrate the usefulness of our
method in rapid screening for naproxen in urine
samples collected on the first (Fig. 4A), second (Fig.
4B), and third (Fig. 4C) days after oral administra-
tion. We observed that the peak height of naproxen
decreased with time. while the unknown peak adja-
cent to naproxen relatively increased. Each NSAID
excreted in 250-ul aliquots of urine from ten sub-

jects was quantitatively measured (Table 6). Large

variations in the excreted amounts of each drug from
subject to subject were observed. For the naproxen
administered to the single subject, the amount of
naproxen in the second day urine sample decreased
rapidly relative to the first day sample. However, on
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Fig. 2. Total ion chromatograms of blank urine extract in (A) scanning and (B) SIM modes. and (C) blank urine extract spiked with 240 ng
each of NSAIDs in SIM mode. Peak numbers correspond to those in Table 1. GC - SIM-MS conditions are given in Section 2.5 and Scction
2.6. Peuaks: a=d-hydroxy-3-methoxyphenylacetic acid: b=p-hydroxyphenylacetic acid: ¢ = m-hydroxy-phenylacetic acid: d—o-hydroxy-

hippuric acid. e =docosahexanoic acid.

the third day. naproxen was decreased only slightly
relative to the previous day.

4. Conclusion
A major advantage of the present rapid screening

method is the selective detection of various NSAIDs
by GC-SIM-MS as their TBDMS derivatives after

SPE from urine. Characteristic [M—57]" high-mass
ions permitted very selective monitoring of trace
NSAIDs even in the presence of higher levels of
coextracted urinary organic acids. The selective
detection with high sensitivity will make this combi-
nation of SPE. TBDMS derivatization and GC-
SIM-MS analyses suitable for the accurate screening
of urine samples for various NSAIDs under double-
blind conditions.
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Fig. 3. Selected-ion chromatograms of individual NSAIDs (240 ng each) added into blank urine extract. The peak numbers correspond to
those in Table 1. GC-SIM-MS conditions are given in Section 2.5 and Section 2.6.
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Table 3
Intra-day assay tests with blank urine extracts spiked with known amounts of NSAIDs
NSAID AR (mean*S.D.)"

10 ng 20 ng 80 ng 160 ng 240 ng
Ibuproten 0.55*+0.08 (15.3) 0.99+0.13 (31.4) 3.5240.12¢3.3) 7.860.70 (8.9) 12.18£0.56 (4.6)
Alclofenac 0.5320.06 (11.8) 1.14%0.12 (0.7) 4.02=0.14 (3.5) 7.96%0.30 (3.7) 11.960+0.21 (6.7)
Fenoproten 0.5920.06 (10.01 1.20*£0.08 (6.6) 377008 (2.1) 7.56x0.28 (3.6) 12.30*0.25 (2.1)
Flufenamic acid 0.5320.09 (17.7) 1.110.24 (21.4) 378+0.12(3.2) 7.81x0.05 (0.6) 12.11x0.11 (0.9)
Naproxen 0.6120.01 (0.5) 1.21+0.14 (12.0) 3.96*0.34 (8.6) 7.39+0.29 (3.9) 12.37x0.17 (1.4)
Niflumic acid 0.4820.08 (16.5) 1.18+0.15(12.9) 3.96%0.35 (8.8) 8.22*0.91 (11.0) 11.90%0.76 (6.4)
Pirprofen (0.52=0.03 (6.4) 1.2220.03 (2.8) 3.61+0.08 (2.3) 7.760.28 (3.6) 12.1920.07 (0.6)
Ketoproten 0.50x0.15 (29.2) 1.2320.09 (7.2) 3.85+0.15(3.9) 7.55+0.31 (4.0) 12.12%0.10 (0.9)
Mefenamic acid 0.52+0.02 (3.9) 1.1720.06 (5.0) 3.79+0.13 (3.4) 7.43+0.17 (2.3) 12.35=0.14 (1.2)
Fenclofenac 0.57+0.07 (11.8) 1.25=0.02 (1.6) 3.77+0.13 (3.5) 7.620.24 (3.1) 12.28=0.16 (1.3)
Tolfenamic acid 0.49*+0.08 (15.8) 1.26£0.05 (3.7) 3.58%0.10 (2.8) 7.78%0.14 (1.9) 12.19%0.01 (<0.1)
Diclofenac 0.53%0.03 (6.6) 1.19£0.08 (6.8) 3.73x0.16 (4.2) 7.63x0.24 (3.1) 12.2120.07 (0.6)
Suprofen 0.49+0.01 (1.9) 1.16£0.13 (11.6) 3.82=0.28 (7.4) 7.92+0.86 (10.9) 12.26*0.15 (1.2)
Tolmetin 0.5320.01 (2.0) 1.18*0.09 (7.4) 3.66>0.17 (4.5) 7.46*0.29 (3.9) 12.28%0.15 (1.2)
Zomepirac 0.5320.01 (1.6) 1.24+0.01 (0.3) 3.57+0.23(6.5) 7.78£0.08 (1.1) 12.48+0.17 (1.4)
Indoprofen 0.55+0.01 (0.6) 1.08*+0.05 (4.7) 3.6120.01 (0.2) 7.71£0.23 (3.0) 14.04£2.70 (19.2)
Fentiazac 0.5320.01 (0.1) 1.22+0.01 (0.6) 3.56+0.34 (9.7) 7.19+0.53 (7.4) 12.60+0.34 (2.7)

Indomethacin

0.53=0.03 (5.3)

1.180.08 (7.0)

3.52+0.15 (4.4

7.20%0.49 (6.8)

12.74x0.24 (1.9)

Analyzed on a Ultra-2 capillary column (25 mx0.20 mm LD.. 0.11 gm d,), temperature programmed from 190°C (2 min) to 230° at
4°C/min. then to 290°C at 30°C/min. in SIM mode at dwell time of 80 ms and EM voltage of 2000 V.
‘AR =Peak-area ratio relative to LS., S.D.=standard deviation for s =3: Values in parentheses are refative standard deviations (%).

Table 4

Inter-day assay tests with blank urine extracts spiked with known amounts of NSAIDs

NSAID

AR (mean+S.D.)"

10 ng

20 ng

80 ng

160 ng

240 ng

Ibuprofen
Alclofenac
Fenoprofen
Flufenamic acid
Naproxen
Niflumic acid
Pirproten
Ketoprofen
Mefenamic acid
Fenclofenac
Tolfenamic acid
Diclofenac
Suprofen
Tolmetin
Zomepirac
Indoprofen
Fentiazac
Indomethacin

0.53£0.12 (23.6)
0.5120.02 (3.9)
0.48+0.09 (19.5)
0.5220.05 (9.0)
0.47=0.13(27.5)
0.46x0.04 (8.9)
045*0.08 (17.2)
0.46*0.05 (10.5)
0.46+0.05(11.9)
0.52+0.07 (13.6)
0.44+0.06 (13.7)
0.42+0.10 (22.60)
0.4520.06 (12.6)
0.5220.04 (7.8)
0.5320.04 (8.2)
0.54=0.05 (9.8)
049+0.01 (2.5)
0.52£0.09 (17.0)

L1201 (10.2)
1.030%0.14 (13.9)
1.1020.14 (12.3)
1.05=0.10 (9.8)

1L10£0.12 (11.0)
0.95+0.2] (21.8)
1.04%0.17 (16.7)
1.04%0.17 (6.4)

11320.17 (15.2)
1.13£0.22 (19.7)
1.13x0.16 (14.5)
1.18%0.04 (3.7)

1.05x0.17 (16.4)
1.04=0.14 (13.9)
1.0970.21 (18.9)
0.96*0.15 (15.1)
1.0220.18 (17.4)
0.93x0.23 (24.6)

3.85+0.33 (8.50)
4.1970.34 (8.2)
3.88+0.12 (3.0)
4.07x0.25 (6.2)
3.99=0.06 (1.4)
4.47x0.44 (9.9)
4.11x0.58 (14.2)
3.90%0.20 (5.2)
394%0.13 (3.4)
3.89+0.11 (2.7)
3952034 (8.6)
378041 (10.9)
3.93x0.16 (4.0)
3.87x0.20 (5.3)
373x0.37 (9.9)
3.75=0.39 (10.5)
3.76=0.35 (9.2)
3.73x0.45(12.2)

7.70£0.32 (4.2)
7.97x0.11 (1.4)
791=0.33 (4.1)
8.05x0.23 (2.9)
7.88+0.43 (5.5)
8.43+0.47 (5.6)
7.99%0.32 (4.0)
7.90%£0.41 (5.2)
7.95+0.49 (6.2)
8.00x0.44 (5.5)
8.1420.46 (5.6)
7.8870.22 (2.7)
8.71x1.23 (14.1)
859147 (17.1)
7.95=0.18 (2.2)
7.80=0.46 (5.9)
7.71+0.63 (8.2)
7.84x0.59 (1.5)

12.2120.25 (2.1)
11.93+0.17 (1.4)
12.08+0.20 (1.7)
11.8320.23 (2.0)
12.06+0.28 (2.3)
11.60=0.41 (3.6)
11.94+0.34 (2.8)
11.84=0.26 (2.2)
12.03x0.32 (2.6)
11.91£0.32 (2.7)
11.89%0.36 (3.0)
11.58*1.08 (9.3)
11.85*+0.50 (4.2)
11.43£1.26 (11.0)
11.4121.45 (12.7)
12.76=1.14 (9.0)
11.92+1.06 (8.9)
11.80=1.23 (10.4)

Analyzed on a Ultra-2 capillary column (25 mx0.20 mm LD.. 0.11 um d,). temperature programmed from 190°C (2 min) to 230° at
4°C/min. then to 290°C at 30°C/min, in SIM mode at dwell time of 80 ms and EM voltage of 2000 V.
"AR=Peak-area ratio relative to [.S.. S.D.=standard deviation for n=3: Values in parentheses are relative standard deviations (%).
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Overall efficiency of the combined solid-phase extraction, TBDMS derivatization and GC-SIM-MS measurement
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NSAID Recovery (mean+S.D.)"
20 ng 100 ng 200 ng

Ibuprofen 94.116.5 (6.9) 104.8=11.8 (11.3) 113.8+1.2 (1.1)
Alclotenac 97.6%5.6 (5.7) 1149225 (2.2) 138+55 (4.8)
Fenoproten 82.0+0.6 (0.7) 91.324% (5.3) 97.523.0 (3.1
Flufenamic acid 82.6+29 (3.5) 87.2+2.6 (3.0) 84.6+3.7 (4.3)
Naproxen 80.427.2 (9.0) 97.2233 3.4 106.6£5.9 (5.6)
Niflumic acid 843284 (10.0) 87.7=5.1 (5.8) 104.3=52 (5.0)
Pirprofen 83.6+3.0 (3.6) 109.4+10.0 (9.1 90.2+9.6 (10.6)
Ketoprofen 1051252 (5.0) 101.5£7.7 (7.5) 113921.2 (1.1
Metenamic acid 84.323.6 (4.2) 87.7+x40 (4.5) 828192 (11.1)
Fenclotenac 86.320.8 (0.9) 93.5%5.3(5.7) 88.8+0.6 (0.7)

Toltenamic acid

78.3x1.8 (2.3)

75.6x3.0 (4.0)

76.3=3.0 (3.9)

Diclofenac 78.7+6.4 (8.2) 107.426.8 (6.3) 102.0+£9.0 (8.8)
Suprofen 109.2£9.9 (9.0) 106.7+8.0 (7.5) 1044114 (10.9)
Tolmetin 90.7%+6.5 (7.1) 91.7+5.2 (5.6) 92.3219.6 (21.2)
Zomepirac 86.2+6.6 (7.6) 94.3-2.8 (2.9) 90.3+22 (2.4
Indoproten 88.8+2.0 (2.2) 107.6£7.3 (6.8) 98.325.9 (6.0)
Fentiazac 77.5=0.8 (0.8) 103.4+4.5 (4.3) 95.7x4.4 (4.6)
Indomethacin 88.9-4.5 (5.8) 839241 (4.9) 74634 (4.0)

Analyzed on a Ultra-2 capillary column (25 mx0.20 mm LD.. 0.11 um d,). temperature programmed from 190°C (2 min) to 230° at
4°C/min. then to 290°C at 30°C/min. in SIM mode at dwell time of 30 ms and EM voltage of 2000 V.
*S.D.=Standard deviation for n=3: Values in parentheses are relative standard deviations (% ).

Table 6
Amount of NSAIDs found in urine collected after oral administration
Subject Amount found (ng)"
Ibuprofen” Mefenamic acid” Naproxen* Naproxen®
A 324.93+38.00 (11.7)
B 958.8780.54 (8.4)
C 751.00£53.21 (7.10)
D 212.87+22.42(10.5)
E 344.00+17.12 (5.0)
F 267.53+37.10 (13.9)
G 63.87+13.12(20.6)
H 36347+ 7.34 (2.0)
[ 297.07 % 6.66 (2.2)
J 47.00-1.74 (3.7)

12.30=1.42 (1.5
11.00%1.15 (10.5)"

Analyzed on a Ultra-2 capillary column {25 mx0.20 mm L.D.. 0.11 pum d.). temperature programmed from 190°C (2 min) to 230° at
4°C/min, then to 290°C at 30°C/min, in SIM mode at dwell time of 80 my and EM voltage of 2000 V.

“ Amount found in 250 ul of urine.

" 1200 mg of ibuprofen was administrated A, B and C subjects.

“ 1500 mg of mefenamic acid was administrated o D. E and F subjects.

500 mg of naproxen was administrated 10 G, H and 1 subjects.

‘250 mg of naproxen was administrated to J subject and urine was collected on ' first. ¥ second. and " third days.



66 K-R. Kim. H-R. Yoon [ J. Chromatogr. B 682 (1996) 55-66

Abundance

20000 - 6
18000
1000 4
14000
12000
10000
8000
0000 -
4000
m—
0 b Lo
4
i

T T T T ~ L - —r—r—r——r—r—
14000
12000
10000
s B
8000
4000
J
o ——T—— et - v — ——r —
%
“ C
1000
0 t——y—v T — r——r———y———r—r—— 7
L] 8 10 12 14 16 10

Time (min )

Fig. 4. Selected-ion chromatograms of naproxen from urine collected on the (A) first, (B) second, and (C) third days after oral
administration of naproxen (250 mg). GC—-SIM-MS conditions are given in Section 2.5 and Section 2.6. Peak: 6=naproxen.
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