
D
m

R
K
M
a

b

c

a

A
R
A
A

K
M
L
c
U
R

1

i
o
c
i
m
p
M
s
p
�
i
d
a

1
d

Journal of Chromatography B, 877 (2009) 2087–2092

Contents lists available at ScienceDirect

Journal of Chromatography B

journa l homepage: www.e lsev ier .com/ locate /chromb

evelopment and validation of an LC–MS/MS method for determination of
ethanesulfonamide in human urine

oberto Anacardio a, Frank G.P. Mullins b, Sally Hannam b, Muhammed S. Sheikh b,
aren O’Shea b, Andrea Aramini a, Gaetano D’Anniballe a, Loredana D’Anteo a,∗,
auro P. Ferrari c, Marcello Allegretti a

Dompé pha.r.ma s.p.a., Research Department Via Campo di Pile, L’Aquila, Italy
Icon Development Solutions Ltd. (formerly Medeval), Skelton House, Manchester Science Park, Manchester, UK
Dompé pha.r.ma s.p.a., Medical Deparment Via San Martino, Milano, Italy

r t i c l e i n f o

rticle history:
eceived 14 October 2008
ccepted 26 May 2009
vailable online 17 June 2009

eywords:
ethanesulfonamide (MSA)

C–MS/MS (liquid
hromatography–mass/mass)

a b s t r a c t

A sensitive and selective liquid chromatographic method coupled with tandem mass spectrometry
(LC–MS/MS) was developed and validated for the quantification of methanesulfonamide (MSA) in human
urine. MSA is a potential in vivo metabolite of reparixin, a specific inhibitor of the CXCL8 biological activity.
In this study, a simple derivatization procedure with a new reagent, N-(4-methanesulfonyl-benzoyl)-
imidazole, was set up to enable MSA and the internal standard (I.S.), ethanesulfonamide (ESA), to be
analysed by LC–MS/MS. After derivatization, samples were evaporated and reconstituted in 30% ace-
tonitrile, aq. MSA and I.S. derivatives were separated by reversed phased HPLC (high performance liquid
chromatography) on a Luna 5 � C18 column and quantitated by MS/MS using electrospray ionization
(ESI) and multiple reaction monitoring (MR M) in the negative ion mode. The most intense [M−H]− MRM
rine

eparixin transition of derivatized MSA at m/z 276.2 → 197.2 was used for quantitation and the transition at m/z
290.2 → 211.2 was used to monitor derivatized ESA. The method was linear over the concentration range
from 1 to 100 �g/ml, with a lower limit of quantitation of 1 �g/ml. The intra- and inter-day precisions were
less than 5.5% and 10.1%, respectively, and the accuracies were between −4.0% and +11.3%. The method
was successfully applied to quantify levels of MSA in human urine after intravenous administration of
reparixin to healthy volunteers.
. Introduction

Acyl sulfonamides are widely employed in medicinal chem-
stry mainly as bioisosters of carboxylic acids. Several classes
f acyl sulfonamides are under pharmacological or clinical
haracterization as prostaglandin fertility regulators as well as
nhibitors of steroid sulphatase, HCV (hepatitis C virus) poly-

erase and carbonic anhydrase. Acyl methanesulfonamides of
henylpropionic acids have been characterized as CXCL8 inhibitors.
ethanesulfonamide (Fig. 1A) is an expected metabolite of acyl

ulfonamides, originated by hydrolysis of the amide bond of the
arent molecule. Reparixin (formerly repertaxin), R-4-isobutyl-

-methylphenylacetyl-methanesulfonamide (Fig. 1B), is a specific

nhibitor of CXCL8 biological activity, stemming from a Dompé drug
esign program for molecules intended to modulate chemokine
ction [1,2]. In vitro chemotaxis experiments have shown that

∗ Corresponding author. Tel.: +39 0862 338 363; fax: +39 0862 338 219.
E-mail address: loredana.danteo@dompe.it (L. D’Anteo).
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© 2009 Elsevier B.V. All rights reserved.

reparixin inhibits human PMN (polymorphonuclear) migration
induced by CXCL8 in the low nanomolar range. In vivo, repar-
ixin prevented PMN infiltration into the reperfused transplanted
kidney and kidney damage in rat models of delayed graft func-
tion (DGF). Moreover, reparixin prevented PMN infiltration and
tissue damage in animal models of ischemia/reperfusion (I/R)
injury of liver, brain, intestine, heart and spinal cord. Repar-
ixin was also investigated in a rat model of lung transplantation
where it produced a dramatic improvement in isolated graft oxy-
genation, reduced pulmonary oedema, and significantly reduced
neutrophil infiltration into transplanted lung grafts with induced
I/R injury. Reparixin is under phase 2 clinical development in USA,
Canada and Europe for the prevention of delayed graft function
(DGF)/primary graft disfunction (PGD) in kidney and lung trans-
plantation.
For a better understanding of reparixin metabolism, a sensi-
tive and precise analytical method is essential to determine the
methanesulfonamide concentration in urine. However, there are
no methods described in literature for the determination of MSA
in human urine, and in a previous study the quantitative deter-

http://www.sciencedirect.com/science/journal/15700232
http://www.elsevier.com/locate/chromb
mailto:loredana.danteo@dompe.it
dx.doi.org/10.1016/j.jchromb.2009.05.051
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Fig. 1. (A–F): chemical structures of reparixin (A), methanesulfon-
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mide (B), ethansulfonamide (C), N-(4-methanesulfonyl-benzoyl)-
midazole (D), N-(4-methanesulfonyl-benzoyl)-methanesulfonamide (E) and
-(4-methanesulfonyl-benzoyl)-ethanesulfonamide (F).

ination of MSA in cynomolgus monkey urine was performed
y thin-layer chromatography and visualisation of radio-labelled
aterial (carbon-14) by autoradiography [3].

It is difficult to detect MSA in biological fluids by standard
hromatographic techniques such as either RP-HPLC (reversed
hase-high performance liquid chromatography) due to its high
olarity, to the lack of chromophores affecting UV (ultraviolet)
etection and to its poor ionization capability affecting MS detec-
ion, or by capillary GC (gas chromatography), due to the very low
olatility, to the poor sensitivity to FID (flame ionization detection)
etection and to the low molecular weight (affecting MS detection)
f this analyte.

This study was undertaken with the aim to develop a reli-
ble and sensitive method for determination of MSA in human
rine. This was accomplished by a novel derivatization procedure
sing N-(4-methanesulfonyl-benzoyl)-imidazole (Fig. 1D) to enable
SA and the internal standard ethanesulfonamide (ESA; Fig. 1C) to

e analysed by LC–MS/MS. Detection of MSA and ESA derivatives
as accomplished by liquid chromatography–electrospray ion-

zation tandem mass spectrometry (LC–ESI/MS/MS). The method
as fully validated and used to assay MSA in human urine

btained from healthy volunteer treated intravenously with repar-
xin.

. Experimental

.1. Chemicals

MSA, ESA, ammonium formate and 1,8-Diazobicyclo[5-4-
]undec-7-ene (DBU) were purchased from Sigma–Aldrich Com-

any, Poole, Dorset, UK. HPLC grade acetonitrile and glacial
cetic acid were purchased from Fisher Scientific, Loughborough,
eicestershire, UK. HPLC grade water was obtained by Medeval
td., Manchester, UK. Derivatizing reagent N-(4-methanesulfonyl-
enzoyl)-imidazole (Fig. 1D) was synthesized in-house, as detailed
r. B 877 (2009) 2087–2092

in the following section. Blank (analyte-free) human urine was col-
lected by Medeval Ltd., Manchester, UK.

2.2. Synthesis of N-(4-methanesulfonyl-benzoyl)-imidazole

1,1′-Carbonyl-diimidazole (0.490 g, 3.0 mmol) was added to a
suspension of 4-(methanesufonyl)-benzoic acid (0.60 g, 3.0 mmol)
in dried THF (tetrahydrofuran) (7 ml). After a few minutes the
solution was completely clear. The mixture was stirred at room
temperature for 3 h. The obtained precipitate was filtered off and
washed with THF dry to give pure N-(4-methansulfonyl-benzoyl)-
imidazole (0.675 g, 2.7 mmol) as white solid, yield 90%. 1H NMR
(CDCl3) ı 8.18 (d, 2H, J = 8 Hz), 8.08 (s, 1H), 8.00 (d, 2H, J = 8 Hz), 7.52
(d, 1H, J = 1 Hz), 7.22 (d, 1H, J = 2 Hz); IR (neat, cm−1) � 2950, 1750,
1465, 1154.

2.3. Instruments

LC–MS/MS analysis was performed with a Micromass Quattro
triple quadrupole mass spectrometer equipped with an electro-
spray ion source (Micromass UK Ltd., Altrincham, Cheshire, UK)
and 1100 Modular HPLC System (Agilent Technologies, formerly
Hewlett Packard, Winnersh, Berks, UK). Data acquisition was per-
formed with Masslynx software (Micromass). Peak integration and
calibration were carried out using Masslynx software (Micromass).
Tecan RSP 5032 automatic liquid handler was purchased from Tecan
Trading AG, Switzerland.

2.4. Preparation of calibration and quality control samples

To prepare calibration and quality control (QC) samples in urine,
the appropriate volumes of stock and working solutions and ace-
tonitrile (the total of acetonitrile added was 200 �l per sample)
were pipetted into 100 �l of blank human urine using the liquid
handler to yield varying urine concentrations of MSA and a fixed I.S.
concentration (I.S. concentration approximately 100 �g/ml). Urine
calibration standards were prepared to give a range of concentra-
tions of approximately 1, 3, 8, 14, 23, 34, 47, 62, 80 and 100 �g/ml.
Similarly, urine quality control samples at varying concentrations of
1, 3, 49 and 100 �g/ml were prepared from different primary stan-
dards (i.e., separate weighing) to those used for the preparation of
the calibration standards.

Each spiked urine sample was then evaporated at 50 ◦C for
10 min. The dried sample was reconstituted in 100 �l of acetoni-
trile followed by addition of 100 �l of DBU in acetonitrile (0.15%,
v/v) and 100 �l of N-(4-methanesulfonyl-benzoyl)-imidazole (0.3%,
w/v). The sample was capped and swirled gently before standing at
room temperature for 30 min to derivatize. Sample was evaporated
at 50 ◦C under a stream of nitrogen for 10 min. The residue was
redissolved in 1 ml of 30% acetonitrile, aq. and 4 �l was injected
into the LC–MS/MS system for analysis.

2.5. LC–MS/MS conditions

Samples were delivered into the ESI source using a Luna 5 �
C18 column, 150 mm × 2 mm (Phenomenex UK Ltd., Macclesfield,
Cheshire, UK) maintained at 40 ◦C. The mobile phase consisted of
1.25 mM ammonium formate buffer, acetonitrile and glacial acetic
acid (89/11/0.011, v/v/v), with total running time of 17.5 min and
flow rate of 0.4 ml/min.

The electrospray ionization (ESI) source was operated in the

negative ion mode. Multiple reaction monitoring (MRM) at unit
resolution was employed to monitor the transitions of the depro-
tonated molecular ions of derivatized MSA at m/z 276.2 → 197.2
and derivatized I.S. at m/z 290.2 → 211.2. Optimized MS parameters
were: nebulizer and drying gas flow 60 and 600 L/h, respectively;
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well time 2.00 s; IonSpray voltage −3000 V; electrospray block
emperature 150 ◦C; desolvation temperature 450 ◦C; cone poten-
ial −30 V for both derivatized MSA and I.S.; extractor and RF lens
oltage −5 and −0.5 V, respectively; collision energy −25 eV for
oth derivatized MSA and I.S.

.6. Method validation

Quantification was achieved using derivatized MSA to I.S. peak
rea ratios. The concentrations of MSA in the QC samples were
alculated by reference to the appropriate calibration curve using
he method of 1/x2 weighted least squares linear regression and
hen compared to the theoretical (nominal) concentration. Peak
rea ratios were plotted against MSA concentrations and standard
urves were in the form of y = bx + a. To evaluate linearity, urine
alibration curves with calibration standards at 10 different con-
entrations prepared in duplicate were assayed for each of three
alidation occasions (analytical batches).

Similarly, to asses the intra- and inter-batch precision and accu-
acy of the method, six replicates of urine QC samples at four
oncentration levels were prepared and analysed for each of the
hree validation batches. The accuracy was expressed by (mean
bserved concentration − spiked concentration)/(spiked concen-
ration) × 100 referred to as percent relative error (%RE) and the
recision by percent relative standard deviation (%RSD). Intra-batch
recision (repeatability) was estimated by the pooled intra-batch
tandard deviation of measured concentration values from the cal-
ulated run means whereas inter-batch precision (or intermediate
recision) was estimated by the analysis of variance (ANOVA) based
n the one-factor random effects model [4].

Derivatization yield combined with sample procedure recovery
f MSA and the I.S. at three QC levels were determined by assay-
ng the samples as described above and comparing the peak areas
f both derivatized MSA and I.S. with those obtained from direct

njection of the derivatives dissolved in the processed blank urine.
Matrix effect was evaluated for blank human urine samples from

ix different subjects. The analyte and I.S. derivatives were contin-

Fig. 2. Reaction scheme, derivatization of MSA by
r. B 877 (2009) 2087–2092 2089

uously infused through a T-piece into the ion source to provide a
background signal while injecting the processed blank urine on to
the HPLC system to investigate the ion suppression effects of the
matrix at the retention time of analyte and I.S. derivatives. Further-
more, six processed blank urine aliquots were spiked with MSA
(at the LLOQ level) and I.S., analysed after derivatization and the
results compared to the analysis after derivatization of a pure spike
of analyte and I.S. in water at the same concentration levels, to
demonstrate that no suppression had occurred.

Dilution analysis was performed by analysing one set of six
QC samples at 250 �g/ml (approximately five times the mid-
concentration samples). This set undergone one in five dilution
using blank human urine to bring it into the calibration range, prior
to analysis.

The long/short-term stability of stock solutions of MSA and I.S.
was determined on storage at 5 ◦C and room temperature (69 days
and 6 h, respectively). MSA stability in human urine was inves-
tigated using the low (2.91 �g/ml) and high (100 �g/ml) QCs in
triplicate exposed to different time and temperature conditions.
The short-term stability was assessed after storage of the test sam-
ples at room temperature for 4 h. The freeze–thaw stability was
determined after three freeze–thaw cycles (−80 to 20 ◦C) on con-
secutive days. The stability of the derivatized solutions was assessed
by placing QC samples at room temperature in the instrument over
a period of 17 h. The results were compared with those QC samples
freshly prepared, and the concentration percentage deviation was
calculated.

2.7. Urine samples collection

Reparixin was administered by intravenous continuous infu-
sion over a 48 h period to 27 adult male healthy volunteers (three

cohorts, nine subjects per cohort) participating to a phase 1 ascend-
ing dose study (loading doses of 3.1, 3.8 and 6.8 mg/kg/h for 30 min,
maintenance doses of 1.0, 2.0 and 4.2 mg/kg/h for 47.5 h, respec-
tively). Urine samples were collected at −6/0 (predose), 0/48 and
48/60 h and stored at −80 ◦C until analysis.

N-(4-methanesulfonyl-benzoyl)-imidazole.
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. Results and discussion

.1. Derivatization and LC–MS procedures

The chemical structures of MSA and I.S. are shown in Fig. 1(B and
), respectively. As can be seen, ESA is the superior homologue of
SA and therefore a logical choice as an internal standard. Although

n isotopic analog of MSA (for example, 13C MSA) would be an ideal
nternal standard for this assay, it was not available at the time of
alidation.

As already discussed, due to the intrinsic physical chemical prop-
rties of MSA and ESA a direct separation and detection of these
ompounds from complex biological matrices, such as urine, is very
ifficult to obtain. With the purpose to obtain an acceptable chro-
atographic separation, a number of commercial derivatization

eagents were unsuccessfully tried-out (see below), in the attempt
o explore reactivity of the analyte and I.S.

Among the most common derivatization reagents suitable
or compounds that contain active hydrogens, two different
lasses were tested: silylating and acylating reagents. Neither N,O-
is[trimethylsilyl]trifluoroacetamide (BSTFA), a silylating reagent,
or heptaflourobutyrylimidazole (HFBI), trifluoroacetylimidazole
TFAI), activated acylchlorides such as trichloroacethyl chloride or
ctivated N-hydroxysuccinimides, all common acylating reagents,
ere able to properly react with either MSA and I.S. in the typ-

cal reaction conditions described in standard protocols, likely
ue to the marked chemical inertness of MSA and I.S. [5–9].
his is in agreement with literature data inasmuch as strong
ases (NaH, NaOEt, etc.) are generally required to activate the
ulfonamide group. Consistently, we have decided to set up a
rocedure for the MSA and I.S. derivatization in anhydrous condi-
ions using DBU as a strong organic base [10,11]. We designed and
ynthesized a specific derivatizing reagent, N-(4-methanesulfonyl-
enzoyl)-imidazole, and standardized the reaction conditions for
he acylation of alkyl-sulfonamides. The reaction was carried out in
nhydrous conditions, since the OH− ions could compete with MSA
nd ESA that are weak nucleophiles. The proposed reaction scheme
s depicted in Fig. 2.

The chemical structures of the MSA and I.S. derivatives are
hown in Fig. 1E and F, respectively. As both derivatives have an
cidic hydrogen (–NH–), negative ionization mode was chosen.
ig. 3A depicts a typical chromatogram of a patient’s urine sample
MSA = 74.3 �g/ml), Fig. 3B depicts the chromatogram of drug-free
rine sample and Fig. 3C depicts the chromatogram of an LLOQ spike

n urine (1.00 �g/ml). The lack of a peak corresponding to MSA is
oted. A clear chromatographic separation of the MSA derivative

rom the I.S. derivative can be seen from a comparison of Fig. 3A.
The run time was at least 18 min and the length of the chromato-

raphic run depends on issues related to matrix effects. However,
n our case it was not possible to significantly shorten the run time
han was established, because unacceptable matrix effect problems,
epending on the individual source of urine, were experimented.

.2. Method validation

.2.1. Matrix effects
There was no significant ion suppression/enhancement

bserved in the chromatograms of six processed blank human
rine samples from six different subjects injected onto a back-
round signal of either derivatized MSA or internal standard, at

heir retention times. Typical retention times for derivatized MSA
nd I.S. were about 8.5 and 13.6 min, respectively. Fig. 4 shows
typical chromatogram of a processed blank urine sample from
donor injected onto a background signal of both MSA and I.S.

erivatives.
Fig. 3. (A–C): (A) LC–MS/MS chromatogram of patient’s urine (74.3 �g/ml), (B)
LC–MS/MS chromatogram of blank urine, (C) LC–MS/MS chromatogram of an LLOQ
spike in urine.

There was no significant difference in the peak area ratios of six
processed blank urine samples spiked with MSA and I.S. derivatives
(%RSD 6.7) compared to a pure spike of MSA and I.S. derivatives
(%RSD 14.6) at the lower limit of quantification (1.00 �g/ml, LLOQ).
The obtained accuracy was 123%.
3.2.2. Linearity of calibration curves and lower limit of
quantification

Three consecutive calibration analyses were performed on dif-
ferent days with freshly aliquoted standards and the back calculated
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Fig. 4. Matrix effect chromatograms.

oncentrations for each level evaluated (Table 1). The %RSD at each
evel varied from 2.1 to 7.2 and the %RE varied from −7.9 to 10.2
acceptance limits were ≤15%, except at the LLOQ where a ≤20%
imit was imposed, for both the %RSD and the %RE). The %RSD of
he three slopes was 16.1 and the lowest coefficient of correlation
r) among the three calibration curves was 0.9954 (mean = 0.9970),
eing the acceptance limit >0.98.

Thus, the calibration curves did not exhibit any non-linearity
ithin the chosen range. Since the back calculated results showed

ood day-to-day accuracy and precision and the visual inspec-
ion of the plotted duplicate calibration curves confirmed that
he calibration curves were linear over the concentration range
.0–100.0 �g/ml for the analyte, it was concluded that the MSA
tandard curve produced by this method could be used to
eliably determine urine concentrations in a consistent fash-
on.

The LLOQ was defined as the lowest concentration on the cal-
bration curve for which an acceptable accuracy of ±20% and

precision below 20% were obtained. The present LC–MS/MS
ethod offered an LLOQ of 1.00 �g/ml in 100 �l urine sam-

le.
The system suitability was verified before each validation occa-
ion by calculating the precision (as defined by the %RSD) of the
erivatized analyte to internal standard peak areas ratio, of three
eplicate injections of a suitable standard. All three system suitabil-
ty tests complied with the acceptance specifications (%RSD ≤ 3%).

able 1
ean inter-day back calculated standard and standard curve results.

Mean inter-day back calculated standard results

Standard concentration (�g/ml)

1.00 3.20 7.61 14.31 22.76 33.81 47.47

alidation Batch
I 0.98 3.53 7.82 15.76 23.33 32.74 46.77

0.97 3.22 8.01 15.02 22.25 34.30 47.77

II 0.96 3.66 * 16.35 24.47 34.41 44.85
0.98 * * 16.38 23.96 35.74 46.28

III 0.86 3.36 8.04 15.75 23.55 34.27 46.41
1.08 3.33 8.29 15.34 22.99 33.83 45.00

ean 0.97 3.42 8.04 15.77 23.43 34.22 46.18
D 0.07 0.17 0.19 0.54 0.77 0.97 1.10
RSD 7.2 5.1 2.4 3.4 3.3 2.8 2.4
RE −2.8 6.9 5.7 10.2 2.9 1.2 −2.7

6 5 4 6 6 6 6

ote: Calibration curves were weighted 1/concentration2. NA, not applicable.
* Calibration standard removed due to residual being outside set limits.
r. B 877 (2009) 2087–2092 2091

3.2.3. Precision and accuracy
Method accuracy, intra- and inter-batch precision was estab-

lished and the results are summarized in Table 2. As can be seen, the
assay was both accurate and precise between batches and within
individual batches for each level. The greatest mean inter-batch
accuracy (%RE) for MSA was +11.3% for the LLOQ (1.00 �g/ml, accep-
tance limit ≤20%). All non-LLOQ QC levels had inter-day percent
deviations less than or equal to 5.5% (acceptance limit ≤15%). The
method repeatability and intermediate precision (%RSD) for all QCs
was less than or equal to 5.5% and 10.1%, respectively (acceptance
limits were ≤15%, except at the LLOQ where a ≤20% limit was
imposed, for both the within- and between-run precision). When
the accuracy and precision of measuring MSA in diluted samples
were assessed as described above, the mean %RE value for the 1:5
diluted samples was 8% (acceptance limits ±15%) and the %RSD
was 6% (acceptance limit ≤15%), suggesting that should a sample
have a concentration exceeding the upper limit of the calibration
curve, the remaining urine sample could be diluted up to 5-fold and
reanalyzed to fit within the established parameters.

3.2.4. Recovery and stability
The relative recoveries of MSA, determined at three concen-

trations (2.91, 48.84, 100.0 �g/ml), were 82 ± 5%, 100 ± 4% and
93 ± 12% (n = 3), respectively. The relative recovery of the I.S. was
62 ± 15% (n = 8).

The stability of MSA and I.S. stock solutions stored at 5 ◦C (±3 ◦C)
over a 69-day-period was demonstrated with relative stabilities
calculated at 92% and 95%, respectively (acceptance limits ± 10%);
seemingly, the stability of MSA and I.S. stock solutions maintained
at room temperature over a 6 h period was demonstrated with
relative stabilities calculated at 103% and 100%, respectively (accep-
tance limits ±5%).

The stability of MSA in the urine matrix at two different QC levels
(2.91 and 100.00 �g/ml) was also investigated as described above.
Any deterioration of MSA during freeze–thaw cycles or extended
time on the counter-top was monitored. Three freeze–thaw cycles
(where the samples were completely thawed and either re-frozen
or prepared for analysis) and one 4 h stability check at ambi-
ent temperature were performed. The stability of MSA in human
urine taken through three freeze–thaw cycles was demonstrated,
(acceptance limits ±10%). The stability of MSA in human urine
maintained at room temperature for 4 h prior to analysis was
demonstrated, with relative stabilities of 108% at 2.91 �g/ml and
107% at 100.00 �g/ml (acceptance limits ± 10%). These results sug-

Standard curve results

Slope Y-intercept r

62.43 79.99 100.14

60.76 74.10 96.37 0.033163 0.0025934 0.9985
60.93 76.39 94.25

56.76 78.50 87.47 0.032705 0.013784 0.9954
58.00 74.39 89.13

61.42 75.02 94.30 0.024532 0.0046036 0.9972
58.22 76.09 91.66

59.35 75.75 92.20 0.030133 0.006994 0.9970
1.93 1.62 3.41 0.0049 0.0060 0.0016
3.3 2.1 3.7 16.1 NA 0.2
−4.9 −5.3 −7.9
6 6 6 3 3 3
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Table 2
Inter- and intra-assay accuracy and precision of MSA in urine.

Theoretical
concentration
of MSA (�g/ml)

Validation batch I Validation
batch II

Validation
batch III

Intra-batch
precision (%RSD)

Inter-batch
precision (%RSD)

Average accuracy
(%RE)

1.01 (LLOQ concentration level) 5.5 7.0 11.3
Mean 1.12 1.18 1.08
SD 0.038 0.081 0.033
%RSD 3.4% 6.9% 3.0%
%RE 10.9% 16.8% 6.9%
n 6 6 6

2.91 (Low concentration level) 4.2 10.1 5.5
Mean 3.21 2.76 3.25
SD 0.098 0.117 0.144
%RSD 3.1% 4.2% 4.4%
%RE 10.3% −5.2% 11.7%
n 6 6 6

48.84 (Middle concentration level) 3.1 3.2 −0.4
Mean 49.58 48.09 48.32
SD 0.905 2.283 0.840
%RSD 1.8% 4.8% 1.7%
%RE. 1.5% −1.5% −1.1%
n 6 6 6

100.00 (High concentration level) 3.8 6.9 −4.0
Mean 102.60 91.03 94.51
S 7
%
% 5%
n
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D 2.847 3.155 4.94
RSD 2.8% 3.5% 5.2%
RE 2.6% −9.0% −5.

6 6 6

est that drug concentrations can be confidently determined in
amples that had been previously thawed up to three times prior
o the analysis or that have been thawed and kept at ambi-
nt temperature for up to 4 h. The 4 h stability test at ambient
emperature was performed since the urine sample could con-
eivably stand on the bench for up to 4 h after thawing or before
reezing.

The stability of derivatized MSA in the autosampler vials at three
C levels (2.91, 48.84 and 100.00 �g/ml) was also tested after 17 h
t ambient temperature to allow for sample re-injection should a
hromatographic or instrument malfunction occur during the ini-
ial analysis. The percent difference between the two sets of results
as 4% or less, suggesting that there was no significant decline in

he response for derivatized MSA during the 17 h storage in the
nstrument at ambient temperature.

.3. Clinical application

The method was used to quantify MSA in human urine sam-
les obtained from 27 healthy volunteers (nine subjects per group)
eceiving three different doses of reparixin for 48 h by continuous
nfusion (49.1, 96.9 and 202.9 mg/kg/48 h, respectively).

Mean MSA urinary excretion from 0 to 48 h was 66.2 ± 25.5 mg,
57.7 ± 68.3 mg and 312.0 ± 86.9 mg and from 48 to 60 h was
1.4 ± 9.7 mg, 35.5 ± 14.5 mg and 56.6 ± 56.7 mg, respectively.
umulative urinary excretion from 0 to 60 h was 86.2 ± 30.9 mg,
91.0 ± 72.4 mg and 361.5 ± 123.0 mg, respectively, indicating that

SA urinary excretion increased linearly with the dose increase.
ost of the metabolite was excreted within the first 48 h period

8–10%). The mean urinary excretion of MSA (0–60 h) accounted
or 10.8 ± 3.5%, 12.3 ± 4.4% and 11.2 ± 4.2% of the reparixin admin-
stered doses, respectively.

[
[

4. Conclusions

In this article, we first developed a LC–MS/MS method to deter-
mine the concentration of MSA in human urine. This method
combines the derivatization of MSA and I.S. by a novel reagent
with the mass resolution and sensitivity of mass spectrometry. The
method is rapid, specific and sensitive, which permits laboratory
scientists with access to the appropriate instrumentation to per-
form MSA determination during pharmacokinetic or metabolism
studies. The method was then successfully applied to the evalua-
tion of urinary excretion of MSA in 27 healthy volunteers receiving
different doses of reparixin by continuous intravenous infusion.
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