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bstract

We report here a validated method for the quantification of a new immunosuppressant drug FTY720, using HPLC–tandem mass spectrometry.
hole blood samples (500 �l) were subjected to liquid–liquid extraction, in the presence of an internal standard (Y-32919). Mass spectrometric

etection was by selected reaction monitoring with an atmospheric pressure chemical ionization source in positive ionization mode (FTY720:
/z 308.3 → 255.3). The assay was linear from 0.2 to 25 �g/l (r2 > 0.997, n = 5). The inter- and intra-day analytical recovery and imprecision for
uality control samples (0.5, 7 and 15 �g/l) were 95.8–103.2 and <5.5%, respectively. At the lower limit of quantification (0.2 �g/l) the inter-
nd intra-day analytical recovery was 99.0–102.8% with imprecision of <7.6% (n = 5). The assay had a mean relative recovery of 100.5 ± 5.8%

n = 15). Extracted samples were stable for 16 h. FTY720 quality control samples were stable at room temperature for 16 h, at 4 ◦C for at least 8
ays and when taken through at least three freeze–thaw cycles. In conclusion, the method described displays analytical performance characteristics
hat are suitable for pharmacokinetic studies in humans.

2006 Elsevier B.V. All rights reserved.
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. Introduction

FTY720 is a novel immunomodulator (Fig. 1) currently under
nvestigation as a combination therapy with other immunosup-
ressant drugs for the prophylaxis of acute rejection after solid
rgan transplantation [1,2] and for the treatment of multiple
clerosis [3]. Upon administration, FTY720 is rapidly phos-
horylated in vivo to the active moiety FTY720-phosphate,
hich binds to the sphingosine-1-phosphate receptor [4]. The
ode of action is to reduce the recirculation of lymphocytes

rom lymph nodes to blood and peripheral tissue, including

he graft site [5,6]. In a phase 2 study of de novo kidney graft
ecipients receiving FTY720 (co-administered with cyclosporin
nd corticosteroids) compared with current clinical practice of
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ane, Queensland 4102, Australia. Tel.: +61 7 3240 2696; fax: +61 7 3240 5031.

E-mail address: ptaylor@soms.uq.edu.au (P.J. Taylor).

F
c

H
a
r
t
e

570-0232/$ – see front matter © 2006 Elsevier B.V. All rights reserved.
oi:10.1016/j.jchromb.2006.05.026
ycophenolate mofetil, FTY720 at 2.5 mg was found to be as
ffective in the prevention of acute rejection episodes [2]. Cur-
ently, FTY720 at doses of 2.5 and 5 mg/day are being assessed
n global renal transplant trials [4].

The pharmacokinetics of FTY720 in stable and de novo
enal transplant recipients are characterized by a long half-life
>100 h) and a dose proportional pharmacokinetic profile [1,2].
re-clinical and phase 2 studies have shown that FTY720 will be
dministered in low mg/day dosing regimens and thus the circu-
ating drug is expected to be in the low �g/l concentration range
2,7,8]. Whole blood is the matrix of choice for measurement of
TY720 as this drug is highly distributed into the cellular blood
omponents [9].

The aim of this study was to develop and validate a
PLC–tandem mass spectrometry method (HPLC–MS), using
tmospheric pressure chemical ionization, to measure clinically
elevant concentrations of FTY720 in human blood. The valida-
ion was designed to fulfil the requirements described by Shah
t al. [10] and to incorporate current regulatory opinion [11].

mailto:ptaylor@soms.uq.edu.au
dx.doi.org/10.1016/j.jchromb.2006.05.026
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ig. 1. The chemical structures of: (A) FTY720 and (B) Y-32919 (internal st
23.5 Da, respectively.

. Experimental

.1. Materials

FTY720 and Y-32919 (internal standard) were a kind gift
rom Novartis Pharma AG (Basel, Switzerland) (Fig. 1). Stock
olutions of FTY720 and internal standard were prepared in
ethanol and stored at −80 ◦C. Drugs used for the selectivity

tudy were obtained from their respective suppliers. HPLC grade
cetonitrile and methanol were purchased from EMD Chemi-
als (Gibbstown, NJ, USA). Diethyl ether (Pronalys AR grade)
nd dichloromethane (HPLC grade) were sourced from BioLab
Clayton, Vic., Australia) and Mallinckrodt Chemicals (Phillips-
urg, NJ, USA), respectively. All other chemicals used were
nalytical reagent grade. Deionized water was obtained from
Milli-Q water purification system (Millipore, Milford, MA,
SA).
Stock solutions of FTY720 and internal standard were pre-

ared in methanol and stored at −80 ◦C. Independent stock solu-
ions were used for FTY720 standard (10 �g/ml and 100 ng/ml)
nd control (10 �g/ml and 100 ng/ml) preparation. A methanol
tock solution of internal standard (1 mg/ml) was used in the
reparation of the working stock (100 �g/l) that was made in
ethanol:deionized water (50:50, v/v).
Calibration and quality control material were prepared in-

ouse using whole blood containing ethylenediaminetetraacetic
cid as anticoagulant. Prior to use, this blood was screened for
nterference to the assay. Calibration samples were prepared
rom methanol stock solutions that were volumetrically added
o blank blood to achieve concentrations of 0.2, 0.4, 1.0, 5.0, 10
nd 25 �g/l. Similarly, quality control samples were prepared in
he same manner to achieve concentrations of 0.2, 0.5, 7.0, 15
nd 25 �g/l.

.2. HPLC–mass spectrometry apparatus and conditions

The HPLC system was an integrated 1100 series (Agilent

echnologies, Waldbronn, Germany). To remove sample carry-
ver effects, a programmed injector wash function utilising a
eedle wash in the flush port (methanol:deionized water, 70:30,
/v) and an injection valve clean using three consecutive valve

i
a
m
(

d). The molecular weights of free bases FTY720 and Y-32919 are 307.5 and

witches after analyte elution (4 min) were used. The HPLC
nalytical column was an AllureTM pentafluorophenylpropyl
everse phase column (50 mm × 2.1 mm i.d., 5 �m, Restek, Bel-
oefonte, PA, USA) maintained at 50 ◦C in the column oven. An
socratic flow was delivered via a binary pump, in a composition
f 30% 40 mM ammonium acetate in water (pH 5.1) and 70%
ethanol (v/v), at flow rate of 1 ml/min.
Mass spectrometric detection was performed on a linear ion

rap quadrupole tandem mass spectrometer (4000 Q TrapTM,
pplied Biosystems/MDS Sciex Instruments, Concord, Ontario,
anada) using selected reaction monitoring. Ions were generated

n positive ionization mode using an atmospheric pressure chem-
cal ionization (APCI) interface. The heated nebulizer was set at
00 ◦C with a nebulizer current of 3 �A and nebulizer gas pres-
ure of 45 PSI. Under these conditions, the predominant analyte
recursor ion was the protonated species [M + H]+. For collision-
ctivated dissociation, nitrogen was used in combination with a
ollision energy of 24 V. Peak area ratios obtained from selected
eaction monitoring of the mass transitions for FTY720 (m/z
08.3 → 255.3) and the internal standard (m/z 324.3 → 159.3)
ere used for quantification (Fig. 2). Standard curves (0.2, 0.4,
, 5, 10 and 25 �g/l) were constructed using weighted (1/χ2) lin-
ar least squares regression. Data were collected and analysed
sing AnalystTM software Version 1.4.1 (Applera Corporation,
orwalk, CT, USA).

.3. Sample preparation

Standard and quality control whole blood samples (500 �l),
ontaining ethylenediaminetetraacetic acid (EDTA) as anti-
oagulant, were treated with 0.1 M sodium hydroxide solu-
ion (500 �l) and 50 �l of internal standard solution, in 15 ml
lass culture tubes. Samples were mixed and 5 ml of diethyl
ther/dichloromethane (75:25, v/v) was added. The contents
ere mixed for 60 min in a Multi Reax mixer (Heidolph Instru-
ents, Schwaback, Germany) and centrifuged (5 min, 850 × g).
he aqueous layer was frozen and the organic layer was decanted
nto respective clean glass tubes and evaporated to dryness
t 60 ◦C under a stream of air. Samples were re-dissolved in
obile phase (200 �l) and submitted to the mass spectrometer

50 �l).
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Fig. 2. The collision assisted dissociation mass spectra of: (A) FTY720 and (B)
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-32919 (internal standard). The mass transitions m/z 308.3 → 255.3 (FTY720)
nd m/z 324.3 → 159.3 (IS) were used for detection by selected reaction moni-
oring.

.4. Assay validation studies

The selectivity of the method was evaluated for potential
ndogenous interferences by analysing whole blood samples
rom 20 transplant patients not receiving FTY720 therapy. A
eak or response at the respective retention times for either
TY720 or the internal standard (signal to noise < 5:1) was con-
idered to be insignificant. The patients studied consisted of renal
75%) and liver (25%) transplant recipients receiving multiple
rug immunosuppressant therapy of tacrolimus, prednisone and
ycophenolate mofetil. Potential xenobiotic interferences were

ssessed with a range of commonly used immunosuppressant
rugs, tacrolimus (50 �g/l), sirolimus (100 �g/l), everolimus
100 �g/l), cyclosporin A (2000 �g/l), mycophenolic acid
50 mg/l) and mycophenolic acid glucuronide (500 mg/l). Poten-
ial carry over effects were studied by injecting an extract con-
aining FTY720 (25 �g/l) and internal standard followed by four
lank extracts and observing any potential residual peaks at the
etention time for each analyte. This process was repeated four
imes.

Linearity was evaluated by analysis of whole blood standard

amples at concentrations of 0.2, 0.4, 1, 5, 10 and 25 �g/l (n = 5).

weighted linear regression model (1/χ2) was used throughout
he study for construction of calibration curves. The inter-day
nalytical recovery and imprecision (co-efficient of variation)
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f standard samples were determined from the back-calculated
esults of the linearity study. The analytical performance of the
ethod was further assessed based on the analytical recov-

ry and imprecision of quality control samples at the lower
imit of quantification (0.2 �g/l), within the linear range (0.5,
and 15 �g/l) and at the upper limit of quantification (25 �g/l).
ontrol samples were analysed in replicates of five on 1 day

intra-day) and once on 5 days (inter-day). Analytical recov-
ry was expressed as the mean assayed result for the qual-
ty control samples (n = 5) as a percentage of the weighed-in
oncentration.

The mean absolute recoveries of the analytes were deter-
ined by comparing the peak areas obtained from FTY720 (0.5,

.0 and 15 �g/l) and internal standard added to and extracted
rom whole blood samples of five different subjects for each
oncentration, compared to the peak areas obtained from the
nalytes added post-extraction to their respective subject blank
xtracts. The relative recovery of FTY720 was calculated from
he ratio of FTY720 and internal standard absolute recover-
es, expressed as a percentage. Dilution suitability for sam-
les within (7.0 and 15 �g/l) and above (100 �g/l) the lin-
ar range was assessed based on 250 �l:250 �l (1 in 2) and
00 �l:400 �l (1 in 5) dilutions with FTY720 free EDTA blood.
urther, a 1 in 2 dilution of a low concentration within the

inear range (0.5 �g/l) was tested. Intra-day analytical recov-
ry and imprecision of diluted samples were determined by
ssaying quality control samples in replicates of five within 1
ay.

Matrix effects were investigated by the post-column infusion
ethod [12]. The experiment was undertaken using the HPLC

nd mass spectrometric conditions described and FTY720 was
nfused post-column at 20 �l/min. A blank blood extract was
njected and the response for the mass transition recorded.
nter-subject variability was investigated by analyzing samples
upplemented with FTY720 at the three quality control concen-
rations using five blood samples from different subjects at each
oncentration.

.5. Stability studies

Post-preparative extract stability and whole blood short-term,
edium-term and freeze–thaw stability of FTY720 was eval-

ated at three quality control sample concentrations (0.5, 7
nd 15 �g/l), using a calibration curve based on freshly pre-
ared blood samples. Post-preparative stability was assessed
ased on comparing results from sample extracts (in mobile
hase) at each of the quality control concentrations (n = 5) with
he expected concentration after storage in an autosampler at
oom temperature for a 16-h period. Stability of FTY720 in
lood in the short-term (at room temperature and exposed to
ight for 16 h) and medium-term (at 4 ◦C for 8 days) were
valuated based on comparing concentrations from quality con-
rol samples with expected weighed-in concentrations (n = 3).

reeze–thaw stability was studied based on the comparison of

he results obtained from quality control whole blood samples
fter three freeze–thaw cycles, performed over a 3-day period,
ith expected weighed-in concentrations (n = 3).
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Fig. 3. The monitoring of the FTY720 mass transition, during a post-column infusion experiment as described by King et al. [12] under (A) APCI and (B) electrospray
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onditions, in which an extract of patient sample was injected. Details of this e
he analytes.

. Results and discussion

.1. Sample preparation

Initial attempts to develop a sample preparation method
sing solid phase extraction were unsuccessful. The use of
rganic solvent protein precipitation followed by C18 solid
hase extraction have been used for the extraction of other
mmunosuppressant drugs such as cyclosporin and tacrolimus
rom whole blood [13]. Using this approach, the recovery of
TY720 was <20%. Various mixtures of organic solvents at
arious organic strengths and pH were investigated as elution
olvents without success. One possible explanation for the poor
ecovery is that FTY720 may be highly bound to proteins and
hen a blood sample is treated with organic solvent, to cause
rotein precipitation, the majority of the drug is not released
nto the precipitation solvent but remains in the protein pel-
et.

A liquid–liquid extraction process was investigated as a pos-
ible alternative. To ensure reproducible extraction efficiency
he pH of the sample was increased by the addition of sodium
ydroxide. Under these basic conditions, the primary amine
unctional group is not charged and the analyte would be
xpected to be extracted into the organic phase. Several solvents
ncluding butanol, diethyl ether, chloroform, dichloromethane
nd methanol in various combinations were assessed for extrac-
ion efficiency. All had poor extraction efficiency except for the
iethyl ether/dichloromethane mixture (75:25, v/v) and chloro-
orm which both had similar recoveries (>80%). The diethyl
ther/dichloromethane mixture was the preferred extraction sol-
ent as this solution formed the top layer in the aqueous–organic
ixture. As compared with chloroform which formed the bot-

om layer. This enabled the aqueous layer, after centrifugation of
he aqueous–organic mixture, to be frozen and the organic layer
o be decanted. The transfer process was thus simplified. Inves-
igations into the optimal mixing time of the aqueous–organic
ixture revealed that the maximum recovery of the drug was
btained after 60 min. The required length of mixing to obtain
aximum recovery may reflect the highly bound nature of
TY720.

p
t
f
w

ment are described in Section 2.4. The arrows represent the retention times of

.2. HPLC–mass spectrometry

Chromatography was performed on a pentafluorophenyl-
ropyl bonded silica column. This type of stationary phase
as shown excellent retention of both basic and acid drugs at
igh mobile phase organic content when compared to C18 phase
olumns [14,15]. The use of relatively high organic content in
he mobile phase (70% methanol) for retention of FTY720 leads
o good ionization efficiency and thus response.

The response for FTY720 under these chromatographic con-
itions was similar for electrospray and APCI. FTY720 is readily
rotonated by either ion source, with no other adduct forma-
ion occurring (i.e. [M + NH4]+). Post-column infusion assess-

ent of matrix effects for both ion sources were undertaken as
escribed by King et al. [12]. There was minimal signal suppres-
ion at the retention times of FTY720 or the internal standard
sing APCI but some suppression was observed using electro-
pray between 2 and 3.5 min (Fig. 3). APCI is less prone to suffer
rom matrix effects than electrospray [16] and thus was selected
or this study. Fig. 2 shows the precursor ions ([M + H]+) and
roduct ions of FTY720 and the internal standard under APCI
onditions.

.3. Validation

The chromatographic conditions used in this method achieve
etention times of 3.2 min for FTY720 and 2.4 min for the inter-
al standard, with a total chromatographic run time of 4.5 min.
ig. 4 shows representative chromatograms of a blood sam-
le obtained from (a) a subject not receiving FTY720 therapy
blank), (b) a FTY720 quality control sample at the lower limit
f quantification (0.2 �g/l) and (c) a patient sample (11.0 �g/l).
o significant peaks or signals (signal to noise < 5:1) were
etected at their respective retention times for either FTY720
r the internal standard in the screening of potential inter-
erence from endogenous compounds in samples from trans-

lant recipients not receiving FTY720 therapy (n = 20) or in
he assessment of carry over effects between sample extracts
rom autosampler injections (n = 16). Similarly, no interferences
ere detected for either FTY720 or the internal standard when
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ig. 4. Representative chromatograms of: (A) a blood sample obtained from a
ower limit of quantification (0.2 �g/l) and (C) a patient sample (11.0 �g/l). Ret

creening the immunosuppressant drugs; tacrolimus, sirolimus,

verolimus, cyclosporin A and mycophenolic acid glucuronide.
owever, mycophenolic acid (50 mg/l) gave a response in the
ass transition for FTY720 of approximately 0.1 �g/l response

or FTY720. This interference may be due to a degree of in-

o
m
c
s

ct not receiving FTY720 therapy, (B) a FTY720 quality control sample at the
times are 3.2 min for FTY720 and 2.4 min for the IS.

ource degradation of mycophenolic acid leading to production

f the precursor ion m/z 308.3 and subsequent fragmentation to
/z 255.3. Since the expected mycophenolic acid patient trough

oncentrations would be 1.0–3.5 mg/l [17], this would repre-
ent approximately 3.5% of the FTY720 response at the LLOQ



162 P. Salm et al. / J. Chromatogr. B 843 (2006) 157–163

Table 1
Analytical performance parameters of the whole blood FTY720 HPLC–tandem mass spectrometry method based on weighed-in quality control samples

FTY720 weighed-in concentrations (�g/l) (n = 5) ISa (n = 15)

0.2 0.5 7 15 25 100 25 �g/l

Analytical recoveryb (%)
Inter-day 102.8 102.1 98.7 100.7 100.8 n/a n/a
Intra-day 99.0 103.2 95.8 99.9 98.7 n/a n/a
Dilution suitabilityc (1 in 2) n/a 98.4 93.3 97.6 n/a n/a n/a
Dilution suitability (1 in 5) n/a n/a 93.1 97.3 n/a 101 n/a

Imprecisiond (%)
Inter-day 7.5 3.4 1.7 3.6 2.2 n/a n/a
Intra-day 1.9 5.4 1.7 1.7 2.5 n/a n/a
Dilution suitability (1 in 2) n/a 5.3 1.6 0.6 n/a n/a n/a
Dilution suitability (1 in 5) n/a n/a 1.6 2.3 n/a 4.2 n/a
Absolute recoverye (%) n/a 87.0 82.6 92.6 n/a n/a 87.1
Relative recoveryf ± S.D.(%) n/a 105.2 ± 6.4 97.8 ± 4.7 98.4 ± 3.7 n/a n/a n/a
Inter-subject variabilityg (%) n/a 2.9 4.0 3.4 n/a n/a n/a

n/a: not applicable.
a IS: internal standard, Y-32919.
b Analytical recovery was determined as the mean assayed concentration expressed as a percentage of the weighed-in concentration.
c Intra-day dilutions (100 �l:100 �l (1 in 2) and 100 �l:400 �l (1 in 5)) were performed with EDTA human whole blood screened as “blank” for FTY720 and

internal standard.
d Imprecision was expressed in terms of coefficient of variation.
e Absolute recovery (extraction efficiency) of the analytes were determined by comparing the independent peak areas obtained from FTY720 and internal standard

added before and after extraction.
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f The relative recovery of FTY720 was calculated from the peak area ratios of
s a percentage.
g Inter-subject variability was expressed in terms of coefficient of variation in

0.2 �g/l). Therefore, this source of interference can be consid-
red insignificant within the quantification limits of this current
ssay.

The assay was linear from 0.2 to 25 �g/l with a satisfac-
ory co-efficient of determination on each study day (r2 > 0.997,
= 5). Calibration samples had an inter-day analytical recovery
f 97.6–105.0% and imprecision of <6%. The analytical per-
ormance of quality control samples over the analytical range is
hown in Table 1. The lower limit of quantification for this inves-
igation was deemed to be 0.2 �g/l with an inter- and intra-day
nalytical recovery of 99.0–102.8% and imprecision of <7.6%.
ased on the guidelines of Shah et al. [10], these performance

ndicators at the lower quantification limit are within the ana-
ytical recovery (80–120%) and imprecision (<20%) acceptance
riteria. However, measuring lower FTY720 concentrations may
esult in an overestimation due to potential interference from
ycophenolic acid in patients co-administered with mycophe-

olate mofetil.
Quality control samples at 0.5, 7 and 15 �g/l had inter-

nd intra-day analytical recovery of 95.8–103.2% and impre-
ision <5.5%. The upper limit of quantification was determined
o be 25 �g/l, with inter- and intra-day analytical recovery of
8.7–100.8% and imprecision <2.6%. The method was not
ested above this concentration and the true upper limit of quan-
ification may not have been reached.

The method displayed adequate extraction efficiency, with

ean absolute recoveries (±S.D.) of FTY720 and the internal

tandard of 87.4 ± 11.4 and 87.1 ± 11.3%, respectively, with a
ean relative recovery of 100.5 ± 5.8% for FTY720 (n = 15,
able 1).

w
v
c
m

hed-in FTY720 and internal standard, before and after extraction and expressed

elative recoveries of different subjects.

Dilution suitability of quality control samples at 0.5 �g/l
based on a 1 in 2 dilution) and 7.0, 15 and 100 �g/l (based on a
in 2 and 1 in 5 dilutions), had intra-day analytical recovery of
3.1–101% and imprecision <5.4% (Table 1). The dilution capa-
ilities permit the extraction of samples which would otherwise
ot be possible when <500 �l of blood specimen was collected
n the first instance. Furthermore, the ability to perform dilutions
ould be advantageous in circumstances of analytical failure or

ssay rejection, where a repeat extraction would be required, but
1 ml of blood sample was originally provided. Furthermore, the
uitable dilution performance at 100 �g/l (using a 1 in 5 dilu-
ion), extends the analytical range beyond the highest calibrator
f 25 �g/l.

Post-column infusion assessment of matrix effects was under-
aken as described by King et al. [12]. There was minimal signal
uppression at the retention times of FTY720 or the internal stan-
ard (Fig. 3). While this approach gives a qualitative measure
f matrix effects Matuszewski et al. [18] have shown that dur-
ng validation of a HPLC–MS method, a quantitative approach
f inter-subject variability (the influence of various matrices
n results) should be assessed. We have previously described
n approach, to assessing inter-subject variability, of analyzing
hree concentrations (typically at the quality control concen-
rations) using five blood samples from different subjects at
ach concentration [19]. Using this method, we found that the
nter-subject variability, expressed as coefficient of variation,

as <4.1% (Table 1). These data compare favourably with the
ariability (<5.5%) observed for pooled blood used for quality
ontrol samples and thus suggest between-subject differences in
atrix are having little to no influence on results. Overall it can
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Table 2
Short-term, medium-term and freeze–thaw stability of FTY720 in extract and whole blood, as measured by the HPLC–tandem mass spectrometry, using weighed-in
quality control samples

Matrix and conditions FTY720 weighed-in concentrations (�g/l)

0.5 7 15

ARa (%) CVb (%) AR (%) CV (%) AR (%) CV (%)

Extract at 25 ◦C for 16 h (n = 5) 99.2 6.2 96.2 2.9 100.4 2.6
Blood at 25 ◦C for 16 h (n = 3) 103.0 5.0 92.1 2.9 96.4 1.6
Blood at 4 ◦C for 8 days (n = 3) 99.4 0.9 95.1 1.9 99.3 2.4
Blood 3 × freeze–thaw cycles (n = 3) 101.0 2.9 99.9 3.8 100.4 1.0
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a AR: analytical recovery was determined as the mean assayed concentration
b CV: imprecision was expressed in terms of coefficient of variation.

e concluded that matrix effects have negligible if any influence
n the performance of this method.

The ability to measure FTY720 over such a wide analytical
ange makes this method suitable for pharmacokinetic studies.
ased on the guidelines of Shah et al. [10] and current regulatory
pinion [11] the assay displayed suitable analytical recovery
nd imprecision for all weighed-in whole blood calibration and
uality control samples.

.4. Stability

The stability of FTY720 in extract and whole blood matrices
ere investigated for the purpose of determining the appropri-

te handling requirements for analysis, sample transport and
torage. The correct handling of blood samples is important to
nsure the integrity of the results obtained. As shown in Table 2,
he response of sample extracts (n = 5) at concentrations of 0.5,
and 15 �g/l, injected after storage in an autosampler at ambi-

nt temperature for 16 h, exhibited an analytical recovery of
6.2–100.4% and imprecision of <6.3%. Whole blood quality
ontrol samples (n = 3) supplemented with FTY720 and exposed
o light that were stored at room temperature for 16 h, or at 4 ◦C
or 8 days or subjected to three freeze–thaw cycles had analytical
ecovery between 92.1 and 103.0% and imprecision of <5.1%.
hese performance measures compare favorably with the valida-

ion data of freshly prepared control material. This suggests that
n the short-term (simulating work bench conditions) FTY720 is
table in its post-preparative form and in blood for 16 h at room
emperature. Similarly in the medium-term, FTY720 is stable in
lood at typical refrigeration temperatures for at least 8 days and
s stable in blood despite three freeze–thaw cycles, permitting
ample re-analysis after freezer storage.

. Conclusion

This is the first reported HPLC–MS method for the measure-
ent of FTY720 in human whole blood. The method provides
ccurate, precise and selective measurement of FTY720. Based
n current and expected dosing strategies [4], this method would
e suitable for pharmacokinetic investigations and if required,
herapeutic drug monitoring.

[

[

[

ssed as a percentage of the weighed-in concentration.
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