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a b s t r a c t

A new rapid, sensitive and selective liquid chromatography coupled with mass spectrometry method was
developed and validated for the simultaneous quantification of pentoxifylline (PTX) and two major active
metabolites in human plasma (M1 and M5). After a deproteinization step, chromatographic separation
of the selected analytes was performed on a RP-C18 column. The detection of target compounds was in
vailable online 8 June 2010
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multiple reaction monitoring mode using an ion trap mass spectrometer equipped with an electrospray
ion source. The method was validated and proved to be linear, accurate and precise over the range
5.08–406.14, 10.08–806.40 and 20.15–1611.60 ng/mL in case of PTX, M1 and M5, respectively. The major
advantages of this method are the small sample volume, simple sample processing technique, the high
sensitivity and the very good selectivity guaranteed by the MS/MS (in case of PTX) or MS/MS/MS (in case

The v
lasma
ioequivalence

of M1 and M5) detection.

. Introduction

Pentoxifylline [1-(5-oxohexyl)-3,7-dimethylxanthine] is a hem-
rrheologic drug prescribed for the treatment of peripheral
ascular disease and intermittent claudication [1–5]. This thera-
eutic benefit is primarily due to increased erythrocyte flexibility,
educed blood viscosity and decreased potential for platelet aggre-
ation and thrombus formation [6,7].

Pentoxifylline (PTX) is readily absorbed from the gastrointesti-
al tract but undergoes extensive first-pass metabolism and its
ral bioavailability is only 20–30% [8,9]. The major active metabo-
ites in humans are 1-(5-hydroxyethyl)-3,7-dimethylxanthine
M1), 1-(4-carboxybutyl)-3,7-dimethylxanthine (M4) and 1-(3-
arboxypropyl)-3,7-dimethylxanthine (M5). A single 400 mg oral
ose of PTX given to human subjects produced average peak plasma
oncentrations of 1.6 and 2.0 mg/L, respectively for PTX and M1,
hereas elimination half-life averaged 0.8 and 1.0 h. After oral

dministration to healthy volunteers the areas under the plasma

oncentration curves (AUCs) of M1 and M5 were superior to the
UC of PTX. In case of M4 the AUC was lower than for the par-
nt compound [8–11]. Due to the rapid absorption (average time
o reach the peak plasma levels, tmax = 1 h) and elimination of

∗ Corresponding author. Tel.: +40 264 450555; fax: +40 264 450555.
E-mail address: kbela@umfcluj.ro (B. Kiss).

039-9140/$ – see front matter © 2010 Elsevier B.V. All rights reserved.
oi:10.1016/j.talanta.2010.05.064
alidated method has been successfully applied to a bioequivalence study.
© 2010 Elsevier B.V. All rights reserved.

immediate-release oral forms of PTX, sustained-release tablets
were developed. In case of these formulations peak plasma levels
are reached after 2–3 h, while half-life is delayed to 3–4 h [8].

A major requirement for a pharmacokinetic, bioavailability or
bioequivalence study is the elaboration and validation of a sensi-
tive, selective and high-throughput quantitative analytical method.

To date, several gas chromatography methods using a nitrogen
phosphorus detector (NPD) and high performance liquid chro-
matography (HPLC) methods with UV or MS/MS detection have
been published for the quantitative analysis of PTX, with or with-
out the simultaneous quantification of the major metabolites, in
biological samples [10,12–29]. Extraction of the analytes from the
biological matrices is performed either by classic liquid–liquid
extraction (LLE) or solid-phase extraction (SPE). Best et al. described
a HPLC–UV method for the simultaneous quantification of PTX and
M1 with a previous sample treatment consisting in deproteiniza-
tion and evaporation of the supernatant [30].

For human plasma samples, the GC–NPD methods presented
lower limits of detection (LLOD) for PTX and its metabolites in the
range of 2–10 ng/mL [12–16]. The GC–NPD method reported by
Bryce and Burrows presented lower limit of quantification (LLOQ)

values between 3 and 10 ng/mL [10]. The main problem of the
GC–NPD methods is the need for a derivatization step, which means
a prolonged, laborious sample preparation and a supplementary
source of errors. Kumazawa et al. reported a GC-FID (flame ion-
ization detector)/MS for the screening of 10 xanthine derivatives
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Fig. 1. Structures of pentoxifylline, and two major metabolites, M1 and M5.

n human plasma and urine after a previous SPE with LLOD values
etween 0.16 and 0.83 �g/mL sample [31].

The major disadvantages of UV detection based HPLC assays are
he low sensitivity (LLOD ≥ 10ng/mL) and laborious sample prepa-
ation [18–20,25–27,30]. Pokrajac et al., Wong et al., Sripalakit et al.
nd Teksin et al. reported HPLC–UV methods with LLOQ between
0 and 15 ng/mL, but which allowed only the quantification of
he parent compound PTX, without the metabolites [21,22,28,29].
uroda et al. described a HPLC–UV assay with column-switching for
nother xanthine derivative, propentofylline, and its three metabo-
ites in human and rat serum with direct injection of serum. The

ajor disadvantages of this method were the very long chromato-
raphic run time of 30 min and poor sensitivity (LLOD between 0.08
approximately 25 ng/mL) and 0.57 nmol/mL) [32].

To our knowledge, two LC tandem mass spectrometry meth-
ds were published for quantification of PTX in human plasma
ith LLOQs of 1 ng/mL for PTX and M1 [23] and 2 ng/mL for PTX

24], respectively. Both methods required a previous liquid–liquid
xtraction, and none of them was able to quantify the M5 metabo-
ite.

In this paper we present a simple, sensitive, high-throughput LC
andem MS method for simultaneous quantification of PTX and two

ajor active metabolites, M1 and M5 (Fig. 1) from human plasma.
ased on the higher concentration and AUC achieved by the M1
nd M5 metabolites in human plasma, only these two metabolites
re requested to be analyzed by the FDA (Food and Drug Adminis-
ration) and EMEA (European Medicines Agency) in bioavailability
nd bioequivalence studies [33]. The validated method was applied
uccessfully to quantify the selected analytes from human plasma
amples in a bioequivalence study.

. Materials and methods

.1. Chemicals and reagents

Pentoxifylline, 1-(5-hydroxyethyl)-3,7-dimethylxanthine (M1)

nd 1-(3-carboxypropyl)-3,7-dimethylxanthine (M5) standards
ere obtained from Toronto Research Chemicals Inc. (North York,
ntario, Canada). Methanol (HPLC isocratic grade), 98% formic acid
nd 70% perchloric acid (analytical grade) were purchased from
erck (Merck KgaA, Darmstadt, Germany). Distilled, deionised
2 (2010) 945–951

water was produced by a Direct Q-5 Millipore (Millipore SA,
Molsheim, France) water system. Drug free human plasma was
supplied by the Local Bleeding Centre Cluj-Napoca, Romania.

2.2. Calibration standards and quality control samples

Primary stock solutions of PTX (967 �g/mL), M1 (960 �g/mL)
and M5 (1020 �g/mL) were prepared by dissolving accurately
weighed quantity of PTX, M1 and M5, respectively in methanol
(weighed on an Analytical Plus balance from Mettler Toledo, USA).
Working solutions of PTX (10.15 and 1.02 �g/mL), M1 (20.16 and
2.02 �g/mL) and M5 (40.29 and 4.03 �g/mL) were obtained by
diluting specific volumes of stock solution with blank plasma. These
working solutions were used to spike different volumes of blank
human plasma, providing finally eight calibration standards con-
taining a mixture of all three analytes with the concentrations
ranged between 5.08–406.14 ng/mL (PTX), 10.08–806.40 ng/mL
(M1) and 20.15–1611.60 ng/mL (M5), respectively.

Quality control (QC) samples containing all three analytes
at 15.23, 152.30 and 304.61 ng/mL for PTX, 30.24, 302.40 and
604.80 ng/mL for M1 and at 60.44, 604.35 and 1208.70 ng/mL for M5
were prepared by diluting specific volumes of the analytes working
standards with blank human plasma.

2.3. Chromatographic and mass spectrometry conditions

LC analysis was performed using an Agilent 1100 Series HPLC
system (Agilent Technologies, Palo Alto, CA, USA) consisting of a
binary pump, degasser, autosampler and column thermostat. Chro-
matographic separation was achieved on a Zorbax SB-C18 column
(100 mm × 3.0 mm i.d., 3.5 �m) (Agilent Technologies, Palo Alto, CA,
USA) preceded by a 0.5 �m online filter. The mobile phase con-
sisted of a 20/80 (v/v) mixture methanol/0.1% formic acid, under
isocratic conditions. Each solvent was degassed in an ultrasonic
bath before use for HPLC. The mobile phase was delivered at a flow
rate of 1 mL/min. The column temperature was maintained at 45 ◦C.

The HPLC system was coupled to an Agilent MSD VL Ion Trap
detector (Bruker Daltonik, GmbH, Brehmen, Germany) equipped
with an electrospray interface (ESI) operated in the positive
ionization mode. Chromatographic and mass spectrometric data
acquisition were performed using Chemstation software (Agilent
Technologies, Palo Alto, CA, USA), version B.01.03 and LC/MSD
Trap Control (Bruker Daltonik, GmbH, Brehmen, Germany), ver-
sion 5.3, while data processing was performed using LC/MSD
Quant Analysis (Bruker Daltonik, GmbH, Brehmen, Germany), ver-
sion 1.7. Nitrogen was used as drying gas (12 L/min, 300 ◦C)
and nebulizing gas (50 psi). The capillary voltage was set at
4800 V for M5, 3000 V for PTX and 2200 V for M1, while the
capillary exit potential was set at 38 V for M5, 42 V for PTX
and 54 V for M1. The trap drive was set at 26.5 V (M5), 24.2 V
(PTX) and 23.4 V (M1). The scan range was 100–300 m/z. The
mass spectrometer was set to monitor ion transitions as follows:
m/z = 279.0 → 180.9 for PTX, m/z = 281.0 → 263.0 → (180.9 + 192.9)
for M1 and m/z = 267.0 → 249.0 → 221.0 for M5.

In order to maintain the ESI source clean, the column effluent
was diverted to waste for the first 2 min after injection.

2.4. Sample preparation

200 �L blank plasma, calibration standards and QC samples
were vortex-mixed (Vortex Genie 2, Scientific Industries) for 5 s

with 100 �L 6% perchloric acid in 1.5 mL polypropylene tubes. The
samples were then centrifuged at 4000 rpm for 6 min (204 Sigma
centrifuge, Osterode am Harz, Germany). 150 �L of the supernatant
was transferred to an autosampler vial and 6 �L were injected into
the HPLC system.
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ig. 2. Representative ion chromatogram of M5 (a), PTX (b) and M1 (c) after depro
0.08 ng/mL M1 and 20.15 ng/mL M5).

.5. Ion suppression testing

The ion suppression was expressed as relative difference
etween the analytical response for a mixture of PTX, M1 and M5
t quantification limit injected directly in mobile phase and the
esponse of the same concentration of analytes added to preex-
racted blank samples [34].

.6. Assay validation

The assay was validated in accordance to the industrial guidance
or the bioanalytical method validation [35–37].

Selectivity was checked by comparing six different plasma
lanks with the corresponding spiked plasma samples for inter-
erence of endogenous compounds with the analytes.

Linearity was studied by analyzing singlicate calibration stan-
ards at 8 concentration levels for each analyte. The concentration
f analyte was determined automatically by the instrument
ata system using the external standard method. The calibration
urve model was determined by the least squares analysis. The
pplied calibration model was y = c + bx + ax2, weight (1/y) quadratic
esponse, where y = area and x = concentration. Linearity was deter-
ined by checking five calibration curves on five different working

ays. The calibration model was accepted if the residuals were
ithin ±20% at the lower limit of quantification (LLOQ) and within
15% at all other calibration levels and at least two-third of the

alibration standards met this criterion, including highest and low-
st calibration levels. Regarding the sensitivity of the assay, the
LOQ was set at the lowest calibration level with an accuracy and
recision less than 20%.

Precision is defined as coefficient of variation (CV%) and accuracy
s relative deviation expressed as percentage error of the calculated
alue as compared with target added concentrations (true value).
ccuracy and precision were calculated for all three QC levels.
ithin-run accuracy and precision were determined by analysis

n the same day of five different samples (plasma spiked with PTX,
1 and M5) at each QC level. The between-run accuracy and pre-

ision were determined at the same concentrations of PTX, M1 and
5 but on five different experimental days.

The relative recoveries were analyzed at each of the three QC

evels and also at the LLOQ, by comparing the response of treated
lasma samples with the response of untreated standards in solvent
ith the same concentration of PTX, M1 and M5 as the plasma QC

ample.
ation of blank plasma spiked with PTX, M1 and M5 at LLOQ level (5.08 ng/mL PTX,

The stability study of PTX, M1 and M5 in human plasma included
the evaluation of room-temperature stability, freeze–thaw stabil-
ity, long-term stability at −20 ◦C and post-preparative stability in
the autosampler. The evaluation of stability was performed at low
and high QC levels (15.23 and 304.61 ng/mL for PTX, 30.24 and
604.80 ng/mL for M1 and at 60.44 and 1208.70 ng/mL for M5). Sta-
bility was assumed when concentrations of stability test samples
fell within ±15% of the nominal value.

2.7. Clinical application and in-study validation

The validated method was applied to the determination of PTX,
M1 and M5 in plasma samples from a bioequivalence study of
two dosage forms containing PTX. Plasma samples were periodi-
cally collected up to 24 h after oral dose administration of a 600 mg
extended release tablet to 24 healthy volunteers.

The accuracy and precision of the validated method was mon-
itored to ensure that it continued to perform satisfactorily during
analysis of volunteer samples. To achieve this objective, a number
of QC samples prepared in duplicate at three concentration levels
were analyzed in each assay run and the results compared with
the corresponding calibration curve. At least 67% (four out of six)
of the QC samples should be within 15% of their respective nom-
inal values; 33% of the QC samples (not all replicates at the same
concentration) can be outside ±15% of the nominal value.

3. Results and discussion

3.1. Chromatographic analysis

Bioequivalence studies involve the analysis of a large number of
biological samples. That is the reason why high-throughput meth-
ods are needed in order to perform this type of analysis. The method
described in this paper presents a major advantage compared to
most of the assays for PTX and its metabolites published earlier, as
there was no need for a laborious extraction step of analytes before
chromatographic analysis. The sample treatment was reduced to
a minimum and included only a deproteinization step. Best et al.
described also a chromatographic method for the simultaneous

quantification of PTX and M1 with a previous sample treatment
consisting in deproteinization, but they needed to evaporate the
supernatant in order to achieve an acceptable sensitivity [30]. The
absence of the extraction step reduced the need for an internal stan-
dard because in case of protein precipitation there is no partition
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Fig. 3. Full-scan mass spectra (MS/MS) of product ions of PTX (b), M5 (a) and M1 (c).

Fig. 4. Full-scan mass spectra (MS/MS/MS) of product ions of M5 (a) and M1 (b).

Fig. 5. Representative extracted ion chromatograms of blank plasma obtained in MRM mode, by monitoring the selected ion transitions for M5 (a), PTX (b) and M1 (c).
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Table 1
Within-run precision and accuracy for PTX, M1 and M5.

Analyte cnominal (ng/mL) cmeasured (mean ± SD) Precision (CV%) Inaccuracy % Recovery % (mean ± SD)

PTX 5.08(LLOQ) 5.2 ± 0.4 8.6 1.6 99 ± 10
15.23 15 ± 1 9.1 −4.4 100 ± 10
152.30 154 ± 4 2.8 0.9 100 ± 3
304.61 301 ± 11 3.8 −1.3 101 ± 4

M1 10.08(LLOQ) 11 ± 1 12.2 8.1 102 ± 14
30.24 29 ± 1 5.0 −2.6 96 ± 5
302.40 311 ± 10 3.3 2.7 98 ± 4
604.80 606 ± 18 3.0 0.2 96 ± 3

M5 20.15(LLOQ) 20 ± 3 12.3 0.8 93 ± 12
60.44 62 ± 2 4.0 1.8 99 ± 4
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604.35 597 ± 35
1208.70 1183 ± 33

nominal: nominal concentration, cmeasured: measured concentration, SD: standard de

rocess of analytes between liquid–liquid or liquid–solid phases,
aking the recovery near 100% and very reproducible.
Another important aspect concerning the bioequivalence stud-

es is the sample volume. It is recommended that this volume to be
educed as much as possible, which allows, if necessary, to col-
ect samples more frequently from the volunteers. The method
escribed here presents an advantage from this point of view also,
ince the plasma volume needed to perform the analysis is 0.2 mL.

Using the HPLC conditions described in the Chromatographic and
ass spectrometry conditions section, PTX, M1 and M5 were well

esolved, with retention times of 4.40, 5.00 and 2.50 min, respec-
ively (Fig. 2).

In order to avoid any interferences from other compounds
exogenous or endogenous) which may co-elute with the selected
ompounds MS/MS (for PTX) and MS/MS/MS (for M1 and M5)
etection was performed in MRM (multiple reaction monitoring)
ode. Ionization of analytes was carried out using an ESI (electro-

pray ionization) ion source, operated in the positive ion mode.
Regarding the mass spectrometric detection, the first step con-

isted in recording the MS spectra of the target compounds. From
ull-scan mass spectra the protonated molecular ions [M+H]+, with
/z 279.0 for PTX, m/z 281.0 for M1 and m/z 267.0 for M5 were

elected as precursor ions and fragmented in MS/MS mode.
In case of PTX the major fragment (with highest signal intensity)

as at m/z 180.9 (Fig. 3). According to Kyle et al. this transition from
/z 279.0 to 180.9 is consistent with the cleavage of the dimethylx-

nthine ring and oxohexyl moiety of PTX [23].
Following MS/MS analysis the selected metabolites of PTX gen-
rated each a main fragment consistent with the loss of water
M−H2O+H]+, with m/z 263.0 for M1 and 248.9 for M5, respec-
ively (Fig. 3). Since the transitions due to the loss of water are
ot specific, a high background noise level is usually observed

n chromatograms, lowering the analyte signal to noise ratio and

able 2
etween-run precision and accuracy for PTX, M1 and M5.

Analyte cnominal (ng/mL) cmeasured (mean ± SD)

PTX 5.08(LLOQ) 5.1 ± 0.6
15.23 15 ± 1
152.30 160 ± 5
304.61 304 ± 8

M1 10.08(LLOQ) 11 ± 1
30.24 30 ± 1
302.40 316 ± 14
604.80 611 ± 13

M5 20.15(LLOQ) 21 ± 2
60.44 60 ± 3
604.35 622 ± 35
1208.70 1219 ± 53
5.9 −1.3 91 ± 6
2.8 −2.1 96 ± 3

n; CV: coefficient of variation.

decreasing the method specificity and sensitivity [38]. In an attempt
to improve the sensitivity for M1 and M5, further fragmentation
of their MS/MS product ions [M−H2O+H]+ was performed by a
MS3 (MS/MS/MS) analysis, when new ions were observed at m/z
180.9 and 192.9 for M1 and m/z 221.0 for M5, respectively (Fig. 4).
For both M1 and M5, the mass transitions in MS3 mode are more
specific than in MS/MS mode and were used for quantitative anal-
ysis.

The final selected ion transitions for mass spectrometric
detection and quantification of the selected three analytes after
the chromatographic separation were 279.0 → 180.9 for PTX,
281.0 → 263.0 → (180.9 + 192.9) for M1 and 267.0 → 249.0 → 221.0
for M5.

3.2. Method validation

The selectivity study showed that there are no significant inter-
ferences or ion suppression effects from endogenous compounds
at the retention time of the analytes (Fig. 5).

The calibration curves showed good linearity over the studied
concentration range (5.08–406.14 ng/mL PTX, 10.08–806.40 ng/mL
M1 and 20.15–1611.60 ng/mL M5), with correlation coefficients
(r) 0.9993 ± 0.000606, 0.9988 ± 0.001018 and 0.9980 ± 0.001687
(mean ± SD, n = 5) for PTX, M1 and M5, respectively.

Having the advantage of simple and rapid sample preparation
and short chromatographic run time, the method showed similar or
even superior sensitivity to methods described in other scientific

papers, based on LC or GC analysis and a more laborious sample
preparation. The LLOQs were set at the level of the lowest calibra-
tors for all three analytes (5.08, 10.08 and 20.15 ng/mL for PTX, M1
and M5, respectively), with accuracy and precision less than 20%
(Tables 1 and 2).

Precision (CV%) Inaccuracy % Recovery % (mean ± SD)

11.9 1.2 103 ± 15
6.5 −1.9 106 ± 17
2.9 4.8 102 ± 7
2.6 0.0 99 ± 1

6.8 7.1 106 ± 2
2.6 −1.8 101 ± 8
4.3 4.6 100 ± 4
2.1 1.0 99 ± 2

11.2 2.3 89 ± 12
4.8 −0.2 100 ± 10
5.7 2.9 98 ± 12
4.4 0.8 99 ± 6



950 L. Vlase et al. / Talanta 82 (2010) 945–951

Fig. 6. Ion chromatogram of M5 (a), PTX (b) and M1 (c) after deproteinization of a real hum
release tablet of PTX.

Fig. 7. Mean plasma levels (n = 24) of PTX (a), M1 (b) and M5 (c) after single dose
administration of 600 mg PTX as slow release formulation to healthy volunteers.
Test: Generic formulation product, Reference: Trental® (Sanofi-Aventis, France).
an plasma sample collected at 2.5 h after the administration of a 600 mg extended

No significant ion suppression was observed for any of the three
analytes. The calculated ion suppression was 5.5% for PTX, 5.9 for
M1 and 8.3% for M5.

Since the method involved only a simple protein precipita-
tion and centrifugation, without any extraction process, the mean
recoveries of all target compounds were very good (superior to
88.9%) (Tables 1 and 2).

The within- and between-run precision and accuracy data are
summarized in Tables 1 and 2. According to these results the assay
is accurate and precise in the studied concentration range.

The results of stability study showed that no significant degra-
dation of target compounds occurred under the tested conditions.
In case of storage at room temperature the analytes proved to be
stable in plasma samples for at least 4 h, the mean change in analyte
content being of −3.4% and 1.3% in case of PTX, −1.9% and −0.2% in
case of M1 and 2.0% and 3.0% in case of M5, at the two concentra-
tion levels tested. The post-preparative stability study showed the
stability of PTX, M1 and M5 after sample preparation for at least
48 h at room temperature (inaccuracy < 15%). The mean changes in
PTX, M1 and M5 concentration after three freeze–thaw cycles indi-
cated no stability problems under these conditions. Furthermore
the selected analytes were found to be stable in human plasma at
least 8 months when stored at −20 ◦C.

3.3. Clinical application in healthy subjects

The validated method was verified during analysis of clinical
samples from a bioequivalence study of two medicines containing
600 mg PTX. The method continued to perform in terms of accuracy,
in each analytical run, not more than two out of six QC samples
being outside of ±15% nominal value, but not all two at the same
concentration.

Fig. 6 shows a representative ion chromatogram corresponding
to plasma sample collected from a volunteer at 2.5 h after admin-
istration of a single oral dose of 600 mg PTX. The corresponding
concentrations of PTX, M1 and M5 were of 175.69, 490.99 and
1061.14 ng/mL, respectively. The mean plasma levels of PTX, M1
and M5 obtained from the bioequivalence study are shown in Fig. 7.
4. Conclusions

This article describes a high-throughput analytical method for
the simultaneous quantification of PTX, M1 and M5 in human
plasma. The major advantages of this method are small sample
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olume, simple and rapid sample processing technique (depro-
einization), high sensitivity and a very good selectivity guaranteed
y the MS/MS (in case of PTX) or MS/MS/MS (in case of M1 and M5)
etection. The method was fully validated and successfully applied
o a bioequivalence study of PTX in healthy volunteers.
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