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Quantification of erufosine, the first intravenously applicable
alkylphosphocholine, in human plasma by isotope dilution liquid

chromatography–tandem mass spectrometry using a deuterated
internal standard
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1. Introduction

Alkylphosphocholines represent a novel class of lipid molecules
with antiproliferative properties demonstrating strong antitumoral
and antiprotozoal activity [1]. After integration into cellular mem-
branes they interfere with the phospholipid metabolism and
several signal transduction pathways. The most accepted “mode of
action” is their ability to activate (trimerize) FAS-receptor subunits
within the plasma membrane, followed by the induction of the
apoptotic cascade [2,3]. Hexadecylphosphocholine (miltefosine),
the lead compound of this substance class has been approved for
the topical treatment of skin metastases in breast cancer (Miltex®,
[4,5]) and the oral treatment of leishmaniasis (Impavido®, [6,7]).

Miltefosine as well as its analogue perifosine, which is cur-
rently investigated in several phase II studies for cancer treatment,
are restricted to oral application for systemic treatment. Given
intravenously they cause strong side effects such as haemolysis
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hromatography–tandem mass spectrometry method was developed and
n of erucylphosphohomocholine (erufosine, ErPC3) in pharmacokinetic
rPC3 was used as the internal standard. Following protein precipitation,

y was performed. For analyte detection, electrospray ionization in the pos-
ss transition m/z 504.4 > 139.1 was recorded for ErPC3, and the transition
l standard, respectively. Good linearity with a correlation coefficient >0.99
–15 mg/L ErPC3 in plasma (0.93–29.8 �M), the important range for clinical
assay coefficients (n = 10) of variation between 4.2% and 5.5% were found
ncentrations between 4.7 mg/L and 44.0 mg/L, respectively. The method

ing a phase I clinical trial of ErPC3.
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and thrombophlebitis. However, gastrointestinal side effects pre-
vent from effective oral dosing. Therefore, convincing antitumor

activity in clinical studies has not yet been described for this first-
generation alkylphosphocholines [8–11]. This important limitation
for oral dosing can be overcome by longer alkyl-chains with cis-
mono-unsaturation. For instance, erucylphosphocholine contains
an alkyl-chain with 22 carbon atoms and one cis-double bond in
the <omega>-C-9 position. This structural variation allows par-
enteral administration and is even more effective in comparison
to the first-generation alkylphosphocholines after oral application
[12].

Erufosine (erucylphosphohomocholine, ErPC3), which was fur-
ther modified in the polar part of the molecule, now represents
the first intravenously applicable alkylphosphocholine which has
been administered in a clinical phase I trial in tumor patients
(BfArM-Nr. 4020889/EL0104, Department of Internal Medicine III,
Hospital of the University of Munich, Germany, ongoing). For phar-
macokinetic measurements during this dose escalation study a
method for sensitive ErPC3 detection in human plasma samples
was needed. Since the target analyte molecule does not contain
a chromophore or an electroactive group, conventional detection
techniques used in HPLC are not useful to monitor the ErPC3
plasma concentration. Light scattering detection can basically be
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PC3 and (B) ErPC3-D9, internal standard.

and 30% 0.1% formic acid delivered at a flow rate of 0.9 mL/min.
The eluate was transferred to the MS system via a T-piece and a
split ratio of approximately 1:9. The target analyte and the internal
standard compound had a retention time of approximately 1.1 min.
The total run time was 4 min.

2.5. CID-MS/MS analyses

A Quattro Ultima Pt tandem mass spectrometry system was
used (Waters, Milford, USA). It features a mass range of 0–4000
m/z with unit mass resolution. The instrument was run electro-
spray ionization in positive ion mode with a capillary voltage of
2.8 kV, a cone voltage of 35 V, a source temperature of 90 ◦C, a de-
solvation gas temperature of 350 ◦C. Low energy collision induced
dissociation (CID) ion scans of the protonated molecules (ErPC3, m/z
504.4; ErPC3-D9, m/z 513.7) were recorded (Fig. 2; collision energy
L.H. Lindner et al. / J. Chr

Fig. 1. Chemical structure of (A) Er

used for the detection of alkylphosphocholines [13,14]. However,
the sensitivity of light scattering detection is inferior compared to
emerging mass spectrometry. For perifosine the quantification in
plasma by mass spectrometry using hexadecylphosphocholine as
an internal standard has been demonstrated [15]. To the best of our
knowledge, there is no method reported in the literature for the
quantitative determination of ErPC3 applying liquid chromatogra-
phy coupled to electrospray ionization tandem mass spectrometry
(LC–ESI-MS/MS). The establishment and application of a sensitive
and reproducible method for determining ErPC3 in human plasma
by LC–ESI-MS/MS using a deuterated analogue as an internal stan-
dard is presented in this paper. This method will allow to generate
pharmacokinetic data of ErPC3 within clinical trials.

2. Experimental

2.1. Chemicals and standards

Water, methanol, acetonitrile and ethanol were obtained from
Baker (Deventer, The Netherlands) and were of HPLC-grade.

2.2. Synthesis of the internal standard ErPC3-D9

ErPC3 (MW 503.75) (Fig. 1A) is the (N,N,N-trimethyl)-
propylammoniumester of erucyl-phosphoric acid. For the quan-
titative measurement of ErPC3 in biological samples a deuterium
labelled analogue has been prepared: deuterated ErPC3 (ErPC3-
D9) (MW 512.82) (Fig. 1B) and successfully used as internal
standard. The introduction of the deuterium label into the pro-
pylammonium group has been performed by permethylation with
CD3–O–SO2–CH3 at slightly alkaline conditions.

In short, erucanol was phosphorylated with phosphorusoxy-
chloride in the presence of triethylamine. The resulting erucyl
phosphorusoxydichloride was reacted with propanolamin to form
the respective erucyl-oxaza-phospholan. Ring fusion at slightly
acidic conditions at the PN-bond resulted in erucyl-phospho-

propylammium, which after permethylation with CD3-mesylate
gave ErPC3-D9 in a total yield of about 90%. The purity of the
compound, as confirmed by high performance thin layer chro-
matography, was better than 99%.

2.3. Sample preparation

An aliquot of 50 �L plasma was spiked with 20 �L ethanol con-
taining 20 mg/L ErPC3-D9 used as the internal standard in a 2 mL
test tube. After vigorous mixing and equilibration for 20 min at
room temperature, 1 mL of methanol/acetonitrile 9:1 (v/v) was
added for protein precipitation. After centrifugation for 15 min
at 16,000 × g, the clear supernatant was diluted 1:9 (v/v) with
methanol/acetonetrile 9:1 (v/v) and transferred into an HPLC vial.

2.4. High performance liquid chromatography

A Waters Alliance 2795 HPLC system (Waters, Milford, USA)
equipped with a ReproSil-Pur CN (20 mm × 4 mm I.D., 5 �m par-
ticle size) column (Dr. Maisch GmbH, Ammerbuch, Germany) kept
at 30 ◦C was used. Isocratic elution was applied with 70% methanol
gr. B 869 (2008) 16–19 17
Fig. 2. Collision induced mass spectra of (A) ErPC3 and (B) ErPC3-D9, internal stan-
dard.
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Fig. 3. Quantification of ErPC3 in human plasma samples:

30 V). For quantification of ErPC3 in multiple reaction monitoring
(MRM) the mass transition 504.4 > 139.1 was monitored for the tar-
get analyte, and the transition 513.7 > 139.1 was monitored for the
deuterated internal standard compound, respectively.

2.6. Calibration

Drug free plasma was spiked with a stock solution of ErPC3 in
methanol to obtain a concentration of 15 mg/L. This stock calibra-
tor was diluted serially 1:1 (v/v) with drug free plasma in five steps,
resulting in a bottom calibrator with a concentration of 0.48 mg/L.
The calibrator materials were aliquoted and stored at −80 ◦C. Six
point calibration was performed in all analytical series. No weight-
ing of axis transformation was applied.

2.7. Method validation

Plasma samples obtained from study patients after administra-
tion of ErPC3 were used to prepare three plasma pools at different

concentration levels. Quantification of ErPC3 concentration was
done in 10 independent analytical series to calculate the interassay
coefficient of variation.

In order to investigate the recovery of the sample preparation
and to test for relevant ion suppression or ion enhancement effects,
we submitted 10 plasma samples from not ErPC3 treated patients
and a pure solution of 5% methanol, respectively, to the analyti-
cal process. The mean areas of the internal standard peaks were
compared (the 5% methanol sample was analyzed in five-fold deter-
mination).

To verify the specificity of the method, residual plasma samples
from 30 intensive care patients not receiving ErPC3 were analyzed
in absence of internal standard compound in the precipitation solu-
tion; the chromatograms were inspected for the presence of any
peak signal in the MRM trace of the target analyte and the internal
standard compound, respectively.

To rule out carry over effects in the method, a plasma sample
spiked to an analyte concentration of 300 mg/L was injected three
times followed by the injection of methanol/water 1:1 (v/v) as a
sample; the chromatogram of this sample was inspected for peak
signals.
sentative chromatogram (plasma concentration 2.1 mg/L).

The bench-top stability within 24 h at room temperature as well
as the freeze–thaw stability of ErPC3 in human plasma up to three
cycles was acceptable with less than 10% loss of ErPC3. Also the
processed samples were stable at 4 ◦C for at least 96 h with no
significant loss of ErPC3 (≤10.0%).

3. Results and discussion

First experiments with the analogous compound oleoylphos-
phocholine used as the internal standard were disappointing since
the drift in the results observed for longer analytical series was
more than 10% (data not shown). We therefore synthesized a
deuterated molecule of the target analyte applicable as internal
standard for the quantification of ErPC3.

Applying a nine-fold deuterated ErPC3 we were able to develop
a robust and convenient method for the quantification of ErPC3 in
human plasma samples. A representative chromatogram obtained
from a clinical sample is given in Fig. 3. Correlation of determi-
nation was >0.99 in the calibration of all 10 validation series,
demonstrating a linear response of the method within a concentra-

tion range from 0.48 mg/L to 15 mg/L. This analytical window has
been chosen as this is typically the effective serum concentration
of ErPC3 in preclinical models [16,17]. In human pharmacokinetic
studies of perifosine, maximum plasma levels of less than 10 mg/L
have been observed [18,19]. For the measurement of the perifosine
plasma concentration, a LC–MS/MS method with hexadecylphos-
phocholine as the internal standard was used [15].

For the three pool samples investigated in the precision study
the following mean concentrations and coefficients of variation
(CV) were found: pool A, 44.0 mg/L, CV 4.2%; pool B, 10.0 mg/L, CV
4.8%; pool C, 4.7 mg/L, CV 5.5%.

The signal-to-noise ratio of the lowest calibrator (0.48 mg/L) was
found between 97:1 and 142:1 within these series.

The mean peak area of the internal standard compound found in
pure 5% methanol solution analyzed as a sample was 122.172; in 10
drug free plasma samples a mean area of 124.963 was found, thus
ruling out relevant ion suppression effects and substantial loss of
analyte during protein precipitation which is performed for sample
preparation.

The specificity of the method could be demonstrated with
plasma samples of 30 patients receiving multiple medications but
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Fig. 4. Representative plasma concentration–time curve after intravenous adminis-
tration of ErPC3 3.74 mg/kg b.w. ErPC3 was dissolved in 1000 mL NaCl 0.9% and given
as continuous infusion over 2 h.

not ErPC3. After sample processing without the internal standard,
no peak signals have been found in the two MRM traces recorded.
Furthermore, no peak signal was found in the carry over investiga-
tion.

In summary we conclude that the method described herein is
applicable in pharmacokinetic studies of the novel anticancer com-
pound ErPC3.

4. Application

After the validation study, the assay was applied to determine
ErPC3 plasma concentrations from patient samples in a phase I clin-
ical trial at the Hospital of the University of Munich. Fig. 4 shows a
typical ErPC3 plasma concentration–time curve after a single intra-
venous administration of 3.74 mg ErPC3 per kg body weight using
continuous infusion over 2 h.

[

[

[

[
[

[

[

[

[

[

gr. B 869 (2008) 16–19 19

Acknowledgement

The authors would like to thank Mrs. K. Wachholz for the excel-
lent technical assistance.

References

[1] H. Eibl, P. Hilgard, C. Unger (Eds.), Alkylphosphocholines: New Drugs in Cancer
Therapy, Prog. Exp. Tumor Res, Karger, Basel, 1992.

[2] C. Oberle, U. Massing, H.F. Krug, Biol. Chem. 386 (2005) 237.
[3] C. Gajate, F. Mollinedo, Blood 109 (2007) 711.
[4] C. Unger, M. Peukert, H. Sindermann, P. Hilgard, G. Nagel, H. Eibl, Cancer Treat.

Rev. 17 (1990) 243.
[5] R. Leonard, J. Hardy, G. van Tienhoven, S. Houston, P. Simmonds, M. David, J.

Mansi, J. Clin. Oncol. 19 (2001) 4150.
[6] A. Kuhlencord, T. Maniera, H. Eibl, C. Unger, Antimicrob. Agents Chemother. 36
Bryceson, J. Berman, N. Engl. J. Med. 347 (2002) 1739.
[8] J. Verweij, K. Krzemieniecki, T. Kok, A. Poveda, C. van Pottelsberghe, M. van

Glabbeke, H. Mouridsen, Eur. J. Cancer 29A (1993) 208.
[9] A.S. Planting, G. Stoter, J. Verweij, Eur. J. Cancer 29A (1993) 518.
10] N.B. Leighl, S. Dent, M. Clemons, T.A. Vandenberg, R. Tozer, D.G. Warr, R.M.

Crump, D. Hedley, G.R. Pond, J.E. Dancey, M.J. Moore, Breast Cancer Res. Treat.
26 (2007) 26.

11] H.H. Bailey, M.R. Mahoney, D.S. Ettinger, W.J. Maples, P.M. Fracasso, A.M.
Traynor, C. Erlichman, S.H. Okuno, Cancer 107 (2006) 2462.

12] B. Erdlenbruch, V. Jendrossek, A. Gerriets, F. Vetterlein, H. Eibl, M. Lakomek,
Cancer Chemother. Pharmacol. 44 (1999) 484.

13] A. Thaler, T. Hottkowitz, H. Eibl, Chem. Phys. Lipids 107 (2000) 131.
14] T. Wieder, M. Fritsch, A. Haase, C.C. Geilen, J. Chromatogr. B Biomed. Sci. Appl.

652 (1994) 9.
15] E.W. Woo, R. Messmann, E.A. Sausville, W.D. Figg, J. Chromatogr. B Biomed. Sci.

Appl. 759 (2001) 247.
16] M. Fiegl, L.H. Lindner, M. Juergens, H. Eibl, W. Hiddemann, J. Braess, Cancer

Chemother. Pharmacol. 6 (2007) 6.
17] A. Rubel, R. Handrick, L.H. Lindner, M. Steiger, H. Eibl, W. Budach, C. Belka, V.

Jendrossek, Radiat. Oncol. 1 (2006) 6.
18] M. Crul, H. Rosing, G.J. de Klerk, R. Dubbelman, M. Traiser, S. Reichert, N.G.

Knebel, J.H. Schellens, J.H. Beijnen, W.W. ten Bokkel Huinink, Eur. J. Cancer 38
(2002) 1615.

19] L. Van Ummersen, K. Binger, J. Volkman, R. Marnocha, K. Tutsch, J. Kolesar, R.
Arzoomanian, D. Alberti, G. Wilding, Clin. Cancer Res. 10 (2004) 7450.


	Quantification of erufosine, the first intravenously applicable alkylphosphocholine, in human plasma by isotope dilution liquid chromatography-tandem mass spectrometry using a deuterated internal standard
	Introduction
	Experimental
	Chemicals and standards
	Synthesis of the internal standard ErPC3-D9
	Sample preparation
	High performance liquid chromatography
	CID-MS/MS analyses
	Calibration
	Method validation

	Results and discussion
	Application
	Acknowledgement
	References


