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Edelfosine is a synthetic alkyl ether phospholipid that represents a promising class of antitumor agents. However, analytical m
easure these type compounds are scarce. The lack of a reliable methodology to quantify edelfosine is a major problem in o

cheduled preclinical and clinical trials with this drug. We evaluated the applicability of high-performance liquid chromatography–m
rometry to determine edelfosine in biological samples and polymeric delivery systems. Sample pre-treatment involved polymer pr
r cell lysis with methanol. HPLC separation was performed on an Alltima RPC18 narrow-bore column and edelfosine quantification was d
y electrospray ionization mass spectrometry (ESI-MS) using positive ion mode and selected ion monitoring. Assays were linear in
ange of 0.3–10�g/ml. The limit of quantification was 0.3 ng/sample in both matrices, namely biological samples and polymeric
ystems. The interassay precision ranging from 0.79 to 1.49%, with relative errors of−6.7 and 12.8%. Mean extraction recovery was 95
PLC–ESI-MS is a reliable system for edelfosine analysis and quantification in samples from different sources, combining advanta
utomation (rapidity, ease of use, no need of extensive extraction procedures) with high analytical performance and throughput.
2004 Elsevier B.V. All rights reserved.
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. Introduction

Synthetic alkyl ether phospholipids represent a promis-
ng class of antitum or agents that, unlike most conven-
ional chemotherapeutic drugs, do not target the DNA but
ct at the level of the cell membrane[1–4]. The proto-

ype of these antineoplastic ether phospholipids is ET-18-
CH3 (edelfosine, 1-O-octadecyl-2-O-methyl-rac-glycero-

Abbreviations:ET-18-OCH3, (1-O-octadecyl-2-O-methyl-rac-glycero-
-phosphocholine edelfosine); ESI-MS, electrospray ionization mass spec-

rometry; DDS, drug delivery systems
∗ Corresponding author. Tel.: +34 948 425600; fax: +34 948 425649.
E-mail address:mjblanco@unav.es (M.J. Blanco-Prı́eto).

3-phosphocholine)[1–4] that exerts a selective cytotoxic a
tion against cancer cells[1,5]. The antitumor effect of edelfo
sine is based mainly on two different mechanisms that
act synergistically against neoplastic growth. Edelfosine
hances the tumoricidal activity of macrophages[6] and exert
a direct cytotoxic effect on tumor cells through the induc
of apoptosis[5,7–9]. This combination of a stimulatory e
fect on host defense cells and a direct destructive effe
neoplastic cells in one molecule makes edelfosine a p
tially effective antitumor drug[4]. The antitumor activity o
edelfosine is mostly due to its ability to induce apopt
in tumor cells through a Fas/CD95 death receptor-med
process[10,11]. In addition, this ether lipid has been repor

570-0232/$ – see front matter © 2004 Elsevier B.V. All rights reserved.
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to inhibit tumor cell proliferation, metastasis and angiogene-
sis[4]. Encouraging data on purging leukaemic bone marrow
prior to analogous bone marrow transplantation have been re-
ported[12,13].

Although edelfosine has been shown to achieve remark-
able in vitro effects against a variety of cancer cells, so far
the in vivo antitumor effect has been rather modest. Several
reports have documented the advantages of incorporating an-
ticancer agents into drug delivery systems, such liposomes,
micro- and nanoparticles, in order to improve therapeutic ef-
ficiency while markedly reducing non-specific in vivo tox-
icity and to enhance antitumor efficacy[14]. A liposome-
based formulation of edelfosine has been shown to be less
hemolytic both in vitro and in vivo[15]. Nevertheless, lipo-
somes are rapidly cleared from systemic circulation and are
relatively quickly degraded in the body. Polymeric materials
provide an alternative means for delivering chemotherapeu-
tic agents, offering a number of advantages over liposome
carriers. In this work, drug delivery systems (DDS) loaded
with edelfosine have been developed using biodegradable
polymers (a copolymer of lactic and glycolic acid, PLGA)
[16,17]. These polymers have been used as surgical sutures
or bone-connecting devices, have proven non-toxic and are
approved by FDA for their parenteral use in humans.

The remarkable antitumor properties of edelfosine have
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reaction is far from being quantitative[21]. Radioassays were
also used for the measurement of edelfosine concentrations
in pre-clinical studies. However, this technique is unsuit-
able for the specific determination of this cytostatic drug
in clinical samples since it involves the use of radioactive-
labelled edelfosine. Therefore, there is a great need for fast
and sensitive analytical methods to support edelfosine clinical
trials.

During the last few years high-throughput techniques
have emerged, including fast and automated sample hand-
ling as well as data analysis and interpretation. Liquid
chromatography-tandem mass spectrometry is one of these
efficient analysis tools. The addition of mass spectrometry
to liquid chromatographic applications has dramatically im-
proved the analysis of drugs and some endogenous com-
pounds in biological samples. This technique provides low
detection limits, reduced influence of interference and the
possibility for shorter run times. Here, we describe a sen-
sitive analytical method based on a highly specific and se-
lective HPLC separation coupled to electrospray ionization
mass spectrometry (ESI-MS). Two different applications of
the developed method have been evaluated in this study: the
quantification of edelfosine in polymeric DDS, as a quality
control procedure of the manufacture of the formulation, and
in uptake studies in cancer cells.
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romoted ongoing and scheduled preclinical and clinica
ls with this drug. These clinical studies require the avail

ty for some biochemical probes in order to carry out to
ity, pharmacokinetics and pharmacodynamics studies
delfosine. However, a major problem in pharmacokin
tudies lies in the lack of a reliable method for quantifica
f non-radiolabeled edelfosine in plasma and other org
he quantification of edelfosine in cells and organs dem
ighly selective and sensitive analytical methods able to

ect low drug concentration levels and to discriminate f
he presence of metabolites and endogenous compo
onventional quantitative high-performance liquid ch
atography (HPLC) assays with ultraviolet/fluorescenc
lectrochemical detection for edelfosine are not feasible

o the lack of chromophores and electroactive group
he molecule. High-performance thin-layer chromatogra
ith fluorescence detection has been evaluated for the

ification of ether phospholipids, but had several drawb
uch as lack of selectivity on silica gel surfaces and dete
roblems[18]. HPLC combined with light scattering dete

ion was also investigated for edelfosine and its homolo
T-16-OCH3, which was used as the internal standard[19].
he retention and elution characteristics of both compo
ere studied on silica, poly(ethylene glycol)-coated si

eversed phase materials and polymeric resins. This m
an only be used for studies of relatively high-concentra
delfosine samples[19]. The possibility of using capillar
as chromatography for the analysis of edelfosine was

nvestigated[20,21]. This technique appears to be very
ractive because of its intrinsically high selectivity and s
itivity. Nevertheless, dephosphorylation is required and
.

. Experimental

.1. Reagents

Edelfosine (ET-18-OCH3) was from INKEYSA
Barcelona, Spain). Formic acid 99% was purchased
ldrich (Barcelona, Spain). Methanol (HPLC grade) w
btained from Merck (Darmstadt, Germany). Chlorofo
as obtained from Sharlau (Barcelona, Spain).

.2. Instrumentation and chromatographic conditions

The apparatus used for the HPLC analysis was a M
100 series LC coupled with an atmospheric pressure (
lectrospray ionization (ESI) mass spectrometer (HP
ith MSD VL, Waldbronn, Germany). Data acquisition a
nalysis were performed with a Hewlett-Packard comp
sing the ChemStation G2171 AA programme.

Separation was carried out at 50◦C on a reversed-phas
50 mm × 2.1 mm column packed with C18, 5�m silica
eversed-phase particles (Alltima®) obtained from Alltech
Sedriano, Milan, Italy). This column was preceded b
eversed-phase, C18, 5�m guard column (Kromasil®, 20 mm

4 mm, Symta, Spain). The mobile phase was a mixtu
ethanol–1% formic acid (95:5, v/v). The aqueous sol
as filtered through a 0.45�m HV filter (Millipore) and de-
assed using a membrane degasser. Separation was ac
y isocratic solvent elution at a flow-rate of 0.5 ml/min.
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ESI-MS conditions were as follows:

Ionization mode ESI, positive Selected
ion monitoring (SIM)

Ions (m/z)

Edelfosine 524.40

Interface variables

Temperature (◦C) 350

Drying gas N2 (12 l/min)

Nebulizer gas N2 (30 psi;
1 psi = 6894.76 Pa)

Capillary voltage (V) 4000

Fragmentator voltage (V) 140

Optimization of the interface variables, such as gas flows
and voltages was done manually during direct infusion of
10�g/ml of the target analyte dissolved in methanol.

2.3. Calibration standards

A stock solution of edelfosine with a concentration of
100�g/ml was prepared by dissolving 1 mg of edelfosine
in 10 ml of methanol. Ten standard solutions of 0.3, 0.6, 1,
1 e
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function of the nominal concentrations for obtain the equa-
tion of each calibration curve. The parameters of each equa-
tion were used to compute back-calculated concentrations of
calibrators and to obtain concentration values for that day’s
quality-control samples and unknown samples.

The method was validated by analysis of extracted cells
samples without edelfosine. The selectivity of the assay was
determined by the individual analysis of blank samples. The
retention times of cell compounds in the matrix were com-
pared with those of edelfosine.

LOD was defined as the sample concentration resulting in
a peak area of three times the noise level. LOQ was defined
as the lowest drug concentration which can be determined
with an accuracy and precision <20%. In this work, LOD
of the assay method was determined by analysis of the peak
baseline noise in ten blank samples.

Three samples of each quality control pool and calibration
samples were analyzed on three different days. On day 1, the
number of samples of quality control was five. Precision and
accuracy was determined. We assessed the within-day preci-
sion and the recoveries by performing replicate analyses of
QC samples (1, 2 and 8�g/ml). The procedure was repeated
on different days with different samples of the same calibra-
tors to determine between-day values. The mean recovery
was calculated as (mean measured concentration/theoretical
c sed
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.2, 2, 2.5, 5, 6, 8 and 10�g/ml of edelfosine were mad
y further dilution of the stock solution with appropria
olumes of methanol. The concentration range of ed
ine for the standard curve samples was between 0.
0�g/ml.

The stock solutions of edelfosine were kept at 4◦C.

.4. Sample preparation

For the analysis of edelfosine in DDS a known amoun
articles was dissolved in 1 ml of chloroform. Then, 3 m
ethanol were added to precipitate the polymer. The
les were vortex-mixed for 1 min and centrifuged for 10
t 9400× g. A 500�l-aliquot of the supernatants were tra

erred to limited volume autosampler vials capped and pl
n the HPLC autosampler. A 1�l-aliquot of the supernata
as injected onto HPLC column. The drug loading was
ressed as�g of edelfosine/mg of DDS.

Edelfosine was extracted from the cell samples by
eated freeze/thaw in liquid nitrogen. Then, 150�l of
ethanol were added, samples were vortexed and centri
t 10,000× g for 10 min at 4◦C (Biofuge Heraeus, Hana
ermany). Blank cells samples were also extracted
ethanol. A 1�l-aliquot of the supernatant was injected o
PLC column.

.5. Validation

We applied an unweighted least-squares linear regre
f the responses (chromatographic area of eldelfosine
oncentration)× 100. Imprecision of a method is expres
s the relative standard deviation (R.S.D.) of the obtained
es for each calibrator. Accuracy was measured accord

he following equation:

percentage difference from theoretical value

=
[
X − CT

CT

]
× 100

hereX is the determined concentration of a quality con
ndCT is the theoretical concentration. To be acceptable
easures should be lower than 15% at all concentratio
For ruggedness and robustness studies, a different

olumns such as Kromasil C18 25 × 0.4 (Teknokroma
pain), and Zorbax Stablebound (150 mm× 2.1 mm, Ag-

lent, USA) were used. Similarly, the influences of mo
hase (percentage of methanol ranged from 90 to 99%
olumn temperature (50◦C) on the analytical procedure we
lso evaluated.

.6. Application of the method

This analytical HPLC method was applied to determ
he edelfosine content in DDS and in human acute mye
eukemia HL-60 cell line incubated with this cytostatic dr

.6.1. Quality control of the formulations
DDS loaded with edelfosine using biodegradable p

ers were prepared. Drug loading was calculated from
atio of the mass of drug in the particles to the mass of p
les and expressed as�g of edelfosine/mg of DDS.
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2.6.2. Cell culture
The human acute myeloid leukemia HL-60 cell line was

grown in RPMI-1640 supplemented with 10% (v/v) heat-
inactivated fetal calf serum, 2 mMl-glutamine, 100 units/ml
penicillin, and 24�g/ml gentamicin. Cells (1× 106) were
incubated with 3 and 5�g/ml edelfosine for 2 h at 37◦C in a
humidified atmosphere of 5% CO2 and 95% air. After exhaus-
tive washing (six times) with phosphate-buffered saline–2%
bovine serum albumin to eliminate loosely cell surface-bound
ether lipid due to the strong binding of edelfosine to albumin,
the drug uptake into the cells was determined.

3. Results and discussion

A HPLC–MS assay to allow the quantitation of eldelfo-
sine levels in cells has been developed and validated. Be-
fore the 1990s, determination of drug uptake in cells usu-
ally required gas chromatographic and radioactive proto-
cols. These traditional analytical methodologies were not
amenable to high-throughput analysis because they are slow,
costly, and suffer from poor selectivity. Moreover, both ap-
proaches required extensive sample preparation procedures
and were time-consuming so that their application to clin-
ical analysis is too difficult. The use of the tandem mass
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Fig. 1. ESI+ spectrum obtained by HPLC–MS analysis of 10�g/ml edelfo-
sine: (A) fragmentation voltage of 0 V, (B) fragmentation voltage of 140 V.

ions that it is common to see when the electrospray ioniza-
tion interface was employed (Fig. 1A). When a fragmenta-
tion voltage of around 30 V was applied other structurally
significant fragmentation ion was observed (Fig. 1B). It is
interesting to note that a characteristic product ion ofm/z
487.32 was generated under these fragmentation conditions.
This primary fragment resulted from the loss of the quater-
nary ammonium group (Fig. 2) and can be monitoring within
the pseudo-molecular ions [M + H]+ and [M + Na]+ for
structural confirmation purposes.

Parameters such as the capillary temperature and the cap-
illary voltage, the fragmentation voltage as well as the de-
solvation gas flow were optimized in order to reach a maxi-
mum intensity for the fragment ions. In a first step, the effect
of fragmentator voltage on both the fragmentation pattern
and the signal intensity of tested edelfosine was studied by
varying the probe voltage between 0 and 280 V in full scan
mode (m/z100–600). Any significant effect was observed in
the mass spectra of edelfosine. The pseudo-molecular ions
[M + H]+ and [M + Na]+ and the main fragment of [(M
+ Na)− 59]+ were stable even at higher fragmentator volt-
age. The high signal-to-noise ratios for the pseudo-molecular
ions was achieved between 120 and 140 V as can be seen in
Fig. 3. Above this voltage, a decrease of signal intensity of
the pseudo-molecular ions [M + H]+ and [M + Na]+ was
o main
pectrometry–liquid chromatography to detect drugs
iomolecules in clinical chemistry has supposed an im

ant breakthrough in clinical chemistry. Actually, the imp
f liquid chromatography/tandem mass spectrometry in
evelopment of new clinical chemistry applications is c
iderable. Liquid chromatography–mass spectrometry is
ific, extremely rapid (the chromatographic process can o
n less than 5 min), has tremendous cycle samples (hun
f samples can be analyzed sequentially, one after an
ithout pause), and can achieve sensitivities in the pico

ange. The electrospray ionization interface on the mass
rometer is well suited to tolerate high eluent flow rates
dirty” matrices. Moreover, in some cases, the enhance
ectivity and sensitivity provided by the quadrupole MS s
ems eliminate the need for extensive sample preparatio
edures and, indeed, for chromatographic separation.

.1. Optimization of mass spectrometer

The MS analysis of edelfosine was first investigated
irect introduction of the reference compound dissolved
ethanol–1% formic acid (95:5) mixture using electrosp

nterface in both positive and negative ion mode of ioniza
he positive ion mode was chosen because greater sign
oise ratios were obtained when compared to negativ
ode. The presence of a quaternary ammonium group
olecule structure is responsible of the good MS respons

ained with this ionization mode. The mass spectra of ed
ine are shown inFig. 1. It was recorded in full scan mo
m/z100–600) Two main peaks were observed correspon
espectively to the [M + H]+, [M + Na]+, pseudo-molecula
 bserved for edelfosine, whereas the intensity of the
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Fig. 2. Structure of edelfosine and fragmentation process: pseudo-molecular ions and the primary fragment observed in the ESI-MS mass spectrum of edelfosine.

primary fragment of [(M + Na)− 59]+ was slightly increased
to reach a fragmentator voltage of around 180 V.

The effect of the capillary temperature on signal intensity
was investigated by varying the temperature between 250
and 350◦C and keeping all other parameters constant. An
improvement of the signal response could be achieved by
increasing the capillary temperature. The optimal value of
temperature was found 350◦C. No changes in fragmentation
pattern of edelfosine could be observed over the applied tem-
perature range. This fact indicates that the fragmentation is
not the result of a thermal degradation. Sensitivity also was

F elfo-
s

further improved by lowering the capillary voltage from 4.5
to 4 kV.

For the quantitative measurements, the fragment ion with
the highest signal response at fragmentation voltage of 140
(m/z 524.4) was selected for quantitative MS detection. We
operated in the selected-ion monitoring (SIM) mode with an
exact mass ofm/z524.4, a peak width of 0.25 min and a dwell
time of 1000 ms. The use of the SIM detection mode assures
better sensitivity and selectivity to this analysis. Increasing
dwell time led to a loss in linearity without a significant in-
crease in sensitivity. We added edelfosine to the matrices
investigated and never detected interferences with MS de-
tection. Therefore, the tedious and time-consuming sample
clean-up procedures (solid-phase extraction, liquid–liquid
extraction), performed when this drug is analyzed in bio-
logical samples using other techniques, can be avoided. We
have also verified that under the chromatographic conditions
described in the paper the baseline mass spectrum showed
ions with lowerm/z ratio (belowm/z275) after analysis of a
plasma blank samples. Hence, as the selected mass fragment
of edelfosine is them/z 524 SIM ion, the developed method
could be applied to the measure of edelfosine plasmatic con-
centrations.

3.2. Optimization of chromatographic process

in-
t nar-
r onse
ig. 3. The influence of fragmentator voltage on signal intensity of ed
ine.
To improve the sample throughput a column of 2.1 mm
ernal diameter with highly apolar eluent was used. The
ow bore of these columns led to a higher detector resp
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than standard columns due to the decreased diffusion of the
sample as it passes through the column. The packing selected
(Alltima C18) was found to be durable and provided good re-
tention behaviour at higher organic rates in mobile phase.
This column is a polymerically bonded C18 reversed-phase
narrow-bore column packed with double-encapped spherical
modified silica gel particles synthesised from pure silica gel.
The use of this column enabled us to determine edelfosine in
small sample volumes, because of silanol groups have been
mostly end-capped and the residual metals have been com-
pletely removed. The silanols are highly acidic functional
groups and are very reactive with the quaternary ammonium
group of edelfosine. The effect of such secondary interac-
tion on the chromatographic behaviour is clear. Edelfosine
is eluted from non-deactivated columns as tailing and band-
broadening chromatographic peaks, with insufficient chro-
matographic efficiency to measure this drug in cellular sam-
ples.

Figs. 4 and 5show representative blank chromatograms
and chromatograms obtained by analysis of edelfosine in
cell extracts and in DDS, respectively. The retention time of
edelfosine was of 2.5 min. Under the chromatographic condi-
tions used the number of theoretical plates was near to 8500.
We evaluated peak skew using the asymmetry coefficient As
= b/a, whereb is the distance after the peak maximum anda
i
m etry
c ring
p . On
t time
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t
R ed.
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Fig. 4. (A) Chromatogram obtained after extraction of blank HL-60 cells,
(B) blank HL-60 cells incubated in 10% fetal calf serum-RPMI-1640 culture
medium with 0.3�g/ml of edelfosine, (C) cells incubated in 10% fetal calf
serum-RPMI-1640 culture medium with 3�g/ml edelfosine; incorporation:
1.4± 0.56�g/106 cells.

R.S.D. values ranging from 0.79 to 1.49% with relative er-
rors of−6.7 and 12.8%.

The reported method was used for the determination of the
drug content in DDS. The drug content was 1.25± 0.07�g of
edelfosine/mg of particles with the polymer used in the for-
mulation. These controlled delivery systems are promising
systems for the delivery of anticancer drugs such as edelfos-
ine. The method was also applied to the quantitation of edelfo-
sine amount taken up by human acute myeloid leukemia
s the distance before the peak maximum, botha andb being
easured at 10% of the total peak height. The asymm

oefficients ranged between 1.12 and 1.27. No interfe
eaks were visible in the chromatogram of cell extracts

he other hand, a chromatographic peak with retention
f 0.7 min was observed when DDS were analyzed. Ne

heless, edelfosine exhibited a well-separated peak (α = 4.9,
s = 4.9) under the chromatographic conditions describ

.3. Quantitative analysis

Examination of linearity over the concentration ra
.3–10�g/ml yielded a linear correlation of >0.9996 fro
ve separate assays. The relative standard deviation
lope calculated with calibration curve data was 2.28%,
ating good repeatability (Table 1). For each calibration poin
he concentrations were back-calculated from the equati
he linear regression curves. Linear regression of the b
alculated concentrations versus the nominal concentra
rovided a unit slope and an intercept equal to 0 (Stud

-test). The distribution of the residuals (difference betw
ominal and back-calculated concentrations) showed ra
ariations, the number of positive and negative values
ng approximately equal. The limit of detection for the as
as 0.312�g/ml (300 pg of edefosine). Compared with ot
ethods for edelfosine quantification, this limit of detec
as lower than those previously published (20 ng of ede

ne)[10]. The mean extraction efficiencies for edelfosine
5.6% (4.5%) (n= 9). The extraction efficiency was indepe
ent of concentration over the range studied. Measure

mprecision is shown inTable 2. Precision studies show
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Table 1
Standard calibration curves of edelfosine

r a b Concentration (�g/ml)

0.312 0.625 1.25 2.5 5 10
n 5 5 5 5 5 5 5 5 5
Mean 0.9998 605256 3304.140 0.31 0.63 1.24 2.49 4.98 9.96
S.D. 0.0001 13805 34677.262 0.03 0.02 0.02 0.04 0.08 0.09
R.S.D. (%) 0.01 2.28 1049.51 10.31 3.22 1.41 1.77 1.52 0.88
Accuracy (%) 0.64 0.21 −0.50 −0.31 −0.32 −0.35

r: correlation coefficient,a: slope,b: intercept.

Table 2
Accuracy and imprecision of the method for the determination of edelfosine concentrations

Concentration
added (�g/ml)

Within-day variability (n = 5) Between-day variability (n = 9)

Concentration found
(mean± S.D.) (�g/ml)

Accuracy (%) R.S.D. (%) Concentration found
(mean± S.D.) (�g/ml)

R.S.D. (%)

1 0.906± 0.013 −9.4 1.48 1.160± 0.023 1.98
2 1.744± 0.025 −12.8 1.44 1.921± 0.089 4.63
8 7.464± 0.059 −6.7 0.79 7.851± 0.096 1.22

HL-60 cells. As can be observed inFig. 6, about 38–47%
of the edelfosine added to the culture medium is taken up
by the leukemic cells. This amount of cell-incorporated ether
lipid is enough to promote cell death in tumor cells as evi-

F
(
1

Fig. 6. Edelfosine uptake in HL-60 cells. Cells (1× 106) were incubated
in 1 ml of 10% fetal calf serum-RPMI-1640 culture medium with 3 or
5�g edelfosine. Following 2-h incubation cells were washed six times with
phosphate-buffered saline–2% bovine serum albumin and edelfosine uptake
into the cells was measured. Data are shown as mean values± S.D. from
three independent experiments.

denced by subsequent triggering of apoptosis following 3–6 h
of incubation under the same experimental conditions used
for drug quantification (data not shown). Thus, the mass spec-
troscopy method reported here to determine edelfosine levels
in biological systems gives more reliable, and accurate fig-
ures than other previous methods and therefore can be the
best choice for drug measurement in future pharmacokinetic
studies with this antitumor drug.
ig. 5. (A) Chromatogram of blank drug delivery system formulation and
B) edelfosine extracted from drug delivery system formulation (edelfosine:
.25�g/mg of DDS).

4. Conclusion

The experiments have demonstrated that HPLC with elec-
trospray ionisation (ESI) tandem mass spectrometric detec-
tion, together with the simplest extraction procedure, is a
good alternative to other methods traditionally employed
for the determination of edelfosine in biological fluids. The
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simplicity of the technique, the shorter analysis time and its
high sensitivity, together with the lack of need for using radio-
labeled compounds, makes this technique particularly attrac-
tive for edelfosine pharmacokinetic studies. This methodol-
ogy provides a useful and critical tool in the biomedical and
clinical research of edelfosine.
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