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Ifosfamide [3-(2-chloroethyl)-2-(2-chloroethylamine)tetrahydro-2H-1,3,2-
oxazaphosphorine oxide] and its isomer cyclophosphamide [2-(bis-2-chloro-
ethyl)aminotetrahydro-2H-1,3,2-oxazaphosphorine-2-oxide] are alkylating
agents, both of which are active against a wide variety of tumours. Cyclophos-
phamide is also used as an immunosuppressive agent. Ifosfamide differs chemi-
cally from cyclophosphamide in the transfer of one 2-chloroethyl group from the
mustard nitrogen atom to the ring nitrogen atom [1] (Fig. 1). This results in
differences in the physiochemical properties of the two compounds and leads to
different pharmacological and toxicological properties [2]. Both ifosfamide and
cyclophosphamide are prodrugs that require activation by hepatic microsomal
enzymes to form alkylating metabolites.

The usual method for the determination of cyclophosphamide and ifosfamide
in biological fluids has been gas chromatography [3-10]. This usually requires
the preparation of trifluoroacetyl derivatives prior to chromatography, although
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Fig. 1. Structures of ifosfamide and cyclophosphamide.
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analysis of underivatised ifosfamide [11] and cyclophosphamide [3] by gas chro-
matography has been reported.

High-performance liquid chromatography (HPLC) has been employed for the
analysis of cyclophosphamide in pharmaceutical preparations [12,13], although
these methods were reported as not having sufficient sensitivity to measure cy-
clophosphamide in biological samples. More recently determination of ifosfamide
[14] and cyclophosphamide [15,16] in serum or plasma has been demonstrated
using HPLC with detection at low UV wavelengths. However, two of these meth-
ods lack an internal standard [14,16] and two of these three methods also involve
solvent extraction and drying down procedures [14,15]. The extraction of cyclo-
phosphamide [15] in particular is relatively complex.

A rapid and simple method for the extraction of ifosfamide and cyclophospha-
mide from plasma has been developed using solid-phase extraction columns con-
taining a cyclohexyl bonded-silica sorbent. Ifosfamide and cyclophosphamide are
not administered simultaneously, and can therefore be conveniently used as in-
ternal standards for one another.

EXPERIMENTAL

Chemicals

Ifosfamide and cyclophosphamide were gifts from Boehringer Hospital Divi-
sion {Bracknell, U.K.). All other chemicals were obtained from BDH (Poole,
U.K.) and were of analytical grade, except for the acetonitrile, which was of a
“Far UV” HPLC grade, and water, which was produced from a Milli-Q water
purification system (Millipore, Harrow, U.K.).

Instrumentation

The HPLC system consisted of Shimadzu SPD-6A UV spectrophotometric de-
tector (Dyson Instruments, Hetton, U.K.), a spectroflow 400 pump (Severn An-
alytical, Shefford, U.K.) and a Shimadzu CR3A computing integrator (Dyson
Instruments). Samples were introduced into the system by either a Rheodyne
7125 injection valve (Severn Analytical) or a Spectra-Physics SP8780 XR au-
tosampler (Spectra-Physics, St. Albans, U.K.).

The column used was a 5-um Merck LiChrosorb C3 RP-Select B (25 cm X 4.0
mm )} equipped with an interchangeable precolumn (4 mm X4 mm) of the same
packing material (BDH).

The cyclohexyl Bond Elut columns (100 mg per 1.0 ml size) and the Vac Elut
station were obtained from Jones Chromatography (Hengoed, U.K.).

Assay conditions

The mobile phase consisted of acetonitrile-0.025 M phosphate buffer pH 4.0
(25:75). The flow-rate was 1.0 ml/min. The detector wavelength was set at 200
nm. The autosampler cycle time was 12.5 min. The analytical column was oper-
ated at ambient temperature.
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Sample preparation

The cyclohexyl extraction columns were prepared on the Vac Elut station using
reduced pressure (40 kPa) to draw various solutions through the columns. The
cyclohexyl columns were first conditioned by perfusing them with two 1-ml ali-
quots of methanol and 1 ml of 0.01 M phosphate buffer pH 4.0. A 250- ul volume
of plasma was mixed with internal standard solution (50 ul of 200 ug/ml cyclo-
phosphamide or 40 ul of 200 ug/ml ifosfamide) and 750 ul of 0.01 M phosphate
buffer pH 4.0, and then passed through the columns. The columns were then
washed with 1 ml of a mixture of acetonitrile-0.01 M phosphate buffer pH 4.0
(10:90). The isolates were eluted with 500 ul of a mixture of acetonitrile-0.025
M phosphate buffer pH 4.0 (40:60) into either an autosampler vial or a 1.5-ml
polypropylene microcentrifuge tube. Amounts (20 ul) of this solution were in-
troduced into the HPLC system, either by the autosampler or via an injection
valve. All plasma was centrifuged at 10 000 g for 3 min (Eppendorf microfuge,
Anderman, Kingston-upon-Thames, U.K.) prior to extraction to prevent block-
ing of the columns by particulate matter.

Preparation of calibration curve

Calibration curves were prepared by spiking blank plasma with 200-5 ug/ml
ifosfamide or 100-5 ug/ml cyclophosphamide. The appropriate internal standard
was added to all plasma samples and standards. Peak heights were measured by
the integrator and used to calculate peak-height ratios.

RESULTS AND DISCUSSION

Linear calibration curves were obtained up to a concentration of 200 ug/ml for
ifosfamide and 100 ug/ml for cyclophosphamide. The inter- and intra-assay coef-
ficients of variation and the recovery from plasma are within acceptable limits
[17] for both compounds (Table I).

The use of solid-phase extraction greatly simplifies and accelerates the prepa-
ration of samples prior to chromatography. In particular, the solvent extraction
procedures necessary for most other techniques and the need to form derivatives
for gas chromatography are avoided. At least 40 samples and standards can be
processed in a working day using this method.

Previous HPLC methods have either not included an internal standard [16]
or used an unrelated compound [17]. Ifosfamide and cyclophosphamide are
structurally closely related and consequently make almost ideal internal stan-
dards for one another. However, careful choice of HPLC column packing material
was required to ensure separation. In initial experiments with a uBondapak C,;
column (10 gm, 30 cm X 3.9 mm; Millipore) and a LiChrosphere Cg endcapped
column (5um, 25 cm X 4 mm; BDH ) adequate resolution between ifosfamide and
cyclophosphamide was not obtained. Satisfactory peak shapes and baseline sep-
aration were, however, found with a LiChrosorb Cg Select B column (Fig. 2).

Using gas chromatography, deviations from linearity have been found at higher
ifosfamide concentrations (50 ug/ml) both in this laboratory [18] and by Mehta
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TABLE1

INTRA-ASSAY AND INTER-ASSAY REPRODUCIBILITY AND RECOVERY OF IFOSFA-
MIDE AND CYCLOPHOSPHAMIDE FROM PLASMA

Compound Concentration n  Concentration measured Coefficient  Recovery
added (mean*S.D.) of variation (mean+S.D.)
(ug/ml) (pg/ml) (%) (%)
Intra-assay
Ifosfamide 5 8 5410.1 2.0 83.5%45
20 8 18.910.4 2.1 98.5+1.7
30 8 304104 14 108.7t2.5
50 8 47.8+1.7 3.6 1109t54
100 8 99.6+t2.3 2.8 90.81+4.6
Cyclophosphamide 5 8 51102 3.3 104.31+9.2
10 8 9.710.1 1.1 114.3+4.4
20 8 20.1+0.3 14 97.65.3
30 8 29.5+0.4 1.2 92.8+3.8
50 8 50014 2.8 100.3+8.3
Inter-assay
Ifosfamide 5 6 51+04 8.6
20 6 19.7x1.1 5.5
30 6 295124 8.2
50 6 505134 6.8
100 6 102.2+4.9 4.8
Cyclophosphamide 5 6 5.1+0.3 6.1
10 6 9.810.5 49
20 6 202105 2.3
30 6 209+1.3 4.4
50 6 50.8+1.3 2.6
200
A B o4 a
S Lol
1 o 100T e
IC E \o
—g 50F \.
£ ~
g
S 20
¢ 3
' LEU 10
N 5 10 15 20
min Time {(h)

Fig. 2. Representative chromatograms from plasma. (A) Blank plasma: (B) plasma spiked with 30
g/ ml cyclophosphamide and 32 ug/ml ifosfamide; (C) plasma obtained from a patient who received
5 g/m”® ifosfamide. Sample contains 115 ug/ml ifosfamide. Peaks: I = ifosfamide; C = cyclophos-
phamide. Detection sensitivity was 0.01 a.u.f.s.

Fig. 3. Semi-logarithmic plot of plasma ifosfamide concentration against time from a patient who
received 5 g/m? ifosfamide as a 3-h intravenous infusion. Half-life of ifosfamide was 5.0 h.



454

and Calvert [10]. This new method has a good linear range, up to at least 200
ug/ml ifosfamide, without any need for dilution.

The detection limit using 250 ul of plasma is 1 ug/ml. This was sufficient for
all pharmacokinetic studies so far undertaken using this method, although sen-
sitivity could be improved by using a larger sample size if required. An example
of a plot of plasma ifosfamide concentration against time from a patient receiving
5 g/m? ifosfamide is shown in Fig. 3. No problems of interference have been en-
countered when estimating ifosfamide or cyclophosphamide in patients who have
received combination chemotherapy regimens. Similarly no interference has been
found from commonly used anti-emetic drugs including prochlorperazine, dexa-
methasone, metoclopramide or domperidone. This method is currently being used
to investigate further the pharmacokinetics of ifosfamide following long infusions
of this drug.
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