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SUMMARY

N-(Phosphonezcetyl)-L-aspartic acid (PALA) is an antitumor agent which is currently under
clinical study. A gas chromatography—mase spectrometry—sslected ion manitoring assay
procedure using ['>*CIPALA ss the internal standard has been developed for the quantitation
of PALA in biologieal sampies. Standard curves which related icn intensity peak height
ratios (m/e 220/221) to PALA concentrations in plasma and urine werz deseribed by a non-
linear least square analysis with correlation coefficients of R* >0.8995 and >0.996,
respectively. Over concentration ranges for PALA of 1—60 ug/ml of plasma and 1—160
pglml of urine the ccefficient of variation from the fitted curve was 4—18%. This methodol-
ogy has bheen used to quantitste PALA in human plasma samples in a study on the clinical
pharmacology of the drug.

*To whom correspondence should be addressed.



164

. INTRODUCTION

. The potent antitumor agent [1] N-(phosphonacetyl)-L-aspartic acid (PALA,

NSC 224131) is currently under clinical study by the National Cancer Institute.
The drug is reported to act as a transition-state inhibitor of the enzyme
aspartate transcarbamylase [2].

A sensitive and specific method of analysis for PALA in plasma was needed
to provide clinical pharmacokinetic data. Recently two methoeds utilizing gas
chromatography—mass specirometry—selected ion moniforing (GC—MS—SIM)
have been reported. The method of Strong and co-workers [3, 4] utilizes
N-{pbosphonacetyl)-Lglutamic acid as the internal standard, and that of
Roboz et al. [5] involves quantitation of phosphonacetic acid after
hydrolysis of PALA and utilizes phosphonpropionic acid as the internal
standard [6}. Our method utilizes ["?’C]PALA as internal standard. A
preliminagry account of this work was presented at a recent mass spectrometry
conferance [7].

EXPERIMENTAL

fMaterials

PALA disodium salt (77% purity, Lot No. HE 21-84-1) and [*C]PALA
(95% purity, sp. act. 32.9 uCi/mg, Lot No. 2333-32) were supplied by Drug
Reseanch and Development, Divison of Cancer Treatment, National Cancer
Institute, U.S_A. Diszomethane in chloroform was prepared from N-methyl-
N’-nitro-N-nitrosoguanidine (Aldrich, Milwaukee, Wisc., U.5.A.) in a diazo-
methane reaction vessel (Kontes, Vineland, N.J., U.S.A.). Ethereal diazo-
methane was generated from Diazald® (Aldrich). Saturated HCI in methanol
was prepared by bubbling anhydrous HCI gas through methanol for about 30
min_

Synthesis of ['3C]PALA

[}3C]PALA (Fig. 1, IV) was prepared as follows from [!3C]phosphonacetyl
chloride (Fig. 1, II) and L-aspartic acid dibenzyl ester (Fig. 1, III) according to
the method of Starks Associates [8]. Diazomethane in diethyl ether (ca. 40
mmol) was added dropwise to a solution of 1 g (10.6 mmol) of ['3C]chloro-
acetic acid (1-'3C, 30% enriched) KOR Isotopes (Cambridge, Mass., U.S.A.)
(Fig: 1, I) in 20 ml of diethyl ether. After 1 h stixring at room temperature,
excess reagent and solvent were removed under 2 stream of nitrogen. The
residual methyl chloro-[!3C]acetate was added under nitrogen to 7 mi of
freshly distilied triethyl phosphite (b.p. 156°, Aldrich) and the solutior was
heated at reflux for 3 h [9]. The excess reagent was removed by short-path
vacuum distillation and the remaining oil was vacuum distilled in 2 Kugelrohr
bulb apparatus (Aldrich) to give 1.7 g (75%) of methyl diethoxyphaosphinyl-
[3C]lacetate, 80% purity by GC. The molecular ion observed at m/e 211 by
GC—MS confirmed the structure as the desired intermediate. The methyl
diethoxyphosphinylf **C] acetate (1.7 g, 7.9 mmol) was hydrolvzed in 13 ml of
eoncentrated HCl by heating at reflux for 4 h to give 0.74 g (66%) of[3C]-
phosphonacetic acid after recrystallization from glacial acetic acid.
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Fig. 1. Synthetic route to the internal standard, N-(phosphon-{**Clacetyl)-L-aspartic acid.

A mixture of 0.74 g (5.2 mmol) of ['3C]phosphonacetic acid and 6 ml of
thionyl chloride (Aldrich, freshly redistiled before use by maintaining the
distillation flask temperature no higher than necessary for slow distillation) was
stirred and heated to 50° for 16 h. Excess thionyl chloride was removed under
vacuum and with the aid of dry henzene (distilled over sadium metal). The
residual oil, [3C]phosphonacetylchloride (Fig. 1, II) was dissolved in 5 ml of
dry dioxane (distilled over scdium metal) and used directly for the next step.

L-Aspartic acid dibenzyl ester p-+{oluene sulfonate (3.05 g, 6.28 mmol),
prepared according to the method of Zervas et al. [10], was dissolved in 20 ml
of dry dioxane containing 1.75 ml (12.6 mmol) of triethylamine. The solution
of ['>*C]phosphonacetyl chloride (Fig. 1, II) in dioxane from the previous step
was added dropwise with stirring. The temperature was maintained below 30°
during the addition and then at room temperature for two additional hours.
The insolubles were filtered off, the filirate was concentrated in vacuo, and the
oily residue was dissolved in methylene chloride. The methylene chloride
solution was washed several times with water and then stirred with 45 ml of
0.7 N NaOH at 15° for 1 h and at 5° for 17 h. The agueous layer was washed
with methylene chloride and then with diethyl ether, concentrated to ca. 3 ml
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and added dropwise to 30 ml of methanol with rapid stirring. The solid product
was collected, redissolved in 40 ml of water and treated with 9 g of washed
Bio-Rad AG 50W-X8, H* form cation-exchange resin (Bio-Rad Labs.,
Richmond, Calif., U.S.A.). The solution of the free acid was neutralized to pH
8 with aqueous NaOH, concentrated, and the sodium salt precipitated in
methanol as before. The vacuum-dried [13C]1PALA tefrasodium salt (Fig. 1, IV)
weighed 1.0 g (55%). Analysis: calculated for Cs13CH NNa,OzP - 2.1 H,0O: C,
19.14; H, 2.69; N, 3.67; Na, 24.08; P, 8.11; H,0, 10.08. Found: C, 19.22; H,
2.75; N, 3.59: Na, 23.89; P, 8.18; H,0, 10.08.

Collection of clinical samples

PALA was administered to patients by a 5-day i.v. infusion. Blood and urine
samples were collected at intervals up to 6 days after starting the infusion.
Blood samples were transferred to heparinized tubes. Plasma was obtained by
certrifugation and was frozen. Plasma and urine samples were stored at —20°.

Extraction of PALA from humar: plasma and urine

The standazd curve samples were prepared in human plasma and urine over
reanges of 1—60 pg/ml and 1—169 pg/ml, respectively. ['3C]PALA (5 pg) was
added to 0.2 ml of each clinical sample and PALA and ['*C]PALA were
extracted by the procedure reported previously [3]. PALA and ['*C]PALA
methyl esters were finally extracted into 100 pul of benzene, of which 2 ul were
analyzed by GC—MS—SIM. The GC column was preconditioned with 5
injections of 2 ug of PALA tetramethyl ester. Standard curves were con-
structed with each set of patient samples.

Gas chromatography—mass spectrometry—selected ion monitoring

Quantitation was performed on a DuPont 21-491 mass spectrometer
operated at 70 eV and interfaced with a Hewlett-Packard 5700A gas chroma-
tograph. A DuPont 21-095 multiple specific ion detector was used for selected
ion current measurements. A DuPont 21-0394 data system was used for scanning
mede data acquisition and processing. A 1.2 m X 2 mm LD. glass column
packed with 3% OV-17 on 100—120 mesh Gas-Chrom Q (Supelco, Bellefonte,
Pa., U.S.A.) was used. The injectiocn port, flame ionization detector, column,
glass jet separator and ion source temperatures were set at 250°, 300°, 240°,
275° and 200°, respectively. The helium carrier gas flow-rate was 20—25
ml/min. A GC splitter and a micro needle control valve allowed selected passage
of GC effluent into the mass spectrometer via the jet separator.

Standard curves by the NONLIN program
Standard curves were prepared by a ieast square fitting of the standard curve
sample data to the equation:

R=(x+A)/(Bx +C)

where R is the ion ratio m/e 220 to m/e 221, x is the quantity of PALA added
and A, B, and C are constants [11]. The least square analysis was carried out
using a computer program called NONLIN [12]. Initial estimates of A, B, and
C; limits on the possible values of A, B, and C; and the ion ratic versus concen-
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tration dafa from the analyses of the standard curve samples are given as input
to the program. A typical set of R values is presented in Table I-

TABLE I
TYPICAL SET OF R VALUES
x (uzg/ml) RrR*
0 0.143
10 0.606
20 1.095
30 1.427
40 1.801
50 2.158
60 2.477

*Each R value is a mean of nine replicate measurements.

The initial estimate of B is the ratio of the m/e 221 to m/e 220 ions in the
mass spectrum of the PALA tetramethyl derivative and is calculated to be 0.13.
C is the amount of internal standard (['*C]PALA) multiplied by the isotopic
purity. ["*C]PALA (5 pg) was added to 0.2 ml plasma samples and C is
calculated to be 5 ug X (1.0/0.2)ml X 0.9 = 22.5 yg/ml. The [*C]PALA used
bhas a 90% isotopic purity. The sum of A and C is approximately the total
amount of internal standard used and therefore 4 = 5 X 1.0/0.2 — C = 2.5. The
limits of A4, B, and C are set in Table H.

TABLE I
THE LIMITSOF A, B, and C

A B C
Initial estimate 2.5 0.13 22.5
Lower limit 0.5 0.05 10
Upper limit 5 0.3 30

Once the least square best fit values of A, B and C were found, they were
used in the rearranged equation:

x=(RC—A)/(1—RB)
to calculate the amount of PALA in each unknown plasma sample.

RESULTS AND DISCUSSION

The PALA extraction procedure [3] used here involved addition of the
internal standard fo samples of plasma or urine and precipitation of the protein
and drug with acetone. The drug was extracted into tetrahydrofuran—metha-
nol—hydrochloric acid, dried, and methylated with diazomethane. The recovery
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of PALA from plasma and urine averaged 82.2 =+ 2.8% (S.D.) and 102.8 2.0%;
(S.D.), respectively, as determined with 1°C-labeled drug.

The methyi derivatives of PALA and ['*C]PALA co-chromatograph as a
singie GC peak (retention time 4 min) which allows simultaneous measurement
of the monitored ions in the mass spectrometer. The mass spectral ions of
interest were mfe 151 and 220 for PALA [13] and m/ 152 and 221 for
['3C]PALA methyl derivatives. Although measurement of m/e 151, the base
ion, would result in the highest sensitivity, m/e 220 (50% relative intensity) was
measured fo avoid interference from a subsiance in plasma which chromato-
graphed close to PALA and possessed an ion at m/e 151.

Standaxd curves which related ion intensity peak height ratios to PALA
concentrations in plasma (Fig. 2) and urine (Fig. 3), were described by a non-
linear least square analysis with correlation coefficients of R? >0.395 and
>0.996, respectively. The values + S.D. for the constanis A, B and C were
2.905 = 0.591, 0.092 = 0.015 and 19.939 = 0.848, respectively. Over concen-
tration ranges for PALA of 160 gg/ml of plasma and 1—160 gg/ml of urine
the coefficient of variation from the fitted curve was 4—18%. The applicability
cf using internal standards possessing single mass unit differences in selected
ion monitoring analysis has been discussed recently by Horie and Baba [14].

Typical icn chromatograms from the analysis of plasma samples from a
patient on PALA therapy asre shown in Fig. 4. PALA concenfrations in the
plasma of a cancer patient being treated with PALA at 1800 mg/m? /day bv
continuous i.v. infusion for 5 days are shown in Fig. 5. PALA concentrafions
varied between 15 and 40 pg/ml during the infusion and decreased toca. 1
pg/ml, the lower limit of sensitivity of the method by 24 h after the end of the
infusion. Further work is in progress on the quantitation of PALA in clinical
urine sampies and interpretation of the pharmacokinetic data will be reported
in a future paper [15].
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Fig. 2. Standard curve for PALA in plasma.

Fig_ 3. Standard eurve for PALA in urine.
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Fig. 4. PALA selected ion chromatograms.

Fig. 5. PALA concentrations in the plasma of a cancer patient.
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