oral dose theophylline bicavailability studies in human adults and pe-
diatric patients.
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Abstract O Extractive alkylation was used to determine intact pemoline
in serum and urine. Pemoline was extracted into methylene chloride as
an ion-pair with tetrapentylammonium hydroxide under alkaline con-
ditions. Evaporation of the solvent at 70° in the presence of methyl iodide
yielded the N,N-dimethylpemoline derivative. GLC analysis was per-
formed on a 5% FFAP column with nitrogen-specific detection. Sensi-
tivity was 0.05 ug/ml with 1 ml of urine or serum. Calibration curves were
linear to at least 4 ug/ml with serum and 15 ug/ml with urine. Precision
was excellent with a pooled relative standard deviation of £7.5% for serum
samples in a 0.1-4-zg/ml range.

Keyphrases 00 Pemoline—GLC assay using nitrogen-specific detection,
biological fluids O GLC—analysis, pemoline in biological fluids D
Stimulants—pemoline, GLC assay in biological fluids

Several methods to determine pemoline (2-amino-5-
phenyl-2-oxazolin-4-one) in biological fluids have been
published. In one method (1), pemoline is hydrolyzed to
mandelic acid with subsequent oxidation to benzaldehyde.
The benzaldehyde is then determined spectrophotomet-
rically. Benzaldehyde generated from pemoline has also
been determined by GLC (2). Large sample volumes are
required, and the method is tedious and nonspecific.
High-pressure liquid chromatography has been applied
to urine samples and pharmaceutical preparations (3).
However, this method and a TLC method (4) lack the
sensitivity for plasma samples.

A GLC method (5) using flame-ionization detection
involves hydrolysis of pemoline to 5-phenyl-2,4-oxazoli-
dinedione with subsequent methylation using diazo-
methane. Extensive cleanup procedures are needed with
blood samples, and 60% of the final extract is injected into
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the chromatograph to achieve sensitivity. A similar ap-
proach was recently taken by Libeer and Schepens (6).

A recent GLC method using electron-capture detection
determined 5-phenyl-2,4-oxazolidinedione without
methylation (7). The method is sensitive but requires
careful column preparation and preservation to minimize
tailing and to maximize resolution from coextractives.

This paper describes the application of extractive al-
kylation (8, 9) and nitrogen-specific detection for the
analysis of pemoline in biological fluids.

Table I—Precision of Serum and Urine Pemoline Assay

Pemoline
Concentra- RSD,
tion, ug/ml Peak Area Ratio® %
Serum
0 0 —
0.05 0.015 + 0.0006 4.0
0.10 0.029 + 0.0040 13.8
0.25 0.097 + 0.0038 3.9
0.50 0.17 £ 0.023 13.5
1.0 0.33 + 0.011 3.3
2.0 0.68 + 0.013 1.9
3.0 1.0 £ 0.025 2.5
4.0 1.4 £ 0.076 5.4
Urine
0 0 —
1.0 0.25 £ 0.0050 2.0
5.0 1.4 + 0.047 3.4
15.0 4.4 + 0.095 2.2

a Mean + SD of triplicate standards.
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Figure 1—GLC tracings of serum and urine samples containing pemoline. Key: I, serum blank with internal standard; I1, serum standard containing
3 ug of pemoline/ml; I11, human serum sample 8 hr after 50-mg oral dose of pemoline; IV, urine standard containing 4 ug of pemoline/mi and 8
ug of p-methoxypemoline/ml; V, human urine sample 8 hr after 50-mg oral dose of pemoline; a, pemoline; b, internal standard; c, 5-(p-hydroxy-
phenyl)-2-amino-2-oxazolin-4-one (possible metabolite, although not observed in humans); and d, 5-phenyl-2,4-oxazolidinedione (metabolite).

EXPERIMENTAL Table II-—Accuracy of Serum and Urine Pemoline Assay
Reagents—All solvents were analytical reagent grade!. Tetrapen- A ]
tylammonium hydroxide?, pemoline, 2-(N,N-dimethylamino)-5-phe- Pemoline Concentration, ug/mi Percent
nyl-2-oxazolin-4-one, 5-phenyl-2,4-oxazolidinedione, and the internal Actual Calculated Difference
standard 2-amino-5-(2’-methylphenyl)-2-oxazolin-4-one were used as Serum
supplied3, 1.0 097 -3.0
Instrumentation—A gas chromatograph* equipped with a dual ni- 0.24 0.28 +16.7
trogen-phosphorus flame-ionization detector, an automatic sampler®, 38 3.9 +28
and a computing integrator was used. The chromatograph was fitted with 2.6 2.5 -3.8
a 1.2-m X 2-mm i.d. coiled glass column packed with 5% FFAPS on 0.12 0.10 -16.7
Chromosorb W-HP7 (80-100 mesh). The column was conditioned over- 0.84 0.77 -8.3
night at 255° with a helium gas flow rate of 356 ml/min. L9 1.9 0
Normal operating temperatures were 250, 245, and 280° for the in- 351’ 2’(5) 0 4
jection port, oven, and detector, respectively. The helium carrier gas flow 33 g.l :(231
rate was 38 ml/min. The hydrogen and air flow rates were 3.0 and 50 34 36 +59
ml/min, respectively. An attenuation of 23 or 24 was used. . ’
Preparation of Standards—Standard stock solutions of 1 mg/ml of Utine
pemoline and the internal standard were prepared in methanol. A 4.5 4.3 —4.4
working internal standard solution at 0.5 ug/ml was prepared by diluting 10.7 108 +0.9
0.5 ml of the 1-mg/ml solution to 1 liter with distilled water. A 4-ug/ml 1.2 152 29
pemoline serum standard was prepared by adding exactly 400 p of the 1.8 16 -111
1-mg/ml pemoline stock solution to a 100-ml volumetric flask and ad- 7.7 8.0 +39
justing to volume with drug-free serum.
Other serum standards were prepared by serial dilutions with serum.
Urine standards were prepared in a similar manner using fresh urine. All Extraction Procedure—Serum and urine sample volumes were ad-
standards were kept in a freezer until used. justed, if necessary, to the 0.1-4-ug of pemoline/sample range.

To a 15-ml screw-capped polytef (lined) conical test tube containing
6 ml of 0.5 M methyl iodide in methylene chloride were added exactly

; Mallinckrodt. 1 ml of the internal standard solution and 1 ml of serum or urine sample.
a Eﬁ}(‘:‘t‘:‘i‘a boratories Then 0.5 ml of 0.5 N NaOH and 100 ul of 0.05 M tetrapentylammonium
4 Hewlett-Packard model 5830A. hydroxide were added, and the tube was capped, shaken®on a reciprocal

5 Hewlett-Packard model 7671A.
8 Varian Aerograph. )
7 Applied Science Laboratories. 8 Eberbach Corp.
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shaker at about 150 cpm for 10 min, and centrifuged at 20° for 10 min
at 3000 rpm. :

The upper aqueous phase was discarded, and 5 ml of the organic phase
was transferred to a 15-ml conical screw-capped test tube. This separation
could also be accomplished using phase separation paper®. The extract
was evaporated to dryness at 70° plus an additional 10 min after reaching
dryness with a stream of filtered air or nitrogen. The residue was recon-
stituted with 0.3 ml of benzene and mixed for 5 sec. Samples were cen-
trifuged for 5 min at 2500 rpm and then stood at room temperature at
least 1 hr before 2 ul was injected into the chromatograph.

Total urinary pemoline levels were determined by incubating 1 m] of
an adjusted urine sample'© with 1000 units of a glucuronidase-sulfatase!!
preparation in 0.2 ml of 0.2 M acetate buffer (pH 4.5) for 20 hr at 37°.
After incubation, 1 mi of the internal standard solution, 0.6 mi of 0.5 N
NaOH, 100 ul of 0.05 M tetraphenylammonium hydroxide, and 6 ml of
0.5 M methy! iodide in dichloromethane were added. Extractive meth-
ylation was performed as described for serum samples.

Calculations—A linear calibration curve was constructed by plotting
peak area ratios (pemoline/internal standard) against the serum or urine
pemoline concentration of pemoline spiked standards. Unknowns were
calculated using a computing integrator programmed with the slope of
the calibration curve. The slope was obtained by a least-squares linear
regression analysis of the pemoline standards.

RESULTS AND DISCUSSION

Under the conditions of alkylative extraction, pemoline was methylated
with methyl iodide to 2-(N,N-dimethylamino)-5-phenyl-2-oxazolin-4-one

—

[s] ; 4 6 8 o]
MINUTES

Figure 2—Comparison of wash versus nonwash serum extracts. Key:

I, serum extract without methylene chloride wash; 11, serum extract with

methylene chloride wash; a, pemoline; and b, internal standard.

——
2

L} - L4
4 6 8

® Whatman 1 PS.

10 Urine samples from a fasted subject administered a single 75-mg oral dose of
pemoline.

11 Glusulase, Endo Laboratories.

R CH,I R
3 H,
NH, ’ 07—N/C
H ) WA
o CH,

0

pemoline: R = H 2-N,N-dimethylamino derivative

Internal standard: R = CH,

Scheme I

(Scheme I). Identification was made by comparison of the GL.C-mass
spectral properties with those of an authentic sample of 2-(N,N-di-
methylamino)-5-phenyl-2-oxazolin-4-one. Pemoline (Rt 4.2 min) and
the internal standard (R 5.0 min) peak shapes were symmetrical and
well resolved from coextractives (Fig. 1). The 5-phenyl-2,4-oxazoli-
dinedione metabolite had a retention time of 9.4 min (Fig. 1).

The choice of tetrapentylammonium hydroxide was based on pre-
liminary experiments with radioactive pemoline® (1-14C-pemoline).
Recoveries from serum (0.5 ug/ml) averaged 63 £ 1.2% using the tetra-
pentylammonium counterion. Recoveries from serum using tetramethyl-,
tetrahexyl-, and tetraheptylammonium counterions were 1.7, 57, and 27%,
respectively.

The assay precision was good for both serum and urine samples (Table
D). Relative standard deviations ranged from +1.9 to +13.8% with a pooled
value of £7.5% for serum samples. Relative standard deviations for urine
samples ranged from 2.0 to £3.4% with a pooled value of £2.5%. The
assay sensitivity was less than 0.05 ug/sample. Calibration curves were
linear over the range of 0.05-4 ug of pemoline/sample. Correlation coef-
ficients were >0.99 with y-intercepts not significantly different from
zero.

Accuracy was evaluated by analyzing serum and urine samples spiked
with pemoline. As shown in Table I1, the accuracy was excellent, espe-
cially for samples containing more than 0.5 ug of pemoline.

Inclusion of a methylene chloride wash step prior to the addition of
tetrapentylammonium hydroxide reduced the amount of coextractives
in the solvent front (Fig. 2) with only a slight improvement in precision.
Triplicate serum standards at 4 ug/ml were assayed with and without the
methylene chloride wash. The relative standard deviation with the
methylene chloride wash was +1.7%; without the wash (described pro-
cedure), it was £2.5%. The additional step may be necessary with highly
contaminated serum, plasma, or urine samples.

The efficiency of the FFAP column is maintained at a high level by
repacking the first 10 cm of the column every 100-150 sample injec-
tions,

Since pemoline is assayed without prior hydrolysis, this method is
useful for the analysis of pemoline metabolites, 5-Phenyl-2,4-oxazoli-
dinedione, which is a metabolite in rabbits!2, can be determined, as can
the possible metabolite 5-(p-hydroxyphenyl)-2-amino-2-oxazoline-4-one
(R+ 10.5 min in Fig. 2). The degree of pemoline conjugation in urine also
can be determined from the difference between enzymatically hydrolyzed
and nonhydrolyzed samples.

Its sensitivity, precision, and specificity make this method desirable
for bioavailability and pharmacokinetic studies. Ease of performance
allows for the rapid screening of biological samples for pemoline in drug
abuse cases.
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