Journal of Chromatography, 629 (1993) 83-87
Elsevier Science Publishers B.V., Amsterdam

CHROM. 24 554

Application of solid-phase extraction in the determination
of U-82217 in rat serum, urine and brain

W. Z. Zhong

Drug Metabolism Research, Upjohn Laboratories, Kalamazoo, MI 49001 (USA)

ABSTRACT |

The techniqlues of solid-phase extraction (SPE) were applied in the analytical method development for the determination of U-82217,
3-(5-cyclopropyl-1,2,4-oxadiazol-3-yl)-5-[(4-methoxyphenyl)methyl]-imidazo[1,5-a]quinoxalin-4(5H)-one, in rat serum, urine and
brain. Samples of serum, urine or brain homogenate containing U-82217 were loaded on C, 4 SPE columns and eluted with acetonitrile
(300 pl). The ﬂ epared samples were analyzed by reversed-phase HPLC using an ODS column with a mobile phase of acetonitrile-water
(45:55, v/v) containing 0.12% of acetic acid (pH 6.0 £ 0.1). The UV absorbance of the column effluent was monitored at a wavelength
of 318 nm. The absolute extraction recovery from serum, urine and brain samples was ca. 90%. Linear calibration graphs were obtained
over the ranges 5 ng/m1-20 pug/ml (serum), 20 ng/m1-20 ug/ml (urine) and 50 ng/g-200 ug/g (brain). The intra- and inter-assay precision
and accuracy were all found to be <13% at the concentrations evaluated. The strategy in SPE development and the application of this

method to the determination of U-82217 in rat serum and brain for a pharmacokinetic study are also discussed.

INTRODUCTiON
|

Solid-phase extraction (SPE) methods have been
extensively used in the extraction of chemicals from
biological samples. Highly purified and concentrat-
ed isolates for chromatographic analysis can be
achieved by the selective extraction with desired
sorbents to yi\d:ld chromatograms with minimal in-
terferences and improved sensitivity [1}. Therefore,
the SPE method is useful in bioanalytical method
development. The method for the determination of
U-82217 in rat serum, urine and brain is a typical
example of the application of SPE in biomedical
analysis. U-82217, 3-(5-cyclopropyl-1,2.4-oxa-
diazol-3-yl)-5-[(4-methoxyphenyl)methyl]-imidazo-
[1,5-a]quinoxalin-4(5H)-one, is under preclinical
evaluation as a potential hypnotic compound.
U-82217 is an oxadiazole-substituted imidazoben-
\zodiazepine compound which has demonstrated re-
duced physical dependence-inducing properties
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compared to benzodiazepine agonists, minimal am-
nesia-inducing effects and high potency on locomo-
tor-based hypnotic tests in animal models [2]. A
number of analytical methods have been reported
for the determination of other imidazobenzodiaze-
pines in biological samples [3-7]. Most of them were
for plasma samples and used a liquid-liquid extrac-
tion procedure for isolating the compounds of in-
terest from the biological matrix. An HPLC meth-
od with UV detection using an SPE procedure for
the determination of U-82217 in rat serum, urine
and brain was therefore developed to support the
evaluation of oral bioavailability and pharmacoki-
netic characteristics and initial toxicokinetic prop-
erties of U-82217 in animal models. In this paper
the analytical method development and validation
for the determination of U-82217 in biological ma-
trices, particularly the development of SPE proce-
dures, are discussed.

EXPERIMENTAL

Reagents and materials

U-82217 and the internal standard (I.S.),
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U-80447 (Fig. 1) were provided by Upjohn (Kala-
mazoo, MI, USA). HPLC-grade acetonitrile was
obtained from Burdick and Jackson (Muskegon,
MI, USA) and analytical-reagent grade acetic acid,
ammonia solution and potassium phosphate (di-
basic) from Mallinckrodt (Paris, KY, USA). Puri-
fied water was produced with a Milli-Q reagent wa-
ter system (Millipore, Bedford, MA, USA).

Chromatography

The liquid chromatographic system consisted of
a Waters (Milford, MA, USA) M-6000A pump, a
Kratos (Ramsey, NJ, USA) Spectroflow 783 vari-
able-wavelength UV detector set at 318 nm, a Per-
kin-Elmer (Norwalk, CT, USA) ISS-100 Autosam-
pler fitted with a 200-ul sample loop, and an ODS
column (250 x 4.6 mm I.D., 5§ um particle size)
(Jones Chromatography, Littleton, CO, USA) pro-
tected by a Pelliguard ODS guard column (50 x 2.1
mm 1.D., 32 ym particle size) (Whatman, Clifton,
NJ, USA). The mobile phase was a mixture of 450
ml of acetonitrile, 550 ml of water and 1.2 ml of
acetic acid with an apparent pH of 6.0+ 0.1 adjust-
ed with ammonia solution, and was then filtered
and degassed with helium prior to use. The chro-
matographic system was operated at ambient tem-
perature (21-23°C) with an eluent flow-rate of 1.0
ml/min. Quantification was accomplished based on
the peak-height ratio of drug to I.S. using a Harris
computer system.

Serum extraction

Twelve Cyg SPE columns (100 mg/1.0 ml) (Var-
ian, Harbor City, CA, USA) placed on the vacuum
extraction manifold (Supelco, Bellefonte, PA,
USA) were prewashed with one column volume of
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Fig. 1. Structures of U-82217 and the 1.S. (U-80447).
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acetonitrile followed by one column volume of 0.1
M K,HPO, solution. Unknown serum samples
(1ml), each mixed with 50 ul of 10 ug/ml 1.S. solu-
tion, were loaded onto SPE columns with a vacuum
of 86 kPa. After vacuum aspiration for 5 min at ca.
27 kPa, the SPE columns were rinsed with 100 ul of
acetonitrile-water (30:70,v/v) followed by 2 ml of
0.1 M K,HPO, solution (86 kPa). The columns
were dried with vacuum aspiration (ca. 27 kPa) for
10 min. U-82217 and the I.S. were then eluted from
the column with 300 ul of acetonitrile by applying a
slow uniform pressure to the top of the column us-
ing nitrogen (about 0.2 kg/cm?). Each eluate was
collected in a 2-ml autosampler vial and mixed with
200 pl of purified water. A 50-ul volume of the mix-
ture was injected into the HPLC system for analy-
sis.

Urine extraction

A 1-ml volume of unknown urine sample mixed
with 100 pl of 10 ug/ml 1.S. solution was transferred
to the prewashed SPE column as described above.
The SPE column was rinsed with 150 ul of aceto-
nitrile-water (30:70, v/v) under gravity flow (with-
out vacuum). The remainder of the SPE procedure
was the same as described for serum except that 700
ul instead of 200 ul of water were mixed with the
300 ul of acetonitrile extract for final HPLC analy-
sis.

Brain extraction

Unknown brain samples were prepared by homo-
genizing accurately weighed rat brain sample (ca.
200 mg) in a 5-ml grinding chamber with 1 ml of
acetonitrile-water (50:50, v/v). The homogenate
was combined with 1 ml of water used for rinsing
the grinder piston and vortex mixed for 30 s. A 1-ml
volume of the brain homogenate was transferred
into a 1.5-ml micro centrifuge tube, mixed with 50
ul of LS. working solution (10 ug/ml) and centri-
fuged at 750 g for 1 min in a Brinkmann (Westbury,
NY, USA) Model 5415 micro centrifuge. The su-
pernatant of brain homogenate was then trans-
ferred into a C;g SPE column. The remainder of the
SPE procedure was the same as that for the serum
extraction.

Validation
The assay validation was similar to the analytical
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method validation procedures described by Shah ez
al. [8] for bioavailability, bioequivalence and phar-
macokinetics studies. Briefly, to determine the line-
ar range of this method, freshly prepared fortified
standards of U-82217 were analyzed on four differ-
ent days. The limit of quantification (LOQ) was es-
timated by analyzing fortified serum samples at the
presumed 1.OQ in five replicates to determine if it
had acceptable precision and accuracy (<20%).
The precision and accuracy of the method were
evaluated at three concentrations (low, medium and
high). The intra-assay precision was determined by
analyzing five fortified serum samples at each con-
centration on the same day, and the inter-assay pre-
cision was obtained by analyzing one fortified se-
rum sample at each concentration on four different
days. The absolute extraction recovery was deter-
mined at three concentrations for U-82217 and the
I.S. Samples at each concentration were extracted
as outlined for unknown samples and analyzed in
four replicates. The peak heights of the extracted
samples were compared with those of unextracted
external reference standards containing the corre-
sponding concentrations. In all instances, the
means, standard deviations (S.D.) and relative stan-
dard deviations (R.S.D.) were calculated. A p-value
of <0.05 was considered significant in statistical
analysis.

RESULTS AND DISCUSSION

Solid-phase extraction development

Extraction is still the one of the most important
preparation procedures for the assay of drugs in
biological samples. An efficient extraction method
can improve the assay precision and accuracy and
also the sensitivity. It is well known that proteins
are major components that must be removed from
biological samples before chromatographic analy-
sis. The solid-phase extraction technique has been
proved to be one of the best approaches for remov-
ing large amounts of protein from biological sam-
ples. Owing to their high molecular masses, most
proteins are exposed to a minimum of active func-
tional groups on the sorbent surface and pass un-
retained, particularly through non-polar SPE col-
umns. The retained proteins can be easily eluted by
rinsing the SPE column with water or buffer solu-
tions. Therefore for this application, Cg, C,5 and
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phenyl SPE columns were evaluated to determine
their extraction efficiencies. Among these, the C;g
column proved to be the most satisfactory phase as
far as the extraction recovery of U-82217 was con-
cerned. Further, a C,5 column provided relatively
cleaner background of chromatographic profiles
with minimum impurity front from endogenous
components of biological samples compared with
phenyl and Cg columns. In general, the smaller vol-
ume of solvent used for the elution of the com-
pounds of interest from the SPE column produced
cleaner extracts if an adequate recovery of U-82217
and the 1.S. can be achieved. The 100 mg of sorbent
were sufficient to retain the compounds and provid-
ed efficient elution with a minimum volume of sol-
vent (300 ul) so that the compounds could be con-
centrated for HPLC without the need for evapora-
tion. Approximately 80% extraction recovery was
obtained when using 300 ul of acetonitrile to elute
U-82217 and the 1.S. The recovery was further im-
proved to 90% when the SPE column was condi-
tioned with 2 ml of 0.1 M K,HPO, prior to the
elution step, which provided a basic environment to
facilitate complete elution of the compounds of in-
terest. A large impurity front from endogenous
urine components was observed following the ex-
traction procedure developed for serum samples.
When the SPE column was rinsed with 150 ul of
acetonitrile-water (30:70, v/v) under gravity flow,
most of the endogenous urine components were
climinated without reducing the extraction recov-
ery. The solvent used for extracting U-82217 from
brain was acetonitrile—water (50:50 v/v), 1 ml of
which was sufficient to obtain an extraction recov-
ery greater than 90%. The extract was then purified
through the SPE column, yielding a clean chro-
matogram with no interfering peaks at the retention
volumes of U-82217 and the LS.

The average absolute extraction recoveries were
evaluated for both U-82217 and the 1.S. at concen-
trations of 0.01, 0.5 and 10 ug/ml for serum, 0.02,
0.5 and 10 pg/ml for urine and 0.1, 5 and 100 pg/g
for brain. The overall average (n=4) extraction re-
coveries for U-82217 ranged from 93.5+3.0 to
95.6+2.6%, 91.2+33 to 94.0+3.5% and
88.7+£6.1 to 95.4+4.8%, for serum, urine and
brain, respectively, with no perceivable dependence
on the recoveries as a function of analyte concentra-
tion. The extraction recovery for the I.S. was great-
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er than 88% in all instances. Typical chromato-
grams after extraction of fortified serum, urine and
brain standards along with a serum blank are
shown in Fig. 2.

Linearity and sensitivity

Linear calibration graphs were obtained over the
concentration ranges 5 ng/ml-20 ug/ml, 20 ng/
ml-20 pg/ml, and 50 ng/g-200 ug/g, for serum,
urine and brain, respectively, with correlation coef-
ficients greater than 0.999 and intercepts not signif-
icantly (p > 0.05) different from zero. The linear
regression equations were y = (0.1239 £ 0.0026)x
— (0.0309 £ 0.0132), y = (0.1270 + 0.0018)x —
(0.0364 + 0.0240) and y = (0.1301 £ 0.0032)x —
(0.0781 £ 0.0792) (n =4) lor serum, urine and
brain standard curves, respectively, where y is the
peak-height ratio of drug to L.S. and x is the drug
concentration. The LOQ at which the precision
(R.S.D.) and accuracy (bias) were acceptable
(<20%) were 5 and 20 ng/ml for serum and urine,
respectively, and 50 ng/g for brain, based on using 1
ml of serum or urine and 200 mg of brain for extrac-
tion.

Precision and accuracy
As listed in Table 1, intra-assay (n = 15) and
inter-assay (n = 12) precisions ranging from 3.5 to

U-82217
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8.9%, 3.6 to 8.6% and 3.3 to 11.7%, for serum,
urine and brain, respectively, were obtained at the
three concentrations studied. The accuracy was
<10.0% in all instances. The system precision, de-
termined by injecting a prepared sample five times,
was found to be not greater than 0.8% in most in-
stances.

Application

The proposed method was applied to the deter-
mination of U-82217 concentrations in serum and
brain samples collected from a pilot pharmacoki-
netic study in rats. The study was conducted using
66 male Sprague-Dawley rats with approximate
masses of 250 g. The rats were randomized into four
dose groups using body masses. The vehicle group,
consisting of three rats, received a single oral dose
of control article and were killed for blood sampling
1 h after dosing. The remaining three groups, each
containing 21 rats, received a single oral dose of
U-82217 at levels of 10, 30 or 100 mg/kg. The con-
trol article (vehicle: 98.35% purified water, 1.25%
Avicel 591, 0.2% sorbic acid and 0.2% polysorbate)
and the U-82217 suspension formulation were ad-
ministrated orally by gastric intubation. Three rats
were killed for blood and brain sampling at each of
0.5, 1, 2, 4, 8, 16, and 24 h after dosing. The blood
samples were allowed to clot at room temperature
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Fig. 2. Typical chromatograms after extraction of (a) rat serum blank, (b) rat serum blank fortified with 0.5 ug/ml each of U-82217 and
1.S., (c) rat urine blank fortified with 1 zg/ml each of U-82217 and 1.S. and (d) rat brain sample fortified with 5 ug/g of U-82217 and 0.5

ug/ml of LS. Detection wavelength, 318 nm.
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TABLE I

INTRA- AND INTER-ASSAY PRECISION AND ACCURACY
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Sample Theoretical Intra-assay (n = 5) Inter-assay (n = 4)
concentration
Precision Accuracy Precision Accuracy
(%) (%) (%) (“o)
Serum 10 ng/ml 7.4 8.0 6.8 10.0
500 ng/ml 3.5 1.6 4.0 —44
10 pg/ml 39 2.0 8.9 1.0
Urine 20 ng/ml 8.6 -1.5 104 5.5
500 ng/ml 44 —42 3.6 —4.9
10 pg/ml 3.8 5.0 5.2 -2.0
Brain 100 ng/ml 49 -1.6 11.7 4.2
5 ug/ml 4.2 —-40 8.1 —-4.0
100 pg/ml 5.0 3.2 33 -1.9

for 15-20 min and the serum was harvested by cen-
trifugation, then transferred into a clean tube. Brain
samples were frozen on dry-ice immediately and se-
rum and brain samples were stored at —20°C until
analysis.

The average serum concentration—time curves of
each dose level for U-82217 are shown in Fig. 3. The
low systemic serum concentration of U-82217
(<0.12 pug/ml for all doses) in rats might reflect
poor absorption owing to the low water solubility
of this drug (0.4 ug/ml). The concentration of
U-82217 in brain at dose levels of 10 and 30 mg/kg
were below the level of detection except for one

s B =
8 -] -
? A 1

U-82217 Serum Concentration (ng/ml)
2

Time (h)

Fig. 3. Average serum concentration—time profiles of U-82217 in
rats after single oral administration of (@) 10 mg/kg, (M) 30 and
(A) 100 mg/kg of U-82217.

brain sample that contained 52 ng/g of U-82217 at 2
h after a dose of 30 mg/kg. The brain concentra-
tions were all less than 0.17 ug/g at a dose level of
100 mg/kg. These results agree with the U-82217
serum concentrations, which suggested poor oral
bioavailability of U-82217 in rats.
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