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Abstract

Selected drugs from benzodiazepine, anabolic agent and non-steroidal anti-inflammatory drug (NSAID) therapeutic
classes were extracted from water and serum using a supercritical CO, mobile phase. The samples were extracted at a pump
pressure of 329 MPa, an extraction chamber temperature of 45°C, and a restrictor temperature of 60°C. The static extraction
time for all samples was 2.5 min and the dynamic extraction time ranged from 5 to 20 min. The analytes were collected in
appropriate solvent traps and assayed by modified literature HPLC procedures. Analyte recoveries were calculated based on
peak height measurements of extracted vs. unextracted analyte. The recovery of the benzodiazepines ranged from 80 to 98%
in water and from 75 to 94% in serum. Anabolic drug recoveries from water and serum ranged from 67 to 100% and 70 to
100%, respectively. The NSAIDs were recovered from water in the 76 to 97% range and in the 76 to 100% range from
serum. Accuracy, precision and endogenous peak interference, if any, were determined for blank and spiked serum
extractions and compared with classical sample preparation techniques of liquid-liquid and solid-phase extraction reported
in the literature. For the benzodiazepines, accuracy and precision for supercritical fluid extraction (SFE) ranged from 1.95 to
3.31 and 0.57 to 1.25%, respectively (n=3). The SFE accuracy and precision data for the anabolic agents ranged from 4.03
to 7.84 and 0.66 to 2.78%, respectively (n=3). The accuracy and precision data reported for the SFE of the NSAIDs ranged
from 2.79 to 3.79 and 0.33 to 1.27%, respectively (n=3). The precision of the SFE method from serum was shown to be
comparable to the precision obtained with other classical preparation techniques.

Keywords: Diazepam; Oxazepam; Temazepam; Nordiazepam; Prazepam; Fluoxymesterone; Nortestosterone; Methyltestos-
terone; Stanozolol; Testosterone; Methandrostenolone; Zeranol; Fenbufen; Indomethacin; Ketoprofen; Tolmetin; Benzo-
diazepine; Anabolic agents; Non-steroidal anti-inflammatory drugs

1. Introduction sis, sample preparation is an important step in the

assay. Various techniques including liquid-liquid

The pharmaceutical analyses of biological fluids
provide the information necessary for evaluating the
safety, therapeutic effect and mechanism of action of
a variety of drugs [1]. While modern high-resolution
chromatographic techniques are available for analy-
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extraction, solid-phase extraction, soxhlet extraction,
microdialysis, ultrafiltration and solvent precipitation
have been used for sample preparation prior to
analysis. In most biological fluid assays, the majority
of analysis time is spent preparing the sample. The
analytical laboratory of today is under considerable
pressure to increase sample throughput and lower
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assay costs. One way to achieve this goal is to
develop quick and inexpensive sample preparation
procedures. Supercritical fluid extraction (SFE) is an
attractive option as it considerably reduces sample

preparation time and provides efficient analyte re-
' covery from liquid, solid and semisolid samples. The
most unique feature of SFE is the use of a supercriti-
cal fluid mobile phase which may be adjusted for
solubilizing power by varying density via pressure or
temperature modifications [2].

To date, most studies involving the SFE of
pharmaceuticals have applied the technique to the
extraction of solid and semisolid dosage forms and
bulk drug substances. Lawrence et al. [3] employed
SFE in extracting benzodiazepines from the matrices
of standard dosage forms. Tena et al. [4] demon-
strated an improved SFE of sulphonamides from
solid supports using supercritical CO, and methanol
modified CO, as mobile phases [4]. Howard et al.
[5] used SFE for the sample preparation of sustained
release felodipine tablets. Extractions of felodipine
from the tablet matrix required moderate modifier
concentrations (8.7%, v/v methanol in CO,) and
was shown to be an accurate and precise sample
preparation alternative to liquid—liquid extraction of
felodipine tablets with an 80% reduction in solvent
consumption.

Supercritical fluid extraction has also been applied
to the analysis of pharmaceuticals in serum and
plasma. Ndiomu et al. [6] reported that SFE was
more efficient in recovering morphine from freeze-
dried serum using supercritical CO, as the mobile
phase. Liu and Wehmeyer [7] investigated the solid-
phase extraction of flavone from plasma with super-
critical fluid elution and showed that conventional
solid-phase extraction and solid-phase extraction
with supercritical fluid elution were comparable. The
serum blank using supercritical fluid extraction
showed more peaks than the standard solid-phase
extraction blank, but the recoveries and precisions of
both methods were comparable. Liu and Wehmeyer
[8] also showed the direct SFE analysis of flavone
from diluted serum with no solid support matrix. The
SFE method was compared to liquid-liquid extrac-
tion of a serum sample for accuracy and precision.
The SFE serum blanks gave more endogenous peaks
on the HPLC chromatogram, but the SFE recoveries
were slightly higher than those from liquid—liquid
extraction with comparable precision data.

In this paper, supercritical fluid extraction of water
and serum samples containing each of three thera-
peutic classes of drugs were analyzed by HPLC
chromatography with UV detection. The water and
serum samples were immobilized on celite and
supercritical CO, was used as the mobile phase in
each extraction. The SFE results were compared to
literature data of solid-phase or liquid-liquid ex-
traction sample preparation techniques for accuracy,
precision and lack of interference from endogenous
serum components.

2. Experimental
2.1. Reagents and chemicals

Oxazepam was obtained from Wyeth Laboratories
(Philadelphia, PA, USA). Diazepam was obtained
from Hoffman-La Roche (Nutley, NJ, USA). Zeranol
was supplied by Pitman-Moore (Terre Haute, IN,
USA). Naproxen sodium was a USP reference
standard (Rockville, MD, USA). Stanozolol was
obtained from Sterling-Winthrop Research Institute
(Rensselaer, NY, USA). Temazepam, nordiazepam,
prazepam, fluoxymestrone, nortestosterone, testoster-
one, methandrostenolone, methyltestosterone, tol-
metin, ketoprofen, fenbufen and indomethacin were
all purchased from Sigma Chemical Company (St.
Louis, MO, USA).

Supercritical fluid chromatography/extraction
grade carbon dioxide was obtained from Air Prod-
ucts (Atlanta, GA, USA). The SFE wet support
(celite, Cat. No. 68-3867-010) was purchased from
Isco (Lincoln, NE, USA). Deionized-distilled water
was obtained by a filtration system from Continental
Water Systems (Roswell, GA, USA). HPLC grade
methanol, acetonitrile, glacial acetic acid and hydro-
chloric acid were purchased from J.B. Baker (Phil-
lipsburg, NJ, USA). Serachem Plus Clinical Chemis-
try Control Serum Unassayed Level 1 was purchased
from Instrumentation Laboratories (Lexington, MA,
USA).

2.2, Instrumentation

Supercritical fluid extraction was performed on an
Isco Model SFX 2-10 supercritical fluid extractor
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(Cat. No. 67-9000-040) equipped with 1.5 ml/min
linear coaxially heated capillary restrictors and a
temperature controller (Cat. No. 68-3960-001). Isco
2.5-ml stainless steel extraction cartridges (Cat. No.
68-3867-002) were used to load the sample into the
extraction chamber.

Chromatography was performed on an isocratic
HPLC system consisting of a Micromeritics Model
760 HPLC solvent delivery system, a Model 728
autosampler equipped with a 100-p.l loop (Norcross,
GA, USA), and a Kratos Spectroflow Model 757
UV-Vis variable-wavelength detector (Ramsey, NJ,
USA). The analytical wavelengths were 254 nm
(benzodiazepines), 247 nm (anabolic agents) and
240nm (NSAIDs). Data acquisition was performed
on a Hewlett-Packard Model HP-3395 Integrator
(Palo Alto, CA, USA).

An ODS-1 column (Spherisorb 5 pm, 250X4.6
mm [.D., Alltech, Deerfield, IL, USA) was used for
both the benzodiazepine and NSAID separations. A
silica column 250X4.6 mm L.D. and a 3-pum particle
size (Phenomenex, Torrance, CA, USA) was used
for the anabolic agents. The columns were main-
tained at an ambient temperature of 23*1°C.

2.3. Preparation of HPLC mobile phases

The HPLC mobile phases were modified from
literature sources to fit the chromatographic parame-
ters for each class of drugs. The mobile phase for the
benzodiazepines was composed of methanol—deion-
ized water—glacial acetic acid in the ratio 63:35:2
(v/v) [9] at 1.0 ml/min. The mobile phase for the
anabolic agents consisted of 0.05 M aqueous mono-
basic sodium phosphate adjusted to pH 3.0 with
concentrated phosphoric acid—acetonitrile (85:15, v/
v) [10] at 0.8 ml/min. The mobile phase for the
NSAIDs was acetonitrile—deionized water—glacial
acetic acid (45:55:0.4, v/v) [11] at 1.0 ml/min. Each
mobile phase was filtered through a 0.45-pm nylon-
66 filter (MSI, Westborough, MA, USA) and de-
gassed by sonication prior to use.

2.4. Preparation of stock and standard solutions

Stock solutions of the benzodiazepines (diazepam,
oxazepam, temazepam, nordiazepam and prazepam),
the anabolic agents (fluoxymestrone, nortestosterone,
methyltestosterone, stanozolol, testosterone, methan-

drostenolone and zeranol), and the NSAIDs (fen-
bufen, naproxen, indomethacin, ketoprofen and tol-
metin) were prepared at 20 pg/ml concentrations in
methanol and further diluted to 1 wg/ml to investi-
gate matrix interactions and solvation of the analytes.
A combined 20 pg/ml stock solution of nor-
diazepam and diazepam and a 20 p.g/ml solution of
prazepam (internal standard) were prepared in
methanol for the nordiazepam—diazepam calibration
curve. A combined 5 pg/ml combined stock solution
of nortestosterone and testosterone and a 4 pg/ml
solution of a methyltestosterone solution (internal
standard) were prepared in methanol for the nortes-
tosterone—testosterone calibration curve. A 5 mg/ml
combined stock solution of ketoprofen and fenbufen
and a 2 mg/ml solution of tolmetin (internal stan-
dard) were prepared in methanol for the ketoprofen—
fenbufen calibration curve.

2.5. Preparation of calibration curves

The nordiazepam-diazepam stock solution was
diluted with methanol and aliquots (100 wl) of the
dilutions were added to 2-ml volumetric tubes along
with 50 ul prazepam solution. After evaporation to
dryness with a nitrogen stream, water or serum was
added to volume and vortexed for 30 s to give final
concentrations of 100, 500 and 1000 ng/ml for the
nordiazepam-diazepam calibration curve. Spiked
water and serum samples (250 and 750 ng/ml) were
also prepared in the same manner for accuracy and
precision data. The final concentration of the internal
standard was 500 ng/ml.

The 5 pg/ml combined stock solution of nortes-
tosterone—testosterone was diluted with methanol
and aliquots (100 pl) of the dilutions were added to
2-ml volumetric tubes along with the 50 pl of
methyltestosterone stock solution. After evaporation
to dryness with a nitrogen stream, water or serum
was added to volume and vortexed for 30 s to give
final concentrations of 10, 50 and 250 ng/ml for the
nortestosterone-—testosterone  calibration  curve.
Spiked water and serum samples (25 and 100 ng/ml)
were prepared in the same manner for accuracy and
precision data. The final concentration of the internal
standard was 100 ng/ml in each solution.

The 5 mg/ml combined stock solution of keto-
profen—fenbufen was diluted with methanol and
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aliquots (100 pl) of the dilutions were added to 2-ml
volumetric tubes along with the 50 pl of tolmetin
stock solution and 50 pl of 6 M HCL. After evapora-
tion to dryness with a nitrogen stream, water or
serum was added to volume and vortexed for 30 s to
give the final concentrations of 5, 50 and 250 p.g/ml
for the ketoprofen—fenbufen calibration curve.
Spiked water and serum samples (25 and 100 pg/
ml) were also prepared in the same manner to
measure accuracy and precision data. The final
concentration of the internal standard in each solu-
tion was 50 pg/ml.

2.6. Preparation of samples for SFE

A 1-ml volume of each water and serum sample
was added to approximately 1 g of celite wet support
contained in an evaporation dish. In the case of the
NSAIDs, 50 pl of 6 M HCI was added to the serum.
The samples were then dried in an oven at 45°C for
30 min with some stirring to ensure even drying. The
dried samples were then transferred into 2.5-ml
extraction cartridges with the aid of a small glass
funnel and a spatula.

2.7. Supercritical fluid extraction method

The samples were extracted with supercritical
carbon dioxide at an extraction chamber temperature
of 45°C, a restrictor temperature of 60°C and a pump
pressure of 329 MPa. Static (2.5 min) and 10-min
dynamic extraction times were used for the anabolic
agents and 2.5-min static and 20-min dynamic
extraction times were employed for the NSAIDs and
benzodiazepines. The mobile phase for each HPLC
drug system served as the solvent trap for the
extraction. Solvent trap volumes of 2, 1 and 10 ml
were used for the benzodiazepines, anabolic agents,
and NSAIDs, respectively. After SFE, each extract
was transferred with washes to clean volumetric
flasks of the same size, allowed to stand for 5 min to
equilibrate to ambient temperature, and brought to
volume with mobile phase. Aliquots (100 wl) were
then injected into the HPLC system and the con-
centration of each analyte was calculated from the
respective standard curve.

3. Results and discussion

In our initial investigations, one or two model
drugs from the benzodiazepine, anabolic agent and
NSAID classifications were spiked onto a celite
support and extracted at the 1 pg/ml level by SFE to
establish the experimental parameters most affected
by the extraction process. Based on the experiments
performed, a pump pressure of 329 MPa, a 45°C
extraction chamber temperature, a 60°C restrictor
temperature and a 2.5-min static extraction time were
held constant for each of the extractions. The dy-
namic extraction time was most affected by the
extraction process and was optimized for each of the
extraction procedures.

A drug-free water sample was extracted by the
SFE process to determine if celite was a viable
matrix support for the samples. It was found that
there were little or no interfering peaks in the HPLC
chromatograms. Thus celite was selected as a very
appropriate support for the samples.

No attempt was made to compare times required
for batch samples by SFE vs. solid-phase extraction
or liquid-liquid extraction. The SFE apparatus used
in this study only processed two samples at a time.
Minimum SFE trap volumes of 2, 1 and 10 ml were
selected for benzodiazepines, anabolic agents and
NSAISs, respectively, based on maximum drug
recoveries while maintaining high HPLC sensitivity
without the need for any additional sample con-
centration steps.

Table 1 shows the extraction efficiencies obtained
for the benzodiazepines and Fig. 1 illustrates the
chemical structures of the analytes. The highest
percent recoveries from serum occurred using a 20-
min dynamic extraction time. The serum data indi-
cate that the polarity and protein binding of the
benzodiazepines effect the efficiency of extraction
using CO, as the mobile phase. The most polar
analyte, oxazepam, gave the lowest percent recovery
from serum at 75.13%, and less polar analytes, such
as temazepam, nordiazepam, diazepam and
prazepam, had higher recoveries of 93.95, 90.04,
92.44 and 93.77%, respectively. Temazepam had a
slightly higher extraction efficiency than nor-
diazepam, and is slightly more polar. Both
temazepam and nordiazepam are approximately 97%
protein bound, indicating that the interactions be-
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Table 1

SFE of benzodiazepines from water and serum compared to liquid—liquid extraction from serum

Analyte® Recovery %
SFE Liquid-Liquid®
Water Serum Serum
10 min* 20 min 10 min 20 min

Diazepam 92.65+1.06" 97.52+0.44 91.62*1.59 92.44+0.64 944
(1.14) (0.45) (1.73) (0.69) =

Oxazepam 93.58+3.14 96.66+1.21 4471127 75.13+0.60 100.0
(3.35) (1.25) (2.81) (0.80) -

Temazepam 92.07+2.99 88.77+0.33 92.84+1.90 93.95+0.60 —*
(3.24) (0.37) (2.05) (0.64)

Nordiazepam 87.592.03 79.69+0.60 84.06*1.13 90.04*0.88 99.8
(2.31) (0.76) (1.35) (0.98) -

Prazepam 88.79*1.66 82.87+1.27 90.42+1.06 93.77+1.27 -*
(1.87) (1.53) (1.17) (1.35)

* Analyte concentration was 1 pg/ml for SFE and 0.6 wg/ml for liquid-liquid extraction.

" Ref. [9].

‘ Dynamic extraction time.

¢ Mean+S$.D. based on n=3.
° %R.S.D.

‘R.S.D. not available.

¥ Data not available.

tween the serum proteins and the hydroxyl group of
temazepam may be more easily disrupted with CO,
than the interactions between the serum proteins and
the secondary amide of nordiazepam [12]. The SFE
efficiency is dependent on the solubility of a drug in
carbon dioxide and the manner in which the carbon
dioxide disrupts the interactions between analyte,

)
=N

Ci
Diazepam R, =CH, Ry=H
Oxazepam R, =H R, =0OH
Temazepam R,=CH, R, =0OH
Nordiazepam R,=H Ry, =H
Prazepam R, = CHZ—Q R,=H

Fig. 1. Chemical structures of benzodiazepines studied.

serum protein and celite support. The SFE efficien-
cies of the least polar analytes, diazepam and
prazepam, were very similar although diazepam is
slightly more protein bound (99 vs. 97%) [12]. An
attempt was made to increase the extraction of
oxazepam from a spiked serum sample using a 5%
methanol modified CO, mobile phase. This resulted
in a cloudy extract which could have possibly
plugged the restrictor, so CO, containing methanol
was abandoned as a more efficient extraction solvent.

Two suggestions to use anhydrous inorganic salts
in the extraction cartridge to absorb moisture and
thus eliminate sample drying time and to lypholyze
the sample prior to extraction to eliminate moisture
were not investigated. It was thought that strong
interactions might occur on the surface of the
inorganic salts that may prevent the carbon dioxide
from solvating the analyte. The lyophization process
is too slow and tedious to be an effective sample
preparation step.

Table 1 also includes literature liquid-liquid
extraction data for benzodiazepines [9]. The SFE
data of the benzodiazepines, except oxazepam, was
comparable to the reported extraction data. Ratnaraj
et. al. reported a general R.S.D. of +5% for triplicate
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extractions. The SFE serum R.S.D.s were in the
range of 0.63 to 1.35%. Thus, the SFE method
provides somewhat greater precision at lower re-
coveries.

HPLC chromatograms of serum blanks from lig-
uid-liquid extraction and SFE are shown in Fig. 2A
and B. The liquid-liquid extraction gave a cleaner
extract than SFE, but the SFE blank was comparable
to that of the liquid-liquid extraction as there were
no serum peaks interfering with the analytes of
interest. A chromatogram of a spiked serum sample
extracted by SFE containing nordiazepam (750 ng/
ml), diazepam (750 ng/ml), and the internal stan-
dard, prazepam (500 ng/ml), is also shown in Fig.
2C. The parameters for this extraction were set at
329 MPa and 45°C with 2.5-min static and 20-min
dynamic extraction times. A 2-ml aliquot of the
HPLC mobile phase served as the solvent trap.

The calibration curves for the selected benzo-
diazepines were constructed by plotting nordiazepam
and diazepam at concentrations of 100, 500 and 1000
ng/ml with an internal standard, prazepam, at 500
ng/ml in each sample. To monitor accuracy and
precision, spiked samples of nordiazepam and
diazepam were analyzed at the 250 and 750 ng/ml
levels. Linear regression analysis of peak height vs.
Nordiazepam concentration showed a correlation
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coefficient of 0.9997 with a slope of 0.004 and a
y-intercept of 0.06. The spiked samples of nor-
diazepam gave a percent error of 3.31% at 250
ng/ml with an R.S.D. of 1.25%, and a percent error
of 2.72% at 750 ng/ml with an R.S.D. of 0.57%
(n=3). Linear regression analysis of the standard
curve data for diazepam gave a correlation coeffi-
cient of 0.9982 with a slope of 0.003 and a y-
intercept of —0.01. The spiked samples of diazepam
gave a percent error of 2.89% at 250 ng/ml with an
R.S.D. of 0.78%, and a percent error of 1.95% at 750
ng/ml with an R.S.D. of 0.59% (n=3). These results
showed that the SFE of the benzodiazepines was
linear over the 100-1000 ng/ml range typically
utilized in therapeutic drug monitoring of nor-
diazepam and diazepam.

Table 2 shows the SFE efficiency data of the
anabolic agents, fluoxymestrone, nortestosterone,
methyltestosterone, stanozolol, testosterone, methan-
drostenolone and zeranol from spiked water and
serum samples at 5-, 10- and 20-min dynamic
extraction times. Fig. 3 shows the chemical struc-
tures for the anabolic agents. It was found that the
10-min dynamic extraction time was the most effi-
cient for the extraction from serum. Zeranol and
fluoxymestrone were exceptions; they were most
efficiently recovered at a 20-min dynamic extraction
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Fig. 2. Typical HPLC chromatograms of (A) blank serum from liquid-liquid extraction [9], (B) blank serum from SFE and (C) SFE of
serum containing 750 ng/ml nordiazepam (1), diazepam (2) and 500 ng/ml prazepam (3).
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Table 2
SFE of anabolic agents from water and serum compared to solid-phase extraction from serum
Analyte® Recovery %
SFE Solid phase”
Water Serum Serum
5 min® 10 min 20 min 5 min 10 min 20 min
Fluoxymestrone 96.49+0.95* 100.37*0.65 98.68+1.33 48.12*1.63 90.66+0.72 100.26+0.41 103.80+6.33
(0.98)° 0.65) (1.35) (3.38) (0.79) (0.40) (2.80)
Nortestosterone 90.47+0.12 98.85+0.77 92.74+2.91 86.87+0.76 100.08+0.75 98.48+1.17 102.40+6.56
(0.14) (0.78) (3.14) (0.87) 0.75) (1.18) (3.08)
Methyltestosterone 88.87+0.45 91.94+0.55 79.16+2.60  87.90x094  91.19x0.23 87.35+3.48 96.30+7.92
(0.51) (0.60) (3.28) (1.07) 0.25) (3.99) (3.24)
Stanozolol 66.23+0.33 70.57+1.10 63.83x1.62  54.40*1.61 69.80+1.55 50.20+0.49 103.00+7.38
(0.50) (1.55) (2.54) (2.95) (2.22) (0.98) (3.54)
Testosterone 89.16 0.62 92.88+107 81.55+3.82 86.29+0.22  93.87*1.00 91.92+2.56 102.00+7.03
(0.70) (1.15) (4.68) (0.25) (1.07) (2.78) (3.48)
Methandrostenolone ~ 92.57+0.42 93.67+2.49 89.29+0.46  90.43+0.48 95.35x1.51 96.27+2.56 101.30%9.97
(0.45) (2.66) (0.52) (0.53) (1.59) (2.66) (3.45)
Zeranol 66.94+2.00 62.14*1.60 43.76+0.44 36.35+1.46  67.86+3.39 79.57+1.95 97.20+10.60
(2.98) (2.58) (1.00) (4.01) (4.99) (2.45) (4.01)

* Analyte concentration was 1 pg/ml for SFE and 0.05 pg/ml for solid-phase extraction.

® Ref. [10}].

“ Dynamic extraction time.

¢ Mean*S.D. based on n=3.
¢ %R.S.D.

time. An increase in extraction efficiency occurred
when the dynamic extraction time was changed from
5 to 10 min indicating the need for more CO, to
remove the analytes from the celite support. A
further increase to 20 min, however, showed a
decrease in recovery, indicating a possible loss of
analyte from the solvent trap. A loss of analyte can
be due to the mechanical bubbling of the CO,
mobile phase as it flows into the solvent trap causing
vapor formation which, in turn, causes nonvolatile
drug loss with the mechanical overflow of the vapor
from the open solvent trap. Stanozolol followed this
pattern with 70% recovery at 10 min; the extraction
efficiency of the other drugs ranged from 91 to
100%.

The chemical SFE differences between zeranol
and stanozolol and the other anabolic agents paral-
leled the structural differences. Zeranol has no parent
steroid backbone and the four hydroxyl groups, two
of which are acidic, increase its polarity and affinity
for the celite support relative to the other com-
pounds. Stanozolol has a pyrazole ring system in
addition to the parent steroid backbone. The pyrazole

ring may aid in increasing the polarity of the
compound, thereby decreasing its recovery when
using the CO, mobile phase, or it may interact more
strongly with serum proteins and silanol groups on
the celite support than do the other anabolic agents.
Similar results were obtained in SFE with spiked
water samples, but the zeranol and fluoxymestrone
extraction results were more closely related than
those of the other anabolic drugs with the highest
percent extraction at 10 min. Anabolic agents exhibit
minimal protein binding as reflected by the similarity
in the SFE data for both water and serum. Table 2
shows solid-phase extraction data for the anabolic
compounds reported by Lampert and Stewart [10].
The SFE technique compared favorably with solid-
phase extraction of serum samples spiked with
anabolic agents. The SFE of these compounds from
serum samples using a 10-min dynamic extraction
time gave R.S.D.s ranging from 0.25 to 4.99%,
which were comparable to the R.S.D.s of the solid-
phase extractions, which varied from 2.8-4.01%.
Fig. 4A and B shows an HPLC comparison of the
serum blanks derived from solid-phase extraction
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Fig. 3. Chemical structures of anabolic agents studied.

and SFE. The chromatograms for both sample prepa-
ration techniques were similar. The chromatogram of
SFE of a spiked serum sample containing nortestos-
terone (50 ng/ml), testosterone (50 ng/ml) and the
internal standard, methyltestosterone (100 ng/ml), is
also shown in Fig. 4C. The parameters for the
extraction were set at 329 MPa and 45°C with
2.5-min static and 10-min dynamic extraction times.
A 1-ml aliquot of the HPLC mobile phase served as
the solvent trap.

The standard curve for selected anabolic com-
pounds was constructed by plotting nortestosterone
and testosterone at concentrations of 10, 50 and 250
ng/ml with the internal standard, methyltestosterone,
at 100 ng/ml in each sample. Accuracy and preci-
sion data of the extraction were monitored using

spiked samples at concentrations of 25 and 100
ng/ml. The linear regression analysis of peak height
vs. concentration for nortestosterone gave a correla-
tion coefficient of 0.9999 with a slope of 0.03 and a
y-intercept of 0.05. The spiked samples of nortestos-
terone gave a percent error of 4.03% at 100 ng/ml
with an R.S.D. of 1.26%, and a percent error of
4.84% at 25 ng/ml with an R.S.D. of 2.07% (n=3).
The linear regression analysis of the calibration
curve for testosterone had a correlation coefficient of
0.9999 with a slope of 0.02 and a y-intercept of 0.04.
The spiked samples for testosterone showed a per-
cent error of 7.84% at 100 ng/ml with an R.S.D. of
2.78%, and a percent error of 5.64% at 25 ng/ml
with an R.S.D. of 0.66% (#n=3). These results
showed that the SFE of the anabolic agents was
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Fig. 4. Typical HPLC chromatograms of (A) blank serum from solid-phase extraction [10], (B) blank serum from SFE and (C) SFE of
serum containing 50 ng/ml of nortestosterone (1), testosterone (2) and 100 ng/ml methyltestosterone (3).

linear over the 10-250 ng/ml concentration range

typically utilized in the therapeutic drug monitoring

of nortestosterone and testosterone.

Table 3 shows the results of the SFE of NSAIDs
from spiked water and serum compared to the

liquid—liquid extraction method reported by Omile et

Table 3

SFE of NSAIDs from water and serum compared to liquid—liquid extraction from serum

Analyte® Recovery %
SFE Liquid-liguid"
Water Serum Serum
10 min® 20 min 10 min 20 min 20 min*

Fenbufen 94.71+1.79° 91.84+2.11 54.95+0.65 88.97+2.31 100.57*1.13 £
(1.89) (2.30) (1.18) (2.59) (1.12)

Naproxen 97.58x0.46 97.42>2.13 11.36+0.29 35.80+0.37 100.30+1.06 100.0
(0.48) (2.18) (2.53) (1.04) (1.06) .

Indomethacin 70.66+0.66 66.03+0.28 64.18+1.38 71.74%1.58 75.96£0.96 70.0
(0.93) (0.42) (2.15) (2.20) (1.26) .

Ketoprofen 08.85+0.38 97.14*1.18 56.49+0.25 94.60+0.59 100.67+0.50 100.0
(0.39) (1.21) 0.45) (0.63) (0.50) .

Tolmetin 47.64+0.47 88.090.66 13.37+0.59 23.95+0.16 78.43+0.29 -*
(0.98) (0.74) (4.40) (0.68) (0.37)

* Analyte concentration was 1 pg/ml for SFE; concentration data is unavailable for liquid—liquid extraction.

® Ref. [13].

‘ Dynamic extraction time.

450 wl of 6 M HCI added to sample.
“Mean=S.D. based on n=3.
"%R.S.D.

£ Data not available.

"R.$.D. not available.
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Fig. 5. Chemical structures of NSAIDs studied.

al. [13]. Fig. 5 shows the chemical structures of the
NSAIDs analyzed. The SFE results from ketoprofen,
fenbufen and indomethacin at 20-min dynamic ex-
traction times were comparable to the liquid-liquid
extraction data. However, the recoveries for naprox-
en and tolmetin for SFE at 20-min dynamic ex-
traction times were much lower compared to liquid-
liquid extraction. In order to increase the recoveries
of tolmetin and naproxen, 50 wl of 6 M HCI was
added to each serum sample prior to extraction. The
extraction results are summarized in Table 3. All
NSAIDs studied showed an increase in extraction
efficiency upon the addition of acid. The increase in
extraction efficiency was attributed to the unionized
form of these drugs being less protein bound and less
polar, or less tightly bound to the celite support. All
of the NSAIDs studied were reported to be 95-99%
protein bound in serum [12]. The data in Table 3
may be explained by the structural variation of these
drugs. Naproxen, fenbufen, and ketoprofen have a
carboxylic acid moiety upon which their polarity is
based. Fenbufen and ketoprofen also have a ketone
group, and naproxen has an ether group. Tolmetin

contains a tertiary amine which, in the ionized form,
may bind more strongly to serum proteins or to the
ionized silanol groups on the surface of the celite
support causing a decrease in SFE recovery. The
amide group of indomethacin may increase the
drug’s polarity as well as its interactions with serum
and/or the celite support causing a decrease in
analyte recovery. The other NSAID compounds
lacking one or more nitrogens in their structure were
extracted quantitatively from serum containing 6 M
HCI indicating that polarity, serum protein inter-
action, and celite support interaction are all im-
portant factors in determining the extraction ef-
ficiency from spiked serum samples. The differences
in the SFE data of water vs. serum indicated that
serum proteins greatly increased the interactions
between NSAIDs and the matrix.

Fig. 6A and B compare the chromatograms of a
serum blank prepared by liquid—liquid extraction
reported by Omile et al. [13] to a serum blank
prepared by SFE with a 20-min dynamic extraction
time and containing 50 pl of 6 M HCL The SFE
serum blank was comparable to the liquid—liquid
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Fig. 6. Typical HPLC chromatograms of (A) blank serum from liquid—liquid extraction [13], (B) blank serum from SFE and (C) SFE of
serum containing 1 pg/ml of tolmetin (1), ketoprofen (2), fenbufen (3) and indomethacin (4).

blank. There were no interfering peaks from serum
in the SFE blank. A chromatogram of a spiked serum
sample prepared by SFE containing tolmetin, keto-
profen, fenbufen and indomethacin at concentrations
of 1 pg/ml is also shown in Fig. 6C. The parameters
for the extraction were set at 329 MPa and 45°C with
2.5-min static and 20-min dynamic extraction times.
A 10-ml aliquot of the HPLC mobile phase served as
the solvent trap.

The calibration curve for selected NSAIDs was
constructed by plotting ketoprofen and fenbufen at
concentrations of 5, 50 and 250 pg/ml with an
internal standard, tolmetin, at 50 pg/ml in each
sample. The accuracy and precision of the extraction
were monitored using spiked serum samples at 25
and 100 p.g/ml concentrations. The linear regression
analysis of peak height vs. analyte concentration for
ketoprofen gave a correlation coefficient of 0.9999
with a slope of 0.16 and a y-intercept of 0.92. The
spiked serum samples of ketoprofen gave a percent
error of 3.79% at 25 pg/ml with an R.S.D. of
1.03%, and a percent error of 2.97% at 100 wg/ml
with an R.S.D. of 0.33% (n=3). The linear regres-
sion data of the standard curve for fenbufen gave a
correlation coefficient of 0.9999 with a slope of 0.02
and a y-intercept of —0.01. The spiked serum

samples gave a percent error of 2.79% at 25 pg/ml
with an R.S.D. of 1.27%, and a percent error of
3.34% at 100 pg/ml with an R.S.D. of 0.67% (n=3).
These results showed that the SFE of serum samples
containing ketoprofen and fenbufen is linear within
the reported therapeutic range of 5-250 pg/ml.

In summary, the results of this study present SFE
as a viable sample preparation technique for the
therapeutic drug monitoring of serum for selected
benzodiazepines, anabolic agents and NSAIDs. The
HPLC chromatograms of the serum blanks derived
from the SFE method and the recovery data were
comparable to those derived from existing classical
techniques of liquid-liquid or solid-phase extraction
with little or no interfering peaks from serum. Also,
the precision of the SFE method from serum was
shown to be comparable to the precision obtained
with the classical preparation techniques.
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