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Abstract

A method for the simultaneous determination of selegiline and its metabolite, desmethylselegiline, in human whole blood and urine is presented.
The method, which combines a fiber-based headspace solid-phase microextraction (SPME) technique with gas chromatography—mass spectrometry
(GC-MS), required optimization of various parameters (e.g., salt additives, extraction temperatures, extraction times and the extraction properties
of the SPME fiber coatings). Pargyline was used as the internal standard. Extraction efficiencies for both selegiline and desmethylselegiline were
2.0-3.4% for whole blood, and 8.0-13.2% for urine. The regression equations for selegiline and desmethylselegiline extracted from whole blood
were linear (2 =0.996 and 0.995) within the concentration ranges 0.1-10 and 0.2-20 ng/ml, respectively. For urine, the regression equations for
selegiline and desmethylselegiline were linear (2 =0.999 and 0.998) within the concentration ranges 0.05-5.0 and 0.1-10 ng/ml, respectively. The
limit of detection for selegiline and desmethylselegiline was 0.01-0.05 ng/ml for both samples. The lower and upper limits of quantification for each
compound were 0.05-0.2 and 5-20 ng/ml, respectively. Intra- and inter-day coefficients of variation for selegiline and desmethylselegiline in both
samples were not greater than 8.7 and 11.7%, respectively. The determination of selegiline and desmethylselegiline concentrations in Parkinson’s

disease patients undergoing continuous selegiline treatment is presented and is shown to validate the present methodology.

© 2006 Elsevier B.V. All rights reserved.
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1. Introduction

Selegiline is a potent, irreversible and selective inhibitor of
monoamine oxidase type B [1] used widely in the treatment
of Parkinson’s disease due to its ability to inhibit the break-
down of biogenic amines, most importantly dopamine, in the
human brain [2,3]. Selegiline is metabolized rapidly in the gas-
trointestinal tract and in the liver into desmethylselegiline, a
specific metabolite of selegiline, and -methamphetamine [4].
Selegiline and its metabolites are identified in blood and urine
after therapeutic administration of selegiline [5-8]. In Japan,
the daily recommended dose of selegiline is between 2.5 and
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7.5 mg, and the maximum recommended daily dose is 10 mg.
A recent pharmacokinetic study suggests that selegiline elimi-
nation is considerably retarded in Parkinson’s disease patients
with liver disorders [9]; serum concentrations of selegiline
0.5-1h after administration of the drug were approximately
22ng/ml in Parkinson’s disease patients with impaired liver
function, although the therapeutic serum concentration of selegi-
line is reported to be 3.1 ng/ml. High selegiline concentrations
in patients may cause toxicity, and symptoms, such as hal-
lucination, dyskinesias, dizziness and hypotension. Therefore,
methods for determining selegiline and desmethylselegiline con-
centrations in human samples are required in order to allow
selegiline dosage adjustments, and to predict the outcome of
any toxic effects of the drug and potential treatments.

Many methods have been reported for determining selegi-
line and desmethylselegiline concentrations in human plasma,
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serum, urine and hair using gas chromatography (GC)—mass
spectrometry (MS) [5,6,10—-12], GC with electron capture detec-
tion (ECD) [13], GC with nitrogen phosphorus detection [9,14],
high-performance liquid chromatography (HPLC) with fluores-
cence detection [15,16], and HPLC-MS [17-19]. Most of these
methodologies employ extraction methods, such as liquid—liquid
extraction (LLE) [6,11,13,15-17,19] or solid-phase extraction
(SPE) [7,10,12,18] in order to remove impurities contained in
various matrices. Although LLE and SPE methods may success-
fully extract selegiline and desmethylselegiline from biological
samples, the large amounts of organic solvent used in the extrac-
tion procedure can cause health and environmental problems.
Moreover, the off-line LLE and SPE methods are laborious
and time-consuming and often require preconcentration of the
extract prior to instrumental anlaysis.

Solid-phase microextraction (SPME), introduced by
Pawliszyn’s group in 1990, is an excellent alternative to the
above methods since it is a solvent-free extraction technique
that incorporates sample extraction, concentration and sample
introduction into a single procedure [20]. In SPME, the analyte
is partitioned between the stationary phase on a fused-silica
fiber and the aqueous phase (or the headspace phase). After
equilibration, the absorbed analytes are thermally desorbed by
exposing the fiber in the injection port of a gas chromatograph.
Although the usefulness of SPME for analyzing drug com-
pounds in biological samples has been explored [21-36], to the
best of our knowledge the SPME method has not been used to
determine concentrations of selegiline and its metabolites in
biological samples. This paper presents a detailed procedure
for headspace SPME-GC-MS analysis of selegiline and
desmethylselegiline in human whole blood and urine.

2. Materials and methods
2.1. Materials

Selegiline hydrochloride and desmethylselegiline hydrochlo-
ride were obtained from Fujimoto Pharmaceutical Corporation
(Osaka, Japan). Pargyline hydrochloride for use as an internal
standard (IS) was obtained from Sigma Chemicals (St. Louis,
MO, USA). Methanol was reagent grade and was purchased
from Wako Pure Chemical Industries (Osaka, Japan). A manual
fiber holder for SPME was purchased from Supelco (Bellefonte,
PA, USA). Five types of fiber, 100 wm polydimethylsiloxane
(PDMS), 85 wm polyacrylate, 65 um PDMS/divinylbenzene
(DVB), 65 pm Carbowax®/(CW)/DVB and 50/30 pwm Stable-
Flex DVB/carboxen (CAR)/PDMS, were obtained from the
same manufacturer. Other common chemicals used were of the
highest purity commercially available. Drug-free whole blood
and urine samples were obtained from healthy volunteers.

2.2. Preparation of standard solutions and quality control
(QC) samples

Stock standard solutions of selegiline, desmethylselegiline
and the IS were prepared separately by dissolving an appropriate
amount of each compound in methanol to achieve a concentra-

tion of 1 mg/ml; all stock solutions were stored at 4 °C. Working
standard solutions of the compounds were prepared by serial
dilution of the stock standard solutions with methanol. A series
of 0.1 ml standard solutions were evaporated to dryness under
a gentle stream of nitrogen. The residues were reconstituted in
1 ml of the drug-free whole blood and the drug-free urine to
prepare the calibration standards containing 0.05-10 ng/ml for
selegiline, 0.1-20 ng/ml for desmethylselegiline and 20 ng/ml
for the IS. QC samples were prepared by the same procedure
as used for the calibration standards, and concentrations were
0.2-10ng/ml for selegiline, 0.4-20 ng/ml for desmethylselegi-
line or 20 ng/ml for the IS.

2.3. Conditioning of SPME fibers

New PDMS fibers were conditioned in the injection port
of a gas chromatograph (Shimadzu GC-14B, Shimadzu Corp.,
Kyoto, Japan) at 250 °C for 60 min in order to remove fiber con-
taminants. Similarly, polyacrylate was conditioned at 300 °C for
120 min, PDMS/DVB at 260 °C for 30 min, CW/DVB at 250 °C
for 30 min, and DVB/CAR/PDMS at 270 °C for 240 min. Used
fibers were cleaned by heating at the appropriate conditioning
temperature for 15 min prior to extraction.

2.4. GC-MS conditions

All analyses were performed using a Shimadzu GC-2010
gas chromatograph interfaced with a Shimadzu QP-2010
quadrupole mass spectrometer (Shimadzu Corp.). The GC-MS
was operated with an interface temperature of 280 °C and an
ionization source temperature of 220 °C. The mass spectrom-
eter was tuned daily using perfluorotributylamine. A solvent
delay of 3.5min was set to protect the filament from oxida-
tion. Chromatographic separation was achieved using a DB-17
fused-silica capillary column (30 m x 0.32 mm i.d., film thick-
ness 0.25 wm, J & W Scientific, Folsom, CA, USA). Helium
with a minimum purity of 99.99995% was used as the car-
rier gas at a flow rate of 2 ml/min. The gas chromatograph was
equipped with a split/splitless injection port operated at 220 °C.
The samples were injected in the splitless mode at a column
temperature of 60 °C, then the splitter was opened after 1 min.
The gas chromatograph oven temperature was programmed as
follows: initial temperature 60 °C for 1 min, from 60 to 200 °C
at a rate of 20 °C/min, and finally from 200 to 280 °C at a rate
of 40 °C/min. The final temperature was held for 5 min.

The mass spectrometer was operated in the positive-ion elec-
tron impact (EI) mode using an ionizing energy of 70 eV and an
emission current of 60 wA. Full-scan data were obtained with a
mass range of m/z 50-500. A 0.1 pl aliquot (2 ng each on col-
umn) of the standard samples dissolved in methanol was used
for direct injection.

2.5. Headspace SPME procedure
To a7.5-ml glass vial, 1 ml of whole blood spiked with selegi-

line, desmethylselegiline and the IS, 1 ml of distilled water,
0.2ml of 1 M NaOH solution and a magnetic stirring bar were
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added. The vial was sealed with a silicone septum cap and heated
on an aluminum block heater (Reacti-Therm™ Heating-Stirring
Model, Pierce, Rockford, IL, USA) at 90 °C with stirring. After
5 min, the septum-piercing needle of the SPME device pierced
the septum of the vial, and the conditioned fiber was exposed to
the headspace in the vial, allowing extraction of the compounds
at 90 °C for 25 min. The fiber was then withdrawn into the nee-
dle, removed from the vial and immediately inserted into the
injection port of the gas chromatograph at 220 °C for 2 min to
ensure desorption of the analytes. Urine samples (1 ml) spiked
with selegiline, desmethylselegiline and the IS were mixed with
0.2ml of 1 M NaOH solution and 0.5 g of NaCl and extracted
as described above.

2.6. Evaluation of extraction efficiency, quantification and
linearity

Extraction efficiencies were calculated by comparing the
chromatographic peak areas obtained from extracts of QC sam-
ples with those obtained by direct GC injection of the stan-
dard compounds dissolved in methanol. The efficiencies were
determined at two different concentrations of selegiline and
desmethylselegiline. Regression equations for selegiline and
desmethylselegiline extracted from human whole blood and
urine were obtained by fitting the ratio of the peak area of the ana-
lyte to that of the IS (20 ng) versus concentration of the analyte.
The equations were then used to calculate the concentrations of
QC samples or practical clinical samples. Intra-day coefficient
of variation (CV) and accuracy were determined by replicate
analysis of QC samples spiked with two different concentra-
tions of selegiline and desmethylselegiline. The same procedure

was repeated for 5 days in order to determine the inter-day CV
and accuracy. The limit of detection (LOD) was defined as the
lowest concentration of analyte spiked in whole blood and urine
that could be detected with a signal-to-noise ratio of at least 3.
The lower limit of quantification (LLOQ) was determined as
the lowest concentration on the calibration curve that could be
detected with a signal-to-noise ratio of at least 10; the upper
limit of quantification (ULOQ) for both compounds was set at
<30 ng/ml, to protect the MS detector from excessive ions.

2.7. Patient sample collection

Whole blood and urine samples for selegiline and
desmethylselegiline  concentration determinations were
obtained from two Parkinson’s disease patients taking selegi-
line hydrochloride for more than 1 year. Whole blood was draw
into 7-ml heparinized tubes 0.5-1 h after morning administra-
tion of the medication (2.5 mg). Urine samples were collected
approximately 17h after drug administration. All samples
were stored at —80°C until analysis. The patients received
both verbal and written information on the study, and written
informed consent was obtained. This study was approved by
the Ethics Committee of Showa University School of Medicine.

3. Results and discussion
3.1. Mass spectra

In order to select the monitoring ion for quantitative anal-
ysis of selegiline, desmethylselegiline and the IS, positive-ion
EI mass spectra in full-scan mode were initially obtained by
injecting working solutions of the analyte standards into the
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Fig. 1. MS spectra of selegiline, desmethylselegiline and pargyline.



286

Table 1
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Comparison of different fiber coatings on the extraction efficiency for headspace SPME of selegiline, desmethylselegiline and pargyline (IS) from human whole

blood and urine

Sample Compound Concentration added (ng/ml) PDMS Polyacrylate PDMS/DVB CW/DVB DVB/CAR/PDMS
Whole blood Selegiline 20 15 22 37 113 100?
Desmethylselegiline 40 15 40 34 149 100
Pargyline (IS) 40 4 5 72 39 100
Urine Selegiline 20 18 27 93 57 100
Desmethylselegiline 40 14 31 80 54 100
Pargyline (IS) 40 9 10 86 22 100

Each fiber was exposed in the headspace of the vial for 25 min at 90 °C after pre-heating for 5 min at the same temperature.
% The amount of each compound extracted by the DVB/CAR/PDMS fiber was set at 100%. Each value represents the mean of duplicate determinations.

GC-MS system. Mass spectra and probable fragmentation path-
ways for the analyte compounds are shown in Fig. 1. Selegiline
and desmethylselegiline gave a base peak ion at m/z 96 and
82, respectively, corresponding to cleavage of the C—C bond
in the N-propargyl group-containing side chain. IS fragment
ions at m/z 91 (base peak) and 68 correspond to cleavage of
the C-N bond in the N-propargyl group-containing side chain;
the ion at m/z 82 was due to loss of the phenyl group from
the molecule. Quantification was performed by selected ion
monitoring (SIM) using each base peak ion at m/z 96 for selegi-
line, at m/z 82 for desmethylselegiline and at m/z 91 for the
IS.

3.2. Optimization of conditions for headspace SPME

In order to select optimal conditions for the simultaneous
analysis of selegiline, desmethylselegiline and the IS, SPME
fiber coatings, salt additives, extraction temperatures and extrac-
tion times were systematically examined using 1 ml of whole
blood or urine to which known concentrations of the three com-
pounds had been added.

The first step in the development of any SPME method-
ology is the selection of a fiber coating for extracting
the analyte of interest in the biological sample. Five types
of SPME fiber coatings (PDMS, polyacrylate, PDMS/DVB,
CW/DVB and DVB/CAR/PDMS) were evaluated in this study
for their efficiency in extracting selegiline, desmethylselegi-
line and the IS (Table 1). CW/DVB fiber was more effi-
cient than DVB/CAR/PDMS fiber for extracting selegiline and
desmethylselegiline from whole blood samples. However, the

Table 2

CW/DVB fiber was not suitable for headspace SPME because
the fiber coating was stripped after nine or ten extraction pro-
cedures. In the case of urine samples, DVB/CAR/PDMS fiber
showed the highest extraction efficiency for all three com-
pounds; this fiber was therefore chosen for further methods
development.

Decreasing the water solubility of organic compounds by
adding salt is known as the “salting out” effect [37,38]. The addi-
tion of a salt to an aqueous sample increases the ionic strength
of the sample, thereby increasing the partitioning of organic
compounds into the SPME fiber coating. In the present study,
NayS0O4, NH4Cl, (NH4);SOy4, CaCly-2H,0 and NaCl, in the
presence of 0.2 ml of 1 M NaOH solution and/or 1 ml of distilled
water, were tested to determine their effect on the extraction
efficiency of selegiline and desmethylselegiline from 1 ml of
whole blood or urine (Table 2). Salt addition to whole blood
samples did not enhance extraction, and alkalinization using
only NaOH gave the best extraction efficiencies for all com-
pounds. In contrast, the addition of 0.5 g of NaCl to the urine
samples resulted in the highest extraction efficiencies for all
compounds.

Headspace SPME is dependent on the equilibrium between
the aqueous phase of the sample, the sample headspace and the
solid-phase fiber coating, and thus extraction temperature and
time critically impact the headspace SPME process [39]. The
effect of extraction temperature (50, 70 and 90 °C) and time
(5-30 min) on the extraction of selegiline, desmethylselegiline
and the IS are shown in Figs. 2 and 3. Temperatures above 90 °C
were not tested in order to avoid excessive vapor pressure in the
glass vials. For whole blood, the peak areas of all compounds

Effects of different salts on the extraction efficiency for headspace SPME of selegiline, desmethylselegiline and pargyline (IS) from human whole blood and urine

using a DVB/CAR/PDMS fiber

Sample Compound Concentration added (ng/ml) NarSOq4 NH4Cl (NHy4)2SO4 CaCl,-2H,O NaCl no salt

Whole blood Selegiline 20 28 36 40 75 40 100*
Desmethylselegiline 40 45 34 49 104 79 100
Pargyline (IS) 40 37 51 56 79 46 100

Urine Selegiline 20 92 73 81 82 100? 61
Desmethylselegiline 40 93 46 79 71 100 44
Pargyline (IS) 40 106 98 94 42 100 72

The DVB/CAR/PDMS fiber was exposed in the headspace of the vial for 25 min at 90 °C after pre-heating for 5 min at the same temperature.
2 The amount of each compound extracted from whole blood and urine without salt and with NaCl, respectively, was set at 100%. Each value represents the mean

of duplicate determinations.
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Fig. 2. Effects of different extraction temperatures and times on the extrac-
tion efficiency of selegiline, desmethylselegiline and pargyline (IS) from human
whole blood by headspace SPME using DVB/CAR/PDMS fibers. The amounts
of selegiline, desmethylselegiline and IS added to 1 ml of whole blood in the
presence of 1 ml distilled water plus 0.2 ml 1 M NaOH were 20, 40 and 40 ng,
respectively. Each point represents the mean of duplicate determinations. Key:
(A)50°C, (x)70°C and (O) 90°C.

increased with increased temperature and time (Fig. 2). How-
ever, equilibria for all compounds were not attained even after
30 min. Although SPME has maximum sensitivity at the equi-
librium point, full equilibration is not necessary for accurate
and precise analysis due to the linear relationship between the
amount of analyte adsorbed by the SPME fiber and its initial con-
centration in the sample matrix at non-equilibrium conditions
[40]. It was therefore necessary to establish the best compro-
mise between extraction efficiency, extraction temperature and
extraction time.

An increase in temperature during extraction negatively
affects extraction efficiency because the distribution constant
between the sample and the fiber coating decreases [39]; this
was observed for the urine samples (Fig. 3). The peak areas of all
compounds at 50 and 70 °C increased with increased time, and
reached equilibrium after 20-25 min. At 90 °C, the peak areas
of selegiline and desmethylselegiline reached a maximum after
25 min, and then decreased. In contrast, the peak area of the IS
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Fig. 3. Effect of different extraction temperatures and times on the extraction
efficiency of selegiline, desmethylselegiline and pargyline (IS) from human urine
by headspace SPME using DVB/CAR/PDMS fibers. The amounts of selegiline,
desmethylselegiline and IS added to 1 ml of urine in the presence of 0.2ml 1M
NaOH plus 0.5 g NaCl were 20, 40 and 40 ng, respectively. Each point represents
the mean of duplicate determinations. Key: (A) 50 °C, (x) 70 °C and (O) 90 °C.

became maximum after 10 min, and then decreased. However,
the sensitivity of the IS was sufficient for quantification even
after 15 min.

Using the GC conditions described above, the total analysis
cycle (including separating the analytes, cooling the gas chro-
matograph and equilibration) was 25 min per sample. Therefore,
in order to best compromise acceptable extraction, rapid analy-
sis and reliability, the DVB/CAR/PDMS fibers were exposed to
the headspace at 90 °C for 25 min.

3.3. Reliability of the method

The present paper demonstrates the quantitative analysis
of selegiline and desmethylselegiline, using pargyline as the
IS. The best IS is a stable isotope-labeled version of the
analyte. However, isotope-labeled selegiline and desmethylse-
legiline are not commercially available. This necessitated the
choice of another compound to use as an IS having chromato-
graphic retention, ionization and structural properties similar to
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Fig. 4. SIM chromatograms for selegiline, desmethylselegiline and IS extracted from human whole blood by headspace SPME using DVB/CAR/PDMS fibers. (A)
Whole blood blank, (B) spiked whole blood. The amounts of selegiline, desmethylselegiline and IS added to 1.0 ml of whole blood in the presence of 1 ml distilled
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at the same temperature. Peaks: 1, IS; 2, desmethylselegiline; 3, selegiline.

those of selegiline and desmethylselegiline. Pargyline, an irre-
versible MAO inhibitor, is similar in structure to selegiline and
desmethylselegiline (Fig. 1). In preliminary trials, pargyline was
assessed for its suitability as an IS, was found to sufficiently ful-
fill the above criteria, and was thus chosen as the IS for the
quantitative analysis of selegiline and desmethylselegiline in
human body fluids.
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Figs. 4 and 5 show chromatograms of SIM for headspace
SPME from 1 ml of human whole blood and urine samples in
the presence or absence of selegiline, desmethylselegiline and
the IS. Distinct peaks are apparent for all compounds, and the
retention times for the IS, desmethylselegiline and selegiline
were 5.8, 6.8 and 7.2 min, respectively (Figs. 4 and 5, lower
panel). While some small impurity peaks were observed in the
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Fig. 5. SIM chromatograms for selegiline, desmethylselegiline and IS extracted from human urine by headspace SPME using DVB/CAR/PDMS fibers. (A) Urine
blank, (B) spiked urine. The amounts of selegiline, desmethylselegiline and IS added to 1 ml of urine in the presence of 0.5 g NaCl plus 0.2 ml 1 M NaOH were 2, 4
and 20 ng, respectively. The fiber was exposed to the headspace of the vial for 25 min at 90 °C after pre-heating for 5 min at the same temperature. The key numbers
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Extraction efficiencies for selegiline and desmethylselegiline from QC samples by the present method

Sample Compound Concentration added (ng/ml) Concentration measured (ng/ml) Extraction efficiency (%)
Whole blood Selegiline 1.0 0.026 £ 0.0006* 2.6
10 0.335 £ 0.0315 34
Desmethylselegiline 2.0 0.039 £ 0.0019 2.0
20 0.454 £ 0.0401 2.3
Urine Selegiline 0.2 0.016 £ 0.0005 8.0
2.0 0.183 £ 0.0106 9.2
Desmethylselegiline 0.4 0.064 + 0.0067 13.2
4.0 0.342 £+ 0.0105 8.4

2 The values are mean =+ S.D. of three experiments.

Table 4

Regression equations and detection limits for selegiline and desmethylselegiline in human whole blood and urine measured by the present method

Sample Compound Regression equation® Correlation Concentration LOD (ng/ml) LLOQ (ng/ml) ULOQ (ng/ml)

coefficient (%) range (ng/ml)

Whole blood Selegiline y=0.2520x — 0.0705 0.996 0.1-10 0.03 0.1 10
Desmethylselegiline y=0.1224x — 0.0844 0.995 0.2-20 0.05 0.2 20

Urine Selegiline y=0.3917x — 0.0228 0.999 0.05-5.0 0.01 0.05 5.0
Desmethylselegiline y=0.2984x — 0.0496 0.998 0.1-10 0.03 0.1 10

4 Results from 7 to 8 different concentrations (each point represents the mean of duplicate determinations) for each compound were used to obtain the equations.

whole blood and urine blanks (Figs. 4 and 5, upper panel), no
interfering peaks were found near the peaks of the test com-
pounds.

Extraction efficiencies of selegiline and desmethylselegiline
from QC samples are presented in Table 3. For whole blood,
the efficiencies for selegiline and desmethylselegiline were
2.6-3.4% and 2.0-2.3%, respectively, whereas for urine they
were 8.0-9.2% and 8.4-13.2%, respectively. The low extraction
efficiencies observed for QC samples are to be expected owing to
the equilibrium nature of the extraction process; this is not prob-
lematic because small variation and satisfactory quantification
can be achieved by headspace SPME, as shown in Tables 4 and 5.

Table 4 shows the regression equations, LOD, LLOQ and
ULOQ obtained by the present method. The equations for these
compounds exhibit good linearity in the ranges shown in the

table, with correleation coefficients of at least 0.995. In whole
blood, the LOD of selegiline and desmethylselegiline under opti-
mal conditions were 0.03 and 0.05 ng/ml, respectively, and 0.01
and 0.03 ng/ml, respectively, in urine. The LLOQ and ULOQ,
which correspond to the lowest and highest concentration lev-
els of the concentration range, were 0.05-0.2 and 5-20 ng/ml,
respectively.

The intra- and inter-day CVs and accuracy were evaluated by
assaying QC samples prepared in human whole blood and urine
and are summarized in Table 5. The intra-day CVs at all concen-
trations examined were less than 7.4 and 8.7% for whole blood
and urine, respectively, whereas the inter-day CVs at all concen-
trations examined were less than 9.9 and 11.7% for whole blood
and urine, respectively. Accuracy was in the range 84.0-117.5%
for all concentrations.

Table 5
Intra-day and inter-day coefficients of variation (CV) and accuracy for selegiline and desmethylselegiline concentrations in QC samples measured by the present
method?
Intra-day® Inter-day*®
Sample Compound Concentration Concentration Accuracy (%) CV (%) Concentration Accuracy (%) CV (%)
added (ng/ml) measured (ng/ml) measured (ng/ml)
Whole blood  Selegiline 1.0 0.86 + 0.06¢ 86.0 7.4 0.84 £ 0.05 84.0 6.0
10.0 8.81 &+ 0.37 88.1 4.2 9.57 £ 0.93 95.7 9.7
Desmethylselegiline 2.0 1.68 £ 0.07 84.0 43 1.68 £+ 0.09 84.0 5.6
20.0 17.1 £ 0.71 85.4 4.1 19.2 £ 1.90 95.8 9.9
Urine Selegiline 0.2 0.21 £ 0.01 105.0 5.5 0.21 £ 0.01 105.0 42
2.0 2.15+£0.19 107.5 8.7 229 £0.27 114.5 11.7
Desmethylselegiline 0.4 0.47 £ 0.01 117.5 2.5 0.45 £ 0.01 112.5 2.4
4.0 4.17 £ 0.28 104.3 6.6 3.82 £0.38 95.5 9.9

2 All data were obtained using IS calibration.

b Intra-day CV were calculated from measurements of three spiked samples on the same day.
¢ Spiked samples were analyzed on 5 separate days, with one sample analyzed each day.

4 The values are mean + S.D.
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Table 6
Stability of selegiline and desmethylselegiline in QC samples at —80 °C
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Sample Compound Concentration Concentration measured (ng/ml)
added (ng/ml)
<1 day 1 week 3 weeks 7 weeks Mean S.D. CV (%)
Whole blood Selegiline 0.2 0.0042 0.005 0.005 0.004 0.004 0.0004 9.9
2.0 0.048 0.055 0.048 0.048 0.050 0.0029 59
Desmethylselegiline 0.4 0.011 0.010 0.012 0.013 0.011 0.0011 10.0
4.0 0.062 0.070 0.065 0.073 0.068 0.0054 7.9
Urine Selegiline 0.2 0.013 0.015 0.015 0.015 0.014 0.0008 5.4
2.0 0.134 0.161 0.150 0.156 0.150 0.0117 7.8
Desmethylselegiline 0.4 0.040 0.040 0.039 0.037 0.039 0.0014 3.6
4.0 0.250 0.309 0.282 0.281 0.280 0.0238 8.5

% The values are the means of triplicate determinations.

3.4. Stability

Methanol stock standard solutions containing 1 mg/ml of
selegiline, desmethylselegiline and the IS, and the working stan-
dard solutions, were all stable for at least 3 months when stored
at4 °C. The DVB/CAR/PDMS fiber showed excellent stability:
one fiber could be used for at least 50 extractions with good
reproducibility.

To assess the stability of selegiline and desmethylselegiline
in whole blood and urine stored at —80 °C, we evaluated QC
samples containing two concentrations of these compounds (0.2
and 2.0 ng/ml for selegiline, 0.4 and 4.0 ng/ml for desmethylse-
legiline) following storage at —80 °C for up to 7 weeks. Selegi-
line and desmethylselegiline concentrations were determined in
samples retrieved from storage after 1 day, 1 week, 3 weeks
and after 7 weeks (n=3 at each concentration). In the stabil-
ity experiments, the extraction efficiencies of selegiline and
desmethylselegiline from all samples were 1.6-3.3% for whole
blood and 6.3—-10% for urine. As shown in Table 6, the CVs

(x10%)
10.04 (A)
7.54

5.0

2.51

of the measured concentrations were less than 10% at all con-
centrations, showing that selegiline and desmethylselegiline are
stable in whole blood and urine at —80 °C for at least 7 weeks.

3.5. Application of the method to dosed samples from
Parkinson’s disease patients

To demonstrate the clinical applicability of the present
method, the concentrations of selegiline and desmethylselegi-
line in whole blood and urine were determined in two female
Parkinson’s disease patients receiving selegiline medication.
The amount of pargyline added as an IS was 20ng to 1ml
of whole blood or urine. However, due to the high concentra-
tions of selegiline and desmethylselegiline present in the urine
samples, 0.1 ml of the patient urine was diluted with 0.9 ml of
blank urine obtained from healthy subjects. Typical SIM chro-
matograms of selegiline and desmethylselegiline in whole blood
and urine samples from the patients are shown in Fig. 6. The
levels of these compounds in the samples are summarized in

m/z 91
m/z 82
m/z 96

Intensity

m/z 91
m/z 82
S A . : A, ASA ‘I\ . L__A_r‘l\ . e m/z 96
4.0 4.5 5.0 55 6.0 6.5 7.0 75 8.0 8.5

Retention time (min)

Fig. 6. Typical SIM chromatograms obtained from extracts of whole blood (A) and urine (B) from Parkinson’s disease patients receiving selegiline medication. In
each sample, 20 ng of pargyline was spiked as the IS. The key numbers are the same as those specified in Fig. 4.
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Table 7

Concentrations of selegiline and desmethylselegiline in whole blood and urine samples obtained from Parkinson’s disease patients

Patient Gender Age Body weight Selegiline medication Concentration of the compound (ng/ml)*
(years) (kg . —
Oral dose Duration ‘Whole blood Urine
(mg) (months) - " " "
Selegiline Desmethylselegiline Selegiline Desmethylselegiline
1 Female 71 48 2.5-5 21 0.39 1.26 60.7 39.6
2 Female 70 45 2.5-5 15 1.85 2.93 325 56.5

2 The values are the means of duplicate determinations.
b Data obtained by sample dilution with drug-free urine.

Table 7. The observed concentrations were within therapeutic
levels [7-10,18].

4. Conclusions

The extraction and detection of selegiline and desmethylse-
legiline in human whole blood and urine samples have been
achieved using headspace SPME with a DVB/CAR/PDMS fiber
and SIM of GC-MS. Under optimal conditions, good sensitivity,
linearity and reproducibility were obtained. The present method
was successfully applied to quantify selegiline and desmethylse-
legiline simultaneously in blood and urine of Parkinson’s disease
patients receiving selegiline medication.
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