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a b s t r a c t

A highly sensitive liquid chromatography-tandem mass spectrometric (LC–MS/MS) method has been
developed to determine rasagiline in human plasma. The analytical method utilized liquid–liquid
extraction of plasma with n-hexane–dichloromethane–isopropanol (20:10:1, v/v/v). Separation of ana-
lyte and the internal standard (IS) pseudoephedrine was performed on a Zorbax Extend C18 column
(150 mm × 4.6 mm, 5 �m) with a mobile phase consisting of acetonitrile–5 mM ammonium acetate–acetic
acid (40:60:0.05, v/v/v) at a flow rate of 0.5 mL/min. The API 4000 triple quadrupole mass spectrometer
was operated in multiple reaction monitoring mode via positive electrospray ionization interface using
the transitions m/z 172.1 → m/z (117.1 + 115.1) for rasagiline, and m/z 166.0 → m/z 148.1 for the internal
standard. The method was linear over the concentration range of 0.020–50.0 ng/mL. The intra- and inter-
day precisions were less than 11.2% in terms of relative standard deviation (R.S.D.), and the accuracy was
within ±6.4% in terms of relative error (RE). The lower limit of quantification (LLOQ) was identifiable and
reproducible at 0.020 ng/mL with acceptable precision and accuracy. The mean extraction-efficiency at
three concentrations was 95.6 ± 7.0%, 97.9 ± 3.0% and 95.3 ± 8.3%. The validated method offered increased

sensitivity (10 times higher than those reported) and wide linear concentration range. This method was
successfully applied for the evaluation of pharmacokinetics of rasagiline after single oral doses of 1, 2 and
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5 mg rasagiline to 12 Chin

. Introduction

Rasagiline (N-propargyl-l-(R)-aminoindan), is a potent selec-
ive irreversible inhibitor of monoamine oxidase type B [1] and has
een used for the treatment of idiopathic Parkinson’s disease (PD)
oth as monotherapy in early disease and as adjunctive therapy
or levodopa in advanced disease [2]. Rasagiline undergoes almost
omplete biotransformation through N-dealkylation and hydroxy-
ation pathways in the liver, in which N-dealkylation metabolite,
minoindan, has demonstrated favourable pharmacological activ-
ty in vitro and in vivo [3]. However, unlike selegiline, rasagiline
s not metabolized to amphetamine derivatives which have been
hown to interfere with cardiovascular function or to have a neuro-

oxic effect [4]. The recommended dosage for initial monotherapy
s 1 mg once daily. When rasagiline is used as adjunctive therapy

ith levodopa, the recommended initial dose is 0.5 mg/day and
ay be increased to 1 mg/day if the desired clinical effect is not

∗ Corresponding author. Tel.: +86 21 50800738; fax: +86 21 50800738.
E-mail address: dfzhong@mail.shcnc.ac.cn (D. Zhong).
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chieved [5,6]. In patients with advanced PD and motor fluctua-
ions, the maximum daily dosage could be increased to 5 mg. Due
o extensive metabolism and wide distribution to tissues (Vd value
anges from 182 to 243 L) [6], the plasma concentrations of rasag-
line were very low in humans. It was reported that in patients

ith PD, the mean rasagiline Cmax observed after multiple admin-
stration of 1 mg for 12 weeks is 8.50 ± 2.20 ng/mL [6]. Therefore,
o support clinical investigations, a reliable analytical method with
dequate sensitivity is necessary.

In literature, only a precolumn derivatization GC–MS method
ith the lower limit of quantification (LLOQ) at 0.250 ng/mL was
escribed to characterize the kinetics of rasagiline in human [7].
he study demonstrated that rasagiline treatment was safe and well
olerated in healthy volunteers at all doses studied (up to 20 mg
nce/day in the single-dose study and up to 10 mg once/day in the
epeated-dose study). However, due to analytical difficulties aris-

ng from analyte concentrations, which were below the limit of
etection, a full pharmacokinetic analysis for rasagiline 1 and 2 mg
oses was not possible. Nowadays, liquid chromatography coupled
ith tandem mass spectrometry (LC–MS/MS) has proved to be an

xtremely sensitive and specific technique for the analysis of basic

http://www.sciencedirect.com/science/journal/15700232
mailto:dfzhong@mail.shcnc.ac.cn
dx.doi.org/10.1016/j.jchromb.2008.08.024
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rugs. To our knowledge, several methods for the determination of
elegiline or metabolites in biological matrixes have been reported
ncluding GC–MS [8,9] and LC–MS [10,11] or LC–MS/MS [12]. How-
ver, there was no publication on the determination of rasagiline
y LC–MS/MS. The purpose of this study was to establish and vali-
ate a novel sensitive LC–MS/MS method to quantify rasagiline in
uman plasma. This method exhibited excellent performance with
espect to high sensitivity and wide linear concentration range. It
as successfully applied to the pharmacokinetic studies of rasag-

line after oral administration of 1, 2 and 5 mg rasagiline mesylate
ablets.

. Experimental

.1. Materials

Rasagiline mesylate (99.8% purity) was obtained from
hongqing Pharmaceutical Research Institute Co., Ltd. (Chongqing,
hina). Pseudoephedrine hydrochloride (100% purity) for use as
he internal standard (IS) was purchased from National Institute
or the Control of Pharmaceutical and Biological Products (Beijing,
hina). Acetonitrile and methanol (HPLC grade) were purchased

rom Sigma (St. Louis, MO, USA). Ammonium acetate and acetic
cid of HPLC grade were purchased from Tedia (Fairfield, OH,
SA). Other chemicals were of analytical reagent grade and
urchased from commercial sources. Milli-Q water (18.2 m� and
OC ≤50 ppb) from Milli-Q system (Millipore SAS, Molsheim,
rance) was used throughout the study. Drug-free plasma for the
reparation of calibration standards was obtained from Shanghai
huguang Hospital (Shanghai, China).

.2. Instrument

An Agilent 1100 system consisting of a G1311A quaternary
ump, a G1379A vacuum degasser, a G1316A thermostatted column
ven and a G1313A autosampler (Agilent, Waldbronn, Germany)
as used. Mass spectrometric detection was performed on an API
000 triple quadrupole instrument (Applied Biosystems, Concord,
ntario, Canada) in multiple reaction monitoring (MRM) mode.
TurboIonSpray ionization (ESI) interface in positive ionization
ode was used. Data processing was performed with Analyst 1.4.1

oftware package (Applied Biosystems).

.3. Chromatographic conditions

The chromatographic separation was achieved on a Zor-
ax Extend C18 column (150 mm × 4.6 mm i.d., 5 �m, Agilent,
ilmington, DE, USA) with a SecurityGuard C18 guard column

4 mm × 3.0 mm i.d. Phenomenex, Torrance, CA, USA). A mixture
f acetonitrile–5 mM ammonium acetate–acetic acid (40:60:0.05,
/v/v) was used as mobile phase at a flow rate of 0.5 mL/min. The
emperatures of column and autosampler were both maintained
t ambient temperature (25 ◦C). The chromatographic run time of
ach sample was 3.6 min, which separated rasagiline and IS from
ndogenous components. A divert valve was used and in the first
min of the chromatographic run, the eluate was directed to the
aste container.

.4. Mass spectrometric conditions
The mass spectrometer was operated using ESI source in the
ositive ion detection. In order to optimize all the MS parameters,
tandard solutions (10.0 ng/mL) of the analyte and IS were infused
nto the mass spectrometer at a flow-rate of 20 �L/min. Turbo spray
oltage (IS) was set at 4000 V. Source temperature was maintained

r
e
m
d
T
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t 400 ◦C. Nitrogen was used as nebulizing gas (50 psi), auxiliary gas
40 psi) and curtain gas (10 psi). For collision activated dissociation
CAD), nitrogen was employed as the collision gas at a pressure
f 4 psi. Quantification was performed using MRM mode with the
ollowing transitions: m/z 172.1 → m/z (117.1 + 115.1) for rasagiline,
nd m/z 166.0 → m/z 148.1 for IS, respectively, with a dwell time of
00 ms.

.5. Preparation of calibration standards and quality control (QC)
amples

A stock solution of rasagiline with a concentration of 400 �g/mL
calculated as base) was prepared by dissolving rasagiline mesylate
n methanol. A series of standard working solutions with concentra-
ions in the range of 0.200–500 ng/mL for rasagiline were obtained
y further dilution of the stock solution with methanol–water
50:50, v/v). Effective concentrations in plasma samples were 0.020,
.050, 0.100, 0.500, 2.00, 5.00, 20.0 and 50.0 ng/mL. The quality
ontrol (QC) samples were similarly prepared at concentrations of
.050, 2.00, 45.0 ng/mL with blank human plasma, by a separate
eighing of the reference standard. A 100 ng/mL internal standard
orking solution was prepared by diluting the stock solution of
seudoephedrine with methanol–water (50:50, v/v). All the solu-
ions were stored at 4 ◦C and were brought to room temperature
efore use.

.6. Sample preparation

A 50-�L aliquot of the IS solution (pseudoephedrine,
00 ng/mL), 50 �L of methanol–water (50:50, v/v) and 100 �L of pH
phosphate buffer (the mixture of 39.0 mL 2 M monobasic sodium
hosphate and 61.0 mL 2 M dibasic sodium phosphate) were added
o 500 �L of plasma sample. The sample was vortex-mixed and
xtracted with 4 mL of n-hexane–dichloromethane–isopropanol
20:10:1, v/v/v) by shaking (240 times/min) for 10 min. The organic
nd aqueous phases were separated by centrifugation at 2000 × g
or 5 min. The upper organic phase was transferred to another
ube and evaporated to dryness at 40 ◦C under a gentle stream
f nitrogen in the TurboVap evaporator (Zymark, Hopkinton, MA,
SA). The residue was dissolved in 150 �L of the mobile phase
nd vortex-mixed for 1 min. A 20 �L aliquot of the reconstituted
xtract was injected onto the LC–MS/MS system for analysis.

.7. Method validation

To ensure the selectivity, accuracy, reproducibility and sensitiv-
ty, the method was validated on the items described as follows.

The selectivity was assessed by comparing the chromatograms
f six different blank human plasma with the corresponding spiked
lasma. Peak areas of endogenous compounds coeluting with the
nalytes should be less than 20% of the peak area of the LLOQ stan-
ard according to international guidelines [13]. And the deviation of
he nominal concentrations for the LLOQ in these 6 plasma batches
hould be within ±20%.

The matrix effect was evaluated at two concentrations (0.050
nd 45.0 ng/mL in plasma). Two groups of samples were prepared:
roup 1 was prepared to evaluate the MS/MS response for a pure
tandard of rasagiline dissolved in the mobile phase (A); group

was prepared in plasma originating from six different donors
nd submitted to the sample purification process and spiked with

asagiline after processing (B). The value (B/A × 100) was consid-
red as an absolute matrix effect. The assessment of the relative
atrix effects, which was expressed as R.S.D. (%), was made by a

irect comparison of B values between six different lots of plasma.
he same evaluation was performed for IS (10 ng/mL in plasma).
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he inter-subject variability of matrix effect at every concentration
evel should be less than 15% [14].

The linearity was assessed by assaying calibration curves in
uman plasma in duplicate in three separate runs. In addition, a
lank and a zero plasma sample (only spiked with IS) were run to
iscard the presence of interferences. The calibration curves were
tted by a weighted (1/x2) least squares linear regression method
hrough the measurement of the peak-area ratio of the analyte
o IS. The acceptance criterion for each back-calculated standard
oncentration was 15% deviation from the nominal value [13]. The
ower limit of quantification (LLOQ) is the lowest concentration of
he calibration curve, which could be measured with acceptable
ccuracy and precision. It was determined in six replicates in three
alidation days. The precision should be equal or less than 20% and
ccuracy between 80% and 120% of the nominal concentration for
oth within and between-assay [13].

To evaluate the precision and accuracy of the method, QC sam-
les at three concentration levels (0.050, 2.00 and 45.0 ng/mL)
ere measured in six replicates on three consecutive validation
ays. The assay precision was calculated by using the relative
tandard deviation (R.S.D.) and a one-way analysis of variance
ANOVA) [15]. It separates out the sources of variance due to within-
nd between-run factors. The assay accuracy was expressed as
elative error (RE), i.e. (observed concentration − nominal concen-
ration)/(nominal concentration) × 100%. The intra- and inter-day
recisions were required to be below 15%, and the accuracy to be
ithin ±15% [13].

The extraction recovery was estimated for rasagiline at three lev-
ls (low, 0.050 ng/mL; medium, 2.00 ng/mL; and high, 45.0 ng/mL)
y comparing two groups of control samples: (B) drug spiked after
xtraction of blank plasma (post-extraction). (C) Drug spiked to
lasma and prepared normally (pre-extraction). Extraction recov-
ry was calculated as the response ratio of C/B. The reproducibility
f the extraction procedure was determined as R.S.D.%. The extrac-
ion recovery of the IS was determined in a similar way using the
C samples at medium concentration as a reference.

The stability of rasagiline in human plasma was evaluated by
nalysing replicates (n = 3) of plasma samples at the concentra-
ions of 0.050 and 45.0 ng/mL, which were exposed to different
onditions (time and temperature). The short-term stability was
etermined after the exposure of the spiked samples at 25 ◦C for
h, and the ready-to-inject samples (after extraction, in the mobile
hase) to the autosampler rack (25 ◦C) for 24 h. The long-term sta-
ility was assessed after storage of the standard spiked plasma
amples at −20 ◦C for 9 days. The freeze/thaw stability was eval-
ated after three complete freeze/thaw cycles (−20 ◦C to 25 ◦C) on
onsecutive days. All stability tests samples at two concentration
evels (0.050 and 45.0 ng/mL) were analysed in triplicate and the
eviations were determined in relation to freshly prepared sam-
les. The stability of stock solution in methanol was also evaluated
t 4 ◦C for 9 days. The analytes are considered to be stable when
he precisions are below 15% and the accuracies are in the range of
5–115% respectively for both levels.

.8. Application to pharmacokinetic study

The developed LC–MS/MS method was applied to determine the
lasma concentrations of rasagiline from a clinical trial study in
hich 36 (18 males and 18 females) healthy Chinese subjects were

nrolled. The pharmacokinetic study was approved by the Medical

thics Committee of Shanghai Shuguang Hospital. Informed con-
ent was obtained from all subjects after explaining the aims and
isks of the study. The doses of rasagiline chosen for this study were
ased on findings from preclinical and early clinical studies. Thirty-
ix volunteers were randomized into three groups. They were orally

3

L
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dministered rasagiline mesylate tablets (Chongqing Pharmaceuti-
al Research Institute Co., Ltd., Chongqing, China) which equivalent
o rasagiline base at 1, 2 or 5 mg, respectively. Venous blood sam-
les were collected into heparinized tubes before and 0.17, 0.33,
.5, 0.75, 1.0, 1.5, 2.0, 3.0, 4.0, 6.0, 8.0, 12 and 24 h post-dosing, and
entrifuged at 2000 × g (4 ◦C) for 10 min to separate the plasma
ractions. The collected plasma samples were stored at −20 ◦C until
nalysis.

Calculation of the pharmacokinetic parameters was performed
y non-compartmental assessment of data using the computer pro-
ram WinNonlin (v5.0.1, Pharsight, Mountain View, CA, USA). The
aximum plasma concentrations (Cmax) and their time of occur-

ence (Tmax) were both obtained directly from the measured data.
he area under the plasma concentration–time curve from time
ero to the time of the last measurable concentration (AUC0–t) was
alculated by the linear trapezoidal method. The terminal elimi-
ation rate constant (ke) was estimated by log-linear regression
f concentrations observed during the terminal phase of elimina-
ion, and the corresponding elimination half-life (t1/2) was then
alculated as 0.693/ke.

. Results and discussion

.1. Optimization of the mass spectrometric condition

Rasagiline is a low molecular weight compound, containing a
econdary amine in its structure. Due to the presence of basic
itrogen in the molecule, rasagiline exhibited favourable sensitiv-

ty in positive ion mode detection. Electrospray ionization (ESI) was
ound to be more sensitive than atmospheric pressure chemical
onization (APCI).

Under (+) ESI conditions, the analyte and pseudoephedrine
internal standard) formed predominantly protonated molecule
M+H]+ at m/z 172.1 and m/z 166.0 in Q1 full scan mass spec-
ra, respectively. The corresponding product ion mass spectra are
epicted in Fig. 1, where [M+H]+ of each compound was selected
s precursor ion. Rasagiline gave fragment ions at m/z 117.1 and
15.1. In order to increase the sensitivity of rasagiline, the transi-
ions m/z 172.1 → 117.1 and m/z 172.1 → 115.1 were simultaneously
hosen for quantification analysis. The collision energy in the prod-
ct MS/MS mode was investigated from 5 to 50 eV to optimize the
ensitivity, and the optimal values were found to be 17 and 40 eV
or the two chosen product ions, respectively. For IS, the product ion
pectrum of the [M+H]+ ion showed a major fragment ion at m/z
48.1, which derived from the lost of a water. The optimum col-
ision energy (24 eV) was determined by observing the maximum
esponse obtained for m/z 148.1.

.2. Optimization of the chromatographic condition

Chromatographic conditions, especially the composition of
obile phase, were optimized to achieve good sensitivity and peak

hape for rasagiline, as well as a short run time. In our experi-
ent, it was observed that acetonitrile can give better peak shape

han methanol and was chosen as the organic phase. Good peak
hape could be achieved by adding 5 mM ammonium acetate (con-
aining 0.1% acetic acid) into the mobile phase. Finally, a mobile
hase consisting of acetonitrile–5 mM ammonium acetate–acetic
cid (40:60:0.05, v/v/v) was used in our experiment.
.3. Sample preparation

Sample preparation is a critical step for accurate and reliable
C–MS/MS assays. The most widely employed biological sample
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Fig. 2. Typical chromatograms of rasagiline and pseudoephedrine (IS) in human
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Fig. 1. Product ion spectra of [M+H]+ of rasagiline (A) and pseudoephedrine (B).

reparation methodologies currently are liquid–liquid extrac-
ion (LLE), protein precipitation (PPT), and solid-phase extraction
SPE). In the early stage of method development, a PPT method
as employed to separate rasagiline from plasma samples, but

trong ion suppression from the endogenous substances in plasma
ccurred. Although it could be decreased by chromatographic sep-
ration, the run time would be sacrificed.

Finally, liquid–liquid extraction (LLE) procedures were used to
repare rasagiline plasma samples in our study. To obtain opti-
um recovery, four organic extraction solvents were evaluated

ncluding ethyl ether, ethyl acetate, ethyl ether–dichloromethane
3:2, v/v) and n-hexane–dichloromethane–isopropanol (20:10:1,
/v/v). It was found that n-hexane–dichloromethane–isopropanol
20:10:1, v/v/v) could yield the highest recovery (>80%) for rasagi-
ine and IS. The aqueous pH modifiers including 1 M NaOH and pH 7
hosphate buffer were also evaluated. No significant enhancement
n recovery was observed, but the use of pH 7 phosphate buffer
s the pH adjustment reagent could reduce the interferences to a
inimum.

.4. Method validation

.4.1. Selectivity
The LC–MS/MS method has high selectivity because only ions

erived from the analytes of interest are monitored. Fig. 2 shows the

ypical MRM chromatograms of a blank plasma, a spiked plasma
ample with rasagiline (0.020 ng/mL) and IS (10.0 ng/mL), and a
lasma sample from a healthy volunteer 0.5 h after oral admin-

stration of rasagiline mesylate tablets which equivalent to 5 mg
asagiline. In virtual of the figure, there were no significant endoge-

3
q

T
r

lasma by selective reaction monitoring scan mode. (A) Blank plasma sample; (B)
lasma sample spiked with rasagiline at 0.020 ng/mL and pseudoephedrine (IS) at
0.0 ng/mL; (C) a volunteer plasma sample obtained at 0.5 h after an oral dose of
mg rasagiline. Peaks I and II refer to rasagiline and pseudoephedrine, respectively.

ous interferences observed at the retention times of the analyte
nd IS. Typical retention times for rasagiline and pseudoephedrine
ere 3.0 and 2.6 min, respectively. The corresponding capacity fac-

ors were 1.00 and 0.730, respectively.

.4.2. Matrix effect
The absolute matrix effects for rasagiline at concentrations of

.050 and 45.0 ng/mL were 101% and 97.0%, respectively. The rela-
ive matrix effect were 10.7% and 8.0%, respectively. The absolute
nd relative matrix effects for IS (10.0 ng/mL in plasma) were 97.9%
nd 3.9%, respectively. These results showed that ion suppression
r enhancement from plasma matrix was negligible in the present
ondition.
.4.3. Linearity of calibration curve and lower limit of
uantification

A calibration curve was established on each validation day.
he calibration curve was linear over the rasagiline concentration
anges of 0.020–50.0 ng/mL in human plasma with coefficient of
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Table 1
Precision and accuracy of the LC–MS/MS method to determine rasagiline in human
plasma (in three consecutive days, six replicates for each day)

Concentration (ng/mL) R.S.D. (%) RE (%)

Added Found Intra-run Inter-run
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Fig. 3. Mean plasma concentration–time curve of rasagiline after single oral doses
of 1, 2 and 5 mg to 12 healthy volunteers, respectively (mean ± S.D.).

Table 3
The main pharmacokinetic parameters for rasagiline after single oral doses of 1, 2
and 5 mg to healthy volunteers, respectively (mean ± S.D., n = 12)

Parameters 1 mg 2 mg 5 mg

Cmax (ng/mL) 3.04 ± 1.43 8.20 ± 2.93 22.2 ± 16.6
Tmax (h) 0.596 ± 0.364 0.478 ± 0.193 0.562 ± 0.368
AUC0–24 (ng h/mL) 2.43 ± 0.782 6.11 ± 1.16 20.7 ± 14.3
A
t
C

A
w
w

3
h

c
h
m
a
w
s

0.0500 0.0530 ± 0.0034 5.8 9.0 6.4
2.00 2.03 ± 0.13 5.9 9.7 1.7
5.0 45.0 ± 3.52 7.2 11.2 0.1

orrelation (r) >0.99. The mean (±S.D.) regression equation from
eplicate calibration curves from three different days was:

= (0.0744 ± 0.000839)x + (0.000577 ± 0.000170) r = 0.9960

here y represents the peak-area ratio of analyte to IS and x repre-
ents the plasma concentration of rasagiline.

The lower limit of quantification of rasagiline was 0.250 ng/mL
n human plasma with gas chromatography–mass spectrometry
nalysis, using the method described in literature [7]. In order to
ncrease the sensitivity of rasagiline determination, we performed
C–MS/MS analysis to obtain higher sensitivity with simple tech-
ique. The LLOQ of rasagiline was improved to 0.020 ng/mL in
uman plasma. The intra- and inter-assay precisions were 11.9%
nd 9.3%, respectively, with relative error −0.5%. Under the present
LOQ, the rasagiline concentration could be determined in plasma
amples up to 4.0 h after oral administration of rasagiline mesylate
ablets which equivalent to 1 mg rasagiline base.

.4.4. Precision and accuracy
The method showed good precision and accuracy. Table 1 sum-

arizes the intra- and inter-assay precision and accuracy for
asagiline from QC samples. The intra- and inter-assay precisions
ere measured to be below 7.3% and 11.2%, respectively, with rela-

ive errors from 0.1% to 6.4%. The above results demonstrated that
he values were within the acceptable range and the method was
ccurate and precise.

.4.5. Extraction recovery
Mean extraction recoveries of rasagiline at 0.050, 2.00 and

5.0 ng/mL were 95.6 ± 7.0%, 97.9 ± 2.9% and 95.3 ± 8.3%, respec-
ively (n = 6). Mean extraction recovery of the internal standard
10.0 ng/mL in plasma) was 91.3 ± 4.1% (n = 6).

.4.6. Stability
The stability tests of the analytes were designed to cover antic-

pated conditions of handling of the clinical samples. The results

f stability experiments (Table 2) showed that rasagiline was sta-
le during sample storage (in plasma at 25 ◦C for 2 h, in plasma
t −20 ◦C for 9 days), the processing (three freeze–thaw cycles)
nd post-treatment (in the reconstituted extract at 25 ◦C for 24 h).

able 2
ummary of stability of rasagiline under various storage conditions (n = 3)

torage conditions Concentrations (ng/mL) R.S.D. (%) RE (%)

Added Found

hree freeze/thaw cycles 0.0512 0.0532 ± 0.0025 4.7 3.9
44.7 43.9 ± 1.2 2.8 −1.8

reezing for 9 days (−20 ◦C) 0.0512 0.0459 ± 0.0015 2.8 −10.4
44.7 39.2 ± 1.6 4.2 −12.3

utosampler for 24 h (25 ◦C) 0.0512 0.0504 ± 0.0030 5.7 −1.6
44.7 42.7 ± 5.9 12.4 −4.5

hort-term (2 h at 25 ◦C) 0.0512 0.0510 ± 0.0056 10.4 −0.4
44.7 39.9 ± 1.2 3.0 −10.7

p
M
a

[
a
i
w
r
(
t
n

4

v
m
o

UC0–∞ (ng h/mL) 2.48 ± 0.801 6.17 ± 1.16 20.9 ± 14.4
1/2 (h) 0.759 ± 0.323 1.18 ± 0.743 2.87 ± 1.94
L/F (L/h) 440 ± 133 337 ± 81.2 437 ± 434

ll RE values between post-storage and initial QC samples were
ithin ±15%. In addition, stock solution of rasagiline in methanol
as shown to be stable for 9 days at 4 ◦C (RE from −3.7 to 4.2%).

.5. Application of the method to pharmacokinetic study in
ealthy volunteers

The LC–MS/MS method described above had been applied suc-
essfully to the pharmacokinetic study of rasagiline in Chinese
ealthy subjects. Using this analytical method, we were able to
easure the concentration of rasagiline up to 4 h for all subjects

fter a single oral administration of rasagiline mesylate tablets
hich equivalent to 1 mg rasagiline base, up to 6 h for 20% of the

ubjects and up to 8 h for 10% of the subjects. Fig. 3 shows the
rofile of the mean rasagiline plasma concentration versus time.
eanwhile, the main pharmacokinetic parameters for rasagiline

re presented in Table 3.
Rasagiline is mainly metabolized via hepatic CYP1A2 enzyme

16]. The report has demonstrated that the interindividual vari-
tion in CYP1A2 activity is extensive [17]. In our study, a large
nterindividual variability in rasagiline concentration–time profiles
as observed with the Cmax ranging from 1.21 to 5.44 ng/mL (1 mg

asagiline), 2.65 to 14.1 ng/mL (2 mg rasagiline), 1.49 to 50.0 ng/mL
5 mg rasagiline). Therefore a wide linear concentration range of
he calibration curve (0.020–50.0 ng/mL) is necessary for determi-
ation of rasagiline in human plasma.

. Conclusion
An LC–MS/MS method with high selectivity was developed and
alidated for the determination of rasagiline in human plasma. This
ethod was sensitive enough to monitor the low-dosage PK studies

f rasagiline in human plasma. The drug remains detectable in the
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lasma up to 4 h (1 mg), 6 h (2 mg) and 12 h (5 mg). The profiling
uration was almost twice longer than those reported. This method
ffered advantages of wide linear concentration range, short run
ime and simple sample preparation. It was successfully applied to
haracterize the pharmacokinetics of rasagiline in Chinese healthy
olunteers.
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