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a b s t r a c t

A sensitive liquid chromatography–mass spectrometry (LC–MS) method has been developed for stereos-
elective determination of reboxetine in rat plasma and brain homogenate (LLOQ, 50 pg/ml). The method
optimised ionisation efficiency with an electro-ionspray source, by adjusting the composite flow condi-
tions (rate, pH, organic content) from column eluent and post-column organic modifier. LC conditions
utilized a chiral AGP column (5 �m) with 12.5 mM ammonium carbonate buffer adjusted with formic
eywords:
,S-reboxetine
,R-reboxetine
nantiomers
acemate
lectrospray ionisation

acid (pH 6.7) and included a wash step (0.05% acetic acid in water) to maintain assay robustness and
chromatographic performance. The total method cycle time was 23 min. Imprecision (R.S.D.) was below
10% and inaccuracy (% error) below 7% for both enantiomers in plasma and brain homogenate, over a
2000-fold dynamic range (0.05–100 ng/ml). An automated liquid–liquid extraction technique was used
(borate buffer, pH 10/tert-butyl methyl ether) and the matrix type used produced no difference in the
assay performance. The method was successfully applied to determine the pharmacokinetic profiles of
S,S- and R,R-reboxetine in rats, following subcutaneous administration of racemate drug.
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. Introduction

Reboxetine is a selective noradrenaline reuptake inhibitor (SNRI)
hat was introduced as a clinical antidepressant in 1999 [1]. In
ecent years it has been used as a pharmacological tool in both
xperimental neuropharmacology studies [2,3] and in vitro recep-
or binding investigations [4,5]. Its structure contains two chiral
entres (Fig. 1) with four possible stereoisomers but as a conse-
uence of the manufacturing process employed, racemate drug
omprises only two enantiomers, S,S- and R,R-reboxetine [6].
he marketed compound is administered therapeutically in this
acemic form; although original in vitro work established the pri-
ary SNRI pharmacology of S,S-reboxetine at rat hypothalamic

ynaptosomes, is considerably more potent than its antipode [7].
ore recent clinical developments with the drug have sought to

xplore the benefits of using the single S,S-enantiomer in lower
ack and neuropathic pain syndromes [8,9]. In addition, the phar-
acokinetic characterisation of orally dosed racemate in humans
hows plasma concentrations of R,R-reboxetine can exceed those
f S,S-reboxetine by up to a factor of 2 but the latter is thought
o be responsible for much of the effect [10,11]. Therefore, histori-
ally it has been necessary to monitor the kinetics and dynamics of

∗ Corresponding author. Tel.: +44 1304 643496.
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ndividual enantiomers to understand the concentration effect rela-
ionships more clearly. Equally, with future clinical applications of
ingle enantiomer drug it can be considered important to contrast
esults against previous racemate data and establish clear evidence
f the benefits.

Reboxetine has been used as a marker to study receptor occu-
ancy levels in specific brain regions of the central nervous system
ue to its selective binding to the noradrenaline receptor fam-

ly over related neurotransmitter receptors such as serotonin [4].
urthermore, its high binding affinity can be utilized ex vivo
s a competitor ligand, to measure the central nervous system
CNS) binding of novel agents administered in vivo [12]. At Pfizer
esearch and Development laboratories, the need arose to adminis-
er reboxetine racemate to rats and measure the plasma and brain
oncentrations of individual enantiomers to a sensitive level for
harmacokinetic characterisation over an extended period. This
aper describes the analytical methodology that was put in place
o assist in this research.

Several analytical methods to separate reboxetine enan-
iomers and quantify drug levels have previously been published
6,10,13–16], using chiral derivatisation, cellulose- and amylose-

ased stationary phases and most recently chiral �1 acid
lycoprotein [AGP]-based stationary phases which exploit the high
inding affinity of reboxetine to this plasma component [17]. The
lder chiral separation techniques utilized non-volatile mobile
hase buffers incompatible with the mass spectrometric detection

http://www.sciencedirect.com/science/journal/07317085
http://www.elsevier.com/locate/jpba
mailto:paul.turnpenny@pfizer.com
dx.doi.org/10.1016/j.jpba.2008.10.033
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ig. 1. The structure of reboxetine (*chiral centre) and internal standard S,S-
ethoxy-reboxetine.

hich is the predominant technique employed for pharmaceutical
ioanalysis today. One method used mass spectrometry to quantify
oth reboxetine enantiomers [15]; however the limit of detection
chieved was approximately 20 ng/ml, insufficient for our investi-
ation. The intention therefore in developing an alternate method
as to utilize and optimise mass spectrometric detection operated
ith an electrospray ionisation (ESI) source, anticipated to offer the

est chance of improving sensitivity [18].

. Experimental

.1. Chemicals and reagents

Racemic reboxetine (RBX) and pure enantiomer S,S-RBX
ethanesulphonate salts (m.w. 409.5) and internal standard (ISTD)

,S-methoxy-RBX hydrochloride salt (m.w. 335.8) were supplied
y Pfizer Global R&D, Sandwich laboratories, Kent, UK (analytical
rade). All concentrations expressed are given as free base equiva-
ents. Analytical reagents were HPLC grade or better (Sigma–Aldrich
td, Dorset, UK) and water was obtained from a Milli-Q station.
hese were used without further purification. Control plasma was
btained from Charles River, UK and control brain tissue in-house.

.2. Instrumentation

The HPLC system used was an ARIA TX2 platform (Thermofisher,
emel Hempstead, UK) comprised of a Hewlett Packard 1100 series
inary pump that enabled isocratic flow of mobile phase or column
ashing media and a further 1100 series quaternary pump (oper-

ted using a single channel and connected through a T-piece) that

nabled a secondary flow of organic solvent to join, prior to enter-
ng the mass spectrometer. A post-column flow splitting setup and
ypass switching valve were also positioned prior to the secondary
ow which enabled the total volume and composition of eluant
ntering the mass spectrometer (MS) to be controlled (Fig. 2). An

fl
w
1
e
f

Fig. 2. Schematic of
and Biomedical Analysis 49 (2009) 133–139

PI 4000TM Triple Quadrupole MS (Applied Biosystems/MDS Sciex,
anada) was utilized to monitor the analytes.

.3. Stock solutions, standards and quality controls

Stock solutions of S,S-RBX, racemic-RBX and ISTD were prepared
n DMSO at 1 mg/ml and stored in the fridge at 4 ◦C and thawed
efore use. Two separate racemate stock solutions were prepared;
ne for the preparation of calibration curve standards and the sec-
nd for the preparation of quality control (QC) samples. Working
olutions containing RBX racemate at 2, 0.2, 0.02 and 0.002 �g/ml
n methanol–water (50:50, v/v) were obtained by serial dilution.
,S-RBX was used to confirm column retention times and equimo-
ar concentrations of both S,S & R,R enantiomers were present in
he racemate solution for quantitative purposes.

.4. Sample extraction procedure and chromatographic
onditions

Sample clean-up was achieved using an automated liquid–liquid
xtraction technique (Hamilton Microlab Star, Bonaduz, Switzer-
and). 100 �l sample matrix and 10 �l of 0.5 �g/ml ISTD solution

ere mixed with 300 �l borate buffer (pH 10; 1 M) and extracted
nto 1 ml tert-butyl methyl ether solvent. The mixture was cen-
rifuged at 4 ◦C (3000 × g) for 10 min and 0.85 ml of the supernatant
as removed. This process was repeated a second time to maximise

xtraction recovery and the extract was evaporated dryness under
stream of nitrogen at 40 ◦C. Plasma samples were defrosted and

xtracted the same day prior to analysis. Brain homogenate sam-
les were provided diluted (1:14, brain:water, w/v), defrosted and
ortexed before use. Blank control matrix was prepared with a Poly-
ron PT3000 homogenisation machine (Kinematica, Newark, US)
nd treated in the same manner as the samples. Extracted sample
esidues were reconstituted in 125 �l of mobile phase A and 70 �l
as injected onto the system.

Chromatographic separation was achieved using a Chrom Tech
hiral-AGP column (150 mm × 4.0 mm, 5 �m; Cheshire, UK) with
n inline frit (2 �m) thermostated to a generic analytical temper-
ture of 38 ◦C with a Hotsleeve column heater. Mobile phase A
as a mixture of water and acetonitrile (85:15, v/v) buffered with

2.5 mM ammonium carbonate and adjusted to pH 6.7 with formic
cid solution. It was pumped isocratically at 1.2 ml/min for 15 min.
obile phase B was 0.05% acetic acid (pH 4.0) and utilized to wash

he column for 6 min after each separation; a further 2 min re-
quilibration of mobile phase A was then applied. The post-column

ow of organic modifier was acetonitrile–isopropanol (50:50, v/v)
ith 0.15% formic acid (pH 3.8) pumped at 0.4 ml/min during the

5 min MS acquisition period. All flow during the washing and re-
quilibration steps was directed to waste and the total cycle time
or each sample was 23 min.

the LC-setup.
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.5. Mass spectrometry: optimised conditions

The API4000TM MS was operated in positive ion mode with
TurboIonspray interface (ESI) heated to 700 ◦C and performed

sing multiple reaction monitoring (MRM scan, dwell time 600 ms)
perated with unit Q1 resolution and low Q3 resolution. Detec-
ion conditions applied for the RBX ions (m/z 314 > 175.8) and
,S-methoxy-RBX ions (m/z 300 > 175.8) were a collision energy
7 eV, ionspray voltage 4500 kV, declustering potential 61 V with
itrogen as the collision gas and curtain gas (set at 6 and 20 units,
espectively).

The final composite flow rate entering the ion source was
.3 ml/min, consisting of 0.9 ml/min column eluate (split 3:1) and
.4 ml organic modifier (see above). MS parameters were opti-
ised by altering the post-column flow conditions (organic flow

ate, composition and pH) with 10 ng/ml RBX solution infused at
5 �l/min, through a T-piece (Fig. 2).

.6. Data analysis, assay characterisation and stability

Data was collected and integrated using Analyst v1.4.1 software
Applied Biosystems/MDS Sciex, Canada) and stored in Watson
.2 database (Thermofisher, Hemel Hempstead, UK). Eleven cali-
ration standards were prepared at 0.05, 0.1, 0.2, 0.5, 1, 2, 5, 10,
0, 50 and 100 ng/ml and the calibration curve plotted the peak

rea ratio (drug/ISTD) versus the concentration in ng/ml, using a
east squares linear regression model, weighted 1/y2. Imprecision
nd inaccuracy were assessed by performing replicate analysis of
C’s at four levels (LLOQ, 0.5, 5 and 50 ng/ml, n = 6). The proce-
ure was repeated on three different days for the plasma matrix

m
(
c
s
p

ig. 3. MRM scans for RBX enantiomers (m/z 314 > 175.8) and ISTD S,S-methoxy-reboxeti
at plasma 50 ng/ml sample injection no. 12, (b) rat plasma 50 ng/ml sample injection no
gent, (d) rat plasma 0.05 ng/ml LLOQ and (e) ISTD 50 ng/ml. For chromatographic conditi
and Biomedical Analysis 49 (2009) 133–139 135

n = 3) to determine inter-day accuracy and precision values and
he same method was applied to assay brain homogenate in a sin-
le batch (n = 1). Reported parameters used the back calculated
oncentrations of standards and QCs against the nominal spiked
oncentration.

The stability of both RBX enantiomers in rat plasma and brain
omogenate was evaluated by comparing low and high QC concen-
rations (0.25 and 200 ng/ml, n = 3) prepared on the day of analysis
ersus samples stored at −20 ◦C for 24 h, and long-term storage of 3
onths undergoing three freeze/thaw cycles (n = 3). The conditions

dequately covered the storage conditions of the study samples
nalysed. Equivalent stability checks were also prepared for single
nantiomer S,S-RBX (10 ng/ml, n = 3, measuring also the R,R-form)
o assess whether enantiomeric conversion occurred with either
he racemate drug dosed to animals, during storage or in prepara-
ion of the assay standards.

. Results and discussion

.1. Chromatographic performance

The principal aims during the method development were to
chieve a rapid enantiomeric separation, commensurate with a
everse phase HPLC setup (resolution factor ≥1.3 within 15 min)
nd maintain peak shape over multiple injections. Initial assess-

ent of chirobiotic- (teicoplanin and vancomycin) and cellulose

Diacel OJ)-based stationary phases showed poor selectivity for
hiral recognition of RBX enantiomers. Öhman et al. [15] demon-
trated a reverse phase method using the chiral-AGP stationary
hase (dynamic range 20–200 ng/ml), however some limitations

ne (m/z 300 > 175.8) eluted in the order ISTD, S,S-RBX, R,R-RBX; obtained from (a)
. 40, (c) 50 ng/ml equivalent injection performed without post-column modifying
ons see text.
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Fig. 4. Representative chromatogram

f this assay were a gradual lowering of peak intensity and robust-
ess over the course of a batch of 20–40 samples and no internal
tandard was present to monitor systematic variability within the
ssay. Following the evaluation of different mobile phase buffers
e determined ammonium carbonate (buffering range pH 6–9)
roduced the smoothest peak shape and largest MS response for
oth enantiomers and internal standard, which were eluted in the
rder S,S-methoxy-RBX (RT 4.2–4.7 min), S,S-RBX (RT 6.5–7.5 min)
nd R,R-RBX (RT 9.5–11 min). A small increase in mobile phase pH
for example pH 6.6–6.8) significantly increased the column reten-
ion and separation power (resolution �2.0), but band broadening
ecame the limiting factor as it produced a smaller signal to noise
atio. Therefore, the optimal mobile phase pH occurred at pH 6.7
here both peak resolution and sharpness were suitable for a sen-

itive assay. This is shown in Fig. 3(a) and (b) where through the
ourse of an analytical batch, the slight variations in pH contributed
o changes in signal to noise (12% decrease in response versus an
ncrease in resolution from 1.5 to 1.8). Due to the sensitivity of chro-

atography pH, it was necessary to adjust the mobile phase pH
n the day of use. However, the overall relative standard devia-
ion (R.S.D.) of retention times for both enantiomers in any single
nalytical run performed never exceeded 5%.

The isocratic mobile phase chosen for the chiral separation of
eboxetine was not sufficient to elute all other matrix components
ecovered in the sample extraction procedure, apparent through
he gradual loss of chromatographic performance (peak shape,
etention time) after approximately 15–20 injections [15]. There-
ore, an extra column washing step was incorporated in the HPLC
ethod using 0.05% acetic acid in water over 6 min to remove resid-
al matrix material and this enabled >80 sequential injections to be
erformed in a single batch without any alteration in chromatog-
aphy. Several analytical runs were performed altogether using the
ame column, totalling >250 injections. Acetic acid has been used

m
8
c
o
−

nk rat plasma and brain homogenate.

s an additive in chiral-AGP HPLC separations previously [19,20]
ut in this assay incorporating acetic acid to adjust eluting mobile
hase pH (pH 6.7) was not as effective as using a separate aque-
us wash (pH 4) to desorb matrix components from the �1-acid
lycoprotein stationary phase.

.2. Assay selectivity, extraction recovery and sample stability

The analysis of blank matrices from plasma and brain
omogenate showed no evidence of interfering endogenous com-
onents at the retention times of the two enantiomers (Fig. 4) and

STD (not shown). Both extraction recovery and matrix suppres-
ion of the MS response were assessed by comparing neat injected
rug solution to three batches of plasma and one batch of brain
omogenate, spiked pre- and post the sample extraction procedure
n = 3 injections, 0.5 and 50 ng/ml). Mean recovery of RBX ranged
rom 82 ± 6 to 92 ± 5% in plasma and 98 ± 5% in brain homogenate.
lank extract (both plasma and brain homogenate) spiked with an
quivalent drug concentration provided a signal response 87–107%
f the maximum response possible with neat injection of RBX in
obile phase alone (R.S.D. of 7%), indicating matrix effects (signal

uppression) was minimal. Similarly, the recovery of ISTD (S,S-
ethoxy-RBX) was 85% and matrix suppression was equivalent
ith a mean reponse 96 ± 13% of the maximum.

Following stability measurements for samples stored at −20 ◦C
or 24 h and for 3 months undergoing three freeze/thaw cycles,
t was determined no statistical decrease in nominal concentra-
ion appeared by comparison with the reference values, for either
atrix used. Mean recoveries for both S,S- and R,R-RBX ranged from
5 to 106% and were within the variability of the assay. The results
orroborate previous stability investigation during chiral analysis
f RBX [10] where spiked serum samples stored in plastic tubes at
20 ◦C were found stable for 5 months.
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A second stability feature that needed addressing when using
acemic RBX to dose the animals and also prepare the assay stan-
ards, was ensuring no enantiomeric conversion occurred between
,S- and R,R-RBX forms, either in solution or during the sample
xtraction process. Unfortunately our laboratories were unable to
ource any R,R-RBX; however, equivalent storage conditions as
escribed above with the stability samples were applied to sin-
le enantiomer S,S-RBX diluted in solution and spiked into plasma
nd brain homogenate (10 ng/ml, n = 3). No enantiomeric conver-
ion was detected after both short-term (24 h) and long-term (3
onth) storage. Moreover, the ratio of S,S- to R,R-RBX concentra-

ions measured in the stability samples spiked with racemate, did
ot alter significantly from a value of 1.

.3. Optimising MS response

Through the course of the method development process, it
ecame apparent a suitable mobile phase for the �1-acid-AGP col-
mn would contain a low percentage of organic solvent and have
neutral pH (∼7), not optimally suited to electrospray ionisation
ith positive MS polarity. Water has a high solvation energy making

t more difficult to desolvate than organic solvents like acetonitrile
21]. Therefore, optimisation of the MS response was achieved by
ost-column addition of organic modifier to mobile phase entering
he ion source, and the effects were measured during the tuning
rocess by altering the organic flow and simultaneously infusing
BX at a low flow of 15 �l/min (Figs. 2 and 5).

Sensitivity increased 2-fold when increasing volumes of organic
olvent were added, peaking at a flow rate of 0.4 ml/min before
ropping off at higher flows. The momentary drops in response
ccurred when the pump flow rate was adjusted. Similar mobile
hase composition experiments with morphine [22], which is a
olar neutral analyte, have shown a higher organic content during
SI does increase sensitivity and this is related to the increased
olatility of the mobile phase [21]. RBX in contrast, is a rela-
ively lipophilic and basic analyte (log D pH7.4 of 1.7 and pKa of
he morpholine moiety 8.3) so the addition of acid would also be
xpected to increase the tendency for ionisation in positive ion
ode with more available protons. The actual improvement mea-
ured was a mean response increase of 47% when 0.1% formic acid
as included (Fig. 5); however, subsequent increases in acid con-

ent did not significantly increase the response further. The final
omposite flow conditions used were 0.9 ml/min eluting mobile
hase plus 0.4 ml/min organic modifier containing 0.15% formic

t
t
t
w
a

Fig. 5. Change in MS response when organic composition of m
and Biomedical Analysis 49 (2009) 133–139 137

cid and resulted in an adjustment of the organic content from 15
o 41% and change in pH from 6.7 to 4.7. The change improved sen-
itivity approximately 4–5-fold from the basal level of organic flow
pplied (0.1 ml/min) but most importantly, at least some organic
odifier was necessary to maintain a consistent response in the
S because the complete absence of organic modifier running at

igh aqueous flow into the ion source (≥0.9 ml/min) produced an
xtremely varied analyte response and made peak integration diffi-
ult. This is shown in Fig. 3(c) compared with optimised conditions
or (a), (b) and (d). Sciex API4000 turbo-V ionisation sources are
ormally capable of vaporising flows of 1–2 ml/min provided suf-
cient organic content is present. In this experiment, including the
odifier meant only a small portion of column flow (25%) needed

o be directed to waste and thus MS detection could be maximised.
irecting all column flow (1.2 ml/min) to the MS generated peaks

imilar to that shown in Fig. 3(c), which needed to be offset with a
uch larger volume of organic modifier, undesirable for ensuring

omplete vaporisation or cleanliness and maintenance of the MS.

.4. Accuracy, precision and lower limit of quantitation (LLOQ)

The assay was linear over a 2000-fold dynamic range
0.05–100 ng/ml) in both plasma and brain homogenate and the
uantitation accuracy and precision for both enantiomers was
hown to be equivalent. Mean calibration line parameters found
ere as follows: Y = 0.0202X + 0.000105 (r2 = >0.993), where Y

quals the internal ratio (analyte/ISTD) of the peak area response
nd X equals the concentration spiked. Overall, the imprecision and
naccuracy for the assays performed were within ±15% for both
ntra- and inter-day analysis, shown by the QC results in Table 1,
omparable with previously reported methods [6,10,15]. The data
as therefore acceptable for discovery bioanalysis conducted in
on-GLP regulated conditions and offered a sensitivity improve-
ent ≥20-fold. Inter-day inaccuracy (% error) for each of the four
C levels ranged from 1 to 6% and additionally inter-day inaccuracy

% error) for each of the 11 calibration standards ranged from 0.4 to
0% (not shown).

The matrices used in the method (rat plasma or brain) did not
ffect the assay performance. The LLOQ of the assay was chosen by

he peak to noise ratio present in the low calibration range (greater
han three times background noise, Fig. 3d). In all chromatograms
he R,R-RBX peak was marginally smaller than S,S-enantiomer but
ere clearly definable against the background noise and enabled

ccurate quantitation. No measurable peaks were identified in

obile phase is increased (10 ng/ml reboxetine infusion).



138 P. Turnpenny, D. Fraier / Journal of Pharmaceutical and Biomedical Analysis 49 (2009) 133–139

Table 1
Imprecision and inaccuracy data in rat plasma and brain homogenate for S,S- and R,R-reboxetine.

Batch number Spiked
concentration
(ng/ml)

Measured concentration Measured concentration

S,S-reboxetine (n = 6) Imprecision
(% R.S.D.)

Inaccuracy
(% error)

R,R-reboxetine (n = 6) Imprecision
(% R.S.D.)

Inaccuracy
(% error)Mean (ng/ml) (±S.D.) Mean (ng/ml) (±S.D.)

1 (plasma) 0.05 0.0470 0.00171 3.6 −6.4 0.0496 0.00361 7.3 −0.8
0.5 0.472 0.0264 5.6 −5.9 0.466 0.0375 8.0 −7.3
5 4.90 0.243 5.0 −2.0 4.98 0.339 6.8 −0.4

50 47.9 1.380 2.9 −4.4 47.4 1.66 3.5 −5.5

2 (plasma) 0.05 0.0457 0.00370 8.1 −9.4 0.0488 0.00538 11.0 −2.5
0.5 0.475 0.0426 9.0 −5.3 0.450 0.0398 8.8 −11.1
5 5.02 0.342 6.8 0.4 4.76 0.363 7.6 −5.0

50 46.8 1.89 4.0 −6.8 45 3.82 8.5 −11.1

3 (plasma) 0.05 0.0559 0.00235 4.2 10.6 0.054 0.00725 13.4 7.4
0.5 0.510 0.0301 5.9 2.0 0.509 0.0360 7.1 1.8
5 4.92 0.109 2.2 −1.6 4.88 0.221 4.5 −2.5

50 48.3 1.62 3.4 −3.5 50.4 1.86 3.7 0.8

4 (brain) 0.05 0.0547 0.00202 3.7 8.6 0.0521 0.00382 7.3 4.0
0.5 0.499 0.0161 3.2 −0.2 0.497 0.0114 2.3 −0.6
5 4.76 0.129 2.7 −5.0 4.71 0.128 2.7 −6.2

50 46.6 0.599 1.3 −7.3 45.7 1.38 3.0 −9.4

Overall 0.05 0.0508 0.00245 4.9 0.8 0.0511 0.00502 9.8 2.2
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0.5 0.489 0.0288 5.9
5 4.90 0.206 4.2

50 47.4 1.37 2.9

lank samples following injection of the top calibration standard
nd therefore carryover did not compromise the LLOQ or dynamic
ange of the assay.

.5. Pharmacokinetic samples in the rat

The pharmacokinetic analyses in rat were performed to support
x vivo receptor occupancy investigations (the concentration–time
ffect relationship) of RBX dosed as a racemate to individual ani-
als. Semi-logarithmic plots of the mean (±S.D.) RBX plasma and

rain homogenate concentration–time profiles are illustrated in
ig. 6, showing separate enantiomer profiles.

The concentration results demonstrate a small change in the
,S/R,R-enantiomeric ratio occurred in rat plasma and no change
ithin brain tissue following subcutaneous (SC) administration up

o 16 h post-dose (approximate ratios, 0.8 [plasma], 1.0 [brain]).
lso observable was the measured whole brain concentrations
ng/g, adjusted for the dilution factor in homogenisation) were on
verage 3–4-fold higher than plasma samples. This possibly occurs
s a consequence of more extensive distribution and protein bind-
ng of RBX in this compartment. The findings are markedly different

ig. 6. Mean (±S.D.) plasma and brain homogenate concentrations vs. time for S,S-
BX (- - -) and R,R-RBX (—) following subcutaneous administration of racemate drug
10 mg/kg) in rat (n = 4 per time point).
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o the stereoselective pharmacokinetics demonstrated previously
n rat and humans following oral administration of racemate [7,15]

here enantiomeric ratios were in the range of 0.2–0.8 (higher R,R-
BX concentrations) and S,S-RBX was reported to exhibit the most
otent pharmacological activity. However the findings described
ere are supported by similar in vivo investigations where RBX
nantiomers and racemate were administered subcutaneously,
tating no difference in biological effect could be seen [2]. One
ossible explanation for this disparity is the significant influence
f enantiospecific absorption and first pass metabolism charac-
eristics following oral reboxetine administration, versus the more
imple distribution and elimination characteristics associated with
irect subcutaneous dosing. The results in Fig. 6 show the rapid
limination of RBX from rat plasma and brain compartments con-
ur with its high in vivo clearance [1]. The sensitivity of the assay
nabled brain concentrations (the particular compartment of inter-
st in this study) to be monitored out to 16 h despite the significant
ilutions samples were subject to and showed the relative levels of
,S- and R,R-RBX did not change during this period.

. Conclusion

Mass spectrometry can offer a significant advantage in both
nalyte detection sensitivity and specificity over other detector sys-
ems and nowadays is being used increasingly in the drug discovery
nvironment to monitor stereospecific drug kinetics. In the present
tudy, a highly sensitive quantitative method for the analysis of
BX enantiomers in rat plasma and brain homogenate is described,
hat used a rapid chiral reverse phase separation, optimised for
SI-MS with post-column addition of organic modifier to enhance
onisation efficiency. The method shows significantly improved
ensitivity and quantitation limits (LLOQ 0.05 ng/ml) over previ-
usly described methods and good analytical robustness. A suitable

ethod characterisation was performed for pharmaceutical anal-

sis and enabled the extended quantitation of pharmacokinetic
lasma and brain samples in rat following SC dose administration.
he sample clean-up steps were automated and the cycle time for
nalysis relatively short; therefore the method could be applied in
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inetics is required.
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