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Abstract

A method is described for on-line high-speed extraction of microsomal samples and analysis by capillary liquid chromatography—mass spec-
trometry (LC—MS) for the determination of metabolic stability in connection with the development of positron emission tomography (PET)
tracers. The method allowed direct injections of large sample volumes at a fast extraction rate, providing a gain in both sensitivity and sample
preparation time. The calibration curve of the test compound flumazenil (Ro 15-1788) was linear in the concentration range of 1-150 nM,
with a correlation coefficient exceeding 0.999. The accuracy of the method ranged from 98 to 101%. A high precision was obtained, with mean
intra-assay and inter-assay relative standard deviations of atmost 1.4 and 1.5%, respectively, for quality control (QC) samples. The extraction ef
ficiency was determined to be 99.4%, the total recovery 96% and the carryeu@128%. Extractions were performed in a concentration inter-
val of 30—3000 nM without any sign of column overload. The method was successfully used for determining the microsomal metabolic stability
of flumazenil. As a result, the described analysis system is currently used for metabolic screening of PET tracer candidates in our laboratory.
© 2004 Elsevier B.V. All rights reserved.

Keywords:High-flow-rate extraction; Metabolic stability; Positron emission tomography

1. Introduction monoxide carbonylation reactions, have enabled the rapid
synthesis of a large humber of labelled compoufi6].
Positron emission tomography (PET) is a valuable tool These compounds are subsequently biologically screened
in the drug development process. The technology, utilising with respect to body distribution, specific receptor binding
compounds labelled with short-lived radionuclides, mainly and metabolism. Since an extensive metabolism may inter-
11 and®8F, is sensitive and can be used to obtain reliable fere with PET quantification, it is essential to obtain accu-
data of high precision for non-invasive in vitro and in vivo rate metabolic information early in the development process.
studies. PET is therefore increasingly utilised in clinical di- Such information can be acquired with relatively simple in
agnosis and as a means to study drug interactions and revitro approaches, using for instance liver microsome proto-
ceptor functiond1-3]. In connection with the use of PET cols[7].
in drug development, the PET microdosing concept has led The metabolic stability of the radiolabelled tracer can
to focus on an earlier and faster use of new tradéfs be analysed using high performance liquid chromatography
Consequently, we are at present developing faster methodgfHPLC) and sensitive on-line or off-ling-ray detection
for the development of new tracers. Recent significant im- [8]. Due to the short half-life of PET tracers (e.y.C
provements in synthetic chemistry, especiayJcarbon t1/2 = 20.4 min) the sensitivity is however rapidly decreas-
ing with time. Data obtained from late time points in the
mspondmg author. Tel:46-18-471-36-91: metabolic stability assay may therefore be of poor precision
fax: 1+46-18-471-36-92. and accuracy. A different strategy that has been employed
E-mail addresskarin.markides@kemi.uu.se (K. Markides). in our laboratory is to analyse the tracer using liquid
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chromatography—mass spectrometry (LC-N8)In a PET 2. Experimental
tracer synthesis, only a fraction of the precursor is in fact
labelled with the positron emitting radionuclide. This per- 2.1. Materials
mits analysis of the stable isotope compound using LC-MS,
where the sensitivity is, to the most part, constant with time.  Formic acid (p.a.), tris(hydroxymethyl)aminomethane
MS analysis also provides molecular weight information and (TRIS) and sucrose (for biochemistry) were obtained
the possibility to gain structural data from collision induced from Merck (Darmstadt, Germany). Acetonitrile (Chro-
dissociation. A radiolabelled analyte can however be used asmasolv) and potassium dihydrogen phosphate were ob-
an efficient tool in the development and validation of an an- tained from Riedel de Haén (Seelze, Germany). Potassium
alytical method. The extraction efficiency and total recovery chloride and dipotassium hydrogen phosphate (ultrapure
can be determined by simple radioactivity measurementsbioreagent) were purchased from J.T. Baker (Phillips-
of liquids or solids containing the radiolabelled analyte burg, NJ, USA). Ethylenediaminetetraacetic acid dis-
[8,10]. odium salt (EDTA) (purum) was obtained from VWR
In the analysis of biological samples using LC-MS, International. p-Glucose 6-phosphate (G6P), glucose
sample preparation is needed in order to avoid degrada-6-phosphate dehydrogenase (G6PDH) prdcotineamide
tion of the LC column and to minimise matrix effects in adenine dinucleotide phosphate sodium salt (NADP) were
the ionisation procesfl1]. A number of techniques have obtained from Sigma Chemical Co. (St. Louis, MO,
been designed for increased speed of the sample preparadSA). Ethyl-8-fluoro-5,6-dihydro-5-methyl-6-oxo-4H-imi-
tion step. These include off-line approaches such as auto-dazo[1,5-a]-[1,4]benzodiazepine-3-carboxylate (flumazenil,
mated protein precipitatiofi2] and solid-phase extraction, Ro 15-1788)Fig. 1) was obtained from Hoffman-La Roche
and on-line techniques using solid-phase extracfii, (Basle, Switzerland).2H3)flumazenil and }CJflumazenil
restricted-access medja4] and turbulent flow[15-17] or (Fig. 1) were synthesised in-hougd2]. Column packing
large-particle high flow separatiofikl,14,18,19] In turbu- materials Oasis HLB (3@m particle diameter) and SepPak
lent flow chromatography (TFQL5] high linear velocities Cis (55-105um particle diameter) were purchased from
(>5cml/s) are employed together with large-particle sizes Waters Corp. (Milford, MA, USA) and Kromasil £g (5pm
(typically 30-50um) and large throughpore column frits particle diameter, pore size 100 A) from Phenomenex (CA,
(>10pm) that facilitate the non-retaining passage of sam- USA).
ple matrix such as proteins. A high-flow-rate also permits
high-speed analysis, where total run times of less than 2min2 2. Column packing
can be achievedl18,20] The use of large-particle sizes,
however, reduces the chromatographic efficiency. By coup-  All columns were prepared with a slurry packing pro-
ling a large-particle column, operated at a high flow, to an cedure, using a Beckman programmable solvent module
analytical column, under a laminar flow, the separation effi- 126 (Beckman Coulter, CA, USA), packing in fused sil-
ciency can be increasg@d1-24] Such a column-switching  ica (0.5mmi.d., 0.75mmo.d.). A 10% (w/w) slurry was
approach also permits larger injection volumes with subse- prepared by dissolving the packing material (extraction
quent sensitivity gain§25]. Measurements of microsomal  columns: Oasis HLB and SepPakgCanalytical column:
metabolic stability and metabolite identification by LC-MS  Kromasil Gyg) in 2-propanol followed by utrasonificating
have been performed using TFZ5] and automated or man-  for 10 min. The slurry was transferred to a packing reser-
ual protein precipitation, typically with fast LC gradients voir, to which the fused silica was connected, and a flow of
[27-29] 2-propanol was applied for 30 min at 1.5 ml/min, obtaining
The objective of the study was to develop a sensi- a pressure of app. 14 MPa, for Oasis HLB and 2ml/min
tive and accurate method for measuring the microsomal (p ~ 9 MPa), for SepPak . The analytical column was
metabolic Stabl'lty of novel PET Compounds using LC-MS. packed under a constant pressure of 30 MPa for 1h. Ex-
We present a method for on-line high-speed extraction of traction columns were cut into 40 mm lengths, whereas the

liver microsome samples, using a linear flow of approx. analytical column was 100 mm long. The former were fitted
15cm/s, followed by elution onto a capillary analytical

column and detection by MS at a reduced flow (approx.

2mm/s). The method was validated with respect to lin- _ Vi

earity, precision and accuracy using a test compound, Nr y L
flumazenil (Ro 15-1788), which has previously been used ( :g 0-CyHs

in a number of PET studies labelled wiffC [30,31]} (1)R=CHz
Extraction efficiency, total recovery and carryover could F N, (2) R = C?H3
be determined using radiolabelled flumazenil. The utility 0 (3)R="1CHz

of the method was demonstrated by the successful deter'Fig. 1. Structural formulae of analytes. Compound (1) flumazenil (Ro

mination of the microsomal metabolic stability of the test 15 17gg), compound (2) internal standad{)flumazenil, and compound
compound. () [MC]flumazenil.
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with steel screens with a pore size of i@, the latter with Sample load
a 2pm pore size, and steel unions. Autosampler Iml/min Analytical column

. . Pump A
2.3. Microsome preparation o

Extraction |:

© \Six-port valve | MS
o
o

L

Freshly excised livers obtained from male Sprague— column
Dawley rats were rinsed with ice-cold buffer (5mM TRIS, Pump B
1.15% KCI, pH 7.5) in order to remove excess blood and Waste 7 Elution

were thereafter scissor-cut on ice and dissolved in the buffer. 15 pl/min

Homogenisation was carried out with a teflon homogeniser, Fig. 2. schematic representation of the analytical system. Sample loading
during which the sample was constantly kept on ice. The at 1 mi/min with pump A (Beckman 126) and elution of the extraction
homogenate was centrifuged at 9008 for 20 min at 4°C. column at 15u/min with pump B (Shimadzu LC-10ARP).

The supernatant was transferred to new tubes and cen-

trifuged at 105,00 g for 60 min at £C. The resulting su-  with a gradient flow of 1fwl/min generated from a Shi-
pernatant was removed and the pellet dissolved in a 10 mMmadzu LC-10ADLVP pump system (Shimadzu Corp., Tokyo,
EDTA, 1.15% KCI, pH 7.4 buffer. The microsome solution Japan), using solvent B and 5:95 acetonitrilglHn 5 mM
was once again homogenised and centrifuged at 105@00 formic acid (solvent C). The pump was fitted with adl0
for 60 min at £C. The final pellet was dissolved and finally mixer (Analytical Scientific Instruments, CA, USA), us-
homogenised in a 10 mM phosphate buffer, 0.25 M sucrose,ing PEEK tubing (12fwmi.d.) for mixer inlet connections
pH 7.4 and stored at-70°C for later use. The protein and fused silica (4Qmi.d.) for the outlet. An air pressure

content was determined using the BSA metifid@]. actuated six-port valve (VICI Valco Instruments Co. Inc.,
Houston, USA) was used to direct the flowpaths. A CMA
2.4. Incubation procedure Microdialysis autosampler (CMA Microdialysis AB, Stock-

holm, Sweden), operated af@ and with a wash solvent

The incubation mixtures (5Q0)) contained 1 mg/ml consisting of acetonitrile, was used for sample injection.
microsomal protein, 6mM MgG|l 1mM EDTA, a The autosampler was fitted with a 2@Dinjection loop,
NADPH-generating system (5mM G6P, 1mM NADP and onto which 22Qul of sample was loaded. The CMA soft-
0.71U/ml G6PDH). Dilutions were made with 100mM ware was used to control the valve, pumps and MS acqui-
phosphate buffer pH 7.4. Before addition of substrate the sition through a contact closure setup. During the loading
mixtures were preincubated for 10 min at 7. The in- step, the sample was introduced onto the extraction column
cubation was initiated by adding p0 of the substrate, at a high flow, focusing the analyte on the column while
dissolved in an aqueous solution containing 0.13% ethanol, non-retained sample matrix was diverted to waste. After
and 50ul of 10mM NADP to the mixture and placing it  0.75min, the valve was switched and the extraction column
in an incubator at 37C. The final ethanol concentration was backflushed onto the analytical column with a 4.25 min
in the microsome solution was 0.01%. Reactions were ter- linear gradient (15-50% B in C). After 4 min, the valve
minated by placing the incubation tube on ice and adding was switched back to the original position and the extrac-
50l of the internal standard?ds)flumazenil, for a final tion column and sample loop were washed with a step-wise
concentration of 11.5 nM. Samples were subsequently cen-gradient of 0-100% solvent B. Reequilibration of the ex-
trifuged at 143,000« g at 4°C for 4min. Two hundred traction column, was initiated at 10 min after the injection,
and forty microlitres of the supernatant was transferred to with 100% solvent A. At 11 min the autosampler started the
cooled glass HPLC vials (3Q4). In addition, the study  preparation of the next sample, giving a total analysis time of
comprised control samples with thermally degraded and 13 min.
excluded NADPH-generating systems.

2.6. Mass spectrometry
2.5. LC system
A VG Platform (Waters, Milford, MA, USA) single

A schematic overview of the analytical system is pre- quadrupole instrument, operated in a pneumatically assisted
sented inFig. 2 A Beckman programmable solvent module positive electrospray ionisation (ESI) mode, was used. The
126 (Beckman Coulter, CA, USA) was used to load the original electrospray needle was refitted with fused sil-
sample at a flow of 1 ml/min onto the extraction column ica, as described elsewhej@4], in order to reduce band
(40mm x 0.5mm, Oasis HLB) using 5mM formic acid broadening. The result was a reduction of the internal di-
(solvent A). After analyte elution from the extraction col- ameter of the electrospray probe tubing from 100 t@40
umn, the same pump was used for a washing step with The capillary voltage was set to 3.0kV, the high voltage
95:5 acetonitrile/HO in 5 mM formic acid (solvent B). The  lens to 0.5kV and the cone voltage to 30V. Selected ion
analytes trapped on the extraction column were eluted ontorecording (SIR) was used for detection of flumazeniinét
an analytical column (Kromasil g, 100 mm x 0.5mm) 304 and the internal standartHz)flumazenil, atm/z 307.
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Quantification was performed using the peak area ratios of flumazenil microsome samples of 30, 300 and 3000 nM con-

analyte and internal standard. centrations were analysed in duplicates on two occasions.
The carryover was investigated by injecting a blank mi-
2.7. Validation by LC-MS crosome solution subsequent to a 150 MMC]flumazenil

sample. The eluate from the MS probe tip was collected

The linearity of the method was investigated by analysing from 0 to 11 min from both samples. The carryover could
calibration microsome samples of concentrations 1, 5, 10, be determined by measuring the radioactivity of the blank
50, 100 and 150 nM flumazenil, with an internal standard sample and dividing the amount with the radioactivity of the
concentration of 11.5nM, in duplicates. A calibration curve 150nM sample. A number of four samples were analysed.
was constructed using a weighted regression line, where each
point was weighted with 1#s Concentrations of the calibra-
tion standards were recalculated with the obtained equation.3. Results and discussion
The accuracy was determined by calculating the ratio of the
measured concentration and the nominal value, multiplied 3.1. High flow extraction
by 100. The precision was investigated by calculating the
relative standard deviation (R.S.D.) of measurements of each It is known that high flow extraction with large particles
concentration. The correlation coefficieRe, was used to  in the extraction bed gives a number of advantages for ro-
assess the linearity of the calibration curve. bust sample preparation. The extraction column is less prone

The signal-to-noise ratio (S/N) of the lowest calibration to clogging, carryover is reduced and a high speed of ex-
standard was determined using Micromass MassLynx soft-traction can be obtainef@1]. In this study, a rapid extrac-
ware (Waters, Milford, MA, USA). The S/N was defined as tion step (0.75 min) of a large injection volume was enabled
the greatest height of the signal above the mean noise di-by using a high flow through a large-particle extraction col-
vided by the root mean square deviation from the mean of umn. An optimum in these advantages can be reached when
the noise. a turbulent flow is generated in the extraction process. The

The precision and accuracy of the method was investi- transition from a laminar to turbulent flow in a packed bed,
gated by analysing quality control (QC) microsome sam- as the flow velocity is increased, is not instantaneous but is
ples of low (5nM), medium (100nM) and high (150nM) rather characterised by a gradual spreading from a few re-
concentrations, using an internal standard concentration ofgions of large voids to the whole bed as the flow increases
11.5nM. QC samples of 5 and 150 nM flumazenil concen- [35]. The onset of turbulent flow in a packed bed is assigned
trations were analysed in six replicates on three occasions.to a Reynolds Re number of about $36]. The estimated
The intra-assay precision was determined by calculating theRe number from the 0.5mm i.d. column used in this work
R.S.D. of the six replicates. The inter-assay precision waswas 4.5. The flow characteristics were termed as high flow,
calculated as the R.S.D. of all 18 samples. A number of 25 since the degree of turbulence could not be verified. Others
QC samples of 100 nM flumazenil was analysed to investi- have designated flows at a similde number as ultra-high
gate the precision and accuracy of the medium concentra-[18].
tion. The accuracy of the QC samples was determined by
dividing the concentration obtained from the weighted re- 3.2. MS and calibration curve
gression equation with the nominal value, multiplied by 100.

A full MS scan fn/z 50-350) in the positive electrospray
2.8. Validation by {*CJflumazenil measurements ionisation mode was performed by flow injection of flumaze-
nil (Fig. 3). The protonated pseudomolecular iol, fH] ™,

A crystal scintillation counter was used to mea- atm/z 304 was used for subsequent quantification purposes
sure the amount of radioactivity in solutions containing using SIR. A sodium adductM + NaJ*, was detected at
[*C]flumazenil. The extraction efficiency was determined nvz 326. The ion atn/z 258 was most likely the result of in
by comparing the amount of radioactivity collected in the source fragmentation. Fragmentation of flumazenil using at-
waste fraction with the amount injected onto the extraction mospheric pressure chemical ionisation has previously been
column. A total number of 15 columns were investigated investigated37]. It was suggested the/z 258 fragment was
on five occasions, using 100 nM'CIflumazenil dissolved  the product of an initial ethyl moiety loss of 28 Da from the

in a microsome solution. ester chainKig. 1), followed by an additional loss of water,
The recovery was determined by measuring the radioac-resulting in an acylium ionnyz 258).
tivity of the applied 100 nM ¥!C]flumazenil microsome The calibration curve displayed good linearity in the in-

sample £ = 6), the fraction collected from the tip of the vestigated concentration range of 1-150 nM flumazenil, with
MS probe and the fractions collected in the waste during an average correlation coefficief?, that exceeded 0.999.
sample loading and column washing. The average slope and intercept were determined@0a-

To detect possible column overload, radioactivity mea- 0.001 &S.D.) and—0.001+ 0.005, respectively. The bias
surements of the waste fraction were performedCJ- of the calibration standard determination was lewd (3%),
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Fig. 3. MS scan 1tz 50-350) spectrum of flumazenil in positive electrospray ionisation mode.

with an accuracy ranging from 98.9 to 101.3%alle J. Table 2 N
The inter-assay R.S.D. did not exceed 5.1%, which was the'ntra-assay precision and accuracy of QC samples

precision established for the lowest calibration standard of Nominal Concentration R.S.DP (%) Accuracy (%) n
1nM (Table J. concentration (nM) found &S.D?)

Pneumatically assisted ESI-MS behaves as a concentra- 5 4.994 0.05 0.9 99.8 6
tion-dependent detection technidid8] and high sensitivity 5 490+ 003 06 98.1 6
analysis could thus be promoted by preconcentrating a large 492+ 010 21 98.5 6
sample volume (200l) onto a capillary extraction column Mean 12
(0.5mm i.d.). Subsequent dilution was minimised by using 100 98.3+ 1.41 1.4 08.3 25
an analytical LC qolumn in the same dimension. The S/N 148+ 155 10 98.9 5
for 1nM flqmazenll microsome samples was determined to 15 148+ 1.90 1.3 08.7 6
20+ 2.4 (Fig. 4A). 150 147+ 0.79 0.5 97.8 6

Mean 1.0

3.3. Precision, accuracy and specificity

2 S.D., standard deviation.

. P R.S.D, relative standard deviation.
The stability of the developed method was of such magni-

tude that the accuracy and precision of QC samples could be . . L _
determined using a calibration curve analysed on one single

Table 1

Inter-assay precision and accuracy of calibration standards 4%)

occasion{ables 2 and B The bias of the method obtained in
the analysis of QC samples did not exceed 2.2%. The mean
intra-assay R.S.D. was at most 1.4% and the inter-assay

Nominal Concentration R.S.D® (%)  Accuracy (%)
concentration (nM) found @S.DP)
1 1.01+ 0.05 5.1 101.3 Table 3
5 5.06+ 0.09 18 101.3 Inter-assay precision and accuracy of QC samples
10 10.1+ 0.18 1.8 101.3
50 502+ 1.31 26 100.4 Nominal Concentration R.S.DP (%)  Accuracy (%) n
100 98.9+ 0.14 0.1 98.9 concentration found
150 149+ 1.62 1.1 99.3 (M) (£8.D7)
a Data is based on the analysis of two calibration curves, analysing ° 4.94+0.07 15 98.8 18
! 150 148+ 1.57 1.1 98.5 18

each concentration in duplicates.
b S.D., standard deviation.

¢ R.S.D,, relative standard deviation.

a S.D., standard deviation.
b R.S.D., relative standard deviation.
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Fig. 4. Selected ion recording (SIR) chromatogram¥z(304) of microsome samples analysed by high flow extraction capillary LC-MS. Injection
volume: 20Qul, loading flow: 1 ml/min and elution flow: 1gl/min. (A) 1 nM flumazenil, 3N = 20+ 2.4 (+£S.D.), and (B) a blank microsome sample.

R.S.D. did not exceed 1.5%. These results indicate that highprotocol was sought. Oasis HLB was therefore chosen as
precision and accuracy analysis can be performed on septhe preferred material, even though less ion suppression
arate days using low, medium and high analyte concentra-was obtained utilising SepPalg£ In addition, the packing
tions. procedure of SepPak;g often resulted in clogging of the

In Fig. 4B it can be seen that a blank microsome sample packing system, most likely as a result of the wide particle
generated a background signal. Utilising a triple quadrupole distribution (55—-10%m).
instrument and multiple reaction monitoring detection would
increase selectivity and thus decrease the background sig3.5. Recovery and extraction performance
nal. However, we consider SIR detection sufficient since the
above presented data clearly demonstrate that analysis can Determining the absolute extraction efficiency in an

be performed with good linearity and very high precision on-line extraction LC-MS system can be complicated. Zeng

and accuracy utilising the developed method. et al. estimated the relative extraction efficiency in a high
flow chromatography LC-MS/MS system by using off-line
3.4. lon suppression extracted samples analysed by conventional LC-MS/MS as

referenceg22]. Labelling flumazenil with'C gave us the

lon suppression was measured by comparing peak areasbility to conveniently establish the extraction efficiency
of standards dissolved in water and in microsome solution by comparing the amount of radioactivity collected in the
at a concentration of 50 nM:(= 5). Employing Oasis HLB ~ waste fraction with the amount injected onto the extrac-
extraction columns the ion suppression was determined totion column. A high extraction efficiency of 99+ 0.1%
approx. 15%. Interestingly, no ion suppression could be de-was thus determined for 100 nM1C]flumazenil micro-
tected when the packing material SepPak @as used. It some samples}{C]flumazenil was also used in order to
was concluded that extraction with the polymer-based ma- investigate the total recovery of the analyte. -861.0%
terial Oasis HLB resulted in a higher degree of co-eluting of the amount injected could be collected from the MS
matrix and therefore a higher degree of ion suppression. probe tip. The fraction collected from the extraction column
This was considered to be a result of the composition washing procedure (after the elution step to the analytical
of Oasis HLB, with both hydrophiliaN-vinylpyrrolidone column) contained .3 + 0.1%.
and lipophilic divinylboenzene monomers. The hydrophilic ~ An important factor to consider in the extraction process
and lipophilic characteristics of the material were however is the concentration of analyte. Increasing the analyte con-
regarded as a positive feature since a generic extractioncentration will at some point cause the extraction column to
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be overloaded, resulting in reduced extraction efficiency. In 100 -
order to detect possible column overload at increased con- %07 .,
centrations, J'C]flumazenil dissolved in a microsome solu- Bl
tion was injected onto the extraction column and the amount & Zg
of radioactivity in the waste fraction was determined. It was

concluded that the extraction performance was stable in thez ig i
investigated concentration range (30-3000 nM), since no in-§ 3¢ ’

crease of non-retained analyte at higher concentrations coulc 20 4 :
be detected. 10 A
0 ; ; ; . . S

3.6. Carryover 0 10 20 30 40 50 60

Incubation time {min})

%)

bstrate

We also wanted to investigate possible carryover effects o , . ) )
and initially used mass spectrometric detection. However, Fig. 5. Determlnathn the rplf:_rosomal stablll_ty of ﬂumazenll._lncubanons
. . . were performed with an initial concentration of flumazenil of 50nM
in the concentration range of 1-150nM flumazenil the and a constant concentration of the internal stand&rd)flumazenil, of
sensitivity of the instrument was insufficient for such de- 11.5nM. Each point represents an average of two LC—MS analyses.
terminations. Instead, radionuclide measurements had to be
used to estimate the carryover. A blank microsome sample3.7. Application
was injected subsequent to a 150 AKC-labelled flumaze-
nil sample and the MS probe eluate from both samples was The described method was applied in the successful deter-
collected. The carryover was estimated to d23a 0.01%. mination of the microsomal metabolic stability of flumaze-
This carryover test provided not only a measure of labelled nil. After 20 min incubation, 48% of the substance had been
substance eluting at the analyte retention time, but also themetabolisedKig. 5). The resulting chromatograms from O
total amount of remaining substance from the previous in- to 60 min incubations showed that 23% of the substrate re-
jection. One must also remember that the accuracy of themained intact in the latter incubatiofi@. 6). In man hep-
described carryover test is dependent on the radiochemicalatic metabolism has been reported to be rapid and extensive,
purity (>95% throughout this study). It can, however, be with a short elimination half-life of 0.7-1.3h and a high
concluded that the carryover did not exceed the calculatedplasma and blood clearance of 520—1300 ml/{8®]. Each
figure. Furthermore, the carryover was considered accept-point inFig. 5corresponds to a total analysis time of 13 min
able for the method. with a rapid extraction step of 0.75min.

100
(A)

o,

100+

%

0 T T T T T T T T T T T T T T T T T T T T T \ Time
0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00

Fig. 6. Selected ion recording (SIR) chromatogramméz (304) from the determination of microsomal stability of flumazenil. (A) 50 nM flumazenil at
0min incubation and (B) 60 min incubation, 23% of the substrate remained intact.
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extraction bed. Capillary scale columns in combination with
a large injection volume promoted high sensitivity ESI-MS

97/16724 (1997).

[16] J. Ayrton, G.J. Dear, W.J. Leavens, D.N. Mallett, R.S. Plumb, Rapid

Commun. Mass Spectrom. 11 (1997) 1953.

analysis that was of high precision and accuracy. The power[17] D. Zimmer, V. Pickard, W. Czembor, C. Muller, J. Chromatogr. A

of using *'C-labelled tracers in the development and vali-
dation of an analytical method was demonstrated. A high

extraction efficiency and total recovery could thus be deter-
mined conveniently. The method was successfully applied

in the determination of the microsomal metabolic stability
of the test compound flumazenil. We are currently utilising

854 (1999) 23.

[18] J. Ayrton, G.J. Dear, W.J. Leavens, D.N. Mallett, R.S. Plumb, J.
Chromatogr. A 828 (1998) 199.

[19] J. Ayrton, R.A. Clare, G.J. Dear, D.N. Mallett, R.S. Plumb, Rapid
Commun. Mass Spectrom. 13 (1999) 1657.

[20] J.M. Ding, U.D. Neue, Rapid Commun. Mass Spectrom. 13 (1999)
2151.

the described analysis system for the determination of the[21] J.T. Wu, H. Zeng, M.X. Qian, B.L. Brogdon, S.E. Unger, Anal.

metabolic stability of a number of PET tracer candidates.
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