Available online at www.sciencedirect.com

sc|ENCE@DIHEcT® IOURNALOF
CHROMATOGRAPHY B

Journal of Chromatography B, 831 (2006) 205-212

www.clsevier.com/locate/chromb

Use of microbore LC-MS/MS for the quantification of oxcarbazepine and it:
active metabolite in rat brain microdialysis samples

Katrien Lanckmans, Ralph Clinckers, Ann Van Eeckhaut,
Sophie Sarre, llse Smolders, Yvette Michdtte

Department of Pharmaceutical Chemistry, Drug Analysis and Drug Information, Research Group Experimental Pharmacology,
Vrije Universiteit Brussel, Laarbeeklaan 103, 1090 Brussels, Belgium

Received 21 June 2005; accepted 5 December 2005
Available online 28 December 2005

Abstract

A microbore LC-MS/MS method is developed and validated for the quantification of the anti-epileptic drug oxcarbazepine (OXC) and its actiy
metabolite 10,11-dihydro-10-hydroxycarbamazepine (MHD) in rat brain microdialysates, together with the internal standard for microdialys
probe calibration, 2-methyl-5H-dibenz(b,f)azepine-5-carboxamid€BZ). The benefits of gradient versus isocratic separation are shown, next
to the improved sensitivity resulting from the addition of 0.1% formic acid to the mobile phase. The coupling of microdialysis with ESI-MS
requires sample desalting for which column switching was applied. Using weighed regression to calculate the calibration curves (1-1000 ng/n
the assay was validated in terms of linearity, accuracy and precision, yielding a sensitive (limit of quantification is 1 ng/mL) and selective meth
for quantification of OXC, MHD and:-CBZ. By applying this method, we were able to determine the extracellular concentrations of OXC and
MHD during at least 4 h after intraperitoneal (i.p.) administration of 10 mg/kg OXC.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction lite, using retrodialysis of 2-methyl-5H-dibenz(b,f)azepine-5-
carboxamider-CBZ) (Fig. 1) as in vivo calibration methoi@].

The tricyclic anti-epileptic drug oxcarbazepine (OXC) This method allows to correct the dialysate concentrations for
(Fig. D is the keto tautomer of the 10-hydroxy analogue ofin vivo probe recovery, since dialysate concentrations are only
carbamazepine (CBZ) and has proven efficacy in patients wita reflection of the real extracellular concentrations of the com-
partial-onset seizures, with or without secondary generalisatioqounds. Several LC methods have been reported for the analysis
In comparison with CBZ, OXC has a reduced occurrence of sidef OXC and its active metabolite in plasma or serfidw8]. We
effects that can be ascribed to differences in biotransformatiorhave previously described a validated LC assay with ultraviolet
OXC is a prodrug in humans and it is metabolised to the pharfUV) detection for the analysis of OXC and its major metabo-
macologically active 10,11-dihydro-10-hydroxycarbamazepindite in rat brain and blood microdialysat¢®]. However, with
(MHD) (Fig. 1). This predominant pathway of hydroxylation of this method, depending on the experimental conditions, MHD
OXC to MHD in humans is only a minor pathway in rgi§. concentrations were not always detectable in the small volume

We are interested in the pharmacokinetic and pharmacodyat brain dialysates. Furthermore, we discovered that the peak
namic properties of OXC in the rat. In vivo brain microdialysis of ketoprofen, currently used as post-operative analgesic in the
sampling is used to simultaneously monitor extracellular drugats, interfered with the one of MHD, pointing to a lack of selec-
and neurotransmitter concentrations. In a previous study, we cativity of the method. In addition, this method was not validated
ried out quantitative microdialysis of OXC and its active metabo-for the quantitative analysis ef-CBZ. Therefore, we developed

a microbore LC method coupled to tandem MS (MS/MS) detec-
tion for the quantification of OXC, MHD ana-CBZ, in brain
* Corresponding author. Tel.: +32 2 477 47 48; fax: +32 2 477 41 13. microdialysates of the rat. The combination of LC with MS/MS
E-mail address: ymichot@vub.ac.be (Y. Michotte). yields a highly sensitive and selective technique, which is cru-
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0 HO 2.2. Liquid chromatography

Q O CH" The LC system consisted of an Ultim&te quaternary low
N N JN\ pressure gradient pump (LC Packings, Dionex, Amsterdam, The
o¢L NH, 0=~ Ny 07 ™ NH, Netherlands). Injections (oL) were made in full loop mode
using a refrigerated (1, precautionary measure) Fam¥s
micro autosampler (LC Packings). The needle wash solvent was
a water/ACN (50:50, v/v) solution. For column switching oper-
Fig. 1. Chemical s_tructure of oxcarbazepine (OXC)I 10,11-dihydr'o-10-ations, a SwitchdM micro switching module (LC Packings)
hydroxycarbamazepine  (MHD) - and - 2-methyl-5H-dibenz(b,azepine-51 jo g the samples onto a precolumn. The LC was connected
carboxamider-CBZ). . . .
to an UltimatéM UV detector, equipped with a U-Z VieW
capillary flow cell (45 nL) (LC Packings). UV detection was per-
cial for the analysis of low concentrated compounds in complexormed during method development. The solvents for the mobile
mixtures. phase were degassed for 15min on a Branson 2000 ultrasonic
The coupling of microdialysis and electrospray ionisationbath after preparation and by helium (Alphagdz &ir Liquide,
(ESI-) MS is useful because microdialysis provides a highly fil-Li€ge, Belgium) during the analyses.
tered, low volume (20—4QL), aqueous solutiofi0]. Therefore, After injection, standards and dialysates were loaded for
microdialysis samples need little sample clean-up. However® Min on to a Pepmaf' C18 precolumn (5 mnx 300pm I.D.,
desalting of the samples is necessary for analysis by ESPrm particles) (LC Packings) at a flow-rate of @0/min, to
MS/MS, since dialysates contain a large amount of salts. w&ap the compounds of interest and to direct the hydrophilic
chose to apply the column switching technique, because salf9ntaminants (mainly salts) to the waste. The loading solvent,
and other non-volatile hydrophilic contaminants are guided télelivered by the Switchd¥ pump, consisted of water/ACN/FA
waste before the introduction of the sample into the ion sourcd98:2:0.1, v/v). After the sample clean-up, the Switchos valve
The benefits of the application of the column switching tech-changed position and switched the precolumn in-line with the
nique, gradient elution and the importance of the addition of aci@nalytical column. The compounds of interest were eluted
to the mobile phase for the analysis of these compounds in r#t back-flush mode and directed to the C18 separation col-
brain dialysis samples with LC-ESI-MS/MS were investigated UMn (15 cmx 1.0mm I.D., Sum particles) (Unijet, BAS, Indi-
The method was applied to study the pharmacokinetic profile o&na, USA) at a flow-rate of 30L/min. Gradient elution

OXC and MHD in rat brain after intraperitoneal (i.p.) injection Was performed by the Ultimat¥ pump, using solvent A
of 10 mg/kg OXC. (water/ACN/FA 98:2:0.1, v/v) and solvent B (water/ACN/FA

20:80:0.1, v/v). The linear LC gradient for separation was
30-100% B in 10 min, 100% B for 5 min, 100-30% B in 0.5 min

2

OXC MHD m-CBZ

2. Experimental and 30% B for 5 min. The total sample analysis time was 20 min.
AllLC parts were controlled by ChromeleBsoftware (Dionex,
2.1. Chemicals Amsterdam, The Netherlands).

OXC and MHD were kindly donated by Novartis (Basel, 2.3. Mass spectrometry
Switzerland) andn-CBZ was bought from Aldrich Chemical
(Milwaukee, USA). Methanol (MeOH, HPLC grade) was pur- The LC eluent was directed on-line to the Quattro
chased from Fisher Scientific (Leicestershire, UK); acetonitrilePremiefM triple quadrupole mass spectrometer (Waters-
(ACN, HPLC grade) and formic acid (FA, analytical-reagentMicromass, Manchester, UK). lonisation was performed by
grade) from Acros Organics (New Jersey, USA). The water usethe standard electrospray (Z-spPaysource in the positive ion
for preparing solutions was obtained from a Seralpur Pro 90 Chnode, with a 12fwm |.D. spray capillary. The source param-
purification system (Seral, Ransbach-Baumbach, Germany). eters were optimised as follows: capillary voltage was set at

Stock solutions of OXC (10@g/mL), MHD (100ug/mL)  3.0KkV, extractor and RF lens, respectively, at 3.0 and 0.0 V. The
and m-CBZ (50pg/mL) were made monthly in MeOH and source temperature was kept constant at°Tl@nd the nitro-
stored in the refrigerator. Standards were made daily by furthegen cone gas flow rated at 55 L/h. Desolvation temperature and
dilution with MeOH/Ringer’s solution (10:90, v/v). The modi- nitrogen gas flow were 20@ and 500 L/h. The nitrogen gas
fied Ringer’s solution was prepared weekly and filtered (02 was produced by a Peak Scientific NM30LA nitrogen generator
filter) and consisted of 147 mM NaCl (Merck, Darmstadt, Ger-(Alkmaar, The Netherlands).
many), 4 mM KCI (Merck) and 2.3 mM Ca&bH,O (Fluka, The full product ion spectra obtained with this system are
Buchs, Switzerland). similar to the ones described by Maurer et[8]. The anal-

Forthei.p.injection of OXC, 10 mgwas suspended in@00 yser was operated in SRM mode and the following transitions
propylene glycol (Vel, Leuven, Belgium) and 4QQ absolute  were monitored with a dwell time of 0.3 s: OX@z 253.0 >m/z
ethanol (Carlo Erba reagenti, Milan, Italy) and consequently180.0; MHDm/z 255.0 >m/z 194.0 andn-CBZ m/z 251.1 >mlz
placed in an ultrasonic bath type Branson 2000 (Vel, Leuven]193.0. The sensitivity was optimised for each singly charged
Belgium) for 30 min. compound by varying the cone voltage and collision energy.
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For OXC, MHC andm-CBZ, the cone voltage was, respec- OXC was administered via an i.p. catheter and dialysates were
tively, 25, 20 and 35V and the collision energy was set at 27¢ollected every 10 min for another 4 h from the freely moving
20 and 30eV. The parameters of the first quadrupole were amnimals.
follows: LM resolution 13.0; HM resolution 13.0 (15/15 are
the arbitrary units) and ion energy 0.6. Non-compound specific
collision cell parameters for optimal transmission and fragmen3. Results and discussion
tation were: entrance 1.0V and exit 1.0 V. The parameters of the
second quadrupole measure: LM resolution 12.5; HM resolu3.1. Method development
tion 12.5 and ion energy 0.7. Argon (Alphagd?, 2ir Liquide)
was used as collision gas and the pressure in the gas cell wasLC separation before ESI-MS/MS detection proved to be
3.8x 10~3mbar. The multiplier voltage was set at 650 V. All indispensable to prevent sensitivity loss due to competition for
measurements were controlled by Mass@/nwrsion 4.0 oper- ionisation between the analytes of interest. Indeed, we manu-
ating software (Waters-Micromass). Integration of the MRMally injected a standard mixture of 100 ng/mL OXC, MHD and
chromatograms after smoothing (window size =3; number ofz-CBZ in Ringer's/MeOH (90:10, v/v) three times directly into
smooths = 2) was performed by Masslynx (Quanlynx). the ESI source via the divert valve (loop.b), fitted on the
MS, and almost no peaks were detected. Direct injection of a
single standard of 100 ng/mL OXC in the same solvent, clearly
2.4. Microdialysis yielded responses (data not shown). This observation points to
competition between the three compounds for ion evaporation,
Protocols for animal experiments described in this study wereesulting in a complete loss of ionisation efficiency. After all, the
carried out on freely moving rats, according to the nationalcompounds have similar ionisation characteristics due to their
guidelines on animal experimentation and were approved by thetructural analogy.
Ethical Committee for Animal Experimentation of the Faculty = The possible differences between gradient and isocratic elu-
of Medicine and Pharmacy of the Vrije Universiteit Brussel.tion (water/ACN/FA 70:30:0.1) were explored and the results
The experiments were performed on male albino Wistar ratare summarised iffable 1 The sensitivity is reflected by the
(Iffa Credo, Brussels, Belgium), weighing 280—-360 g. The ratanean signal-to-noise ratio (S/M)standard deviation (S.D.) of
were given free access to food and water. The implantatiosix replicate analyses of a standard of 100 ng/mL OXC, MHD
of the cannula with a replaceable guide (CMA Microdialysis,andm-CBZ. Although an isocratic method is generally preferred
Solna, Sweden) in the hippocampus of the rat was previouslipecause of convenience, simplicity and reproducibility, we can
described by Clinckers et 4l.1,12] Immediately after surgery, observe froniTable 1that it is inappropriate to elute the com-
animals received ani.p. injection of 4 mg/kg ketoprofen for post{pounds of interestin an isocratic way, at least for the later eluting
operative analgesia and the guide was replaced by a 3 mm CMéompounds. With isocratic elution, the S/N farCBZ is sig-
12 microdialysis probe that was continuously perfused withnificantly lower (Cochran test,<0.01) compared with gradient
modified Ringer’s solution at a constant flow-rate @fl2min, elution and this is the result of band broadening. Next to the
using a CMA 100 microdialysis pump. Animals were allowed higher separation efficiency, gradient elution results in a shorter
to recover from surgery overnight. The dialysate collection wasnalysis time (20 min in stead of 60 min). With gradient elution
started the day after the surgery. In the experiments on th@-ig. 2), the retentiontimes (meanS.D.) of OXC, MHD andn-
metabolism of OXC to MHD in the rat, the probe was continu-CBZ are, respectively, 15.660.04 min; 13.78t 0.04 min and
ously perfused with 1000 ng/mk-CBZ in Ringer’s solution,as 18.17+0.03 min (100 ng/mLy =10).
internal standard to correct for probe recovery variat[@hsat a In the future, this method will be miniaturised to capillary
flow-rate of 2uL/min. After equilibration for one hour, 10 mg/kg and nano LC-MS/MS dimensions. To enhance the concentra-

Table 1
Influence of the column switching technique, the addition of formic acid to the mobile phase and gradient elution vs. isocratic elution on tinecfethsithssay,
expressed as SANS.D. (2 =6) of a 100 ng/mL standard (in Ringer's/MeOH 90:10, v/v) containing OXC, MHDma+€BZ

S/N+ S.D. with column switching% 103, n=6) S/N+ S.D. without column switching 103, n.= 6)
Gradient Isocratic Gradient Isocratic
With FA
MHD 0.90+ 0.10 2.01+ 0.09 1.05+ 0.07 1.124+ 0.13
OXC 157+ 0.27 8 1.124+ 0.04 1.50+ 0.08§ 0.79+ 0.08
m-CBZ 2.25+ 0.38 8 0.54+ 0.03 2.04+ 0.20 % 0.61+ 0.09
Without FA
MHD 0.28 4+ 0.06 2.45+ 0.30 0.16+ 0.06 0.22+ 0.06
OXC 0.35+ 0.06 0.67+ 0.08 0.30+ 0.1% 0.11+ 0.07
m-CBZ 0.30+ 0.04 0.06+ 0.01 0.87+ 0.15 0.08+ 0.04

* Significant improvement of S/N due to addition of 0.1% FA to the mobile phase (Cochrart6<1).
§ Significantly higher S/N with gradient elution compared to isocratic separation (Cochrgn<@s€1).
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Fig. 2. MRM chromatogram of a 100 ng/mL standard mixture containing MHD, OXCra@BZ after gradient elution. The peaks in the MRM chromatograms
show the relative responses towards the maximal abundances (TIC =total ion counts). Experimental conditions se2. Seciib2s8

tion sensitivity of miniaturised methods, preconcentration of thdarge amounts of non-volatile contaminants, such as the salts in
sample is required. Therefore, we tested the suitability of thehe dialysis samples, accumulate around the orifice of the ESI
column switching technique within this microbore application.interface during continuous analysis, resulting in a decrease in
Table 1shows that applying the column switching techniquesensitivity after a certain timgL3]. The benefit of the applica-
does notresultin aclear gainin sensitivity. Thisis to be expectedion of the column switching technique is the improvement in
since for this microbore LC-MS/MS application the devicerobustness of the microbore LC-MS/MS method, thus making
was not intended to be used for preconcentration of the santhe assay suited for routine analysis. Otherwise, non-volatile
ple but rather for salt removal. Without this sample clean upcontaminants can interfere with the operation of the ESI ion
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Fig. 3. Peak area—concentration relationship for MR OXC (0) andm-CBZ (a) at five concentration levels (1, 10, 100, 500 and 1000 ng/mL), with six replicates

at each concentration.
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source by clogging the skimmer and they can diminish the colTable 2
umn lifetime. Analytical precision was tested for OXC and MHD by injecting the standards of

. " ] ] the calibration curve (1, 10, 100, 500 and 1000 ng/mL in Ringer's/MeOH 90:10,
Fma"y’ Table 1shows that the addition of formic acid to the v/v) 10 times into the LC-MS/MS system in 1 day (intra-day precision) (a) and

mobile phase significantly (Cochran tgst 0.01) improvesthe 1 time on 6 different days (inter-day precision) (b)
S/N ratio of a 100 ng/mL standara € 6) in most cases. The
results confirm that the use of acid mobile phases is beneficial
for analysis in ESI positive mode of the compounds of interest(a) Intra-day precisiom(= 10)

1ng/mL 10ng/mL 100ng/mL 500ng/mL 1000 ng/mL

Indeed, the acid pH promotes the protonation of the analyte %:% §59 ;i ;g 1122 i’-j
molecules[14]. The concentration of acid however should be m-CBZ ' ' ' 40 16
kept low (<0.2%, v/v), since it can reduce the MS sigii&i]. (b) Inter-day precision(= 6)
OXC 130 6.0 9.4 9.4 4.7
3.2. Validation MHD 3.9 9.4 10.5 9.7 9.7
m-CBZ 46 8.6
3.2.1. Linearity of the calibration line For m-CBZ the same protocol was followed at the concentration levels 500

Standard solutions for the calibration curves, containingand 1000 ng/mL. The precisions are expressed as relative standard deviations
OXC, MHD and m-CBZ, were made daily in five different (%R.S.D).
concentrations (1, 10, 100, 500 and 1000 ng/mL) by diluting
the stock solutions in Ringer's/MeOH (90:10, v/v). The cali- for the inter-day precision the maximal percentages are, respec-
bration curves were investigated in this range because of itsvely, 13.0, 10.5 and 8.6%.
relevance for pharmacokinetic studies of these anti-epileptic
drugs. Linearity of the calibration lines was evaluated on six3 2 3. Accuracy and method precision

consecutive days. As can be seen fréig. 3the peak area  The accuracy of the LC-MS/MS method was assessed by
variances for the three compounds increase with increasing cognalysing six replicates of blank hippocampal microdialysate
centration. Heteroscedasticity was confirmed by a significanatrix, obtained with Ringer’s solution as perfusion fluid, spiked
F-test, for which the variances of the area of the six replicategyith OXC, MHD andm-CBZ. Table 3summarises the recovery

at the levels of 1 and 1000 ng/mL were compargds;s8-  percentages, representing the ratios of the theoretical concen-
Since the data showed non-uniform Variance, a We|ghed Ieaqtrations after Spiking, to the experimenta”y obtained concen-
squares procedure with weighing factox WVas used to calcu- trations (i.e. concentrations of the spiked microdialysis samples
late the calibration curve. For each compound, six calibratiorys estimated using the calibration curve made with standards
curves were analysed on consecutive days and the calibrgy Ringer's/MeOH). For OXC and MHD, the blank dialysates
tion curve for OXC wag =(1196.7+47.9) +(361.1£ 244.5);  \ere spiked at a level of 1, 10, 100, 500 and 1000 ng/mL. For
the equation for MHD was = (960.3+ 22.9) +(335.1£ 163.7)  the same reason as described in Sedi@2, the accuracy for

and form-CBZ y = (1398.14100.2) + (2086.9+ 1308.2); with  ;,.CBZ was assessed at the levels of 500 and 1000 ng/mL, with
y=(meantS.D.) + (meant S.D.) and: = 6 for the three com- sy replicates at each level. Overall, the recoveries ranged from
pounds. The regression curves were linear and the squares of thg 1o 1119%. Since these values are within the acceptance criteria

correlation coefficients exceeded 0.995. (<15%) proposed at the Washington conferdié§, the method
. o can be considered accurate for this application. Consequently,
3.2.2. Analytical precision we can conclude that there is no significant matrix effect.

(90:10, v/v) were carried out to test the instrument's perforthe accuracy testing were usetable 3. Blank hippocampal
mance (analytical precision). Intra-day precision was expresseglalysate matrix, obtained with Ringer's solution as a perfu-
by the relative standard deviations (%R.S.D.) of 10 repeatedion fluid, was spiked with different concentrations (1, 10, 100,

injections of the five standard concentrations (1, 10, 100, 50800 and 1000 ng/mL) of OXC and MHD. Again the investigated

and 1000 ng/mL) of the calibration curves for OXC and MHD.

The inter-day precision for OXC and MHD was evaluated over.
. . . Table 3

6 days 'n_ the same range of 1-1000 ng/mL. The 'nt_ra' and mter&ccuracy was calculated at each test concentration of the calibration curve for

day precision fom-CBZ was evaluated at concentration levels of oxc and MHD

500 and 1000 ng/mL. Indeed, for this compound, only the con=

centration range between 500 and 1000 ng/mL is relevant far

the pharmacokinetic microdialysis experiments, sing€BzZ ~ OXC ~ 104+11 100+1  107+1  106+1  98+6

is added to the perfusate in a concentration of 1000 ng/mL (se%_'é%z 10746 111+£1 11143 1821 i ggi 2

Section2.4). Table 2summarises the results of the intra-day (a)

and inter-day (b) precision. The %R.S.D. remains fairly constanthe accuracy was tested at two levels/isCBZ. Recoveries are calculated as

across the concentration range of OXC and MHD confirming{he ratios of the theoretical concentration after spiking blank dialysate matrix,

' 0

. . . the experimentally obtained concentration (concentration of spiked dialy-
the observed heteroscedastic data of the calibration curve. TQE samples as estimated using the calibration curve, made with standards in

%R.S.D. values for the intra-day precision are smaller than 3.Qringers/MeOH 90:10, v/v) and are expressed as percentages. The data are
3.5 and 4.0% for OXC, MHD aneh-CBZ, respectively, while  shown as mean % S.D. (:=6).

1ng/mL 10ng/mL  100ng/mL  500ng/mL 1000 ng/mL
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Fig. 4. MRM chromatogram of a blank hippocampal dialysate matrix (b) injected after a dialysate matrix spiked with MHD, QXCBZdat 100 ng/mL (a). The
peaks in the MRM chromatograms show the relative responses towards the maximal abundances of both (a) and (b) (TIC =total ion counts). Expefitioestal co
see Sectiong.2 and 2.3

concentration levels fon-CBZ were 500 and 1000 ng/mL. Each can be determined with acceptable accuracy and precision. The
concentration was analysed on six consecutive days (intermediralidated LOQ was 1 ng/mL for the three compounds. A fur-
ate precision) and six replicates of each sample were analyséller gain in sensitivity can be obtained by miniaturisation of the
within 1 day (method repeatability). The data were evaluated by C—(ESI-)MS method and this is currently being investigated
one-way ANOVA, yielding estimates for both method repeata-in our laboratory. Comparison with the LOD values formerly
bility and intermediate precision. The method repeatability forobtained by Maurer et gl8] and by Van Belle et a[9], reveals
OXC, MHD andm-CBZ, expressed as %R.S.D., is respectivelythat our LC-MS/MS method is, respectively, about 200 and 20
5.4, 3.6 and 3.6%. The intermediate precision for OXC, MHDtimes more sensitive. This allows the detection of OXC, MHD
andm-CBZ was calculated as, respectively, 9.3, 12.4 and 17.7%andm-CBZ in the dialysis samples for a longer time period after
Since the %R.S.D. values of the inter-day analytical precision.p. administration of OXC and/or with a higher microdialysis
and the intermediate method precision are rather large comparsdmpling frequency.

to the ones of the intra-day analytical precision and the method Due to the low LOD of this method, carry-over problems
repeatability, we suggest that a calibration curve is made dailgre more visible than with the less sensitive assay using UV
and that samples of a microdialysis experiment are analysedietection. When a blank hippocampal dialysate is injected after

within 1 day. a series of standard mixtures (100 ng/mL), carry-over peaks are
present for the three compoundsd. 4a and b). Changing the
3.2.4. Limit of detection and quantification composition of the needle wash solvent had no apparent effect on

For the determination of the limits of detection (LOD), blank these carry-over peaks. Since the degree of carry-over remains
hippocampal dialysates were collected for 20 min, during theather constant, the responses for the blanks were subtracted
perfusion of the microdialysis probe with Ringer’s solution at afrom the responses for the three compounds in the standards
flow-rate of 2uL/min. The LOD is expressed as 3/3, where  and the dialysates. The degree of carry-over was used as a
o is the S.D. of the responses of the blanks6) andS is  system suitability test, and should not exceed 0.5% when inject-
the slope of the calibration curj&7]. For OXC, MHD andn-  ing a blank dialysate after a series of six standard mixtures of
CBZ the LOD is, respectively, 0.04, 0.06 and 0.03 ng/mL. Thel00 ng/mL. When this limitis exceeded, several blank injections
limit of quantification (LOQ) is the lowest concentration that have to be performed to diminish the percentage carry-over.
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3.2.5. Selectivity s
In Fig. 5, a chromatogram is shown of a hippocampal 0 0 25 50 75 100 125 180 175 200 295 280
dialysate, collected during perfusion of the microdialysis probe (o) Time (min)

with 1000 ng/mLm-CBZ in Ringer’s solution (see Secti@w)
and before i.p. injection of 10 mg/kg OXC. Besides the peakFig. 6. Hippocampal extracellular concentrations (i.e. dialysate concentrations
for m-CBZ, no other peaks (from ketoprofen or endogenou§orrected for in vivo probe recovery, EC) of OXC (a) and MHD (b) as a function
compounds) are present which may interfere with the analyteé’fc. time after i.p. injection of 10 mg/kg OXC. The'data are presgnteq as means

e ith standard error on the mean<5) and the dialysate sampling times are
Additionally, when we performed the same LC method couplecf

) orrected for lag time and time-averaged. The dialysate concentrations of OXC
to UV detection, ketoprofen was well separated from the othegnd MHD are less than 10% of the real extracellular concentrations (see Section

compounds of interest (data not shown). 3.3. Experimental conditions see Secti¢hg, 2.3 and 2.4
3.3. Quantification of OXC and MHD in hippocampal rat (Cmax) of OXC and MHD are, resPeCf[iver 132924 ng/mL
brain dialysates and 100G+ 2ng/mL @=5). By comparing the area under the

curves (AUC) of OXC and MHD, we estimated that the AUC of

The Va"dated LC_MS/MS method was app“ed to quan“fyMHD is Only 8.8% of the AUC of the parent Compound. Based
OXC and MHD in rat brain microdialysates after i.p. administra-on the RL form-CBZ and the previously determined f-values,
tion of 10 mg/kg OXC. To estimate extracellular concentrationgdh€ meanin vivo probe recoveries for OXC and MHD were deter-
from the dialysate concentrations, in vivo probe recovery needdlined as 4.3 1.5% and 9.6t 3.4% (mean%S.D.,n=5).
to be determined. The extracellular concentrations of OXC and hus, the dialysate concentrations obtained with this assay are
MHD were calculated as described by Van Belle et[a]. less than 10% of the extracellular concentratidfig.(6). The
Br‘ieﬂy7 retrodia'ysis of an internal standard was used as ”feaSIblllty of the quantification of the low concentrations of
vivo calibration method for microdialysis. The in vivo micro- MHD in the rat brain during this 4 h collection period after i.p.
dia|ysis probe recoveries Of OXC and MHD were estimatecﬁdmininistration Of OXC, iS due to the h|gh SenSitiVity Of the
by the loss ofm-CBZ, the internal standard, from the per- 8ssay.
fusion fluid. The ratios of the in vivo relative recovery (RR)
for OXC and MHD to the relative loss (RL) fan-CBZ are 4. Conclusions
constant and these f-values were found to be, respectively,
0.424+0.10 and 0.120.06 (z=6). In Fig. 6, the extracellular This is the first paper describing a column switching micro-
(i.e. dialysate concentrations corrected for in vivo probe recovbore LC-MS/MS method with gradient elution for the quantita-
ery) hippocampal concentration-time curves for OXC and MHDtive analysis of OXC, its active metabolite (MHD) andCBZ
afteri.p. administration of OXC (10 mg/kg) are shown. The con-in rat brain microdialysis samples. The addition of formic acid to
centrations are presented as means with standard error on ttie mobile phase was proven to enhance sensitivity. This highly
mean (=5). The maximal mean extracellular concentrationssensitive analysis technique was shown to be able to reliably
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determine OXC and MHD in rat brain microdialysates uptil 4 h [5] R. Mandrioli, N. Ghedini, F. Albani, E. Kenndler, M.A. Raggi, J. Chro-

after i.p. administration of 10 mg/kg OXC. matogr. B 783 (2003) 253.

[6] G. Flesch, D. Tudor, J. Denouel, J. Bonner, R. Camisasca, Int. J. Clin.
Parmacol. Ther. 41 (2003) 299.

[7] R. Hartley, M. Green, M.D. Lucock, S. Ryan, W.I. Forsythe, Biomed.
Chromatogr. 5 (1991) 212.
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