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INTRODUCTION: Itis recognised that the desired therapeutic effect of most Anti-epileptic Drugs (AEDs) is Mass Spectrometry Mobile Phase A- 10mM AmmonL;um Acetate '.J'] ?”""I‘”“"‘el_ - l . '.J'] Spoxice ID o A e . RO L e ) _— Iowerlng and raising the ] pH as well as IOOklng at the
achieved within a specific concentration range, with lower levels giving an unsatisfactory response and - W 200 .00 300 350 400 a5y i ! ; — - £ 20000 ) § 100000 concentration of buffers. Given the range of Compounds the
higher levels possibly giving undesirable side-effects. Large inter-individual differences in drug disposition Mobile phase B: Methanol - 177 00y 87 S Ee o ode pRORUER H g . . .
occur, and many refractory patients require treatment with several AEDs. Thus, monitoring serum/plasma A Quattro Premier™ XE tandem mass spectrometer Coup|ed P ) ° -l Zonlsamide ﬂ e ‘ 00 588 10000 soo00 best compromise was to use ammonium acetate with no
concentrations of AEDs has proved to be an extremely useful means of assisting in the individualisation of . ™ . Column Temperature: 50°C Mo At s saaadsgnaens o ALt M WA il - e other modifiers
treatment. A large number of AEDs are available and it is necessary to quantitatively determine each to an Acqwty UPLC (Waters Corporatlon, Manchester, UK) Injection Volume: 20|J.L o e 5 'I'_‘J“““'!”‘ NS | — O T aoe0 | ace | eeoo | soon "™ 6 Tiooo 2000 aeo0 4000 soeo "™ ] ] . ]
compound that a patient is prescribed. Assay methods include a range of gas- and liquid- chromatographic was used for all analyses (Figure 1). The instrument was op- | ] | ocwinias e Topiramate « Vigabatrin was unretained chromatographically and eluted
procedures, and specific immunoassays, although the latter are not available for all AEDs. This work . . . A . i RO—— __,\Id.__‘__ e o PP 550 . . . .
des;(;rit()jes anblultrfa Pelrfqrmance L:qufic/i ECDhrome(ljtogLaphy - tanqetm mass spectiomery (QPLICtZ/MS/MSI) erated in electrospray ionization mode utilizing short (20ms) Gradient Table N R e N L . Figure 5. Example calibration curves for valproic acid and car- in th(=T column void volume. The solvent_ calibration curve
method capable of analysing a panel o s, and, where appropriate, the active metabolite, simultaneous| o ; ; ; ; feit - 3 it : . )
00 saPable o analysing ap pprop y positive negative polarity switching. All data acquisition was ] evetocran 9 A veocsan BTIR b SR AR s bamazepine prepared in solvent. was linear but the robustness of assay in serum may be
METHODOLOGY: Sample preparation consisted of a simple protein precipitation using aqueous zinc performed using MassLynx v4.1 software with auto data Ti . = Rat %A 9%B C sk pe ot nateqsr agl nga s o 4 YR 1 B S v w521 compromised by ion suppression and patient variability.
sulphate and methanol. The resulting supernatant was diluted with mobile phase to give a response in the . . th L ™ A licati M |me(m|ns) ow Rate Y Y urve e = : . . . .
linear range of the analyte. A reversed phase UPLC method, using a Waters ACQUITY UPLC™ BEH C18 processing using the QuanLynx pphcation Manager. (mL/min) ‘f;] : PO ‘f;] ' B e o i « Carbamazepine and phenytoin are isobaric and have the
2.1x50mm 1.7um column was developed to meet the demands of the clinical laboratory for speed of L. b S| (Sl pi . | D'TS“":‘t“‘f!"““I"S'L'I‘""‘"Ij'-' 500 526 580 675 GO0 625 : same precursor ion at m/z253. When Carbamazepine is
analysis, chromatographic resolution and sensitivity. The mobile phase consisted of :- Solvent A: aqueous . . . Initial 0.6 98 2 1 . 290 90 3000 %0 A00a50 o, 518 5.4 x + 3016 2 5775 3 L. . N . N
ammonium acetate and solvent B: methanolic ammonium acetate; A five-minute gradient elution from 2-75% The ionization mode and compound dependent cone voltage 15 0.6 80 20 6 oo 108 . 30 A S v type Lnear oni < Nane urve type! Linear, Orgin: Exclude, Weighting: Nul, Axs trans: Nore fragmented in the collision cell the major product ion is at
organic phase, produced an effective separation. Detection was undertaken using a Waters Quattro Premier i H + - - Pregabalin Phenobarbltone o] : ; i WZIA i P P H H H
e tandom cuadrupole mase spectrameter operating in Muliple Reaction Manitoring (VM) mode with was optlmlzed for eqch anal_yt_e to produce_elth(_ar a [M+H] 20 0.6 80 20 11 ’ﬂ S SO < OO OO i e 1 // m/zl80_and there IS also a minor |_oro_duct ion at m/z182.
fast (20ms) positive and negative ion mode switching and short (20ms) dwell times, commensurate with the or [M-H]" precursor ion. Collision induced dissociation of the 35 0.6 70 30 6 i - 100y 505 - The major product ion for phenytoin is at m/z182. When
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RESULTS: The assay for Lamotrigine was linear over the analytical range 2.9 -15.3 mg/L, with a correlation precursor ion was _fa(_:llltated by argon and CO|.|IS.I0n energy to 7.5 0.6 25 75 6 Tu PSRRI i O l PO i ciod,_uiiy WO J O ... . g roomee g / p_henytOIn elutes from column the product ion at m/z182
coefficient (r*) of 0.995, and a precision %RSD = 4.4% at the lower concentration (n=6). The assay for produce characteristic product ions. Using this information a 8.0 0.6 5 95 6 Sh SR s B e sw gives a response at the detector. However, when
Primidone was linear over the analytical range 4.3-30.0mg/L with a r? of 0.998 and a precision %RDS = 3.4 ific Multinle R . M . . . d . . . . .
at the lower concentration (n=6). The assay for Carbamazepine was linear over the analytical range 4.8- specific Multiple Reaction Monitoring experiment was create 8.5 0.6 5 o5 11 _ ) T T e T T T Rt carbamazepine elutes a response will be seen both in the
19.4mg/L with a r* of 0.994 and a precision %RSD = 2.9% at the lower concentration (n=6). In total, twenty as shown in Table 1. ) ) Figure 2. Chromatography of a solvent standard showing MRM MRM channel for carbamazepine and phenytoin because of
. e . . ) P pheny

four analytes have been characterised using this methodology, with linear correlation coefficients >0.99, and 8.6 0.6 98 2 11 transitions of individual analytes and their retention times . i i i . A K i
an average precision <10%. Data sh : inal it ing ti ind . Figure 6. Example calibration curves for valproic acid and car- the common product ion at m/z182. Therefore, it is
CONCLUSION: An analytical protocol has been developed for the analysis of AEDs using UPLC/MS/MS. ata snown IS a single acquisition using time windows. : . :
The sample preparation is straightforward, which allows a rapid turnaround time (<10 mins), with good bamazeplne extracted from serum matrix. necessary to resolve these compounds Chromatographlca”y'
analytical sensitivity and specificity for the individual compounds. The method is suitable for routine TDM in Calibrators and QCS e The calibration curves prepared in solvent were used to

patients prescribed multiple drugs for treatment of their epilepsy and enables all their AED drug levels to be

monitored in a single assay. There is an additional benefit of the procedure in that it has a screening R e e S/N:PIP=6046.43 - - demonstrate that the AEDs could be detected with adequate
capacity which allows detection of AEDs that are not suspected to be present by the requesting physician. Compound MRM Eunction (va:) (o\?)e o |S|€env)nergy Ti;:?nlwci)nn) Mixed analyte calibration curves were prepared in water from B ;J Caibamazeping b Compound Llngil;lty Control %ﬁgiﬁ:ﬁg % CV sensitivity,the response was linear and reproducible.
Vigabatrin 1301>712 | 15 | 16 13 0.31 individual stock solutions (1ng/mL, methanol). The calibration Control 1 43.9 12.9 e« The material to produce mixed serum calibrators was
INTRODUCTION Pregabalin 1602>972 | 15 | 20 14 1.08 series was O, 1, 5, 10, 50, 100, 500, 1000, 5000 and o] prenvion [\ | SR Ethosuximide 0.98 | Control 2 88.6 5.3 unavailable so the serum controls were used to determine
Gabapentin 172.2>137.2| 15 | 24 16 1.13 10000ng/mL and matrix controls containing AEDs were BT GE e A BTN R Grae BT e & TR s e Control 3 120.0 2.6 that the AEDs contained were detectable, linear and precise
_ _ - ) Levetiracetam L AERIE R R TR B L 15 1.36 obtained from Chromsystems, Munich, Germany. ] corsamazepine sponce A Control 1 4.3 5.8 using the extraction procedure.
e The des_lred tk_lerapeu_tlc_effect of_r_nost antl—ep_lleptlc drugs Ethosuximide 1401 >423 | 35 | 35 18 1.69 T At 7 e e T 0 20T 70001 P Y04 *a0P+ T2 1oy 11001 Pagananes reee 7 aape Primidone 0.99 Control 2 17.8 2.6
(AEDSs) is achieved within a specific concentration range. If onicamide 213.1>1321| 15 | 26 15 177 Sample Preparation J S Spimpess. Control 3 26.7 3.7
|eV€|S are too IOW ConVUISionS may not be Contro”ed and at Primidone 219.2 > 162.2 25 25 12 2.45 BERArs* 401 *300 M08 SAEME My ity Mae T des v agey 1 agr 4 a0e g snpEe ™ ;::; a¥5 4D0 428 4% 478 500 828 S50 &08 Control 1 2.9 4.9
high level the side-effects may be undesirable or toxic. Felbamate 2a92 =782 o5 [ 14 7 2.59 Samples (50puL) were pipetted into a microfuge tube, methanol ] —— s Lamotrigine 0.99 Control 2 9.8 2.0 CONCLUS [ ONS
e There are large inter-individual differences in response to Lamotrigine 256.1>211.1| 25 | 48 26 2.83 (200pL) added, vortex mixed (20s) and centrifuged (5mins @ — | — : zc’”tm:i 193'59 12670
the drugs and refractory patients may be on multiple RhehobanuTioe gl s e || L 500 13,000rpm) to precipitate and remove proteins. The o - o 006 cz:t:; . vy > A brotocol for the determinati f 24 AEDS | ,
. . . - . . . imi . . & amaokrigine '] 1 . . .
therapies. This individualization of treatment regimes can Desmethylmethsuximide | 190.1 > 120.1} 25 | 26 14 s.18 supernatant (50pL) was diluted with water (950pL) before 1 GO . (. * protocol Tor the determination o s I serum
: : ; : Valproic acid/Na valproate | 143.1 > 143.1| 75 30 7 3.59 P . GBS 0RO 16 B 180 178 2B 23 2% 2% 9% S5 9% 3% AW 4% 1% 4% W 3E 5% 5% Control 3 43.2 5.6 plasma has been developed.
be assisted by therapeutic drug monitoring (TDM). injecting 20puL onto the UPLC/MS/MS system. S/N:ptp=2045 84
. , Topiramate 3402>264.2| 26 | 26 8 3.70 o] imidera A Control 1 384 4.9 « The method is short with a sample to sample injection time
e The preliminary work presented here describes an Ultra : T T T T TR T T T T T T TR I T TR T TR Valproic acid 0.996 | Control 2 90.1 1.5 .
10-hydroxycarbamazepine | 255.2 > 194.2 | 26 16 20 3.87 . - fon RS i e e M e IS S S i g e AT e et of 10 minutes
Performance Liquid Chromatography tandem mass : : lon Suppression Studies S:Pip=s.13 Control 3 136.0 3.1 :
. Carbamazepine epoxide | 253.2 > 180.2| 26 20 25 4.05 :l Bihastisdmide [} . . .
spectrometry method (UPLC/MS/MS) to quantitate a panel Phenytoin et b |l (o 18 4.76 . —_— Control 1 2.0 8.7 - Calibration curves for the 24 AEDs prepared in water ‘?‘nd_
of AEDs in serum/plasma using a single protocol. These Carbamazepine 2371 >194.2| 15 | a2 20 5.06 Blank matrix or water were processed and the extract analyzed o Carbamazepine epoxide| 0.99 Control 2 4.9 1.7 analysed on the UPLC/MS/MS system produced quantitative
analyses are usually achieved by immunoassay, GC and LC Clonazepam s16.1= 27021 15 | 20 - e with post-column addition of the AEDs each at 10ug/mL and a Control 3 7.0 2.4 data with good limits of detection, linearity and
procedures. Desmethylclobazam | 287.2 > 210.2 | 15 | 35 30 5.20 flow rate of 10puL/min using the integral syringe pump. Figure 3. Chromatogam showing the lowest serum control and Control 1 4.8 9.7 reproducibility in a single acquisition. This is facilitated by
Clobazam 3012>2502| 15 | 35 20 5.50 _ the calculated signal-to-noise ratio for each AED. Fhenyroln 099 | Control 2 17.9 5.0 the speed and chromatographic resolution of UPLC and the
Tiagabine 3762 - 1491 | 15 | 35 >8 587 Experiments Control 3 26.7 5.2 scanning capabilities (minimum 5ms dwell and 20ms
Desmethyldiazepam | 271.2>140.1| 15 | 45 28 6.05 Control 1 4.8 6.0 polarity switching) of the Quattro Premier XE.
. imi i i i i i i imi i Carb i 0.994 Control 2 13.5 2.9 . . .
Diazepam 285.2>154.1| 15 | 45 26 6.24 Preliminary mygsﬂgaﬂons into the !lnearlty, limit of detectlon_ arbamazepine ontro « The 8 AEDs contained in the matrix controls when extracted
ﬁnd riprodumt;lllty 0(1;I the analytes in solvent and serum matrix _— N < _ Control 3 18.0 2.4 using the simple sample extraction and dilution process
Table 1. The tuning parameters used when monitoring 24 ave been performed. L LN TOATING. W Gl salcs o™ g . ) . imi '
AEDSs in MRM modg P 9 AL Table 2: Summary of the linearity for the 8 AEDs contained Werﬁ adelql:ateTl)é detc;:'%tec:_above the I'g:'t_ ofddetectlﬁn for
) 1 “ i L™ in the serum controls and the precision (n=5) at each level. each analyte. Ihe calibration curves obtained were finear
RESULTS MWW | and the results reproducible.
" B —— 0 TR I « After further validation the method may be suitable to
- S S check compliance and indicate a patient has taken an AED
e An example of a solvent chromatogram of the 24 AEDs / D I SCUSS I ON . P P g .
using UPLC is shown in Figure 2 oo without the knowledge of the prescribing physician.
MS conditions : - s . . . o
e A chromatogram of the lowest extracted matrix control P " v L T « Using ES+ and ES— modes it was possible to ionize 24
Polarity ES+ ES- (Figure 3) is annotated with the compound name and the Pl AEDs. However, valproic acid and sodium valproate dissolve References
Capi”ary (kV) 2-0 2.0 SIgnaI_to_nOIse ratlo (SNR) for the analyte' A“ reSponseS ’ "os0 | 100 | 15 > ! "$00 200 300 400 | }.n'r:!'_? ’ 0o 00 00 6 - in an aqueous SOIUtlon to the Same aCidic mOIety and Only
source Temperature (OC) 120 120 are well above the limit of detection (SNR 8:1) 100- “ 100- 100- one MRM transition is need. Touw DJ, Neef C, Thomson AH and Vinks AA. Ther drug Monit. 2005;27:10-17. Cost-
Desolvation Temperature (°C) 400 400 Example ion suppression chromatograms shown in Figure 4 || « AEDs are a diverse group of compounds including acids Je:ﬁ:::;”:::g: t;:\;?ii”;c;:f r;?n'et:;ni;:r Z{s;er,\:::_ct r;‘(’)'g;v'zs n7-363
. .- . . . . , i , y DJ, . u it. ;25: - .
Cone Gas Flow (L/HOUI’) 25 25 demonStrate that t_he _one_ e_lrea Of S_Ignlflca_nt ion % N 2 (eg valpr0|c a(:|d), weak bases (eg Carbamazeplne) and Therapeutic drug monitoring of the newer antiepileptic drugs.
Desolvation Gas Flow (L/Hour) 800 800 suppression, at 0.25mins, is coincident with vigabatrin only. ". zwitterions (e.g. vigabatrin). Some compounds, e.g. Bugamelli F, Sabbioni C, Mandrioli R et al. Anal Chim Acta. 2002;472:1-10. Simultaneous
-3 -3 . . . . : | H H H H H analysis of six antiepileptic drugs and two selected metabolites in human plasma by liquid
Gas Cell Pressure (mbar) 4.0e 4.0e Linear calibration curves have been obtained in both solvent 4 1% £ . £ . Lc clonazepam and diazepam ionize readily whilst ehromatography after solid phase extraction,

Figure 1. System configuration of a Waters Acquity UPLC™ and
Quattro Premier™ XE.

and matrix (Figures 5 and 6). All calibration curves in
solvent were linear (r>>0.99) and average precision <10%
RSDs. The linearity and precision summary (Table 2) is for
Chromsystems controls treated as matrix calibrators.
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Figure 4. Example chromatograms showing post-column infu-
sion of AEDs. A is injected matrix, B is injected water. C dem-
onstrates the retention of the AED.

ethosuximide ionizes poorly. The therapeutic ranges of the
AEDs are generally at the ng/mL level and are well above
the limit of detection for each analyte, even though there is
a large spread of ionization efficiencies.

Abraham CV and Joslin HD. J Chromatogr. 1976;128(2):281-287. Simultaneous gas-
chromatographic analysis for phenobarbital, diphenylhydantoin, carbamazepine and
primidone in serum.

720002302EN

©2007 Waters Corporation



