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Abstract

A specific method for the quantitative determination of valproic acid in human plasma is presented. Valproate was
extracted from acidified plasma by hexane extraction and converted to its trimethylsilyl derivative without sample
concentration. The derivatives were analyzed without any further purification. Using gas chromatography—electron ionization
mass spectrometry, diagnostic useful fragment ions/at201 and 205 were obtained for valproic acid andl [, O ]valproic
acid internal standard, respectively*®[,O ]Valproic acid was synthesized from unlabeled valproate by acid-catalyzed
exchange reaction in}i O. The method was validated in the expected concentration range of a pharmacokinetic study. Thus,
calibration graphs were linear within a range of 0.47-12Y ml plasma. Intra-day precision was 2.29% (04 g/ml),

2.93% (4pg/ml), 3.22% (20ng/ml) and 4.40% (8Qug/ml), inter-day variability was found to be 1.49% (0.4¢/ml),
3.79% (20pg/ml), 2.74% (40ng/ml) and 3.03% (80wg/ml). Inter-day accuracy showed deviations of 1.94% (0.47
pg/ml), 0.53% (4pg/ml), —0.32% (20pg/ml) and 0.06% (8Qug/ml). The method is rugged and robust and has been
applied to the batch analysis of valproate during pharmacokinetic profiling of the drug.
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1. Introduction spectrometry (GC—MS). A variety of derivatives and
detection modes have been employed: electron ioni-
Valproic acid (VPA; 2n-propylpentanoic acid) is a zation (EI) of methyl ester derivatives [2], trimethyl-
C,-branched carboxylic acid widely used for the silyl (TMS) derivatives [3,41-butyldimethylsilyl
treatment of seizure disorders [1]. Several methods derivatives [5—7]. A very sensitive method has been
for the quantitation of VPA in plasma have been elaborated using negative ion chemical ionization
described. Due to the volatile nature of the target, (NICI) of the pentafluorobenzyl derivatives [8,9].
most assays are based on gas chromatography—mass This method provides excellent sensitivity, but sam:

ple work-up is critical due to high background
* Corresponding author. Tek: 43-316-385-4037; fax: 43-316- interference of reag_ent_ and derivatized matrix com-
385-3300. ponents [10]. Underivatized VPA was analyzed using
E-mail address: hans.leis@kfunigraz.ac.gH. Jorg Leis). GC with flame ionization detection [11]. High-per-
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formance liquid chromatography has also been used residue was dissolved in methanol to yield stock

for the detection of VPA, requiring derivatization solutions of the internal standard. Purity and isotopic

with a suitable chromophore or fluorophore [12,13]. distribution were checked by GC-MS after deri-
One problem associated with volatile analytical vatization to the TMS ester.

targets like VPA is the critical loss of sample and
internal standard during sample concentration steps. 2.3. Gas chromatography—mass spectrometry
Although maximum sensitivity is not an ultimate

requirement to follow the pharmacokinetic time- A Finnigan TRACE 8000 GC coupled to a

course of orally administered VPA, unequal loss of Finnigan TRACE quadrupole MS (ThermoQuest,

analyte and standard may cause large variations in Vienna) was used. The GC was fitted with a DB—

the measurements. Thus, the use of a stable isotope- 5MS fused-silica capillary columx@1Zbmm

labeled standard would be essential. I.D., Thermoquest). The injector was operated in the
For pharmacokinetic applications robustness and split mode (split ratio 1:10) 4C26&&lium was

short analysis time is a major concern since process- used as a carrier gas at a constant flow-rate of 1.5

ing of a large number of samples is usually involved. ml/min. Initial column temperature w3 60 1

It was therefore the aim of this study to elaborate a min, followed by an increase’Gf/ 4iin to 300°C

method for the determination of VPA in human and an isothermal hold of 2 min. The mass spec-

plasma that meets the requirements of sensitivity, trometer transfer line was kept &.3Dwas

specificity, speed and ruggedness for phar- performed at an electron energy of 70 eV and an

macokinetic applications. The major objective was to emission current of 0.150 A. During single ion

elaborate a method using a stable isotope-labeled recordig, 201.13 andm/z 205.14 were re-

internal standard and a sample work-up and de- corded for target and internal standard, respectively,

rivatization procedure avoiding any sample concen- with a dwell time of 30 ms.

tration steps.
2.4. Sample preparation

2. Experimental A volume of 50l of the methanolic solution of
the internal standard, containing 3.2pg
2.1. Chemical and reagents [*®0,]valproic acid were pipetted into a 5-ml poly-
propylene tube and 10Q. of plasma was added.
N-Methyl-N-trimethylsilyltrifluoroacetamide (MS- After short, vigorous shaking, 1 ml HCI (BLRwas
TFA), trimethylchlorosilane (TMCS), and silylation added followed by 0.5milexane. The tubes were
grade pyridine were obtained through Pierce (Rock- stoppered and shaken at a reciprocal shaker for 15
ford, IL, USA). Sodium valproate was a kind gift of min. After centrifugation at 4000 rpm for 10 min,
Biokinet Laboratories, Vienna. i O (96.1 atom% 2@Dof the (upper) organic layer were transferred
®0) was from Campro Scientific, (Veenendaal, The to a 96-well deep-well plate (polypropylene). A
Netherlands). All other solvents and reagents of volume ofpubOreagent solution (MSTFA, con-
analytical grade were from Merck (Darmstadt, Ger- taining 1% TMCS in pyridine, 2:1, v/v) was added.
many). The plate was closed with a polypropylene seal,
mixed, left at room temperature for 15 min and
2.2. Preparation of [*%0,Jvalproic acid stored at—20°C until analysis.

Sodium valproate (50 mg) was dissolved in 0.3 ml 2.5. Analytical method validation
of H;°0 and 10pl of fuming HCI was added. The

vial was closed and left at 7& for 4 days. After Calibration graphs were established in the range of
cooling, the mixture was extracted with 0.5 mi of 0.47 png/ml plasma to 12@wg/ml plasma. For this
hexane and the solvent evaporated carefully at room purpose, blank plasma was spiked with the appro-

temperature under a gentle stream of nitrogen. The priate amounts of VPA by addind 60 the
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corresponding methanolic solution. Standard solu-

tions of VPA were prepared by serial dilution in
methanol to yield concentrations of 0.47, 0.938,
1.875, 3.75, 7.5, 15, 30, 60 and 12@®/50 pl. A
volume of 50 ul of these solutions were added to
950 pl of blank plasma to obtain calibration plasma
samples. Standard solutions were stored-20°C.

Blank plasma was checked for possible VPA content
before use. For calibration, weighted linear regres-

sion analysis was applied (weighting factors3)/

For accuracy and precision measurements, daily

calibration curves were prepared. The lower limit of
quantitation (LOQ) was set to 0.4¥g/ml plasma as

required for pharmacokinetic studies. LOQ must not

be below the limit of detection, for which a signal-
to-noise ratio of at least 3:1 is required.
Inter-day precision was determined at 0.47 (LOQ),

71

4, 20 andd@0nl plasma by carrying one sample
at each concentration level throughout the analytical
sequence (sample preparation and GC—-MS analysis)
at 5 consecutive days. Spiked samples were prepared
from blank plasma.
Intra-day precision was determined at 0.47 (LOQ),
4, 20 and 8Qug/ml plasma by carrying five samples
at each concentration level throughout the analytical
sequence and analyzing the samples at 1 day. Spiked
samples were prepared from blank plasma.
Accuracy of the methods was also tested at the
above mentioned concentrations. Thus, the data from
inter- and intra-day precision measurements were
used to calculate the deviation of the values mea-
sured from the actual spiked values.
Specificity was tested by analyzing 10 different
blank plasma samples.

1007 73
. A
807
] 160
60—
40 75 [M-CH, '+ hoN i/CH3
] 201 [ ~CH
2055 129 145 174 HSC 3
8 7\J“I il 11\7 | ’ |
o B e e B e e e TR BN o B S T e e e B e RN o
2 60 80 100 120 140 160 180 200 220 240 260 280 300
3 m/z
<
(0]
=
T
(0]
T 100 73
] B
80 180
60~
] 180\ .’CH3
40 77 [M'CH3]-+ ] I\CH
20 | 205 H,C 3
155 | 133 149 17‘8
N T s e N O S I B B O B
60 80 100 120 140 160 180 200 220 240 260 280 300
m/z

Fig. 1. El mass spectrum of (A) native and (&) , O -labeled valproic acid TMS ester.
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Fig. 2. Typical calibration graph obtained after analysis of valproic acid as its TMS ester derivative.

To measure freeze—thaw stability plasma samples ples at 2 apd /A0l concentration levels immedi-
were analyzed immediately after spiking with the ately after work-up and repeating the analysis 24 h
indicated amounts of VPA and after three freeze— later. Concentrations are calculated and the means
thaw (F-T) cycles. are compared.

For assessment of short-term stability, five spiked
samples at 2 and 1g/ml concentration levels are
melted to room temperature and left to stand 3 h at
room temperature. After that another five identical 3. Results and discussion
samples of the same concentrations are melted and
all samples are spiked with the internal standard and 3.1. Isotopic labeling of the internal standard
analyzed. Concentrations are calculated and the

means are compared. The labeling procedure described herein offers a
For determination of long-term stability, five rapid way to stable isotope-labeled valproic acid.
spiked samples at 4 and 8@g/ml concentration Under the conditions described, no unlabeled species
levels are analyzed immediately. Another five identi- was present, as confirmed by mass spectrometry. The
cal samples of the same concentrations are analyzed procedure yielded the desired product in quantitative
after 4 weeks storage time at20°C. Area ratios are yield, showing an isotopic composition of 9.8%
calculated and the means are compared. single-labeled and 90.2% double-labeled product. No
Autosampler stability (i.e. the precision of the side reactions or decomposition was observed by
GC-MS measurements under reproducibility con- GC-MS. The isotopic purity with regard to un-

ditions) is measured by analyzing five spiked sam- labeled VPA is demonstrated in Fig. 3B.
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Table 1 using more polar solvents, like ethyl acetate. Addi-
Intra-day precision and accuracy of VPA determination in human tionally, hexane was superior to other solvents

plasma regarding the formation of emulsions at the phase

Spiked amountg/ml)  0.47 4 20 80 boundary. Extraction recovery was above 90%, as

Mean 0481 3921 19828 77.698 determined by extracting a defined amount of VPA

Sb 0011 0115 0639 3421 and adding the internal standard after the extraction

n 5 5 5 5 step.

,(A:.c\f:u(::gy %) 222592 _12'(:9%3 _0.3532 _2;';0 The TMS derivative was stable for at least 4
weeks at—20°C and 6 days at room temperature.

Table 2 Samples were stored at20°C to assure unat-

Inter-day precision and accuracy of VPA determination in human te_nuat_ed pOSS_IbIlIty O.f sample .re-analySIS over a

plasma wide time period during analysis of large sample

, numbers.

Spiked amounti{g/ml)  0.47 4 20 80

Mean 0.478 4021  19.937  80.047

:D 2.007 50.152 50.546 52.425 3.3. Mass spectrometry

CV. (%) 149  3.79 2.74 3.03

Accuracy (%) 1.94 053 -0.32 0.06 For the detection of VPA we have used El mass
spectrometry of the TMS derivative. The El mass
spectrum of the TMS derivative of VPA is shown in

3.2. Sample preparation Fig. la. Fig. 1b shows the corresponding mass
spectrum of the'® © -labeled internal standard. The

The extraction procedure described here offers a El mass spectrum shows a fragmemh/inr2@t,

rapid way to isolate VPA from the plasma matrix. resulting frantleavage of the Si—C bond by loss

Thus, we have achieved extraction and derivatization of a methyl radical.'Foy O -labeled VPA, the

of batches with 250 samples routinely within 5 h, corresponding ion is foundné& 205. These

with two technicians working on it. For volatile fragment ions were used for quantification after

targets like VPA, loss of compounds during sample selected ion recording.

concentration steps is a serious problem. This meth- As expected, fragment ions arising from alkyl

od avoids any of these and thus assures high chain cleavage are shifted by four mass units in the

reproducibility for the measured response. Addition- spectrurf’of, O VPA.

ally, time-consuming solvent evaporation steps are
omitted and thus analysis speed is significantly
enhanced. No increase in signal intensity was ob- 3.4. Analytical method validation
served after derivatization for 15 min at room

temperature, thus indicating complete conversion to The calibration graphs established were linear
the derivative. No interference from polypropylene within the tested range ofu@4iml plasma to 120

vial components were detected, as shown in Fig. 3B. pg/ml plasma, using 3.2.g [*°0,]VPA internal
Hexane extracts were by far cleaner than extracts standard. A typical calibration curve with the statis-
Table 3

Freeze—thaw stability of plasma samples containing VPA

Spiked amount Amount found before 3 Amount found after 3 % found after 3
(rg/ml) F-T cycles g/ml) F-T cycles g/ml) F-T cycles

2 2.000 2.008 100.40

10 10.244 10.201 99.58

40 41.142 41.682 101.31

Plasma samples were analyzed immediately after spiking with the indicated amounts of VPA and after three freeze—thaw (F—T) cycles.
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tical data is shown in Fig. 2. For pharmaco-
kinetic measurements, the Ilimit of quantitation
(LOQ) was set to 0.47.g/ml plasma.

The coefficients of inter- and intra-day variation

and accuracy of the spiked samples are presented in
Table 1 and Table 2. It can be seen from these data,

that the method provides a highly precise and
accurate assay for VPA in human plasma. This can

be attributed to the use of a stable isotope-labeled

internal standard. Mass spectrometry in combination
with stable isotope dilution is a very powerful tool in

external quality assessment schemes, and assays
based on this technique can be regarded as reference

procedures to validate other analytical methods.

No decomposition of standard and stock solutions
was measurable after 2 months of storage-a5°C.
Investigations on freeze—thaw stability of plasma
samples at three different concentrations did not

indicate any sample degradation after three freeze—

thaw cycles. The results are shown in Table 3.
Plasma samples containing VPA were stable for at
least 12 weeks when stored below20°C. Under

analysis conditions, derivatized samples were stable

for at least 48 h. Ten different blank matrices were

of the El detection allow rapid sample preparation
and assure a high throughput in analysis. Under the
conditions described, the VPA derivative elutes after
2.67 min from the GC. The total analysis cycle
including cooling of the GC and equilibration time is
14 min per sample.

The analysis of VPA from human plasma is of
major interest in pharmaceutical research. Phar-
macokinetic applications require highly specific as-
says with high sample throughput capacity. This is

met by the presented method, since no sample
concentration steps are necessary. When full sca
acquisitions of plasma samples were analyzed, thi

whole fatty acid pattern of these plasma samples was

obtained. Thus, the method can be regarded as

potentially applicable to the rapid GC-MS analysis

of plasma fatty acids without any sample concen-
tration steps. The facile preparation of stable isotope-
labeled standards described herein also allows acces
to stable isotope dilution assays of these compounds
at low costs and immediate availability of the

required internal standards.
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