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SUMMARY

A quantitative method has been developed for valproic acid and twelve of 1ts metabolites
using capillary gas chromatography—mass spectrometry with selected-ion monmtoring The
method 1s applicable to serum or urine and all metabolites are measured 1n a single run Ions
selected for quantitative purposes were the characteristic (M — 57)* 10ns of the tert -butyldi-
methylsilyl (tBDMS) derivatives The 4-hydroxyvalproic acid was measured as the y-lactone
Cahbration curves were found to be linear and the sensitivities 1n the order of 0 1 ug/ml
Patient data are presented A comparison of tBDMS and trimethylsilyl (TMS) denivatives
showed that tBDMS gave superior sensitivity for the unsaturated metabolites and a shorter
analysis time Mixed tBDMS—TMS derivatives were also investigated

INTRODUCTION

Valproic acid (VPA, 2-propylpentanoic acid) 1s a widely used anticon-
vulsant drug which 1s eliminated mainly by metabolism [1, 2] Some VPA
metabolites have anticonvulsant properties [3] and/or may be involved in the
rare but severe cases of VPA hepatotoxicity [4, 5] It 1s therefore important
to develop sensitive and selective methods for the quantitative analysis of VPA
metabolites. To date these methods have consisted of gas chromatography
(GC) and more frequently gas chromatographic—mass spectrometric (GC—MS)
techniques. In 1981 Loéscher [6] reported a quantitative GC method using a
differential extraction for the analysis of VPA, 2-propyl-3-oxopentanoic acid
(3-keto-VPA), 2-propyl-4-hydroxypentanoic acid (4-OH-VPA), 2-propyl-2-
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pentenoic acid (2-ene-VPA), 2-propyl-3-hydroxypentanoic acid (3-OH-VPA)
and 2-propyl-5-hydroxypentanoic acid (5-OH-V PA) in the plasma of
epileptic patients. Prickett and Bailhe [7] have reported the GC analysis of
trimethylsilyl (TMS) denvatives of 3-, 4- and 5-OH-VPA 1solated from rat liver
microsomes A capillary GC procedure of methyl ester dervatives separated
VPA and at least eleven metabolites over an approximately 40-min run time
[8] More selective GC—MS assays have included the analysis of TMS
dervatives of mono- and diunsaturated VPA metabolites [9] More recently
dienes VPA were measured 1n patient urine and plasma samples [10] The most
complete GC—MS assay was reported by Nau et al [11] who achieved a ssmul-
taneous analysis of VPA and eight metabolites by selected-ion monitoring
(SIM) of TMS denvatives A chemical-lonization (CI) GC—MS assay of ethyl
ester derivatives of VPA metabolites has also been reported [12]

The use of tert.-butyldimethylsilyl (tBDMS) denvatives for the GC—MS
analysis of VPA metabolites has recewed httle attention although earher [13]
and more recent [14, 15] studies have shown that tBDMS derivatives of fatty
acids gave better sensitivity because of the mtense (M - 57)* fragments formed
1 contrast to the less mtense (M — 15) * fragments from TMS derivatives. Based
on our previous experience with tBDMS derivatives for the analysis of VPA 1n
saliva and serum [16, 17] and the use of these derivatives for the 1dentification
of VPA metabolites [18], the tBDMS derivatives were investigated as to their
suitabihity for the quantitation of VPA metabolites Comparisons were made to
TMS derwvatives and mixed tBDMS—TMS derivatives were also briefly
mnvestigated

EXPERIMENTAL

VPA metabolites

Valproic acid (di-n-propylacetic acid) was obtamned from K & K Fme
Chemicals, ICN Pharmaceutical (Plamview, NY, US A) The metabolites
used for the standard calibration curves were synthesized as reported elsewhere
[18] These metabolites were namely 2-propyl-(E)-2-pentenoic acid [(E)-2-
ene-VPA], 2-propyl(Z)-2-pentenoic acid [(Z)-2-ene-VPA], 2-propyl-3-
pentenoic acid (3-ene-VPA), 2-propyl-4-pentenoic acid (4-ene-VPA), 2-propyl-
3-hydroxypentanoic acid (3-OH-VPA), the vy-lactone 1somers of 2-propyl-
4-hydroxypentanoic acid (4-OH-VPA lactones), 2-propyl-5-hydroxypentanoic
acid (5-OH-VPA) as the §-lactone, 2-propyl-3-oxopentanoic acid (3-keto-VPA),
2-propyl-4-oxopentanoic acid (4-keto-VPA), 2-propylsuccimic acid (2-PSA)
and 2-propylglutaric acid (2-PGA) The synthesis of the diunsaturated metab-
ohite 2-[(E)-1"-propenyl]-(E)-2-pentenoic acid [(E,E)-2,3’-diene-VPA] was
recently reported [19]

The dwunsaturated metabolite (E)-2,4-diene-VPA was a kind gift from Dr
T. Bailhie (University of Washington, School of Pharmacy, Seattle, WA, US A )

Internal standards

The 3-octanone (99%) was obtamned from Aldrich (Milwaukee, WI, US A )
The 1nternal standard, [?H,]2-ene-VPA ([3,5,5-?H] 3-heptene-4-carboxylic
acid), was prepared by dehydration and hydrolysis of the cyanohydrin
obtained from {3,3,5,5-*H]4-heptanone [2H,]}-4-Heptanone was prepared
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from 4-heptanone after several exchanges with solutions of NaO*H m %H,0.
Percentage deuterium incorporated was 95%. A mixture of cis- and trans-
[?H,] 2-ene-VPA (1.4 ratio) was obtamed, b.p 88—91°C, 0.4 mmHg, 'H-NMR
(C*HCl,) relative to tetramethylsilane 0.8—1.1 (m,6), 1.2—1.7 (m,2), 2.0—2.6
(q,2H), 10—11.8 (brs, 1, COOH).

The synthesis of the internal standard [?H¢] VPA has previously been

reported {17].

Reagents

Solvents were distilled-in-glass grade obtained from Caledone (Georgetown,
Canada). Anhydrous sodium sulfate and sodium hydroxide were obtamned from
BDH Chemicals and hydrochloric acid from Fisher Scientific (Canada) tert -
Butyldimethylsilyl chloride (tBDMCS), 97% purity, 4-dimethylaminopyridine
(DMAP catalyst), 99% punty, pyndine, N-tert -butyldimethylsilyl-N-methyl-
trifluoroacetamide (MTBSTFA) were purchased from Aldrich N-Methyl-N-
trimethylsilyltnfluoroacetamide (MSTFA) was obtained from Pierce
(Rockford, IL, U S.A.).

The tBDMCS reagent was prepared 1n pyridine to contain 5% DMAP 50 mg
DMAP were dissolved in 1 ml dry pyridine and this mixture was then added to
1 g of tBDMCS.

Instrumentation

The assay was performed on a Hewlett-Packard 5987A gas chromatograph—
mass spectrometer. Operating conditions were source temperature 200°C,
transfer line temperature 240°C, njection port temperature 240°C and helium
flow-rate 1 ml/min.

The mass spectrometer was operated with an electron ionization energy of
70 eV The capillary column used was an OV-1701 bonded phase, 25 m X 0.32
mm D, with a film thickness of 0 25 um (Quadrex Scientific, New Haven,
CT, U.S.A.) For tBDMS and TMS—tBDMS mixed derivatives the column oven
mitial temperature was 50°C (zero hold time) and programmed at 30°C/min
to 100°C, then 8°C/min from 100°C to a final temperature of 260°C (with a
1-min hold time) Total run time was approx 22 min

For TMS dernivatives, the mitial oven temperature was 75°C (10-mm hold
time) and the rate of increase of temperature was 8°C/min from 75°C to
200°C then 30°C/min to a final temperature of 260°C (with a 5-mm hold
time) Total time required was approx 30 min

Stock solutions of internal standards

The stock solution concentration of internal standard [2H;]2-ene-VPA
was 100 ug/ml either in 3 M sodium hydroxide for analysis of patient samples
or mn diwistilled water for analysis of reference standards Stock solution
concentrations of the internal standards [*H¢]VPA and 3-octanone were
respectively 100 ug/ml and 1 mg/ml n distilled water

Preparation of urine and serum standards
Two sets of reference standards were prepared One set in 3 M sodium
hydroxide was prepared by the addition of 3-OH-VPA, 4-OH-VPA y-lactone,
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5-OH-VPA 5-lactone and 3-keto-VPA ethyl ester to the alkaline solution and
allowing these to dissolve with gentle shaking over five days

The other reference set was made mn urine or serum and contaned
4-ene-VPA, 3-ene-VPA, 2-ene-VPA, VPA, 4-keto-VPA, 2-PSA and 2-PGA.

For each cahbration point 0.1 ml of standard in alkahne solution was added
to 09 ml of 1ts corresponding standard in serum or urine at the time of
analysis The concentrations thus obtained for the calibration were 2.5, 10, 15,
30 and 45 ug/ml for 4-OH-VPA and 5-OH-VPA, 0 18, 045, 0 90, 4.5, 9 and
13 5 ug/ml for 4-ene-VPA, 3-ene-VPA, 4-keto-VPA and 2-PSA, 0 36,0 90, 1.8,
9, 18 and 27 ug/ml for 2-ene-VPA, 18, 36, 54, 72, 108 and 144 ug/ml for VPA,
5, 10, 15, 50, 75 and 150 ug/ml for 3-keto-VPA, 0 36,0 90,1 80, 4.5, 15 and
18 ug/ml for 2-PGA and finally 2, 5, 10, 15, 20 and 25 ug/ml for 3-OH-VPA

The cahbration curves were obtained by a plot of the area ratio of the
metabolite or VPA peak to that of the internal standard versus the concentra-
tion of the metabolite [?H] VPA was used as the internal standard for VPA
while (E)-[?H;]2-ene-VPA was used as the internal standard for all the other
metabolites. The 3-octanone was mitially investigated as an internal standard
for 4-OH-VPA +v-lactone but was eventually used to momtor the evaporation of
the extract. A standard curve was run prior to each batch of patient samples

Extraction and derwatization of standards and patient samples

To 01 ml of standard in alkaline solution were added 09 ml of 1its
corresponding standard 1n urine or serum and 100 ul of each of three internal
standard solutions This mixture at pH 12 5—13 was mncubated 1 h at 60°C to
hydrolyze conjugated metabolites (mainly VPA-glucuronide). After cooling the
mixture was brought to pH 2 with 110 ul of 4 M hydrochloric acid and left at
room temperature for 15 min The mixture was then extracted with 3 ml of
ethyl acetate by gentle rotation for 20 min. This procedure was repeated mn
the case of serum to ensure complete extraction. The organic phase was trans-
ferred and vortex-mixed with anhydrous sodium sulfate, then centrifuged (5
min, 1000 g, 25°C). The supernatant (approx. 2.4 ml) was transferred to a
conical tube and concentrated to 200 ul under a nitrogen stream.

To obtain tBDMS derivatives 50 ul of tBDMCS reagent were added to the
concentrated extract in a conical reaction vial and the mixture heated at 60°C
for 4 h. TMS dervatives were obtamed by addition of 50 ul of MSTFA reagent
to the concentrated extract and the mixture heated at 60°C for 10- 20 min.
Mixed derivatives were obtained by addition of 50 ul of MSTF A reagent to the
tBDMS denwvatives prepared from the reagent in pyridine and heating at 60°C
for a further 10 mun. The tBDMS derivatives obtained with MTBSTFA reagent
were formed by adding 50 ul of the reagent to the concentrated extract and
heating the mixture for 20 min at 60°C In all cases 1 ul of dervatized extract
was mjected into the gas chromatograph—mass spectrometer. Splitless mode
was used.

For patient samples 1 ml of serum or urine was taken and 100 ul of [?H,] 2-
ene-VPA dissolved 1n 3 M sodium hydroxide and 100 ul of each of the other
two internal standard solutions were added. Otherwise, extraction and derivati-
zation procedures were carried out exactly as for the calibration standards In
patient samples where the available volume of urine or serum was less than 1
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ml, a known volume was pipetted and diluted with distilled water to a final
volume of 1 ml. Corrections were made for the diiution factor 1n calculations

RESULTS AND DISCUSSION

Sample extraction

The most efficient solvent for the recovery of VPA and i1ts metabolites was
ethyl acetate as reported by Nau et al [11] and the recovery was In the range
75~ 90%. Other solvents such as hexane, 10% ethyl acetate in hexane,
chloroform, and dichloromethane were smitable for VPA and some of the un-
saturated metabolites but recoveries were poor for the more polar metabolites.

For urine samples, 3 ml of ethyl acetate gave optimal results. In the case of
serum a double extraction each for 20 min using gentle rotation prevented
formation of mtractable emulsions and gave good recoveries of VPA and 1its
metabohtes Alkaline hydrolysis (pH 12— 13) of the conjugated metabolites
was the preferred method since 1t was easy to perform and ensures hydrolysis
of B-glucuronidase-resistant forms should they be present [20]. Deuterum
was not lost from the internal standards under the alkaline conditions

An mitial approach to the extraction and analysis of metabolites following
alkaline hydrolysis was to adjust the solution pH to 2 and heat for 2 h Under
these conditions 4-OH-VPA and 5-OH-VPA are converted to their y- and §-
lactones, respectively, and 3-keto-VPA to 3-heptanone [21] This same
approach was used by L&scher [3] mn a GC method for the analysis of VPA
metabolites In a similar way we attempted to measure 3-heptanone by GC—MS
and momtoring m/z 114 [?H,] 3-Heptanone was added at the acidification step
to serve as internal standard. In many cases 3-heptanone was either lost by
evaporation during the 2-h heating period in spite of sealed reaction tubes or
was present at low concentrations because of incomplete decarboxylation of
3-keto-VPA. The tBDMS derwvative of acetic acid resulting from the hydrolysis
of ethyl acetate under the acidic conditions used interfered with the internal
standard [2H,] 3-heptanone peak at m/z 118

The extraction and analysis of mtact 3-keto-VPA was then investigated. It
was found that bringing the sample to pH 2 for 15 min at room temperature
gave optimal results. While some 3-keto-VPA 1s decarboxylated to form
3-heptanone a large part remains ntact. Similar results were reported by
Kochen and Scheffner [9] . The 3-keto-VPA upon derivatization can be assayed
as the mono- or diderivative depending on the derivatizing reagent used These
extraction conditions also converted 4-OH-VPA to 1ts y-lactone 1somers which
were extracted and analyzed by monitoring m/z 100

Derwatization

The choice of tBDMS derivatives of VPA and metabolites for SIM was based
on the reported increased sensitivity of tBDMS derivatives compared to TMS
[15] and our previous success of using tBDMS dernivatives for measuring VPA
and [*H¢] VPA [16—18]. The mass spectra of the tBDMS derwvatives of VPA
metabolites contain typical and intense (M — 57)* fragment 10ns corresponding
to the loss of the tert.-butyl fragment Other characteristic 1ons from mass
spectra obtained by GC—MS are given in Table I.
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prepared 1n pyridine catalyzed by 5% DMAP. This catalyst reduced reaction
times but gave interfering background peaks when 1t exceeded 5% by weight
of the reagent mixture. The reaction time of 4 h at 60°C was found to
completely derivatize VPA and to give reproducible peaks for the metabolites.
This reagent gave primarily the mono-tBDMS derwvative of 3-keto-VPA (m/z
215) Further storage at 0° C produces little or no formation of the diderivative
(Fig 1) The 5-OH-VPA 15 readily derivatized and forms a didenvative (m/z
331). On the other hand 4-OH-VPA remained largely as the y-lactone and was
analyzed as such (m/z 100).

Using the tBDMS reagent 1n pyridine, 3-OH-VPA does not derivatize readily
and chromatographs poorly Longer reaction times were necessary to obtain
reproducible peaks for the 3-OH-VPA monodenvative The di-tBDMS deriva-
tives of 3-OH-VPA and 4-OH-VPA were rarely seen

More recently, a very reactive tBDMS reagent became avalable [23]. With
this reagent, reaction times for the derivatization of VPA metabolites were
shortened (20—30 min), and 3-OH-VPA was more readily derivatized However,
3-keto-VPA forms both the mono- and diderivatives (Fig 1) and on standing at
0°C continues to convert from mono- (m/z 215) to the didenvatve (m/z 329)
This suggests that short reaction times may be inadequate for reproducible
denivative formation of 3-keto-VPA Ideally, reaction times should be sufficient
to ensure complete formation of the 3-keto-VPA di-tBDMS derivative With the
MTBSTFA reagent and our extraction conditions, 4-OH-VPA still remamns
largely as the y-lactone. Symilar results were found when MSTFA was used to
form TMS derivatives

The stability of tBDMS denvatives prepared using the pyridine reagent was
determined by the repeated analysis of the same set of standard urine samples
over a one-week period The samples were first analyzed on the day of prepara-
tion, then three and seven days later while being stored at room temperature. It
was found that the relative standard dewviation of the slopes of the calibration
curves did not exceed 6% When denvatized samples are tightly capped and
stored at —20° C they were found to be stable for several weeks

Selected-ion chromatograms
The SIM chromatograms of VPA metabolites obtained for a patient urine
and serum sample are shown in Figs 2 and 3, respectively All peaks of interest
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Fig 2 SIM chromatograms of tBDMS derivatives of VPA metabolites in a patient urine
extract The tBDMS reagent in pyridine was used for the derivatization Chromatographic
conditions capillary column, 25 m X 0 32 mm I D, OV-1701 bonded phase (phase or film
thickness 0 25 um), temperature program, 50 to 100°C at 30° C/min, then 100 to 260°C at
8°C/min, 1-min hold at 260°C Peaks 1 = 4-OH-VPA lactones, 2 = 3-octanone, nternal
standard, 3 = (E)-2,4-diene-VPA, 4 = (E,E)-2,3'-diene-VPA, 5 = 4-ene-VPA, 6 = 3-ene-VPA,
7 = (Z)-2-ene-VPA, 8 = (E)2-ene-VPA, 9 = VPA, 10 = (Z)[*H,]2-ene-VPA, mternal
standard, 11 = (E)-[*H,]2-ene-VPA, internal standard, 12 = [?’H,]VPA, internal standard,
13 = 3-keto-VPA, 14 = 4-keto-VPA, 15 = 3-OH-VPA, 16 = adipic acid, 17 = 5-OH-VPA, 18 =
2-PSA, 19 = 2-.PGA Adipic acid was measured to monitor the formation of dicarboxylic

acids
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Fig 3 SIM chromatograms of tBDMS derivatives of VPA metabohtes from a patient serum
sample The tBDMS reagent in pyridine was used for the derivatization For chromato-
graphic conditions, see Fig 2 Peaks 1 = 4-OH-VPA lactones, 2 = 3-octanone, internal
standard, 3 = (E)-2,4-diene-VPA, 4 = (E,E,)-2,3'-diene-VPA, 5 = 4-ene-VPA, 6 = 3-ene-VPA,
7 = (Z)y2ene-VPA, 8 = (E)-2-ene-VPA, 9 = VPA, 10 = (Z)[?H,]2-ene-VPA, internal
standard, 11 = (E£)-[*H,]2-ene-VPA, mternal standard, 12 = [*H,]VPA, internal standard,
13 = 3-keto-VPA, 14 = 4-keto-VPA, 15 = 5-OH-VPA 16 = 2-PGA

were suitably resolved, and serum and urine controls showed no mterfering
background peaks.

An OV-1701 capillary column was chosen for the analysis based on the
resolution of 4-ene-VPA from VPA within a reasonable GC run time This was

accomplished 1n approx 16 min.
The two major diene-VPA metabolites were readily seen at m/z 197 1n serum
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and unne. Other apparent dienes were present but the lack of authentic
standards did not make their identification possible

While both the TBDMS mono- (m/z 215) and didenvatwve (m/z 329) of 3-
keto-VPA are possible, the tBDMS diderivative of 3-keto-VPA 1s extensively
seen only with MTBSTFA reagent The chromatogram for 3-OH-VPA obtained
with tBDMS reagent in pyndine 1s not always reliable (Fig 2) Better results
were obtained with MTBSTFA No peak for 4-OH-VPA monoderivative 1s
evident since under the conditions of extraction 4-OH-VPA exists largely as the
y-lactone 1somers (m/z 100, peaks 1)

In Fig 3, the 1on chromatogram for 3-OH-VPA (m/z 217) was not included
since the amount of 3-OH-VPA m serum was lower than the limits of detection
In serum, 4-OH-VPA 1s again detected as the lactone and small amounts of
5-OH-VPA (m/z 331) and 2-PGA (m/z 345) are evident

Quantitatwe analysis

Calibration curves for VPA using [*H¢] VPA as internal standard and for
the metabolites using (E)-[?H;] 2-ene-VPA as internal standard were linear over
the ranges selected with coefficients of determination, r?, exceeding 0 99 For
example the calibration curve obtained for 4-ene-VPA spiked into urine and
using (E)-[?H;]2-ene VPA as internal standard gave an r? of 0 9997 with the
line passing through the origin The reproducibility of the method was checked
over a period of five months. The relative standard dewviation of the slopes
obtained was found to be less than 8% for VPA, 3-keto-VPA, 4-keto-VPA,
4-ene-VPA, 3-ene-VPA, 2-ene-VPA and 5-OH-VPA The relative standard
deviation of the slopes exceeded 10% for 2-PSA and 4-OH-VPA In the case of

TABLE IT

SERUM VPA AND METABOLITE CONCENTRATIONS FOR 34 PEDIATRIC PATIENTS
ON VPA MONOTHERAPY

All analyses were carried out using the tBDMS reagent

Compound Concentration (ug/ml) Percentage of
VPA
Mean  Range
4-OH-VPA 038 Tr*— 178 08
(E)-2,4-Diene-VPA** 020 0 02— 058 04
(E,E)-2,3 -Diene-VPA** 2 95 0 50— 729 64
4-Ene-VPA 067 016— 122 14
3-Ene-VPA 094 026— 186 20
(Z)-2-Ene-VPA 019 006— 040 04
(E)-2-Ene-VPA 553 095— 113 119
VPA 46 38 118 —1056 100
3-Keto-VPA 359 0 29— 1560 77
4-Keto-VPA 040 001— 129 09
5-OH-VPA 018 Tr— 125 04
2-PSA 004 Tr— 044 01
2-PGA 0 20 Tr— 123 04
*Tr = trace

**The (E)-2-ene-VPA standard curve was used for quantitation
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2-PGA some mmprovement i reproducibility may be obtained by using a
dicarboxylic acid as an internal standard. Because of the variability observed,
standard curves were run prior to each batch of patient samples

Our method has been 1n use for over a year and patient results are shown 1n
Table II The values obtamned for 3-keto-VPA, 2-ene-VPA, 4-OH-VPA and
5-OH-VPA are 1n the same range as those obtamned by Loscher [3] and Nau
etal [11].

Comparison of tBDMS and TMS derwatiwes

VPA metabolites were also denvatized using MSTF A, and the 10n chromato-
grams using the same column as for the tBDMS derivatives are shown 1n Fig. 4
In order to separate 4-ene-VPA and VPA a longer chromatographic time and
different conditions than used for the tBDMS dervatives were required. Using
our extraction and denvatization conditions, 4-OH-VPA lactones are present
(peaks 1, m/z 100) as well as 1somers of the 4-OH-VPA monodenvative (peaks
16, m/z 217) The 1somers of 3-OH-VPA readily appeared as mono-TMS
dervatives i contrast to tBDMS denvatives and gave sharp peaks (peaks 15,
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LS

16 |35
m/z 202 | \
| [, B n 17
m/z 287
9 L |
miz 201 |
L | .J miz 217
8 7 5— J‘\.. uho
6
m/z 189 | \ |- J
2—
187 a4 "
m/z ~} \
s miz 215
miz 100
8 10 12 14 16 18 20 22
TIME (min)

Fig 4 SIM chromatograms of TMS derivatives of VPA metabolites from a patient urine
sample MSTFA reagent was used for derivatization Chromatographic conditions capillary
column, 256 m X 0 32 mm1I D, OV-1701 bonded phase (film thickness 25 um), temperature
program, 75°C (10 mn), 75 to 200°C at 8°C/mn, then 200 to 260°C at 30° C/mm, 5-mmn
hold at 260°C Peaks 1 = 4-OH-VPA lactones, 2 = (E,E)2,3'-diene-VPA, 3 and 4 = dienes-
VPA, 5 = (E)-2-ene-VPA, 6 = (Z)-2-ene-VPA, 7 = 3-ene-VPA, 8 = 4ene-VPA,9=VPA,10 =
(E)-[>H,]2-ene-VPA, internal standard, 11 = (Z)-[*H,;] 2-ene-VPA, mternal standard, 12 =
[*H,]1VPA, internal standard, 13 = 4-keto-VPA, 14 = 3-keto-VPA, TMS monodernvative,
15 = 3-OH-VPA (two 1somers), 16 = 4-OH-VPA (two 1somers), 17 = 3-keto-VPA, TMS
diderivative (two 1somers), 18 = 5-OH-VPA, 19 = 2.PSA, 20 = 2-.PGA
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m/z 217). 3-Keto-VPA was present as both the monoderivative (peak 14) and
the didenvative (peaks 17) and upon standing the monoderivative 3-keto-VPA
was found to decrease with a corresponding increase of the diderivative
1somers

TABLE IIT

COMPARISON OF THE RELATIVE SENSITIVITY OF tBDMS AND TMS DERIVATIVES
OF VPA AND METABOLITES WHEN MEASURED BY SIM

Peaks were the (M — 57)* and (M — 15)* 10ns, respectively For each metabolite n = 12

Metabolite Relative sensitivity
tBDMS/TMS*

Dienes-VPA, (Z)-2-ene-VPA, 3-ene-VPA, 4-ene-VPA 10 —20

VPA, (E)-2-ene-VPA, 4-keto-VPA, 2-PSA, 2-PGA 5 —10

5-OH-VPA, 3-keto-VPA 03— 2

*Determimed from the peak area ratios of the respective (M — 57)* or (M — 15)* m/z to
the m/z 160 of diethyl 1-methylbutylmalonate

938
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Fig 5 Mass spectrum and corresponding mass chromatogram of the mixed tBDMS—TMS
derwvative of 3-OH-VPA n urine extract For chromatographic conditions see Fig 2
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In order to compare the relative sensitivity of detection of the tBDMS and
TMS derivatives, a calibration standard, a patient urine sample and a patient
serum sample were each extracted and divided with one part derivatized by
MTBSTFA reagent and the other half by MSTFA Diethyl 1-methyibutyl-
malonate served as a non-derivatized internal standard. The samples were run

on three different days over a period of one week All samples were stored at
—18°C and found to be stable The results are giwven 1n Table 111 Except for

Kiila AV W DURAAT A LIT LTDLAULS KA T AVECiILr 222 QT L1221 2alTy

3-keto-VPA, the tBDMS derivatives 1 all cases gave greater sensitivity. This
was particularly true and has special significance for the unsaturated
metabolites 3- and 4-ene-VPA which are frequently present in concentrations
nearing the lower detection limits. Barring differences in the chromatography
and the degree of derivatization, the greater sensitivity observed with the 1on
monitoring of the tBDMS denvatives 1s very similar to the comparisons seen by
Woollard [15] for TMS and tBDMS denvatives of C;; and C,¢ straight-chain
fatty acids

969

miz 217
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Fig 6 Mass spectrum and corresponding mass chromatogram of the mixed tBDMS—TMS
derivative of 4-OH-VPA isomers in unne extract For chromatographic conditions see
Fig 2
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Mixed derwatives

Mixed tBDMS—TMS derivatives as described by Woollard [15] for hydroxy
fatty acids were obtained for 3-OH-VPA and 4-OH-VPA, The chromatographic
conditions were 1dentical to that used for the tBDMS derivatives Ion chromato-
grams and the mass spectra are shown 1n Figs 5 and 6. The 1somers of 3-OH-
VPA appear as a single peak The most characteristic 1on 1s m/z 131 and
confirms the position of the TMS substituent

The 4-OH-VPA 1somers appeared as two peaks and gave several characteristic
1ons The base peak was m/z 199 (M — TMSOH — C,H,). If a fairly unreactive
tBDMS reagent 1s to be used, then formation of mixed derivatives has potential
for the analysis of VPA metabolites These initial results suggest that a combina-
tion of reagents might provide optimal derivatives for the GC—MS--SIM
analysis of VPA metabolites, 1 e sensitive and selective 1ons for the unsaturated
(tBDMS) and mixed derivatives for the hydroxy metabolites that are poorly
denvatized using tBDMS reagent alone
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