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SUMMARY 

A quantltatlve method has been developed for valprolc acid and twelve of Its metabohtes 
using capillary gas chromatography-mass spectrometry with selected-ion momtormg The 
method 1s applicable to serum or urine and all metabohtes are measured m a single run Ions 
selected for quantitative purposes were the characterlsk (M -- 57) + ions of the tert -butyldl- 
methylsdyl (tBDMS) derlvatlves The 4-hydroxyvalprolc acid was measured as the r-la&one 
Cahbratlon curves were found to be lmear and the sensltlvltles m the order of 0 1 @g/ml 
Patient data are presented A comparison of tBDMS and trlmethylsllyl (TMS) derlvatlves 
showed that tBDMS gave superior sensltlvlty for the unsaturated metabohtes and a shorter 
analysis time Mlxed tBDMS-TMS derlvatlves were also investigated 

INTRODUCTION 

Valprolc acid (VPA, 2-propylpentanolc acid) 1s a widely used antlcon- 
vulsant drug which 1s eliminated mamly by metabolism [l, 21 Some VPA 
metabohtes have antlconvulsant propertles [3] and/or may be involved m the 
rare but severe cases of VPA hepatotoxlclty [4, 51 It 1s therefore important 
to develop sensltlve and selective methods for the quantltatlve analysis of VPA 
metabohtes. To date these methods have consisted of gas chromatography 
(GC) and more frequently gas chromatographlc-mass spectrometrlc (GC-MS) 
techniques. In 1981 Lijscher [6] reported a quantitative GC method usmg a 
differential extraction for the analysis of VPA, 2-propyl-3-oxopentanolc acid 
(3-keto-VPA), 2-propyl-4-hydroxypentanolc acid (4-OH-VPA), 2-propyl-2- 
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pentenolc acid (Z-ene-VPA), 2-propyl-3-hydroxypentanolc acid (3-OH-VPA) 
and 2-propyl-5-hydroxypentanolc acid (5-OH-VPA) m the plasma of 
epdeptlc patients. Prlckett and Ballhe [7] have reported the GC analysis of 
trlmethylsdyl (TMS) denvatlves of 3-, 4- and 5-OH-VPA isolated from rat liver 
mlcrosomes A capillary GC procedure of methyl ester derlvatlves separated 
VPA and at least eleven metabohtes over an approximately 40-mm run tune 
[S] More selective GC-MS assays have mcluded the analysis of TMS 
derivatives of mono- and dlunsaturated VPA metabohtes [9] More recently 
dlenes VPA were measured m patlent unne and plasma samples [lo] The most 
complete GC-MS assay was reported by Nau et al [ll] who achieved a slmul- 
taneous analyns of VPA and eight metabohtes by selected-Ion momtormg 
(SIM) of TMS denvatlves A chemical-lomzatlon (CI) GC-MS assay of ethyl 
ester denvatlves of VPA metabohtes has also been reported [ 121 

The use of tert.-butyldnnethylsllyl (tBDMS) denvatlves for the GC-MS 
analysis of VPA metabohtes has received little attention although earher [13] 
and more recent [14, 153 studies have shown that tBDMS derlvatlves of fatty 
acids gave better sensltlmty because of the mtense (M - 57) + fragments formed 
m contrast to the less mtense (M - 15) + fragments from TMS denvatmes. Based 
on our previous expenence with tBDMS derlvatlves for the analysis of VPA m 
saliva and serum [16, 171 and the use of these derlvatlves for the ldentlfrcatlon 
of VPA metabohtes [ 181, the tBDMS denvatlves were mvestlgated as to then 
sultablhty for the quantltatlon of VPA metabohtes Compansons were made to 
TMS denvatlves and mixed tBDMS-TMS derlvatlves were also briefly 
mvestlgated 

EXPERIMENTAL 

VPA metabolltes 
Valprolc acid (dl-n-propylacetlc acid) was obtamed from K & K Fme 

Chemicals, ICN Pharmaceutical (Plamvlew, NY, U S A ) The metabohtes 
used for the standard calibration curves were synthesized as reported elsewhere 
[ 181 These metabohtes were namely 2-propyl-(E)-2-pentenolc acid [(E)-2- 
ene-VPA] , 2-propyl-(2)-2-pentenolc accld [(Z)-2-ene-VPA] , 2-propyl-3- 
pentenolc acid (3-ene-VPA), 2-propyl-4-pentenolc acid (4-ene-VPA), 2-propyl- 
3-hydroxypentanolc acid (3-OH-VPA), the y-lactone isomers of 2-propyl- 
4-hydroxypentanolc acid (4-OH-VPA lactones), 2-propyl-5-hydroxypentanolc 
acid (5-OH-VPA) as the S-lactone, 2-propyl-3-oxopentanolc acid (3-keto-VPA), 
2-propyl-4-oxopentanolc acid (4-keto-VPA), 2-propylsuccmlc acid (2-PSA) 
and 2-propylglutanc acid (2-PGA) The synthesis of the dlunsaturated metab- 
ohte 2-[ (E)-l’-propenyl] -(E)-2-pentenolc acid [(E,E)-2,3’-dlene-VPA] was 
recently reported [ 191 

The dlunsaturated metabohte (E)-2,4-dlene-VPA was a kmd @ft from Dr 
T. Brulhe (University of Washington, School of Pharmacy, Seattle, WA, U S A ) 

In ternal standards 
The 3-octanone (99%) was obtamed from Aldrich (Milwaukee, WI, U S A ) 

The internal standard, [‘HJ2 -ene-VPA ([ 3,5,5-*HI 3-heptene-4-carboxyhc 
acid), was prepared by dehydration and hydrolysis of the cyanohydrm 
obtamed from [3,3,5,5-‘H] 4-heptanone t2H4] -4-Heptanone was prepared 
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from 4-heptanone after several exchanges with solutions of NaO’H m *H20. 
Percentage deutenum mcorporated was 95%. A mixture of czs- and trans- 
[*HJ 2ene-VPA (1.4 ratlo) was obtamed, b.p 88--91”C, 0.4 mmHg, ‘H-NMR 
(C2HC13) relative to tetramethylsllane 0.8-1.1 (m,6), 1.2-1.7 (m,2), 2.0-2.6 
(q,2H), 10-11.8 (br s, 1, COOH). 

The synthesis of the internal standard [*H,]VPA has previously been 
reported [ 171. 

Reagents 
Solvents were dlstllled-m-glass grade obtamed from Caledone (Georgetown, 

Canada). Anhydrous sodium sulfate and sodium hydroxide were obtamed from 
BDH Chenucals and hydrochlonc acid from Fisher Sclentlflc (Canada) tert - 
Butyldnnethylsllyl chlonde (tBDMCS), 97% purity, 4-dlmethylammopyndme 
(DMAP catalyst), 99% purity, pyndme, N-tert -butyldlmethylsllyl-N-methyl- 
tnfluoroacetamlde (MTBSTFA) were purchased from Aldnch N-Methyl-N- 
trnnethylsllyltnfluoroacetamlde (MSTFA) was obtamed from Pierce 
(Rockford, IL, U S.A.). 

The tBDMCS reagent was prepared m pyrldme to contam 5% DMAP 50 mg 
DMAP were dissolved m 1 ml dry pyndme and this mixture was then added to 
1 g of tBDMCS. 

Instrumentatzon 
The assay was performed on a Hewlett-Packard 5987A gas chromatograph- 

mass spectrometer. Operating condltlons were source temperature 2OO”C, 
transfer lme temperature 24O”C, mJectlon port temperature 240°C and helium 
flow-rate 1 ml/mm. 

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

For TMS derivatives, the mltlal oven temperature was 75°C (lo-mm hold 
time) and the rate of increase of temperature was @C/mm from 75°C to 
200°C then 30”C/mm to a final temperature of 260°C (with a 5-mm hold 
time) Total time requrred was approx 30 mm 

Stock solu tlons of m ternal standards 
The stock solution concentration of internal standard [*HJ 2-ene-VPA 

was 100 pg/ml either m 3 M sodmm hydroxide for analysis of patient samples 
or m distilled water for analysis of reference standards Stock solution 
concentrations of the internal standards [*KJVF’A and 3-octanone were 
respectively 100 pg/ml and 1 mg/ml m dlstllled water 

Preparatton of urrne and serum standards 
Two sets of reference standards were prepared One set m 3 M sodium 

hydroxide was prepared by the addition of 3-OH-VPA, 4-OH-VPA y-lactone, 



!j-OH-VPA 6-lactone and 3-keto-VPA ethyl ester to the alkalme solution and 
allowmg these to dissolve with gentle shaking over five days 

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

For each calibration point 0.1 ml of standard m alkaline solution was added 
to 0 9 ml of its correspondmg standard m serum or urine at the time of 
analysis The concentrations thus obtamed for the calibration were 2.5,10, 15, 
30 and 45 pg/ml for 4-OH-VPA and 5-OH-VPA, 0 18, 0 45, 0 90, 4.5, 9 and 
13 5 pg/ml for 4-ene-VPA, 3-ene-VPA, 4-keto-VPA and 2-PSA, 0 36,O 90, 1.8, 
9, 18 and 27 E.cg/ml for Z-ene-VPA, X3,36, 54, 72,108 and 144 fig/ml for VPA, 
5, 10, 15, 50, 75 and 150 Erg/ml for 3-keto-VPA, 0 36,0 90, 180, 4.5, 15 and 
18 fig/ml for 2-PGA and finally 2, 5, 10, 15, 20 and 25 pg/ml for 3-OH-VPA 

The calibration curves were obtained by a plot of the area ratio of the 
metabohte or VPA peak to that of the internal standard versus the concentra- 
tion of the metabohte [2H,J VPA was used as the internal standard for VPA 
while (E)-[2H,] Zene-VPA was used as the internal standard for all the other 
metabohtes. The 3-octanone was mitially investigated as an internal standard 
for 4-OH-VPA y-lactone but was eventually used to monitor the evaporation of 
the extract. A standard curve was run pnor to each batch of patient samples 

Extractron and derzvatlzatlon of standards and patlent samples 
To 0 1 ml of standard m alkalme solution were added 0 9 ml of its 

corresponding standard m urine or serum and 100 1.11 of each of three mternal 
standard solutions This mixture at pH 12 5-13 was incubated 1 h at 60°C to 
hydrolyze conjugated metabohtes (mamly VPA-glucuromde). After cooling the 
mixture was brought to pH 2 with 110 ~1 of 4 M hydrochloric acid and left at 
room temperature for 15 mm The mixture was then extracted with 3 ml of 
ethyl acetate by gentle rotation for 20 mm. This procedure was repeated m 
the case of serum to ensure complete extraction. The orgamc phase was trans- 
ferred and vortex-mixed with anhydrous sodium sulfate, then centrifuged (5 
mm, 1000 g, 25°C). The supernatant (approx. 2.4 ml) was transferred to a 
conical tube and concentrated to 200 ~1 under a nitrogen stream. 

To obtam tBDMS derivatives 50 ~1 of tBDMCS reagent were added to the 
concentrated extract m a conical reaction vial and the mixture heated at 60°C 
for 4 h. TMS derivatives were obtamed by addition of 50 ~1 of MSTFA reagent 
to the concentrated extract and the mixture heated at 60°C for lo- 20 mm. 
Mixed derivatives were obtamed by addition of 50 ~1 of MSTFA reagent to the 
tBDMS derivatives prepared from the reagent m pyridme and heating at 60°C 
for a further 10 mm. The tBDMS derivatives obtamed with MTBSTFA reagent 
were formed by adding 50 ~1 of the reagent to the concentrated extract and 
heatmg the mixture for 20 mm at 60°C In all cases 1~1 of derivatized extract 
was mJected into the gas chromatograph--mass spectrometer. Sphtless mode 
was used. 

For patient samples 1 ml of serum or urine was taken and 100 ~1 of [2H3] 2- 
ene-VPA dissolved m 3 M sodium hydroxide and 100 ~1 of each of the other 
two mternal standard solutions were added. Otherwise, extraction and derivati- 
zation procedures were carried out exactly as for the calibration standards In 
patient samples where the avarlable volume of urme or serum was less than 1 
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ml, a known volume was plpetted and diluted with dlstllled water to a final 
volume of 1 ml. Corrections were made for the dilution factor m calculations 

RESULTS AND DISCUSSION 

Sample extractwn 
The most efficient solvent for the recovery of VPA and Its metabohtes was 

ethyl acetate as reported by Nau et al [ll] and the recovery was m the range 
75- 90%. Other solvents such as hexane, 10% ethyl acetate m hexane, 
chloroform, and dlchloromethane were sultable for VPA and some of the un- 
saturated metabohtes but recoveries were poor for the more polar metabohtes. 

For urine samples, 3 ml of ethyl acetate gave optimal results. In the case of 
serum a double extraction each for 20 mm using gentle rotation prevented 
formatlon of mtractable emulsions and gave good recoveries of VPA and Its 
metabohtes Alkaline hydrolysis (pH 12- 13) of the coqugated metabohtes 
was the preferred method smce it was easy to perform and ensures hydrolysis 
of p-glucuromdase-resistant forms should they be present [ 201. Deuterlum 
was not lost from the internal standards under the alkaline condltlons 

An mltlal approach to the extraction and analysis of metabohtes following 
alkaline hydrolysis was to adJust the solution pH to 2 and heat for 2 h Under 
these con&tlons 4-OH-VPA and 5-OH-VPA are converted to their y- and S- 
lactones, respectwely, and 3-keto-VPA to 3-heptanone [21] This same 
approach was used by Llischer [ 31 m a GC method for the analysis of VPA 
metabohtes In a sun&n- way we attempted to measure 3-heptanone by GC-MS 
and momtormg m/z 114 [*Ha] 3-Heptanone was added at the acldlficatlon step 
to serve as internal standard. In many cases 3-heptanone was either lost by 
evaporation durmg the 2-h heating period m spite of sealed reaction tubes or 
was present at low concentrations because of mcomplete decarboxylatlon of 
3-keto-VPA. The tBDMS derivative of acetic acid resulting from the hydrolysis 
of ethyl acetate under the acidic condltlons used mterfered with the mternal 
standard [*H,J 3-heptanone peak at m/z 118 

The extractron and analysis of mtact 3-keto-VPA was then investigated. It 
was found that brmgmg the sample to pH 2 for 15 mm at room temperature 
gave optimal results. While some 3-keto-VPA 1s decarboxylated to form 
3-heptanone a large part remains intact. Similar results were reported by 
Kochen and Scheffner [ 9 J . The 3-keto-VPA upon derlvatlzatlon can be assayed 
as the mono- or dlderlvatlve depending on the derlvatlzmg reagent used These 
extraction condltlons also converted 4-OH-VPA to its y-lactone isomers which 
were extracted and’analyzed by momtormg m/z 100 

Derava tlzatton 
The choice of tBDMS derivatives of VPA and metabohtes for SIM was based 

on the reported increased sensltlvlty of tBDMS derivatives compared to TMS 
[15] and our previous success of using tBDMS denvatlves for measurmg VPA 
and [*H,] VPA [ 16-181. The mass spectra of the tBDMS derivatives of VPA 
metabohtes contam typical and intense (M - 57)+ fragment ions correspondmg 
to the loss of the tert.-butyl fragment Other charactenstlc ions from mass 
spectra obtained by GC-MS are given m Table I. 
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ml2 ml2 

Fig 1 Mass spectra obtamed by GC-MS of (A) the mono- and (B) the dlderwatlves of 
3-keto-VPA The m/z 215 and 329 are the (M - 57)’ ions, respectively 

The rnajorlty of our malyses have been accomphshed using tBDMS reagent 
prepared m pyrldme catalyzed by 5% DMAP. This catalyst reduced reaction 
times but gave interfering background peaks when It exceeded 5% by weight 
of the reagent mixture. The reaction time of 4 h at 60°C was found to 
completely derlvatlze VPA and to grve reproducible peaks for the metabohtes. 
This reagent gave plnmarlly the mono-tBDMS derivative of 3-keto-VPA (m/z 
215) Further storage at 0” C produces little or no formation of the dlderlvatlve 
(FG 1) The 5-OH-VPA 1s readily derlvatlzed and forms a dldenvatlve (m/z 
331). On the other hand 4-OH-VPA remamed largely as the y-lactone and was 
analyzed as such (m/z 100). 

Using the tBDMS reagent m pyrldme, 3-OH-VPA does not derlvatlze readily 
and chromatographs poorly Longer reaction tunes were necessary to obtam 
reproducible peaks for the 3-OH-VPA monodenvattlve The dl-tBDMS denva- 
tlves of 3-OH-VPA and 4-OH-VPA were rarely seen 

More recently, a very reactive tBDMS reagent became avdable [23]. With 
this reagent, reaction tunes for the derlvatlzatlon of VPA metabohtes were 
shortened (20-30 mm), and 3-OH-VPA was more readily denvatlzed However, 
3-keto-VPA forms both the mono- and dldenvattlves (Fig 1) and on standmg at 
0°C contmues to convert from mono- (m/z 215) to the dldenvatlve (m/z 329) 
This suggests that short reaction times may be inadequate for reproducible 
derivative formation of 3-keto-VPA Ideally, reaction times should be sufficient 
to ensure complete formation of the 3-keto-VPA dl-tBDMS derlvatlve With the 
MTBSTFA reagent and our extraction condltlons, 4-OH-VPA still remams 
largely as the y-lactone. Similar results were found when MSTFA was used to 
form TMS demvatlves 

The stability of tBDMS denvatlves prepared using the pyrldme reagent was 
determmed by the repeated analysis of the same set of standard urme samples 
over a one-week period The samples were first analyzed on the day of prepara- 
tion, then three and seven days later while bemg stored at room temperature. It 
was found that the relative standard devlatlon of the slopes of the cahbratlon 
curves did not exceed 6% When derlvatlzed samples are tightly capped and 
stored at -20°C they were found to be stable for several weeks 

Selec ted-zon chroma tograms 
The SIM chromatograms of VPA metabohtes obtamed for a patient urme 

and serum sample are shown m Figs 2 and 3, respectively All peaks of interest 
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In/L 128 
rnlL 345 

m/z 100 m/z 331 

m/z 317 

2 4 6 8 10 12 14 16 

TIME (mln) 

Fig 2 SIM chromatograms of tBDMS derlvatwes of VPA metabolltes m a patient urine 
extract The tBDMS reagent m pyrldme was used for the derlvatlzatlon Chromatographlc 
condltlons capillary column, 25 m x 0 32 mm I D , OV-1701 bonded phase (phase or film 
thickness 0 25 pm), temperature program, 50 to 100°C at 30”C/mm, then 100 to 260°C at 
8”C/mm, l-mm hold at 260°C Peaks 1 = 4-OH-VPA lactones, 2 = 3-octanone, internal 
standard, 3 = (E)-2,4-dlene-VPA, 4 = (E,E)-2,3’-dlene-VPA, 5 = 4ene-VPA, 6 = 3-ene-VPA, 
7 = (Z)-2-ene-VPA, 8 = (E)-2ene-VPA, 9 = VPA, 10 = (Z)-[*H,]2-ene-VPA, internal 
standard, 11 = (E)-[‘H,]2-ene-VPA, internal standard, 12 = [aH,]VPA, internal standard, 
13 = 3-keto-VPA, 14 = 4-keto-VPA, 15 = 3-OH-VPA, 16 = adlplc acid, 17 = 5-OH-VPA, 18 = 
P-PSA, 19 = 2-PGA Adlplc acid was measured to momtor the formation of dlcarboxyllc 
acids 

0 2 4 6 6 1’0 12 1’4 1’6 

TIME CMIN) 

Fig 3 SIM chromatograms of tBDMS derlvatwes of VPA metabohtes from a patient serum 
sample The tBDMS reagent m pyrldme was used for the derlvatlzatlon For chromato- 
graphic condltlons, see Fig 2 Peaks 1 = 4-OH-VPA lactones, 2 = 3-octanone, internal 
standard, 3 = (E)-2,4-dlene-VPA, 4 = (E,E,)-2,3’-dlene-VPA, 5 = 4-ene-VPA, 6 = 3-ene-VPA, 
‘7 = (Z)-2ene-VPA, 8 = (E)-2-ene-VPA, 9 = VPA, 10 = (Z)-[‘H3]2-ene-VPA, internal 
standard, 11 = (E)-[ *H,] 2-ene-VPA, mternal standard, 12 = [‘H, JVPA, internal standard, 
13 = 3-keto-VPA, 14 = 4-keto-VPA, 15 = 5-OH-VPA 16 = X-PGA 

were smtably resolved, and serum and urme controls showed no mterfermg 
background peaks. 

An OV-1701 capillary column was chosen for the analysis based on the 
resolution of 4-ene-VPA from VPA wlthm a reasonable GC run tnne This was 
accomphshed m approx 16 mm. 

The two major dlene-VPA metabohtes were readily seen at m/z 197 in serum 
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and urine. Other apparent dlenes were present but the lack of authentic 
standards did not make their ldentlflcatlon possible 

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

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

Quan tl ta twe analysis 
Cahbratlon curves for VPA using [2H6] VPA as internal standard and for 

the metabohtes using (E)-[2H3] 2-ene-VPA as internal standard were linear over 
the ranges selected with coefficients of determination, r2, exceeding 0 99 For 
example the cahbratlon curve obtamed for 4-ene-VPA spiked mto urine and 
using (E)-[2H3] 2-ene VPA as internal standard gave an r2 of 0 9997 with the 
lme passing through the orlgm The reproducibility of the method was checked 
over a period of five months. The relative standard devlatlon of the slopes 
obtained was found to be less than 8% for VPA, 3-keto-VPA, 4-keto-VPA, 
4ene-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 II 

SERUM VPA AND METABOLITE CONCENTRATIONS FOR 34 PEDIATRIC PATIENTS 
ONVPAMONOTHERAPY 

All analyses were carried out usmg the tBDMS reagent 

Compound Concentration (cl&ml) Percentage of 
VPA 

Mean Range 

4-OH-VPA 0 38 Tr*- 1’78 08 
(E)-2,4-Dlene-VPA** 0 20 0 oz- 0 58 04 

(E,E)-2,3’-Dlene-VPA ** 2 95 0 50- 7 29 64 
4-Ene-VPA 0 67 016- 122 14 

3-Ene-VPA 0 94 025- 186 20 
(Z)-2-Ene-VPA 0 19 006- 040 04 
(E)-Z-Ene-VPA 5 53 0 95- 11 3 119 
VPA 46 38 11 8 -105 100 
3-Keto-VPA 3 59 0 29- 15 60 77 
4-Keto-VPA 0 40 0 Ol- 129 09 
5-OH-VPA 0 18 Tr- 125 04 
2-PSA 0 04 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 improvement m reproducibility may be obtained by using a 
dlcarboxyhc acid as an internal standard. Because of the vanablllty observed, 
standard curves were run prior to each batch of patient samples 

Our method has been m use for over a year and patlent results are shown in 
Table II The values obtamed for 3-keto-VPA, 2-ene-VPA, 4-OH-VPA and 
5-OH-VPA are m the same range as those obtamed by L&her [3] and Nau 
etal [ll]. 

Comparrson of tBDMS and TMS derwatwes 
VPA metabohtes were also denvatlzed using MSTFA, and the Ion chromato- 

grams using the same column as for the tBDMS derlvatlves are shown m Fig. 4 
In order to separate 4ene-VPA and VPA a longer chromatographlc time and 
different condltlons than used for the tBDMS derlvatlves were required. Using 
our extractlon and denvatlzatlon condltlons, 4-OH-VPA lactones are present 
(peaks 1, m/z 100) as well as isomers of the 4-OH-VPA monodenvatlve (peaks 
16, m/z 217) The isomers of 3-OH-VPA readily appeared as mono-TMS 
denvatlves m contrast to tBDMS denvatlves and gave sharp peaks (peaks 15, 

mlz 

“2 303 11 

-I& 

A9 m/r 289 

A 7 

L._J_.L m/z 215 

, 
a 10 12 14 16 18 20 22 

TIME (mm) 

Fig 4 SIM chromatograms of TMS derlvatlves of VPA metabohtes from a patlent urine 
sample MSTFA reagent was used for derlvatlzatlon Chromatographlc condltlons capillary 
column, 25 m X 0 32 mm I D , OV-1701 bonded phase (flm thickness 25 pm), temperature 
program, 75°C (10 mm), 75 to 200°C at 8”C/mm, then 200 to 260°C at 30”C/mm, 5-mm 
hold at 260°C Peaks 1 = 4-OH-VPA la&ones, 2 = (E,E)-2,3’-dlene-VPA, 3 and 4 = dlenes- 
VPA, 5 = (E)-X-ene-VPA, 6 = (Z)-2-ene-VPA, 7 = 3-ene-VPA, 8 = 4ene-VPA, 9 = VPA, 10 = 
(El-[‘H,]2ene-VPA, internal standard, 11 = (2)~[‘H,]2-ene-VPA, Internal standard, 12 = 
[‘HJVPA, internal standard, 13 = 4-keto-VPA, 14 = 3-keto-VPA, TMS monodenvatlve, 
15 = 3-OH-VPA (two Isomers), 16 = 4-OH-VPA (two Isomers), 17 = 3-keto-VPA, TMS 
dlderlvatlve (two Isomers), 18 = 5-OH-VPA, 19 = P-PSA, 20 = P-PGA 
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m/z 217). 3-Keto-VPA was present as both the monoderlvatlve (peak 14) and 
the dldenvatlve (peaks 17) and upon standmg the monodenvatlve 3-keto-VPA 
was found to decrease with a correspondmg mcrease of the dlderlvatlve 
isomers 

TABLE III 

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)’ ions, respectively For each metabollte. n = 12 

Metabollte Relative sensitivity 
tBDMS/TMS* 

Dlenes-VPA, (Z)-2-ene-VPA, 3ene-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 

*Determined from the peak area ratios of the respective (M - 57)’ or (M - 15)’ m/z to 
the m/z 160 of dlethyl 1-methylbutylmalonate 

RETENTION TIME (MIN ) 

,73 

C3H7 

,131 

'II-TMS 

CH3-CHZ-CH 

Fig 5 Mass spectrum and corresponding mass chromatogram of the mixed tBDMS--TMS 
derlvatlve of 3-OH-VPA m urme extract For chromatographlc condltlons see Fig 2 
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In order to compare the relative sensltlvlty of detectlon of the tBDMS and 
TMS denvatlves, a cahbratlon standard, a patlent urine sample and a patlent 
serum sample were each extracted and divided with one part derlvatlzed by 
MTBSTFA reagent and the other half by MSTFA Dlethyl l-methylbutyl- 
malonate served as a non-dematlzed internal standard. The samples were run 
on three different days over a penod of one week All samples were stored at 
-18°C and found to be stable The results are given m Table III Except for 
3-keto-VPA, the tBDMS derivatrves m all cases gave greater sensltlvlty. This 
was particularly true and has special significance for the unsaturated 
metabohtes 3- and 4-ene-VPA which are frequently present m concentrations 
nearing the lower detection limits. Barring differences m the chromatography 
and the degree of derlvatlzatlon, the greater sensltlvlty observed with the Ion 
momtormg of the tBDMS dematlves 1s very similar to the compmons seen by 
Woollard [15] for TMS and tBDMS denvatlves of Cl3 and CZo straght-chain 
fatty acids 

969 

RETENTION TIME (MIN ) 

?-TVS 

CH3-CH-CH2-FH-CO-O-~BDMS 

C3H7 

';-TMS 

+CH , 
,147 

p 39 

289 m 571' 
/ 

.,h1.1,1 [M-151+ 
m/z 

Fig 6 Mass spectrum and correspondmg mass chromatogram of the mixed tBDMS-TMS 
derlvatlve of 4-OH-VPA Somers In unne extract For chromatographlc condltlons see 
Fig 2 
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Mlxed derwatwes 
Mixed tBDMS-TMS derivatives as described by Woollard [15] for hydroxy 

fatty acids were obtamed for 3-OH-VPA and 4_OH-VPA. The chromatographlc 
conditions were identical to that used for the tBDMS derivatives Ion chromato- 
grams and the mass spectra are shown m Figs 5 and 6. The isomers of 3-OH- 
VPA appear as a single peak The most characteristic ion is m/z 131 and 
confirms the position of the TMS substltuent 

The 4-OH-VPA isomers appeared as two peaks and gave several characteristic 
ions The base peak was m/z 199 (M - TMSOH -C&I,). If a farrly unreactive 
tBDMS reagent is to be used, then formation of mixed derivatives has potential 
for the analysis of VPA metabohtes These mltial results suggest that a combma- 
tlon of reagents might provide optimal derivatives for the GC-MS--SIM 
analysis of VPA metabohtes, 1 e sensitive and selective ions for the unsaturated 
(tBDMS) and mixed derivatives for the hydroxy metabohtes that are poorly 
denvatlzed using tBDMS reagent alone 
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