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Abstract

Tyrosine and many of its catabolites play significant roles in the in the toxicity associated with acquired and congenital forms of hyperty-
rosinemia. We now report a specific and sensitive GC/MS method for the simultaneous determination of tyrosine metabolites maleylacetone
(MA), fumarylacetone (FA), succinylacetone (SA), fumarate and acetoacetate in urine and plasma. Tyrosine metabolites and an internal stan-
dard, 2-oxohexanoic acid (OHA), in urine or plasma samples were derivatized to their methyl esters with a 12% boron trifluoride—methanol
complex (12%BE—MeOH). The reaction mixture was extracted with methylene chloride and analyzed by GC/MS, using a selected ion mon-
itoring (SIM) mode. The detection limits were in the range of 0.08—0.4 ng and the quantitation limits were 0.2—-2 ng. Most of the intraday and
interday coefficients of variation for three concentrations (low, medium and high) of the analytes were below 10%. Sensitivity and selectivity
are superior to existing HPLC or enzymatic methods and derivatization of samples is simpler than the traditional silylation of organic acids
used for analysis by GC/MS or derivatization to oximes, followed by silylation in the case of the ketoacids, such as SA. Furthermore, the
current procedure can be performed in aqueous solution, which results in a high percentage yield without appreciable analyte degradation or
formation of side products. Thus far, the method has been successfully applied in the analysis of over 5000 urine and plasma samples from
humans and rodents.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction that are believed to be responsible for the hepato-renal man-
ifestations of the diseagé]. The accumulated SAA is read-
Hereditary tyrosinemia type | (HT1) is an inborn error ily converted to SA which inhibits a proximal step in heme
of metabolism that may cause liver failure, renal insuf- synthesis and leads to the build up of the putative nerotoxin
ficiency and peripheral neuropath$—4]. The underlying d-aminolevulinate §-ALA).
genetic defect is a mutation in the gene for fumarylace- Pharmacologic inhibitors of tyrosine catabolism also
toacetate hydrolase (FAH), the last enzyme in the catabolicexist and may lead to clinically important changes in the
pathway of tyrosine. Thus far, more than 30 different mu- levels of tyrosine intermediates. For example, 2-(2-nitro-
tations in this gene have been identifigdl and the disease  4-trifluoromethylbenzoyl)cyclohexane-1,3-dione; nitisione
has a worldwide distribution. Mutations in FAH disrupt ty- (NTBC) is a triketone that inhibits 4-hydroxyphenylpyruvate
rosine catabolismHig. 1) and lead to the accumulation of dehydrogenase and has recently been approved for the treat-
fumarylacetoacetate (FAA), maleylacetoaetate (MAA), suc- ment of HT1[7]. It leads to rapid and sustained reduction
cinylacetoacetate (SAA), MA and FA in liver and kidney of SA and3$-ALA levels, but may also cause severe hyper-
tyrosinemia, unless the dietary intake of phenylalanine and
tyrosine is restricted. Dichloroacetate (DCA) is an investi-

* Corresponding author. Tek:1 352 392 6193; faxs-1 352 846 0990, dational drug for the treatment of acquired and congenital
E-mail address; hendegn@medicine.ufl.edu (G.N. Henderson). disorders of mitochondrial intermediary metabolighthat
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Fig. 1. Pathways of tyrosine catabolism.

inhibits MAA isomerase (MAAI), causing the build up of
MA and 3-ALA [9]. MAAI also functions as the zeta iso-

methylene chloride, which was pesticide grade. They were
used without further purification. Deionized water was pre-

form of glutathioneStransferase (GSTz) and dehalogenates pared using a Milli-Q Water System (Millipore, Bedford,

a number of haloacetat§¢s0] including DCA[11].

MA). Fresh frozen human plasma was purchased from Civ-

Insight into the pathobiology of HT1 and other causes itan Regional Blood Center (Gainesville, FL).
of hypertyrosinemia would be enhanced by the ability to
quantify the biochemical markers associated with these 22 samples
conditions. However, available analytical techniques lack
sensitivity, or specificity for various tyrosine catabolites  The blood samples were from pediatric patients with con-
or require complex sample preparation and derivatization. genijtal lactic acidosis or from healthy volunteers who par-
Moreover, several methods are applicable to quantitating ticipated in clinical trials of DCA on the General Clinical
only a single catabolite. We have developed and validated Research Center at the University of Florida or from studies
a specific and sensitive GC/MS method that measures sev4in rodents that had been treated with DCA. Because sev-
eral of the clinically important metabolites of tyrosine. The gral metabolites of DCA are endogenous compounds, it is
method employs a simple derivatization to methyl esters gften administered asC,-DCA for metabolic and kinetic
prior to GC/MS analysis without prior drying or purification  stydies. Venous blood (0.4 ml) was collected in heparinized
of the sample. tubes at 0, 1/4, 1/2, 1, 2, 4, 6, 8, 12 and 24 h after the DCA
dose. Samples were placed on ice and then centrifuged at
1200 x g for 15min at #C in a Sorvall RT6000B refrig-
erated centrifuge (DuPont, Delaware, NJ, USA). The super-
natants were stored at80°C before derivatization. Urine
samples were either from patients with HT1 before or af-
ter treatment with NTBC or from pediatric subjects, adults

SA, MA, FA, fumarate, acetoacetate and 12%BMeOH subjects or rodents receiving DCA. HT1 samples were pro-
were from Aldrich Chemical Company Inc., Milwaukee, Wl  vided by Dr. G. Mitchell (University of Montreal). Urine
and methylene chloride was from Fisher Scientific, Pitts- samples were frozen at80°C without further processing.
burgh, PA. All chemicals used were reagent grade, exceptThe human investigations were approved by the Institutional

2. Experimental

2.1. Materials



A.L. Shroads et al. / J. Chromatogr. B 808 (2004) 153-161 155

Review Board of the Shands Hospital at the University of asbundance e peacsTee
Florida, while those involving HT1 patients were approved
by the Institutional Review Board of the Ste. Justine Hospi- |
tal (Montreal). Informed consent was obtained prior study
from a parent or guardian of the children and from adult
volunteers. Animal studies were approved by the University = ssoco
of Florida’s Institutional Animal Care and Use Committee.
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12%BFR—MeOH complex. The derivatization procedures 1000 g L ;
followed published method42] with minor modifications. E L H
A urine or plasma sample (2Q0) and the internal stan- /L | T

dard (OHA, 10Qug/ml in water, 10Qul) were mixed with ~ Tme—=" +hd  =ba ek Toba " izbs i ieks el

500pl of 12%BR—-MeOH in a sealed glass culture tube Fig. 2. TIC of the GC/MS analysis, in the selected ion monitoring (SIM)
(16 mm x 100 mm). The mixture was heated at TTsfor mode, of an aqueous standard of tyrosine and DCA metabolites.
12min on a heating block. After cooling, 1 ml of methy-

lene chloride and 1 ml of water were added to the reaction for 2 min and then raised to 24C at 12°C/min and held at
solution. The sample was vortexed vigorously for 2min the final temperature for 2 min. The mass spectometer was
using a Vortex Genie 2 mixer (Fisher Scientific, Pittsburgh, tuned daily with perfluorotributylamine using HP Chemsta-
PA, USA) and was centrifuged at 25009 in a Beckman  tion autotune software and operated in electron impact (EI)
J-6B centrifuge (Beckman Instruments Inc., Palo Alto, CA, ionization mode with the ionization energy of 70 eV.

USA) at 10°C for 8 min to separate the layers. The lower  Standards of each compound were prepared at higher con-
methylene chloride layer was transferred to an autosamplercentrations (approximately 1Q@/ml), derivitized and an-

vial for GC/MS analysis. alyzed utilizing full scan mass spectrometry (35-300 amu)
under the same chromatographic conditions. The TIC of the
2.4. GC/MS conditions authentic compounds derivatized from aqueous solution is

shown inFig. 2 The full mass spectra were needed to struc-

The GC/MS system consisted of a Hewlett-Packard (Palo turally identify the analytes and to obtain the retention times
Alto, CA, USA) 5890 series Il plus Gas Chromatograph, for each compound. Specific SIM groups were created in
a 5972A series Mass Selective detector, and a 6890 sethe mass spectrometer acquisition software for each analyte
ries auto-sampler. The column was a 30m long DB-WAX that included at least three representative ions from the mass
(crosslinked polyethylene glycol; J&W Scientific Agilent spectra. The scan times of the SIM groups were changed
Technologies) with 0.25 mm i.d. and 0.5 film thickness. to bracket the retention time of the compounds. Although
The carrier gas was at a flow rate of 1.0 ml/min (30.6 cm/s) several ions were scanned for each compound, only one ion
with a head pressure of 7.5 psi at 8D. The sample in  was used for quanitation, as shownTiable 1
methylene chloride solution was injected using a splitless
mode and the injection volume wagull Temperatures of 2.5, Calibration curves
the injection port and mass selective detector interface were
set at 250 and 28, respectively. The temperature gradi- Calibration of tyrosine metabolites was performed by
ent of the GC oven was programmed to be initiated &70  adding the compounds to human plasma (Civitan Regional

Table 1
Mass fragments for selected ion monitoring in GC/MS analysis
Compound Acetoacetic acid 2-Oxohexanoic acid Fumaric acid Succinylacetone Maleylacetone
RT (min) 4.25 6.83 7.547 12.14 13.34
Fragments r(v2) 57 57 113 43 111
59 85 85 85 43
116 41 59 99 68
144 114 55 170
86 144 125 97
140 71
172

2 Quantitation ion.
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Blood Center, Gainesville, FL). The concentration of the day variance, five sets of derivatized and extracted samples
internal standard, OHA, was selected because its peakwere made at each concentration level, using the plasma,
area is comparable to that of the highest levels of tyrosine urine or water stock solutions. One set of derivatization

metabolites. The plasma or urine concentrations of tyrosineand extraction was carried out on each of the following

metabolites were usually less thanid@ml. Therefore, the  four successive days for measuring the interday variance.
concentration ranges of calibration were set between 0.5The intraday variance was calculated based on the five trial
and 40ung/ml to bracket the expected concentrations. No measurements accomplished in the first day, and the inter-
standards were available for the calibration of FA and the day variance was calculated based on the results of five trial
data from itscis isomer MA was used for its calibration. analyses performed on five consecutive days. Accuracy was
The calibration curves were plotted as concentration versusdetermined by comparing concentrations measured from
the ratio of peak area of the compound/peak area of theextracted samples with those determined from solutions to

internal standard. which compounds were directly added, and was expressed
as bias (percentage difference between the measured and
2.6. Recovery of derivatization and extraction added concentrations). The intraday calibration curves were

used to quantitate tyrosine metabolites in human plasma.
The commercially available methyl ester of DCA were
dissolved in methylene chloride to make a stock solution 2.8. Sensitivity
containing 100Qwg/ml of the sample. This solution was di-
luted to 40, 20 and 1Qg/ml with methylene chloride and The sensitivity limit of the instrument was evaluated by
three dilutions at each concentration were made. To evalu-injecting decreasing amounts of each analyte and calculat-
ate the efficiency of extraction, the solutions were treated ing the signal to noise ratio. A signal to noise ratio of 5
in a manner similar to that described in section 2.3, i.e. a was defined as the sensitivity of the instrument for that par-
1 ml aliquot of methylene chloride solution was mixed with ticular analyte. The sensitivity of some of the endogenous
the derivatization reagent (0.5 ml of 12%BMeOH) and compounds, such as fumarate, that were present in signifi-
washed with 1 ml water, vortexed for 2 min and centrifuged cant quantities in unspiked plasma and urine could not be
at 2500x gat 10°C for 8 min. The methylene chloride layer evaluated. The values obtained from agueous solutions are
was separated from the extraction mixture, and this extractused for these compounds.
and the original unextracted methylene chloride solutions
were assayed by GC/MS.
The results from the solutions, with or without extrac- 3. Results

tion, were analyzed by linear regression. The efficiency
of extraction was calculated as the ratio of slope of the 3.1. Representative total ion chromatograms (TIC)
calibration curve of each compound through extraction and SMs
versus that of the calibration curve of the original so-
lution without extraction, and multiplied by a factor of The TIC of the authentic compounds spiked in water is
volume change during extraction (factor of extraction effi- shown inFig. 2 The concentrations of DCA and tyrosine
ciency= (slop&extracy/SIOPGnon-extracy) x factor of volume metabolites were approximately fl@/ml and OHA (methyl
change). The calibration curves were obtained by using theester) was at a concentration of 30@¢/ml. The compounds
same method for calibrating the compounds spiked in wa- detected were methyl esters of DCA and tyrosine metabo-
ter, urine and plasma through derivatization. In contrast, the lites. FA and SA co-elute under the GC/MS analysis condi-
recovery of derivatization was calculated as the ratio of the tions. However, they each have unigue ions that permit quan-
slope of the calibration curve of each compound obtained titation without interference from each other. The GC/MS
from derivatization versus that of each reference methyl analysis of the urine of a child with HT1 before and after
ester directly spiked in methylene chloride, and divided by treatment with NTBC is shown iRigs. 3 and 4Figs. 5 and
the factor of extraction efficiency (recovery of derivatization 6 show the GC/MS analysis of urine and plasma spiked with
reaction= (slop&geriy)/SIOP&non-extracy)/factor of extraction tyrosine and DCA metabolites and demonstrate the utility
efficiency. Table 4lists the recovery of derivatization and of the method for analyzing the principal DCA and tyrosine

extraction efficiency in human plasma and urine. metabolites in urine and plasnigéig. 7illustrates the appli-
cation of the method the analysis of the plasma of a mouse
2.7. Method validation treated with DCA.

Precision was determined by calculating the intraday 3.2. Accuracy and precision
and interday coefficients of variance or relative standard
deviations (R.S.D.%). Intraday and interday variances were Quantitation was based on the peak area ratio of the
measured using the same plasma, urine or water stock solutarget ions in the SIM mode of the compound to that of
tions prepared for calibration curves. To measure the intra- the internal standard. Since all the tyrosine metabolites are
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Fig. 5. TIC (SIM mode) of the GC/MS analysis of a urine sample from
Fig. 3. TIC (SIM mode) of the GC/MS analysis of urine from a HT1  a healthy volunteer spiked with tyrosine and DCA metabolites, showing
patient before the treatment with NTBC, showing elevated levels of SA, the separation of these compounds.
MA and other tyrosine metabolites.

dard deviation (R.S.D.) and bias values listedTables 2
endogenous compounds, calibration samples in agueousand 3 Linearity was represented by the regression coef-
solutions were used for quantitation. In the case of HT1 ficient valuer?. There were no significant differences be-
patients, all measured tyrosine metabolites were elevatediween ther? values from different determinations for each
compared to control urine from healthy volunteers and compound.
therefore, standards made from control urine could be used
for their quantitation. The calibration curves obtained from 33 Sensitivity and recovery of derivatization and
intraday determinations were used to quantitate the plasmagexiraction
and urine samples. Precision and accuracy of the method
were expressed by standard deviation (S.D.), relative stan- Total recoveries from derivatization and extraction

(Table 4 were calculated as the ratio of the slope of the

e oo calibration curve of each compound from derivatization
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Fig. 4. TIC (SIM mode) of the GC/MS analysis of urine from a HT1 patient Fig. 6. GC/MS analysis (TIC-SIM) of a plasma sample from a healthy
after treatment with NTBC (no detectable levels of tyrosine metabolites volunteer spiked with tyrosine and DCA metabolites, indicating the chro-
except fumaic acid was found). matographic resolution of these compounds in plasma.
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Fig. 7. GC/MS analysis (TIC-SIM) of a 30 min plasma sample from a had hlgh meanllevels of SA anq MA, whereas those in pa-
GSTz knockout mice dosed wiftfC-DCA. tients treated with NTBC were either lower or undetectable.

In patients treated with DCA, MA levels were elevated, but

and extraction versus that of the calibration curve of the SA was undetectable.

corresponding methyl ester directly spiked in methylene

chloride. Extraction efficiency was expressed as the ratio of

the slope of the calibration curve of each compound through 4. Discussion

extraction versus that of the calibration curve of original

solution without extraction, and multiplied by a correction Silylation and esterification are commonly used to deriva-
factor for volume change during extraction. In this case, tize a carboxylic acid to a non-polar group for GC/MS
0.93ml of methylene chloride was recovered from 1ml analysis. Other methods require multiple purification and
used in the extraction, i.e., the correction factor for volume extraction procedures followed GC/MS analy§iS—15}
change was 93%. The recovery from the derivatization re- Additional methods have been reported for analyzing SA,
action was calculated by multiplying the value of the total including quantitation by enzyme-ALA synthase) inhi-
recovery by the extraction efficiency. bition [16]. SA and other ketoacids are first converted into

Table 2
Precision and accuracy of the assay in human urine

Urine intraday Urine interday

Compound spikedig/ml) Mean 6 =5) S.D. R.S.D. (%) Bias (%) Compound spikgdg(ml) Mean o =5) S.D. R.S.D. (%) Bias (%)

Acetoacetic acidré = 0.9999) Acetoacetic acid{ = 0.9999)

120 124.91 251 201 4.09 120 124.98 157 1.26 4.15

60 63.62 143 2.25 6.04 60 63.85 122 1.92 6.41

30 32.60 095 2091 8.65 30 32.14 0.31 0.98 7.12
Fumaric acid 2 = 0.9999) Fumaric acidrf = 0.9985)

25 25.26 196 7.75 1.05 44 43.38 3.59 8.28 —-1.42

15 15.75 0.78 4.95 5.03 22 19.64 3.22 16.39 —-10.72

10 10.86 0.62 5.68 8.61 14 13.08 1.44 11.01 —6.59
Succinylacetonerf = 0.9975) Succinylacetone = 0.9938)

120 122.74 3.72 3.03 2.28 75 74.88 490 6.54 —-0.17

50 42.20 350 8.29 —15.61 25 29.68 271 9.14 18.70

125 10.08 1.12 11.09 —19.33 12.5 9.92 1.77 17.86 —20.66
Maleylacetone 2 = 0.9930) Maleylacetoner] = 0.9998)

50 49.24 2.86 5.80 —-1.51 50 54.48 441 8.10 8.95

25 29.17 0.71 243 16.68 25 26.60 415 15.61 6.40

12.5 13.57 0.87 6.44 8.59 12.5 13.59 1.30 9.60 8.73
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Plasma intraday

Plasma interday

Compound spikedig/ml) Mean 6 =5) S.D. R.S.D. (%) Bias (%) Compound spikgdg(ml) Mean o =5) S.D. R.S.D. (%) Bias (%)

Acetoacetic acidr@ = 1.0000)

Acetoacetic acidq{ = 0.9999)

36.54 36.93 1.06 2.87 1.07 36.54 36.60 051 1.39 0.15

18.42 18.74 0.69 3.67 1.72 18.42 18.63 0.34 184 1.15

4.6 4.83 0.13 272 4.89 4.6 4.82 0.16 3.40 4.87
Fumaric acid 2 = 0.9716) Fumaric acidrf = 0. 0.9710)

20.12 24.67 1.04 4.22 22.61 20.12 24.09 1.03 4.28 19.72

10.06 6.62 0.53 8.03 —34.19 10.22 6.82 0.29 4.8 —-33.22

2.52 1.77 0.15 8.27 —29.63 2.52 1.97 0.20 10.30 —21.96
Succinylacetonerf = 0.9999) Succinylacetone = 0.9995)

20.44 22.23 2.02 9.07 8.76 20.44 22.23 195 8.77 8.76

10.22 11.37 0.46 4.05 11.29 10.22 11.62 0.47 4.00 13.69

2.52 2.97 0.27 8.95 17.66 2.52 2.78 0.29 10.54 10.48
Maleylacetone r? = 0.9995) Maleylacetoner{ = 0.9998)

8 10.22 0.48 4.72 27.73 8 10.22 1.07 10.44 27.77

2 1.87 0.20 10.48 —6.50 2 1.96 0.26 13.09 -1.87

1 0.83 0.03 358 —-17.17 1 0.81 0.09 11.67 —-19.33

Table 4
Recovery of derivatization, extraction efficiency in urine and plasma

Sample Recovery of derivitization, mean S.D. (%) Extraction efficiency, meatt S.D. (%) Total recovery, meatt S.D. (%)
Urine 91.89+ 2.5 79.56+ 1.7 73.1+£ 25
Plasma 100. A& 3.5 85.1+ 4.7 85.7+ 4.7
Table 5
Method sensitivity in water, urine and plasma
Compound Metabolite Retention time (min) Sensitivipg(ml at S/IN=5)
Standard Urine Plasma
MCA DCA 45 25 25 25
Acetoacetic acid Tyr 6.5 1.0 1.0 2.0
DCA - 5.6 0.7 1.0 1.0
13c-DcA - 5.6 0.7 1.0 1.0
Glyoxylate DCA 5.8 1.0 Present at higher levels Present at higher levels
Oxalate DCA 5.9 1.0 Present at higher levels Present at higher levels
Fumaric acid Tyr 7.6 0.5 Present at higher levels Present at higher levels
Succinylacetone Tyr 121 2.6 2.6 7.5
Acetylglycine DCA 12.8 25 5.0 5.0
Maleylacetone Tyr 13.3 0.2 0.2 0.2
Hippuric acid DCA 17.5 0.8 0.8 0.8
Phenylacetyl-glycine DCA 19.9 14 1.4 2.8

Tyr: tyrosine.

oxime derivatives that are extracted, dried and converted intobut, there are exceptions which require further comment. Fu-
trimethyl silyl derivatives under dry conditioips7,18] Prior maric acid has relatively poor accuracy in plasma (>10%)
to derivatization to oxime, prepurification by solid phase ex- but has acceptable accuracy in urine. The calibration curve
traction [19] or other means are employ¢t7]. The sily- of fumaric acid is not as linear in plasme (= 0.9710) as
lated oxime derivatives are then analyzed by GC/MS using in urine (2 = 0.9985) and the variation of the curve could
direct quantitation or isotope dilution meth{iB]. The for- also be responsible for this discrepankig. 3is a TIC of
mation of oxime derivatives is often performed in the pres- the sample and there appears to be another compound in this
ence of strong acids that may isomerize or degrade sensitivesample that is nearly coeluting with acetoacetic acid. The
compounds such as MA. sum of the two responses of the two compounds makes the
The precision (expressed in R.S.D.%) and accuracy (ex-trace produce an appearance that the acetoacetic acid is tail-
pressed in %bias) are below 10% for most of the compounds,ing. In Fig. 5 a compound elutes closely to acetoacetic acid
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Table 6
Mean urine concentration of tyrosine metabolites in HT1 children before and after treatment with NTBC
Tyrosine metabolite Pre NTBC treatment Post NTBC treatment

Concentration i£g/ml) STD Concentrationyg/ml) STD
Acetoacetic acid Not detected - Not detected -
Fumaric acid 5.2 3.6 0.93 0.48
Succinylacetone 57 29 Not detected -
Fumarylacetone Not detected - Not detected -
Maleylacetone 0.77 0.63 Not detected -
Table 7
Mean values for tyrosine and DCA metabolites in children treated with DCA for congenital lactic acidosis
Compound Placebo grouN(= 204) DCA group N = 202)

Concentration igg/ml) STD Concentrationpg/ml) STD

MCA 0.00 0.00 0.00 0.00
Acetoacetic acid 0.65 0.97 0.47 0.91
DCA 1.30 9.62 13.44 36.07
13c-pDCA 0.21 1.76 8.06 9.74
Glyoxylate 8.64 10.91 6.41 5.91
Oxalate 103.7 108.7 95.5 105.2
Fumaric acid 14.19 33.94 6.88 15.03
Succinylacetone 0.00 0.00 0.00 0.00
Fumarylacetone 0.21 0.44 0.24 0.59
Acetylglycine 16.12 157.06 5.33 6.67
Maleylacetone 0.14 0.34 2.87 3.68
Hippuric acid 1342 1660 1366 1893
Phenylacetylglycine 1.21 2.27 1.62 5.46
13C-MCA 0.00 0.01 0.00 0.01
13C-Glyoxylate 0.22 0.57 0.59 2.72
13C-Oxalate 4.93 6.22 10.08 8.07
13C-Phenylacetylglycine 0.02 0.20 0.12 0.53
13C-Hippuric acid 142.3 178.6 162.8 244.9
13¢c-Acetylglycine 0.02 0.29 0.08 0.40

and because the column resolution is better one can clearlyreaction mixtures can be purged with water and extracted

see that there are two compounds present. Acetoacetic acidvith organic solvents, the final extract will be cleaner than

is measured using a selected ion chromatogram of mass 116hose obtained from any method that uses direct silyla-

and the nearby peak does not interfere with accurate quantion of the organic acids, and this minimizes background

titation. noise and contamination of the column and detector. We
SA has a lower than expected accuracy in both urine andchose B—MeOH for the methylation reaction, because

plasma, especially in lower concentrations. SA is a difficult other methylating (alkylating) agents, such dimethyl sul-

compound to quantitate because the peak generated tendefhte, diazomethane and diazoethane, have low solubilities

to tail, which makes accurate integration and measurementin aqueous samples. BFMeOH can precipitate plasma

difficult at low levels. All samples are bracketed with stan- proteins and dissolve the analytes and it can also be washed

dards before and after the samples and are quantitated without with water after the derivatization reaction.

the average of the two calibration curves. SA values were

considerably higher in patients than normals and they were

within the linear range of the concentration curve. Thus, the Acknowledgements
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