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Abstract

A sensitive gas chromatographic–mass spectrometric method is described for reliably measuring endogenous uracil in 100
ml of human plasma. Validation of this assay over a wide concentration range, 0.025 mM to 250 mM (0.0028 mg/ml to 28
mg/ml), allowed for the determination of plasma uracil in patients treated with agents such as eniluracil, an inhibitor of the
pyrimidine catabolic enzyme, dihydropyrimidine dehydrogenase. Calibration standards were prepared in human plasma using

15the stable isotope, [ N ]uracil, to avoid interference from endogenous uracil and 10 mM 5-chlorouracil was added as the2

internal standard. Published by Elsevier Science B.V.
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1. Introduction agent, 5-fluorouracil (5-FU) [1]. Recently, powerful
inhibitors of this enzyme have been developed that

Dihydropyrimidine dehydrogenase (DPD) is the block the catabolism of 5-FU both systemically and
key rate-limiting enzyme responsible for the catabo- in tumor tissues. This allows for fluoropyrimidines to
lism of endogenous pyrimidine bases, such as uracil be administered orally with a potentially improved
and thymine. DPD is also the major determinant of therapeutic index [2–5]. Inhibitors of DPD currently
the rate of clearance of the cancer chemotherapeutic in clinical testing as cancer chemotherapeutic agents

include eniluracil [2,3], and S-1 [6]. Furthermore, the
antiviral agents, sorivudine [7] and netivudine [8],
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inhibition [9]. Recovery of DPD-mediated pyrimi- treated with DPD enzyme inhibitors. We are current-
dine catabolic activity following eniluracil treatment ly using this method to assess the duration and extent
is presumed to require the synthesis of new enzyme. of enzyme inhibition in a clinical trial of the DPD
Inhibition of DPD can cause potentially lethal drug inhibitor, eniluracil, administered in combination
interactions when patients are co-administered agents with oral 5-FU to adult cancer patients.
that are normally metabolized by this enzyme. Fatal
toxicities have been reported patients who inadver-
tently received standard doses of 5-FU after being 2. Experimental
treated with DPD inhibitors [10–12].

The exact duration of systemic DPD inhibition 2.1. Chemicals and solvents
following the administration of eniluracil to patients
is not known, but may last for up to several weeks Uracil and 5-chlorouracil (5-ClU) were obtained

15[13]. In addition, the time to recover DPD activity from Sigma (St. Louis, MO, USA). [ N ]Uracil was2

following eniluracil therapy inhibition can vary in obtained from Isotec (Miamisburg, OH, USA).
individual patients, and may depend on the dose of Pentafluorobenzylbromide (PFBzBr) was purchased
eniluracil administered [14]. Assays for determining from Pierce (Rockford, IL, USA). All solvents were
DPD enzyme activity in peripheral blood mononu- HPLC-reagent grade and were purchased from Fisher
clear (PBM) cells have been developed to screen (Fair Lawn, NJ, USA).
patients for genetic deficiencies in this enzyme [15],
but these measurements may be less useful in 2.2. Sample preparation
monitoring dynamic drug-induced changes in sys-
temic enzyme activity. For example, DPD recovery Human plasma (100 ml) was placed into 15-ml
in PBM cells may not reflect the full systemic polypropylene centrifuge tubes. Calibration standards

15recovery of DPD activity in other important tissues, were spiked with [ N ]uracil to generate final2

such as the liver or gastrointestinal tract. concentrations of 0.025, 0.25, 2.5, 25 and 250 mM
A theoretically more sensitive marker for total and with 10 mM 5-ClU added as an internal stan-

body DPD activity is the plasma uracil concen- dard. Protein was precipitated by the addition of 1.0
tration. Uracil, the natural substrate for DPD, ac- ml of acetonitrile followed by vigorous vortex
cumulates in plasma when systemic DPD is inhibited mixing for 30 s and centrifugation at 3000 g for 15
[16]. For example, normal individuals have a basal min at 48C. The supernatant was removed and
plasma uracil concentration range from 100 nM to transferred into 4-ml screw-top glass vials. Next, 100
300 nM [17,18], which is frequently below the lower ml of 1 M K HPO , pH 11.0 and 20 ml of PFBzBr2 4

limit of quantitation achievable by traditional high- were added and the tubes were sealed, vigorously
performance liquid chromatography (HPLC) assays shaken, and then heated at 1008C for 1 h in a heating
using ultraviolet detection [18]. However, after the block. After cooling to room temperature, samples
administration of a DPD inhibitor such as eniluracil, were centrifuged at 3000 g for 15 min at 48C and the
plasma uracil concentrations can increase by 100- supernatant (about 2 ml) was applied to a Bond-Elute
fold and remain elevated during the period of 1 mg C solid-phase extraction column (Varian,18

enzyme inhibition [14]. Thus, the plasma uracil Harbor City, CA, USA) which had been precon-
concentration may be a clinically useful assay to ditioned by sequential washing with 1 ml of metha-
monitor the dynamic status of systemic DPD activi- nol and three times with 1 ml of water. After loading
ty. Therefore, we have developed a gas chromatog- the sample on to the extraction column, it was
raphy–mass spectrometry (GC–MS)-based method washed three times with water (331 ml) and the
that easily measures basal endogenous human plasma retained sample components were eluted with 1 ml
uracil concentrations, yet is linear in response of ethanol into a 1.5-ml microfuge tube. Samples
through the high micromolar range. This broad were evaporated to dryness using a Zymark Tur-
response allows for the measurement of plasma boVap (Hopkinton, MA, USA) with filtered com-
uracil both in normal individuals and in patients pressed air and a waterbath temperature of 508C. The
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residue was resuspended in 150 ml of hexane–ace- by calculating the uracil (m /z 472) to the 5-ClU (m /z
tone (2:1, v /v), centrifuged at 12 000 g for 10 min at 506) peak area ratio with extrapolation using the

15258C to remove undissolved solids and analyzed by [ N ]uracil calibration curves generated during the2

GC–MS. same analytic run. The GC–MS analysis was fully
automated and left unattended during analytic runs.

2.3. GC–MS analysis

2.4. Standard solutionsQuantitation of the derivatized bases was per-
formed on a HP6890 GC system with a mass- 15Standard solutions of uracil, [ N ]uracil and 5-2selective detector and an HP7673 autosampler. In-

ClU were prepared in water and stored at 2208C.strument operation was monitored with daily au- 15Concentrations of uracil and [ N ]uracil were con-2totunes, and samples were analyzed with a dwell
firmed using UV spectrophotometry with a molartime of 40 ms per ion, using an electron multiplier
extinction coefficient of e58200 at a wavelength ofoffset of 300 V above the autotune value. Com-
259.5 nm. Standards were stable under these storagepounds were separated on a Supelco SPB-20 capil-
conditions for at least 1 month (data not shown).lary column, 15 m30.25 mm, with a 0.25 mm

stationary phase thickness (Bellefonte, PA, USA).
Helium at a constant column flow of 1.0 ml /min was 2.5. Relative recovery and solid-phase extraction
used as the carrier gas. Aliquots of the sample (1 ml) efficiency
were introduced into the GC column by automatic
injection via a splitless injection with the purge valve Water and plasma (100 ml) standards were pre-
turned on 0.3 min after injection. The injection port pared in triplicate containing 100 mM and 1 mM of
temperature was 2948C and the mass spectrometer uracil and 10 mM 5-ClU. Samples were derivatized
transfer line was maintained at 2908C. The column and processed identically as described above and the
temperature was initially set at 1008C and the oven concentrations of PFBz–uracil and PFBz–5-ClU
temperature was programmed 1 min after injection as were determined using the GC–MS assay. Com-
follows: 258C/min to 1908C, then 108C/min to parison of the resulting plasma standards relative to
2308C followed by 258C/min to 2908C and main- the water standards were used to calculate the
tained for 2 min for a total run time of 13.0 min. relative recovery of uracil and 5-ClU, which were

Data were obtained from the GC–MS system by expressed as mean6standard deviation (SD). Ef-
selected-ion monitoring of the pyrimidine base de- ficiency of the solid-phase extraction was assessed
rivatives. At 8 min after the start of the analysis, by taking PFBBr-derivatized uracil and 5-ClU which
uracil was monitored using the following ions with corresponded to original concentrations of 100 mM
m /z values of: 472 (uracil target ion), 248 (qualifier and 1 mM uracil and 10 mM of 5-ClU in 100 ml of15ion 1), and 96 (qualifier ion 2). For [ N ]uracil in2 donor plasma and subjecting them to either solid-
the calibration standards, the following ions were phase extraction or no extraction in triplicate. Abso-15monitored: 474 ([ N ]uracil target ion), 249 (qual-2 lute recovery was calculated by comparing the
ifier ion 1), and 97 (qualifier ion 2). The retention extracted samples to the mean unextracted concen-15time for both uracil and [ N ]uracil was 9.8060.022 tration for both uracil and 5-ClU.
min (n510). At 9.9 min, the mass spectrometer was
switched to monitor the internal standard 5-ClU ions
at m /z 506 (target ion), with 280 (5-ClU qualifier ion 2.6. Validation
1) and 130 (5-ClU qualifier ion 2). The retention
time for 5-ClU was 10.2860.01 min (n510). Data Analytical methods evaluation was performed
analysis was performed using the peak area ratio of using the criteria suggested by Shah et al. [19]. Ten

15 15[ N ]uracil (m /z 474) to 5-ClU (m /z 506) to different calibration curves using [ N ]uracil in2 2
2generate a calibration curve using weighted (1 /y ) plasma were analyzed over a 3-month time period

linear regression. Unknown samples were quantitated and the accuracy and precision of each of the five
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calibration standards were determined by calculating 2.9. Analysis of patient samples
the mean value and the relative standard deviation
(RSD) at each concentration. The within run and the Plasma samples were drawn from 11 cancer
between-run precision and accuracy were determined patients enrolled in a phase I clinical trial of
by preparing three quality control samples of uracil eniluracil and 5-FU chemotherapy. Uracil concen-
at 250 mM, 2.5 mM and approximately 0.270 mM trations were measured at baseline and 24 h after
(endogenous uracil from a single plasma donor) in receiving two oral doses of 20 mg eniluracil 12 h
human plasma analyzed in quintuplicate and de- apart. Blood was collected into lithium–heparin
termined on five separate occasions using five differ- tubes and immediately centrifuged at 48C at 2000 g
ent sample calibration curves. The similarity of the for 10 min to isolate plasma. Plasma samples were
mass selective detector response for uracil and stored frozen at 2808C until analysis.

15[ N ]uracil was compared by preparing quintupli-2

cate samples of each at 0.25, 2.5 and 250 mM and
determining the ratio of the respective molecular ion 3. Results
response to that of the 5-ClU internal standard at

15each concentration. Uracil and [ N ]uracil ratios at 3.1. Gas chromatography–mass spectrometry2

equivalent concentrations were then compared using
a Student’s t-test. Total ion electron-impact (EI) mass spectra of

15PFBz–uracil (Fig. 1A) and PFBz–[ N ]uracil (Fig.2

1B) each showed prominent molecular ions at m /z
2.7. Conversion of deoxyuridine, uridine and 472 and 474, respectively. Loss of a PFBz from the
cytosine to uracil molecular ion gave rise to the most intense ion in

each spectrum at m /z 181. The derivatized internal
The potential for any pre-existing endogenous standard, PFBz–5-ClU, was quantitated using its

deoxyuridine, uridine, or cytosine in plasma to molecular ion with an m /z ratio of 506.
chemically convert into uracil during the sample Selected-ion monitoring (SIM) was used for

15preparation and derivatization steps was assessed by measuring uracil, [ N ]uracil, and the 5-ClU inter-2

spiking separate aliquots of plasma to a final con- nal standard. Fig. 2A shows a typical SIM chromato-
centration of 100 mM of either deoxyuridine, uridine, gram of the lowest quantitated standard of 0.025 mM

15or cytosine in triplicate. Samples were then deriva- of [ N ]uracil with a signal-to-noise ratio of 6:1.2

tized according to the preparation procedures out- The peak corresponding to a plasma uracil con-
lined above. The relative amount of uracil formed centration of 48.9 mM uracil measured in a patient
during the sample preparation process was deter- receiving oral eniluracil therapy is shown in Fig. 2B.
mined by subtracting the endogenous control plasma
uracil concentration from the measured uracil con- 3.2. Relative recovery and solid-phase extraction
centration in each of the pyrimidine-spiked samples. efficiency

The impact of the biological matrix on the assay
2.8. Stability of stored plasma samples was modest as evidenced by the relative recovery of

uracil from water compared to spiked plasma sam-
The stability of uracil was tested in plasma ples (n53) of 95.862.0% and 95.5610.9%, for 1

containing 100 mM and 0.124 mM (endogenous) mM and 100 mM uracil, respectively. The relative
uracil that was stored at 2808C for up to 2 months. recovery of 10 mM 5-ClU internal standard from
To examine the effect of blood processing delays, plasma compared to water was 95.564.1% (n56).
fresh blood and plasma samples were spiked with The efficiency of the solid-phase extraction step was
100 mM uracil and incubated at on ice and at room also excellent with absolute recoveries of PFBz–
temperature (258C). Uracil measurements were made uracil and PFBz–5-ClU of 95.566.8% and
at 0, 30 min, and at 1, 2 and 4 h. 97.061.9%, respectively.
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15Fig. 1. Electron-impact mass spectra of the pentafluorobenzyl derivatives of (A) 250 mM uracil and (B) 250 mM [ N ]uracil. The large2

response at 181 m /z is the pentafluorobenzyl ion.

153.3. Quantitation of uracil by GC–MS: standard tions of [ N ]uracil at 0.025, 0.25, 2.5, 25 and 2502

curves mM and 10 mM 5-ClU. The similarity of the mass-
15selective detector response for uracil or [ N ]uracil2

Assay reproducibility was examined by analyzing over the range of concentrations measured in our
standard curves containing five standard concentra- assay is demonstrated in Table 1. Analysis of 10
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15Fig. 2. Selected-ion monitoring tracing of plasma extracts obtained from the analysis of (A) the lowest quantitated [ N ]uracil standard of2

0.025 mM and (B) uracil at a measured concentration of 48.96 mM observed in a patient undergoing treatment with 5-fluorouracil and with
the dihydropyrimidine dehydrogenase inhibitor, eniluracil.

Table 1
15Ratio of uracil or [ N ]uracil to 5-ClU mass-selective detector response2

15Concentration Ratio of uracil or [ N ]uracil to 5-ClU mass-selective detector P value2

(mM) response
a 15 aUracil ratio (n55) [ N ]Uracil ratio (n55)2

0.25 0.02060.002 0.01960.001 0.527
2.5 0.21460.009 0.21760.018 0.526

250 23.38760.463 23.52060.319 0.984
a Mean6SD.



D. Bi et al. / J. Chromatogr. B 738 (2000) 249 –258 255

Table 2
15[ N ]Uracil standard curve2

Theoretical concentration Measured concentration Relative standard deviation
(mM) (mean6SD, n510) (mM) (%)

0.025 0.02560.001 4.03
0.25 0.24260.013 5.51
2.5 2.5260.19 7.48

25 26.061.4 5.41
250 249.065.4 2.18

different plasma standard curves examined over a was determined to establish conditions for sample
3-month period resulted in a correlation coefficient processing and storage. Incubation of 100 mM uracil
of (mean6SD, n510) of 0.999560.0006 with a in either whole blood or plasma at 08C (on ice) or at
slope of 0.08460.013 and a y-intercept of room temperature (258C) for up to 4 h prior to
0.0014860.0013 which was not significantly differ- derivatization resulted in no loss of uracil signal
ent from zero (Student’s t-test, P50.327). The RSDs intensity (Fig. 3). In these experiments, the measured
ranged from 2.18 to 7.48% over the concentration plasma uracil concentration after incubation of whole
range of 0.025 to 250 mM (Table 2). blood for 4 h was not significantly different from

The within- and between-run accuracy and preci- time zero (P50.331). Plasma samples containing
sion was determined by analyzing five separate either 100 mM or 0.124 mM (endogenous) uracil
plasma standards at concentrations of 0.27 mM were also stable when stored at 2808C for up to at
(endogenous donor uracil concentration), 25 mM least 2 months prior to sample derivatization (t-test,
uracil and 250 mM uracil. The RSDs for the within- P50.555 and P50.327, respectively). Nor were any
run analysis (n55) were 7.04%, 5.40% and 1.24%, discernable changes in measured concentrations ob-
respectively, while the between-run RSDs were served when freshly processed samples were com-
6.73%, 6.95% and 5.96%, respectively for the three pared to samples subjected to three freeze–thaw
concentrations (Table 3). The deviation of the mea- cycles in triplicate (P50.763).
sured concentration from the theoretically ‘‘true’’
uracil concentration in the 25 mM and 250 mM 3.5. Conversion of deoxyuridine, uridine and
standards was less than 6.0% in all cases (Table 3). cytosine to uracil

3.4. Stability of uracil in plasma and whole blood Chemical conversion to uracil of any endogenous-
ly present pyrimidine-containing compounds in plas-

The stability of uracil in fresh blood and plasma ma, such as deoxyuridine, uridine or cytosine, could

Table 3
Within- and between-run accuracy and precision for the measurement of uracil in human plasma

Theoretical Measured Percentage of the Standard Relative standard
concentration concentration theoretical concentration deviation deviation
(mM) (mM) (%) (mM) (%)

Within run (n55)
aDonor plasma 0.270 – 0.019 7.04

25 mM Uracil 25.57 102.3 1.38 5.40
250 mM Uracil 237.3 94.9 3.0 1.26

Between run (n55)
aDonor plasma 0.274 – 0.018 6.73

25 mM Uracil 26.50 106.0 2.53 9.56
250 mM Uracil 261.4 104.6 14.1 5.38

a Plasma from a single patient donor with no added uracil.
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Fig. 3. Stability of uracil in fresh whole blood and plasma. Uracil at 100 mM was added to fresh whole blood and fresh human plasma and
incubated for up to 4 h at 08C and 258C. The uracil concentrations in whole blood shown were not significantly different at 4 h compared to
time zero (n53, P50.331).

potentially confound our assay. Either the loss of a given in combination with oral 5-fluorouracil. Plas-
sugar moiety from any uridine or deoxyuridine ma samples were obtained at time 0 and at hour 24
nucleosides, or the deamination of any cytosine after the administration of two oral doses of 20 mg
present in plasma would both cause spurious in- of eniluracil given 12 h apart, prior to the administra-
creases in plasma uracil levels. Therefore, human tion of any 5-fluorouracil. Plasma concentrations of
plasma containing 100 mM deoxyuridine, uridine or uracil in 11 patients at baseline was 0.1760.05 mM
cytosine was processed in triplicate and analyzed as and uracil concentrations were easily measured in all
described previously. Overall, only 0.1360.5% of subjects analyzed. The administration of oral
the cytosine and 0.3860.35% of the deoxyuridine eniluracil increased plasma uracil concentrations by
was converted to uracil during the derivatization about 100-fold (Table 4). When eniluracil therapy
process, and no conversion of uridine to uracil was was terminated, plasma uracil concentrations slowly
detected. Furthermore, the presence of 5-FU also did returned to the baseline concentrations over the
not interfere with the measurement of plasma uracil ensuing weeks (data not shown).
concentrations (data not shown). Thus, conversion of
other related pyrimidine compounds to uracil was not Table 4

Plasma uracil concentrations in patients at baseline and 24 h afterlikely to interfere with the assay of uracil in human
eniluracil therapyplasma.
Patient No. Baseline uracil Uracil after eniluracil treatment

(mM) (mM)3.6. Patient plasma samples
1 0.177 14.077
2 0.229 18.475Plasma uracil concentrations were measured in
3 0.159 13.070four patients participating in a phase I clinical trial of
4 0.184 19.503an orally administered DPD inhibitor, eniluracil,
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4. Discussion uracil concentrations in certain situations. For exam-
ple, non-pyrimidine antifolate inhibitors of thymidyl-

Measurement of endogenous uracil concentrations ate synthase (TS), such as raltitrexed (Tomudex),
in human plasma have been limited by the sensitivity can cause a two- to three-fold increase in plasma
of previously used techniques such as HPLC with uracil concentrations (data not shown). This may be
UV detection [18]. However, the increased sensitivi- due to the intracellular accumulation deoxyuridine
ty offered by gas chromatography with electron nucleotides, which are the natural substrate for TS,
impact mass selective detection can easily determine and the subsequent breakdown and leakage of the
uracil concentrations in human plasma with a linear free deoxyuridine out of the cell. Any circulating
response from 250 mM down to 0.025 mM. This deoxyuridine in plasma may then be converted to
broad analytic range allows for the measurement of free uracil by the action of thymidine phosphorylase,
plasma uracil both in normal individuals and in a ubiquitous enzyme present in liver and other
patients with highly elevated uracil concentrations tissues. Normally, endogenous plasma deoxyuridine
due to the administration of a DPD enzyme inhibitor, concentrations range from 0.020 mM to 0.115 mM,
such as eniluracil. [20] but they can increase up to four-fold following

Our initial assay development efforts utilized inhibition of thymidylate synthase by non-pyrimidine
15normal uracil standards with added [ N ]uracil as inhibitors of this enzyme [20]. Further testing is2

the internal standard using a more traditional stable necessary to confirm this hypothesis. However, the
isotope dilution technique. However, because uracil increased plasma uracil concentration observed under
is endogenously present in human plasma, calibra- these conditions is clearly not due to the artifactual
tion curves had to be prepared using either dialyzed chemical conversion of deoxyuridine to uracil occur-
human plasma or another artificial matrix, such as ring during our sample preparation process. Only
saline, which differed from the unknown samples. 0.38% of endogenous deoxyuridine is converted to
Ultimately, we changed our calibration curves to uracil during the derivatization steps required by our
utilize actual human plasma and we substituted assay. Other acquired conditions potentially associ-

15[ N ]uracil standards for the normal uracil to avoid ated with increased uracil production include2

interference from the naturally occurring compound. metabolically-active tumors, such as medulloblas-
The similarity of the mass-selective detector re- tomas, and acute leukemias [21].
sponse to both uracil and its stable isotope, Another potential application of this assay is to

15[ N ]uracil, is demonstrated in Table 1. Further- screen for inborn errors of pyrimidine metabolism.2

more, the excellent GC–MS signal obtained from 10 Congenital syndromes of decreased DPD activity in
mM 5-ClU allowed us to substitute this compound as adult cancer patients have not been associated with
the internal standard for our assay. Our validation any other medical symptoms. Traditional methods
tests showing excellent accuracy and precision for for screening cancer patients for DPD deficiency,
both within run and between run comparisons sup- which has been identified in about 2.5% of the adult

15port our use of the stable isotope [ N ]uracil population [22], involves biochemical measurements2

standards for measuring endogenous plasma uracil made in PBM cell extracts, which is expensive and
(Table 3). laborious. Urinary uracil excretion has been pro-

The marked increase in plasma uracil concen- posed as another method of screening for pyrimidine
trations observed when patients are treated with catabolic defects, but the absolute urine concen-
inhibitors of the DPD enzyme suggest that this may tration can vary, and must be corrected for creatinine
be a valuable assay for monitoring the status and excretion in order to be accurately quantitated [17].
duration of enzyme inhibition. We are currently Screening based upon plasma uracil concentrations
examining the temporal relationships between 5-FU has been less well tested, largely due to limitations in
pharmacokinetics, PBM cell DPD enzyme activity, the analytic assay sensitivity. More recently, the
and plasma uracil concentrations in cancer patients dihydrouracil-to-uracil ratio in plasma has been
on eniluracil therapy [14]. Other agents and con- proposed as a predictor of DPD activity and 5-FU
ditions may also contribute to an increase in plasma drug clearance [23]. However, our assay has success-



258 D. Bi et al. / J. Chromatogr. B 738 (2000) 249 –258

[4] D.P. Baccanari, S.T. Davis, V.C. Knick, T. Spector, Proc.fully measured baseline uracil concentrations in all
Natl. Acad. Sci. USA 90 (1993) 11064.subjects and controls analyzed to date (data not

[5] T. Takechi, K. Nakano, J. Uchida, A. Mita, K. Toko, S.
shown), and, in our hands, the normal human plasma Takeda, N. Unemi, T. Shirasaka, Cancer Chemother. Phar-
uracil concentrations of uracil appear to be quite macol. 39 (1997) 205.
narrowly distributed with a mean value of 0.1760.05 [6] Y. Sakata, A. Ohtsu, N. Horikoshi, K. Sugimachi, Y. Mitachi,

T. Taguchi, Eur. J. Cancer 34 (1998) 1715.mM (n511) [14]. Thus, a highly sensitive assay for
[7] J. Yan, S.K. Tyring, M.M. McCrary, P.C. Lee, S. Haworth,measuring plasma uracil concentrations, either alone,

R. Raymond, S.J. Olsen, R.B. Diasio, Clin. Pharmacol. Ther.or in combination with other metabolite measure-
61 (1997) 563.

ments, [23] may have potential utility as a screening [8] R. Peck, R. Wiggs, J. Callaghan, R. Wootton, P. Crome, I.
test for pharmacogenetic syndromes of DPD de- Fraser, L. Frick, J. Posner, Clin. Pharmacol. Ther. 59 (1996)

22.ficiency. The clinical importance of identifying this
[9] D.J. Porter, W.G. Chestnut, B.M. Merrill, T. Spector, J. Biol.syndrome is great because patients with complete or

Chem. 267 (1992) 5236.even partial DPD deficiency are at high risk for
[10] H. Okuda, K. Ogura, A. Kato, H. Takubo, T. Watabe, J.

severe, life-threatening toxicity following standard Pharmacol. Exp. Ther. 287 (1998) 791.
doses of 5-FU chemotherapy [18]. Further testing of [11] R.B. Diasio, Br. J. Clin. Pharmacol. 46 (1998) 1.
our assay for measuring plasma uracil concentrations [12] H. Okuda, T. Nishiyama, K. Ogura, S. Nagayama, K. Ikeda,

S. Yamaguchi, Y. Nakamura, K. Kawaguchi, T. Watabe, Y.as a screening test for DPD deficiency in adult
Ogura, Drug Metab. Dispos. 25 (1997) 270.cancer patients is necessary.

[13] Glaxo Wellcome, Investigators Brochure: 776C85 Tablets
In conclusion, we have developed a simple, sensi- and 5-Fluorouracil Tablets, 1996.

tive, and validated analytic method for measuring [14] J. Grem, N. Harold, D. Bi, C. Takimoto, S. Zenko, M.
both basal endogenous and highly elevated uracil Hamilton, A. Chen, B. Monahan, M. Quinn, G. Morrison, D.

Nguyen, J. Shapiro, Proc. Am. Soc. Clin. Oncol. 18 (1999)concentrations in only 100 ml of human plasma. This
173a.test may have great clinical utility in monitoring the

[15] M. Chazal, M.C. Etienne, N. Renee, A. Bourgeon, H.status of pyrimidine catabolic pathway activity under
Richelme, G. Milano, Clin. Cancer Res. 2 (1996) 507.

a variety of conditions, including during the adminis- [16] S. Cao, D.P. Baccanari, S.S. Joyner, S.T. Davis, Y.M.
tration of a pharmacological inhibitor of DPD, such Rustum, T. Spector, Cancer Res. 55 (1995) 6227.

[17] J.A. Bakkeren, R.A. De Abreu, R.C. Sengers, F.J. Gabreels,as eniluracil. In addition, the PFBBr derivatization
J.M. Maas, W.O. Renier, Clin. Chim. Acta 140 (1984) 247.procedure utilized in our assay is similar to those

[18] M. Tuchman, J.S. Stoeckeler, D.T. Kiang, R.F. O’Dea, M.L.used in previously validated assays for 5-fluorouracil
Ramnaraine, B.L. Mirkin, New Engl. J. Med. 313 (1985)

[24] and its catabolic metabolite, fluoro-b-alanine 245.
[25], allowing for the easy measurement of these [19] V.P. Shah, K.K. Midha, S. Dighe, I.J. McGilveray, J.P.

Skelly, A. Yacobi, T. Layloff, C.T. Viswanathan, C.E. Cook,compounds with minimal modifications (data not
R.D. McDowall et al., Eur. J. Drug. Metab. Pharmacokin. 16shown). Additional studies are ongoing to better
(1991) 249.define the clinical utility of this analytical method.

[20] P.J. O’Dwyer, P.B. Laub, D. DeMaria, M. Qian, D. Reilly, B.
Giantonio, A.L. Johnston, E.Y. Wu, L. Bauman, N.J. Clen-
deninn, J.M. Gallo, Clin. Cancer Res. 2 (1996) 1685.

References [21] G. Berglund, J. Greter, S. Lindstedt, G. Steen, J. Walden-
strom, U. Wass, Clin. Chem. 25 (1979) 1325.

[22] Z. Lu, R. Zhang, R.B. Diasio, Cancer Res. 53 (1993) 5433.[1] J.L. Grem, in: B.A. Chabner, D.L. Longo (Eds.), Cancer
[23] E. Gamelin, M. Boisdron-Celle, V. Guerin-Meyer, R. Delva,Chemotherapy and Biotherapy, Lippincott-Raven, Philadel-

A. Lortholary, F. Genevieve, F. Larra, N. Ifrah, J. Robert, J.phia, PA, 1996, p. 149.
Clin. Oncol. 17 (1999) 1105.[2] R.L. Schilsky, J. Hohneker, M.J. Ratain, L. Janisch, L.

[24] L.W. Anderson, R.J. Parker, J.M. Collins, J.D. Ahlgren, D.Smetzer, V.S. Lucas, S.P. Khor, R. Diasio, D.D. Von Hoff,
Wilkinson, J.M. Strong, J. Chromatogr. 581 (1992) 195.H.A. Burris III, J. Clin. Oncol. 16 (1998) 1450.

[25] D. Anderson, D.J. Kerr, C. Blesing, L.W. Seymour, J.[3] S.D. Baker, S.P. Khor, A.A. Adjei, M. Doucette, T. Spector,
Chromatogr. B 688 (1997) 87.R.C. Donehower, L.B. Grochow, S.E. Sartorius, D.A. Noe,

J.A. Hohneker, E.K. Rowinsky, J. Clin. Oncol. 14 (1996)
3085.


