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Objectives: The aim of this study was to develop and validate a high-performance liquid chromatographic
method for the measurement of plasma concentrations of uracil and dihydrouracil after administration of an
oral loading dose of uracil in the context of evaluation of DPD enzyme activity.

Design and methods: Analytes were extracted from 500 μL plasma sampler with a mixture of ethyl acetate
isopropanol (85:15, v/v) after protein precipitation with solid ammonium sulfate. The extract was inject in the
porous graphitic carbon stationary phase, eluted with water and acetonitrile in gradient mode, allowing
complete separation of uracil, dihydrouracil and the internal standard (5-fluorouracil). Chromatograms were
monitored at 210 and 260 nm.

Results: Total chromatographic run time, including reequilibration, was 30 min. The assay was linear in the
concentration range of 0.2 to 20 μg mL−1. Accuracy was 98.4–105.3%, intra-assay precision was 5.1–12.1% and
between-assay precision was of 5.3–10.1%. Analytes were stable in plasma at room temperature up to 6 h and
for three freeze and thaw cycles. Processed samples are stable up to 12 h.

Conclusions: The developed method was fully validated and has significantly reduced running time when
compared to previous assay using porous graphitic stationary phase, allowing complete resolution of uracil,
dihydrouracil and internal standard. This assaymight be suitable to investigate the eventual correlation between
concentrations of uracil and dihydrouracil in plasma after an oral loading dose andDPD enzyme activity,with po-
tential contribution to therapeutic drug monitoring.

© 2015 The Canadian Society of Clinical Chemists. Published by Elsevier Inc. All rights reserved.

Introduction

Despite its use in many chemotherapy treatments, fluoropyrimidine
drugs are associated to a high rate of severe adverse effects (31–34%)
and, eventually, to toxic deaths (0.3%) [1]. One of the main reasons for
fluoropyrimidine toxicity is a deficiency on themetabolic clearanceme-
diated by dihydropyrimidine dehydrogenase (DPD) enzyme [2].
Approaches to identify patients with reduced DPD activity are based
on the measurement of the concentrations of the endogenous com-
pound uracil (U) and its DPD metabolic product, 5,6-dihydrouracil
(UH2), either in peripheral blood mononuclear cells [3], blood plasma

[4] or saliva samples [5]. Another alternative was proposed by van
Stareven et al. [6] and is based on the measurement of plasma concen-
trations of U and UH2 after the administration of an oral loading dose
of U, theoretically better reflecting DPD enzyme dynamics when high
doses are administered to the patients.

Severalmethods based onhigh-performance liquid chromatography
(HPLC) for measurement of U and UH2 in biological samples were
described, usually based on reversed-phase (RP) separations [7,8].
However, considering the high hydrophilicity of U and UH2, RP separa-
tions usually require 100% aqueous mobile phases and long chromato-
graphic runs to allow the separations of these analytes. An alternative
separation strategy was described by Rémaud et al. [9], with the use of
porous graphitic carbon (PGC) as stationary phase, with increased
resolution of U and UH2. Despite its better separation capabilities, the
method of Rémaud et al. [9] had a very long running (52min) and equil-
ibration (25 min) time, not amenable to clinical routine.
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Considering the potential clinical applications of a method for accu-
rately classifying DPD activity, in this study we present an optimized
and easily applicable liquid chromatographicmethod for determination
of U and UH2 in human plasma after administration of an oral loading
dose of U, based on PGC separation.

Material and methods

U, UH2, 5-fluoruracil (5-FU, internal standard) and bovine serum
albumin (BSA) were purchased from Sigma-Aldrich (St. Louis, USA).
Acetonitrile, ammonium sulfate, ethyl acetate and 2-propanol were
obtained from Merck (Darmstadt, Germany). Ultrapure water was ob-
tained through an Elga Purelab Ultra® apparatus from Elga Labwater
(High Wycombe, UK). Considering the presence of endogeneous U
and UH2, the matrix for preparation of calibration and QC samples
was a 6% (w/v) aqueous solution of BSA.

U, UH2 and 5-FU stock and working solutions were prepared in
ultrapurified water. Calibrators were prepared by adding the appropri-
ate amount of U and UH2 solutions to 6% BSA solution (1:20, v/v) to

obtain concentrations of 0.2, 0.5, 1, 2.5, 5, 10 and 20 μg mL−1. Internal
standard working solution (IS) was 5-FU (40 μg mL−1). Quality control
(QC) samples were prepared to obtain U and UH2 concentrations of 0.2
(quality control at the limit of quantification, QCLOQ), 0.25 (quality con-
trol low, QCL), 7.5 (quality control medium, QCM), and 15 μg mL−1

(quality control high, QCH).
Sample preparation was based on liquid–liquid extraction. Briefly,

500 μL of either calibration, quality control or patient's samples
(plasma) were added to glass tubes, followed by 75 μL of internal stan-
dard solution, followed by 30 s of vortex mixing. After, proteins were
precipitated with 500 mg of ammonium sulfate, followed for 1 min of
vortex mixing. The resulting mixture was added with 4 mL of a mix-
ture of ethyl acetate and isopropanol (85:15, v/v) and mixed for
10 min in a rotatory mixer at 50 rpm. After 10 min centrifugation at
3000 g, the supernatant was transferred to an evaporation tube and
dried at 56 °C under a gentle stream of air. The dried extract was
reconstituted with 200 μL of ultrapurified water and centrifuged for
10 min at 10.000 g. An aliquot of 50 μL of supernatant was injected
into the HPLC.

Fig. 1. Typical chromatograms of plasma extracts obtained at 210 and 260 nm. A: Quality control sample at low concentration (QCL) containing U and UH2 at 0.25 μg mL−1; B: Quality
control sample at high concentration (QCH) containing U and UH2 at 15.0 μg mL−1; C: Patient sample 2 h after an oral loading dose of 1000 mg U containing U at 3.62 μg mL−1 and
UH2 at 1.41 μg mL−1.
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