
Journal of Chromatography B, 823 (2005) 98–107

An accurate dihydrouracil/uracil determination using improved high
performance liquid chromatography method for preventing

fluoropyrimidines-related toxicity in clinical practice
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An accurate and improved HPLC method was set up to measure both dihydrouracil (UH2) and uracil (U) in plasma, and to assess their r
Analytes retention time, separation and peak purity were greatly optimized with a Hypercarb column and a diode array detector.2

imits of quantification were 1.25 and 0.625 ng/mL. U and UH2 within-day precisions were 0.9–2.3% and 0.7–5.6%. Between-day prec
ere 1.3–5.3% and 1.3–7.1%. Accuracy was 0.1–6.1%.
UH2/U ratio between-day variability was low, but ratio decreased from 02:00 p.m.
This method is now used in practice to detect patients at risk of fluoropyrimidine toxicity and to individually adapt the dosage.
2005 Elsevier B.V. All rights reserved.
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. Introduction

5-Fluorouracil (5-FU) is one of the most commonly anti-
ancer agents used in the treatment of solid tumors, espe-
ially in digestive tract, head and neck and breast cancers.
he metabolic pathways of 5-FU have been extensively

nvestigated and several studies have reported a high indi-
idual variability of 5-FU metabolism[1–3]. Moreover, a
lose relationship has been demonstrated between individ-
al pharmacokinetic parameters and toxicity or response rate

2–4].
Severe side effects, including hematological, mucosal and

astrointestinal toxicity, have been encountered during con-
entional 5-FU based treatments and have been attributed
o a genetic deficiency of dihydropyrimidine dehydroge-
ase (DPD) activity, the initial enzyme of 5-FU catabolism

∗ Corresponding author.
E-mail address:e.gamelin@unimedia.fr (E. Gamelin).

pathway [5,6]. The frequencies of this catabolism d
ciency in the population reach 3–5% for major ones
3‰ for complete ones. Patients presenting complete
ciency of DPD enzyme activity are the most likely
undergo life-threatening toxicity. Given the high num
of patients receiving a 5-FU based treatment, detectio
deficient individuals in the population seems essentia
order to reduce the toxic side effects of 5-FU, an indi
ual dose adjustment can be proposed to adapt the d
to the patient’s metabolic capacities[7,8]. However, this
method does not allow to prevent the severe, some
lethal, toxicity that occurs at the first course of treatm
[9,10].

Several approaches have been developed in an at
to detect patients at high risk of 5-FU toxicity prior
treatment. Determination of DPD enzyme activity in per
eral blood mononuclear cells has been established bu
method, though elegant, remains unsuitable for current
tice because of the use of radiolabelled materials[5,11].

570-0232/$ – see front matter © 2005 Elsevier B.V. All rights reserved.
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Moreover, there is only a weak correlation between 5-FU
plasma levels and DPD enzyme activity determined in periph-
eral blood mononuclear cells and this activity level may not
well reflect that in important tissues, such as liver, lung or
gastrointestinal tract[12].

The genetic approach by detecting DYPD gene sin-
gle nucleotide polymorphism (SNP) is promising but not
presently suitable since more than 30 SNP have been reported
with different and not fully understood impacts on DPD
enzyme activity[13].

The measurement of plasma or urine concentration of
uracil (U), the endogenous substrate of DPD enzyme, may
not be a reliable method because uracil level can be influ-
enced by many other factors[14,15]. These factors can be
strongly lessened by measuring simultaneously the plasma
concentrations of U and its dihydrogenated metabolite 5,6-
dihydrouracil (UH2), formed by reduction of U by DPD, and
by calculating the plasma UH2/U ratio [16].

We were the first to develop UH2/U ratio in plasma prether-
apeutic determination and used it to prevent high risk of
toxicity [17], but this HPLC method was complicated by the
use of two columns in series and was aimed to detect four
compounds at the same time: U, UH2, 5-FU and 5,6-dihydro-
5-fluorouracil (FUH2) [17]. Therefore, our purpose was to
set up a new simple and reliable HPLC method for simulta-
neously measuring U and UHin plasma usable in clinical
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2.2. Sample extraction

This extraction procedure is derived from that used by
Gamelin et al. for the extraction of 5-FU and has been
improved [17]. First, 25�L of internal standard (FUH2,
1�g/mL) were added to 500�L plasma samples and vortex-
mixed. Plasma proteins were then precipitated with 600 mg
ammonium sulfate. After vortex mixing for 1 min, 4 mL
isopropanol–ethyl acetate (15:85, v/v) were added. The sam-
ples were gently mixed for 5 min in a rotatory stirrer (45 rpm)
and centrifuged for 15 min at 3500×g. The supernatant was
transferred to a glass tube and evaporated at 56◦C for 20 min
under a stream of nitrogen. The dry extract was reconstituted
with 200�L of water and a 150-�L volume was injected
onto the column after filtration through a 0.45-�m vinyli-
dene polyfluorure membrane plate (Millipore, Saint Quentin
en Yvelines, France).

2.3. Instrumentation and chromatographic conditions

The HPLC system consisted of Perkin-Elmer Series 200
pump, autosampler and diode array detector (Perkin-Elmer,
Courtaboeuf, France).

Several analytical columns, with their corresponding
guard columns, were evaluated to achieve separation of
the compounds. Three were reverse phase columns pur-
c ce):
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ractice. The column was strictly selected for optimiz
etention time and separation, and a diode array det
llowed us to establish the analyte peak purity at low w

ength.
Using this method, we first evaluated the impact of

ime between sample collection and centrifugation on
oncentrations of U and UH2 and on the UH2/U ratio. We then
tudied the stability along the time of these concentratio
lasma samples stored at different temperatures.

In order to evaluate UH2/U ratio during the day an
etween day variations, blood samples from eight he
olunteers were collected at several hours of the
nd between 09:00 a.m. and 10:00 a.m. on nine diffe
ays.

. Experimental

.1. Chemicals

U, UH2, 5-FU, 5-chlorouracil, 5-bromouracil,
uorocytosine, 5-fluorouridine, 5-bromocytosine and
hloropyrimidine were purchased from Sigma (Saint Que
allavier, France). FUH2 was obtained from Roche (Bas
witzerland). Ammonium sulfate, acetonitrile, ethyl ace
nd isopropanol were of HPLC grade (VWR Internatio
essac, France). Phosphoric acid was purchased from

nternational and was of analytical grade. The water
as of Milli-Q grade (Millipore, Molsheim, France) and w
egassed with helium before use.
hased from Waters (Saint-Quentin-en-Yvelines, Fran
pherisorb ODS2 (250 mm× 4.6 mm; 5�m), Symmetry
hield RP8 (150 mm× 4.6 mm; 5�m) and XTerra RP1

100 mm× 3 mm; 3.5�m) and one was a porous graph
arbon phase column purchased from ThermoElec
Courtaboeuf, France): Hypercarb (200 mm× 3 mm, 5�m).

Mobile phase was optimized and differed according to
olumn tested. For Spherisorb ODS2, Symmetry Shield
nd XTerra RP18, an isocratic elution was performed u
0 mM potassium phosphate buffer adjusted at pH 3
hosphoric acid at a flow rate of 1 mL/min. For Hyperc
olumn, separation was achieved by gradient elution u
mobile phase delivered at a flow rate of 0.28 mL/min

onsisting in water and acetonitrile. The gradient comp
ion was optimized to achieve the best separation of a
ompounds.

The detector wavelengths were set at 210 nm for UH2 and
UH2 and 260 nm for U. Peak recording and integration w
erformed using the Perkin-Elmer TotalChrom software

.4. Method validation

.4.1. Linearity
U, UH2 and FUH2 were dissolved in Milli-Q water at

oncentration of 1 mg/mL and stored at−20◦C. Standar
olutions were prepared by further dilution of the app
riate compound into Milli-Q water. Calibration curves
and UH2 were prepared by adding 25�L standard solu

ion of each compound and 25�L of the internal standar
o 450�L of Milli-Q water. The final generated concent
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tions for U and UH2 were 6.25, 12.5, 25, 50, 100 ng/mL and
12.5, 25, 50, 100, 200 ng/mL, respectively, with a concentra-
tion of 50 ng/mL for FUH2. These samples were then treated
according to extraction and HPLC procedures.

Calibration graphs were obtained using the least-squares
method. Standard curves for UH2 and U were generated by
plotting the peak area ratio of UH2 or U to that of the internal
standard versus the concentration of each compound.

2.4.2. Detection and quantitation limits
The limits of detection (LOD) and quantitation (LOQ)

were determined for U and UH2. For both, LOD was deter-
mined at a signal/noise = 5 and LOQ was calculated as the
minimum concentration that gave a relative standard devia-
tion less than 10%.

2.4.3. Analytical recovery
Similar samples as those used for generating calibration

curves were prepared (n= 15). Five different concentrations
for each compound were studied, whereas concentration of
FUH2 was maintained constant. The recovery of U, UH2 and
FUH2 was evaluated by comparing peak areas obtained for
these extracted samples to those obtained by direct injection
of standard solutions of the same concentration.

2.4.4. Precision and accuracy
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and 10:00 a.m. and were centrifuged for 10 min at 3500×g.
Plasma concentrations of U and UH2 were then measured in
each sample to evaluate the stability of the UH2/U ratio from
day to day.

2.8. Measurement of the UH2/U ratio during the day

Blood samples of four healthy volunteers were collected in
heparinized tubes at five different hours of the day: 9.30 a.m.,
12:00 a.m., 02:00 p.m., 04:00 p.m. and 06:00 p.m. All sam-
ples were immediately centrifuged for 10 min at 3500×g.
After extraction, plasma concentrations of U and UH2 were
measured in each sample to evaluate the stability of the
UH2/U ratio during the day.

3. Results

3.1. Internal standard

Several compounds have been tested: 5-FU, FUH2, 5-ch-
lorouracil (5-CU), 5-bromouracil (5-BU), 5-fluorocytosine,
5-fluorouridine, 5-bromocytosine and 2-chloropyrimidine. 5-
FU, 5-CU, 5-BU, 5-fluorouridine and 5-bromocytosine had
very high retention times (Table 1), and thus would have
required a modification of the elution gradient, resulting in an
i imes,
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For the determination of within-day precision and ac
acy, five samples of each concentration (U: 6.25–1
5–50–100 ng/mL and UH2: 12.5–25–50–100–200 ng/m
ere extracted and injected on the same day. For betw
ay precision and accuracy, one sample of each concent
as analyzed per day on five consecutive days.

.5. Importance of the time between the sample
ollection and centrifugation

Blood samples were collected in two healthy volunt
nd centrifuged (10 min, 3500×g) at 0.5, 1, 2, 3, 5 and 8
fter collection. Plasma samples were then analyzed ac

ng to extraction and HPLC procedures.

.6. Stability of the concentrations of U and UH2 in
lasma

Stabilities of the concentrations of U and UH2 and of
he UH2/U ratio in plasma were evaluated in two hea
olunteers during several days at three different temp
ures. Thus, after collection and centrifugation of the b
amples, discarded plasma was stored at−20◦C, +4◦C or
mbient temperature during 14 days.

.7. Measurement of the UH2/U ratio from day to day

Blood samples of eight healthy volunteers were colle
nto heparinized tubes at nine different days distribute

weeks. All samples were collected between 09:00
ncrease of the analysis time. Despite suitable retention t
-fluorocytosine and 2-chloropyrimidine were not cho
ecause of weak recoveries (about 40%) after extraction
lasma. FUH2 had a recovery of 80% and a retention t
f 23 min and was at last selected as internal standard f
nalysis.

.2. HPLC procedure

.2.1. Analytical column
Retention times and resolution of U and UH2 were deter

ined for the four different analytical columns tested.
lassical reverse phase columns, U and UH2 were poorly
etained, with retention times close to 2 min on XTerra
mn and close to 7 min on Spherisorb ODS2 and Symm
hield RP8 columns. This poor retention on traditional

ca gel stationary phases, even when the mobile phase
s totally aqueous, can be explained by the high polari

able 1
etention times of the different internal standards tested in the final
atographic conditions

nternal standard Retention time (m

UH2 23
-Chloropyrimidine 26
-Fluorocytosine 33
-Bromocytosine 44
-FU 45
-Fluorouridine 48
-Bromouracil >50
-Chlorouracil >50
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Fig. 1. HPLC chromatograms of a healthy volunteer plasma sample at 210 nm (A) and 260 nm (B) containing 9.9 ng/mL U and 112.1 ng/mL UH2 and added
internal standard FUH2.

U and UH2 and results in laborious separation from other
compounds present in plasma.

The peculiar physical properties and retention mecha-
nism of the Hypercarb column, consisting in stationary phase
with a non-derivatised porous graphitic carbon surface, have
allowed us to develop a method where U and UH2 were eluted
at 22 and 34 min, respectively.

3.2.2. Elution gradient optimization
The elution gradient, consisting in water and acetonitrile,

was optimized for the Hypercarb column maintained at 19◦C.
The different steps were set to achieve the best separation of
U, UH2 and FUH2 from other compounds in plasma. Elu-
tion was performed by applying a linear gradient as follows:
from 1% to 11% acetonitrile in 15 min, then from 11% to

16% acetonitrile in 15 min and from 16% to 75% acetonitrile
in 10 min. A 75% acetonitrile phase was applied for 10 min
followed by a linear gradient from 75% to 1% acetonitrile in
2 min. The column was then equilibrated with 1% acetonitrile
for 25 min before next analysis.

The peak purity for U, UH2 and FUH2 was checked with
the Perkin-Elmer Turboscan 200 software. All Purity Index
values were found between 1 and 1.5, thus confirming the
purity of the chromatogram peaks. A plasma extract chro-
matogram of a healthy volunteer is presented inFig. 1.

3.3. Analytical recovery

The mean analytical recoveries for U, UH2 and FUH2
were homogenous, 73± 2%, 67± 2% and 82± 3%, respec-
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Table 2
Precision and accuracy of the method

Concentration (ng/mL) Within-day Between-day

Mean± S.D. R.S.D. (%) Accuracy (%) Mean± S.D. R.S.D. (%) Accuracy (%)

Uracil
6.25 6.37± 0.13 2.0 1.9 6.62± 0.35 5.3 6.0

12.5 12.80± 0.11 0.9 2.4 12.62± 0.36 2.8 1.0
25 25.60± 0.25 1.0 2.4 25.15± 0.60 2.4 0.6
50 51.34± 1.16 2.3 2.7 50.47± 0.93 1.8 0.9

100 101.24± 1.17 1.2 1.2 101.80± 1.34 1.3 1.8

Dihydrouracil
12.5 12.39± 0.35 2.9 0.9 11.73± 0.83 7.1 6.1
25 23.90± 1.34 5.6 4.4 24.37± 0.62 2.5 2.5
50 49.58± 1.01 2.0 0.8 49.22± 1.05 2.1 1.6

100 101.85± 2.44 2.4 1.8 98.92± 1.29 1.3 1.1
200 202.43± 1.42 0.7 1.2 200.07± 3.98 2.0 0.1

tively. To improve the impact of the biological matrix on the
extraction, we also studied the analytical recovery of FUH2
in plasma samples (n= 5). The result was very similar to that
obtained with water extracts as the recovery was 81± 2%.

3.4. Linearity, detection and quantitation limits

The calibration curves for both compounds were linear,
with coefficients of determinationr2 > 0.9998, in the physi-
ological concentration ranges tested (6.25–100 ng/mL for U
and 12.5–200 ng/mL for UH2).

The LOD obtained for U and UH2 were 0.625 and
0.25 ng/mL, respectively and the LOQ calculated were
1.25 ng/mL for U (1.64± 0.11 ng/mL, CV: 6.48%, accuracy:

30.9%) and 0.625 for UH2 (0.77± 0.03 ng/mL, CV: 3.44%,
accuracy 23.2%) (Fig. 2).

3.5. Precision and accuracy

The precision and accuracy were determined with five
samples per concentration. All the values are presented in
Table 2. The within-day precision (R.S.D.) varied between
0.9% and 2.3% for U and between 0.7% and 5.6% for UH2.
The between-day precision was found between 1.3% and
5.3% for U and between 1.3% and 7.1% for UH2.

The accuracy, expressed as the ratio of compound added
to that measured, remained in the range 0.1–6.1% and was
around 1% or 2% for higher concentrations.

Table 3
Influence of the time between sample collection and its centrifugation on plasma concentrations of U and UH2 and on UH2/U ratio

Time (min) Subject C

U UH2 UH2/U

Concentration (ng/mL) Variation (%) Concentration (ng/mL) Variation (%) Ratio Variation (%)

0 10.4 0.0 87.9 0.0 8.4 0.0
0.5 10.6 2.0 89.9 2.2 8.4 0.2
1 11.9 14.0 90.7 3.1 7.6 −9.5
2 11.6 10.1 97.3 10.6 8.4 0.2
3 102.9
5 113.3
8 126.1

T

H2

Conc (%)

0 61.1
0 61.1
1 60.6
2 62.8
3 60.6
5 64.4
8 67.8
11.1 7.0
12.1 16.1
15.4 47.4

ime (min) Subject I

U U

Concentration (ng/mL) Variation (%)

14.1 0.0
.5 12.6 −10.9

12.3 −12.6
15.2 7.4
13.5 −4.6
14.8 4.5
15.7 11.0
17.0 9.2 9.4
28.8 9.4 11.0
43.4 8.2 −2.7

UH2/U

entration (ng/mL) Variation (%) Ratio Variation

0.0 4.3 0.0
0.1 4.8 12.3

−0.8 4.9 13.5
2.9 4.1 −4.2

−0.8 4.5 3.9
5.4 4.4 0.8

10.9 4.3 −0.1
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Fig. 2. HPLC Chromatograms of sample at 210 nm (A) and 260 nm (B) containing 1.25 ng/mL U and 0.625 ng/mL UH2 and added internal standard FUH2.

3.6. Importance of the time between the sample
collection and centrifugation

In both healthy volunteers, the plasma concentrations of
U and UH2 increased with the time between the sample col-
lection and its centrifugation (Table 3). That augmentation
seemed to differ between individuals as the increase of the
plasma concentrations of U and UH2 was higher in volunteer
C than in volunteer I: 40% versus 11% after 8 h for individuals
C and I, respectively.

3.7. Stability of the concentrations of U and UH2 in
plasma

In both healthy volunteers, the plasma concentrations of U
and UH2 remained constant at−20◦C until 14 days leading

to a stability of UH2/U ratio with variations always above
11% compared to the initial ratio (Fig. 3).

At +4 ◦C and at ambient temperature, UH2 was stable for
14 days in both healthy volunteers. The mean concentrations
(averages of the seven concentrations observed during the 14
days) were 129.8± 8.7 ng/mL and 63.3± 3.1 ng/mL at +4◦C
and 121.4± 6.1 ng/mL and 64.5± 2.6 ng/mL at ambient tem-
perature, for volunteer C and E, respectively.

Counter to UH2, U was not stable at these temperatures.
In the two cases, especially at ambient temperature, U con-
centration increased quickly from day to day.

Because of the difference of variation of U and UH2 con-
centrations, UH2/U ratio showed an important decrease as
early as the first day after the sample collection. For volun-
teer C, the ratio, initially of 13.4, was found at 10.1 after only
1 day at ambient temperature. After 14 days, a decrease of
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Fig. 3. Stability in two healthy volunteers of plasma concentrations of U (A), UH2 (B) and of UH2/U ratio (C) at three different temperatures (−20◦C, +4◦C
and ambient temperature).

56% and 35% of the initial ratio was observed at ambient tem-
perature and at +4◦C, respectively, leading to UH2/U ratios
of 8.7 and 5.9. The results observed for volunteer E were
similar to those of volunteer C, but with a lower diminution
of the UH2/U ratio as the augmentation of U concentration
occurred more slowly.

3.8. Measurement of the UH2/U ratio from day to day

Results obtained for the 8 volunteers are summarized in
Table 4. The relative standard deviations (R.S.D.) obtained
varied between 13.0% and 24.2% and between 11.4% and

19.8% for the concentrations of U and UH2, respectively.
The variation of the UH2/U ratio was less important as the
relative standard deviations calculated for each healthy sub-
ject ranged between 8.3% and 13.1%, suggesting that the
ratio remained relatively constant from day to day when
blood samples were collected at the same hour of the
day.

3.9. Measurement of the UH2/U ratio during the day

As shown inFig. 4, UH2/U ratio seemed to vary during the
day. Between 9.30 a.m. and 12:00 a.m., the ratio increased of



G. Remaud et al. / J. Chromatogr. B 823 (2005) 98–107 105

Table 4
Measurement of concentrations of U and UH2 and of UH2/U ratio from day to day in plasma of height healthy volunteers collected between 9.00 and 10.00
during 9 days

Subject identification UH2 (ng/ml) U (ng/ml) UH2/U

Mean± S.D. R.S.D. (%) Mean± S.D. R.S.D. (%) Mean± S.D. R.S.D. (%)

A 97.2 ± 12.1 12.4 8.4± 1.1 13.2 11.6± 1.0 9.0
B 63.9± 12.2 19.2 8.1± 1.9 22.9 8.0± 0.8 9.8
C 117.8± 13.5 11.4 9.0± 1.4 15.8 13.2± 1.1 8.3
D 83.1± 13.5 16.2 10.2± 2.5 24.2 8.3± 0.9 11.1
E 78.9± 14.9 18.9 13.7± 2.5 18.4 5.8± 0.6 10.0
F 90.0± 17.5 19.4 12.8± 3.0 23.4 7.1± 0.9 13.1
G 75.7± 11.5 15.1 7.4± 1.8 24.0 10.5± 1.3 12.2
H 66.4± 13.1 19.8 8.5± 1.9 22.6 7.9± 0.9 11.5

Fig. 4. Measurement of plasma UH2/U ratio during the day in four healthy volunteers.

14% and 25% for subjects A and J while it remained con-
stant for subjects B and C. For all the healthy volunteers, a
diminution of 9–32% of the ratio was observed at 02:00 p.m.
compared to the ratio at 12:00 a.m. After 02:00 p.m., the ratio
increased to reach equivalent value as that found at 9.30 a.m.,
except for subject J for which the ratio at 06:00 p.m. was upper
than the value found at 9.30 a.m. (+31%).

4. Discussion

Twenty five to thirty percent of patients develop grade
III–IV toxic side effects when treated with 5-FU. Some
of them occur very early, sometimes at the first cycle and
are related to a lowered 5-FU catabolism. Due to the wide
use of 5-FU in cancer patients, the detection of those at
high risk of 5-FU related toxicity because of pyrimidine
catabolism defects is a priority. Several techniques have been
proposed.

The direct measurement of DPD enzyme activity in blood
mononuclear cells requires a complex procedure using radi-
olabelled compounds and is therefore difficult to apply to a
large population of patients[5,11]. Quantitation of uracil or
thymine concentration, either in urine or plasma, has also
been tested but its level can be influenced by many other
factors such as diet or even disease. Moreover, the measure-
ment of urinary uracil excretion requires the simultaneous
determination of creatinine level because of variation of urine
concentration[15].

We developed another approach consisting of measuring
the plasma concentrations of DPD substrates (U and 5-FU)
and their dihydrogenated metabolites (UH2 and FUH2) [17].
The metabolite/substrate ratio then calculated can be con-
sidered as representative of DPD activity. We first showed
the interest of this method in term of prediction of 5-FU
toxicity and in term of correlation with 5-FU plasma clear-
ance[16]. Then other authors developed techniques using
mass spectrometry as a detection system after separation
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by gas chromatography (GC/MS) or liquid chromatography
(LC/MS) [19–21]. The main advantage of both techniques
is the specificity of detection, especially in complex matrices
like plasma where numerous endogenous compounds can co-
elute with U or UH2. However, they are less amenable than
HPLC/UV for routine use and furthermore GC/MS requires
a time-consuming derivatization procedure.

A few authors have developed techniques allowing the
quantitation of the FUH2/5-FU ratio [18,19]. However, the
choice of these compounds may not be the most relevant
because of the necessity of a first administration of 5-FU.
Then this approach does not allow to prevent the toxicity
encountered at the first course of treatment while they can be
very severe and sometimes lethal.

We developed simple extraction and HPLC method for
measuring U and UH2 simultaneously in plasma. The use
of a diode array detector instead of a simple UV detec-
tion system allowed us to verify the chromatographic peak
purity. The extraction procedure was an improved adapta-
tion of that used by Gamelin et al. for the extraction of
5-FU and allowed to obtain suitable and reproducible recov-
ery of each compound[17]. Separation was optimized with
a Hypercarb column, packed with porous graphitic carbon
stationary phase, leading to a better separation and reten-
tion of polar compounds than other conventional columns. U
and UH retention times thus obtained were 22 and 34 min,
r
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09:00 a.m. and 10:00 a.m. However, the ratio varied in the
day, especially with a decrease at 02:00 p.m. When blood
samples collection was performed only between 9.30 a.m.
and 06:00 p.m., we can guess that this variation of the UH2/U
ratio was due to a circadian rhythm, as Jiang et al. observed
a circadian variation of this ratio in a study with 12 healthy
subjects[22]. Thus, when using the UH2/U ratio as a poten-
tial biomarker to prevent the toxicity in cancer patients about
to receive 5-FU, blood samples have to be always collected at
the same moment of the day, for example between 08:00 a.m.
and 10:00 a.m.

The method described here permitted us to correlate
UH2/U ratio and both 5-FU pharmacokinetic parameters and
tolerance to treatment (data not shown). It is now applied in
practice to detect, before the first course of treatment, the
patients at high risk of severe toxicity and to individually
adapt 5-FU dosage to the patient.
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