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ABSTRACT  

5-Fluorouracil (5-FU) remains one of the most used chemotherapeutics agents in the 

treatment of several types of cancers. Its use could nevertheless, raise a problem of 

pharmacovigilance. It may engender a very grave toxicity which can be fatal at certain 

patient's presenting an enzymatic deficit with dihydropyrimidine dehydrogenase (DPD). 

The identification of the subjects at risk through the detection of a partial or total deficit 

before starting the treatment with 5-FU, could allow to adapt individually the prescribed 

dose, to optimize the therapeutic efficacy and reduce potential toxicities at expanding patients 

of a partial deficit to DPD.  

Such a screening would especially become more important when it is about a complete 

deficit in DPD. Such metabolic abnormality whose frequency is of the order of one per 

thousand, would indeed constitute a contraindication absolved from any chemotherapy with 

5-FU (mortal toxicities). 

In the present study, we optimized and validated a chromatographic method of analysis 

allowing to separate and to identify the structural analogues of 5-FU and studied a particular 

metabolic profile at a total overdrawn patient in DPD compared to a normal profile‘s patient.  
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INTRODUCTION  

The anticancer agent 5-Fluorouracil (5-FU) remains one of the most prescribed 

chemotherapeutic drugs for the curative and palliative treatment of patients with cancers of 

the gastrointestinal tract, breast, head and neck [1-8]. 

Usually, only a small proportion of the administered dose (by intravenous way or orally) 

is amended by anabolism in fluoronucleotides which are responsible for the cytotoxic 

potency and the therapeutic of the 5-FU. More than 85% of the administered medicinal dose 

is excreted under forms of catabolites stemming essentially from the metabolic pathway 

catalyzed by the dihydropyrimidine dehydrogenase ( DPD), the hepatic enzyme responsible 

for the catabolism of the 5-FU but also for pyrimidics bases (Uracil and Thymine) [7-11]. 

A wide interpersonal variability of the enzymatic activity of the DPD has been reported. 

Therefore, the therapeutic efficiency and the toxic effects of the 5-FU would be indirectly 

controlled by this enzyme which, by catalysing the detoxifying way competing with that of 

the anabolism, controls the quantity of fluoronucleotides formed by the anabolic way. The 

partial or complete deficiency of  DPD activity could  lead to an overproduction of anabolites 

assets and engender serious toxicity which can be mortal in case of a total deficit of the 

enzymatic activity of the DPD [ 12 ]. 

In this study, we have conducted plasmatic analyzes of the 5-FU used in chemotherapy 

and its endogenous structural analogues in particular pyrimidine bases.  

We were able to develop the analytical method concerning the choices of the liquid-liquid 

extraction of plasma samples and of the chromatographic technique by HPLC used in 

reversed phase. Two of the structural analogues of the 5-FU were identified (Uracil and 

endogenous Thymine) as structures accumulated at the expanding patients with a complete 

deficit in DPD. 

We were also interested in the identification of two other endogenous metabolites having the 

particularity to accumulate in the body (blood plasma) to a subject which presents a complete 

DPD deficiency. We were able to identify these both endogenous metabolites (Hypoxanthine 

and Xanthine) by using the appropriate techniques of analyses in particular the mass 

spectrometry coupled with the chromatography (LC-MS). 

We were afterward able to confirm these chemical structures and it is true from the standard 

products thanks to their chromatographic behavior. 

So besides the accumulation of both Pyrimidine bases which reflects the complete deficiency 

of DPD, the accumulation of the endogenous hypoxanthine and the Xanthine may also reflect 

such a deficit although it could also establish an evolution of the disease as a marker of 

precocity or a metastatic degree of this disease. 

MATERIALS AND METHODS 

Sample preparation 

A 5 mL sample of whole blood was collected in an EDTA tube. Centrifugation at 3500 

rpm for 15 min was performed and plasma was isolated. Ammonium sulfate (600 mg) was 

then added and vortex-mixed for 2 min. addition of 3 mL of the extraction solution (propanol 

- ethyl acetate (15:85, v/v)) was then performed. The sample was vortex-mixed for 3 min and 
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centrifuged for 20 min (4000 rpm). Two milliliters of the organic phase were collected and 

evaporated to dryness at 55 °C under a flow of nitrogen gas. The dried residue was dissolved 

in 50 µL of mobile phase (potassium phosphate buffer KH2PO4 0.05 M, pH = 3.2). A 5 µL of 

this sample extract were injected into the HPLC. 

HPLC apparatus and chromatographic conditions  

The chromatographic analysis was developed using a HPLC system which consisted of an 

Agilent series 1200 LC system (Agilent Technologies, Waldbronn Germany) equipped with a 

multiwavelength UV detector (diode array detector). Data acquisition and processing were 

accomplished automatically by computing integrator. Chromatographic separation was 

achieved by the use of two Hypersil ODS (5 µm, 250 mm x 4 mm and 5 µm, 150 mm x 4 mm 

respectively) columns maintained at 33 °C and protected by a guard column containing the 

same packing material. Elution was carried out isocratically with a mobile phase consisting of 

0.05 M potassium phosphate buffer (pH = 3.2) at a flow rate of 0.5 mL/min. For each 

analysis the UV detection of the Dihydrouracil (UH2) , Uracil (U), Thymine, Hypoxanthine 

and Xanthine was monitored at 205-210 and 268 nm.  

LC-MS conditions 

The LC–MS system consisted of an Agilent 1100 system coupled to a tandem quadrupole 

4000 Qtrap system. Chromatographic separations were performed on a Kromasil ODS 

column (5 µm, 250 mm × 4.6 mm). The column temperature was held at 40 °C. The optimum 

separation for these analytes was achieved using the mixture of water, acetonitrile and formic 

acid (85:14:1, v/v/v) as a mobile phase. 

A simple and rapid isocratic LC/MS coupled with electrospray ionization (ESI) method 

for simultaneous separation and determination of Hypoxanthine and Xanthine in human 

plasma was developed.  

RESULTS AND DISCUSSION  

The dihydropyrimidine dehydrogenase (DPD) is an enzyme involved in the catabolism of 

pyrimidine bases (Uracil and Thymine), but also of 5-fluorouracil (5-FU) [13,14] a drug 

widely used in chemotherapy for the treatment of several types of cancers and in particular 

tumors of the digestive system, breast and brain. The indirect role of this enzyme appears as a 

factor modulating the therapeutic and toxic effects of 5-FU by controlling the proportion of 

anabolised medicine [15]. A decrease in the activity of this enzyme decreases the clearance of 

5-FU and increases its toxicity. This deficit favors the occurrence of severe toxicity in 

patients treated with 5-FU. This toxicity is usually fatal in the case of complete DPD 

deficiency despite of available intensive care reanimation [16, 17].  

Looking for a DPD deficiency should therefore be performed before therapy with 5-FU to 

anticipate severe toxicities.  And it should lead to a dose adjustment with individual 

monitoring of the pharmacokinetics of 5-FU in the case of a partial deficiency of DPD 

activity. However a complete DPD deficiency should be an absolute contraindication against 

the use of chemotherapy based on 5-FU in order to avoid the occurrence of fatal toxicities 

[18].  

Several DPD deficits screening methods were suggested and were based on genetic or 

metabolic approaches. However they were not suitable in clinical routine for relatively heavy 

and expensive technology. In this work, we performed chromatographic analysis of plasma 
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extracted from a blood sample from a normal patient with no DPD deficiency (Figure 1) 

using a simultaneous detection at different wavelength and a plasma sample from a blood 

sample from a patient having a total DPD deficiency (Figure 2). Metabolic index assessing 

the activity of DPD is obtained by calculating the ratio UH2 / U [19, 20]. The complete 

deficiency results in no relation characterized by the total absence of catabolite UH2 and an 

abnormal accumulation of plasmatic Uracil.   

                                                                                                                Full scale : 6 mAU                                                            

                                              UH2                                unknown 1              

                                                                       U                                             unknown 2 

                     

  

                                                                                                       

Fig 1:  Chromatogram of a plasma sample obtained from a normal subject who is not 

             deficient in DPD, recorded at three wavelengths: 205, 210 and 268 nm  

(UH2 is not detected to 268 nm). 

 
 

                                                                            Full scale : 350 mAU                                                                   

                                      absence of UH2                                                           

                                                    U                             unknown 1 

                                                                                              unknown 2                       Thymine

                                                                                  

 

Fig 2:  Chromatogram of a plasma sample from a subject with a total DPD deficiency    

recorded at three wavelengths: 205, 210 and 268 nm (UH2 is not detected to 268 nm). 

A ratio greater than 1 indicates a normal DPD activity. Greater than zero but less than 

unity value indicates the presence of a partial deficiency of the enzyme activity and requires 

an adjustment in the dose of 5-FU required to optimize therapeutic efficacy and reduce drug 

toxicity [19].  

By comparing the two chromatograms represented in figures 1 and 2, relating to a plasma 

sample taken from a normal subject with no DPD deficiency and a plasma sample taken from 

an individual having a total DPD deficiency, there is a plasmatic accumulation of endogenous 

Uracil and thymine and also two other unknown metabolites 1 and 2, unknown products that 

we have identified by liquid chromatography-mass spectrometry (LC-MS). These chemical 
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structures have been subsequently confirmed from standard products through their 

chromatographic behavior (Figure 3).   

 

Fig 3:   Chromatogram after the injection of 5 .mu.l of an aqueous mixture containing     

0.025 mg/mL water of Hypoxanthine, Xanthine and Thymine, recorded at 205 nm. The 

elution times are respectively 22.21min, 26.5 min and 36.64 min. 

The absorption spectra of endogenous metabolites shown in figures 4 and 5 also confirm 

the results that we achieved.  

 
 

Fig 4:   Hypoxanthine absorption spectrum. 

 
 

Fig 5:  Xanthine absorption spectrum. 
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Structural identification of these two metabolites (Hypoxanthine and Xanthine), Uracil 

and Thymine, would improve the understanding of the molecular and enzymatic mechanisms 

in complete DPD deficiency and would lead to markers for screening cancer patients who 

may develop severe toxicities before any treatment with 5-FU. 

CONCLUSION 

As part of this work, we have optimized and have validated a chromatographic method of 

analysis, allowing to separate and to identify the structural analogues of 5-FU. We were able 

to develop the analytical method based on liquid-liquid extraction of plasma samples and the 

technique chromatographic by HPLC used in reversed phase. Two of the structural analogues 

of the 5-FU were already identified (Uracil and endogenous Thymine) as structures 

accumulated at the expanding patients of a complete deficit in DPD. 

We also identified two other endogenous metabolites having the feature to accumulate in 

the body (blood plasma) to a subject which presents a complete DPD deficiency. It is about, 

Hypoxanthine and Xanthine.   

So in addition to the accumulation of two Pyrimidine bases reflecting the complete 

deficiency of DPD, the accumulation of the endogenous Hypoxanthine and the Xanthine 

could also reflect such a deficit and may establish an evolution of the disease as a marker of 

precocity or a metastatic illness degree. 
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