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Abstract 

Cancer remains one of the most significant health challenges worldwide, characterized by uncontrolled cell growth. 
However, it can be cured by using anticancer drugs. 5-fluorouracil is a drug used to treat various types of cancer with the 
inhibitory mechanism of the enzyme thymidylate synthase, which is crucial for DNA replication in cancer cells, leading to 
errors in their growth. Although effective, the short half-life of 5-FU and individual metabolic differences among patients 
limit its therapeutic potential. Therefore, it is necessary to monitor the 5-FU concentration during treatment to ensure the 
treatment efficiency. However, monitoring this compound in plasma is challenging due to the coexistence of complicated 
matrices. The study optimized and validated a sensitive method to quantify 5-fluorouracil in mice plasma using liquid-liquid 
extraction combined with a high-performance liquid chromatography-photodiode array detector (HPLC-PAD). The 
technique achieved excellent linearity, precision, accuracy, detection limits (LOD = 1.12 µg/L), and quantification  
(LOQ = 3.74µg/L). The optimal extraction solvent was ethyl acetate in two replicates (2×3mL), PSA/C18 was the most 
effective cleaning agent with 97.9 ± 0.2% recovery and the mass of PSA/C18 did not affect the extraction recovery. However, 
high plasma volume reduced the recovery of 5-FU in plasma. Finally, in vivo studies in mice were used to confirm this 
method. The findings of this research underscored the importance of personalized dosing strategies based on 5-FU 
concentration in blood. 
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1. Introduction1 

Cancer remains a leading cause of death worldwide, 
claiming millions of lives annually. According to 
GLOBOCAN statistics, which provide insights into the 
cancer situation based on reports from 185 out of           
204 countries, predicts that in 2040 the number of cancer 
cases will increase to 28.4 million [1]. Developed  
in the 1950s, 5-fluorouracil (5-fluoropyrimidine-2,  
4(1H,3H)-dione) is an antimetabolite and antineoplastic 
agent targeting uracil metabolism in uncontrolled 
dividing cancer cells. Uracil is a key nucleotide base, 
and its metabolism is essential for synthesizing and 
repairing DNA and RNA. 5-FU’s mechanism involves 
replacing the normal nucleotide uracil in RNA/DNA, 
consequently breaking the integrity of their genetic 
material, and inhibiting thymidylate synthase (TS), an 
enzyme involved in DNA replication and repair [2]. By 
inhibiting TS, 5-FU depletes the cell’s supply of 
thymidine, leading to DNA damage and cell death, 
particularly during the DNA-synthesis phase of the  
cell cycle (S-phase), leading effectively against various 
types of cancer, especially the colorectal [3].  
Moreover, metabolites of 5-FU, such as 5-fluorouridine 
triphosphate (FUTP) and 5-fluoro-2’-deoxyuridine 
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triphosphate (FdUTP), can be also integrated into RNA 
and DNA. This integration disrupts normal RNA 
processing and functioning, and causes DNA damage, 
further impairing cell division and leading to cell death. 

However, 5-FU has a short half-life (the time it takes 
for the body to eliminate half the drug) and limited 
activity, which is most effective during the DNA 
synthesis phase (S-phase). Moreover, patients have 
different changes in metabolism and clearance rates in 
the blood. These differences lead to reduced treatment 
efficiency (not enough drug to kill cancer cells) or side 
effects (too much drug). To address this, personalized 
treatment regimens and approaches are important. By 
monitoring the 5-FU concentration in a patient’s plasma, 
doctors can regulate the suitable dosage for each 
individual, allowing for a targeted and safer treatment 
strategy [4]. Analytical chemistry includes many 
analytical methods for quantifying anticancer drugs in 
biological samples, such as high-performance liquid 
chromatography (HPLC), gas chromatography (GC), 
and capillary electrophoresis (CE) [5]. However, the 
quantification of anticancer drugs like 5-fluorouracil    
(5-FU) in biological samples is a challenge for analytical 
chemists because the sample matrices such as protein, 
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fat, and other organic compounds can affect the 
analytical signals. Furthermore, GC requires volatile 
samples, but 5-FU is not volatile in its natural state and 
needs derivatization (chemical modification) before 
analysis [6]. Besides, CE only introduces a low amount 
of sample volume into the capillary (nanoliters) and a 
low absorption path length if UV detection is used, 
which leads to poor concentration sensitivity. Therefore, 
HPLC is often chosen over other analytical chemistry 
methods thanks to its speed, accuracy, and 
reproducibility. This technique can analyze a large 
number of compounds, including drugs and their 
metabolites, allowing for the identification and 
quantification of individual compounds in a mixture [7]. 

Previously, different studies have examined 5-FU’s 
clinical pharmacokinetics in the body cells or plasma. 
These studies have explored various HPLC methods to 
accurately measure 5-FU levels. However, the methods 
had a limit of quantitation (LOQ) and a limit of detection 
(LOD) that were slightly high (20 ug/L and 10 ug/L, 
respectively) and low recovery (35-75%) [8-10]. These 
researches have only focused on the use of strong 
solvents to precipitate protein before analysis. The 
presence of other organic substances (non-precipitated 
protein, lipid,...) can lead to an increase in background 
noise. Therefore, an extra clean-up step is needed to 
remove these impurities. In addition, low recovery rates 
can lead to the inability to determine the exact dose, 
causing underdosing or unnecessary dose adjustments. 
This presents a gap in our understanding and warrants 
dedicated investigation to explore the analytical 
chemistry of 5-FU in plasma. Therefore, analytical 
methods for 5-FU measurement should target a lower 
LOD, a lower LOQ, and a recovery rate closer to 100%. 

To address this gap, this research introduces an 
analytical method combining liquid-liquid extraction 
and HPLC with a Diode Array Detector (HPLC-DAD) 
that offers better sensitivity for detection and higher 
recovery of 5-FU from blood samples. This study aims 
to optimize a sensitive quantitative method of 5-FU. The 
validated method was used to analyze 5-FU in plasma 
samples using liquid-liquid extraction (LLE) combined 
with an HPLC-DAD. This method was also applied to 
monitor the kinetics of 5-FU in mice. 

2. Materials and Methods 

2.1. Chemicals and Reagents 

The 5-FU standard (>98%, purity) was obtained 
from the National Institute of Drug Quality Control 
(NIDQC). Ethyl acetate (EA), acetonitrile (ACN), 
phosphoric acid (H3PO4), and sodium dihydrogen 
phosphate (NaH2PO4) were purchased from Fisher 
Scientific. The clean-up phases originated from different 
suppliers: PSA (1200 mg MgSO4/400 mg PSA,  
DisQuE, Ireland), PSA/C18 (1200mg MgSO4/400mg 
PSA/400mg C18), C18 (Agilent Technologies, USA), 
and HLB (Waters, USA). The ultrapure water (UPW) 
was produced from the GENPURE UV/UF system 

(Thermo Scientific, England) and was used throughout 
this study. Since the extraction optimization requires a 
large volume of plasma and each mouse can provide 
only 1.2 - 1.5 mL of blood. Therefore, the pooled human 
plasma sample was used for this experiment. this 
research used human plasma collected from Bach Mai 
hospital from volunteers to optimize the extraction 
process. The pooled sample was prepared by mixing all 
donated human plasma samples in the same portions.  

2.2. Stock and Standard Solutions 

The stock solution of 1000 mg/L 5-FU was prepared 
by dissolving pre-weighted amount of 5-FU in methanol 
(LC-MS grade, Sigma Aldrich, Singapore). After that, a 
working solution at 50 mg/L was prepared monthly by 
dilution of stock solution using methanol. Both stock 
solution and working solution were stored at -20 oC. The 
calibration series (5, 10, 20, 50, 100, 200, 500, 1000, and 
2000 µg/L) were daily prepared by diluting the working 
solution in the mobile phase. 

2.3. Kinetic of 5-FU in studies 

Twenty-five BALB/c mice (7-8 weeks old, 
approximately 25 g) were housed at 25 °C and 
administered a single oral dose of 5-FU at 50 mg/kg 
body weight. Blood samples were collected from the 
mice at predetermined times (30, 90, 150, 210, and       
270 minutes after the drug administration, denoted as  
t0, t1, t2, t3, and t4, each sampling, five mice were used to 
collect blood, and put in the tube containing antifreeze 
EDTA (1.2 mg to 2 mg/mL blood). The blood samples 
were then centrifuged at 4200 rpm for 30 minutes at 
15 °C to isolate the plasma. The collected plasmas were 
stored in a fridge at 4 °C, then extracted and analyzed 
within 48h after the experiment. 

2.4. Extraction and Clean-Up Procedure 

All experiments were performed in triplicates. A 
plasma volume ranging from 50-500 µL was pipetted 
into a 15 mL centrifuge tube. Then, the sample was 
spiked with a 5-FU standard solution (targeted 50 to 
1000 µg/L via analysis). To optimize the extraction 
process, different volumes of solvents (Ethyl acetate or 
acetonitrile) were added and vortexed for 1 minute 
followed by an ultrasonic for 5 minutes. Samples were 
then centrifuged at 4200 rpm for 10 minutes. After 
centrifugation, the upper organic layer was carefully 
transferred to another 15 mL falcon for the clean-up step. 
During the next phase, 50-200 mg of the cleaning 
sorbent was added to the extract. The mixture was 
vortexed for 1 minute and was centrifuged at 4200 rpm 
for 10 minutes to separate the extract and clean-up 
phase. The extract was collected and evaporated under a 
gentle stream of nitrogen at 50 °C until dryness. The 
residue was reconstituted in 500 µL of a water/methanol 
(H2O/MeOH, 90/10, v/v), filtered through a syringe 
filter (13 mm i.d., 0.2 µm pore size), and transferred to 
the vial before subjecting to the HPLC system. 
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2.5. Method Development and Validation According to 
IUPAC Guidelines 

2.5.1. Chromatographic optimization 

The HPLC (Vanquish, Thermofisher Scientific, UK) 
equipped with a C18 reversed-phase column                   
(250 mm × 4.6 mm, 5 µm, ODS-H, UK) was used. The 
instrumental setup and data treatment were monitored by 
Chromeleon software (version 7, ThermoScientific, 
USA). Different compositions of mobile phases were 
investigated and a mixture of methanol: water 
(containing 40 mM phosphate buffer, pH 3) at a ratio of 
10:90 (v/v) in isocratic mode was chosen. The flow rate 
was constantly set at 1.2 mL/minute with an injection 
volume of 10 µL. The column was stabilized at 40 °C to 
reduce the viscosity of the mobile phase. 

2.5.2. Precision and accuracy 

Intra- and inter-day precisions were measured at low 
(50 µg/L), medium (200 µg/L), and high (1000 µg/L) 
concentrations within a single day and three consecutive 
days, respectively. The accuracy as well as precision 
were evaluated by comparing the measured 
concentrations of 5-FU to the theoretical values 
(recovery). The recovery values close to 100% indicate 
that the method accurately measures the 5-FU 
concentrations [11]. 

2.5.3. Sensitivity 

The analytical method’s sensitivity was assessed 
through the determination of the limit of detection 
(LOD) and limit of quantification (LOQ). The LOD is 
the minimum amount of analyte that can be detected 
which differentiates the signal from background 
interference. However, the LOQ defines the minimum 
concentration at which the analyte can be quantified with 
acceptable precision and accuracy [11]. LOD and LOQ 
were calculated following equations (1) and (2) 
respectively. 

𝐿𝐿𝐿𝐿𝐿𝐿 = 3 × 𝑆𝑆
𝑁𝑁

  (1) 

𝐿𝐿𝐿𝐿𝐿𝐿 = 10 × 𝑆𝑆
𝑁𝑁

  (2) 

where S is the signal (peak height) and N is the noise 
(baseline noise or baseline fluctuation nearby 5FU peak) 
that were determined on the chromatogram of spiking 
plasma sample at low concentration [11]. 

3. Results and Discussion 

3.1. HPLC Performance and Method Validation 

Validation of this study was done in compliance with 
IUPAC guidelines [12]. The following parameters were 
assayed: linearity range, limit of detection (LOD) and 
quantification (LOQ), precision, and recovery. 

3.1.1. Chromatographic optimization 

In general, a C18 reversed phase column                             
(BDS HypersilTM C18, 250 mm × 4.6 mm, 5 µm) and a 

mobile phase consisting 90% of 40mM phosphate buffer 
at pH equal 3 and 10% of MeOH (volume/volume) at a 
flow rate of 1.2 mL/minute. The UV spectrum of 5-FU 
was recorded by 3D scan mode to obtain the optimal 
absorbance wavelength for quantification.  

For quantification, 265 nm was selected for 5-FU in 
all analyses. The typical peak separation and response 
using this analytical method are shown in Fig. 1. The 
retention times obtained were 2.8 minutes for  
5-fluorouracil with a total time for the chromatographic 
determination of 7 minutes. Fig. 1 shows the 
chromatogram of 1 mg/L 5-FU standard at 265 nm.  
5-FU has different absorbance wavelengths at 195 nm 
[13] and 265 nm [14]. However, methanol used as a 
mobile phase has a UV cut-off at 205 nm, and this has 
affected the absorbance of 5-FU [15]. Chromatographic 
conditions were chosen according to results obtained 
from previous experiments. 

 
 

 
Fig. 1. A) UV spectrum of 5-FU and B) Chromatogram 
of 5-FU at 1000 µg/L standard at 265 nm. 

3.1.2. Precision and accuracy 

The precision of the method used to measure               
5-fluorouracil (5-FU) concentration in plasma samples 
using HPLC-DAD by inter- and intra-day precision, 
measured at three different 5-FU concentrations  
(low: 50 µg/L, medium: 200 µg/L, high: 1000 µg/L). 
The results were evaluated in Table 1. The observed 
Relative Standard Deviation (RSD) values in both intra- 
and inter-day measurements are relatively low, 
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suggesting that the method is reliable for measuring  
5-FU concentration. 

Table 1. The recovery of 1000 µg/L 5-FU in plasma 
depending on the mass of the cleaning agent. 

Mass of 
PSA/C18 (mg) 

Recovery  
(± SD) 

RSD (%) 

50 92.9 ± 10.2 11.0 
100 97.9 ± 0.2 0.2 
200 104.4 ± 1.2 1.1 
500 94.5 ± 3.7 3.9 

 
3.1.3 Linearity, limit of detection, and limit of 
quantitation  

A series of 5-FU standards was prepared at 
concentrations ranging from 20 to 2000 µg/L. The 
linearity was statistically confirmed the regression 
coefficient was not different from 1 (R2 = 0.9969) which 
signifies how well the data points fit a straight line      
(Fig. 2). The LOD and LOQ of this method were 
determined as mentioned above and LOD and LOQ were 
1.12 µg/L and 3.74 µg/L, respectively. LOD and LOQ 
were high enough for accurate and reliable analysis of   
5-FU in the plasma sample [16]. 

 
Fig. 2. Linearity range of 5-FU 

3.2. Optimization of Extraction Solvent 

3.2.1. Choosing extract solvent 

This experiment aimed to identify the optimal 
solvent for extracting 5-FU from plasma samples. Two 
common extraction solvents EA and ACN were 
evaluated. Fig. 3A shows the chromatogram of plasma 
samples extracted by ACN, EA, and in standard at the 
same concentration (1000 µg/L). The baseline of the 
sample extracted by ACN (black) was significantly 
higher than that of the standard solution (pink). 
However, the baseline from the EA solvent (blue) 
closely matched the baseline of the standard solution. A 
higher baseline in the chromatogram indicates the 
presence of interfering substances that elute alongside 
the analyte (5-FU) and can potentially mask its signal. It 
suggests that the lower the baseline, the less impurities 
were eluted, which led to higher recovery [17]. 
Therefore, EA was selected for extracting 5-FU from 
plasma samples. 

3.2.2. Optimization of solvent volume 

Following the selection of EA, this experiment 
aimed to optimize the volume of EA required for 
efficient extraction. Plasma samples were spiked with     
5-FU (1000 µg/L) and extracted with varying volumes 
of EA: 1 mL, 2 mL, 3 mL, 4 mL, 2×2.5mL, and 2×3mL 
(Fig. 3B). The results show increasing recoveries with 
increasing solvent volume, reaching a maximum of 
around 92.4% with 2×3mL. This suggests that with 
higher volumes, 5-FU is efficiently extracted from the 
plasma matrix. RSD values are low (below 0.5%) across 
all volumes, indicating good precision (reproducibility) 
within each tested volume [18]. Increasing the volume 
over 6mL is not necessary and is less desirable due to 
factors like increased processing time and solvent usage 
or waste of solvent. 

 

 
Fig. 3. The influence of solvent extraction on the 5-FU signal in the plasma sample. (A) HPLC chromatogram of 
plasma sample spiked with 1000 µg/L 5-FU extracted with EA (blue), extracted with ACN (black), and in standard 
solution (pink); (B) The recoveries of 5-FU at different extraction volumes 
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3.3. Optimization of Clean-up Phases 

3.3.1. The type of cleaning sorbents 

The cleaning sorbents were investigated with a 
weight of 100mg including Primary Secondary Amines 
(PSA), C18 stationary phase (C18), and the mixture of 
PSA with C18 (PSA/C18), and Hydrophilic-Lyophilic 
Balance (HLB). PSA/C18 showed the highest recovery 
(around 97.85%) with a low variation (SD = 0.15). 
However, PSA (combined with MgSO4) and C18 have 
significantly lower recoveries (around 72% and 71% 
respectively) with higher variation (SD around 5 and 7). 
Moreover, Fig. 4 suggests that using PSA/C18 results in 
a chromatogram with the lowest baseline and least 
interference from other peaks in the sample. Besides, 
PSA (with MgSO4) or C18 does not effectively remove 
interfering substances in the plasma samples compared 
to the PSA/C18 combination. The combination of PSA 
and C18 (PSA/C18) offers a synergistic effect [19], 
removing effectively interferences while minimizing     
5-FU loss. HLB has a stronger affinity for 5-FU leading 
to its retention during cleanup and a lower recovery in 
the analysis, leading HLB to have the lowest recovery 
(around 68.5%). 

 

Fig. 4. The influence of background noise when 
analyzing 5-FU in different cleaning-agents.              
(Blue: PSA/C18, black: PSA, brown: C18, pink: HLB) 

 
 

3.3.2 Effect of the clean-up weight 

In principle, increasing the mass of the clean-up 
phase could remove the higher amount of impurities. 
However, using a higher mass of the clean-up phase 
might lead to a higher analysis cost. This experiment 
investigated the impact of PSA/C18 mass on recovery 
efficiency. Variable masses of PSA/C18 were used at 
50 mg, 100 mg, 200 mg, and 500 mg. As results from 
Table 1, the lowest dose of 50 mg, the recovery was 
relatively high at 92.9%, but the relative standard 
deviation (RSD) was quite large at 11%. This high 
variability was due to the low removal of the matrix, 
leading to an increase in background noise. Using 
100 mg, 200 mg, and 500 mg of PSA/C18 also resulted 
in high recoveries with extremely small RSDs, 
indicating consistent and efficient cleanup. However, to 
ensure cost-effectiveness in method optimization, 
100 mg of PSA/C18 was chosen as it provided high 
recovery with minimal variation, ensuring efficient 
cleanup and consistent recovery of 5-FU. 

3.4. Effect of 5-FU Concentration and Plasma Volume 
on Recovery 

This experiment investigated the impact of the 
concentration of 5-FU and plasma volume in plasma 
samples on the recovery efficiency during the analysis 
process. Plasma samples were spiked with 5-FU at three 
different concentrations: 50 µg/L, 200 µg/L, and         
1000 µg/L (low, medium, and high concentration) with 
a similar sample preparation procedure. Different 
concentrations of 5-fluorouracil (5-FU) showed an 
influence on the rate of recovery (Fig. 5A). At low 
concentrations (50 µg/L), the recovery is only 37.6% 
with a high standard deviation (SD) (9.0). This is 
because the signal from 5-FU is weak and masked by 
background noise, leading to lower recovery and higher 
variability [19]. As the concentration increases to 
200 µg/L, recovery improves to 54.7% with a lower SD 
(4.5). At 1000 µg/L (highest concentration), the 
recovery reaches 97.9% with a very low SD (0.2). This 
method performs well for quantifying 5-FU in plasma at 
higher concentrations. 

 
Fig. 5. A) The recovery of 5-FU in plasma at different concentrations; B) The effect of plasma volume on recovery 
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Three different plasma volumes (50 µL, 200 µL, and 
500 µL) spiked at 1000 µg/L 5-FU via analysis were 
extracted and purified by the above optimization 
processes (Fig. 5B). The results showed that 50 µL 
plasma shows the highest recovery (108.4%) with a very 
low SD (0.5). However, 500 µL plasma shows the 
recovery decreased significantly (82.1%) with a slightly 
higher (SD ±1.6). This suggests that increased matrix 
effects from larger amounts of plasma components 
interfere with 5-FU detection (masked by background 
noise) [19]. 

3.5. In Vivo Study of 5-Fluorouracil in Mice 

In vivo, 5-fluorouracil (5-FU) studies provide 
important information on therapeutic efficacy and 
dosage requirements. This study confirmed the 
effectiveness of the method in the analysis. The 
experiments were performed on 25 individual mice. At 
each interval time, five mice were used to collect 
plasma. The 5-FU concentration was presented as the 
average value of 5 individual with standard variation.  
Fig. 6 shows the variation of 5-FU concentration in mice 
plasma collected after 256 minutes (or approximately  
4 hours and 16 minutes), which is considered to be 
moderate. This means the drug stays in the body for a 
reasonable amount of time, allowing for less frequent 
dosing compared to drugs with a shorter half-life. 5-FU 
is rapidly absorbed into the bloodstream after oral 
administration in mice. The drug reaches its peak 
concentration relatively quickly (90 minutes), consistent 
with 5-FU, typically characterized by rapid absorption 
and distribution [10]. 

 
Fig. 6.  Variation of 5-FU concentration in mouse 
plasma at interval times t0, t1, t2, t3, t4 (30 minutes,  
90 minutes, 150 minutes, 210 minutes, 270 minutes, 
respectively) 

The measured 5-FU concentration increased from 
1922.2 µg/L at t0 to 2505.9 µg/L at t1. This is an 
absorption phase where 5-FU enters the bloodstream 
from the administration site. The concentration then 
decreases progressively from t1 (2505.9 µg/L) to  
t4 (1011.4 µg/L), indicating an elimination phase during 
which metabolic and excretory processes reduce the 
drug’s concentration in the plasma [20]. 

4. Conclusion 

This study successfully validated a selectivity and 
sensitivity analytical method for quantification of  
5-fluorouracil (5-FU) in plasma sample. The method 
demonstrated good linearity, precision, accuracy, limits 
of detection, and quantification (LOD and LOQ) within 
the specified concentration range. The ethyl acetate 
(2×3mL) was used as the optimal extraction solvent; 
PSA/C18 was used as the clean-up agent and a slight 
effect of PSA/C18 mass was found in the extraction 
recovery; and the plasma volumes influenced recovery. 
Furthermore, the initial in vivo observations based on 
the measured plasma concentrations suggest rapid 
absorption and elimination of 5-FU in mice. Therefore, 
personalized dosing regimens are important to maintain 
therapeutic levels, especially in patients with variable 
metabolic rates or compromised organ function. Future 
research should explore the mechanisms of interactions 
further and develop strategies to optimize 5-FU therapy, 
including the use of continuous infusion and tailored 
dosing schedules to improve patient outcomes. 
Additionally, investigating the application of                 
LC-MS/MS techniques could potentially provide more 
revealing additional details about fate of 5-FU 
metabolites, its transformation products, and potential 
interactions with other drugs or biological matrices. 
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