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SUMMARY 

A simple, sensitive and specific method for determining 5-fluorouracil(5-FU) in plasma 
after the ad - _ * tion of l-hexykarbamoyl-5-fluorouracil (HCFU) was developed using 
gas cbromatographg--mass .spe&rometry_ Tbymine was used as the internal standard. After 
removal of interfering substances with chloroform, diethyl ether and Amberlite XAD-2 
resin, 5-FU and thymine were extracted with 16 W tz-propanol in diethyl ether and meth- 
ylated with trimethylanilinium hydroxide. Fragment ions at m/e 158 and 154, the molecular 
ion of the dimethyl derivatives of 5-FU and thymine, respectively, were used to monitor 
5-FUand thymine_ThesensitivitgofthemethodislOng/ml, whicbissufficienttodetermine 
the 5-FU levels in plasma after the administration of therapeutic doses of HCFU to patients. 

INTRODUCTION 

l-Hexylcarbamoyl-5fluorouracil (HCFU), synthesized as a mashed form 
of 5-fluorouracil (5-FU) [I], has been found to be more active than 5-FU 
against experimental solid and ascites tumours in mice [2] _ The anti-tumour 
activity of HCFU is thought to be due to 5-FU, one of its metabolites, Pre- 
viously, microbiological [3] and high-performance liquid chromatographic 
methods [4] have been reported for the determination of plasma 5-FU after 
the oral adminlstmtion of HCFU. 

Although the microbiological method is highly sensitive (10 ng/ml in plasma) 
and facilitates the measurement of plasma 5-FU after the administration of 
therapeutic doses of HCFU, in practice it is inconvenient for anaIysing large 
numbers of samplers because it involves lengthy procedures_ Further, if patients 
simultaneously receive antibacterial agents, the antibiotics may interfere with 
the assay. 

On the other hand, although the high-performance liquid chromatographic 
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method is highly selective and simple, its sensitivity is only about 100 ng/ml, 
which is not sufficient for de&mining low plasma 5-FU levels. 

Therefore, a simple, specific and sensitive method was needed to deal with 
large numbers of samples. We describe here such a method, which utilizes 
gas chromatography-mass spectrometry for the determination of plasma 
5-FU after the administration of HCFU. 

F4XPERZMENTA.L 

Chemicals 
5-FU, HCFU, 1-(5carboxypentylcarbamoyl)-5-fluorouraci (CPEFU) and 

l-(5-carboxypropylcarbamoyl)-5-fluorouracil (CPRFU) were kindIy supplied 
by Mitsui Pharmaceutical (Tokyo, Japan). Thymine and 0.2 M trimethyl- 
anilinium hydroxide in methanol (Methelutea) were obtained from Kohjin 
(Tokyo, Japan) and Pierce (Rockford, IL, U.S.A.), respectively. The test 
organism for microbiological assay was Staphylococcus aureus (ATCC 6538P); 
the medium used was Mueller Hinton medium (Eiken, Tokyo, Japan). Other 
reagents were commercial products and were of analytical-reagent grade. 

Gas chromatography-mass spectrometry 
A JMS D-300 mass spectrometer (JEOL, Tokyo, Japan) and a Hewlett- 

Packard 5710A gas chromatograph (Hewlett-Packard, Avondale, PA, U.S.A.) 
were used. Separations were carried out on a glass column (1.8 m X 1.8 mm 
I.D.) packed with 3% OV-17 on Chromosorb W (SO-100 mesh). The column 
temperature was maintained isothermally at 185°C for approximately 4 min, 
then increased at 32”C/min to 26O”C, and held there isothermally for 2 min. 
The injector, separator and ion source temperatures were 300,250 and 200°C 
respectively. The flow-rate of the carrier gas (helium) was 30 ml/mm. The 
ionization potential and total current were 70 eV and 300 PA, respectively. 
The multiplier voltage supply was set at 1.6-2.2 kV. 

&raction procedure 
To each plasma sample (0.5 ml), thymine (1.5 pg) was added as the internal 

standard (1-S.). After adding 0.1 M hydrochloric acid (2.5 ml), the plasma 
sample was extracted with chloroform (4 ml). The aqueous layer was then 
shaken with Amberlite XAD-2 resin (0.5 ml) for 1 h. After removal of XAD-2 
resin, the aqueous layer was saturated with sodium hydrogen carbonate and 
extracted with an equal volume of diethyl ether. A 2-ml volume of the aque- 
ous layer was added to 30 ml of 16% n-propanol in diethyl ether and shaken 
for 20 min. The organic layer was co&cted and evaporated in a water-bath 
at 45OC. Residual n-propanol was evaporated to dryness under reduced pres- 
sure at 40°C. Methelute (30 ~1) was added to the residue immediately before 
measurement; 3-~1 ahquots were injected into the cohunn for gas chroma- 
tography-mass spectrometry and the fragment ions at m/e- 158 and 154 
were used to monitor 5-FU and thymine, respectively. 
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Calibmtion graph 
The calibration graph was prepared by subjecting human plasma samples, 

to which known amounts of 5FU had been added, to the above procedures. 
The peak height ratio of 5-FU to the IS. was plotted against 5-FU concen- 
tration. 

Extraction recoveries 
Control plasma samples (0.5 ml) containing 5-FU (150 ng) were carried 

through the above procedure without adding 1-S. Thymine (1.5 pg) was added 
to the 16% n-propanol--diethyl ether extracts and the solutions were evapo- 
rated to dryness, The subsequent procedures were as described above, Recov- 
eries were caIcu.Iated by cdmparing the peak height ratios with those obtained 
when 5-FU and IS. were processed without the extraction procedure. 

Recoveries of 5-FU from the mixtures of 5-FU, HCFU, CPEFU and CPRFU 
were obtained as follows: (1) 5-FU (150 ng) and IS. (1.5 lug) were added 
to control plasma samples (0.5 ml) and carried through the above procedures; 
(2) the same procedures were followed with control plasma samples (0.5 
ml) containing 5-FU (150 ng), I.S. (1.5 yg), HCFU, CPEFU and CPRFU 
(500 ng each). The percentage recovery of 5-FU was calculated as 100 (peak 
height ratio obtained with procedure l/peak height ratio obtained with proce- 
dure 2). 

Microbiological method 
The microbiological method of Watanabe et al. [3] was used. 

Animal studies 
After overnight fasting, three male beagle dogs were given a lOO-mg tablet 

of HCFU. Blood samples (10 ml) were obtained from the antecubital vein 
with heparinized syringes, immediately cooled with ice and, within 15 mm 
of sampling, centrifuged for 15 min at 1000 g in a refrigerated centrifuge 
(4°C). P&ma samples were coIIected, 1 N hydrochloric acid (0.2 ml) was 
added to each sample and they were stored at -20” C until taken for assay. 

Human studies 
We were requested to measure the plasma 5-FU 

who had been administered HCFU by clinicians; 
for human studies. 

RESULTS AND DISCUSSION 

concentrations in patients 
these samples were used 

HCFU is rapidly and extensively metabolized in laboratory animals and 
humans. Its major metabohtes are 5-FU, CPEFU, CPRFU, cr-fluoro+guani- 
dopropionic acid, cr-fluoro+ureidopropionic acid and ar-fluoro+Mhm.ine [ 53 . 
The potent anti-tumour activity of HCFU is thought to be due to the me- 
tabolite 5-FU, and in order to determine the optimal dose for safety and 
efficacy- the 5-FU plasma concentration after oral ad - - n ation of HCFU 
was previousIy determined by microbiological assay ]3] and high-performance 
Iiquid chromatography [4, 61. However, as neither of these methods was 
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Fig. 1_ Gas chromatogram obtained by total ion current detection of HCFU in the presence 
of trimethylanninium hydroxide_ 
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Fig_ 2. Mass spectra of peaks (a) and (b) in Fig. l_ 

completely satisfactory, we developed a simple, specific and sensitive gas 

chromatographiclnas spectrometric method for processing large numbers 
of sampks. 

Several gas chromatographiclnass spectrometric methods have been re- 
ported for dete nnining plasma 5-FU after the administration of 5-FU [7- 
lo] and 1,3-bis(tetrah@ro-2-furanyl)-5-fh~orou~cil [ll, 12]_ In these meth- 
ods, 5-FU was converted into its methyl, butyl or silyl derivative, which was 
subjected to gas chromatography-mass spectrometry. In the present study, 
trimethyhmilinium hydroxide was used as the reagent for methylation 171. 

HCFU, CPEFU or CPRFU, injected directly with trimethylanihnium hy- 
droxide in methanol into the column, decomposed into two products, re 
sulting in two peaks. The total ion chromatogram and mass spectra of the 
products from HCFU are shown in Figs. -1 and 2, and the compounds were 
identified as N-me+hoxycarbonyl-N-methylhexylamme (Fig, Zaj and dimethyl 
derivatives of 5-FU (Fig. -2b) from~ the high-resolution mass spectrometric 
data. CPEFU and CPRFU were also decomposed to dimethyl derivatives of 
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5-FU and 6-(N-methoxycarbonyl-N-rnethyl)aminoh~anoic acid or 4-(N- 
methoxycarbonyl-N-methyl)aminon-butanoic acid, respectively. These results 
indicate that the degradation product, 5-FU, interfered in the assay of plasma 
5-FU. Further, HCFU, CPEFU and CPRFU are labile at neutral and alkaline 
pH and hydrolyse easily to 5-FU [3] _ 

The previous methods [7-121 were not suitable for determining 5-FU 
in plasma after the admkktmtion of HCFU, because the physico-chemical 
properties of HCFU and its metabolites were unsuitable. These difficulties 
were overcome by removing the HCFU, CPEFU and CPRFU at acidic pH 
before gas chromatography. HCFU was completely removed and CPEFU 
and CPRFU were partly removed by extraction with chloroform. The remain- 
ing CPEFU and CPRFU in the aqueous layer were removed by shaking with 
Amberlite XAD-2 resin [3] _ 

Endogenous interfering peaks, which appeared within 3 mm on the gas 
chromatogram, could not be removed by the above extraction procedures, 
and were removed by extraction with an equal volume of diethyl ether [7] _ 

To confirm the specificity of the assay, the recovery of 5-FU (300 ng/ml) 
from plasma to which HCFU, CPEFU and CPRFU (1 pg/ml of each) had 
been added, was determined. The recovery was 98.4 * 2.6% (mean * standard 
error, n = 6), demonstrating that these compounds were completely removed 
by this procedure. 

Thymine was used -as an internal standard_ The molecular ions at m/e 158 
and 154 were used to monitor the dimethyl derivatives of 5-FU and thymine, 
respectively_ Chromatograms obtained from human plasma are shown in 
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Fig. 3I) &r&k&ams of human p: e&k: (a) Control plasma containing 3 Hg/ml 
of 1-S.; (b) *bration standard with 500 ng/ml of 5-FU in plasmq (cc) 8-h plasma sample 
after -the‘ oral administration of 600 mg of HCFU to a cancer patient_ Pea+s: 1 = 5-FU; 
2 = thymine (LS.)_ 
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Fig. 4. PIasma 5-FU concentration after the oral administration of 100 mg of HCFU to 
dogs. o- - - o, Microbiological method; e-, gas thromatographicrmass spectro- 
metric method. 

Fig. 3. The retention times of the dimethyl derivatives of 5-FU and thymine 
were Z-7 and 3-O min, respectively_ No endogenous peak disturbing the deter- 
mination of 5-FU was fo-und in the control plasma. About 4 min after sample 
injection, the column temperature was increased to 260°C and held there 
for 2 min. As endogenous substances derived from plasma were eluted with- 
in these times, this procedure shortened the time required for measurement_ 
About 11 min were needed for measuring each sample_ The calibration graph 
for 5FU showed good Linearity in the range 10-500 ng/rnl_ The sensitivity 
of the method was 10 ng/ml, which is sufficient for determining the plasma 
concentration of 5-FU after a therapeutic dose of HCFU. The extraction 
recovery of 5-FU added to plasma at a concentration of 300 ng/ml was 94-l+ 
2_1% (mean f standard error, R = 6). 

The existence of two new metabolites of HCFU, I-(5’-oxohexylcarbamoyl)- 

Fig. 5. Correlation between values obtained by the microbiological and the gas chroma- 
tographim spectrometric method on plasma samples of cancer patients administered 
200-600 mg of HCFU_ 
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5-fluorouracil and l-( 5’-hydroxyhexylcarbamoyl)-5-fluorouracil [ 61, &as 
reported while our study was in progress. Judging from their chemical constitu- 
tion, these metabolites may be removed in our procedure, although we have 
not yet determined whether they interfere in the assay. 

Plasma 5-FU levels after the oral administration of HCFU to dogs and 
humans were determin ed by our method and the results were compared with 
those obtained by “he microbiological method. Fig. 4 shows the plasma con- 
centration versus time curves obtained after the oral administration of 100 
mg of HCFU to dogs. The values obtained by the two methods were in good 
agreement. Fig. 5 shows the correlation between the values obtained by the 
two methods after the oral administration of HCFU (ZOO-600 mg) to cancer 
patients. The correlation coefficient was 0.956. 

Because of its simplicity and high specificity, the proposed method should 
be useful for assaying large numbers of samples. Chemotherapeutic agents 
appear not to interfere and, owing to the high sensitivity, plasma 5-FU levels 
as low as 10 ng/ml can be determined using a small amount of saurple. 
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