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5-Fluoro-uracil (5-FU) is a pyrimidine analog currently used in the treatment 
of cancer of the breast, ovary, and gastrointestinal tract. Since its clinical 
introduction more than fifteen years ago, a great deal of experience has been 
gained in using this drug in many different dose schedules by various routes of 
administration, both as a single agent and as part of combined regimens, Never- 
theless, a basic understamling of the clinical pharmacokinetics has been lacking, 
particularly with regard to the concentration-time relationship which deter- 
mines adequate therapeutic effect or unacceptable toxicity. Thus, there has 
been a lack of pharmacological rationale for the many schedules currently 
used [l-J. 

The approach to the study of 5-FU pharmacokinetics has been hampered 
by the f’act that. 5-FU has .a reIativeIy short half-life tit& serum IeveIs dropping 

below &g/ml soon after a standard dose (500 mg/mz ) [2] _ U&l recently, 
the analytical methodology capable of measurin g 5-FU at Ievels lower than 1 
pgfml- has been unavailable [3] ; Reported methods -for -the analysis of-5FU in 
physiological fluids have included gas--liquid chromatography (GLC) [4--6 J 
and more recently gas chromatography-mass spectrometry (GC--MS) [7-9] _ 
These methods, particularIy those by GC-MS, provide the sensitiviti needed to 
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measure z5-FU in the range found clinically; Uuforhmately, the sample prepam- 
tion -km-- physiological &ids has given. 5&J recoveries of 40-75s depending 
on the. methddused,. A method permitting greater recovery Would be desirable. 

t In thig report; a- method which provides for quantitative recovery of 5-FU 
from serum is described. 

N?A’l?EIRIALs AND MEFHODS 

Chemicals 
5-FU was obtained. as a gift f&n Hoffman-LaRoche (Dr_ E. Miller, Nut&y, 

NJ., U.S.A.), Phenanthrene, acetpnitrile, and methylene chloride were pur- 
chased from Fischer Chemicals (Fair Lawn, N-J., U.S.A.). The acetic acid was 
obtained from J.T. Baker (Phillipsburgh, NJ., U.S.A.). The silylating reagent, 
bistrimetbylsilyltoroacetamide (BSTFA) were purchased from Regis (Chi- 
cago, Ill., U.S.A.), 

S&z0n samples: standard and patient samples 
Serum standards (100,200,300, and 400 ng/ml) were prepared in quadrupli- 

cate by adding appropriate amounts of 5-FU to pooled human serum, such that 
the total volume of drug plus serumwas 1.0 ml. The pooled serum was obtain- 
ed from healthy male adults on no medication. 

Serum samples were obtained from three patients with colon cancer being 
treated with 500 mg/m* of 5-FU. Two of the patients received the drug intra- 
venously. while the third was given 5-FU by the oral route. Sernm samples were 
obtained prior to receiving drugs and at various time intervals following admin- 
istration. 

Preparation of samples for analysis 
Prior to the analysis of 5-FU in serum samples, a clean-up step was required 

to remove proteins and related compounds which interfere with the chromato- 
graphic separation and qua&it&ion of 5-FU. The followiug procedure was 
developed to provide a relatively clean sample for GC-MS analysis and quan- 
titative recovery of 5-FU from serum. 

Ultrcrfiltrafion. A 1.0-1111 ahquot of serum was placed in a CF 25 Amicon 
ultrafiltration cone (Amicon, Boston, Mass., U.S.A.) and centrifuged at 2000 g. 
The contents remaining in the cone were washed twice with 1.0 ml of deion- 
ised water and recentrifuged into the same collection tube. The pH of the ultra- 
filtrate was adjusted to 13 with l-0 N KOH. 

Anion -exchange resin. The ~alkelinized ultrafiltrate was then quantitatively 
transferred to a 50 X 9 mm column containing AG l-X2 anionexchange resin 
in the acetate form (resin regeneration procedure described previously [IO] )_ 
The collection tube was rinsed twice with 1.0 ml of deionised water, with the 
wash being placed on the column after the sample was completely on the resin. 
The column was washed with 10 rinses of 5.0 ml of deionized water. 5-FU was 
then eluted with 25 -anl of.0,1 -IV acetic acid and .coI.lected in a 50-ml beaker. 
This v&mie was concentrated to approkimately 2 ml on. a SO0 hot-plate under 
a seeam of nitrogen, and then quautitatiiely transferred to a 4.5 ml silylation 
vial (made -from Corning 9826. culture tubes). The beaker was washed twice 
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with l._O. ml of 0.1 N acetic adid, with the wash being added to the?silyWion 
vial. The entire volume was then evaporated to dryness on .a-.60”.hotcplate Un- 
der a stream of nitrogen. 1 .O ml of. tiethylene. chloride was. added: to, the: dry 
contents of the silylation -vial and evaporated -to remove azeotropically any re. 
maining traces of water. 

Silyiiltion 
Patient samples and 5FU serum standards were silylated with 200 ~1 of a 

BSTFA-CHs CN (1: 1, v/v) mixture. The silylation vials were tightly sealed 
with a PTFE-lined- screwcap and heated at 150” for 3 min. -An internal stan- 
dard (phenanthrene) was dissolved in a CH3 CN and added to the sample with 
the silylation mixture. 

A Hewlett-Packard 5981A gas chromatogmph-mess spectrometer with. a 
Hewlett-Packard 5933A data system (Hewlett-Packard, Palo Alto, Calif., U.S. 
A.) was used to analyze for 5-F'U. A 1 m X 2 mm I.D. glass columu packed with 
3% Dexsil 300 -on 100-120 mesh Supelcoport (Sup&o, Bellefonte, Pa., U.S. 
A.) was used for the chromatography. 

Volumes (4 ~1) of the derivatized solution were injected into the GC-MS 
system. The initial temperature was 100” and was programmed to 250” at 16” 
per min. The helium carrier gas flow-rate was maintained at 22 ml/&n. and the 
injection port temperature was 250”. The eluent from the chromatographic 
column was passed through an all glass jet separator at 300” and into the ion 
source of the- MS; -The MS was operated at 70 eV with a source temperature 
of 240” and the dodecapole at 110”. 

The level of 5-FU in serum was calculated from the relative weight response 
(RWR) of a standard 5-FU solution. The equations were: 

ng 5-FU per aliquot = z fiFu i ng Is 
RWR std 

where: 

Area. 5-FU std x 
RWR’tFt=.AreaIS 

ngIS 
ng 5-FU. std 

and IS = internal standard; area = area of.peak on chromatogram; ng =.nano- 
grams of compound; RWR std = relative weight response of standard 5-FU solu- 
tion to an internal standard. 

!XEWILTS AND ~DISCUSSION 

Mzss spei=tmmof 5-FU ..-.. 

In Fig. 1, the mass .spe&um of the trimethylsilyl derivative. of 5-FU ispre; 
sented. The molecular ion is at m/e 274.1;and the:basepeak isat 259,1.:Froni 
the spectrum, the m/e 259.1 ion was selected for quantitation of: 5-FUrin pias+ 
ma samples. To determine the location of: 5FU ran. the selected.ionchromat& 



grams ‘and~ti- prdvide-specificity.& the analysis, m/e.273.1 and 274.1 were also 
n~bonitdr;ed ‘and th& .273.X r259.1 and 274_1:259.1 ratios C&_&&XL 

- ; A-s&cted ion.:chtimatigram of a sttidard soZrrtion containing 5-FU and 5- 
-fLuorocybsine (SFC); a compound- tith similq GLC tmd. MS characteristics, 

:;_ . . -: .- .. -. 

(CH,),-SI-0-SIKH,), 

0 180 2uo 220 240. 260 280 300 320 

Fig. 1. Mass spectNnl of 5-fhlorouratil. 
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Fig. 2. Selected ion chromatograms of 5-FU, 5-FC, and phenanthrene (IS). Sample: 100 ng 
each 5-FU, 5-FC, and Is silylated with 200 PI CH, CN-BSTFA (l:l, v/v) at.150” for 3 min. 
GLC conditions: column, 3% De&l 300 on 100-120 mesh Supelcoport, 1 m x 2 mm ED_, 
glass; initial temperature, 100”; program rate, lfT/min; final temperature; 250”; helium 
flow-rate, 22 ml/tin; injection, 4 ~1. MS conditions: separator temperature, 300”; source 
temperature, 240” ; dodecapob temperature, 110” ; ionizing voltage, 70 eV_ 

Fig. 3: 5:FU serum concentration in three -cer patienk after administration of .&X&Z of 
500 mg/m’ . Sample preparation as outlined in text. GC-MS conditions as given in Fig. 2- 
l ,0,_475 mg 5-FU; i-v_ push; I, 400 rng.5FU, P-0. 
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along with the internal standard, phenanthrene, is shown in Fig. Z.-The highest 
detected voltage for each of the four selected ions (m/t? 178.0, 259.2, 2’73.1 
and 274.1) on the. chromatogram is normal&d to 100. The peaks-at retention 
time (tR ) 2.0 mm are ion. fragments of 5-FU. 5-FC.has an m/e-273:1 in its mass 
spectrum, and this ion is detected at a tR of 2.8 min. Phenanthrene has a strong 
m/e 178.9 and this ion is detected at a tR of 6-O min. The complete separation 
of the ions of the two fluorinated pyrimidines shows that interference from simi- 
lar compounds is unlikely_ Other pyrimidines such as uracil, thymine, or cyto- 
sine do not have ion fragments corresponding to those of 5-FU snd will, there- 
fore, not interfere with 5-FU analysis by selected ion monitoring GC-MS. 

Recovery of 5-FU mm serum 
To determine the recovery of 5FU from serum samples, a known amount of 

5FU was added to normal serum and carried through the analytical procedure. 
Standards of 5-FU at various concentrations were also analyzed to determine 
the RWR standard value, to evaluate the linearity of the analysis method, and 
to calculate the 273.1:259.1 and 274.1:259.1 ion ratio values for identification 
of the 5-FU peak in the serum samples. 

In Table I, the average RWR standard value and the average ion ratio values 
are presented_ The standard deviation (S.D.) and the relative standard deviation 
(R-SD.) are also given. The analysis of 5-FU was found to be linear from 10 ng 
to 1000 ng and had a minimum detectable limit of less than 1 ng. 

Also in Table I, the recovery of 5-FU added to serum samples is presented. 
Quadruplicate analyses at 160, 200,300 and 400 ng 5-FU were made, and the 
average value at each level is given. Quantitative recovery of 5-FU was found 
forallsamples withauoverallR.S.D.of12. 

The standard RWR value was found to vary slightly day-to-day; however, 
in-day variations were less than 5%. A new RWR std value. was determined 
daily, and 5-FU standards were analyzed periodically during the day to evaluate 
the stability of the system. 

TABLE1 

STANDARDRWR,IONRATIOS,ANDRECOVERYFROMSERUM 

RWRstd=averageof 20 independent analyses of100,200,and300ng5-FU standards. 
%R-100, 200,300,400 ng= percent recovery of 100, 200,300 and 400ng5-FUaddedto 
l.Onormal human serum.Fourindependentanalysesateachconcentration. 

Value S.D. R.S.D. 

RWRstd 0.705 0.064 9 
273.1:259.1ratio 9.88 0.08 0.8 
274.1:259-l ratio 19.42 0.26 1.3 

RR-100ng 103 11 10 

%R-200rg 108 11 10 
%R-300ng 93 12 13 
%R-400ng 94 12 13 
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Serum 5-FU levels in pcrtienfs receiving 5-FU therapy 
The concentration of 5FU in serum for the three cancer- patients receiving 

-5-FU therapy was det ermined using the analytical procedure. Blood samples 
for each-of the patients v&e obtained tit various times following the adminis- 
tration of the drug. Two of the patients received the drug by intravenous push, 
while the third received an oral dose. 

The 5-FU serum 1evel.s for the three patients plotted versus time are present- 
ed in Fig. 3. The patients receiving the drug by the intravenous route had much 

higher serum levels than the patient taking an oral dose. The highest concentra- 
tion of 5-FU was at 5 min after intravenous administration and was greater 
than 7000 ng/ml. The serum levels of the free drug decreased quickly, and very 
little drug was detected at 3 h. This method thus permits detection of 5-FU at 
sufficiently low levels to enable pharmacokinetic analysis. 

NOTE ADDED IN PROOF 

In a recent article [II], a method for the determination of 5-FU in plasma 
by ekxtroncapture GLC was described. The technique has sufficient sensitivity 
for nanogram detection, and the sample preparation procedure gave over 
80% recovery of 5-FU. No pharmacokinetic data weregiven. 
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