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SUMMARY 

A high-performance liquid chromatographic (HPLC) method for the quantitative deter- 
mination of l-hexylc&bamoyl-5-fluorouracil (HCFU) and its metabolites using lzBondapak 
C,, and pPorasil has been developed. Two mobile phases containing PIG-B7 (consisting of 
acetic acid and l-heptanesulphonic acid) were used for the separation, and good separations 
were obtained_ With methanol--water (56:44) as the mobile phase, the separation of HCFU 
and its three metabolites was achieved within 4 min. With methanol-water (32 : 68) a new 
metabolite, l-0 carboxymethyl~bamoyl-5-fluorouracil, was revealed in human plasma. The 
recovery of each substarice was 80% or greater and the sensitivity was at the nanograms per 
milliiitre level_ The coefficient of variation was less than 3.6% for each component. 

INTRODU@lilON 

The antmeoplastic activity of I-hexylcarbsmoyl-5-fluorouracil (HCFU) 
against various kinds of experimental tumours has been thoroughly examined 
by Kobari et al. [l] and Hoshi et al. 121, who found that HCFU is active 
against rapidly growing tumours and early or advanced slowly growing tumors. 
The metabolic pathway-of HCFU in animals has been examined with “C-labelled 
HCFU [I] _ However; the metabolic pathway of this drug in man has not been 
elucidated because the isolation and quantitative determination of HCFU and 
its metabohtes h_ave not been established_ This paper describes a high-perfor- 
mance liquid cbromatographic (HPLC) method for the quantitative determiua- 
tion of HCFU and its four metabolites in human plasma. 

:+I pn&k& ~e~~~&s s&&t& to the An&l Meeting of the Committee on Clinical 
Ev&ati& of the Effktiveness 6f. N&wli Sy&&&zd Antikoplastic Drugs (Tokyo, July, . . 
1978) ‘&id St the -16th -&nud Mketing of the J&a&se S&&ety of Cancer Chemothekphy 
(Nagoya, September, 1978). 
- __ -. _~ ‘_..:--1.-:- \ . __ . . . 

03784347/81/000&0000/$02_50 Q 1981.Elsevier Scientific Publishing Company 



92 

EXPERIMENTAL AND RESULTS 

Blood sample? were obtaiged from patients who had been _administ&ed 
HCFU orally, Procedures for the extraction of HCFU and its metabolites are 
summarized in Fig. 1. The HPLC apparatus was obtained from Waters Assoc. 
(Milford, MA, U.S.A.). A stainless-steel column (300 X 3.9 mm I-D_) was filled 
with PBondapak Cl8 (8-10 pm) (Waters) and a precolumn (30 X 3.9 mti I.D.) 
ISled with ~Porasil (8-10 pm) (Waters) was used. The elution pattern was 
detected at 254 nm. 
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Fig. 1. Procedure for extraction of HCFU and its metabotites from human plasma. 

All solutions used contained PIC-B7 (Waters), which consisted of acetic acid 
and E-hept&nesuIphonic acid, One ampoule of PIC-B? was dissqlved in 11 of 
watq or methanol to giye cohcentrations of 0.005 M ac&c acid and-O.005 M 
l-heptanesulphonic acid. 

Authentic samples of HCFU, 1-o carboxymethylcarbamoyi-5-fluorou&cil 
(GMEFU), l-o~:arboxypropy~~aoyl-5-~uo~~c~ (CPRFU), 1-w -carboxy- 
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p&y1 carbamoyK5fluorouracil (CPEFU) and 5-fiuor&acfi_. (5FU) were 
kindly donated by Mitsui Pharmaceutical (Tokyo,-Japan). Tbe water used was 
distilled and deionized just before use with a Mill&R/Q water purifier. Methanol 
of chknatographic grade was obtainedfrom Wako (Osaka, Japan). 

Separation of au then tic samples 
Authentic samples were dissolved in methanol at a concentration of 0.12 pg/ 

ml. A 2O_tcl aliquot of the solution was injected through the universal injector 
of the apparatus. When elution was performed with water-methanol (44:56), 
5-FU, CMEFU, CRPFU, CPEFU and HCFU were separated and eluted with elu- 
tion times of 1.6, 1.7, 1.8, 2.6 and 4.0 mm, respectively. However, the separa- 
tion of 5-FU and CMEFU was not satisfactory. The mobile phase was changed 
to methanol-water (32:68), and then the separation of 5-FU and CMEFU was 
adequate but the elution time was prolonged, as shown in Fig. 2, with HCFU 
being eluted after 17 min and CPEFU, CPRFU, CMEFU and 5FU at 7.5,3.2, 
1.8 and 1.6 min, respectively. 

5FU 

I 

8 a 0 
ELUTKJN TIME, m;n 

Fig. 2. Chmmatogram of authentic HCFU and its metabolites. Mobile phase: metbanol- 
water (32:68). 

- 

Calibration gruphs for HCFU and its four metabolites 
:&lib&ion -graphs for the determination of HCFU and its metabolites 

CPEEU; CpRFU, CMRFU -and 5-E!U were Constructed from the results for 
authentic_ samples. The calibration- graphs for the determination of HCFU, 
CPEFU; . CPRFU, CMEFU and - 5-FU . can be expressed by the equations 
y%.95&r:o.o11,- y=3.12*0.234 ,_ y~_4_112r-0.118, .y=7,39lx-0.654 and 
y=22.51&+0.140, respectively. JIn addition, ~the r--values for these equations 
were calculated to be 0.9985,0.9962,0.9990,0.9882 and 0.9998, respectively. 
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Recovery of authentic samples from pooled plasma 
The five authentic samples were dissolved in 2 ml of pooled plasma to give a 

final’concentration of 0.12 pg/ml and then the samples were extracted as out- 
lined in Fig. l_ The elution pattern obtained with methanol-water (32:68) as 
the mobile phase is shown in Fig. 3, The elution pattern of human pooled 
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Fig. 3. Cbromatogram of authentic sampIes of HCFU and its four metabolites extracted 
from human plasma. HCFW and the metabolites were dissolved in 2 ml of pooled plasma and 
stirred well, then extracted as shown in Fig. 1. 

plasma used as a control did not exhibit any interfering peaks (Fig. 4). The re- 
covery was 82 F 1.0% for HCFU and 86 i-~ 1.0% for other metabolites. When 
different concentrations, ranging from 0- to 50 ng/ml, of the authentic~com- 
pounds were injected into the HPLCapparatus the grapbS of peak area against 
co&e&ration showed good linearity up to 50 ng/ml in each instanceThe co- 
efficients of ~variation (R =-5) for HCFU, CPEFU, CPRFU, CMFSU and- 5-FU 
were 3-2, 3.4, 3.4, 3.3 and 3.6%; respectively. In addition, the sensitivity for 
each component was 1 ng/ml. : 
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Fig_ 4.Ckomatqgramof human plasma as control: 2 ml of pooled plasma were extracted as 
shown ixyFfg_ 1 and the residues obtained were dissolved in methanol--water (56:44). 
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Fig. 5. Time course of HCFU and its four me&olites in a human patient. HCFU (300 mg) 
haS been administered to a patient orally. Blood samples were taken from tbe cubital vein 
andtbeplasmaxsrasszpar&&amIextwte&assbo~inFigs~ .j _ 
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Concentration of HCFUand its metabolites in plasma 
A patient was administered 300 mg of HCFU granules orally and then 5-ml 

blood samples were collected from the cubitsl vein after different times with 
0.1 ml of heparin as shown in Fig. 5. The time course of HCFU showed a 
maximal value after 30 min. CPRFU and 5-FU also reached maximal concen- 
trations after 30 min, However, CPEFU and CMEFU exhibited maximal con- 
centrations 120 min after oral administration of HCFU. 

DISCUSSION 

Recently, many masked compounds of 5-FU have been synthesized, but 
there have been few papers [S] concerned with the pharmacokinetics of these 
drugs because of the difficulty of assaying them. We therefore tried to deter- 
mine the concentrations of HCFU and its metabolites in human plasma. 

The results on the experiments using authentic samples showed that PBonda- 
pak Ctg is suitable for separating these compounds and exhibited good recovery 
and accuracy_ Two mobile phases were examined for HPLC. With methanol- 
water (56r44) the separation of 5-FU and CMEFU was unsatisfactory but 
HCFU and its metabolites were eluted within 4 min. On the other hand, when 
methanol-water (32:68) was used, the separation of 5-FU and CMEFU was 
satisfactory, but the elution time of HCFU was prolonged to 17 min_ Kono et 
al [4] found that HCFU was eluted after approximately 15 min when water- 
acetonitrile (70:30) was used as the mobile phase. However, with tetrahydro- 
furan-water used as the mobile phase a longer retention time was found 141. 
During the present experiments, PIGB7 was added to the methanol-water 
[5,6], which led to good separations of HCFU and its metabolites, as shown in 
Figs, 2 and 3. 

In rats, HCFU is metabolized into 5-FU through two or three intermediates 
[I]. However, CMEFU has not been detected in the plasma of rat and it was 
t&r&ore assumed that CMEFU is not an intermediate metabolite in the meta- 
bolic pathway of HCFU in humans also. However, in three out of five cases, 
CMEFU was detected in high-performance liquid chromatograms [7] _ 

The time course of HCFU, CPEFU, CPRFU, CMEFU and 5-FU is shown in 
Fig. 5. The coefficient of variation of the determination of the concentration 
of each component was calculated from five experiments, and ranged between 
3.2 and 3_6%, i.e., the accuracy was good. 
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Fig. 6. Proposed metabolic pathway of HCFU in humans. 
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In conclusion, this system appears to be satisfactory for the quantitative 
determination of HCFU and its four metabolites in humans. Because it exhibiti 
good recovery and has sufficient sensitivity it can be used to study the pharma 
cokinetics of HCFU. In addition, a new metabolite, CMEFU, has been detect& 
using methanol-water (3263) as the mobile phase, and a metabolic pathway 
of HCFU in humans is proposed in Fig_ 6. 
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