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The dynamics of the concentra t ion of radioact iv i ty  in the blood se rum,  organs ,  and urine was 
investigated af ter  intravenous injection of 5 - f luorourac i l -2 -C  1~ into ra ts .  The p repara t ion  is 
rapidly absorbed f rom the blood into the t i ssues  in which it accumula tes  rapidly in high con-  
cent ra t ions  and it is excre ted  quickly f rom the body. The hal f -e l iminat ion period of 5 - f luor -  
ourac i l  in the blood is 15 rain. It is excre ted  chiefly by ex t ra rena l  routes.  
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The action of the anti tumor compound 5- f luorourac i l  (5-FU) is aecompaniedby  se r ious  toxic s ide-e f fec t s  
[1, 4]. In recent  yea r s  a search  has therefore  been made for analogs of 5-FU with a less toxic action [2]. 
P r o g r e s s  in this search  is dependent on the d i scovery  of the causes  of the toxic p roper t i e s  of 5-FU, and to 
some extent these could be attributable to its pharmacokinet ic  cha r ac t e r i s t i c s  [7-14]. 

The dis tr ibut ion of this compound in the t issues  and the rate  of its el imination f rom the body were  
investigated. 

EXPERIMENTAL 

Noninbred male albino rats weighing 1'70-230 g were given an intravenous injection of 5-fluorouracil- 
2-C i4 (5-FU-2-C 14) in a dose of 60 #Ci/kg. The radioactivity of the organs and biological fluids was deter- 
mined. Four rats were used at each time of the investigation. Urine was collected for 24 h during water 
loading (50 ml/kg). To determine the radioactivity, 20% aqueous homogenates of the tissues were prepared. 
The samples were applied to disks of FN-3 chromatography paper, and the radioactivity was determined by 
the USS-I liquid scintillation counter (counting efficiency 36 % for Ci4). The radioactivity of the blood serum 

and urine was determined without any preliminary treatment. The results were expressed in pulses/min/g 
tissue or in pulses/min/ml biological fluid. 

The degree of binding of the compound with the blood serum proteins was investigated by equilibrium 
dialysis with rabbits [3]. The 5-FU was estimated spectrophotometrically (Xma x = 267 nm). 

The c learance  of 5-FU was calculated by the method descr ibed by Rudzit [6]. 

The empir ica l  curves  ref lect ing the accumulat ion of the compound in the urine were matched by the 
method of r eg re s s ion  analysis  [5]. 

RESULTS A N D  D I S C U S S I O N  

The radioactivity of the blood serum was determined 15 and 30 rain and i, 2, 3, G, 10, and 24 h after 
the injection of 5-FU-2-C 14. As Fig. i shows, during the first 60 rain the serum level of the compound fell 
sharply. 

The wr i t e r s  have shown that 5-FU is not bound by the blood se rum proteins;  this is evidently one factor  
responsible  for the rapid c learance  of this compound f rom the serum.  
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Fig: 1 Fig.  

Fig. 1. Radioactivity of blood se rum of ra t s  after  intravenous 
injection of 5 - f luorourac i l -2 -C 14. Absc issa ,  time (in h); ordinate,  
radioact ivi ty  of se rum (in pulses/min/ml" 103). 

Fig. 2. Radioactivity in urine of ra t s  after intravenous injection 
of 5- f luorouraci l -2-c~a:  I) exper imental  curve; II) theoret ical  
curve.  Remainder  of legend as in Fig. 1. 

TAB I_E 1. 
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During the f i r s t  hour until equil ibrium was establ ished between the blood se rum and t issues ,  the log- 
a r i thm of the 5-FU concentrat ion in the blood se rum changed as a l inear function of time. The dec rease  in 
the concentra t ion of 5-FU in the blood se rum in the f i rs t  phase could therefore  be descr ibed by a l inear 
equation by means of which the half-e l iminat ion period of 5-FU was calculated:  its value was 15 min. 

In the second phase of the concen t ra t iondyaamics ,  1 h after injection of the compound, its se rum level 
fell very slowly. This phase mainly re f lec t s  the c lea rance  of the compound f rom the blood se rum was a r e -  
sult of its metabol ism and excretion.  It is not descr ibed  by an experimental  function and was not subjected 
to mathematical  analysis.  

The-radioactivi ty of the t i ssues  was determined 1, 6, and 10 h after the injection of 5 -FU-2 -C  14. The 
cha rac t e r  of the distr ibution of radioact ivi ty  with time did not depend on the o r g a n  studied. The highest 
radioact ivi ty  was observed dur ing the f i rs t  hour, when it was par t icular ly  high in the brain, l iver,  large in- 
testine, and skeletal  muscles  (Table 1). In most  organs  the radioact ivi ty was negligible after 6 h. 

The excret ion of radioact ive substances  in the urine was determined 30 rain and 1, 2, 3, 6, 10, and 24 h 
after  injection of the compound. The kinetics of the excre t ion of 5-FU with the urine was found to be a l inear 

function. 

It will be c lea r  f rom Fig. 2 that during the f i rs t  2 h, 5 -FU-2-C  14 and its metabolic products  were ex-  
cre ted  very  rapidly with the urine, after  which the ra tes  of excret ion of the radioact ive substances fell 

sharply. 

Calculation showed that in 24 h only 15 % of the 5-FU was excreted through the kidneys. The great  
importance of eXtrarenal fac tors  in the excret ion of 5-FU was also ref lected in the ex t ra rena l  c learance ,  
calculated for the f i rs t  phase of the concentra t ion dynamics  (Table 2). 

Two general  conclusions can be drawn from the data on the pharmacokinet ics  of 5-FU. Firs t ,  the high 
rate of absorpt ion of 5-FU accompanied by the rapid accumulat ion of the compound in some organs and t i s -  
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TABLE 2. Clearance of 5-FU-2-C 14 in Rata 

Value of 

Index Index 

30,000 Level  of rad ioac t iv i ty  at t ime of inject ion 
(in p u l s e s / m i n / m l )  

Apparent  dis t r ibut ion volume of 5-FU in the 
body (% of body weight) 

P l a sma  constant  (in rain -I) 
Half-e l iminat ion per iod in p lasma (in rain) 
Clearance  (in ml /min) :  

total 
rena l  
ex t r a r ena l  

175 

0.045 
15 

16.5 (100%) 
5.9 (35.7 %) 

10.6 (64.1%) 

sues. The high concentrations of 5-FU built up in the tissues during the first few minutes after its injection 
may be responsible for its acute toxic effects. Second, the high rate of elimination of 5-FU from the tis- 
sues is another detrimental feature of the compound, for the effectiveness of chemotherapeutic agents is 
known to be determined not only by their concentration but also by the duration of their stay in the tissues. 

In the attempt to obtain effective analogs of 5-FU the object must therefore be to achieve a steady ac- 
cumulation of the compound and its maintenance in the tissues for a longer time. 
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