
the early stages and increased their viability in the last stages of cultivation. This effect was manifested 
more clearly in the experimental cultures of embryonic liver from CBA mice, whose survival rate under nor-  
mal conditions was lower than that of C57BL. Other workers have observed the same effect in organ cultures 
of embryonic liver and kidney t issues [3, 4, 7] during the transplaeental action of various carcinogens, whereas 
the transplacental exposure to pyrene, the noncarcinogenic analogue of benzo(a)pyrene did not increase the 
survival rate of organ cultures of the lungs [2]. 
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P H A R M A C O K I N E T I C S  OF  F T O R A F U R - 2 - 1 4 C  IN R A T S  

W I T H  W A L K E R ' S  C A R C I N O S A R C O M A  

A. N. K o z h u k h o v ,  D. V. M e i r e n ,  
and  A.  P.  G i l e v  

UDC 615.277.3 : 547.854.14].015. 
4 : 616-006.3.04-092.9 

The pharmacokinetics of ftorafur-2-14C (FF) after intravenous injection was investigated in ex- 
periments on rats  with Walker 's  carcinosarcoma. The level of FF and its metabolites in the 
blood plasma was shown to fall in the manner of a three-phase process.  The concentration of 
the compound in the tissues falls in the order:  kidneys, small intestine, tumor, stomach, 
muscles,  heart,  liver, lungs, spleen, brain, and fat. The presence of FF-2-14C and its metabo- 
lite, endogenous 5-fluorouracil,  was observed in the tumor. Excretion of the compound con- 
tinued for 48 h, 52.2% being excreted through the kidneys, 38%through the lungs, and 0.8% of 
the injected dose with the feces. 
KEY WORDS: ftorafur; 5-fluorouracil;  permeability; metabolism; Walker's carcinosarcoma. 

The ability of ftorafur-2-14C (FF) and its metabolite 5-fluorouracil-2-1~C (5-FU) to penetrate into tumor 
tissue was investigated and the length of stay of the compound in the body of animals with tumors was esti-  
mated. 

E X P E R I M E N T A L  M E T H O D  

Noninbred male albino rats weighing 170-200gwere used. Ftorafur-2-14C had a specific radioactivity of 
2.8 ~Ci/mg. The compound was given intravenously as a single dose of 150 mg/kg i l l  ~Ci/kg). Theanimals 
wereki l led 0.25, 0.5, 1, 2, 3, 6, 10, and 24 h after injection of the compound and the radioactivity was determined 
in the blood and various organs with the SL-30 (Intertechnique) scintillation counter with correction of the 
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Fig. 1. Level of radioactivi ty in blood plasma 
of ra ts  with Walker ' s  c a r c inosa rcoma  after in- 
t ravenous injection of labeled FF. Abscissa ,  
t ime (in h); ordinate,  radioactivi ty of blood 
plasma (in c p m / m l .  10~). 

TABLE 1. Level of Radioactive Products in 
Tissues of Rats with Walker ' s  Carc inosa r -  
coma after  Intravenous Injection of F F-2-14C 

Tissue 

Liver 

Brain 

Tumor 

Sub- 
stance 
identi- 
fied 

~[FU 
[V.Fu 

Radioactivity at various times after 
injection of FF-2-1aC 

lh 3h 6 h  

9 900 20 I00 13 920 
1 ]60 3 120 2 300 
7 440 17 400 13 500 

560 1 300 1 200 
l0 800 24 200 16 100 

840 2 100 1 620 

loh 

8 400 
2 530 
8 550 

950 
9 630 
1 370 

TABLE 2. Values of Total, Renal, and Pulmo-  
nary Clearances  for  Three Phases of Kinetics of 
FF-2-1~C in Rats with Walker ' s  Care inosa rcoma 

Clearance, 
ml/h 

Total 
Renal 
Pulmonary 

Phase of pharmacokinetics 

56,2 
4,5 
3,4 

II 

20,5 
6,7 
6,2 

I I I  

15,2 
7,8 
6,2 

resul ts  for 100% efficiency. Samples were prepared for analysis of radioactivity in the t issues  and biological 
fluids by Mahin's  method [11] and for analysis of radioactivi ty excreted with the expired air by Jef fay ' s  
method [10]. To identify the compound and its metaboli tes th in- layer  chromatography in a c h l o r o f o r m - m e t h -  
anol (9 : 1) solvent sys tem was used [9]. To determine the coefficient of distribution (P) of FF in an oc t ano l -  
water  sys tem the method of Hansch [8] was used. To equalize the experimental  data during changes in the 
concentration of the compound in the blood the method of least squares  was used [5]. The method of calculat-  
ingthe pharmacokinet ic  pa rame te r s  was taken from the paper by Kivman et al. [2]. 

E X P E R I M E N T A L  R E S U L T S  

As will be seen in Fig. 1, the total radioactivi ty of the blood p lasma fell in the manner  of a th ree-phase  
exponential p rocess .  The half-el imination period of the compound and of its metabolic products in each of 
the three success ive  phases was 0.75, 4.95, and 13.57 h, respect ively .  The compound and its metabeli tes,  by 
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Fig. 2. Leve l  of  FF-2-14C and its metabol i tes  
in ur ine  of r a t s  with W a l k e r ' s  c a r c inosa r coma :  
1) FF-2-14C; 2) 5-FU-2-14C; 3) FUDR-2-14C. 
Absc i s sa ,  t ime  (in h); ordinate ,  rad ioac t iv i ty  
(in c p m / m l .  103). 

gradual ly  pene t ra t ing  into the t i s sue ,  u l t imate ly  filled the whole "volume" of the body. This is shown by the 
value of the apparent  dis t r ibut ion volume,  which was 34% for  the f i r s t  phase,  81.3% for  the second, and 97.3% 
for  the th i rd .  

The high value of the apparent  dis t r ibut ion volume was evidently the r e su l t  of the ease  with which pas -  
s i ved i f fu s iono f l abe l ed  FF takes  place  through cell  m e m b r a n e s .  This fea ture  of  the action of FF can be ex-  
plained by its phys icochemica l  p r o p e r t i e s .  Substances d issoc ia ted  only a l i t t le at physiological  pH values,  
with log P within the range  between 1 and - 1 ,  have opt imal  conditions for  pas s ive  diffusion through biologi-  
cal  m e m b r a n e s  [7]. With PKa=7.8  and log P = l . 0 2 ,  FF belongs to this c lass  of compounds.  

The level  of  rad ioac t iv i ty  of the t i s sues  reached  a m a x i m u m  of 3 h a f te r  injection of the compound and 
then fell  gradual ly .  After  24 h the rad ioac t iv i ty  in the t i s sues  was about 10% of its max imum.  The concen t ra -  
tion of the p repa ra t ion  in the o rgans  fel l  in the o rde r :  kidneys,  sma l l  intestine,  tumor ,  s tomach,  musc les ,  
h e a r t ,  l iver ,  lungs, spleen,  brain,  and fat. 

F to ra fu r  is known to be broken down in the r a t  with the fo rmat ion  of endogenous 5-FU [1, 6]. Data on 
the re la t ive  dis t r ibut ion of this metabol i t e  and also of FF  in the l iver ,  t umor ,  and brain of the exper imenta l  
animals  a re  given in Table  1. The highes t  concentra t ion of 5 -FU in the l iver  points to the basic  role  of this 
t i s sue  and, in pa r t i cu la r ,  of its m i c r o s o m a l  f rac t ion  [6], in the me tabo l i sm of FF  to endogenous 5-FU. The 
p r e s e n c e  of endogenous 5-FU in the t umor  is a v e r y  impor tant  finding, for this metabol i te  of FF has high cyto-  
s ta t ic  act ivi ty.  Appreciable  quanti t ies  of labeled 5-FU also were  p re sen t  in the t i s sues  of the brain.  Since 
no foreign compounds are  metabol ized  in the brain [4], the endogenous 5-FU was evidently brought by the 
blood s t r e a m .  

The study of the excre t ion of rad ioac t iv i ty  a f t e r  intravenous injection of FF-2-14C showed that e x c r e -  
tion of the compound and of its metabol i t es  continued until 48 h: 52.2% of the label was excre ted  by the kid- 
neys ,  38% by the lungs, and 0.8% with the feces ,  making a total  of 91% of the injected dose. The kidneys thus 
play the main  role  in the excre t ion  of FF.  This is shown not only by the data on the balance of excret ion,  but 
also by the values  of the rena l  c l ea rance  (Table 2). The excre t ion  of labeled FF with the ur ine was accom-  
panied by excre t ion  of its metabol i t es ,  of which 5-FU-2-14C and 5-f luoro-2-deoxyur idine-2-14C (FUDR-2-14C) 
were  identified (Fig. 2). 

Thus FF pene t ra t e s  read i ly  into tumor  t i ssue.  The appearance  of 5-FU in the tumor  t i s sue  af ter  injec-  
tion of FF mus t  be r ega rded  as an impor tant  fac tor  in the m e c h a n i s m  of the ant i tumor action of FF. While 
FF  i tse l f  has  no p r i m a r y  ant i tumor  act ivi ty [3], it en su re s  the prolonged c i rcula t ion of endogenous 5-FU, to 
which the chemotherapeu t ic  effect  of the compound is evidently due, in the  body of the tumor  c a r r i e r .  
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