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 tissues [3, 4, 7] during the transplacental 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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PHARMACOKINETICS OF FTORAFUR-2-'4C IN RATS
WITH WALKER'S CARCINOSARCOMA

A. N. Kozhukhov, D. V., Meiren, UDC 615,277.3:547.854,14].015.
and A. P, Gilev 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, fumor, 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-!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.

EXPERIMENTAL METHOD

Noninbred male albino rats weighing 170-200 gwere used, Ftorafur-2-14C had a specific radioactivity of
2.8 uCi/mg. The compound was given intravenously as a single dose of 150 mg/kg (11 uCi/kg). Theanimals
werekilled 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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Zakusov), Translated from Byulleten’ Eksperimental'noi Biologii i Meditsiny, Vol, 83, No. 6, pp. 734~7386,
June, 1977, Original article submitted December 10, 1976.

This material is protected by copyright registered in the name of Plenum Publishing Corporation, 227 West 17th Street, New York, N.Y. 10011. No part
of this publication may be reproduced, stored in a retrieval system, or transmitted, in any form or by any means, electronic, mechanical, photocopying,
microfilming, recording or otherwise, without written permission of the publisher. A copy of this article is available from the publisher for $7.50.

872



10

T T

T T T T T T 1T T T 1T 7 T T TT7T
& 10 12 16 20 24

T 1T 11 T
/1234 6
Fig. 1. Level of radioactivity in blood plasma
of rats with Walker's carcinosarcoma after in-
travenous injection of labeled FF, Abscissa,
time (in h); ordinate, radioactivity of blood

plasma (in cpm/ml-10%),

TABLE 1, Level of Radioactive Products in
Tissues of Rats with Walker's Carcinosar-
coma after Intravenous Injection of FF-2-14C

Sub- Radioactivity at varjous times after
Tissue stance injection of FF-2-1¢C .
identi-
fied th | sn | en |1on
Liver FF 9900 | 20100 | 13920 {8400
5-FU 1160 3120 2300 123530
Brain FF 7 440 17400 | 13500 |8550
5-FU 560 1 300 i 200 950
Tumor | FF 10800 | 24200 | 16100 |9630
5-FU 840 2100 | 1620 {1370

TABLE 2. Values of Total, Renal, and Pulmo-
nary Clearances for Three Phases of Kinetics of
FF-2-!'C in Rats with Walker's Carcinosarcoma

Clearance, Phase of pharmacokinetics

ml/h 1 , - I -
Total 56,2 20,5 15,2
Renal 4,5 6.7 7.8
Pulmonary 3.4 6,2 6.2

results for 100% efficiency. Samples were prepared for analysis of radioactivity in the tissues and biological
fluids by Mahin's method [11] and for analysis of radioactivity excreted with the expired air by Jeffay's
method {10]. To identify the compound and its metabolites thin-layer chromatography in a chloroform-meth-
anol (9:1) solvent system was used [9]. To determine the coefficient of distribution (P} of FF in an octanol—
water system 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-
ing the pharmacokinetic parameters was taken from the paper by Kivman et al, [2].

EXPERIMENTAL RESULTS

As will be seen in Fig. 1, the total radioactivity of the blood plasma fell in the manner of a three-phase
exponential process. The half-elimination period of the compound and of its metabolic products in each of
the three successive phases was 0,75, 4,95, and 13,57 h, respectively, The compound and its metabolites, by
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Fig. 2. Level of FF-2-14C and its metabolites
in urine of rats with Walker's carcinosarcoma;
1) FF-2-1C; 2) 5-FU-2-14C; 3) FUDR-2-14C.
Abscissa, time (in h); ordinate, radioactivity
(in cpm/ml.10%),

gradually penetrating into the tissue, ultimately filled the whole "volume" of the body. This is shown by the
value of the apparent distribution volume, which was 34% for the first phase, 81.3% for the second, and 97.3%
for the third.

The high value of the apparent distribution volume was evidently the result of the ease with which pas-
sive diffusion of labeled FF takes place through cell membranes. This feature of the action of FF can be ex-
plained by its physicochemical properties. Substances dissociated only a little at physiological pH values,
with log P within the range between 1 and —1, have optimal conditions for passive diffusion through biologi-
cal membranes [7]. With pK,;=7.8 and log P=1.02, FF belongs to this class of compounds,

The level of radioactivity of the tissues reached a maximum of 3 h after injection of the compound and
then fell gradually, After 24 h the radioactivity in the tissues was about 10% of its maximum, The concentra-
tion of the preparation in the organs fell in the order: kidneys, small intestine, tumor, stomach, muscles,
heart, liver, lungs, spleen, brain, and fat.

Ftorafur is known to be broken down in the rat with the formation of endogenous 5-FU [1, 6]. Data on
the relative distribution of this metabolite and also of FF in the liver, tumor, and brain of the experimental
animals are given in Table 1, The highest concentration of 5-FU in the liver points to the basic role of this
tissue and, in particular, of its mierosomal fraction [6], in the metabolism of FF to endogenous 5-FU. The
presence of endogenous 5-FU in the tumor is a very important finding, for this metabolite of FF has high eyto-
static activity., Appreciable quantities of labeled 5-FU also were present in the tissues of the brain, Since
no foreign compounds are metabolized in the brain [4], the endogenous 5-FU was evidently brought by the

blood stream,

The study of the excretion of radioactivity after intravenous injection of FF-2-14C showed that excre-
tion of the compound and of its metabolites continued until 48 h: 52.2% of the label was excreted 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 excretion of FF. This is shown not only by the data on the balance of excretion, but
also by the values of the renal clearance (Table 2). The excretion of 1abeled FF with the urine was accom-
panied by excretion of its metabolites, of which 5-FU-2-14C and 5-fluoro~2-deoxyuridine-2-14C (FUDR-2-14C)
were identified (Fig, 2).

Thus FF penetrates readily into tumor tissue. The appearance of 5-FU in the tumor tissue after injec-
tion of FF must be regarded as an important factor in the mechanism of the antitumor action of FF, While
FF itself has no primary antitumor activity [3], it ensures the prolonged circulation of endogenous 5-FU, to
which the chemotherapeutic effect of the compound is evidently due, in the body of the tumor carrier,
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