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Effect of (E)-5-(2-bromovinyl)-2’-deoxyuridine on
Life-span and 5-fluorouracil Metabolism in Mice
with Hepatic Metastases

Masaaki ligo, Ken-ichi Nishikata, Yoko Nakajima, Akio Hoshi
and Erik De Clercq

5-Fluorouracil (SFU) is rapidly metabolised in the liver by dihydrouracil dehydrogenase. Bromovinyluracil is
formed in the liver from (E)-5-(2-bromovinyl)-2'-deoxyuridine (BVDU) by pyrimidine nucleoside phosphorylase
and is a potent inhibitor of dihydrouracil dehydrogenase. The co-administration of SFU (intravenously) and
BVDU (orally) was investigated in normal BDF, mice and in those bearing liver metastases of Lewis lung
carcinoma. SFU alone rapidly disappeared from plasma and liver within 60 min of dosing. Administered with
BVDU, 5FU persisted in plasma and liver for 60-180 min. The combination also significantly enhanced the life-
span of tumour-bearing mice. SFU plus BVDU may have therapeutic potential in the treatment of primary and

secondary liver tumours.
Eur ¥ Cancer Vol. 26, No. 10, pp. 1089-1092, 1990.

INTRODUCTION

THE LIVER is the main site of 5-fluorouracil (SFU) metabolism
[1]. In man 5FU is more extensively catabolised when administ-
ered orally than when given intravenously [2], and plasma
half-life is 10-20 min [3]. The rate-limiting liver enzyme is
dihydrouracil dehydrogenase which converts SFU to 5,6-dihy-
dro-5-FU [4]. Rapid catabolism of SFU means that only a small
fraction is converted to the active S-fluorouridine-
5’-triphosphate and 5-fluorodeoxyuridine-5'-monophosphate.

(E)-5-(2-bromovinyl)-2'-deoxyuridine (BVDU) inhibits the
catabolism of SFU and increases its antitumour activity [5, 6].
BVDU is easily converted in the liver to (E)-5-(2-bromo-
vinyluracil (BVU) by pyrimidine nucleoside phosphorylase(s)
[7]. BVU is a potent inhibitor of dihydrouracil dehydrogenase
[8] and enhances the antitumour activity of SFU (and precursors
thereof) in several tumour systems in mice [8-11].

The combination of BVDU with SFU might be particularly
effective against liver tumours. Therefore we examined this
combination in mice bearing liver metastases.

MATERIALS AND METHODS

Chemicals

[6-*H]5FU (710 GBg/mmol) was purchased from New
England Nuclear. After supplemention with cold carrier, the
specific activity for injection was 4.6 MBg/mg. SFU, 5-fluorour-
idine, 5-fluoro-2’-deoxyuridine, 5-fluorouridine monophosph-
ate and 5,6-dihydrouracil were purchased from Sigma. a-fluoro-
B-ureidopropionic acid and «-fluoro-B-alanine were obtained
from Mitsui Pharmaceuticals, Tokyo [12]. o-phthalaldehyde and
p-dimethylaminobenzaldehyde were purchased from Funakoshi
and Iwai Kagaku, respectively.
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Table 1. Effect of BVDU on antitumour activity of SFU in mice
bearing liver metastases

Life-span %
Treatment* (days) increaset Survivors}
Experiment I
Control 15.7 (1.4) 0/12
BVDU (3 x 10) 17.2 (1.2) 10 0/6
SFU (20) 20.6 (1.7) 31 1/6
SFU(5) 19.2 (1.4) 22 0/6
BVDU (3 x 10) + SFU(5) 24.6 (0.4)§ 57 1/6
Experiment I1
Control 14.2 (1.2) 0/6
SFU (10) 17.3 (0.6) 22 0/6
BVDU (3 x 10) + 5SFU(10) 29.0 (3.9)| 104 2/6
BVDU (3 x 30) + SFU(5) 23.2 (1.3)| 63 0/6
Experiment I1
Control 19.7 (1.6) 0/7
5FU (20) 19.2 (1.1) -3 0/6
BVDU (3 x 10) + 5SFUQ0) 25.8 (0.7)§ 31 0/6
Mean (S§.E.).

*Experiments I and II = 4th and III = 7th day after tumour cell
inoculation. All doses in mg/kg per day.

+In life-span (cured mice were excluded from calculations).

fRatio of 60-day survivors to total number of mice.

Significant differences from: §5FU alone (20 mg/kg per day), P < 0.01;
and [[(10 mg/kg per day), P < 0.01 by two-sided Student’s t-test.

Animals

Inbred C57BL/6 and BDF, mice (5 weeks old) were purchased
from Japan SLC (Hamamatsu). The mice were maintained
under specific pathogen-free conditions.

Induction of liver metastases
Lewis lung carcinoma was maintained subcutaneously in
CS57BL/6 mice. The tumour was rapidly removed, minced in
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Fig. 1. Radiochromatograms of SFU metabolites in plasma of normal mice. FBAL = a-fluoro-$-alanine.
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Fig. 2. Radiochromatograms of SFU metabolites in liver of normal mice. FUPA = fluoroureidopropionic acid.

5 ml cell culture medium containing 0.3% fetal calf serum
(Cedarlane, Hornby, Ontario), pressed through 120 wire mesh,
washed twice with saline and adjusted to 2 x 10° cells per
ml. Multiple hepatic metastases were produced in BDF; mice
according to the method of Kopper et al. [13]. The mice were
randomised before being distributed to cages.

Treatment, sampling and analysis

For survival analysis SFU was administered intravenously
daily for 4 consecutive days starting from the 4th or 7th day
after tumour cell inoculation. BVDU was administered orally
three times per day every 3 h for 4 consecutive days, also starting
from the 4th or 7th day (drug doses in Table 1). The third
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Fig. 3. Radiochromatograms of SFU metabolites in plasma (a) and liver (b) of mice bearing hepatic metastases at 12 days after tumour cell
inoculation. Plasma and liver samples were collected 60 min after [6-*H]SFU administration.

daily administration of BVDU coincided with the single daily
administration of SFU. The antitumour effect was evaluated by
determining the increase in life-span. At death, the mice were
examined for liver metastases.

Controls and mice bearing liver metastases were studied on
day 12 after tumour cell inoculation for metabolite analysis. The
mice were given a single intravenous injection of [6-*H]5FU (20
mg/kg; 1.9 MBq per mouse) alone or in combination with a
single oral dose administration of BVDU (10 mg/kg). Mice were
killed 30, 60 and 180 min later under ether anaesthesia by
exsanguination from the descending vena cava. Blood was
aspirated into syringes that had been wetted with heparin. Blood
cells were removed by centrifugation. Promptly after the mice
had been exsanguinated, the liver was removed, weighed and
stored on ice. The liver was homogenised (“Polytron™) in two
volumes of distilled water. Plasma or liver was mixed with an
equal volume of HCl/ethanol 1/100. Denatured proteins were
removed by centrifugation, and 50 pl of supernatant and auth-
entic samples were chromatographed on silica-gel plates contain-
ing a fluorescent indicator (Merck) to separate SFU metabolites.
The plates were developed with chloroform/methanol/acetic acid
30/10/5.

SFU, S-fluorouridine and its monophosphate and 5-fluoro-2-
deoxyuridine were located under ultraviolet light. 5,6-dihydro-
uracil was detected by colour reaction after spraying with 1 mol/l
NaOH followed by acidified 1% p-dimethylamino-benzaldehyde
(Ehrlich’s reagent). a-fluoroureidopropionic acid and a-fluoro-
B-alanine were detected with Ehrlich’s reagent and 0.1% o-
phthalaldehyde (0.1% 2-mercaptoethanolacetone) [14], respect-
ively. The plates were scanned (TLC linear analyses [Berthold])
to locate radioactivity. The presence of metabolites in each
radioactive zone was confirmed by autoradiography.

RESULTS
SFU metabolism in normal mice
In plasma at 30 min after administration of [6-*H]5FU, SFU
and its degradation products, including a-fluoro-B-alanine, were

detected. No 5FU was detected at 60 min (Fig. 1). However, if
[6-*H]5FU had been administered in combination with BVDU,
high plasma levels of SFU were detected 60 min later (Fig. 1).

In the liver SFU was rapidly metabolised, the main metabolite
being a-fluoro-p-alanine (Fig. 2). Even at 30 min, SFU was no
longer detected in the liver. If, however, labelled SFU was
administered with BVDU, 5FU could be found in the liver for
at least 180 min (Fig. 2). Substantial amounts of a-fluoro-§-
ureidopropionic acid were also detected after the combination
treatment.

SFU and metabolites in mice bearing liver metastases

At 60 min after administration of [6-3H]SFU, only its degra-
dation product a-fluoro-B-alanine was detected in the plasma
and liver (Fig. 3). If, however, labelled SFU had been adminis-
tered with BVDU, substantial amounts of SFU were detected
in plasma and liver 60 min later (Fig. 3).

Combined treatment and survival

Under light microscopy, liver metastases were recognised on
the 7th day after tumour cell inoculation (Fig. 4). If untreated,
all the mice died within 14-25 days with many metastases in the
liver. Mice treated with either BVDU or SFU showed only a
slight increase in life-span (Table 1). If BVDU and 5FU were
combined, life-span was increased significantly (Table 1).

The antitumour effect achieved with BVDU (3 x 10 mg/kg
per day) plus 5SFU (10 mg/kg per day) was greater than that
observed with 3 x 30 mg/kg per day and 5 mg/kg per day,
respectively. This combination in turn had slightly greater
antitumour activity than a similar combination in which the
dose of BVDU was reduced three-fold. At the doses used,
BVDU was not toxic.

DISCUSSION
5FU was rapidiy metabolised in the plasma and liver of normal
mice. However, co-administration of BVDU prolonged the
appearance of SFU in plasma and liver. The same effect occurred



Fig. 4. Liver sections from mice at4 (upper), 7 (middle) or 10 (lower)
days after intrasplenic injection of Lewis lung carcinoma. Magnifi-
cation X (170).
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in mice bearing liver metastases of Lewis lung carcinoma.
BVDU or its active form, (E)-5-(2-bromovinyl)uracil, inhibits
dihydrouracil dehydrogenase, which degrades SFU to 5,6-dihy-
dro-SFU[5, 6, 8]. Moreover, higher levels of a-fluoro-B-ureido-
propionic acid were detected after treatment with SFU plus
BVDU than after SFU alone, which suggests that BVDU
[or (E)-5-(2-bromovinyl)uracil] may inhibit g-ureidopropionase.

Oral administration of BVDU at 10 mg/kg three times per
day is a convenient schedule, and significantly enhanced the
antitumour effect of SFU (increased life-span of mice bearing
hepatic metastases). In previous experiments BVDU was non-
toxic when administered intraperitoneally at 100 mg/kg per day
for 5 days to tumour-bearing mice [10]. This points to the
therapeutic potential of the combination of BVDU with 5FU in
the treatment of both primary liver and secondary liver tumours.
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