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ABSTRACT

The benzylacycoluridines (BAU and BBAU) are potent and specific inhibitors of uridine phosphorylase
(UrdPase). In contrast to the report that benzylacyclouridines potentiated 5-fluoro-2’-deoxyuridine (FdUrd)
cytotoxicity against human solid tumor cells (Cancer Res., 44:1852, 1984), continuous exposure of mouse
lymphoma L5178Y cells, to FdURd, 5-fluorouridine (FUrd), 5’-deoxy-5-fluorouridine (5’-dFUrd), or
S-fluorouracil (FUra) showed no potentiation of cytotoxicity by benzylacyclouridines. In fact, under the con-
ditions employed, benzylacyclouridines protected the cells from the cytotoxicity of FdUrd, FUrd, or 5°-dFUrd,
but not FUra in a dose dependent manner. Intraperitoneal coadministration of BAU or BBAU and a
S-fluorinated pyrimidine (i.e., FdUrd, FUrd, or FUra), to mice bearing L5178Y cells also did not significant-
ly increase the life span compared to those treated with the antimetabolites alone. Anabolism of these nucleosides
through the sequential action of UrdPase and orotate phosphoribosyltransferase (OPRTase), inhibition of
nucleoside transport by benzylacyclouridines, or both could be responsible for the ineffectiveness of Urd-

Pase inhibitors to potentiate the antineoplastic activity of fluoropyrimidines in L5178Y cells.
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Abbreviation: BAU (5-benzylacyclouridine), 5-benzyl-1-(2-hydroxymethyl) uracil; BBAU (benzyloxyben-
zylacyclouridine), 5-(m-benzyloxybenzyl)- 1-(2’-hydroxytheoxymethyl) uracil; 5’-dFUrd, 5°-
deoxy-5-fluorouridine; dThdPase, thymidine phosphorylase; dUTPase, 2’-deoxyuridine-5’-
triphosphate pyrophosphatase; FdUrd, 5-fluoro-2’-deoxyuridine; FUra, 5-fluorouracil; FUrd,
5-fluorouridine; NBMPR (nitrobenzylthioinosine), 6-|(4-nitrobenzyl) thio]-9-8-D-
ribofuranosylpurine; OPRTase, orotate phosphoribosyltransferase; Rib-1-P, ribose-1-
phosphate; PRibPP, phosphoribosylpyrophosphate; UrdPase, uridine phosphorylase.

INTRODUCTION

Since the 1950’s when its antitumor activity was
first shown (Heidelberger et al., 1975), S-fluorouracil
(FUra) has remained as one of the few drugs effec-
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tive against solid tumors in man. There are four
pathways by which FUra may be activated. Firstly,
in the presence of an appropriate deoxyribose donor,
FUra can be converted to 5-fluoro-2’-deoxyuridine
(FAURA) by thymidine phosphorylase (dThdPase)
then to 5-fluoro-2’-deoxyuridine-5’-monophosphate
(FAUMP) by dThd kinase (Birnie ef al., 1963).
Secondly, the formation of FdUrd from FUra is also
possible via deoxyribosyl-transfer due to a dThdPase-
bound 2-deoxyribose-1-phosphate (dRib-1-P) in-
termediate (Iltzsch et al., 1985). Thirdly, FUra may
undergo direct conversion to 5-fluorouridine-5’-
monophosphate (FUMP) by the action of orotate



phosphoribosyltransferase (OPRTase) (Reyes, 1959).
Finally, it can be salvaged to FUMP by the con-
secutive actions of uridine phosphorylase (UrdPase)
and uridine-cytidine kinase (Heidelberger, 1975; Zim-
merman and Seidenberg, 1964). FUMP may then be
phosphorylated to produce its cytotoxic effects by:
1) conversion to 5-fluorouridine-5’-triphosphate
(FUTP) with subsequent incorporation into RNA
(Reyes and Heidelberger, 1965; Wilkinson and Pitot,
1973; Heidelberger, 1975); 2) conversion to FAUMP
via FUMP — 5-fluorouridine-5’-disphosphate
(FUDP) — 5-fluoro-2’-deoxyuridine-5’-disphosphate
(FAUDP) - FdUMP, involving ribonuleoside
diphosphate reductase, and the covalent binding of
FdUMP to thymidylate synthetase which causes
thymineless death (Reyes and Heidelberger, 1965;
Heidelberger, 1975); and 3) conversion to 5-fluoro-2’-
deoxyuridine-5’-triphosphate (FAUTP) which may
have two fates: incorporation into DNA (Cooper ef
al., 1972; Caradonna and Cheng, 1980; Kufe et al.,
1981), or degradation to FAUMP by 2’-deoxyuridine-
5’-triphosphate pyrophosphatase ({UPTase). The in-
corporation of FUra into DNA (Schuetz et al., 1984)
is kept minimal by the high activities of dUTPase and
the repair mechanism of uracil-DNA glycosylase
which removes FUra moieties from DNA (Cheng and
Nakayama, 1982).

Birnie et al., (1963) proposed that pyrimidine
phosphorylases are responsible for the cleavage of
FdUrd to the less effective FUra, and thus inhibitors
of these enzymes may potentiate the antitumor ac-
tivity of FdUrd. On the basis of the speculation of
Birnie ef al., (1963) and the observations that cer-
tain tumors have litile or no dThdPase (Krenitsky
et al.,, 1964; Zimmerman and Seidenberg, 1963;
Marsh and Perry, 1963; Lazarus ef al., 1974; Zielke,
1979; Woodman and Sariff, 1980; Niedzwicki et al.,
1981), Niedzwicki ef al. (1984a; 1984b) observed such
potentiation of FdUrd cytotoxicity by BAU and
BBAU against human pancreatic and lung carcinoma
cells. A recent review article dealt with various aspects
of benzylacyclouridines (Cha, 1989).

In the present study, we have tested the effects
of UrdPase inhibitors, 5-benzyl-1-(2’-hydroxyethoxy-
methyl) uracil (BAU, 5-benzylacyclouridine) and
5-(3-benzyloxybenzyl)-1-(2’hydroxyethoxymethyl)
uracil (BBAU, S5-benzyloxybenzylacyclouridine)
(Niedzwicki er al., 1982) on the cytotoxicity of FUra,
FUrd, or FdUrd against the mouse lymphoma
L5178Y cells in vitro and in vivo.

MATERIALS AND METHODS

Chemicals

BAU and BBAU were obtained from Dr. Shih-
Hsi Chu, Brown University, Providence, RI.
Fischer’s media, Puck’s saline G, horse serum, an-
tibiotics, and trypan blue stain (4%) were obtained
from Grand Island Biological Co., Grand Island,
NY; [5-*H]Urd, [2-**C]FUrd and [2-'*C]Urd from
Moravek Biochemical Inc., Brea, CA; silica gel
G/UV,, polygram thin layer chromatography (tlc)
plates from Brinkmann Instruments, Inc., Westbury,
NJ; ACS scintillant from Amersham/Searle Crop.,
Arlington Heights, IL; Omnifluor from New
England Nuclear Corp., Boston, MA. 6-[(4-nitro-
benzyl)thio]-9-g-D-ribofuranosylpurine (nitroben-
zylthioinosine NBMPR), and other unlabelled
pyrimidine compounds were purchased from Sigma
Chemical Co., St. Louis, MO.

Cell culture

L5178Y mouse lymphoma cells were routinely
grown in suspension cultures in Fischer’s medium
suppleniented with horse serum (10%), penicillin (100
units/ml) and streptomycin (100 ug/ml) in a
humidified incubator maintained at 95% air: 5%
CO, at 37° (Fischer and Sartorelli, 1964). Doubling
times ranged from 9.5 to 12 hr.

Combination treatments of cells in culture by
5.benzylacyclouridines and fluoropyrimidines

For the cytotoxic studies, 4.8 ml aliquots of cell
suspensions of cells in the exponential phase of
growth (3 to 10 x 10° cells/ml) were preincubated for
5 min with 0.1 ml of BAU (10 to 100 uM) or its con-
geners before the addition of 0.1 ml of an an-
timetabolite preparation. Control tubes received 0.2
ml of media and 4.8 ml of cells. After 3 days of in-
cubation at 37°, cell numbers were determined us-
ing a Model B Coulter Counter (Hialeah, FL), and
percentage of the control growth rate (number of
doublings during the incubation period) was
calculated.

The effect of BAU on incorporation of {5-*H]Urd or
[2-*C]FUrd into acid soluble and insoluble fractions
of L5178Y cells in culture

[5-*H]Urd or [2-*C]Furd incorporation studies
were carried out with a slight modification of the



previously described method of Chu er al. (1968)
L5178Y cells grown in 100 ml culture bottles were
harvested by centrifugation at 550 X g for 10 min. The
cells were washed with growth medium (Fischer’s
medium supplemented with 10% horse serum) twice.
Then, 4.8 ml aliquots of cell suspension in growth
medium (5 X 104 cells/ml) were pre-warmed to 37°,
and incubated with or without 0.1 mM BAU. After
5 min 0.1 ml of [5-*H]Urd (2 uCi/tube) was added
and the cells were further incubated for 15 hr. For
the [2-**C]FUrd incorporation studies, 4.8 ml aliquots
of cell suspension of 2 te 3x10° cells/ml and
[2-*C]FUrd (0.003 uCi/tube) were incubated for
periods of 2 to 22 hr were used. For periods of less
than 1 hr incubation, 4.8 ml aliquots of 2x 10¢
cells/ml cell suspension and [2-**C]FUrd (0.01
uCi/tube) were used. The incorporation was stopped
by adding 1 mlof cold 10 uM nitrobenzylthioinosine
(NBMPR) in growth medium immediately followed
by centrifugation at 550 x g for 2 min. Pellets were
rinsed twice with the NBMPR medium and finally
lysed in 1 ml of 0.2 N perchloric acid (PCA), follow-
ed by cooling in ince-water for 30 min, then cen-
trifugation. Pellets were rinsed with 1 ml of the PCA
solution twice and the washings were combined with
the original supernatant. The combined supernatants
(3 ml) were, then, neutralized with KOH. After cen-
trifugation to precipitate the salt formed, 1 ml ali-
quots of the supernatant were counted in 9 ml of ACS
scintillant fluid to determine the radioactivity. Pellets
were dissolved in 0.4 ml of 1 N NaOH to hydrolyze
RNA at 90° for 15 min. Proteins and cell debris were
removed by centrifugation and 0.3 ml aliquots of the
supernatants were counted in 9.7 ml of ACS scin-
tillant fluid for radioactivities.

The effects of S-benzylacyclouridines on the uptake of
[2-*C]JUrd by L5178Y cells in culture

The effects of S-benzylacyclouridines on the up-
take of Urd by cultured L5178Y cells were determined
by measuring the total radioactivities of cell pellets
after 5 min incubation of the cells with [2-"*C]Urd
and various concentrations of BAU or BBAU. Cells
were prepared as described above for the incorpora-
tion studies. Uptake was started by mixing 0.25 ml
of cell suspension (4 x 10® cells/ml) and 0.25 ml of
Fischer’s medium containing {2-*C]Urd (0.02
uCi/tube, 58 mCi/mmole) and various concentra-
tions of BAU (1 to 500 uM) or BBAU (1 to 10 uM)
in a tube containing 0.15 ml of oil mixture (DC 550
silicone fluid 84 parts and paraffin oil 16 parts). After
5 min incubation at room temperature, the reaction
was stopped by centrifugation through the oil layer;

then the supernatant was removed. The tubes were
rinsed twice with water which was removed along
with the oil mixture. To the cell pellets, 0.5 ml ali-
quots of 0.4 N KOH were added; then incubated for
15 to 18 hr at 37° to hydrolyze RNA. After cen-
trifugation to precipitate the denatured proteins, 0.5
ml of the supernatant was counted in 9.5 ml of ACS
scintillant. Rates of uptake (cpm/min/10¢ cells) is ex-
pressed as percent of the control.

Combination treatments of tumor cells in vivo by
S-benzylacyclouridines and pyrimidine antimetabolites

In these experiments, male mice [B6D2F,
(C57BL/6 x DBA/2) obtained from Cumberland
Farm, Clinton, TN] were used. L5178Y cells were
maintained in abdominal cavities of mice by in-
traperitoneal transplantation of 5 x 10° cells/mouse
for every 7 to 10 days. At Day 0, mice weighing 20
to 22 g were inoculated with about 107 L5178Y
cells/0.1 ml/mouse. Twenty-four hr after transplan-
tation (Day 1), 0.1 ml of one of the following drug
preparations were injected intraperitoneally once per
day from Day 1 to Day 35: experiment ! (8 mice per
group), Puck’s saline G, BBAU (10 mg/kg/day),
FdUrd, or FdUrd + BBAU; experiment 2 (9 mice per
group), Puck’s saline G, BAU (30 mg/kg/day), FUrd
(2 mg/kg/day), or FUrd + BAU; and experiment 3
(10 mice per group), Puck’s saline G, BAU (30
mg/kg/day), FUra (25 mg/kg/day), or FUra +BAU.
BAU and BBAU dissolved in 50% DMSO were us-
ed. Thereafter, the survival times of the mice were
recorded. Antitumor activity of the drugs was
evaluated by the increase in life-span (ILS) over con-
trols. ILS (%) was calculated by the following
formula:

Individual survival date
in the treated group

No. of mice in the
treated group

ILS (%) =] ~1]x 100
Elndividual survival date

in the control group

No. of mice in the
control group

RESULTS

Combination treatments of cells in culture by
S-benzylacyclouridines and pyrimidine antimetabolites

To test the hypothesis that UrdPase inhibitors



Table 1. The effects of 5-benzylacyclouridines on the cytotoxicity of various pyrimidine antimetabolites

% Control growth

Antimetabolite BAU or BBAU
Antimetabolite Antimetabolite & n pa
[um] (um]
alone BAU or BBAU
FUra 0.1 BAU 100 71.7+0.70 70.4+0.4 2 0.151
0.2 24.9+7.4 24.2+7.7 2 0.933
FUrd 0.001 BAU 100 57.7+4.9 74.2+4.9 3 0.045
0.0015 27.1+9.0 41.8+9.0 3 0.050
FdUrd 0.001 BAU 100 65.8 75.8 1
5’-dFUrd 5.0 BAU 50 49.0 61.8 |
FUra 0.1 BBAU 10 79.1 78.6 1
0.2 29.4 27.2 1
FdUrd 0.0001 BBAU 10 74.7+11.8 89.3+5.2 3 0.121
0.00015 47.8+16.1 79.5+9.8 3 0.044

a: Probability of null hypothesis between antimetabolite alone and antimetabolite plus 5-benzylacyclouridines.

b: Average+S.D.

Table 2. The effects of 0.1mM BAU on the incorporation of radiolabeled Urd and FUrd in L5178Y cells in culture

Substrate Labeling time % Control
[uM] (hr] Acid sol. Acid. insol. Total
Urd 0.02 15 71.4 (64.2)2 81.1 (571.3)
FUrd 0.2 0.3 76.9 (1.8)
0.2 0.5 76.2 (3.5)
0.2 0.5 74.8 (3.5)
0.2 0.6 74.6 (2.9)
0.035 2 83.5 (0.9) 78.8 (1.2)
0.01 20 58.6 (1.2) 76.7 (4.2)
0.01 22 62.6 (1.5) 71.3 (4.7)

a: cpm/10° cells

may potentiate the cytotoxicity of FAUrd in cells with
little or no dThdPase activity (Niedzwicki er al., 1981
and 1982), cytotoxic effects of FdUrd, FUra, FUrd,
and 5’-dFUrd in combination with a UrdPase in-
hibitor (BAU or BBAU) were evaluated by measur-
ing the rates of growth (number of doublings during
the 3-day culture period) of L5178Y cells as shown
in Table 1. This cell line was shown to have no
dThdPase activity (Niedzwicki er al., 1981).
S-Benzylacyclouridines alone did not affect the
growth rate of this cell line. Under these conditions,
there was no potentiation of the antimetabolite
cytotoxicities by the 5-benzylacyclouridines. There
were significant dose dependent (P<0.05) protections
of cells from the cytotoxic effects of FUrd, FdUrd,
and 5-°dFUrd, by 5-benzylacyclouridines. The degree

of protection from the cytotoxicity of 5’-dFUrd is
similar to those of other combinations (BAU + FUrd
or BAU + FdUrd).

The effect of BAU on incorporation of [5->H]Urd and
[2-*C]FUrd into acid soluble and insoluble fractions
of L5178Y cells in culture

To study whether or not there is a correlation bet-
ween the cytotoxicity and the incorporation of a
pyrimidine nucleoside into acid soiuble and insolu-
ble fractions of L5178Y, the cells were incubated with
labeled Urd or FUrd in the presence or absence of
0.1 mM BAU. This BAU concentration is similar to
that used in most of the cytotoxicity studies. Table
2 shows that BAU inhibited the incorporation of
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either {5-*H]Urd or [2-**C]FUrd into both the acid
soluble and acid insoluble fractions of L5178Y cells.
The degree of inhibition of incorporation, 20 to 30%
(71.4 and 81.1% of control) (Table 2), by BAU is
comparable to that of protection of L5178Y cells
from the cytotoxicity of FdUrd (15% for 0.1nM) or
FUrd (23% for 1 nM) (Table 1).

[2-“C]Urd uptake by L5178Y cells in culture

Fig. 1.

Fig. 2.

Effects of BAU and BBAU on
[2-*C]Urd uptake in cultured
L5178Y cells. 10° cells were in-
cubated with 0.02uCi Urd (58
mCi/mmol) for a 5 min period at
room temperature. Rates of uptake
are expressed as percent of the
control.

The effect of combination treat-
ment of FdUrd with BBAU on the
survival of mice bearing L5178Y
1.02x 107 cells were
transplanted at Day 0 and the

cells.

drugs were administered i.p. once
per day from Day | to Day 5. The
concentrations of drugs are: saline
(@), 0.1ml of Puck’s saline G;
BBAU (O}, 10 mg/kg/day; FdUrd
(0), 50 mg/kg/day; and BBAU +
FdUrd (A), 10 mg/kg/day + 50
mg/kg/day.

at room temperature were determined and express-
ed as percent of the control as shown in Fig. 1. Both
BAU and BBAU inhibited the uptake of {2-1*C]-Urd
and the inhibition was dose dependent. I1Cs,, inhibitor
concentration that gives 50% of Urd uptake, for both
BAU and BBAU were estimated from this graph.

ICso for inhibition of Urd uptake by L5178Y cells
was 10 uM for BBAU which is approximately 10-fold
more potent than that for BAU (~ 100 uM).

fluorinated

The rates of uptake for 5 min incubation periods
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Fig. 3. The effect of combination treat-
ment of FUra with BAU on the
survival of mice bearing L5178Y
cells. 1.23x107 cells
transplanted at Day 0 and the
drugs were administered i.p. once
per day from Day 1 to Day 5. The
concentrations of drugs are: saline
(®), 0.1ml of Puck’s saline G;
BAU (O), 30 mg/kg/day; FUra
([1), 25 mg/kg/day; and BAU +

were

? S ; FUra (A), 30 mg/kg/day + 25
mg/kg/day.
9
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S o0—o Saline Fig. 4. The effect of combination treat-
g [ -0 BAU + FUrd 2 ment of FUrd with BAU on the
Nn H survival of mice bearing L5178Y
s T 44 FUrd H - cells. 0.95x 107 cells were
s : H transplanted at Day 0 and the
Z 3F H drugs were admiinistered i.p. once
§ per day from Day 1 to Day 5. The
™ concentrations of drugs are: BAU
(®) 30 mg/kg/day; saline (O),
B 0.1ml Puck’s saline G; BAU +
VPR | W i O v -

5 5 25 mg/kg/day; an rd (4),

Combination treatments of tumor cells in vivo by
5-benzylacyclouridines and pyrimidine antimetabolites

The effects of UrdPase inhibitors, BAU (30
mg/kg/day) and BBAU (10 mg/kg/day), on the an-
titumor activities of FUra (25 mg/kg/day), FUrd (2
mg/kg/day), and FdUrd (50 mg/kg/day) against

mg/kg/day.

ascitic L5178Y cells were tested. Mice were given
drugs by daily intraperitoneal injection for 5 con-
secutive days, while control groups received saline
only. Fig. 2 shows that the combination treatment
of BBAU and FdUrd produced less antitumor activi-
ty than FdUrd alone. Similar results (Fig. 3) were ob-
tained with the combination of FUrd and BAU. The
combination treatment of FUra and BAU also did



Table 3. Increase in life span (ILS) and anlaysis of variance by 2-way classification in vivo experiments

Between control &

BAU or BBAU Between control & FUra Interaction
ILS (%) Fa pa ILS (%) F P ILS (%) F P
BAU & FUrd 4.1 0.44 0.52 50.0 22.46 0.00 41.8 0.05 0.82
BBAU & FdUrd -3.2 0.54 0.54 24.0 11.69 0.00 12.1 1.71 0.20
BAU & FUra -0.1 0.99 0.67 23.0 30.73 0.00 26.6 0.08 0.77

aF: F-value; P: P-value

not produce any better effect than FUra alone (Fig.
4). The ILS values are listed in Table 3.

The analysis of variances of two-way classifica-
tion using data obtained from the experiments
depicted in Fig. 2 to 4, showed that there are highly
significant differences between the control groups
and the fluoropyrimidine treated groups (Table 3),
and no significant difference between the control
groups and the BAU (or BBAU) treated groups. Fur-
thermore, there are also no significant interaction bet-
ween the fluoropyrimidine treated groups and the
combination groups (fluoropyrimidine plus BAU or
BBAU treated groups) as indicated by P values in
Table 3.

DISCUSSION

The present study on cytotoxicity studies in
L5178Y cells in vitro (Table 1) showed that, contrary
to expectations (Birnie ef a/., 1963; Niedzwicki et al.,
1981 and 1982), the UrdPase inhibitors, BAU and
BBAU did not potentiate the cytotoxicity of
fluorinated pyrimidines under the conditions
employed. In fact, they slightly but significantly pro-
tect (or antagonize) the action of FdUrd, FUrd, or
5’-dFUrd in cultured L5178Y cells. However, BAU
or BBAU have no effect toward the action of FUra.
The lack of potentiation of FdUrd by ben-
zylacyclouridines is in contrast to the studies of Chu
et al., (1984a; 1984b) who demonstrated that BAU
and BBAU potentiated FdUrd cytotoxicity against
human pancreatic carcinoma (DAN) in vivo as well
as in vitro and, to a lesser extent, human lung cancer
(LX-1) in vitro. Because of a strong correlation bet-
ween the ratio of dThdPase to UrdPase activities and
the degree of potentiation of FdUrd cytotoxicity by
BBAU, they concluded that the ratio of dThdPase
to UrdPase activities may determine the effects of
BBAU on the cytotoxicity of FdUrd. The observed

lack of BBAU and BAU to potentiate and their an-
tagonizing the cytotoxicity of FdUrd in 1518Y cells
cannot be explained by the ratio of dThdPase to Urd-
Pase, because this cell line is known to have no
dThdPase activity (Niedzwicki et al., 1981).

In accordance with the speculation that the
cytotoxicity of 5°-dFUrd in vitro would be significant-
ly decreased when blocking the formation of its ac-
tive metabolite (FUra) by the UrdPase inhibitor
(50 uM BAU), the'data in Table 1 show that BAU
protects L5178Y cells from the cytotoxicity of 5°-
dFUrd. The other combinations, BAU + FUrd or
BAU + FdUrd afforded the same degree of protec-
tion as the combination, 5’-dFUrd and BAU. This
indicates that the normal pathway to metabolism of
FdUrd, FUrd and 5’-dFUrd in this cell line is the
release of FUra from these fluorinated pyrimidine
nucleosides by UrdPase. Since L.5178Y cells do not
have dThdPase activity (Niedzwicki et al., 1981), the
degradation of these compounds to FUra must be
carried out by UrdPase.

Important factors to be considered in relation to
the lack of potentiation by benzylacyclouridines of
the cytotoxicity of FdUrd in the present study are the
ratios of UrdPase to OPRTase and Rib-1-P to
PRibPP as suggested by Houghton and Houghton
(1983). Since UrdPase in cells with the high ratios
of Rib-1-P to PRibPP and UrdPase to OPRTase
would predominantly catalyze the reaction toward
a nucleoside formation, in which FdUrd cleavage
would be less likely, benzylacyclouridines will not
have any effect in this case. However, if cells have
low ratios of UrdPase to OPRTase, and Rib-1-P to
PRibPP, the salvage of FUra to FUMP mainly oc-
curs by OPRTase, thereby blocking FdUrd cleavage
by UrdPase may indeed decrease the cytotoxicity of
FdUrd, while it will have no effect on the cytotox-
icity of FUra.

The in vitro protection by benzylacyclouridine of
L5178Y cells born by mice which were treated with
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fluorinated uridines could also be caused by the in-
hibition of the transport of these fluorinated
nucleosides (Lee ef al., 1984) as well as preventing
the formation of FUra then which cannot be con-
verted to the toxic FUMP. Alternatively, one must
also consider the prevention of degradation products
of FdUrd or FUrd, such as fluorocarbamyl-f-alanine
or fluoro-$-alanine, which may have toxic effects to
the cell as discussed by Hull ef al. (1988).

BAU inhibited the incorporation of Urd or FUrd
into acid soluble and insoluble fractions of L5178Y
cells (Table 2). The uptake of Urd in L5178Y cells
was also inhibited by BAU and BBAU (Fig. 1). In
the latter study, the inhibition was dose dependent
and BBAU was about 10-fold more potent. These
results are in agreement with the results of the
cytotoxicity study in the in vitro system, in which ben-
zylacyclouridines did not potentiate the cytotoxicity
of pyrimidine nucleoside antimetabolites including
FdUrd and FUrd. The inhibition of Urd uptake, or
incorporation of Urd or FUrd into acid soluble and
insoluble fractions of L5178Y cells by BAU or BBAU
could have been caused vig inhibition of the
nucleoside transport (Lee et al., 1984).

From the results of in vivo studies (Figs. 2-4) and
the analysis of Table 3, it is concluded that BAU or
BBAU does not potentiate the antitumor activity of
FUra, FUrd, or FdUrd against L5178Y cells irn vivo,
thereby no increase in the life-span of mouse bear-
ing these cells was observed. Since it has been known
that many tumor cell lines lack dThdPase and that
FdUrd can be cleaved by UrdPase, a combination
of a UrdPase inhibitor and FdUrd in vivo was pro-
posed to increase the therapeutic efficacy of FdUrd.
(Niedzwicki et al., 1981 and 1982). In contrast to this
speculation and to the results of Chu ez al. (1984a),
all three combination did not increase the life span
of mice bearing L5178Y leukemia cells which do not
posses dThdPase (Niedzwicki ef al., 1981).

Martin et al., (1982) reported that Urd injection
increased the therapeutic index of FUra in mice bear-
ing colon cancer by expanding the pool of Urd
nucleotides which increased the clearance of the FUra
moiety from RNA and caused a much faster recovery
of DNA synthesis in normal cells than in tumor cells.
It has also been reported that BAU increased the
plasma level of Urd in rats (Karle ef a/., 1981) and
mice (Levy ef al., 1982; Monks ef al., 1983; Dar-
nowski and Handschumacher, 1985). LaCreta et al.
(1989) also observed increased plasma half life of
FdUrd when rats were pretreated with inhibitors of
UrdPase or dThdPase. From these studies, it is ob-
vious that plasma uridine concentrations of mice

bearing L5178Y cells when treated with ben-
zylacyclouridines must increase, Therefore, the
phosphorolysis of FdUrd and FUrd should be
prevented by this double action, i.e., the inhibition
by benzylacyclouridine and the product inhibition by
uridine, leading to accumulation hence potentiation
of FdUrd, particularly in L5178Y cells which do not
have dThdPase. This potentiating effect in vivo and
the protecting effect shown in vitro may act in op-
posite directions and cancel each other to show no
pyrimidine acyclouridine effect (Fig. 2-4).

In conclusion, S5-benzylacyclouridines did not
show potentiation of fluorinated pyrimidines in vivo
as well as in vitro in L5178Y cell line. Instead, in
vitro, FdUrd, FUrd, 5’-dFUrd but no FUra protected
L5178Y cells in the presence of BAU or BBAU and
fluorinated pyrimidines. The protection of
S-benzylacyclouridines could be due to the anabolism
of FdUrd that occurs mainly through the sequential
action of UrdPase and OPRTase in this cell line, or
that the 5-benzylacyclouridines inhibit nucleoside
transport, or both. The prevention of degradation
of FUra by limiting its supply is suggested as a
possibility.
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