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Abstract—S5-Fluorouracil (5-FU) is an effective antitumor agent used in treating various cancers.
Because of its metabolism by intestinal and other cells, 5-FU has an inconsistent bioavailability that
limits its oral use. 5-Fluoro-2-pyrimidinone (5-FP), a 5-FU prodrug, was synthesized and found to be
converted to 5-FU by aldehyde oxidase, an enzyme present in high concentrations in the livers of mice
and humans but not in the gastrointestinal tract. Using BDF1 mice, the pharmacokinetics of 5-FP were
studied and compared with those of 5-FU. The bioavailability of 5-FP given orally was 100% at a
dosage of 25 mg&g and 78% at a dosage of 50 mg/kg. The half-lives of both doses of 5-FP were at
least 2-fold longer than the half-lives of the same doses of 5-FU, and the clearance rates of 5-FP were
3-fold slower. 5-FP was converted rapidly to 5-FU in vivo. The resulting 5-FU was measured at a
steady-state level of 40-70 uM in plasma, at a dosage of 25 mg/kg, that was sustained for at least 4 hr.
Also, when given orally, 5-FP was shown to have potent activity against Colon 38 tumor cells and P388
leukemia cells in mice. The therapeutic index of 5-FP was similar to that of 5-FU in these mouse tumor

models. The potential clinical use of 5-FP as a prodrug of 5-FU should be considered.
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Hepatic metastasis is still one of the major causes
of morbidity and mortality in patients with colorectal
carcinoma [1,2]. 5-FU% is the drug most widely
employed to treat colorectal cancer metastasized to
the liver, is administered usually by systemic
intravenous therapy, and is regarded generally as
the most active agent against metastatic colorectal
carcinoma as well as against other types of cancers
[3]- The principle action of 5-FU is generally accepted
as being inhibition of thymidylate synthase [4], and
its incorporation into RNA and DNA [5-7].
Once FAUMP is phosphorylated to FAUTP and
incorporated into DNA, its removal by uracil DNA
glycohydrolase can cause DNA breaks [7]. 5-FU has
a short plasma half-life, high total body clearance,
and a high hepatic extraction ratio [8, 9]; however,
the variable bioavailability among patients has
limited its oral usage [10]. The major cause of
differences in the bioavailability of 5-FU among
individuals could be due to the metabolism of 5-FU
in the gastrointestinal (GI) tract. We have shown
previously [11,12] that hepatic aldehyde oxidase
possesses a novel activity that will oxidize S-
substituted-2-pyrimidinone deoxyriboses to their 5-
substituted-deoxyuridine counterparts. 5-FP was
shown by others to be converted to 5-FU by liver
aldehyde oxidase [13, 14]. In our previous study [11],
aldehyde oxidase activity was not detected in

1 Corresponding author. Tel. (203) 785-7119; FAX (203)
785-7129.

4 Abbreviations: 5-FU, 5-fluorouracil; 5-FP, 5-fluoro-2-
pyrimidinone; IPdR, S5-iodo-2-pyrimidinone-2’'-deoxy-
ribose; IUdR, 5-iodo-deoxyuridine; EPdR, S-ethynyl-2-
pyrimidinone deoxyribose; and TCA, trichloroacetic acid.

gastrointestinal tissue. This suggests the potential of
5-FP to serve as an oral prodrug of 5-FU, and thus,
we hypothesize, that 5-FP may provide a more
consistent bioavailability of 5-FU. Significantly, the
potential use of 5-FP as a prodrug of 5-FU was not
discussed by others reporting the aldehyde oxidase
conversion of 5-FP to 5-FU [13, 14]. The present
study describes the synthesis of 5-FP, the distribution
of aldehyde oxidase in mouse tissue and the
kinetics of the oxidation of 5-FP to 5-FU, the
pharmacokinetics of 5-FP in mice, and the toxicity
and antitumor activity of 5-FP in mice.

MATERIALS AND METHODS

Chemicals. 5-FP was synthesized originally by
Helgeland and Laland in 1964 [15]. We synthesized
[2-1*C]-5-FP from [2-'*C]-5-FU {compound 1; 2.1
mCi in 18 mL of a 1:1 dilution of H,O and ethanol
(v/v); Moravek Biochemicals Inc., Brea, CA]. The
solution was transferred to a 25-mL round-bottom
flask, evaporated to dryness at room temperature,
and then co-evaporated with dry dioxane (3 X 1 mL)
under reduced pressure. To the residue, 13.8 mg
(0.11 mmol) of non-radioactive 5-FU, 34 mg phos-
phorous pentasulfide (P,S,y, 0.08 mmol) {16] and
4 mL dioxane were added. The solution was heated
to reflux with stirring for 3 hr, and then was filtered
while hot; the resulting solid was washed three times
with 1 mL dioxane. The filtrate and washings were
combined and evaporated under reduced pressure to
yield crude [2-1*C]-5-fluoro-4-thiouracil (compound
2), which was used for the next reaction without
further purification.
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Scheme 1.

A solution of compound 2 in 8 mL of H,O and
concentrated ammonium hydroxide (5:4, v/v) was
heated to reflux wth stirring [17]. Raney-Nickel®
(20 mg) was then added to the mixture [18], and
after 3 hr the reaction was essentially complete. The
hot solution was filtered and washed several times
with hot water. The washings were combined and
evaporated to dryness in vacuo. The residue was
passed through a short silica gel (1.2 g) column and
cluted with a chloroform:ethyl acetate:ethanol
mixture (CH,Cl,: AcOEt: EtOH, 2:2:1, by vol.).
The fractions containing the target compound were
combined and evaporated under reduced pressure
to obtain the crude [2-1*C]-5-FP (compound 3).

The progress of the reactions described above was
monitored by thin-layer chromatography (EM
precoated silica gel sheets containing a fluorescent
indicator) using unlabeled samples previously
synthesized in our laboratory as references. The
respective Ry values in CH,Cl,: EtOAc: EtOH
(4:4:1, by vol) are as follows: compound 1: Ry
0.67; compound 2: R 0.77; compound 3: Ry 0.38.
Compound 3 was further purified by HPLC usmg a
Partisil SAX-10 column with water as the mobile
phase before animal studies were initiated. The
purified 5-FP had a UV absorbance maximum at 316
nm.

IPdR and its analogs were synthesized by Dr. T.
J. Bardos and coworkers at the State University of
New York, Buffalo, NY [19].

Animals. Female BDF1 mice (weighing 18-20 g)
were purchased from Charles River Laboratories
(Portage, MI) and were used when they were 8-10-
weeks-old for the toxicity studies, for the maintenance
of transplanted tumors, and for pharmacokinetics
studies. All animals were cared for according to
N.I.H. guidelines.

Evaluation of toxicity of 5-FU and 5-FP in BDF1
mice. To study the toxicity of 5-FU and 5-FP, female
BDF1 mice were divided into several groups of five
mice each. Drugs, at indicated doses, were dissolved
in sterile saline and given orally every day for the
first 5 days. Then, the mice were observed for a
period of 40 days. The toxicities were determined
based on the number of survivors, and the 50%
lethal dose (LDsg) was calculated.

In vivo evaluation against P388-R mouse leukemia
cells and Colon 38 cells in BDF1 mice. P388-R mouse
leukemia cells (10° cells per mouse) that were

resistant to Adriamycin [20] were injected i.p. into
BDF1 mice. Drug was administered orally to the
mice on days 1-5, and control mice were fed sterile
saline.

Colon 38 cells were transplanted s.c. into female
BDF1 mice [21]. After 2 weeks, mice with 0.2 to
1cm?® tumors were selected for drug studies. The
mice were then given 5-FP and 5-FU p.o. daily for
5 days as described above. Tumor dimensions were
measured according to the methods previously
described [21]. The tumor weights were monitored
every 1-2 days for 2 weeks in the mice treated with
or without drug.

Tissue preparation. Mouse tissues were homog-
enized with an electric homogenizer as previously
described [11]. The homogenate was centrifuged at
10,000 g for 10 min, filtered through cheesecloth,
then dialyzed, and stored at —80° before use.

Assay conditions for the conversion of 5-FP to 5-
FU. The mixture for the assay of the conversion of
5-FP to 5-FU contained 50mM Tris-HCl (pH
7.5), 1mM EDTA, 180 uM IPdR or 5-FP and
approximately 0.01 mg of total protein from the
10,000 g supernatant of tissue homogenate in a final
volume of 500 yL. and incubated for 10 min at 37°,
unless specified otherwise. Proteins were removed
by precipitation with 15% (final concentration) TCA
followed by low speed centrifugation. TCA was
neutralized using a chlorotriffuoroethane (freon):
trioctylamine (55:45) extraction mixture [21]. Sam-
ples were analyzed on an RP-18 HPLC column
(Alltech, Deerfield, IL) using an acetonitrile/
ammonium acetate buffer, as previously described
{11].

Pharmacokinetic study of 5-FU and 5-FP. [**C]-5-
FU or [“C]-5-FP was administered to female BDF1
mice either i.v. through the tail vein or p.o. Mice
were randomized into two groups (2-3 animals per
time point; each animal was bled only twice): one
group received 25mg/kg and the other group
received S0mg/kg of either 5-FU or 5-FP. Both
drugs were dissolved in sterile saline, and the animals
received 0.2 mlL drug each. Blood was collected
from the retro-orbital sinus using a heparinized
capillary tube at 2, 5, 15, and 30 min and 1, 2, 4,
and 24 hr after drug injection.

The blood collected was centrifuged immediately,
and the plasma was separated and frozen at —20°.
The frozen plasma was pooled due to the small
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Table 1. Kinetic constants for the conversion of 5-FP to 5-FU and their analogs by rat liver
aldehyde oxidase

R
N~ |
o

Substrate K,* Vinax® Product
R R’ abbreviation (uM) (nmol/mg/min) abbreviation
F H 5-FP 220 + 40 §+3 S-FU
1 H 5-IPt 100 = 30 18 + 3% 5-IU+
I dR¥ IPdR 150 =20 11 + 2% TUdR
C=C dR EPdR 779 20 * 4% EUdR

* Values are means = SEM of at least three experiments.
1 dR = deoxyribose; 5-IP = 5-iodopyrimidinone; and 5-IU = 5-iodouracil.
i Data were taken from our previous publication [11].

volumes of plasma obtained and then extracted using
TCA followed by freon: trioctylamine extraction as
described above. The 5-FU and 5-FP in the extracted
samples were separated by HPLC, using a
Partisil-10 SAX column (25 cm X 4.6 mm; Whatman
International Ltd., Maidstone, U.K.) with 10 mM
potassium phosphate buffer (pH 6.8) as the mobiie
phase. Fractions were collected in vials, and
radioactivity was counted after addition of scin-
tillation fluid (Ecoscint, National Diagnostics,
Atlanta, GA).

Pharmacokinetic analysis. Plasma concentration
versus time curves were fitted to a non-compartmental
model of drug distribution. Pharmacokinetic
modeling and parameter estimation were performed
using the nonlinear regression program PCNONLIN
(Statistical Consultants, Lexington, KY). Areas
under the curve (AUC), volumes of distribution at
the steady state, total body clearance rates, and
mean residence times were calculated using standard
pharmacokinetic equations [22].

RESULTS

Activity of aldehyde oxidase in different tissues.
Our previous publication [11] indicated that aldehyde
oxidase activity, which converts IPdR to IUdR, was
localized mainly in the liver in rats and humans.
Since our current studies were performed mainly in
mice, we analyzed mouse tissue homogenates for
aldehyde oxidase activity and found enzyme activities
in liver homogenates similar to those in rats and
humans: 8-12, 5-15, and 2-7 nmol/mg protein/min
for mice, rats and humans, respectively. Enzyme
activity was minimal in mouse intestine, brain and
bone marrow (data not shown).

The conversion of 5-FP to 5-FU by aldehyde
oxidase in mouse liver homogenate was explored,
and the results are shown in Table 1. Both the K,,
and relative V,,, values of 5-FP as the substrate for
aldehyde oxidase were determined. These values

were compared with those measured in a previous
study [11] using 5-IP, EPdR and IPdR as substrates.
Methyl or ethyl groups at the 5-position were not
substrates of aldehyde oxidase (data not shown).

Pharmacokinetics of 5-FP and 5-FU in mice.
HPLC analysis of the plasma of mice treated with
25mg/kg of 5-FP (Fig. 1) demonstrates that
conversion of 5-FP to 5-FU had largely taken place
by 1hr. These figures were derived by trapezoidal
analysis of the peaks from the elution profiles of the
[*C]-labeled drug obtained from the HPLC. This is
a representative experiment that was repeated once
with overall identical results. However, it was
impossible to combine the two experiments because
of slight variations in actual sampling times.

Table 2 summarizes the pharmacokinetics of 5-FP
and 5-FU administration to BDF1 mice from the
experiment shown in Fig. 1. The values shown for
5-FP are calculated for the amount of S-FP in the
plasma of mice. The values for 5-FU derived from
5-FP are not included in the table. The clearance
rates of 5-FU were three times higher and the half-
lives at least 2-fold shorter than those of 5-FP. The
bioavailability of 5-FP was 100% at a dose of 25 mg/
kg and 78% at 50 mg/kg. The bioavailability of 5-
FU was 89% at 25 mg/kg. The volumes of distribution
were slightly higher for 5-FU than for 5-FP at both
doses.

Toxicity of 5-FU and 5-FP in BDF1 mice. The
toxicities of 5-FU and 5-FP, given orally to BDF1
mice, are shown in Table 3. The drugs were
administered daily for 5 days and followed for 40
days. 5-FP was at least 2-fold less toxic than 5-FU
based on the LDy determinations. Body weights
were identical among all groups, with no decreases
over time seen in drug-treated animals (data not
shown).

Effects of 5-FU and 5-FP on mice bearing leukemia
cells. The effects of 5-FU and 5-FP on survival time
of mice inoculated with 10° mouse P388-R leukemia
cells [22] were evaluated. Mice were inoculated
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(a)ls - FP - FU Table 3. Toxicity of 5-FU zﬁgeS-FP given orally to BDF1
% Dose Death/ LDsy (mg/kg)
< jof- Compound (mg/kg) Total daily
=
- 50 1/5
2 5-FU 75 3/5 70
s Sk 100 4/5
E 100 0/5
2 5-FP 150 1/5 180
ol it w5
0.01 0.1 1 10 - - -
Time (hours) Five animals were used in each group.
(b)
0 _o-Fp -o-FU Table 4. Effects of 5-FU and 5-FP on survival time of mice
bearing leukemia P388-R cells*
g Doset Survival ILSH
g 20| Group (mg/kg) (days) = SD (%)
(=¥
g Control 128+1.6
- 5-FU 25 134+1.1 5
5 50 16.0£1.0 25
21T 5-FP 50 12.6 2 0.9 0
] S~ Aeeep” A\A\ 100 16.6 = 0.9 30
. | Five animals were used in each group. Values are
00.0! e Y ) averages of two experiments.

Time (hours)
Fig. 1. Conversion of 5-FP to 5-FU in mice administered
5-FP. Mice were given 25 mg/kg [**C]-5-FP either p.o. (A)
or i.v. (B). The values were derived from HPLC elution
profiles of mouse plasma samples.

with tumor cells and then treated daily with 5-FP or
5-FU for 5 days. Two weeks after tumor inoculation,
the survival times of the mice were compared (Table
4). Mice treated with 5-FP exhibited survival times

* P388-R cells (10%), which are resistant to Adriamycin,
were inoculated into each mouse i.p.
+ Tumor injection was given on day 0, and drug
treatments were given daily on days 1-5.
1 Increase in life span compared with mice not treated
with drug.

similar to those treated with 5-FU, although twice

as much 5-FP was required to achieve this effect.
Oral treatment of mouse Colon 38 tumors with 5-

FU and 5-FP. BDF1 female mice bearing s.c.

Table 2. Pharmacokinetic behavior of 5-FP and 5-FU administered orally to BDF1 mice

5-FP Administration

5-FU Administration

25 mg/ke 50 mg/kg 25mgfkg 50 mg/kg
AUC (ug-mL/hr) 7.4+0.7 25.9+2.8 2.5+0.3 57+1.1
Ty (hr) 0.2 +0.03 0.4 +0.05 0.1+0.02 0.10 £ 0.03
CL (mL/hr) 67.9+6.5 48.6 + 4.2 198.3 £ 27.2 176.3 + 35.8
AUMC (ug-mL/hr) 22+05 13.5+3.2 0.3=0.1 0.8 0.4
MRT (hr) 0.3x0.04 0.5+0.07 0.1 =0.03 0.1x0.04
Vg (L/kg) 1.0 = 0.06 1.0 £ 0.05 1.4 0.1 1202
Bioavailability 100% 78% 89% —

These values (means = SEM) were based on 3-6 mice per group. Abbreviations:
AUMC: area under the first moment vs concentration curve;
AUC: area under the concentration vs time curve;

CL: clearance rate;

MRT: mean residence time (AUMC/AUC = MRT);

Typ: half-life; and

Vss: calculated volume of distribution at steady state.
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Ratio original tumor weights

Days after drug treatment

Fig. 2. Treatment of mouse carcinoma (Colon 38) with 5-
FU and 5-FP. BDF1 female mice bearing s.c. transplants
of Colon 38 cell tumors were selected and treated, as
described in Materials and Methods. Tumor sizes were
monitored and converted to tumor weights on days 1, 3,
5,7, and 12, and the ratios of starting weights were plotted
against the day after the drug treatment. The starting
weights of tumors (average weights: 0.3 g) were assigned
the value of 1. Since several tumors often formed at the
site of injection, the weights of all tumors were combined.
Five mice were included in each group. Error bars represent
+ SEM.

transplants of Colon tumor 38 cells were treated
orally with either 5-FP or 5-FU. Mice showed similar
reductions in tumor size whether treated with 5-FP
or 5-FU (Fig. 2). When given a dose of either 50 or
100 mg/kg, the latter dose correlated with the
greatest reduction in tumor size for 5-FP or 5-FU
treatments. At 50 mg/kg, the tumor sizes regressed
through day 7, until reaching a slightly larger size
than the original by day 16. The untreated mice had
tumor sizes 10 times larger than the original tumor
sizes by day 12. At no time did tumor weights exceed
3.6 g. 5-FU and 5-FP were administered to the mice
in equitoxic doses (Table 3). Figure 2 shows one
representative experiment, which was repeated with
similar results. Due to variations in initial tumor
sizes and mouse ages, the experiments could not be
totalled together.

DISCUSSION

Our studies showed that 5-FP could be converted
to 5-FU in vivo in the liver, which is rich in aldehyde
oxidase [11,12]. We found that the enzymatic
conversion of 5-FP to 5-FU was absent in intestines
and bone marrow homogenates and supported the
idea that 5-FP was converted to 5-FU in liver before
being transported to other target sites. Our
pharmacokinetic results indicated that 5-FP was
converted to 5-FU in mice, with higher 5-FP plasma
concentrations at the early time points, again
supporting the idea that 5-FP could be converted to
5-FU in vivo (Fig. 1). 5-FU, derived from 5-FP, was
present in plasma in higher amounts than 5-FP after
1hr and was present in significant amounts even
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after 24hr, when 5-FP was given orally or
intravenously. This extended presence of 5-FU was
not seen in mice treated with 5-FU. In view of the
difference in substrate behavior of aldehyde oxidase
indifferent species [13, 14], studies in human subjects
in vivo will be necessary to confirm whether the
superior pharmacokinetics of 5-FP over 5-FU seen
in mice is relevant in humans.

Several enzymes related to the metabolism and
catabolism of 5-FU, such as orotate phos-
phoribosyltransferase, pyrimidine nucleoside phos-
phorylases and dihydrouracil dehydrogenase, were
reported to be located in the gastrointestinal tract
and appear to be light-cycle dependent [23].
Therefore, the individual variability and circadian
rhythms of these intestinal enzymes may play a
significant role in modulating the plasma levels of 5-
FU given orally. However, 5-FP before being
converted to 5-FU was not metabolized by these
enzymes (unpublished results). The only enzyme
that utilizes 5-FP as a substrate, aldehyde oxidase,
was found not to be light-cycle dependent (data not
shown) and is present predominantly in the liver.
The absence of the metabolism of 5-FP in intestinal
cells was substantiated using the colonic cell line,
Caco-2 [24]. No metabolism of 5-FP could be
detected, whereas 5-FU was readily metabolized in
Caco-2 monolayer cultures [25, 26]. Therefore, the
variable bioavailability among individuals given oral
doses of 5-FU may not be seen in oral delivery of
5-FP. Also, because of the lack of metabolism seen
with Caco-2 colonic cells, lower GI toxicity would
be expected with oral use of 5-FP than is seen
currently in patients treated with 5-FU. It is not
uncommon for the bioavailability of 5-FU to
approach 100% in mice, even though it is lower in
humans, so our results are not unexpected.

We found that 5-FP was as effective as 5-FU
against both P388-R mouse leukemia cell transplants
(Table 4) and against Colon 38 mouse tumors (Fig.
2). The toxicity of 5-FP after a 5-day administration
was at least 2-fold lower than that of 5-FU (Table
3). The relative potency of the antitumor activity of
5-FP was approximately 2-fold less than that of 5-
FU; however, when taking the toxicity into account,
the therapeutic index of 5-FP was similar to that of
5-FU.

Based on our results presented in this paper, 5-
FP holds promise of being a future drug that may
substitute for 5-FU treatment of various cancers.
Additionally, oral administration of 5-FP may also
be as effective as 5-FU in the treatment of cancer.
Since the prodrug activation site is localized mainly
in the liver, the use of 5-FP in the treatment of liver-
associated cancers should be explored. Additionally,
the oral use of 5-FP may decrease some of the
systemic toxicity seen with i.v. 5-FU treatment
and would eliminate the need for expensive
hospitalization for the i.v. therapy currently used.
Detailed studies of the pharmacokinetics and
pharmacodynamics of 5-FP are under investigation.

Acknowledgements—This work was supported by NCI
grant CA-44358 and NIH Grant CA-16359.

REFERENCES
1. Bengmark S and Hafstrom L, The natural history of



1116

10.

11.

12.

primary and secondary malignant tumors of the liver.
I. The prognosis of patients with hepatic metastases
from colonic and rectal carcinoma by laparotomy.
Cancer 23: 198-202, 1969.

. Pestana C, Reitemeier RJ, Moertel CG, Judd ES and

Dockerty MB, The natural history of carcinoma of the
colon and rectum. Am J Surg 108: 826-829, 1964.

. Remick SC, Benson AB III, Weese JL, Willson JKV,

Ramirez G, Wirtanen GW, Alberti DB, Nieting LM,
Tutsch KD, Fischer PH and Trump DL, Phase I trial
of hepatic artery infusion of 5-iodo-2'-deoxyuridine
and S5-fluorouracil in patients with advanced hepatic
malignancy: Biochemically based combination chemo-
therapy. Cancer Res 49: 6437-6442, 1989.

. Heidelberger C, Chaudhuri NK, Danenberg P, Mooren

D, Griesbach L, Duschinsky R, Schnitzer RJ, Pleven
E and Scheiner J, Fluorinated pyrimidines, a new class
of tumor-inhibitory compounds. Nature 179: 663-666,
1957.

. Myers CE, The pharmacology of the fluoropyrimidines.

Pharmacol Rev 33: 1-15, 1981.

. Parker WB and Cheng YC, Metabolism and mechanism

of action of 5-fluorouracil. Pharmacol Ther 48: 381-
395, 1990.

. Handschumacher RE and Cheng YC, Purine and

pyrimidine antimetabolites. In: Cancer Medicine (Eds.
Holland JF, Frei E, Bast RC, Kufe DW, Morton DL
and Weichselbaum RR), 3rd Edn, pp. 712-732. Lea
& Febiger, Philadelphia, PA, 1993.

. Chabner BA, Pyrimidine antagonists. In: Pharma-

cologic Principles of Cancer Treatment (Ed. Chabner
BA), pp. 183-212. W. B. Saunders, Philadelphia, 1982.

. Ensminger WD, Rosowsky A, Raso V, Levin DC,

Glode M, Come S, Steele G and Frei E III, A clinical-
pharmacological evaluation of hepatic arterial infusions
of 5-fluoro-2'-deoxyuridine and 5-fluorouracil. Cancer
Res 38: 3784-3792, 1978.

Christophidis N, Vajda FJE, Lucas I, Drummer O,
Moon WIJ and Louis WJ, Fluorouracil therapy in
patients with carcinoma of the large bowel: A
pharmacokinetic comparison of various rates and routes
of administration. Clin Pharmacokinet 3: 330-336,
1978.

Chang CN, Doong SL and Cheng Y-C, Conversion of
5-iodo-2-pyrimidinone-2’-deoxyribose to S-iodouridine
by aldehyde oxidase: Implication in hepatotropic drug
design. Biochem Pharmacol 43: 2269-2273, 1992.
Kinsella TJ, Kunugi KA, Vielhuber KA, McCulloch
W, Liu S-H and Cheng Y-C, An in vivo comparison
of oral 5-iodo-2’'-deoxyuridine and 5-iodo-2-pyrimi-
dinone-2’-deoxyribose toxicity, pharmacokinetics, and
DNA incorporation in athymic mouse tissues and the

13.

14.

15.

16.

17.
18.
19.

20.

21.

22.

23.

24.

25.

26.

X. GUO et al.

human colon cancer xenograft, HCT-116. Cancer Res
54: 2695-2700, 1994.

Johns DG, Human liver aldehyde oxidase: Differential
inhibition of oxidation of charged and uncharged
substrates. J Clin Invest 46: 1492-1505, 1967.

Johns DG, Sartorelli AC, Bertino JR, Iannotti AT,
Booth BA and Welch AD, Enzymic hydroxylation of
S-fluoropyrimidines by aldehyde oxidase and xanthine
oxidase. Biochem Pharmacol 15: 400-403, 1966.
Helgeland L and Laland S, The synthesis, charac-
terization and biological properties of a new substance,
S-fluoropyrimidine-2-one. Biochim Biophys Acta 87:
351-353, 1964.

Uchytilova V, Holy A, Cech D and Gut J, Preparation
of 2-pyrimidinone and derivatives. Collect Czech Chem
Commun 40: 2347-2351, 1975.

Brown DJ, Syntheses in the pyrimidine series. I. Use
of pyrimidinethiols. J Soc Chem Ind 69: 353-356, 1950.
Undheim K and Gacek M, Some derivatives of 5-
fluoropyrimidine. Acta Chem Scand 23: 294-299, 1969.
Efange SMN, Alessi EM, Shih HC, Cheng Y-C and
Bardos TJ, Synthesis and biological activities of 2-
pyrimidinone nucleosides. 2. 5-Halo-2-pyrimidinone
2'-deoxyribonucleosides. J Med Chem 28: 904-910,
1991.

Johnson RK, Chitnis MP, Embrey WM and Gregory
EB, In vivo characteristics of resistance and cross-
resistance of an Adriamycin-resistant subline of P388
leukemia. Cancer Treat Rep 62: 1535-1547, 1978.
Pizzorno G, Wiegand RA, Lentz SK and
Handschumacher RE, Brequinar potentiates 5-fluoro-
uracil antitumor activity in a murine model Colon
38 tumor by tissue-specific modulation of uridine
nucleotide pools. Cancer Res 52: 1660-1665, 1992.
Gibaldi M, Biopharmacokinetics and Clinical Phar-
macokinetics. Lea & Febiger, Philadelphia, 1991.
Naguib FNM, Soong SJ and el Kouni MH, Circadian
rhythm of orotate phosphoribosyltransferase, pyrim-
idine nucleoside phosphorylases and dihydrouracil
dehydrogenase in mouse liver: Possible relevance to
chemotherapy with 5-fluoropyrimidines. Biochem
Pharmacol 45: 667-673, 1993.

Hidalgo 1J, Raub TJ and Borchardt RT, Charac-
terization of the human colon cell line (Caco-2) as a
model system for intestinal epithelial permeability.
Gastroenterology 96: 736-749, 1989.

Guo X, Chang CN, Chen HX, Zhu JL, Yen Y, Basson
MD, TurowskiG, LinTS and Cheng Y-C, Development
of a prodrug of 5-fluorouracil. Proc Am Assoc Cancer
Res 34: 2483, 1993.

Lerner-Tung MB, Chen HX, Guo X, Chang CP,
Pizzorno G and Cheng Y-C, Pharmacokinetic behavior
of orally-administered 5-fluoropyrimidinone, a prodrug
of 5-fluorouracil. Proc Am Assoc Cancer Res 35: 2575,
1994.



