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Purpose. The effect of uridine (UR) coadministration on the intestinal
metabolism from 5'-deoxy-5-fluorouridine (5'-DFUR) to 5-fluoroura-
cil (5-FU) was evaluated by a method of concentration difference
between portal and systemic bloods in conscious rats (PS method).
Methods. 5'-DFUR (100 mg/kg) alone (Group A), or 5'-DFUR + UR
(100 mg/kg each) (Group B) was orally administered to conscious rats.
The portal and arterial bloods were simultaneously withdrawn from
two canulas at appropriate time intervals, and blood concentrations of
5'-DFUR, S-FU, UR and uracil (U) were assayed by HPLC. The
concentration-time profiles of these drugs and its metabolites were
analyzed by local moment analysis.

Results. UR coadministration made the local absorption ratio (F,) of
5'-DFUR decrease significantly from 60.1 = 10.5% to 38.0 = 18.6%
of dose. Though the local absorption ratios (F}) of the metabolite (5-
FU) were the same between Group A and Group B (8.3 * 1.9 and
8.7 = 4.0% of 5'-DFUR, respectively), AUC of arterial 5-FU in Group
B was 5 times greater than that in Group A. UR was not detected in
the portal blood, and F} of U was estimated to be 41.9 * 26.8% of
UR in Group B.

Conclusions. It is predicted that a large portion of 5-FU generated
from 5'-DFUR is further degraded in the intestine in Group A, and U
generated from UR blocks 5-FU degradation in the intestine and the
systemic circulation in Group B.

KEY WORDS: portal-systemic difference method; intestinal metabo-
lism; 5'-deoxy-5-fiuorouridine; uridine; coadministration.

INTRODUCTION

5'-Deoxy-5-fluorouridine (5'-DFUR) is a metabolic pro-
drug of 5-fluorouracil (5-FU), the representative anti-tumor
drug of fluoropyrimidine, and is used orally in the treatment
of solid tumors (1,2). 5'-DFUR is converted to 5-FU exclusively
by pyrimidine nucleoside phosphorylases (PyNPase) (3,4)
which presents in tumors and in various normal tissues (3,5).
The activity of this enzyme in tumors converts 5'-DFUR to
5-FU more effectively than that in normal tissues. PyNPase,
however, is much more active in the intestine than in other
normal tissues (6), which indicates that 5'-DFUR, orally admin-
istered, can be converted to 5-FU in the intestine before it
reaches the tumors. The first-pass metabolism from 5'-DFUR
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to 5-FU through the intestinal wall has been considered to
induce an intestinal toxicity after oral administration higher
than after intravenous dose of 5'-DFUR (7,8) because 5-FU is
much more toxic than its prodrug. It was expected that the
inhibition of intestinal PyNPase activity and the block of 5-FU
generation from 5'-DFUR reduces its intestinal toxicity. Several
attempts have been made to decrease 5-FU generation in the
intestine by applying inhibitors against PyNPase (9-12). Uri-
dine (UR), a metabolic substrate to PyNPase, inhibited 5'-
DFUR elimination in the homogenized small intestine of rat
(9). Therefore, it was predicted that UR coadministration would
decrease the intestinal generation of 5-FU. In spite of this
expectation, the coadministration of 5'-DFUR with UR invoked
both an increase in blood concentration of 5-FU and a decrease
in its elimination rate from the systemic circulation (13). They
concluded that 5-FU elimination was inhibited by uracil (U)
generated from coadministered UR, and 5-FU blood concentra-
tion was increased (13). However, they offered no experimental
evidence that UR coadministration decreased the generation of
5-FU from 5'-DFUR through the intestinal wall and conse-
quently decreased 5-FU concentration in the portal blood.

Recently, a new method based on local moment analysis
has been developed to directly evaluate the intestinal generation
of metabolites in a single conscious rat (14). This method was
originally developed to separately evaluate an intestinal and
hepatic first-pass effects of parent drugs based on the simultane-
ous determination of portal and systemic blood concentrations
(PS method) (15-17). It was shown in the preceding study (14)
that about 70% and 10% of dosed amount were detected as
intact form and as 5-FU, respectively, in the portal system after
oral administration of 5'-DFUR (100 mg/kg).

In this investigation, the effect of coadministered UR on
the intestinal first-pass metabolism of 5’'-DFUR in conscious
rats was directly evaluated by PS method based on local
moment analysis.

MATERIALS AND METHODS

Chemicals

5’-DFUR was generously provided by Nippon Roche Co.,
Ltd., Kamakura, Japan. No contamination of 5-FU in 5'-DFUR
was confirmed by HPLC. 5-FU, UR, U and S-bromouracil
(internal standard) were purchased from Sigma Chemical Co.
(St. Louis, MO). Sodium heparin solution was obtained from
Shimizu Pharmaceutical Co., Ltd. (Shizuoka, Japan). All other
chemicals and reagents used were of analytical or HPLC grade.

Animal Experiment

All procedures were performed in compliance with “Prin-
ciple of Laboratory Animal Care” (NIH publication #85-23,
revised 1985).

Experiments were performed according to the method
reported (14). Male Wistar rats, weighting 200-250 g, fasted
overnight, were lightly anesthetized with ether. After a midline
incision to open the abdomen, a PE10 catheter was inserted
into the portal vein from the junction of portal vein and inferior
pancreaticoduodenal vein, and the tip of catheter was placed
just close to the liver. The catheter was secured to the mesentery
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with an adhesive. The free end of the catheter was exteriorized
to the right side of abdominal wall. The right femoral artery
of each rat was also cannulated. Each rat was held in a Bollman
cage and was allowed to recover from the anesthesia for more
than 2 h. Rats were divided to control group (Group A) and
coadministration group (Group B). 5'-DFUR dissolved in saline
(50 mg/ml) was administered orally as a gastric gavage at a
dose of 100 mg/kg in Group A. UR (100 mg/kg) and 5'-DFUR
(100 mg/kg) in saline (50 mg/ml) were orally administered at
the same time. Portal and arterial blood samples (ca. 60 wl
each) were simultaneously collected from two canulas at sched-
uled time intervals.

Analytical Procedure

The concentrations of 5'-DFUR, 5-FU, UR and U in
blood were simultaneously determined as previously reported
(14), according to assay methods (18,19) with slight modifica-
tions. 50 pl of blood was added to 0.25 ml of 50 mM phosphate
buffer (pH 2.5) containing internal standard (1 pg/ml). The
mixture was extracted three times with 0.75 ml of ethyl acetate
and the combined organic layers were evaporated under nitro-
gen stream. The residue was reconstituted with 250 pl of
phosphate buffer, and a 90 pl portion was injected into an
HPLC system equipped with an ODS reversed-phase column.
The detector wavelength, flow rate, and column temperature
were at 260 nm, 1.0 ml/min, and 40°C, respectively. 5'-DFUR,
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5-FU, UR, and U were eluted according to a gradient program
with a mobile phases consisted of 10 mM sodium acetate
buffer (pH 4.0) and methanol. Calibration lines were used to
determine unknown analyte concentrations in blood samples,
ranging 0.25 to 50 pg/ml for 5'-DFUR, 0.05 to 10 ng/ml for
5-FU, 2.5 to 50 pg/ml for UR, and 0.5 to 10 pg/ml for
U, respectively. Using peak area ratios to internal standard,
calibration parameters were determined by the variance-stabi-
lizing transformation method (20). Accuracy and precision
were within 10% at all concentrations.

Data Analysis

The absorption rate of administered drug, dA(t)/dt, from
the intestinal tract into the portal system was calculated with
Eq. 1 (16,17).

L0 - 0, 0 - ) M
where (Q, is the blood flow rate in the portal system, and C,
(#) is the time course of 5'-DFUR concentrations in blood. The
superscripts, por and art, specify portal and arterial concentra-
tions, respectively. Q, was estimated to be 15.3 = 2.2 ml/
min per body weight (250 g) by the measurement with an
electromagnetic flowmeter (14).
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Fig. 1. Mean blood concentration-time course of 5'-DFUR and its metabolite 5-FU after oral administration of 100 mg/kg of 5'-DFUR alone
(A, left figures) and after concomitant oral administration of 100 mg/kg of 5’-DFUR with UR (B, right figures). @ and (O represent portal
vein and artery blood, respectively. Each point represents mean and SD of five rats.
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The local moments for the absorption rate-time curve for
parent compounds are defined by the following Eqs. 2 and
3 (16):

_ J“’ dA(t)

F ——=dt | Dose = Q,(AUCP*" — AUC*™) | Dose  (2)

o dt

fGIJ t-ﬁ-dt/f B
o dt o at

_ MRTP - AUC™ — MRT"" - AUC"
AUC™ —~ AUC™"

3)

where F, is the local absorption ratio from the intestinal tract into
the portal system, and 7, is the mean local absorption time from
the gastrointestinal tract into the portal system for 5'-DFUR.

The same equation of Eq. 1 can be applied to 5-FU (metab-
olite) generated from 5'-DFUR (parent compound), and to U
generated from UR through the intestine into the portal system.
The local absorption ratio (F}) and the mean local absorption
time (') of metabolites (5-FU and U) can also be defined by
the same way shown in Eqgs. 2 and 3 (14). F7 is defined to be
the fraction of parent drug that reaches as its metabolite to the
portal system after the metabolic conversion by the intestinal
flora and/or in the intestinal mucosa. Accordingly, F7 is related
to not only the metabolite generation, but also metabolite elimi-
nation in the intestine, and it is noted that Dose in Eq. 2 is that
of 5'-DFUR (or UR). # is the mean time which includes mean
times of the parent drug and its metabolite, that spends in the
intestinal lumen and intestinal wall. F7 was calculated by taking
into consideration the molecular weight of 5'-DFUR (246.1)
and 5-FU (130.1), or UR (244.2) and U (112.1).

AUC and MRT of compounds in arterial and portal bloods
were computed by the trapezoidal integration with extrapolation
to infinite. The statistical analysis was performed by one or two-
way analysis of variance (ANOVA) at a 5% significant level.

RESULTS

Figure 1 presents the time courses of portal and arterial
blood concentrations of 5'-DFUR and 5-FU, following oral
administration of 5'-DFUR alone (Group A) and coadministra-
tion of 5’-DFUR with UR (Group B) into rats. Each point in
the figure represents the mean of five rats.

The blood concentration of 5'-DFUR was always higher
in portal vein than in the artery in Group A. This difference
reflected the absorption of 5'-DFUR from the intestinal tract
into the portal system (16,17). The portal-systemic difference
in 5-FU concentrations indicated the generation of 5-FU from
5'-DFUR in the intestine (14). In Group B, the blood concentra-
tion of S'-DFUR in the portal vein was also higher than that
in the artery, and the extent of concentration difference between
portal and artery bloods was smaller than that in Group A. The
concentrations of 5-FU in both portal and artery bloods were
considerably greater in Group B than in Group A, though the
portal-systemic differences in 5-FU concentration were almost
the same between groups A and B.

Table I presents AUC and MRT of time courses of 5'-
DFUR and 5-FU concentrations in the portal and arterial bloods
in Groups A and B. In Group A, AUC values of both 5'-DFUR
and 5-FU in portal blood were significantly higher than those
in arterial blood. MRT values of 5'-DFUR and 5-FU in portal
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Table I. Moment Characteristics of 5'~-DFUR, 5-FU and Uracil After
Oral Administration of 5'-DFUR or Oral Coadministration of 5'-DFUR

and Uridine

Administration 5'-DFUR alone 5'-DFUR+Uridine
Body weight (g) 222+ 19 226 = 16
Qb? (ml/min) 136 = 1.2 138 = 1.0
(A) 5'-DFUR
AUC (pg*min/ml)

Portal 2340 *+ 290¢ 2040 * 540¢

Artery 1350 = 330 1420 * 350
MRT (min)

Portal 110 = 21.1°¢ 102 = 11.0°

Artery 123 + 26.7 107 = 11.5
Fa (%) 60.1 = 10.5 38.0 = 18.¢
f, (min) 90.6 * 15.1 89.6 + 16.3
(B) 5-FU
AUC (pg*min/ml)

Portal 109 + 23.0¢ 262 * 66.7%¢

Artery 38 +92 187 + 66.7"
MRT (min)

Portal 108 * 16.7 102 = 11.6

Artery 125 + 347 942 + 143
F} (% of 5'-DFUR) 83 *19 8.7 4.0
£ (min) 96.8 * 14.8 133 * 39.8
(C) Uracil
AUC (pg*min/ml)

Portal 840 * 340°

Artery 530 = 210
MRT (min)

Portal 949 + 7.5
Artery 894 + 35
F' (% of Uridine) 419 + 26.8
£ (min) 102 £ 13.0

Note: (A) and (B) correspond to the moment parameters obtained by

5'-DFUR and 5-FU blood concentrations, respectively, following oral

administration of 100mg/kg of 5'-DFUR or oral coadminstration of

100mg/kg each of 5'-DFUR and uridine in rats (mean = S.D.,n =5

each). (C) represents the moment parameters of uracil generated from

uridine after oral coadminstration of 5'-DFUR and uridine. Uridine

concentrations were less than the quantitation limit (2.5 g/ml) through-

out the study.

“ Portal blood flow rate was calculated as Qb =
weight/250.

® Significantly different (p < 0.05) from the group administered 5'-
DFUR alone.

¢ Significantly different (p < 0.05) from that in artery.

15.3 X body

vein were significantly smaller than those in the artery. MRT
values of 5'-DFUR in portal vein and artery were very close
to corresponding MRT values of 5-FU in portal vein and artery,
respectively. F, and 7, of 5'-DFUR were estimated to be 60.1
* 10.5% of dose and 90.6*15.1 min, respectively, according
to Egs.2 and 3. F}; of 5-FU, generated by intestinal metabolism
from 5'-DFUR and reached the portal system, was 8.3 = 1.9%
of 5'-DFUR administered. & of 5-FU was estimated to be 96.8
* 14.8 min, which was close to 7, of 5'-DFUR. The local
moment parameters in Group A were almost the same as those
in previous reports (14).

F, of 5'-DFUR (38.0 £ 18.6% of dose) in Group B was
about one third less than that in Group A (60.1%). AUC values
of 5-FU both in portal vein and artery were increased intensively
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in Group B, and AUC in the artery of Group B was about five-
fold of that in the artery of Group A. However, F7 of 5-FU in
Group B was estimated to be 8.7 4.0% of administered 5'-
DFUR, which was very close to that in Group A. 7 of 5-FU
in Group B was slightly greater than that in Group A, although
the difference was statistically insignificant.

Figure 2 shows the time courses of portal and arterial
blood concentrations of U in Group A (triangle) and Group B
(circle). No remarkable fluctuation in endogenous U concentra-
tions was observed both in portal and arterial bloods in Group
A. UR was not detected in portal and arterial bloods (at guantifi-
cation limit of 2.5 pg/ml) in Group B. The concentration of U
were considerably increased by UR coadministration and U
concentration in portal vein was always higher than that in
artery, indicating the intestinal metabolic conversion from UR
to U. The time profile of U concentration in the artery was
comparable to that of 5-FU (Fig. 1). Table I also presents AUC
and MRT of U concentrations in portal and arterial bloods and
Jocal moment parameters in Group B. F7 of U was estimated
to be 41.9 *+ 26.8% of coadministered UR, which demonstrates
that UR is eliminated 100% through the intestinal wall and
arrives 40% at portal system as its metabolite (U).

DISCUSSION

It has been reported that 5'-DFUR blood concentrations
increased proportionally with the dosing levels at 5, 20, and
50 mg/kg after oral administration of 14C-labeled 5'-DFUR in

15{
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rats (21). After oral administration of 5'-DFUR (500 mg/kg)
in rat, the absolute bioavailability (F) of 5'-DFUR was about
60% (22), which is very close to F, of 5’-DFUR obtained in
the present study. The preceding study demonstrated that the
hepatic recovery ratio was close to 100% (14). Thus, it is
considered that the absorption kinetics of 5’-DFUR into the
portal vein is linear at the dose (100 mg/kg).

Tt is known that orally administered 5'-DFUR is metabolically
converted to 5-FU by PyNPase in the intestinal wall (3.6), and
that the intestinal toxicity of oral 5’-DFUR is partly due to 5-FU
generated by the intestinal first-pass metabolism (8). Therefore,
it is expected that the inhibition of intestinal PyNPase activity and
hence the block of intestinal 5-FU generation potentially decreases
its intestinal toxicity. Since UR is a metabolic substrate to PyNPase,
UR is predicted to inhibit competitively the conversion of 5'-
DEUR to 5-FU in small intestine (9), accompanying with the
formation of U as its metabolite. In this experiment, UR was not
detected in portal and arterial bloods after its oral administration,
which may suggest that UR was completely eliminated in the
intestine and arrived 40% at the portal system as U. Since metabo-
lites (U and 5-FU) are further degraded to corresponding dehydoro-
derivatives by an enzyme, dihydropyrimidine dehydrogenase
(DPD) (23,24), U inhibits competitively the metabolic degradation
of 5-FU in the liver (25).

After oral administration, a portion of 5'-DFUR was con-
verted to 5-FU in the intestine and about 7% of 5’-DFUR
arrived as 5-FU at the portal system (14). The experiment in
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Fig. 2. Mean blood concentration-time course of U after oral administration of 100 mg/kg of 5'-DFUR alone (triangle) and after concomitant
ora! administration of 100 mg/kg of 5'-DFUR with UR (circle). The closed and open symbols represent portal vein and artery blood, respectively.

Each point represents mean and SD of five rats.
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the intestinal homogenate predicted about 10% of 5-FU generation
in vivo from 5’-DFUR, which agreed with the result in the present
experiment (26). The coadministration of UR was anticipated to
block 5-FU generation in the intestine by the competitive inhibition
of PyNPase and consequently to increase F, of 5'-DFUR and
decrease F} of 5-FU. In contrast against this expectation, F}; of
5-FU was unaffected and F, of 5'-DFUR was decreased 37%
by coadministered UR. This contradiction may indicate that a
considerably large portion of 5-FU from 5'-DFUR is further
degraded through the intestinal wall in Group A and that U from
UR blocks the 5-FU degradation through the intestine in Group
B. It is reported that UR inhibits the transport of 5'-DFUR into
the intestinal wall (13), which also explains the decrease in F, of
5'-DFUR with UR coadministration. Despite that F, of 5'-DFUR
was decreased, AUC of 5'-DFUR in the arterial blood was not
altered by UR administration, which may suggest that U decreases
5’-DFUR elimination in the systemic circulation (9). In Group B,
5-FU concentration in the systemic circulation was considerably
increased, in spite that no remarkable change in F}; of 5-FU. The
time-profile of 5-FU and its local moment parameters (£ and
MRT) were comparable to those of U, suggesting that the competi-
tive inhibition of 5-FU degradation by U in the systemic
circulation.

CONCLUSIONS

The in vitro experiment, using an intestinal homogenate,
predicts that coadministered 5'-DFUR with UR would increase
5'-DFUR level and decrease 5-FU level in the portal vein. The
present study based on PS method demonstrates in a direct way
that the prediction from the in vitro study does not always agree
with the in vivo experiment using conscious rat. The local
moment analysis by PS method provides an experimental infor-
mation on the extent and rate of metabolite generation in the
first-pass processes in a single conscious rat, as well as that of
the parent drug disposition. Therefore, this analysis method is
expected to also be effective to evaluate the drug-drug interac-
tion of orally administered drugs.

REFERENCES

1. A. F. Cook, M. J. Hloman, M. J. Kramer, and P. W. Trown.
Fluorinated pyrimidine nucleosides 3. Synthesis and antitumor
activity of a series of 5'-deoxy-5- fluoropyrimidine nucleosides.
J. Med. Chem. 22:1330-1335 (1979).

2. H. Fujita, K. Ogawa, H. Hakagawa, K. Kawaguchi, Y. Nakagawa,
and Y. Doi. Pharmacokinetics of 5’-deoxy-5-fluorouridine (5'-
DFUR) by oral administration. J. Jpn. Soc. Cancer Ther. 18:916—
926 (1983).

3. H. Ishitsuka, M. Miwa, K. Takemoto, K. Fukuoka, A. Itoga, and
H. B. Maruyama. Role of uridine phosphorylase for antitumor
activity of 5'-deoxy-5- fluorouridine. Gann 71:112-123 (1980).

4. R. D. Armstrong and R. B. Diasio. Metabolism and biological
activity of 5'- deoxy-5-fluorouridine, a novel fluoropyrimidine.
Cancer Res. 40:3333-3338 (1980).

5. M. Miwa, J. Nishimura, T. Kamiyama, and H. Ishitsuka. Conver-
sion of 5'-deoxyfluorouridine to 5-FU by pyrimidine nucleoside
phosphorylase in normal and tumor tissues from rodents bearing
tumors and cancer paients. Jpn. J. Cancer Chemother. 14:2924~
2929 (1987).

6. B. Suzuki, Y. Hongo, H. Fukazawa, S. Ichihara, and H. Shimizu.
Tissue distribution of 5’'-deoxy-5-fluorouridine and derived 5-
fluorouracil in tumor-bearing mice and rats. Gann 71:238-245
(1980).

7. T. Taguchi, K. Kimura, and T. Saito. Oral administration of 5'-

16.

17.

19.

20.

21.

22.

23.

24.

25.

26.

1011

deoxy-5-fluorouridine (5'-DFUR) in breast cancer. Proc. 3™ Eur.
Conf. Clin. Oncol. Nurs. (Stockholm) p12 (1985).

A. Hamada, S. Fukushima, M. Saneyoshi, S. Shimizu, T. Kawa-
guchi, and M. Nakano. Moduiation of the pharmacokinetics of
5’-deoxy-5-fluorouridine and S-fluorouracil in rats by oral co-
administration of acyclothymidine. Biol. Pharm. Bull. 19:729-
732 (1996).

M. G. Wienjes and J. L. S. Au. Inhibition of intestinal pyrimidine
nucleoside phosphorylase. Pharm. Res. 4:425-428 (1987).

M. ligo, Y. Nakajima, E. Araki, and A. Hoshi. Enhanced antitumor
effect of 5'- deoxy-5-fluorouridine by oral administration with
L-cysteine. Jpn. J. Cancer Res. 80:182-187 (1989).

. A. Hamada, S. Fukushima, M. Saneyoshi, T. Kawaguchi and M.

Nakano. Inhibition of 5'-deoxy-5-fluorouridine phosphorolysis
by acyclopyrimidine nucleosides in intestinal tissue homogenates.
Biol. Pharm. Bull. 18:172-175 (1995).

T. R. Hartmann and W. Bollag. Modulation of the effects of
fluoropyrimidines on toxicity and tumor inhibition in rodents
by uridine and thymidine. Med. Oncol. Tumor Pharmacother.
3:111-118 (1986).

. J.L.-S. Au, M. G. Wientjes, and S. L. Bramer. Effect of uridine

coadministration on 5’-deoxy-5-fluorouridine disposition in rats.
Cancer Chemothr. Pharmacol. 22:5-10 (1988).

Y. Sawai, K. Yamaoka, A, Takemura, and T. Nakagawa. Moment
analysis of intestinal first-pass metabolism by portal-systemic
concenttration difference in single conscious rat using 5'-deoxy-
5-fliorouridine and 5-fluorouracil as model drug system. J. Pharm.
Sci. 86:1269-1272 (1997).

. K. Tabata, K. Yamaoka, T. Fukuyama, and T. Nakagawa. Evalua-

tion of Intestinal Absorption into the Portal System in Enterohepa-
tic Circulation by Measuring the Difference in Portal-Venous
Blood Concentrations of Diclofenac. Pharm. Res. 12:880-883
(1995).

K. Tabata, K. Yamaoka, T. Fukuyama, and T. Nakagawa. Local
Absorption Kinetics into the Portal System Using the Portal-
Venous Concentration Difference After an Oral Dose of Diclo-
fenac in the Awakening Rat - Accelerative Effect of Bile on
Intestinal Absorption of Diclofenac. Drug Metab. Dispos. 24:216—
220 (1996).

Y. Fujieda, K. Yamaoka, T. Ito, and T. Nakagawa. Local Absorp-
tion Kinetics of Levofloxacin from Intestinal Tract into Portal Vein
in Conscious Rat Using Portal-Venous Concentration Difference.
Pharm. Res. 13:1201-1204 (1996).

J.L.-S. Au, J. S. Walker, and Y. Rustum. Pharmacokinetic Studies
of 5- Fluorouracil and 5’'-Deoxy-5-fluorouridine in Rats. J. Phar-
macol. Exp. Therapeut. 227:174—180 (1983).

M. ligo, K. Nishikata, Y. Nakajima, A. Hoshi, N. Okudaira, H.
Odagiri and E. De Clercq. Enhancing Effect of Bromovinyldeoxy-
uridine on Antitumor Activity of 5'-Deoxy-5-fluorouridine
Against Adenocarcinoma 755 in Mice - Correlation with Pharma-
cokinetics of Plasma 5-Fluorouracil Levels. Biochem. Pharmacol.
38:1885-1889 (1989).

A. M. McLean, D. A. Ruggirello, C. Banfield, M. A. Gonzalez,
and M. Bialer. Application of a Variance-Stabilizing Transforma-
tion Approach to Linear Regression of Calibration Lines. J.
Pharm. Sci. 79:1005-1008 (1990).

M. Tateishi, S. Suzuki, Y. Hongu, H. Fukazawa, S. Ichihara,
K. Kobayashi, and C. Koitabashi. Absorption, Distribution and
Excretion of an Anticancer Drug, 5'- Deoxy-5-fluorouridine in
Rats and Mice. Pharmacometrics 19:965-972 (1980).

J. L. -S. Au. Disposition and Availability of 5-Fluorouracil Pro-
drug 5'-Deoxy-5-fluorouridine after Oral Administration in Rats.
J. Pharm. Sci. 76:699-702 (1987).

K. Ikenaka, T. Shirasaka, S. Kiitano, and S. Fujii. Effect of uracil
on metabolism of 5-fliorouracil in vitro. Gann 70:353--359 (1979).
H. Stopper, A. Kuhnel, and B. Podschun. Combination of the
chemotherapeutic agent 5-fluorourcil with an inhibitor of its catab-
olism results in increases micronucleus induction. Biochem. Bio-
phys. Res. Comm. 203:1124-1130 (1994).

J. -P. Sommadossi, D. A. Gewirtz, D. S. Cross, I. D. Goldman,
J.-P. Cano, and R. B. Diasio. Modulation of 5-fluorouracil catabo-
lism in isolated rat hepatocytes with enhancement of 5-fluorouracil
glucuronide formation. Cancer Res. 45:116-121 (1985).
J.L.-S. Au. Effect of age on the disposition and tissue clearances
of fluorinated pyrimidines in rats. Pharm. Res. 2:279-284 (1985).



