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MODELING OF 5-FLUOROURACIL INFULENCE ON ACTIVITY OF ITS’
METABOLIC ENZYMES

M. Stashkevych

O. O. Bogomolets National Medical University

Abstract

This article presents the results of model experiment which involved intraperitoneal
administration of 5-fluorouracil (5-FU) to rats with further determination of the activity of its’
key metabolic enzymes: dehydropyrimidine dehydrogenase (DPD) and thymidine
phosphorylase (TP), in various time intervals after 5-FU injection. These results were
compared to ones from the control group of animals which did not receive 5-FU. It was
revealed that 5-FU has the suppressive influence on TP up to 12 hours after injection and does
not affect activity of DPD. As these enzymes are responsible for 5-FU activation (TP) and
degradation (DPD) the observed influence of the drug is desired effect associated with lesser

toxic impact on normal cells.
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Introduction

Anticancer drug 5-fluorouracil (5-FU) was implemented into clinical practice in the
middle of the previous century, and since that time fluoropyrimidines have found wide utility
as part of various schemes of chemotherapy [1, 2]. However, the usage of 5-FU is limited by
its’ relatively high toxicity [3]. One of the most important factors influencing results of 5-FU-
based chemotherapy is the velocity of biotransformation of this drug in tissues which in its’
turn depends on the activity of key metabolic enzymes of 5-FU. There are two principal
pathways of 5-FU metabolism: activation by means of addition of various pentose phosphates
resulting in formation of nucleotides, and degradation through biotransformation to
fluorobetaalanine [4]. One of the key enzymes of 5-FU activation pathway is thymidine
phosphorylase (TP) which is known to be hyperexpressed in solid tumors [5]. The breakdown
of 5-FU is catalyzed by dihydropyrimidine dehydrogenase (DPD). The insufficiency of this
enzyme which is manifested in 3-5% of population is associated with severe toxic effects of
fluoropyrimidines [6]. In our previous study [7] it was shown that high doses of 5-FU have
suppressing impact on TP which is possibly associated with the inhibition of cellular proteins
synthesis due to cytostatic action of the drug. It is known that fluoropyrimidines
administration leads to decrease of the activity of some enzymes involved in nucleotides
metabolism, e.g. purine nucleoside phosphorylases [8]. Taking in account the influence of 5-
FU high doses on the activity of its’ activating enzyme it is of concern to study 5-FU
influence on the enzyme responsible for its” degradation. The aim of the present study was
evaluation and comparison of 5-FU influence on the activity DPD and TP in the model animal
experiment.

Materials and methods

Liver specimens were obtained from male 3-month old Wistar rats. Animals of test
group (n=16) received 5-FU (15 mg/kg) intraperitoneally and were decapitated upon ether
anesthesia in different time intervals after 5-FU injection. Therefore test group was divided
into sub-groups (n=4) according to the time after 5-FU administration: “1 hour”, 3 hours”,
“12 hours” and “24 hours”. Control group (n=8) did not receive 5-FU. Liver was excised and
homogenized in phosphate buffer (pH=7.4).

DPD activity in homogenates was determined by the method [9] based on the
measurement of reaction mixture optic density change at 260 nm due to the accumulation of
DPD product uracil. Reaction mixture consisted of phosphate buffer (pH=7.4),
mercaptoethanol (1 mmol/l), 5,6-dihydrouracil (25 mcmol/l), NADP* (750 mcmol/l), MgCl,
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(2.5 mmol/l). Change of the optic density was measured using UV-spectrometer “Specord-
200”.

TP activity in homogenates was determined according to the method of van
Kuilenburg [10] by means of measurement of the product of thymidine phosphorolysis —
thymine accumulation. Reaction mixture consisted of phosphate buffer (pH=7.4) and
thymidine (2 mmol/l). Reaction was initiated by addition of homogenate. Mixture was divided
into two parts. Immediately after the addition of homogenate acetonitrile was added to one
part, second part was incubated at 37°C and reaction was stopped in the same fashion.
Denaturated protein was removed by means of centrifugation at 12000 g for 15 minutes and
acetonitrile was extracted from solution with the help of chloroform. Thymine concentration
was determined using HPLC-system (Konikrom Plus, Konik Group, Spain) with PDA-
detector and column YMC TriartC18 (250x4,6 mm, YMC Europe GmbH, Germany) in the
reversed-phase regimen. The solution of ammonia chloride with acetonitrile was used as
mobile phase. Enzymes activity was expressed as U/mg of protein (U=nmol/min), protein
concentration in homogenates was determined by Lowry. Data was analyzed using «Statistica
6.0» software. Study was approved by the Ethic Committee of M.Gorky Donetsk National
Medical University.

Results

Obtained results regarding activity of liver DPD and TP in control group and in test

groups of animals (in 1, 3, 6, 12 and 24 hours after 5-FU injection) are presented on fig.
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Fig. Activity of dihydropyrimidine dehydrogenase and thymidine phosphorylase in rat

liver in control group and in groups after 5-fluorouracil administration
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Despite that liver specimens were obtained from the animals of the same line, gender
and age, high interindividual variability was peculiar for DPD activity in all groups of
animals. The variation coefficient for DPD activity in different groups of animals ranged from
25 to 60%. There were no statistical differences between median DPD activity in the control
group and in all test groups according to Mann-Whitney test. Spearman rank analysis
confirmed the absence of correlation between time after 5-FU injection and DPD activity
(R=0.02, p<0.05).

As distinct from DPD, TP activity gradually decreased with the time after the
administration of 5-FU reaching its’ minimum in the test group “3 hours”. There was strong
correlation in the sequence of groups “control” — “1 hour” — “3 hours” — “6 hours” with
Spearman correlation coefficient 0.7 (p <0.05). In 6 and 12 hours after 5-FU injection TP was
also lower than in control group (p <0.05) but 24 hours after 5-FU administration TP activity
recovered to the initial level.

Discussion

Results of the present study testify that the load of tissues with 5-FU has different
impact on the activity of key enzymes of its” metabolism. Previously obtained data regarding
suppressive action of 5-FU on TP activity both in tumor and normal adjacent mucosa in
patients with gastric adenocarcinoma [7] were proven in the present model experiment. On
one hand such influence of 5-FU on its’ activating enzyme may lead to decrease of production
of 5-FU active metabolites. On the other hand TP is the negative factor of tumor progression,
it stimulates angiogenesis and inhibits cancer cells apoptosis [5], so suppression of this
enzyme may contribute to the total cytostatic action of 5-FU. It cannot be excluded that 5-FU
administration had an influence on DPD activity which was not detected in the present study
due to high variability of the data in all groups of animal. But even if this influence is present
it is obviously far less than the impact of 5-FU on TP.

Our previous studies have shown that 5-FU load leads to decrease of TP activity after
its’ intraarterial administration which allows creating high local concentration of the drug in
tumor of the affected organ as well as in normal tissue. To be noticed is that intraarterial
chemotherapy is mostly used for treatment of liver cancer [11]. Design of present experiment
also allowed for the saturation of rat liver with high dose of 5-FU as the drug was injected
intraperitoneally.

It stands to reason that the accumulation of high doses of 5-FU in normal tissues may
stipulate the increased toxicity of the chemotherapy. At the systemic administration more than

80% of 5-FU undergoes degradation catalyzed by DPD which is most active in blood
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mononuclear cells and in liver. It was shown [6, 12] that decrease of DPD activity is directly
associated with the enhancement of fluoropyrymidines effects. With that background the
absence 5-FU high doses inhibiting influence on the enzyme of its’ degradation and
suppression of the enzyme of its’ activation established in the present study is the desired
effect associated with lesser toxic impact of this cytostatic on normal cells.

Conclusion

This study has shown that the intraperitoneal administration of single bolus dose (15
mg/kg) of 5-FU to rats does not alter activity of the enzyme of 5-FU degradation - DPD in
liver whereas TP activity is suppressed that is manifested up to 12 hours after drug injection.
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