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Abstract -- 5-Ethynyluracil (776C85) is a potent mechanism-based inactivator of dihydropyrimidine
dehydrogenase (DPD), the enzyme that catalyzes the rapid catabolism of S5-fluorouracil (5-FU).
Because catabolism is the major route for 5-FU clearance, we studied the effect of 5-ethynyluracil on
the pharmacokinetics and toxicity of continuous i.v. 5-FU infusion in the dog. 5-FU at 40 mg/kg/24 hr
resulted in a steady-state plasma 5-FU concentration of 1.3 yM and was fatal with dogs dying from
apparent neurotoxicity. 5-Ethynyluracil lowered the total clearance of 5-FU from 9.9 to 0.2 L/hrkg and
enabled 1.6 mg/kg/24 hr 5-FU to achieve a steady-state plasma 5-FU concentration of 2.4 uM with no
apparent toxicity. 5-FU at 4 mg/kg/24 hr achieved a steady-state plasma 5-FU concentration of 5.3 yM
and produced only mild gastrointestinal disturbances in S-ethynyluracil-treated dogs. Thus, a
catabolite of 5-FU appears to be responsible for the 5-FU-induced neurotoxicity in dogs.
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Although 5-FUS is widely used against solid tumors in human cancer patients (1), its use in dogs
has been limited because these animals are particularly sensitive to 5-FU-induced neurotoxicity (2-5).
This dose-limiting neurotoxicity differs from the typical limiting bone marrow suppression and
gastrointestinal disturbances that occur both in human patients (6) and in tumor-bearing rodents
treated with 5-FU (7). Some studies (2,8,9) implicate «-fluoro-g-alanine, the major catabolite of 5-FU
(10), as the neurotoxic agent.

DPD (EC 1.3.1.2) catalyzes the rate-limiting reduction of 5-FU in the pathway to form a-fluoro-§-
alanine (11). 5-Ethynyluracil (776C85), a potent, irreversible, mechanism-based inactivator of DPD in
vitro (12) and in vivo (13), prevents the catabolism of 5-FU in mice and rats (14). in the present study,
we predosed dogs with 5-ethynyluracil to determine whether the hypersensitivity to 5-FU-induced
neurotoxicity could be circumvented by blocking the formation of «-fluoro-g-alanine, and if neurotoxicity
was circumvented, whether higher nontoxic and potentially more therapeutic plasma levels of 5-FU
could be achieved.

MATERIALS AND METHODS

5-FU (50 mg/mL) was obtained from Adria Laboratories (Columbus, OH) and was diluted with
saline prior to dosing. 5-Ethynyluracil was synthesized at Wellcome Research Laboratories. A sterile
0.66 mg/mL solution was prepared in pH-adjusted (pH 10.0) saline. Both 5-FU and 5-ethynyluracil
were determined to be >99% pure by reverse-phase HPLC.

Compound administration, whole blood collection, and toxicity evaluation were performed in the
Division of Toxicology, Burroughs Wellcome Co. Male beagle dogs (9-10 kg) were maintained on a
6:00 a.m. to 6:00 p.m. light cycle and had free access to water and chow. These studies were
performed in accordance with BW Co. procedures for animal care and handling. Animal body weight,
animal activity, food consumption, and the condition of both feces and mucous membranes were
monitored closely following drug administration.

TCorrespondlng author: Dr. Stephen T. Davis, Wellcome Research Laboratories, 3030 Cornwallis Road, Research
Triangle Park, NC 27709. Tel. (919) 315-0225; FAX (919) 315-0656.
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5-FU was infused i.v. at a rate of 1 mL/hr via a catheter in the left external jugular vein. 5-
Ethynyluracil (1 mg/kg) was administered s.c. 30 min prior to the start of 5-FU infusion, and every 6 hr
thereafter.

Whole blood was collected from the left cephalic vein into EDTA-containing tubes at least every
6 hr during the infusion. Plasma was isolated by centrifugation (3000 g for 10 min, 4°) and was
deproteinized by Centrifree ultrafiltration. Less than 10% of 5-FU was bound to dog plasma proteins.
Plasma was analyzed for uracil and 5-FU by reverse-phase HPLC (14).

RESULTS AND DISCUSSION

Continuous i.v. infusion of 5-FU appears to result in higher efficacy and less toxicity than bolus
i.v. 5-FU dosing in the clinic (15). Therefore, we dosed 5-FU by continuous infusion for pharmacokinetic
and toxicity studies in the dog. Three dogs dosed with 5-FU at 40 mg/kg/24 hr had steady-state plasma
5-FU concentrations of approximately 1.3 M. No toxicity was observed during the infusion. However,
one dog experienced seizures, muscle tremors, and ataxia. The other two dogs were found dead,
presumably from neurotoxicity, 24 hr after 5-FU infusion (Table 1). These observations are consistent
with earlier reports demonstrating that dogs are hypersensitive to the neurotoxic effects of 5-FU (2-4).

We next studied the effect of 5-ethynyluracil on the pharmacokinetics and toxicity of 5-FU. 5-FU
at 1.6 mg/kg/24 hr with 5-ethynyluracil resuited in a 1.8-fold greater mean plasma 5-FU concentration
than produced by 5-FU alone at 40 mg/kg/24 hr (Table 1). 5-Ethynyluracil decreased the total
clearance of 5-FU by a factor of 50 (from 9.9 L/hrkg (5-FU alone) to 0.2 L/mrkg). More importantly,
although 5-ethynyluracil-treated dogs experienced a greater plasma 5-FU exposure, they did not show
signs of CNS toxicity during the 2-week observation period. Thus, 5-ethynyluracil protected against 5-
FU-induced neurotoxicity.

Table 1. Plasma 5-FU and uracii leveis and toxicity following 26-hr 5-FU infusion in the dog

5-FU dose™ 776C85 Mean plasma 5- Mean plasma Toxicity
Fut uracilt
(mg/kg/24 hr) (uM) M)
40 - 1.3+03 06+0.1 Severe CNS
1.6 + 24+04 60 + 10 None
4 + 53+04 602 Mild G.1.#
16 + 21 +2 70 £ 10 Severe G.1.

*Three dogs for each group.

tPlasma 5-FU and uracil values are means + SD. Data were taken from the 12- to 26-hr portion of
individual plasma concentration-time curves.

#Two of the three dogs had transient emesis.

Table 1 also shows that steady-state plasma uracil levels were elevated approximately 100-fold
during 5-FU infusion in 5-ethynyluracii-treated dogs. Because maximum elevation is associated with
>95% inactivation of DPD in mice and rats (13,16), it was used as a surrogate marker for DPD
inactivation in dogs. In a preliminary study, 0.3 mg/kg 5-ethynyluracil also produced maximal elevation
(to 60 pM) of plasma uracil in dogs®. Accordingly, we dosed with 1 mg/kg 5-ethynyluracil every 6 hr to
ensure complete inactivation of DPD.

To test if 5-ethynyluracii-treated dogs could tolerate even higher 5-FU plasma concentrations
without experiencing fatal seizures, we infused 5-FU at 4 mg/kg/24 hr. As shown in Table 1, the mean
plasma 5-FU concentration was 5.3 yM (4-fold higher than that observed when 5-FU was administered
alone at 40 mg/kg/24 hr). However, only mild, transient gastrointestinal disturbances were observed.

To determine the dose-limiting toxicity of 5-FU in 5-ethynyluracil-treated dogs, we infused 5-FU
at 16 mg/kg during a 24-hr period. The mean plasma 5-FU concentration was 21 yM, and animals did

" D. Nelson, Burroughs Welicome Co., personal communication. Cited with permission.
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not show any signs of CNS toxicity (see Table 1 and Fig. 1). However, these animals had severe
gastrointestinal toxicity and were euthanized 3 days after dosing.

We previously observed a linear relationship between plasma 5-FU concentration and oral 5-FU
dose in 5-ethynyluracil-treated rats (14). Figure 1 shows a similar linear response (correfation
coefficient = 1.0) with continuous i.v. 5-FU in 5-ethynyluracil-treated dogs.
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Fig. 1. Relationship between mean plasma 5-FU concentration and 5-FU dose during continuous i.v.
infusion of 5-FU. The closed circles represent 5-ethynyluracil-treated dogs and the open circle
represents saline-treated dogs. Key: (#) dose causing severe G.l. toxicity; (##) dose causing severe
CNS toxicity. Values are means + SEM, N=3. (Standard error bars are smaller than the data symbois
in all but one case.)

In conclusion, 5-ethynyluracit protected dogs from dose-limiting neurotoxicity of 5-FU. Since 5-
ethynyluracil prevents 5-FU catabolism (14), these findings support the earlier reports (2,8,9)
suggesting that 5-FU catabolites are responsible for the neurotoxicity in dogs and cats. However, we
cannot rule out the less likely possibility that the 100-fold increase in plasma uracil induced by 5-
ethynyluracil also could play a role in antagonizing the neurotoxic effects of 5-FU. Finally, because 5-
ethynyluracil enables considerably higher and more predictable plasma levels of 5-FU to be
maintained without toxicity, it may be a useful modulator of 5-FU chemotherapy in these animals.
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