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Abstract

Background: 5-fluorocytosine is a pyrimidine and a fluorinated cytosine analog mainly used as an antifungal agent.
It is a precursor of 5-fluorouracil, which possesses anticancer properties. To reduce systemic toxicity of 5-fluorouracil
during chemotherapy, 5- fluorocytosine can be used as a targeted anticancer agent. Expression of cytosine
deaminase by a viral vector within a tumor allows targeted chemotherapy by converting 5-fluorocytosine into the
cytotoxic chemotherapeutic agent 5-fluorouracil. However, little is known about the tolerance of 5-fluorocytosine in
dogs after prolonged administration.

Results: In three healthy Beagle dogs receiving 100 mg/kg of 5-fluorocytosine twice daily for 14 days by oral route, non-
compartmental pharmacokinetics revealed a terminal elimination half-life of 164.5 ± 22.5 min at day 1 and of 179.2 ±
11.5 min, after 7 days of administration. Clearance was significantly decreased between day 1 and day 7 with 0.386 ± 0.031
and 0.322 ± 0.027 ml/min/kg, respectively. Maximal plasma concentration values were below 100 µg/ml, which is considered
within the therapeutic margin for human patients. 5-fluorouracil plasma concentration was below the limit of detection at all
time points. The main adverse events consisted of depigmented, ulcerated, exudative, and crusty cutaneous lesions 10 to 13
days after beginning 5-fluorocytosine administration. The lesions were localized to the nasal planum, the lips, the eyelids, and
the scrotum. Histological analyses were consistent with a cutaneous lupoid drug reaction. Complete healing was observed
15 to 21 days after cessation of 5-fluorocytosine. No biochemical or hematological adverse events were noticed.

Conclusions: Long term administration of 5-fluorocytosine was associated with cutaneous toxicity in healthy dogs. It
suggests that pharmacotherapy should be adjusted to reduce the toxicity of 5-fluorocytosine in targeted chemotherapy.

Keywords: Flucytosine, Fluorouracil, Drug-related side effects, Adverse reactions, Pharmacokinetic, Dog, Targeted
chemotherapy, Antineoplastic agents
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Background
5-fluorocytosine (5-FC) is a pyrimidine compound and a
fluorinated cytosine analog, which has been widely used
as a sole or adjuvant antifungal agent. In domestic ani-
mals, 5-FC is mainly used at the dosage of 50 to 75 mg/
kg PO every eight hours to treat mycoses due to Crypto-
coccus neoformans, Candida spp. and filamentous fungi
like Aspergillus spp. [1–5]. In humans, 5-FC induces
gastrointestinal disorders, hepatotoxicity, and bone mar-
row depression [1, 6–11]. In dogs, gastrointestinal
disturbances and bone marrow depression are also de-
scribed, but the overall toxicity is poorly known. Cutane-
ous rashes on the nasal planum and the scrotum have
also been reported, but only after combination of 5-FC
and amphotericin B [2, 3]. The mechanism of 5-FC tox-
icity is not understood [12]. A hepatic and hematological
dose-dependent toxicity is mainly suspected, although
not all reports support this theory. Conversion of 5-FC
to certain metabolites, like 5-fluorouracil (5-FU), is one
of the suspected mechanisms. Patients treated with 5-FC
have shown detectable amounts of 5-FU in serum lead-
ing to bone marrow depression and gastrointestinal ad-
verse events [13–15].
5-FC can be converted by cytosine deaminase into the

cytotoxic chemotherapeutic agent 5-FU. 5-FU is then
converted to active metabolites, such as 5-fluorouridine
monophosphate (5-FUMP) and 5-fluorodeoxyuridine
monophosphate (5-FdUMP), which are incorporated
into RNA and DNA, interfering with their synthesis and
function [16–18]. Moreover, 5-FdUMP is an inhibitor of
thymidylate synthetase, leading to depletion of thymi-
dine 5’-monophosphate and thymidine 5’-triphosphate
[19]. The alteration in thymidine and deoxyuridine phos-
phate pools caused by thymidylate synthetase inhibition
affects DNA synthesis and integrity, and RNA synthesis
and processing. These mechanisms are all thought to
play a role in 5-FU cytotoxicity. Previous reports sup-
ported the efficacy of 5-FU in the management of canine
mammary neoplasia and for various kinds of carcinoma
in veterinary medicine [20–23]. However, in dogs 5-FU
toxicity (myelosuppression, gastrointestinal toxicity and
neurotoxicity) remains a limiting factor [24].
Systemic chemotherapy has been highly successful in

cancer management. However, adverse effects to the pa-
tient prevent the aggressive dosing needed to exploit the
cytotoxic potential. Recent advances in chemotherapy
include the development of targeted anticancer agents to
increase efficacy while reducing adverse events. Many
modalities such as liposomes, polymeric micelles,
quantum dots, gold nanocarriers, carbon nanotubes, and
mesoporous silica nanoparticles have been developed
[25–29]. Transgene expression by an oncolytic viral vec-
tor is one of the promising approaches in targeted
chemotherapy. For this purpose, TG6002 a Copenhagen

strain vaccinia virus deleted of its thymidine kinase gene
(TK; J2R) and a subunit of its ribonucleotide reductase
gene (RR; I4L) and armed with the suicide gene FCU1
has been developed. TG6002 replication depends on the
expression of cellular TK and RR, which is overex-
pressed in tumor cells. As a consequence, TG6002 has a
strong tumor selectivity leading to intratumoral expres-
sion of the FCU1 gene. The latter encodes a bifunctional
chimeric protein, which catalyzes the conversion of non-
toxic 5-FC into 5-FU [30].
In a clinical trial, intramuscular administration of

TG6002 as a sole treatment or combined with short
term oral administration of 5-FC was evaluated and
well-tolerated in healthy dogs [31]. However, in antineo-
plastic treatment, 5-FC will be administrated chronically
and likely be associated with a different toxicological
profile. No reports have investigated the pharmacokinet-
ics and tolerance of 5-FC as a sole agent after repeated
oral administration in healthy dogs. The present study’s
objectives are to describe the pharmacokinetics and ad-
verse effects of oral 5-FC administration at the dosage of
100 mg/kg twice daily for 14 days in healthy dogs.

Results
Pharmacokinetic profile
All pharmacokinetics parameters are presented in
Table 1 and Additional file 1. Individual curves are pre-
sented in Fig. 1. As shown by Fig. 1, the elimination
phase of the concentration curve was following a mono-
exponential decrease.
The plasma concentration-time curve of 5-FC after the

first administration showed a terminal elimination half-
life (t1/2) of 163.1 ± 20.3 min which was not significantly
different from the terminal half-life of 177.8 ± 11.0 min,
calculated after 7 days of administration (Table 1). Based
on the value of t1/2, we were able to compute the pre-
dicted accumulation ratio, which represents this accu-
mulation of the drug between the first administration
and the steady state situation. At steady-state, the con-
centration of the drug inside the body is in a dynamic
equilibrium where the overall intake of the drug is equal
to its elimination. Steady-state is generally obtained
within 5 half-lives. Here, the accumulation ratio was be-
tween 3.3 and 7.2 %, depending on the value of the elim-
ination rate constant (λz) (as calculated by the formula

1
1�e�λz�Tau , Tau being the interval of administration). The
maximal values of concentration (Cmax) at days 1 and 7
were not statistically significant (84.5 ± 7.1 and 89.7 ±
12.3 µg/ml, respectively) (Table 1).
Despite the low level of accumulation, apparent clear-

ance was significantly decreased between days 1 and 7
(4.0 ± 0.3 and 3.3 ± 0.2 ml/min/kg, respectively, p = 0.009)
(Table 1). Therefore, the area under the curve (AUC)
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showed a significant increase between days 1 and 7 (24
916 ± 2 076 and 30 174 ± 2 103 µg/ml.min, respectively,
p = 0.004) (Table 1). No statistically significant differences
were observed between the other pharmacokinetics
parameters.

Tolerance to 5-FC
All three dogs developed mucocutaneous or cutaneous
lesions 10 (n = 2) to 13 days (n = 1) after 5-FC adminis-
tration. Lesions were slightly erythematous (grade 1),
slightly depigmented (grade 1), focally ulcerated (grade
1), exudative and mildly pruritic (grade 1) (Fig. 2). Fif-
teen to nineteen days after the onset of lesions a crust
formation was observed. Lesions were relatively painless
(grade 1). Lesions were localized on nasal planum (n = 3/

3), lips (n = 3/3), eyelids (n = 3/3), skin (n = 1/3) and
scrotum (n = 1/1) (Fig. 2). Sodium fusidate ointment
(Fucidine 2 %, LEO Pharma, Voisins-le-Bretonneux,
France) was applied twice daily until complete healing.
Complete healing of lesions was noticed 15 days to 21
days after 5-FC discontinuation. No other clinical abnor-
mality was noticed.
Hematological, biochemical and electrolytes analyses,

performed at days 0, 7 and 14, did not reveal significant
changes [see Additional files 2 and 3].

Histological analyses
Multifocal interface dermatitis, interspersed with areas
of erosion and ulceration, was found in scrotal, labial
and nasal biopsies from all dogs. The areas showing

Table 1 Non-compartmental pharmacokinetic parameters of oral 5-FC (100 mg/kg, twice daily) at days 1 and 7

Parameter Unit Day 1 Day 7

Elimination rate constant (λz) min− 1 0.0043 ± 0.0005 0.0039 ± 0.0002

Elimination half-life (t1/2) min 163.1 ± 20.3 177.8 ± 11.0

Time to maximum plasma concentration (Tmax) min 100 ± 17 120 ± 2

Maximum plasma concentration (Cmax) µg/ml 84.5 ± 7.1 89.7 ± 12.3

Area under the concentration time curve (AUC0 − inf) µg.min/ml 24 916 ± 2 076 30 174 ± 2 103*

Apparent volume of distribution at pseudo-equilibrium (Vz/F_obs) ml/kg 936.9 ± 66.2 844.9 ± 25.7

Apparent clearance (Cl/F_obs) ml/min/kg 4.0 ± 0.3 3.3 ± 0.2*

The asterisks indicate a significant difference (p < 0.05) between days 1 and 7 (paired t-test). Values are represented as means ± SD

Fig. 1 Serum concentration of 5-FC at days 1 and 7 for the three dogs. A: Linear plot of individuals plasma concentration-time profile of 5-FC at day 1.
B: Semilogarithmic plot of individuals plasma concentration-time profile of 5-FC at day 1. C: Linear plot of individuals plasma concentration-time profile
of 5-FC at day 7. D: Semilogarithmic plot of individuals plasma concentration-time profile of 5-FC at day 7
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interface dermatitis were characterized by mild to mod-
erate basal cell vacuolar degeneration, a few apoptotic
bodies in the basal layer, and mild lymphocytic infiltrate
at the dermal-epidermal junction (Fig. 3A). These lesions
sometimes extended to the follicular infundibulum. The
basement membrane was multifocally thickened (Fig. 3B).
Pigmentary incontinence and/or mild to moderate
acanthosis were often present. Ulcerated areas were cov-
ered with serocellular crusts and associated with moder-
ate neutrophilic infiltrates in the superficial dermis.
Areas of erosion displayed pustules and crusting and

mild neutrophilic infiltrates in the superficial dermis
with neutrophilic exocytosis across the epidermis.

Discussion
This study describes pharmacokinetics and tolerance of
repeated oral administration of 5-FC at 100 mg/kg in
three healthy dogs, and has not been previously de-
scribed in dogs. We conducted this study only on a very
limited number of animals for obvious ethical reasons,
as we looked at the toxic effects of 5-FC. The pharmaco-
kinetics values and the statistics analysis then should be

Fig. 2 Cutaneous lesions in the dogs. A: Erythematous, ulcerated eyelid lesion at day 14. B: Erythematous, exudative lesion of the scrotum at day
14. C: Erythematous lips lesion at day 14. D: Depigmented lips lesion at day 24. E: Erythematous nasal planum lesion at day 14. F: Depigmented
nasal planum lesion at day 28
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interpreted with extreme caution as the sample size was
very low in our study.
Our data showed that 5-FC presents a mean terminal

slope of 163.1 ± 20.3 min after the first administration,
which is less than in human patients with normal renal
function where half-life ranges between 3 and 8 h [32,
33]. Concomitant food intake has been demonstrated
anecdotally to reduce the terminal half-life up to 2.6 h in
human [34]. In our study, all animals were fasted 12 h
before 5-FC administration and food intake is probably
not interacting with the pharmacokinetics of 5-FC. The
accumulation ratio computed from terminal half-life
predicted a value of accumulation of 105 % as compared
to baseline, which is consistent with the fact that we did
not observed any significant differences between Cmax
at day 1 and day 7. This confirms that steady state is ob-
tained within 7 days. It is however unlikely but not im-
possible that accumulation occurred after the seventh
day of administration and could lead to the cutaneous
toxic manifestations that we observed. It is also import-
ant to note that in one of the animals, the exact Cmax

could have been missed as it seems to occur later than
in other animals with his Tmax at 120 min.
However, we saw an increase in AUC0 − inf at a steady

state compared to the first administration, with 30
174 ± 2 103 and 24 916 ± 2 076 µg.min/ml, respectively.
It was related to a decrease in apparent clearance after 7
days, as compared to baseline values. Elimination of 5-
FC is mostly by the kidney, as demonstrated in human
patients, and alteration of clearance is generally related
to kidney function impairment [34]. In our study, it is
doubtful that kidney elimination of 5-FC was reduced
during the seven days of treatment because the renal
function parameters remained within the reference range
[see Additional file 3]. Another explanation could be a
decrease in the biotransformation of 5-FC (into other
metabolites than 5-FU). A study investigating the

metabolism differences of oral 5-FC administration at
100 mg/kg/day between humans and dogs demonstrated
that dogs produced higher levels of metabolites (5 % of
total dose) in urine as compared to humans (less than
0.5 %) [35]. Interestingly, in this study, no significant dif-
ference in metabolite rate was observed in dogs treated
over 5 days with 5-FC, but we can hypothesize that a
small decrease in metabolic rate could lead to AUC dif-
ferences. We also cannot exclude a variation in oral bio-
availability during the seven days of administration, as
we did not specifically assess this parameter. Finally, as
previously stated, the very low number of animals used
here could led to interindividual variability and the dif-
ferences in pharmacokinetics parameters that we ob-
served should be interpreted carefully.
In humans, 5-FC toxicity is known to be related to Cmax

and the threshold value of 100 µg/ml is considered accept-
able for avoiding any risk of thrombocytopenia or hepatotox-
icity [7]. Hepatotoxicity accounts for 0 to 25% of adverse
effects in human medicine [1, 10, 36]. An increase in liver en-
zyme values is generally reversible with the reduction or the
discontinuation of treatment [36, 37]. However, severe liver
necrosis have been reported in patients treated for Candida
endocarditis with 5-FC [12, 38]. In human medicine, severe
bone marrow depression is reported with 5-FC treatment [8,
9, 36]. Cytopenia is observed in 60% of patients when 5-FC
blood concentration exceeds 100 µg/ml, while it occurs in
12% of patients with 5-FC concentrations under 100 µg/ml
[36]. In this study, we observed none of these side effects
probably because Cmax was consistently below 100 µg/ml in
all dogs. Only one dog experienced transient diarrhea with
an increase of up to 2 stools per day and a decrease in
consistency over baseline (grade 1). In human medicine,
gastrointestinal side effects occurred in 6% of patients
treated with 5-FC [6]. Although these side effects are usually
not severe, cases of ulcerative colitis and bowel perforation
have been reported [6, 39–44].

Fig. 3 Histological microphotographs of cutaneous lesions. A: Interface dermatitis in nasal planum biopsy characterized by a moderate basal cell
vacuolar degeneration (black arrows), a few apoptotic bodies in the basal layer (red arrows), and mild lymphocytic infiltrate (green arrows) at the
dermal-epidermal junction. Hematoxylin-eosin-saffron staining. Scale bar: 100 μm. B: Nasal planum biopsy. The basement membrane (*) is thickened.
Periodic acid-Schiff staining. Scale bar: 20 μm
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Despite the absence of liver or bone marrow toxicity,
we did see cutaneous toxicity. In our study, mucocutane-
ous or cutaneous lesions were observed 10 to 13 days
after the first administration of 5-FC for a cumulative
dose ranging from 2.0 to 2.6 g/kg. Mucocutaneous or
cutaneous lesions have been reported in dogs treated for
cryptococcosis and aspergillosis with a median dose of
5-FC of 150 mg/kg/day (range: 105–188 mg/kg) divided
in three equal doses with amphotericin B (0.5 to 0.8 mg/
kg by subcutaneous or slow intravenous infusion twice
or thrice weekly) [3]. The median time before developing
lesions was 20 days (range: 13 to 41 days) [3]. Develop-
ment of drug eruptions seemed more rapid in dogs con-
currently receiving thiazoles like amphotericin B than
without, respectively 18.5 days and 38 days [3]. It sug-
gests that interactions with cytochrome P450 could be
responsible for the higher risk of toxicity.
As described by Malik et al., and Panciera and Bevier,

lesions observed in our study were pruritic, depigmen-
ted, ulcerated and exudative and evolved into crust le-
sions [2, 3]. Lesions were localized on the lips, nostril,
philtrum, eyelids, scrotum and nipples. Similar localiza-
tions have been reported by Malik et al., with scrotum
(n = 4/6), nasal planum (n = 6/7), lips (n = 3/7), vulva
(n = 1/4), external ear canal (n = 1/7) and skin (n = 2/7)
involvement [3]. In our study, histological analysis of
mucocutaneous and cutaneous lesions revealed interface
dermatitis with basal cell vacuolar degeneration, a few
apoptotic bodies in the basal layer, mild lymphocytic in-
filtrate at the dermal-epidermal junction, increased
thickness of the basement membrane, with multifocal
erosion and ulceration. These histologic findings mimic
the histologic features of cutaneous lupus erythemato-
sus, especially the mucocutaneous variant of cutaneous
lupus erythematosus [45, 46]. Combined with the history
and the clinical data, the histological findings are con-
sistent with a lupoid drug reaction [45, 47]. Other re-
ports of 5-FC induced cutaneous lesions in dogs
documented toxic epidermal necrolysis or fixed drug
eruption [2, 48]. Histologic features of toxic epidermal
necrolysis include diffuse devitalization of the epidermis
with mild dermal inflammation [45]. In our study, we
did not see preexisting diffuse epidermal devitalization,
characterized as the degree of epidermal and follicular
compromise, at the ulcers’ margins. Fixed drug eruption
is characterized by lesions at the same body site each
time the patient is challenged with the drug. The histo-
logical lesions are similar to those of erythema multi-
forme which is characterized by an interface dermatitis
with keratinocyte apoptosis and satellitosis [45, 48]. In
our study, we did find keratinocyte apoptosis, but it was
not a prominent feature; satellitosis was seldom identi-
fied. In human patients, lupoid drug reactions have been
recognized in association with 118 drugs [49]. It has not

been associated with 5-FC medication but with intraven-
ous administration of 5-FU [50]. However, in our study
blood concentration of 5-FU was below the limit of de-
tection for all dogs.
The mechanism of toxicity of 5-FC is not fully under-

stood [12]. Dose dependent toxicity is mainly suspected
of hepatic and bone marrow toxicity, although not all re-
ports support this theory. Conversion of 5-FC to certain
metabolites, like 5-FU, is one of the suspected mecha-
nisms. Patients treated with 5-FC have been shown to
have detectable amounts of 5-FU in serum leading to
bone marrow depression and gastrointestinal adverse
events [13]. In healthy volunteers, serum 5-FU concen-
trations ranged from 10 to 400 ng/ml during six hours
after oral administration of 2 g of 5-FC [13]. In vitro in-
duction of enzymes responsible for deamination of 5-FC
to 5-FU has been assessed in the intestinal microflora
after chronic exposure to 5-FC (50 mg/day) [14]. A rela-
tionship between the gut flora level, particularly the
gram-negative enterobacilli, and the conversion of 5-FC
to 5-FU has been identified in two patients [15]. Despite
chronic administration of 5-FC, blood 5-FU concentra-
tions were below the limit of detection in our study.
Targeted tumor chemotherapy is a promising approach

to concentrate drugs within a tumor while minimizing the
toxicity of chemotherapy. Oncolytic viruses can efficiently
target and express transgenes within a tumor and cause
drug accumulation in order to kill tumor cells. TG6002 is
a Copenhagen strain of vaccinia virus with deletions of
thymidine kinase (TK; J2R) and ribonucleotide reductase
(RR; I4L) genes [30]. TG6002 is armed with the thera-
peutic gene FCU1, which encodes a bifunctional chimeric
protein that catalyzes the conversion of 5-FC into the
toxic metabolites 5-FU and 5-FUMP [51]. TG6002 has
been shown to replicate and exert oncolytic potency in ca-
nine cell lines and canine xenograft model [52]. In murine
xenograft models of hepatocarcinoma and colorectal can-
cer treated with intravenous administration of TG6002
and oral 5-FC, a significant reduction of tumor size and
an intratumoral production of 5-FU were reported [30].
The lytic properties of TG6002 and the 5-FU synthesis
were also assessed on canine mammary tumor explants.
In vitro infection of canine mammary carcinoma biopsies
with TG6002 led to tumor necrosis and the conversion of
5-FC into 5-FU [52]. From a clinical trial perspective, a
safety study has established the innocuity of multiple
intramuscular injections of TG6002 with short term ad-
ministration of 5-FC in healthy dogs [31]. These promis-
ing results have supported the use of TG6002 in
combination with 5-FC in a clinical trial in both dogs an
humans (NCT03724071, NCT04194034) [53, 54]. For its
use in canine targeted chemotherapy, an adaptation of the
protocol of administration of 5-FC might be considered in
order to limit 5-FC cutaneous toxicity. As tumors are well
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vascularized, allowing for a larger tumoral 5-FC input, ei-
ther a reduction of 5-FC dosage or an increase in adminis-
tration interval could be considered.
The main limitations of this study relate to the small

number of dogs involved and the statistics need to be
interpreted with extreme caution. Another limitation of
our study is also that we only assessed the 5-FU concen-
tration and did not looked for any potential other me-
tabolites for 5-FC.

Conclusions
Cutaneous drug lupoid reaction was the main toxicity of
continuous oral 5-FC administration at 100 mg/kg twice
daily for 10 days. No other adverse events were noticed.
Toxicity might not be secondary to 5-FU production but
more likely be induced by 5-FC or other 5-FC metabo-
lites. Based on those data, an adjustment of 5-FC admin-
istration will be needed for targeted chemotherapy.

Methods
Laboratory dogs
Two female and one male adult healthy Beagle dogs (Har-
lan Laboratories, Gannat, France) were used. The weight
of the dog was between 11.0 and 16.9 kg. All dogs were
acclimatized for seven days before starting the experiment
and were under the care of a licensed veterinarian. The
dogs were housed individually in stainlees-steel bar boxes
with a resin soil substrate and a shaved softwood litter.
The room temperature was 19 °C (+/- 2 °C) with a humid-
ity greater than 35 %, and the day/night cycle was 12:12 h.
Dogs were fed twice daily with a certified commercial ca-
nine diet and given potable water ad libitum. Dogs were
not euthanized at the end of the study. All the dogs that
participated were rehomed as companion animals one
month after the end of the study.

5-FC
5-FC (Toronto Research Chemicals, North York, ON,
Canada) was compounded into 500 mg or 100 mg tab-
lets by the pharmacy of the Veterinary University
Hospital of Alfort. 5-FC was stored at a temperature
under 25 °C and protected from moisture. 5-FC was ad-
ministered in a dedicated room of the laboratory animal
facility and outside the room housing the dogs.

Study design
This study was conducted in accordance with European
legislation and French regulations on the protection of
animals used for scientific purposes (Directive 2010/63/
EU, 2010; Code rural, 2018; Décret no. 2013 − 118,
2013) and complied to the recommendations of the
“Charte nationale portant sur l’éthique en expérimenta-
tion animale” established by the “Comité National de
Réflexion Ethique sur l’Expérimentation Animale”

(CNREEA—Ministère de l’Enseignement Supérieur, de la
Recherche et de l’Innovation—Ministère de l’Agriculture
et de l’Alimentation). The study protocol (N° 19–047)
was approved by the Anses/EnvA/UPEC ethical commit-
tee (N° 16). The study was carried out in compliance
with the ARRIVE guidelines.
The dogs received 100 mg/kg of 5-FC twice a day, by

oral route. 5-FC was administered until the development
of adverse events. Dogs were fasted 12 h before 5-FC ad-
ministration and fed one hour after. The dose chosen in
this study was similar to those used in veterinary litera-
ture [24].
Dogs were evaluated once-a-day by a physical examin-

ation during the study. On days 0, 7 and 14 complete
blood counts were performed using a Sysmex XT auto-
mated hematology analyzer (Sysmex France, Villepinte,
France); biochemistry analyses were performed using a
Vitalab Selectra XL biochemistry analyzer (ELITech,
Puteaux, France); and electrolyte analyses were per-
formed on days 0, 7 and 14 using a Nova CRT 8 electro-
lyte analyzer (Nova Biomedical, Les Ulis, France).
Serum 5-FC and 5-FU assays were performed on days

1 and 7. Blood samples were collected 15, 30, 45, 60, 90
and 120 min after 5-FC administration, and 6, 8 and
11 h after administration. Samples were centrifuged at 5
000 revolutions per minute at 4 °C for 5 min and stored
at -80 °C until analysis.

Adverse events
Assessment of adverse events was performed according
to the Veterinary Cooperative Oncology Group Com-
mon Terminology Criteria for Adverse Events guidelines
[55]. Throughout the study, adverse events were moni-
tored by daily physical examination, complete blood
count, biochemistry, and electrolyte analyses.

5-FC and 5-FU serum concentration
Quantification of 5-FC and 5-FU was performed on
serum by high-performance liquid chromatography (HP
Agilent 1100 series, Agilent Technologies, Santa Cruz,
CA, USA). Plasma samples were quenched with aceto-
nitrile, 50 % (v/v). Supernatant was reconstituted in 60 µl
of water. Separation of 5-FC and 5-FU was accomplished
under isocratic conditions using a RP-C18 column
(Supelco supelcosil LC-18-S; 5 μm packing; 4.6 × 250
mm; Supelco, Sigma-Aldrich Chimie Sarl, Lyons, France)
and a guard cartridge (ChromGuard RP 10 × 3mm, Agi-
lent Technologies, Santa Cruz, CA, USA) with a mobile
phase of orthophosphoric acid (50 mM, pH 2.1) for
16 min and an elution flow of 0.8 mL/min. Spectro-
photometric diode array detection was used at 260 nm
and 280 nm. Sample concentrations of 5-FC and 5-FU
were calculated respectively based on a standard curve
of 5-FC and 5-FU.
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Pharmacokinetics analysis
Serum samples of 5-FC obtained on days 1 and 7,
were independently analyzed by non-compartimental
analysis using PKanalix software. Maximum plasma
concentration (Cmax), time to maximum plasma con-
centration (Tmax), and elimination rate constant (λz)
of the log-linear slop for concentration versus time
regression line was computed. Based on these param-
eters, the area under the concentration-time curve
(AUC) was calculated using a linear up-log down
trapezoidal rule from time 0 to the last time of sam-
ple collection and extrapolated to infinity by adding
AUC trapezoid value of Clast/λz, Clast being the last
quantifiable 5-FC plasma concentration. Similarly,
area under first moment (AUMC) was calculated.
Elimination half-life (t1/2) was calculated using ln(2)/
λz. Apparent clearance (CL/F) was calculated as Dose/
AUC and apparent volume of distribution at pseudo-
equilibrium (Vz/F) as Cl/F/ λz. Mean Residency Time
was calculated as AUMC/AUC. Each parameter was
expressed as mean ± SD. Parameters were compared
for days 1 and 7 by paired t-test. Statistical signifi-
cance was set at p < 0.05.

Histological analyses
Skin biopsies were performed under general anesthesia.
Anesthesia was performed using an initial intravenous
administration of 0.2 mg/kg of butorphanol (Torbugesic,
Zoetis, Malakoff, France), 3 mg/kg of ketamine (Keta-
mine 1000, Virbac, Carros, France) and 15 µg/kg of
medetomidine (Domitor, Orion Corporation, Espoo,
Finland). Analgesia was performed by subcutaneous in-
jection of lidocaine (Lidor, Axience, Pantin, France)
mixed with sodium bicarbonate in a 1:1 ratio into the
skin surrounding the lesion. Total dose of lidocaine did
not exceed 5 mg/kg. Biopsies of skin lesions were per-
formed using a 6 mm skin punch biopsy (Skin biopsy
punch 273,690, Kruuse, Langeskov, Denmark). A single
cruciate suture using non-absorbable monofilament
(Ethilon 3 − 0, Ethicon, Somerville, New Jersey, USA)
was used to suture biopsy sites. Samples were fixed in
10 % buffered formalin for 48 h and then embedded in
paraffin, routinely processed, sliced at 4 μm, stained with
hematoxylin-eosin-saffron and Periodic acid-Schiff and
examined by light microscopy. Slides were evaluated by
two European College of Veterinary Pathologists diplo-
mates (EL and FD).

Abbreviations
5-FC: 5-fluorocytosine; 5-FU: 5-fluorouracil; 5-FUMP: 5-fluorouridine
monophosphate; 5-FdUMP: 5-fluorodeoxyuridine monophosphate; AUC: Area
under the curve; Cmax: Maximal values of concentration; t1/2: Elimination half-
life; λz: Elimination rate constant
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