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Summary. Plasmatic and salivary concentrations of 5-FU 
were investigated in ten patients given 5-day continuous 
infusions of 5-fluorouracil (5-FU) (1 g/m2/day). Measur- 
able concentrations of salivary 5-FU were scattered rang- 
ing from 6 to 100 ng/ml. Between individual 5-FU concen- 
trations in saliva and plasma the coefficient of correlation 
was low. The theoretically predicted ratios of 5-FU con- 
centrations in saliva over those in plasma, calculated as a 
function of salivary pH, did not correlate with the ob- 
served ratios, the majority of which ranged between 0.1 
and 0.5. Noteworthy, 8 of 10 patients exhibited a more or 
less pronounced increase in 5-FU salivary excretion dur- 
ing 5-day continuous i.v. infusions. 

Compared with bolus injections, the continuous infusion 
of 5-fluorouracil (5-FU) significantly improves hematolog- 
ical tolerance in treated patients [10]. However, digestive 
intolerance and, particularly, the occurrence of oral muco- 
sitis remain the major limiting toxicities during prolonged 
5-FU infusions [1, 2]. The salivary passage of 5-FU has 
been advocated by Gudauskas et al. [7], partially studied 
by Celio et al. [3], and recently explored by Watenabe et al. 
[13] in beagle dogs. A direct, prolonged contact of 5-FU 
with the oral epithelium could at least partly explain the 
development of stomatitis. This represented a substantial 
rationale for acquiring a greater understanding of the sali- 
vary pharmacology of 5-FU. Theoretically, for a given 
drug, a satisfactory salivary/plasmatic ratio can only be 
correctly appreciated at steady state [9]. Thus, sampling 
saliva in patients receiving a continuous infusion of 5-FU 
represents a more appropriate method than studying pa- 
tients who have been given an i.v. bolus. Plasmatic and 
salivary concentrations of 5-FU were investigated in ten 
patients given 5-day continuous infusions of the drug 
(1 g/m2/day). In all, 34 individual, coupled saliva-plasma 
samples were analyzed during successive days of the cycle. 

Methods 

Table 1 gives the characteristics of the patients studied, 
whose mean age was 64.8 years (range, 50-77 years). 
Saliva samples (at least 0.5 ml) were taken by sublingual 
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aspiration with a plastic pipette (Poly Labo Paul Bock 
3013150; Strasbourg, France) before patients had eaten 
and 15 min after the thorough use of a mouthwash. At the 
same time, 5-ml blood samples were drawn into EDTA 
tubes, which were rapidly moved to the laboratory. After 
centrifugation (2,000 rpm for 10 min), particle-free saliva 
and plasma were stored at - 2 0 ° C  until analysis (within 
10 days). A high-performance liquid chromatographic 
(HPLC) technique (UV detection at 254 nm) was used for 
5-FU measurements [5]. The mean recovery from blank 
saliva spiked with 5-FU (n = 4) was 65.5% (CV, 6.5%); the 
limit of detection was 6 ng/ml, pH values for saliva sam- 
ples were systematically recorded (pH microelectrode, 
Corning MD 00311306 L; Corning, Halstead, England). 
The predicted saliva/plasma (CS/CP) concentration ratio 
was calculated as: 

1 + 1082-~ 
CS/CP = 1 + 1082-74, 

where 8.2 is the pKa of 5-FU, 7.4 is the pH of plasma, and 
x is the pH of the saliva sample, assuming that the percent- 
age of 5-FU protein binding in plasma was negligible [3]. 

Results and discussion 

Measurable concentrations of salivary 5-FU were scat- 
tered, ranging from 6 to I00 ng/ml;  an identical disper- 
sion was found for plasmatic 5-FU. The relationship be- 
tween individual 5-FU concentrations in saliva and plas- 
ma is shown in Fig. 1. The coefficient of correlation 
(r = 0.35) was relatively low but statistically significant 
(P < 0.05). The theoretically predicted ratios of 5-FU con- 
centrations in saliva over those in plasma (CS/CP), calcu- 
lated as a function of salivary pH, did not correlate with 
the observed CS/CP ratios, the majority of which ranged 
between 0.1 and 0.5. The day-to-day evolution of individu- 
al salivary 5-FU concentrations is shown in Fig. 2. Eight of 
ten patients exhibited a more or less pronounced increase 
in 5-FU salivary excretion during 5-day continuous i.v. 
infusions. 

Drug measurement in saliva may offer an advanta- 
geous alternative to blood analysis [9, 11]. As 5-FU is not 
protein-bound to a great extent in plasma [3], this drug is 
theoretically an appropriate candidate for salivary investi- 
gations. Moreover, the limiting toxicity of 5-FU during in- 
creasingly used continuous-infusion protocols [12] arises 
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Table 1. Patient characteristics 

Patients Sex, Tumor site Chemotherapy Day of 5-FU sampling 
(patient number) age protocol (blood and saliva)" 

Lam (1) F 
69 

Mar (2) M 
5O 

Gio (3) M 
64 

Ber (4) M 
62 

Fou (5) F 
68 

Pou (6) M 
64 

Bru (7) M Oesophagus Cisplatin 150 mg 
76 day 1 

5-FU 1,400 mg/day 
days 2 -  6 

Bas (8) M Metastasis, 5-FU 1,400 mg/day b 
77 colon days 1 - 5/C 1 

5-FU 1,400 mg/day 
day 1 - 5/C2 
5-FU 1,400 rag/day 
days 1 - 5/C3 

Gan (9) M Adenocarcinoma 5-FU 200 mg/day 
57 origin unknown days 1 - 5 

Metastasis 5-FU 1,500 mg/day day 1 
colon days 1 - 5 (6.91) 

Oesophagus Cisplatin 170 mg day 3 day 4 
day 1 (8.25) (7.63) 

5-FU 1,700 mg/day 
day 2 - 6 

Colon 5-FU 1,800 rag/day day 1 
days 1-5 (7.13) 

Bladder Cisplatin 150 mg day 2 
day 1 (8.12) 

5-FU 1,500 rag/day 
days 2 -  6 

Breast 5-FU 1,000 mg/day ND: day 1 
days 1-5 (7.10) 

Bladder Cisplatin 140 mg day 1 day 3 
day 1 (7.25) (6.35) 
5-FU 1,500 mg/day b 
days 2 - 6/C 1 
days 2 -  6/C2 day 2 

(7.84) 

day 2 day 4 day 5 
(6.63) (7.07) (7.96) 

Ber (10) M Metastasis 5-FU 1,700 rag/day 
71 colon days 1 - 5 

day 2 
(6.39) 

day 5 
(7.13) 

day 4 
(6.80) 

day 3 
(8.36) 

day 4 
(7.73) 

day 4 
(6.51) 

day 1 day 2 day 3 
(7.79) (7.69) (8.23) 
day 1 day 2 day 3 
(7.90) (7.66) (8.14) 
day 1 day 2 
(7.03) (7.05) 

ND: day 1 ND: day 2 day3 
(6.24) (6.82) (6.28) 
day 4 day 5 
(6.57) (7.11) 

day 1 day 2 day 3 
(7.91) (7.72) (8.25) 

a Coupled blood and saliva samples were taken at 5 p.m. (numbers in parentheses indicate pH values for saliva samples) 
b C1, C2, C3: three different cycles at 3-week intervals; ND, 5-FU concentration in saliva was below the detection limit 

from digestive intolerance and,  part icular ly,  oral  mucositis 
[1, 2]. Thus, a local toxic effect of  5-FU on the oral epithe- 
lium may be involved. These arguments,  as well as previous 
reports on the pharmacokinet ics  of  5-FU in saliva [7], led 
us to carry out the present  study. 

Gudauskas  et al. [7] have repor ted  5-FU salivary levels 
of  between 150 and 3 0 0 n g / m l  in patients receiving 
30 m g / k g  per day for 4 or 5 days. Chabner  [4] has shown 
that 1 txM (130 ng /ml )  is the appropr ia te  threshold for the 
cytoxic effect of  5-FU on normal  tissue [4]. Al lopur inol  
given as a mouthwash can reduce oral toxicity induced by 
5-FU [6], al though such an effect was not  found with sys- 
temic adminis t ra t ion of  a l lopurinol  [8]. This provides an 
indirect  argument  in favor of  a more or less p reponderan t -  
ly local origin for mechanisms implicated in 5-FU-induced 
oral mucositis. 

We found a significant correlat ion between individual  
concentrat ions of  5-FU in saliva and p lasma;  a similar ob- 
servation has been made by others in beagle dogs [13]. 

However,  the values were scattered, and we consider  that a 
salivary measurement  is not accurately predict ive of  the 
corresponding b lood  concentrat ion.  As 5-FU (pKa, 8.2) is 
ionized in plasma,  observed ratios between 5-FU concen- 
trat ion in saliva and p lasma were compared  with the pre- 

2_oo 

,< 

O 
O 

0 
0 

0 0 

o~..~.o~ . . . .  o o  ~< - -  6 o 

O 0  
0 0 ~  - OCP 0 0 0 0 

0 PLASMATIC 5-FU nq/ml 500  

Fig. 1. Individual correspondence between salivary and plasmatic 
5-FU concentrations 
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Fig. 2. Day-to-day evolution of individual salivary concentrations 

dicted ratios, taking into account the individual  salivary 
pH values. At steady state, most of the observed CS / C P  
ratios ranged between 0.1 and 0.5 and were much lower 
than those predicted. This can be explained by the se- 
cretory mechanisms of 5-FU in saliva, which are different 
from the simple, passive diffusions guided by the Hender- 
son-Hasselbach equation. 

Of particular interest was the progressive increase in 
5-FU salivary concentrat ions in most of the patients stud- 
ied during a 5-day cycle. This may strengthen the hypothe- 
sis that 5-FU has a local and directly contributory cytotox- 
ic effect on oral mucosa during prolonged drug infusions. 
In conclusion, this study may contribute to a better knowl- 
edge of the clinical pharmacology of 5-FU; it suggests that 
a local effect of 5-FU on oral mucosa may be enhanced by 
prolonged infusion. This can stimulate and justify further 
pharmaco-clinical  studies for a deeper unders tanding 
a n d / o r  the clinical management  of salivary 5-FU. 
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