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This work presents a chemical and morphological anal-

ysis of samples of saliva taken from patients who were

under treatment with intravenous chemotherapy with

5-fluorouracil and leucovorin calcium. Samples of saliva

were extracted from fifteen patients during the three

stages of the treatment: The initial stage (previous to the

chemotherapy), the intermediate stage (during the che-

motherapy), and the final stage (twenty-one days after

finishing the treatment). An amount of 50 ll was col-

lected in each visit. Chemical contrast images were taken

by means of scanning electron microscopy, and X-ray

characteristic spectra were obtained from all the studied

samples by using an energy dispersive system from all the

studied samples. Images that correspond to the interme-

diate stage showed important differences with respect to

the initial and final stages. In addition, X-ray spectra

provided information about the present elements in

saliva and their relative abundance allowed us to deter-

mine variations in the chemical composition. The back-

scattered electron images and X-ray spectra from the

intermediate stage showed clusters of crystals with

fluorine content higher than those obtained in initial

and final stages. This fact probably indicates the passage

of metabolites of 5-fluorouracil and leucovorin calcium

from the plasma to the oral cavity. This finding enhances

the hypothesis proposed by other authors about the

secondary effects of the drugs on the stomatognathic

system such as oral mucositis, dysgeusia, and xerostomia

with or without hyposalivation.
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Introduction

For more than twenty years, developed countries have been
promoting the use of saliva to the diagnosis of several
diseases (1); some examples are: Sj€ogren syndrome, rheu-
matic diseases, sarcoidosis, cystic fibrosis, alcoholic cirrho-
sis, malnutrition, and breast carcinoma (2–5). The reason of
this usefulness relies on the direct contact of the saliva with
the blood serum, which offers a rapid method less traumatic
for the patient. Oral fluids are good indicators of the
healthiness of the individual. Previous works had analyzed
oral fluids of women affected by osteoporosis (6) and
smoking patients (7). They related the presence of some
elements in the saliva with the severity of the disease.
Changes in the gingival crevice fluid are used to diagnose
and inspect the oral diseases such as: periodontal disease,
caries, and fungous diseases (8, 9). Several medicines,
including oncology medicines have been studied (10), with
the use of gingival crevice fluid to inspect therapeutic drugs.
The administration of 5-fluorouracil with its biomodulator,
leucovorin calcium, to treat patients with diagnosis of
metastatic colon carcinoma causes complications in the oral
cavity (11). It had been reported that these agents are
eliminated from the plasma and that the excretion of
5-fluorouracil in saliva after its intravenous administration
can cause stomatitis in the upper part of the gastrointestinal
tract (12), and other works have showed the presence of
5-fluorouracil in saliva (13, 14).
Mucositis is a possible complication caused by chemo-

therapy (15). It describes the inflammatory response of
mucosal epithelial cells to the cytotoxic effects of drugs.
Oral mucositis is a painful inflammation and ulceration of
the mucous membranes lining the mouth cavity; about 40%
of patients under chemotherapy contract mucositis (15).
This pathology appears at 7–10 days after the initiation of
treatment and last from 2–4 weeks after the treatment has
finished (16). Scores and ulcerations can come down with
virus, bacterias, and fungus. Pain and loss of taste percep-
tion make it more difficult to eat, which leads to weight loss.
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Ulcers may act as a site for local infections (17). According
to The Well Health Organization, the mucositis can be
classified in four grades (18). Pain, oral dysfunction, and
gastrointestinal distress are commonly experienced by
patients with mucositis, independently of the grade or
severity. In grade 3 of oral mucositis, the patient is unable to
eat solid food, and in grade 4 the patient is unable to
consume liquids as well (19).

It had been shown that between 15–18% of patients
treated with 5-fluorouracil and leucovorin calcium presented
grade 3 or 4 of mucositis, which increases the risk of
infections, affects nutrition, deteriorates the quality of life of
the patient and, in several cases, it forces to interrupt the
treatment, which increases the costs of hospitalization (20).

A previous study had been performed in twenty-five
patients diagnosed with metastatic colon carcinoma and
treated with intravenous administration of 5-fluorouracil,
and leucovorin calcium had showed a decrement in basal
salivary flow, changes in the pH of some components of
saliva and variations in the indexes of oral health (11).
Considering these references, the aim of this work was to
find signs of the presence of the mentioned drugs or of their
metabolites in the saliva using scanning electron microscopy
with energy dispersive system (SEM-EDS).

The scanning electron microscopy (SEM) enables the
observation and characterization of organic and inorganic
materials from micrometer to nanometer scales. Through
this technique, three-dimensional-like images of the surfaces
of a wide range of materials can be obtained. The area to be
observed was irradiated with a finely focused electron beam
and the signals produced (secondary electrons, backscat-
tered electrons, and characteristic X-rays) could be used to
examine characteristics of the sample such as the topogra-
phy of the surface and its composition.

The scanning electron microscopy in combination with an
energy dispersive system (SEM-EDS) has gained a consid-
erable importance in odontological studies (21, 22). These
techniques besides being non-destructive, allow us to obtain
the chemical composition of small amounts of samples with
detection limits under 0.5% wt. The backscattered electron
images (BEI) provide information about the mean atomic
number; the regions of high average atomic number appear

brighter than regions of low atomic number. The changes in
the gray level can be interpreted as regions of different
chemical composition.

Materials and methods
Sample preparation
Saliva samples were extracted from fifteen adult patients
who were diagnosed with colon carcinoma and treated
with 5-fluorouracil and leucovorin calcium. This procedure
was accomplished in three stages of the oncological
treatment, as it is represented in Fig. 1. The first stage
corresponds to a period before the treatment (these
samples are referred as control group); the second stage
corresponds to the treatment of chemotherapy, and the
samples of the last stage were collected twenty-one days
after the treatment had finished. The treatment consisted of
six sessions of chemotherapy (5 days per session), which
were separated by twenty-one days from each other. It
must be mentioned that all patients presented similar
clinical charts, and those who were under different
medication, which may cause dry mouth, were discarded.
Samples were taken from patients after more than two
hours of fasting.
These patients were in orthostatic position without talking

and with a previous rinse with distilled water. Patients were
asked to deposit the saliva on a tube and then a fixed amount
of 50 ll was taken from the tube with a calibrated
micropipette.
It is important to note that selecting the patients is a

complicated task because they must fulfill some inclusion/
exclusion criteria: Patients must not suffer from systematic
pathologies, they must neither be smokers nor have dental
implants. The patients cannot be under medication or
treatment except under the drug of this study. All fifteen
patients fulfilled the inclusion criteria of having one or more
functional areas. The age cutoff was set at 55 years. The
43% of the patients were under that age and the 57% of
them were over 55 years. The subjects under study were 8
male patients and 7 female patients. They participated
voluntarily, and they had been informed of that they would
be part of a clinical study.

Figure 1 Schematic representation of the procedure used to collect the samples.
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For SEM observation, the amount of 50 ll of saliva taken
with the micropipette was deposited on a cupper support and
then dried in a stove at 37 °C during 24 h. After that
procedure, the sample was covered with gold to prevent
damages due to heating up and to charge accumulation
effects caused by the electron beam.

Experimental conditions

Measurements were carried out in the LEO 1450 VP
microscope installed at the LABMEM (Laboratory of
Electron Microscopy and Microanalysis) of the National
University of San Luis. The energy dispersive spectrometer
EDS is an EDAX-Genesis 2000 with an ultrathin polymer
window that makes possible the observation of all the
elements of the periodic table from B (Z = 5) with a
resolution of 129.2 eV for the Mn-Ka line.

The SEM images and the X-ray spectra were obtained at
20 keV. The live time for the X-ray acquisition was
200 seconds, and the current fluctuations remained under
the 1% of it in all cases. In order to obtain representative
data from each sample, the different zones of the samples
were scanned at a low magnification (70 X) and the results
obtained at different zones were averaged.

Results and discussions

The composition of the 5-fluorouracil and leucovorin
calcium drugs is: C4H3N2FO2 and C20H21CaN7O7, respec-
tively. Thus, if the intermediate stage presented a higher
concentration of F compared to the initial stage it could be
inferred that metabolites of the drug would be present in
saliva. The other elements present in the drugs such as C, H,
and N have not been used as parameters because they are

usual constituents of organic materials. The concentration of
these elements may vary from one patient to another
according to metabolism processes and the presence of
higher concentrations of Ca can be attributed to oral
pathologies (23). Backscattered electron images representa-
tive of the three stages are shown in Fig. 2. Structural and
compositional differences can be observed in the images,
which corresponds to the samples at the initial (Fig. 2A) and
the intermediate stage (Fig. 2C,D). The bright crystals in the
intermediate stage (Fig. 2C,D) are clusters with mean
atomic number different from the background. These
agglomerates of crystals were observed in all samples from
the intermediate stage with variable size, and they were not
observed in the other stages. That fact allowed us to infer
that those changes would be associated with the chemo-
therapy treatment because none of the considered patients
took a different drug. Fig. 2 B corresponds to the final stage,
showing no significant differences with the image regarding
the initial stage.
The X-ray spectra that correspond to the initial stage and

the intermediate stage in crystal zones and in the back-
ground are shown in Fig. 3. The spectra shown in Fig. 3
correspond to the same patient. Because initial levels of F (a
sign of the presence of the drug) vary from one patient to
another, relative intensities must be studied. A higher
concentration of F is observed in the brightest zones from
the second stage. It probably indicates the passage of
metabolites of 5-fluorouracil and leucovorin calcium from
plasma to oral cavity.
The most significant differences were found in Cl, K, and

Ca (Fig. 3). The higher percentage of Ca in the intermediate
stage is in agreement with the higher presence of dental
calculus observed in this stage; this fact could indicate the
presence of a severe periodontal disease such as periodontitis.

A B

C D

Figure 2 Images of backscattered electrons from saliva corresponding to the initial stage (A), final stage (B), and intermediate stage (C and D). Images C
and D are from different patients.
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The higher level of K in the intermediate stage could be
related to the degeneration of tissues and the release of some
cellular content that was caused by the development of some
infections. This fact is in agreement with the presence of
inflamed areas in the oral cavity of patients in the interme-
diate stage. Regarding the presence of Cl it must be
mentioned that this element is known to be combined with
H forming HCl, which is very volatile. It indicates that the Cl
determination is not reliable.

In all cases, the salivary Ph was determined. Its mean
values were 7.4 � 0.1 for the initial stage, 7.1 � 0.1 for the
intermediate stage, and 7.5 � 0.1 for the final stage.

Table 1 shows the average values of the quotients of
characteristic X-ray line intensities of F and Ca relative to
their intensities in the initial stage. These quotients were
calculated for every patient to determine the average value.
In the final stage, the variation of Ca and F with respect to
the initial stage is not remarkable. The crystals present in the
intermediate stage concentrate most of the excess of F,
whereas the concentration of Ca rises only in the back-
ground.

The patients considered in this study presented grade 1
mucositis (18) in the intermediate stage of the treatment
with 5-fluorouracil and leucovorin calcium. The fifteen
patients did not suffer from mucositis at the moment when
they were selected, so that the first sample was the control
one. The reason was that in this way the presence of
mucositis could be attributed to the chemotherapy, and the
purpose was to evaluate the severity of this secondary effect
in patients with no initial mucositis.

According to these results, the changes observed in the
intermediate stage are consequence of the treatment with
5-fluorouracil and leucovorin calcium, because all patients
were treatedwith equal conditions and they did not follow any
other treatment or particular habit that could alter the results.
Both techniques, images by scanning electron micros-

copy and X-ray analysis, show that the differences are
observed between the stages of the treatment. This is in
agreement with clinical evaluation and with the alterations
in the oral cavity observed in the intermediate stage.

Conclusions

The analysis of saliva extracted from patients before the
treatment with cytotoxics (initial stage), during the treatment
(intermediate stage), and after finishing the treatment (final
stage) through BEI (chemical contrast) allowed us to
observe changes in the chemical composition and micro-
structure. Higher concentrations of fluorine and calcium
were observed in the samples extracted in the intermediate
stage, indicating the presence of products from the metab-
olism of the drug in saliva. The heterogeneousness in
chemical composition during the intermediate stage is
revealed by the formation of clusters, which indicates the
presence of strange substances in saliva.
These findings enhance the hypothesis proposed by other

authors about the secondary effects of the drugs in the
stomatognathic system such as mucositis, dysgeusia, and
xerostomia with or without hyposalivation (24, 25).
The results obtained represent a powerful tool to analyze

the secondary effects on the oral cavity of the patients in
treatment with cytotoxics. It allowed us to assume that
metabolites of 5-fluorouracil and leucovorin calcium are
present in saliva, and they alter the oral cavity and the upper
part of the gastrointestinal tract. As a consequence of this,
the life quality of patients is seriously affected because these
alterations hinder the ingestion and they cause subsequent
nutrition problems and the deterioration of organic systems.
Considering these findings, some precautions should be

taken into account when patients are submitted to this
treatment in order to diminish the expected complications
and to offer appropriate steps to alleviate the symptoms.
The scanning electron microscopy is a reliable technique

to study this kind of samples and to obtain information about
chemical composition with the energy dispersive system and
about the mean atomic number of the sample through the
analysis of BEI. Besides, the topographic contrast shows how
crystals form clusters in the intermediate stage.
At present, more samples are being collected to continue

with this study. This work is part of a clinical research
whose objective is to analyze different oncology drugs in
order to determine which of them give better results with
minimum side effects.
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