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Abstract

Objective: This in vivo experimental study evaluated
the effect of methotrexate on the oral mucosa of mice.
Methodology: A total of 28 adult BALB/c mice were
randomly assigned into a control and an experimental
group. Mice in the experimental group were immuno-
suppressed with 2.5 mg/kg of methotrexate for three
consecutive days. One mouse from each group was
sacrificed each day for 10 days. Samples from ventral
mucosal tongue surface were collected and prepared
for histomorphometric analysis, by staining with hema-
toxylin/eosin. Three microscopic fields per section were
analyzed, in order to evaluate the mean epithelial cells
layer thickness and counting of blood vessels. To eva-
luate the existence of inflammatory infiltration, values
of 0 and 1 were used for absence or presence, respec-
tively. Results: The results showed that the treatment
did not induce clinical signs of mucositis in the ventral
mucosal tongue region. The histological examination
showed that the mean number of blood vessels was si-
milar in control and experimental samples (p < 0.001),
and that there was absence of inflammatory infiltration.
However, the thickness of the epithelial cell layer of
experimental samples was significantly lower than in
control samples. Conclusion: This study showed that,
in the mouse model, methotrexate-induced mucositis
histological result in manifestations in the ventral ton-
gue region.
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Introduction

At the beginning of last century, the only treat-
ment available for patients with solid tumors was
surgery, associated with high morbidity and morta-
lity. Over the past 40 years, chemotherapy resulted
in a progressive improvement in survival rates of
patients with malignant neoplasms!.

The drugs used in chemotherapy destroy rapi-
dly dividing cells in the body or slow cell division
nonspecifically. Similar to radiotherapy, normal
host cells with a high index of mitotic activity are
also affected. The cells most affected are from the
gastrointestinal epithelium (including the epithe-
lium of the buccal cavity) and bone marrow cells?.

The first experimental studies of chemotherapy-
induced oral mucositis investigated the effect of the
antimetabolite 5-fluorouracil on hamsters?. Since
then, other studies have been conducted in rats
and mice, with different inducing agents®®. Mota in
2004, for instance, used methotrexate to induce in-
testinal mucositis in rats, based on the experimen-
tal model of Vanderhoof et al.® (1990). Methotrexate
is an antineoplastic, antipsoriatic, antirheumatic
drug with immunosuppressive activity. This effect
is observed for instance in mice treated subcutane-
ously with doses of 2.5 mg/kg during three conse-
cutive days5%!!,
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Mucositis is an inflammatory, painful and debi-
litating condition that significantly interferes with
anticancer therapy, particularly in patients under-
going radiotherapy and/or chemotherapy for head
and neck cancer. Sequelae include severe pain, im-
pairment of oral and pharyngeal function, bleeding
episodes and increased risk for local and systemic
infections?!*15. The mucosa of the lips, mouth, ton-
gue, floor of mouth and soft palate are more fre-
quently affected by chemotherapy than keratinized
hard tissues, such as the hard palate?®.

According to World Health Organization (WHO),
mucositis can be classified clinically into categories
0 to 4, as follows: 0, no mucosal lesion; 1, erythe-
matous area; 2, mucosal erythema or ulceration,
allowing intake of solid food; 3, ulcerated area, only
liquids allowed; and 4, mucositis requiring enteral
or parenteral nutrition!”!8, Histologically, the dise-
ase proceeds in four phases: inflammatory/vascular,
epithelial, ulcerative/bacterial, and healing phase.
These stages are interdependent and result from
cytokine-mediated effects of chemotherapy drugs
on the epithelium and the composition of the oral
microbiota?.

This study aimed to evaluate the effects of
methotrexate treatment on the tongue mucosa in
a murine model of oral mucositis. Parameters such
as epithelial thickness of the cell layer, presence of
inflammatory infiltrate and vascularization of the
ventral tongue were compared in treated and con-
trol animals, in different periods.

Materials and method

In this in vivo experimental study, 2-month-old
male BALB/c mice with an average weight of 30 g
were used. The animals were kept under standard
conditions (12 hours light/12 hours dark, water and
food ad libitum). A total of 28 animals were ran-
domly assigned to two groups. Mice in the experi-
mental group (EG) were immunosuppressed with
subcutaneous injections of 2.5 mg/kg methotrexate
into the dorsal skin, for three consecutive days. The
total dose corresponded to 0.3 mg. Mice in the con-
trol group (CG) were not treated. During each of the
next ten days, one mouse from each group was kil-
led by cervical dislocation!®?!. Regions of the jugal
mucosa, both submandibular glands, hard palate,
esophagus and tongue were thoroughly collected
and stored for later investigation. Mucosal tissue
integrity and the presence or absence of mucositis
were evaluated by macroscopic analysis. Clinical
observations were classified according to the scale
of the World Health Organization!®. To avoid the
post-mortem changes, the material was preserved
in formalin 10% for a period of 48 hours.

The present study aimed to analyze the ven-
tral lingual mucosal surfaces of treated and non-
treated mice. Three-micrometer-thick sections were
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obtained from paraffin- embedded samples using a
microtome (Leica, Germany) and stained with he-
matoxylin and eosin (HE), for analysis under light
microscopy.

For morphometric and histological analyses,
three microscopic fields from each ventral tongue
mucosal epithelium section showing less ephetelial
cell layers were registered. Analyses were perfor-
med with magnification of 400X, using a video ca-
mera (Olympus®, QColor 5, Coolet, RTV] attached
to a binocular microscope (Olympus Optical Co.®,
CX41RF] and a computer (Dell[], Dimension 5150),
using the software Qcapture®. A millimetrically gra-
duated ruler was attached to the captured images.

The software ImageTool 3.0® (University of
Texas, San Antonio, USA) was used for measure-
ment of the epithelial cell layer, according to the
manufacturer’s recommendations. The epithelial
thickness was measured from the spinous layer to
the boundary between the intermediate layer and
superficial, and three measurements were perfor-
med in each of the three photographed fields. At
every 10 measurements of epithelial thickness, one
was repeated to assess intra-examiner reproduci-
bility. All analyses were blind to the origin of the
sample.

The presence of inflammatory infiltration was
evaluated, and each microscopic field was labeled 0
or 1 according to absence or presence of inflamma-
tory cells, respectively. For assessment of the num-
ber of blood vessels in each field, structures with
endothelial lining and with red blood cells in their
interior were counted. At every 10 fields, a count
was repeated to assess intra-examiner reproducibi-
lity.

In order to compare epithelial thickness and
number of blood vessels between control and experi-
mental samples in the different periods, statistical
analysis was accomplished by using multiple analy-
sis of variance, complemented by the Tukey’s multi-
ple comparison test. P < 0.05 was taken to indicate
statistical significance.

This work followed the rules for the use of ani-
mals in research projects, as Normative Resolu-
tion 04/97, the Committee for Research Ethics and
Health/GPPG/HCPA. This project was approved by
the Research Ethics Committee of the Dentistry
Faculty, UFRGS.

Results

At macroscopic observation, the samples sho-
wed no alteration in the ventral tongue mucosa,
with an index 0 in samples of experimental and con-
trol groups, in different periods.

Determination of the intraclass correlation coe-
fficient showed an excellent intra examiner repro-
ducibility in measurements of the epithelial layer
thickness (ri = 0.999, p < 0.001) and counting of
blood vessels (ri = 1.000).
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As presented in Table 1, histological analysis
shows that the highest mean epithelial thickness
was observed in control samples collected on the
sixth day and was significantly higher than sam-
ples collected on days one, three, seven, eight and
nine. Fifth-day control samples presented mean
epithelial thickness average significantly higher
than samples collected on days three, seven and
eight. Finally, control samples from days two and
10 also show significantly higher epithelial thick-
ness means than samples on the third day. In the
experimental group, mean epithelial thickness was
highest on day-two samples. This result was signi-
ficantly higher when compared to samples collected
between days three and nine. Day-7 samples sho-
wed epithelial thickness significantly lower than
sample collected on days one and two. Finally, sam-
ples collected from the fourth day on showed signifi-
cantly lower epithelial thickness when compared to
samples from the first three days. In the compari-
son between groups (Fig. 1), from the third day the
average epithelial thickness of control samples is
significantly higher than in experimental samples.

The mean number of blood vessels per field was
similar in control and experimental samples col-
lected in different periods. Inflammatory infiltrates
were not observed in any of the control and experi-
mental samples.

Figure 1 - Veentral tongue region on day 3 (A, B), 7 (C,D) and 10 (E, F).
HE staining Comparison of the thickness of the epithelial
layer of control sample (A, C, E, arrow) and of experimen-
tal sample (B, D, F). Original magnification 400X
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Table 1 - Mean thickness of the epithelial cell layer in experimental and

control samples
Time Control Experimental
@ay) | Mean | Sondard | | Stendad
deviation deviation
1 38.83 Beba 11.07 30.66 8 5.51
2 49,33 ABCa 9.84 40.36M 6.23
3 30.94 b2 11.69 17.7658¢ 2.66
4 41,17 ABCDa 9.02 19.78 8 6.60
5 51.64 A8 5.05 20.1068¢ 4.52
6 54.38" 13.71 16.22 8¢ 2.91
7 35.24¢ba 7.75 13.29 2.72
8 35.46 P2 12.29 19.19 8¢ 5.07
9 39.108¢ba 5.73 23.2068¢ 8.49
10 48.43 ABCa 14.93 27 .42 ABCb 11.38

Means followed by capital or small letters differ significantly from
corresponding means in column or row mode, respectively. Analyses
performed by ANOVA complemented by the Tukey’s multiple com-
parison test, with a significance level of 5%.

Discussion

Methotrexate, whichisadrugwidely usedinbone
marrow transplantation'®!, was used this study
to induce mucositis in mice. The use of this drug for
experimental work requires careful handling in a
fume hood with special protective equipment, and
involves a high cost. According to the methodology
described by Vanderhoof et al.® (1990) and Mota®
(2004), the total dose of the drug was administered
during three consecutive days. In spite of resulting
in a greater involvement by the researcher, this
schedule reduces the toxicity of the drug, resulting
in lower mortality of the experimental animals.

Since the ventral mucosal tongue region does
not present a keratinized layer, it is more easily
affected by chemotherapy!®, and was thus chosen
in this experimental study for assessing the conse-
quences of methotrexate-induced mucositis.

In humans, mucositis manifests clinically be-
tween 5 and 7 days after commencing chemothe-
rapy, presenting as ulcerative diffuse lesions®”. In
the present study, intraoral clinical manifestations
were not observed in treated mice.

The phases of development of mucositis are in-
terdependent?. In the present study, no significant
differences related to the number of vessels were
observed between control and experimental groups,
and inflammatory cells were not seen in any of the
samples in different periods. These results may be
related to the methodology used.

In the epithelial phase of mucositis, the number
of epithelial cells is reduced, resulting in atrophy
and possibly leading to ulceration of the epithe-

ium. These stages occur from day zero to the fifth
day after administration of chemotherapy drugs in
experimental animal studies?%%2. The thickness of
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the epithelial cell layers observed in experimental
samples collected on days three, four, five, six, se-
ven and eight was significantly lower than those of
control samples. The ulcerative or bacteriological
phase of mucositis''® was not observed.

Oral mucositis is a multifactorial condition,
so that the degree of myelosuppression, as well
as environmental factors represented by the oral
microbial flora, saliva and its protective/repairing
components, added to the possible role of functio-
nal trauma, provide an important set of factors that
impact on the frequency, severity and course of the
disease?.

The repair phase, which is associated with re-
newal of the epithelium and increased thickness of
the epithelial cell layer, could be observed from the
eighth day onwards in experimental samples. This
phase may last from 12 to 16 days, depending on
the degree of epithelial proliferation, on the resto-
ration of the oral microbiota and on the absence of
complicating factors that may affect healing!2.

It should be emphasized that, in a similar inves-
tigation, Sonis? (1998) used 5-fluorouracil to induce
mucositis in a hamster experimental model. These
differences prevent a direct comparison with the
present study, since repair processes of these two
animal models are different, and the induction of
mucositis depends on the drug and dose used.

The present study provides new information on
the progression of methotrexate-induced mucositis
and encourages the search for an efficient modula-
tion of all phases of this condition.

Conclusion

This study showed that, in the mouse model,
methotrexate-induced mucositis does not result in
clinical manifestations in the ventral tongue region.
No inflammatory infiltration was observed, and the
average number of blood vessels was similar in con-
trol and experimental groups. However, the thick-
ness of the epithelial cell layer was significantly low-
er in experimental as compared to control samples

(p < 0.001), which may indicate alterations, al-
though no clinical signs of ulceration and no histo-
logical evidence of rupture of the epithelial barrier
and exposure of connective tissue were observed.

Resumo

Objetivo: Este estudo experimental in vivo se propds
avaliar o efeito do metotrexato sobre a mucosa bucal
de camundongos. Metodologia: Foram utilizados 28
camundongos Mus musculus, Balb/c, selecionados de
forma randomizada e divididos em grupo teste e grupo
de controle. Os camundongos do grupo teste foram imu-
nossuprimidos com 2,5 mg/kg de metotrexato durante
trés dias consecutivos. Um camundongo de cada grupo
foi sacrificado diariamente, durante dez dias. Para este
estudo piloto foi analisada a superficie ventral lingual de
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cada camundongo. Para a andlise morfométrica-hema-
toxilina/eosina foram capturados trés campos microsco-
picos por lamina do ventre lingual que apresentaram
menor espessura epitelial. Para a avaliagdo da presenca
de infiltrado inflamatério convencionou-se 0 para au-
séncia e 1 para presenga de infiltrado inflamatorio. A
contagem dos vasos sanguineos foi realizada por campo
e foram registrados os vasos que apresentavam hema-
cias no seu interior. Resultados: Os resultados mostra-
ram que ndao houve manifestagées clinicas da mucosite
na regido de ventre lingual no grupo teste. Na analise
histolégica ndo houve nenhuma diferenga estatistica
quanto a quantidade média de vasos (p < 0,001) e em
ambos grupos, teste e controle, ndo foram observadas
presencga de infiltrado inflamatorio. Entretanto, a espes-
sura epitelial do grupo teste mostrou resultados signifi-
cativamente menores em comparagdo ao grupo de con-
trole. Conclusao: Este estudo mostrou que o metotrexato
induziu resultado histolégico de mucosite na superficie
ventral da lingua dos camundongos.

Palavras-chave: Metotrexato. Mucosite. Histologia. Ca-
mundongo.
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