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Background/purpose: Oral candidiasis is the most common fungal infection of the oral cavity
and has become a focus of attention in recent years because of its association with highly
topical immunosuppressive conditions. The aims of this study were to determine the value
of microbiological, clinical and histological parameters of Candida albicans colonisation of
the dorsal tongue surface as indicators of disease severity, and to evaluate therapeutic
response to different formulations of nystatin.
Materials and methods: We used 84 males, 2-month-old SpragueeDawley sialoadenectomized
rats. Different formulations of nystatin were used to evaluate the therapeutic response. The
animals were randomized to 2 groups with each of 42 animals and received the experimental
treatments from day 17e22.
Results: 100% of the rats showed evidence of infection. At 5 and 10 days of starting treatment
with nystatin þ chitosan, and at 10 days of starting nystatin þ orabase, the number of animals
with positive dorsal tongue culture decreased significantly (p < 0.05), acting the
Nystatin þ chitosan more rapidly against Candida. In the control group, the percentage of
normal papillae on day 22 and 27 was 83.33% (SDZ 1.50) and 79.08% (SDZ 2.30), respectively.
Significant differences were observed in the mean O’Grady score at 5 and 10 days (p< 0.0001).
Conclusion: The model has been shown to be effective in inducing infection, and that the com-
bination of nystatin and chitosan yielded the best therapeutic outcomes at both 5 and 10 days
after infection.
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Introduction

Oral candidiasis or oral thrush is an infectious disease
caused by an increase in Candida colonisation and invasion
of oral tissues that occurs when physical barriers and host
defences have been weakened. It is the most common
fungal infection of the oral cavity and the most prevalent
strain is Candida albicans. Most clinicians consider oral
candidiasis to be synonymous with C. albicans infection.1

Oral candidiasis has become a focus of attention in
recent years because of its association with highly topical
immunosuppressive conditions, such as those derived from
human immunodeficiency virus (HIV) infection.2 At least
80% of AIDS patients and one third of patients with HIV
infection develop concomitant Candida infection.3 Sys-
temic diseases, such as diabetes,4 and the wide array of
pharmacological treatments (antibiotics, immunosuppres-
sants and psychotropic drugs) used by the general popula-
tion have also helped increase the prevalence of this
disease. In addition, the high prevalence (31%) of dry mouth
(xerostomia) in the over-65s, due to comorbidities and use
of pharmacological therapies, explains the presence of this
disease in this segment of the population.5

The study of oral candidiasis is particularly challenging
due to the number of predisposing factors, which tend to
confound the results of published studies. One way to
overcome this is to use experimental animal models that
simulate human disease. This approach gives investigators
access to a series of genetically uniform individuals that are
subject to the same environmental conditions. It also
avoids the bias that genetic variability, immunological
status, differences in diet and lifestyle, dental prostheses,
variations in salivary flow and composition, medical treat-
ments, and lack of cooperation can cause in human
studies.6

On this premise, we developed a rodent model of oral
candidiasis that reproduces the clinical manifestations of
the disease in humans. The aims of the study were to
develop a homogeneous and reproducible model of oral
candidiasis due to C. albicans in sialoadenectomized rats;
to determine the value of microbiological, clinical and
histological parameters of C. albicans colonisation of the
dorsal tongue surface as indicators of disease severity; and
to evaluate the therapeutic response to different formu-
lations of nystatin.
Figure 1 Experimental rats undergoing (A) ligature of Sten-
sen ducts (*) and (B) removal of submaxillary glands (**).
Material and methods

C. albicans colonisation model

Animals
We used 84 male, 2-month-old SpragueeDawley rats
(Interfauna Ibérica, S.A., Barcelona, Spain), weighing
between 180 and 200 g. Absence of C. albicans was
confirmed after samples from the oral cavity of each rat
had been cultured in yeast extract peptone dextrose (YEPD)
medium, as it has already been described.15 Seven days
before the start of the experiments, the animals were
housed in individual filter-top cages in an aseptic chamber
maintained at between 21 and 22 �C, with 12/12 h artificial
lightedark cycle. They were given ad libitum food (Panlab
Diet A.03) and sterile water.

Xerostomia induction
Sialoadenectomy was performed to induce xerostomia and
facilitate the development of oral candidiasis. The rats
were anesthetised with 40mg/kg ketamine (Ketolar, Parke
Davis, Barcelona, Spain) and 1mg/kg diazepam (Valium,
Roche, Madrid, Spain) before undergoing excision of the
sublingual and submaxillary salivary glands and ligation of
the Stensen or parotid ducts (Fig. 1A and B). A 1 cm incision
was made below the external auditory canal and extended
in a straight line to the external angle of the eye, following
the course of the exorbital lacrimal gland, which overlaps
the parotid gland and covers the start of the parotid duct,
through the masseter muscle. After the gland was sepa-
rated from the buccal and mandibular branches of the
facial nerve, it was tied with Catgut� (Braun Surgycal, S.A.,
Barcelona, Spain). To remove the submaxillary and sublin-
gual glands, the lower border of the hyoid bone and the
manubrium sterni (caudally) were located by palpation,
and an incision was made along an imaginary line between
both points. Next, the submaxillary and sublingual glands
were exposed and removed en bloc, given their close
anatomical relationship. Before removal of the glands, the
hilae were tied off with Catgut�. The incision was then
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closed in layers using 3.0 suture (Ethicon Ltd, Edinburgh,
United Kingdom).

Two months after surgery, candidiasis was induced. This
interval was considered sufficient to allow the surgical
wound to heal and for clinical signs of xerostomia to be
confirmed.7,8

Induction of oral candidiasis
C. albicans was obtained from erythematous oral lesions in a
patient and identified by the Microbiology Department of the
University Hospital, Santiago de Compostela. The Candida
strain was plated on YEPD growth medium at room tempera-
ture. The microorganisms isolated were identified as C. albi-
cans using the germ tube and chlamydospore formation test.
To prepare C. albicans for inoculation, the colonies were
suspended in sterile buffered saline, washed and centrifuged
(�2), and resuspended in the same saline solution. The inoc-
ulumwasadjusted toaconcentrationof3� 108 CFU/mlbased
on the optical density at 300 nm (OD300) measured using a
densitometer Lumeton Colorimeter 401A (Photovolt In-
struments Inc. St. Louis Park, MN, USA).

The rats were infected by topical application of the
inoculum on the dorsal tongue on 2 consecutive days. Swabs
Assure (ref. 81,005) (Sultan Chemists Inc., Englewood, NJ,
USA) saturated with 0.1ml of fresh suspension were used to
impregnate the dorsal tongue with inoculum. C. albicans
infection was confirmed 17 days after inoculation and at the
end of the experiment. Induction of oral candidiasis protocol
was developed following Samaranayake et al. consider-
ations.9 The fungus was collected by introducing a collection
swab in the oral cavity and rotating it on the dorsal tongue.
Samples were seeded on sabouraud dextrose agar, and
incubated at 37 �C (Estufa Microbiológica Selecta, Barcelona,
Spain) for 48 h, after which time the colonies were identified.

Experimental protocol

The dorsal tongue was examined macroscopically everyday
from the time of inoculation until the end of the experi-
ment. The latency period and the size and characteristics
Figure 2 Flow chart of m
of the lesions were recorded over the course of the study.
On day 17, the presence of C. albicans in the oral cavity of
the rats was confirmed by culture of swab samples.
Experimental treatments were applied from day 17e22.
The animals were then randomised to 2 groups (sacrificed
at 5 or 10 days) with each of 42 animals (See flow chart,
Fig. 2). These groups were stablished to determine hyphae
invasion according to evolutionary process. The animals
were sacrificed using CO2/N2 and the dorsal tongue was
photographed in situ (10x).9

Evaluation of the disease model

Candida infection was evaluated on the basis of a positive
culture from the surface of the tongue, the lingual surface
affected by the lesion, the change in the number and
morphology of the papillae, and hyphal invasion of the
stratum corneum of the lingual epithelium.

Clinical manifestations
As described above, the dorsal tongue was inspected daily
from the time of inoculation until the end of the experi-
ment, which allowed us to study the size and characteris-
tics of the lesion. The size of the lesion (mm) was quantified
using digital image analysis (Técnicas Médicas Mab, Barce-
lona, Spain) of the photographs taken on the day of sacri-
fice, measuring the percentage of affected surface area
(absence of papillae and/or smaller papillae) with respect
to the total surface of the tongue.

Histological study
The tongues were excised immediately after the animal was
sacrificed and were hemissected along the sagittal plane to
allow each sample to be studied under an optical microscope.
The hemissected tongues were fixed in 2.5% phosphate-
buffered formaldehyde solution with 0.1 M Sorensen’s buffer
at 4 �C, dehydrated in incremental solutions of alcohol and
embedded in paraffin. Sagittal 5 mm slices were made and
stainedwith haematoxylin-eosin (HE) and periodic acid-Schiff
(PAS). The following parameters from 3 successive HE- and
ethodological design.
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PAS-stained slices were measured as indicators of C. albicans
infection using digital image analysis.

Affected lingual surface
This was measured on HE-stained slices, quantifying tissue
injury according to the presence of normal, atrophic, and
hypertrophic papillae, taking into account the number and
morphological characteristics of the papillae of the dorsal
tongue per microscopic field (magnification �40). The
image analysis system was calibrated for the unit of mea-
surement (mm) used, and the presence of atrophic or hy-
pertrophic papillae was established by calculating the
average papilla size (mm) captured by the lens and
measuring their width at mid height per microscopic field.

Measurements were taken from the entire dorsal tongue
surface, between the anterior tongue and the start of the
pharynx, taking the lingual glands (serous glands or Von
Ebner’s gland) embedded in the intrinsic muscles of the
tongue as an anatomical landmark.

Quantification of hyphae
A semi-quantitative 5-point scale (absence of hyphaeZ 0;
maximum invasion, more than 50 hyphae per microscopic
field [magnification �40]Z 4) was used to assess the extent
of epithelium hyphal invasion. Invasion was graded as 1 for
the presence of 1e5 hyphae, 2 for 6 to 15 hyphae, and 3 for
16 to 50 hyphae (O’Grady and Reade scale) (Fig. 3).10 The
process was double-blinded, and measurements were taken
from 3 successive PAS-stained slices taken from each
sample.

Study treatments
The topical antifungal drug nystatin combined with
different excipients was studied: a) No excipient: Nystatin
in aqueous suspension at a concentration of 100,000 IU/ml
(Mycostatin, Squibb, Madrid, Spain) was administered at a
dose of 0.5 ml/rat/day. b) With excipient: i) Nystatin
(Squibb) dissolved in orabase (Colgate-Hoyt Laboratories,
Norwood, MA, USA) at a concentration of 100,000 IU/ml,
administered at a dose of 0.5 ml per animal per day; ii)
Nystatin (Squibb) (0.3% w/w) dissolved in an aqueous so-
lution (1.20% w/w) of chitosan glutamate (Sea Cure G110)
(Pronova Laboratories, Drammer, Norway) with a viscosity
of less than 100 cP at 25 �C. Each animal received 1.55 ml
per day; iii) Controls and placebos: the same dose of the
different excipients tested were administered (water,
orabase and chitosan). c) Controls received no treatment.
This gave us 1 control group, 3 placebo groups and 3
Figure 3 O’Grady and Reade scale. A) Grade 1, presence of 1e
presence of 16e50 hyphae.
treatment groups with 6 rats in each group at 5 days, and 6
rats in each group at 10 days of treatment.
Statistical analysis

The presence of C. albicans on the dorsal tongue and the
percentage of clinical lesion area in respect of the dorsal
tongue surface was quantified using the Student’s t test.
The degree of hyphal invasion of the epithelium was eval-
uated using the Wilcoxon test for paired data and the
KruskaleWallis test for multiple comparisons. Significance
was set at p< 0.05.
Ethics statement

C. albicans was obtained from erythematous oral lesions in
a patient and identified by the Microbiology Department of
the University Hospital, Santiago de Compostela, specif-
ically for this study. The sample were anonymized before
its use. The Ethics Committee of Clinical Hospital of San-
tiago de Compostela and the Ethics Committee of Univer-
sity of Santiago de Compostela have given their approved.
Bioethics Committee of Experimental Animal Studies of the
University of Santiago de Compostela approved this study
(Ref. CEEA/132/16) and met the relevant regional and Eu-
ropean Union requirements (protocol number: AELUOO1/
14/INVMED/OUTROS [04]/FMG/07) for the care and use of
research animals. Animal experiments complied with the
ARRIVE guidelines, was carried out in accordance with the
U.K. Animals (Scientific Procedures) Act, 1986 and associ-
ated guidelines, EU Directive 2010/63/EU for animal
experiments.
Results

Presence of C. albicans in the oral cavity

Culture of the dorsal tongue samples at days 17, 22 and 27
showed the presence of C. albicans in all the inoculated
animals. However, at 5 and 10 days of starting treatment
with nystatin þ chitosan, and at 10 days of starting
nystatin þ orabase, the number of animals with positive
dorsal tongue culture decreased (p < 0.05).
Nystatin þ chitosan appears to act more rapidly against
Candida.
5 hyphae; B) Grade 2, presence of 6e15 hyphae; C) Grade 3



Table 1 Clinical evaluation of candidiasis lesion on the
dorsal tongue as a % of affected surface area with respect to
the total surface area of the tongue.

Group 5 Days % (SD) 10 Days % (SD)

Control 4.88 (0.41) 3.90 (0.53) A
Placebo water 4.93 (0.09) 3.95 (0.80) A
Placebo orabase 4.96 (0.79) 3.90 (0.13) A
Placebo chitosan 4.72 (0.14) 3.82 (0.98) A
Nystatin þ water 3.87 (0.62) - 3.26 (0.23) A -

Nystatin þ orabase 1.20 (0.42) - & 0.69 (0.42) A
- &

Nystatin þ chitosan 0.67 (0.25) - & 0.14 (0.12) A
- & )

A Significant differences between groups treated for 5 or 10
days.
- Significant differences between groups treated with nystatin
and control/placebo groups.
& Significant differences between groups treated with
nystatin þ orabase or nystatin þ chitosan and groups treated
with nystatin þ water.
) Significant differences between groups treated with
nystatin þ chitosan and groups treated with nystatin þ orabase.
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Clinical evaluation of the lesion

The first clinically objective changes were observed on day
13 post-inoculation, and by day 17, 100% of the rats showed
evidence of infection, and treatment was started. From day
17, we observed a slight decrease in the percentage of rats
with clinical evidence of lesions: 83.3% and 66.6% of the
rats showed clinical evidence of lesions on days 22 and 27,
respectively.

Digitalization and analysis of the surface of the tongue
allowed us to measure the density of the entire lesion area
(Fig. 4), discriminating between areas with no papillae and/
or smaller papillae. In controls, 4.88% (SDZ 0.41) and
3.90% (SDZ 0.53) of the surface of the tongue was affected
on days 22 and 27, respectively. A significant reduction in
the lesion area was observed between both days in all
groups (Table 1).

In all (100%) cases, the lesion occurred only on the
junction between the anterior 2 thirds and the posterior
third of the tongue.

Histology

Adigital imageanalysis systemwasusedtoestimatethenumber
and average size (mm) of the papillae per microscopic field in
each histological sample (3 from each side of the tongue) ac-
cording to their topographical distribution, measured from the
anterior to the posterior edge of the tongue. In the control
group, the percentage of normal papillae on day 22 and 27 was
83.33% (SDZ 1.50) and 79.08% (SDZ 2.30), respectively. The
number of normal papillae increased over time in each study
group (Fig. 3), being higher in the nystatin þ chitosan,
nystatin þ orabase, and nystatin þ chitosan groups at 10 days
(Table 2) (see Fig. 5).

Hyphal invasion of the epithelium

Hyphal invasion of the stratum corneum was observed in
the affected area, particularly in the region between the
anterior 2 thirds and the posterior third of the tongue. A
Figure 4 Digitalization technique used to evaluate clinical
lesions. (A) Nystatin with chitosan. (B) Nystatin alone. (C)
Placebo.
slight decrease in this parameter was observed after 5 days
of evolution: on day 22, 50% of control group rats presented
grade 3 invasion, and the other 50% grade 2; while on day
27, 50% of control rats presented grade 2 invasion and the
other 50% grade 1. Table 3 shows the mean values deter-
mined in each group. Significant differences were observed
in the mean score at 5 and 10 days (p < 0.0001) and, after
applying the Bonferroni post-hoc test, between the
nystatin þ chitosan group and all other groups, between
the nystatin þ orabase group and the control groups, and
between the orabase placebo group and the
nystatin þ water and the nystatin þ chitosan groups.
Discussion

In this study, we used SpragueeDawley rats to develop a
model of oral candidiasis that reproduces the clinical
manifestations of the disease in humans. This was reached
successfully as all animals (100%) developed candidiasis.

As described above, a number of predisposing factors
are involved in the pathogenesis of oral candidiasis. These
have already been described in other studies in which
experimental models were developed to study clinical
infection in humans.9,11 Since rats are not naturally colo-
nized by C. albicans,12 animal models use various pharma-
cological treatments, such as antibiotics and
immunosuppressants13,14 or psychological stress as auditory
stressor,15 to promote fungal growth. Because of its broad
spectrum, tetracycline has been the most widely used
antibiotic in this setting.16 The effect of this drug on the
development of candidiasis, when administered before
inoculation of the germ and/or during evolution of the
disease, has been amply documented.17 This effect has
been attributed to the suppression of organisms competing
for nutrients and adhesion sites, although tetracycline
could also either reduce the host’s ability to expel the fungi
or enhance colonisation. Although tetracycline has been



Figure 5 Histopathological microphotographs of the tongue of rats. (A) Lingual papillae before inoculation (hematoxylin and
eosin stain, 10� ). (B) Depapillated area at 17 days (hematoxylin and eosin stain, 10� ).

Table 2 Percentage of normal papillae at 5 and 10 days, according to the type of treatment.

Group 5 Days % (SD) 10 Days % (SD)

Control 83.33 (1.50) 79.08 (2.30)
Placebo water 82.83 (0.75) 80.84 (0.98)
Placebo orabase 82.33 (0.81) 79.65 (1.25)
Placebo chitosan 83.60 (1.51) 78.32 (0.63) A
Nystatin þ water 84.33 (1.21) 93.16 (2.13) A -

Nystatin þ orabase 87.33 (0.81) - & 96.66 (0.81) A - &

Nystatin þ chitosan 92.00 (02.80) - & ) 98.16 (0.40) A - & )

A Significant differences between groups treated for 5 or 10 days.
- Significant differences between groups treated with nystatin and control/placebo groups.
& Significant differences between groups treated with nystatin þ orabase or nystatin þ chitosan and groups treated
with nystatin þ water.
) Significant differences between groups treated with nystatin þ chitosan and groups treated with
nystatin þ orabase.
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shown to prolong C. albicans colonisation of the oral cavity
of rats and to contribute to establishing the infection, other
authors concluded that tetracycline was not needed to
induce infection if a sufficiently virulent strain of C. albi-
cans was used.6 We think that although studies have re-
ported a higher incidence and persistence of
pseudomembranous lesions in mice treated with antibiotics
and immunosuppressants,6 these strategies can introduce
considerable variability.

One of the features most widely studied in the different
experimental models of this disease is xerostomia. For this
Table 3 Hyphal invasion of epithelium based on the O’Grady a
multiple comparisons. The last column refers to the group or gro

O’Grady and Read

Group 5 Days 10 Days

R1 R2 R3 R4 R5 R6 R1 R2 R3 R4 R

Control 3 2 3 3 2 2 2 2 1 1 1
Water placebo 2 3 2 2 3 2 1 2 1 2 2
Orabase placebo 2 2 3 3 3 2 1 2 2 1 2
Chitosan placebo 2 2 2 3 3 2 2 1 2 1 1
Nystatin þ water 2 3 2 2 2 2 1 1 1 0 1
Nystatin þ orabase 1 2 2 1 2 1 1 0 0 1 1
Nystatin þ chitosan 0 0 1 0 1 1 0 0 1 0 0
Total
reason, we chose to reduce salivary flow as a predisposing
factor for oral candidiasis.18 Saliva is part of the localised
secretory or mucosal immune system that protects mucosal
surfaces. It is one of the primary effectors of this system due
to both its physical action (clearing and breaking up fungal
and bacterial colonies) and its immunological (e.g., IgA
secretion) and enzymatic (e.g., lysozyme, lactoperoxidase)
mechanisms. It also has an important buffer effect that helps
maintain pH levels at around 7.25. Hence, reducing and/or
altering salivary flow is an important predisposing factor for
oral candidiasis in both humans19,20 and animals.21
nd Reade scale at 5 and 10 days, by type of treatment and
ups with significant differences. R: Rat.

e classification

Mean (SD) Significant Groups Comparisons (p� 0.01)

5 R6

2 2.00 (0.74) Nystatin þ orabase
1 1.92 (0.67) Nystatin þ chitosan
1 2.00 (0.74) Nystatin þ orabase//Nystatin þ chitosan
2 1.92 (0.67) Nystatin þ chitosan
0 1.42 (0.90) Nystatin þ chitosan
0 1.00 (0.74) Control//Orabase placebo
1 0.42 (0.52) All

1.52 (0.90)
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The presence of oral candidiasis was evaluated using clin-
ical, histological and microbiological parameters. We
compared the percentage of grossly visible lingual involve-
ment, and the percentage of normal versus atrophic papillae
in the histological specimens similar to Junquera et al.22 We
did notperformacolonycount, as other authors before,14,23,24

because isolation ofCandida in the oral cavity of the rat is only
indicative of carriage, not of clinical infection.

The higher incidence of lesions obtained in our study
can, at least in part, be attributed to the Candida inocu-
lation technique. In most studies, the inoculum is deposited
in the entire oral cavity using a syringe or micropipette,25

due to rats cannot wash with mouth rinse, this suggests
that much of the inoculum is spat out or swallowed by the
rat. In contrast, we applied the inoculum to the dorsal
surface of the tongue using a swab. The pressure exerted
when rubbing the swab on the tongue favours penetration
and retention of the inoculum between the lingual papillae.
This prevents the rat from swallowing or spitting it out, and
ensures that it is not lost during chewing. Moreover,
although we used the same, or similar, volume of inoculum,
it was distributed on a smaller surface (the dorsal tongue
instead of the entire oral cavity), thus increasing the con-
centration of inoculum administered per surface area. We
also avoided anaesthetic drug for colonization by Candida
because according Takakura et al.14 the infection severity
degree is correlated with the length of the sedated period.

We speculate that the high percentage of gross lesions
obtained in our study from relatively few inoculations could
be due to decreasing salivary flow by means of surgical
sialoadenectomy, and using a strain isolated from an atro-
phic, clinically more virulent lesion.

The culture results of dorsal tongue samples obtained
after 5 or 10 days of treatment differed according to the
pharmacological treatment administered. For example,
cultures from the groups treated with nystatin dissolved in
water were 100% positive at both time points. Although the
nystatin þ orabase combination did not eliminate the path-
ogen at 5 days, it did succeed at 10 days in one of the rat
models. Nystatin þ chitosan showed greater efficacy
compared to other excipients, obtaining negative cultures in
2 rats after 5 days of treatment, and in 4 rats after 10 days.

Gross examination of the dorsal tongue allowed us to
determine the point at which the lesions appeared and
their subsequent evolution over the study period. In all
(100%) cases, the lesion was limited to the junction be-
tween the anterior 2 thirds and the posterior third of the
tongue, which is characterised in normal conditions by the
presence of dense, elongated papillae (giant conical
papillae) that form a raised, whitish triangle.

The calculation of the affected tongue surface was
expressed as a percentage of the total tongue surface area.
We observed a significant reduction in the lesion area after
5 and 10 days of treatment.

As described above, the lesion is characterized histo-
logically by destruction of papillae, hyper- or parakeratosis,
acanthosis, chronic inflammatory infiltrate in underlying
connective tissue, and pseudomycelia invasion of the su-
perficial layers of the epithelium. These characteristics are
similar to those found in the lingual candidiasis models
developed by different research groups,7 and are accom-
panied by regenerative phenomena as the lesion evolves.
The aforementioned digital image analysis system was
used to estimate the number and topographical distribution
of the papillae per microscopic field in each sample (3 from
each side of the tongue), measured from the anterior to the
posterior edge of the tongue. Some decrease was observed,
although differences were only significant in the case of
chitosan. These differences could be attributed to our
inability to accurately distinguish between papillae under
destruction and in the process of regeneration using digital
image analysis. Thus, an area that appears repaired under
gross examination could in fact be populated with papillae
in the regeneration phase, which are considered patho-
logical because they have not reached normal length. This
suspicion was confirmed to a large extent by microscopic
examination of the histological samples. In short, the
decrease in the number of normal papillae observed in the
aforementioned groups could not be considered an indica-
tor of greater disease severity.

The last parameter analysed was hyphal invasion of the
stratum corneum. This was observed in all treatment
groups, particularly in the junction between the anterior 2
thirds and the posterior third of the tongue, which is where
the clinical lesions occur. The O’Grady and Reade10 pene-
tration scale allowed us to quantify this invasion and
observe a slight decrease in the depth of penetration at 5
and 10 days after the start of treatment. Treatment with
nystatin in an aqueous solution significantly reduced the
degree of hyphal invasion, with peak reduction occurring
after 10 days. This decrease is greater when combined with
orabase, and even more so with chitosan.

The best clinical and histological results were found in
the group treated with nystatin þ chitosan: 100% clinical
cure at 5 and 10 days; 92% and 98.6% of papillae normalised
at 5 and 10 days, respectively; grade 1 hyphal invasion in
50% of rats and grade 0 in the other 50% at 5 days, and grade
1 in 33.3% and grade 0 in 66.6% at 10 days. Culture was
negative in 33.3% of rats after 5 days of treatment and in
66.6% after 10 days.

This improvement may be due to the intrinsic qualities
of the biomaterial: low viscosity, low water absorption, and
a positive charge that favours binding with the negatively
charged surface of the mucosa.26

One limitation of our study is that hyphal penetration is
associated with hyposalivation but also with many other
factors, such as diet and, above all, the immune system.
The data on hyphae penetration after 10 days of treatment
on control group, highlight the host immune role in the
regulation of candidiasis. Even so, we consider that the
treatment can help to improve candidiasis in patients with
any other physiological state.

Other limitation is the intrinsic characteristics of an
experimental model in rats, although it has many advan-
tages (as low maintenance cost, easy inoculation and
sample collection), candidiasis has a multifactorial aeti-
ology (hormonal origin, carbohydrates consumption, im-
munity state, etc.) and not only reduced saliva rates.
Otherwise, this experimental model implies an easy tool to
control and manipulate assays necessary to prove new
treatments and improve Candidiasis knowledge.

In this experimental study, we have developed a homo-
geneous and reproducible model of oral candidiasis in
Candida-free rats. The model has been shown to be
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effective in inducing infection, with clinical and histologi-
cal evidence of lesions in found in all rats inoculated with C.
albicans. All the parameters used for candidiasis evalua-
tion, namely, culture of samples collected from the dorsal
tongue, calculation of the affected tongue surface, and
histological studies (percentage of normal papillae and
hyphal invasion of the stratum corneum), show that the
combination of nystatin and chitosan yielded the best
therapeutic outcomes at both 5 and 10 days after infection.
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