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ABSTRACT
The aim of the present paper is to evaluate the effect of the high molecular weight chitosan (HMWC) and of sodium
alginate (NaAL) on surface hydrophobicity of Candida albicans and on adhesion of the yeast to epithelial cells and
fibroblasts of different proceeding.
For this study, a collection strain and seven isolates of C. albicans from saliva (patients with denture stomatitis) were
grown in Sabouraud glucose agar supplemented with HMWC or NaAL or in absence of them (control). Hydrophobicity
was determined by adhesion to hydrocarbons method using two organic media (xylene and chloroform). For adhesion
experiments, aqueous suspensions of yeasts were contacted with solutions of biopolymers and different cells (rat and
human fibroblasts and epithelial cells Hep-2). The quantification of adhesion was made by optical microscopy.
Results: a decrease in hydrophobicity was observed in the presence of HMWC (44%) and of NaAL (82%) when chloroform was employed as organic medium, meanwhile the decreases were of 30% with HMWC and 19% with NaAL in
the presence of xylene. Adhesion of C. albicans to epithelial cells and human fibroblasts decreased significantly with
both biopolymers. In the case of rat fibroblasts, a decrease was observed only with NaAL. None of experiments showed
significant differences associated to fibroblast type.
Conclusions: biopolymers showed effectiveness in reducing hydrophobicity and adhesion of C. albicans to cells, which are
important virulence factors related to colonization of the soft tissues of host or acrylic surfaces present in the oral system.
Key words: Candida albicans, chitosan, alginate, adhesion, hydrophobicity.

RESUMEN
Objetivo: Evaluar el efecto del quitosán de alto peso molecular (QAPM) y del alginato de sodio (NaAL) sobre la hidrofobicidad superficial de Candida albicans y la adhesión de esta levadura a células epiteliales y fibroblastos de distinto origen.
Diseño del estudio: Para el estudio de la hidrofobicidad, las levaduras (n=7) se hicieron crecer en agar glucosado de
Sabouraud suplementado con QAPM o NaAL o en ausencia de los mismos (controles). La determinación de la hidrofobicidad se realizó por el método de adhesión a hidrocarburos utilizando dos solventes orgánicos (xileno y cloroformo).
En los estudios de adhesión, las levaduras se pusieron en contacto con soluciones de biopolímeros y luego se enfren-
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taron a diferentes células (fibroblastos humanos y de rata y células epiteliales Hep-2). La cuantificación se realizó por
microscopía óptica.
Resultados: Se observó una disminución del 44% de la hidrofobicidad en presencia de QAPM y del 82%, con NaAL, o
del 30% con QAPM y 19% con NaAL, cuando los solventes orgánicos empleados fueron cloroformo o xileno, respectivamente. La adhesión de C. albicans a células epiteliales y fibroblastos humanos disminuyó significativamente con ambos
biopolímeros. En el caso de los fibroblastos de encía de rata, sólo se observó una disminución con NaAL. En ninguno
de los experimentos se observaron diferencias significativas en asociación al tipo de fibroblasto empleado.
Conclusiones: Los biopolímeros resultaron efectivos en la reducción de la hidrofobicidad y la adhesión de C. albicans
a células, las cuales son importantes factores de virulencia relacionados con la colonización de los tejidos blandos del
hospedador o superficies acrílicas presentes en el sistema estomatognático.
Palabras clave: Candida albicans, quitosán, alginato, adhesión, hidrofobicidad.

INTRODUCTION
The development of new materials in dentistry, as well for
prevention as for oral diseases treatment, has increased
in recent years. Between them, high molecular chitosan
(HMWC), cationic polymer derived from chitin, is used as
a vehicle for drug delivery, with osteoconducting properties
and favoring fibroblasts proliferation (1-4). Sodium alginate
(NaAL), anionic copolymer, is employed for dental impression (5,6). Besides, both biocompatible materials, are used
in biomedical applications.
Denture stomatitis, caused mainly by C. albicans, can be
observed in a high percentage of population wearing dental
prosthesis (7,8). The development of the infection depends
on many factors, like protein type interaction – protein
between Candida and host cells, morphology of yeast (blastoconidia or mycelium) and the immunological status of the
host (9). The possibility of adhesion to plastic surfaces and
soft tissues constitutes a virulence factor that predominates
in C. albicans respect to other Candida species. Many studies
on fungal adhesion to plastic materials employed different
epithelial cells (10,11). Different interactions participate
in this process, being cell surface hydrophobicity (CSH)
one of the most important (12). Many methods have been
used to determine CSH, but the adhesion to hydrocarbons
one is the most employed because of its simplicity (13,14).
Factors as temperature, interaction time of both phases, pH
values, ionic strength of media, relative concentration of
interacting species and acid-base character of the organic
solvent employed modify CSH values.
The purpose of this work was to evaluate the effect of
HMWC and NaAL on CSH and adhesion of C. albicans
to epithelial cells and fibroblasts.

MATERIAL AND METHODS

Isolation and identification of Candida
A collection strain (C. albicans ATCC 10231) and isolates
from unstimulated saliva of patients with denture stomatitis
(n = 7) assisting to Cathedra of Prostodoncia III, Faculty
of Dentistry, National University of Cordoba, Argentina
(UNC), whom informed consent the participation in the
study, were employed in this work. None of patients that
consumed antifungal drugs, xerostomyzing medicines or

anti-inflammatory therapy by a period of 7 to 10 days before
the recollection of the sample was included in the trial. For
strain isolation, saliva was seeded in Sabouraud glucose agar
(SGA) supplemented with 1% chloramfenicol (Britania,
Argentina). All isolations were identified biochemically by
carbohydrate assimilation tests (Candifast, International
Microbe, France) and identification was completed by micromorphological study on corn meal agar and germinative
tube production (15).
Preparation of the yeast for cell surface hydrophobicity test
(CSH)
After identification of isolates, yeast was grown 24-48 h at
37 ºC in SGA without polymer (control) and in the media
supplemented with 0.05 g% HMWC (90% deacetylated, 280
cps, MW 300 kDa, Unifarma, Argentina) and 0.2 g% NaAL
(420 cps, Kimitsu, Chile). These concentrations correspond
to sub-inhibitory ones of polymers determined previously
in the described conditions.
Determination of CSH
CSH was determined by adhesion to hydrocarbons method
(13). Briefly, suspensions of yeast in phosphate buffer saline
(PBS) were contacted (absorbance at 520 nm = 0.400) to
different organic phases, xylene or chloroform, in a volume
relation of 5:1; the mixture was mixed 1 min and left to
rest for 10 min. CSH was calculated by the absorbance of
aqueous phase at 520 nm before and after contacting yeast
suspensions to the organic phases (13).
Growth conditions and preparation of cells
a) Culture cell of human fibroblasts and epithelial cells
Human fibroblasts proceeding from baby foreskin (HF) and
an epithelial cell line (Hep–2, ATCC CCl 23) from pharynx
carcinoma, donated by the Medical Center of Studies and
Clinical Investigations (CEMIC, Buenos Aires, Argentina,
and the Virology Institute, Dr. Varella, UNC, respectively),
were used. For culture cells, MEM Eagle media (Gibco,
USA) with 10% bovine fetal serum and 50 µg/ml gentamicin
was used. Culture cells were washed twice with PBS and disintegrated with 0.05% trypsine–EDTA; finally, a suspension
of 1 x 105 cells / ml in culture media was prepared. 100 µl
of this suspension was left to grow in a 24 well- chamber
during 24 h at 37 ºC for adhesion in conditions of 5% CO2
and 100% of humidity (16).
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b) Primary culture of gum fibroblasts of rat
Three male Wistar rats (3 to 5 weeks of life, 200 to 300 g)
as donors of gum fibroblasts (RF) were used. After the
anesthesia, connective tissue of upper and lower gum was
extracted, according Freshney´s criteria (16). Samples were
washed three times with sterile PBS, and connective tissue
was cut in very small portions, cultivated in MEM Eagle
media supplemented with 20% bovine fetal serum, and
maintained at 37 ºC in the same conditions that human
fibroblasts. It was grown from 10 to 14 days or until getting
a confluent culture (17). Fibroblasts were harvested with
trypsine al 0,05% and resuspended in culture media to a
concentration of 1 x 105 cel / ml.
Preparation of yeasts for adhesion test
Yeast grown in SGA during 24-48 h at 37 ºC were inoculated
in Sabouraud glucose broth and cultured 16-18 h at 37 ºC.
Harvested cells were washed by two centrifugation cycles
(400 rpm, 5 min) with sterile PBS and a suspension (1 x 107
cells/ ml in PBS) was made. The number of cells was adjusted
by recounting in Neubauer’s hematological camera.
Adhesion test
Epithelial cells and fibroblasts were washed with PBS and
contacted with inactivated saliva (30 min 60 ºC) during 1 h
at 37 ºC. Cells free of adhered yeast after the contact with
saliva was confirmed by microscopic observation. Simultaneously, suspension of C. albicans and biopolymers were
added (0.25% P/V HMWC in 1% acetic acid and 0.10%
P/V NaAL in sterile H2O) (18,19); samples were incubated
1 h at 37 ºC. After this, suspensions were spread on a glass
coverslip, air-dried, fixed with methanol and colored with
violet crystal. Same procedure without inclusion of biopolymers was made for control samples. The quantification of
C. albicans adhered to cells was made by optical microscopy
(400 X) (n=150) in at least three fields. Images were analyzed
by an images analyzer system (Image For Bonus 4.0 Average
Cybernetics v. 2002, USA). Fields with conglomerate cells
were not quantified (18). Experiments were triply made in
three different moments.
Statistical analysis
Results were statistically processed by MANOVA (for CSH
results), ANOVA and LSD-Fisher test (for adhesion results)
with the statistical package SPSS 10.0. A p value ≤ 0.05 was
set to determine significant differences.

RESULTS
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Cell surface hydrophobicity
The effect of biopolymers on CSH of C. albicans is shown in
Figure 1. A significant decrease relative to control (p = 0.025)
with both organic phases was observed (44% for HMWC
and 82% for NaAL in chloroform, and 30% for HMWC and
19% for NaAL, in xylene). CSH values of yeasts grown in
the presence of HMWC and NaAL did not show significant
differences for both organic solvents. CSH of control yeasts
was significantly greater with chloroform than with xylene
(p = 0.001). Values obtained in the presence of biopolymers
varying the organic phase were not significantly different.

Adhesion to cells
Figure 2 shows that control samples have a greater number of
adhered yeasts, independently the type of cell, (Figure 2: A-I,
B-I and C-I) than cells treated with NaAL (Figure 2: A-II,BII,C-II) and HMWC (Figure 2: A-III, B-III, C-III). Adhesion
of C. albicans to HF and to Hep-2 cells decreased significantly
with HMWC and NaAL respect to control (p <0.5). When
comparing the number of C. albicans adhered to RF, only
significant differences were observed between NaAL and
control, but not between the polymers. There were no differences in results with both kind of fibroblasts (figure 3).

Fig. 1. Effect of biopolymers on cellular surface hidrophobicity of
C.albicans in two different organic media. Media ± standard error. C: control, HMWC: high molecular weight chitosan, NaAL: sodium alginate.

DISCUSSION
Adhesion of C. albicans to host surfaces is considered the
initial phase for candidiasis development. This is a complex
process that involves chemical and biological factors and forces participating in adhesion; hydrophobic interactions play
an important role between them. CSH, virulence factor for
the process of fungal adhesion, should not be analyzed purely from a thermodynamic view (12) due diverse microbial
structures also contribute to it, such as membrane proteins,
lipoproteins, phospholipids and lipopolisaccarides (20). In
bibliography, adhesion to hydrocarbons method employing
xylene as organic phase is the most utilized one (13,21). This
neutral solvent adhere to yeasts only through hydrophobic
interactions, while in chloroform it can be evaluate also acidbase interactions type, because of its electronic acceptor
character, being microbial surface an electronic donor. This
determines greater values of CSH (14) in this organic phase.
Our results agree with such differences. When the samples
were contacted with HMWC and NaAL, CSH decreased
respect to control with both organic solvents.
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Fig. 2. Microphotographs of C. albicans adhered to different types of cells (A: HF; B: RF; C: Hep-2) in absence (I: control) and presence of NaAl
(II) and HMW (III). (Magnification: 400 X).
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Fig. 3. Number of C. albicans adhered by cell in the presence and in the absence of biopolymers. Media ± standard error. C: control, HMWC: high molecular weight chitosan, NaAL: sodium alginate

RF

HF

Hep-2

This may be due culture conditions would modify the fungal
wall structure, and therefore, the surface charge (21). These
finds would suggest that acid-base interactions contribute
to antifungal action of these polymers.
Studies referred to fungal adhesion to different surfaces
show that Candida has numerous adhesins; between them,
CR3 receptors, homologous to human integrin, mannoproteins that they can interact to lectins-like molecules
of epithelial cells, CR2 receptor, that promotes adhesion
to acrylic surfaces (22,23) and receptors for immobilized
proteins of salivary pellicle (24). The adhesion is enhanced
by traumatisms or occlusion of oral mucosa, as occurs in
denture stomatitis (10). In this paper, a greater adhesion to
epithelial cells than to fibroblasts was shown, which would
be associated to a greater number of receptors in the former
ones. The decrease on adhesion of Candida produced by
biopolymers would be interpreted as a result of modifications of fungal surface charge and of cells (25) because of
the physico-chemical characteristics of polymers. Also can
be considered a possible blocking effect of these polymers
by its viscosity on yeast and cell receptor (19). These results
agree with those obtained for CSH, reinforcing the correlation that exists between these virulence factors. The greater
effect observed for NaAL than to HMWC may be due to
the mechanical properties of the gel, added to modifications
that would produce on cellular surfaces.

Oral candidiasis treatment becames more simple in patients
with slight immunodeficiencies, in which generally topic
antifungal drugs are efficient. These interfere on ergosterol
synthesis of cellular membrane of Candida or on regulatory
enzymes for nucleic acids synthesis, but they also interfere in
metabolic pathways of the human cells. Nevertheless, there
are chronic oral candidiasis that resist clinical treatment or
collateral undesirable effects observed with the use of these
antifungal drugs (26). An alternative in treatment protocols
is the use of these biopolymers, alone or associated, because they have been employed for adhesive microcapsules
preparation with controlled liberation of medicines in oral
mucose; also an inhibitory effect on fungal growth and on
adhesion of C. albicans to epithelial cells by themselves has
been reported (27-29). The decrease of CSH and adhesion to
biological surfaces in the presence of these products would
produce a decrease of pathogenic potential of C. albicans
(21). Bioadhesive properties of chitosan and alginate, their
use as intraoral drugs release (27) as well as inhibition of
adhesion to oral cells and non specific antifungal effects of
chitosan (29), would permit us to consider these products as
an alternative for denture stomatitis treatment, with better
acceptance of patients and a decrease of the collateral effects
of conventional antifungal protocols.
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