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Abstract - Candida sp. can cause infections of indwelling medical devices associated with biofilm formation, which are difficult to treat
due to insensitivity of adherent microorganisms to host defence mechanisms and standard antimicrobial therapy. The aim of this paper
was to determine the effect of EDTA (disodium salt) on the adhesion of Candida sp. to some catheters and also on biofilm formation by
the yeasts and its eradication in relation to cytotoxicity of this chelating agent to the cell cultures. The adhesion process and biofilm for-
mation, and also EDTA cytotoxicity to green monkey kidney (GMK) cell culture were determined using MTT tetrazolium salt [3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide)] reduction assay. EDTA inhibited the growth of free-floating forms of Candida
sp. strains with minimal inhibitory concentration (MIC) from 0.06 to 0.25 mM; the minimal fungicidal concentration (MFC) values ranged
from 64 to 128 mM. The prevention of Candida sp. adhesion on the catheters used or eradication of the adherent cells was achieved at
0.5 to 4.0 mM EDTA. Also biofilm formation was prevented by 0.5 to 4.0 mM EDTA. Much higher concentration of EDTA (32 to 128 mM)
was needed to eradicate the mature biofilm. EDTA at concentration up to 1 mM was not toxic for GMK cells. At higher concentration,
toxicity of EDTA to GMK cells was correlated with the concentration of this agent and the time of exposure. Summing up, EDTA may be

regarded as a useful agent rather in prophylaxis of candidal infections of medical devices.
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INTRODUCTION

The yeast-like fungi belonging to the genus of Candida can
cause a variety of superficial and deep-seated mycoses.
Recently, these microorganisms have been involved in
nosocomial infections associated with indwelling medical
devices, complicated by catheter-related blood-stream
infections (Raad et al., 2003; Ramage et al., 2005). The
devices become colonised by the yeast-like fungi that form
a biofilm - an universal, complex, interdependent commu-
nity of surface-linked microbial cells embedded in the matrix
of extracellular polymeric substances (Hawser and Douglas,
1994; Jabra-Rizk et al., 2004). Biofilm-associated infections
are difficult to treat due to the inherent resistance of adher-
ent microorganisms both to host defence mechanisms and
standard antimicrobial therapy (Baillie and Douglas, 1999).
Although, Candida albicans is predominant etiologic agent of
candidiasis, other species that tend to be less susceptible to
the commonly used antifungal drugs such as Candida kru-
sei, Candida glabrata or Candida famata have emerged as
opportunistic pathogens (Chandra et al., 2001; Jabra-Rizk
et al., 2004).

EDTA is a known metal chelator, showing in vitro
inhibitory activity against Candida sp. (Gil et al., 1994).
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Several authors have studied the efficacy of EDTA (disodi-
um or tetrasodium salt) alone or in combination with other
agents (e.g. minocycline) against clinically relevant microor-
ganisms, most commonly isolated from hospital required
medical device-related infections, including Candida sp.
(Kite et al., 2004; Percival et al., 2005; Raad et al., 1997,
2003, 2006). The aim of this paper was to determine the
effect of disodium EDTA on adhesion of cells of various
species of Candida sp. to surfaces of some catheters and
also on biofilm formation by the yeasts and its eradication
in relation to cytotoxicity of this chelating agent to the cell
line cultures.

MATERIALS AND METHODS

Microorganisms and culture conditions. A total of 7
strains of Candida sp., possessing hydrophilic or hydropho-
bic cell surface, were used in this study. The hydrophobici-
ty of cell surface was assessed using Salt Aggregation Test
(SAT) according to Lindahl et al. (1981). The collection
included the following isolates: C. albicans (1 hydrophilic
and 2 hydrophobic isolates), C. famata (1 hydrophilic and 1
hydrophobic isolates), C. glabrata (1 hydrophobic isolate),
C. krusei (1 hydrophilic isolate). The isolates were obtained
from nasopharynx of patients with lung cancer undergoing
pulmonary resection, stored at -20 °C in 50% glycerol and
cultured on Sabouraud dextrose agar at 30 °C for 48 h;
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before each experiment, the isolates were subcultured on
Sabouraud glucose broth (further called Sabouraud medi-
um) at 30 °C for 48 h.

EDTA. Standard powder of EDTA (ethylenediaminete-
traacetic acid disodium salt dihydrate, approx. 99% titra-
tion) was examined (Sigma).

Determination of minimal inhibitory concentration
(MIC) and minimal fungicidal concentration (MFC) for
EDTA. Determination of MIC for EDTA was performed by a
broth microdilution method in accordance with the guide-
lines recommended by CLSI (Clinical and Laboratory
Standards Institute, 2002), using serial two-fold dilutions of
EDTA in Sabouraud medium. Final concentrations of EDTA
ranged from 0.03 to 128 mM. Stock inoculum suspensions
of yeasts were prepared in Sabouraud medium and adjust-
ed to optical density corresponding to 0.5 Mc Farland stan-
dard, i.e. 1.5 x 108 CFU (Colony Forming Units)/ml. After
incubation at 35 °C for 48 h, the MICs were assessed visu-
ally as the lowest EDTA concentration showing complete
growth inhibition. In order to determine the MFC for EDTA,
10 pl from each tube that showed thorough growth inhibi-
tion, from the last positive one and from the growth control
was streaked onto Sabouraud dextrose agar plates. After
the incubation at 35 °C for 48 h, the MFCs were assessed
visually as the lowest EDTA concentration from < 1 colony
was visible on the agar plate (Pujol et al., 2000). All exper-
iments were done in triplicates. The representative data are
presented.

Biomaterials. All assays were carried out on two types of
catheters that differed in unevenness of surface from each
other, silicone elastomer-coated latex urinary Foley catheter
and PCV Thorax catheter.

The effect of EDTA on adhesion of Candida sp. and
biofilm formation on the biomaterials. The adhesion
process and biofilm formation were determined by using
MTT tetrazolium salt [3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide] reduction assay (Levitz et al.,
1985). The used catheters were cut aseptically into ca 0.5
cm? fragments and placed into Petri dishes. The standard-
ised yeast suspensions (optical density of 0.5 Mc Farland
standard) were prepared. In each experiment, various con-
centrations of EDTA (0.03-128 mM) were used.

(i) In order to assay the effect of EDTA on adhesion
process, the yeast suspensions in sterile PBS (phosphate-
buffered saline) containing EDTA were incubated with bio-
materials at 35 °C for 1 h. Nonadherent cells were removed
by careful rinsing catheter discs with sterile phosphate-
buffered saline (PBS) and then resuspended in Sabouraud
medium, followed by overnight incubation at 35 °C.

(i) In order to assay the effect of EDTA on eradication of
adherent cells, the yeast suspensions in sterile PBS were
incubated with biomaterials at 35 °C for 1 h. Nonadherent
cells were removed by careful rinsing catheter discs with
sterile PBS and then resuspended in Sabouraud medium
containing EDTA, followed by overnight incubation at 35 °C.

(iii) In order to assay the effect of EDTA on biofilm for-
mation, the yeast suspensions in Sabouraud medium con-
taining EDTA were incubated with biomaterials at 35 °C for
24 h. Nonadherent cells were removed by careful rinsing
catheter discs with sterile PBS and then resuspended in

fresh Sabouraud medium. Medium changing and catheters
washing procedures after overnight incubation at 35°C were
repeated three times (total incubation period lasted 72 h).

(iv) In order to assay the effect of EDTA on biofilm erad-
ication, the mature 72 h-biofilms were incubated in the
presence of EDTA for 24 h. In all assays a drop of 1% MTT
solution was added to each dish. After incubation at 35 °C
for 24 h, in the presence of Candida sp. viable cells, MTT
was reduced to the violet tetrazolium formazan product,
accompanied by violet colour of the medium. In each exper-
iment, the control free-EDTA assays were carried out. All
experiments were done in triplicates. The representative
data are presented.

Cytotoxicity assay. EDTA cytotoxicity to green monkey
kidney (GMK) cell was determined by MTT toxicity assay
(Takenouchi and Munekata, 1998). Monolayers of GMK cells
were grown in Eagle’s Minimal Essential Medium (MEM) sup-
plemented with 100 pg/ml of streptomycin and 100 U/ml of
penicillin. After overnight incubation at 37 °C, the medium
above the cell culture was removed. To the 2 ml samples of
MEM without calf serum EDTA was added to obtain final con-
centrations ranging from 0.12 to 64 mM. Control assays
containing only cells of GMK in MEM were also carried out.
Cell cultures were incubated at 37 OC for 24 or 72 h with
changing medium every day. After incubation, medium
above the cell culture was removed and 1 ml of MEM with-
out calf serum and 100 pl of 5 mg/ml MTT solution in PBS
were added to the samples and the incubation was contin-
ued for another 4 h at 37 °C before addition of 1 ml of aque-
ous solution containing 50% dimethylformamide and 20%
solution of SDS to solubilise the insoluble formazan precipi-
tates produced by MTT reduction. The absorbance of con-
verted dye was measured at two wavelengths: 540 nm
(As4g) and 620 nm (Agyg), using ELISA plate reader
(Organon Technika Microwell System Reader 530). All
experiments were done in triplicates. The mean values (%
SD) were presented.

RESULTS

As shown by scanning electron micrographs (data not pre-
sented), the structures of both catheters used in this study
were different in the degree of surface roughness. However,
we have found biofilm formation by all Candida sp. strains,
both hydrophilic and hydrophobic isolates, on two catheters.
This was monitored by formation of violet tetrazolium for-
mazan product on inside and outside surfaces of catheters
and violet coloured medium after addition of MTT solution.

According to Table 1, EDTA inhibited growth of all
Candida sp. strains (free-floating forms) with MIC ranging
from 0.06 to 0.25 mM. The MFC values for EDTA were much
higher, from 64 to 128 mM, resulting in the high MFC/MIC
values.

As shown Table 2, adhesion process of Candida sp. on
both catheters was prevented from 0.5 to 4 mM EDTA. The
adherent cells of Candida sp. were eradicated from both
catheters at similar EDTA concentrations applied for 24 h.
Prevention of adhesion process and eradication of adherent
cells were monitored by lack of formation of violet tetrazoli-
um formazan product after addition of MTT.

Data presented in Table 3 showed that biofilm formation
by Candida sp. on both catheters was prevented between
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TABLE 1 - In vitro activity of EDTA against planktonic cells of

Candida sp.
Strain MIC (mM) MFC (mM) MFC/MIC
C. albicans 0.062 64 1032
hydrophilic
C. albicans 0.25 128 (70)* 512 (280)
hydrophobic
C. albicans 0.25 128 512
hydrophobic
C. famata 0.125 128 1024
hydrophobic
C. famata 0.125 128 (85)* 1024 (680)
hydrophilic
C.glabrata 0.125 64 512
hydrophobic
C. krusei 0.25 64 256
hydrophilic

* In parentheses detailed MFC values determined by titration at
EDTA concentrations between 64 and 128 mM were presented.

0.5 and 4.0 mM of EDTA. In contrast, much higher concen-
trations of EDTA (32 to 128 mM) were needed to eradicate
the mature biofilm of Candida sp. during 24-h treatment.
Prevention of biofilm formation and eradication of the
mature biofilm was also monitored by the lack of formation
of violet tetrazolium formazan product after addition of MTT.

Table 4 shows data concerning EDTA cytotoxicity at con-
centration affecting adhesion of Candida sp. or biofilm for-
mation and eradicating adherent cells or the mature biofilm.
Using MTT cytotoxicity assay, it was found that EDTA at low
concentration (up to 1 mM) was not toxic for GMK cells after
24 or 72 h treatment, as evidenced by the absorbance of
the converted dye compared to that in control assay.
Microscopy did not reveal any changes in the monolayer. At
higher EDTA concentration, the rate of toxic effect on GMK
cells monitored by decreased absorbance of the converted
dye, accompanied by the destroyment of the monolayer,
was proportional with concentration of the chelating agent
and the time of cell treatment.

DISCUSSION

Candida sp. infections can be regarded as an important
medical problem, especially in the immunocompromised
patients, e.g. in lung cancer patients (Chandra et al., 2001).
Besides, according to our unpublished data, Candida sp. iso-
lates (e.g. C. krusei) have shown to possess a potential abil-
ity to colonise pleural drains in patients undergoing pul-
monary resection. Although fungal infections of medical
devices are less common than bacterial infections, they are
most difficult to treat (Chandra et al., 2001).

Using MTT method, we have found out that all assayed
strains of Candida sp. were able to form biofilm on both
used catheters, irrespective of the kind of polymer (silicone,
PCV) and hydrophobic or hydrophilic cell surface of the
yeasts. It is known (Strevett and Chen, 2003) that several
non-specific or specific interactions between microorgan-
isms and an array of surfaces, including biomaterials, are
involved in microbial cell attachment and biofilm develop-
ment. One of the most important factors appears to be
microbial cell hydrophobicity (Liu et al., 2004). However,
our data suggest that there is no correlation between cell
surface hydrophobicity of the assayed Candida sp. strains
and their adherent properties to the used catheters. The
obtained data confirm that various species of Candida may
be regarded as potential etiologic agents in infections asso-
ciated with indwelling medical devices.

EDTA is known to possess anticoagulant properties.
Besides, this chelating agent is recommended for some
therapeutic purposes, e.g. hypercalcaemia at lead poisoning
(Raad et al., 1997) or endodontic therapy in patients with
oral candidiasis (Sen et al., 2000). In addition, EDTA, pos-
sessing anticandidal activity in vitro (Gil et al., 1994), may
be regarded as a potential agent in prophylaxis and treat-
ment of infections of medical devices.

Data presented in this paper indicate that growth of
planktonic (free-floating) Candida sp. was inhibited by EDTA
at concentration ranging from 0.06 to 0.25 mM. It should be
noted that MIC values for EDTA for the assayed Candida sp.
clinical isolates were comparable to those described by
other authors for clinical isolates of the yeasts (Raad et al.,
1997). In contrast, the obtained MFC values were much

TABLE 2 - In vitro effect of EDTA on adhesion process of Candida sp. to biomaterials determined

by MTT assay
Strain Minimal concentration preventing Minimal concentration eradicating
adhesion process (mM) adhesion process (mM)

Thorax catheter  Foley catheter Thorax catheter  Foley catheter
C. albicans 2 2 2 2
hydrophilic
C. albicans 0.5 2 0.5 1
hydrophobic
C. albicans 4 4 4 4
hydrophobic
C. famata 2 4 2 4
hydrophobic
C. famata 0.5 0.5 1 1
hydrophilic
C.glabrata 0.5 2 2 2
hydrophobic
C. krusei 1 2 1 2

hydrophilic
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TABLE 3 - In vitro effect of EDTA on biofilm-embedded cells of Candida sp. determined by MTT

assay

Strain Minimal concentration preventing

biofilm formation (mM)

Minimal concentration eradicating
biofilm (mM)

Thorax catheter

Foley catheter

Thorax catheter  Foley catheter

C. albicans 2 2 64 64
hydrophilic

C. albicans 0.5 0.5 64 64
hydrophobic

C. albicans 2 4 128 128
hydrophobic

C. famata 2 4 64 64
hydrophobic

C. famata 2 2 128 (80)* 32
hydrophilic

C.glabrata 2 2 32 32
hydrophobic

C. krusei 2 2 64 64
hydrophilic

* In parenthesis EDTA concentration determined by titration between 64 and 128 mM were pre-

sented.

TABLE 4 - Effect of EDTA on viability of GMK cells determined by MTT assay

EDTA conc. Viability
(nM) After 24 h After 72 h
540 nm 620 nm 540 nm 620 nm

None 1.502 £ 0.067* 1.005 + 0.045 1.593 £ 0.168  1.032 + 0.095
0.25 1.581 £ 0.196  1.041 £ 0.124 1.614 £ 0.111  1.046 + 0.067
0.5 1.421 + 0.020 0.947 £ 0.015 1.481 £ 0.179 0.918 + 0.089
1 1.458 £ 0.032  0.962 + 0.006 1.530 £ 0.044  1.005 + 0.029
2 0.924 £ 0.216  0.581 + 0.129 0.649 £ 0.159  0.394 % 0.096
4 0.496 + 0.058  0.300 + 0.042 0.242 £ 0.011  0.117 £ 0.005
32 0.395 £ 0.013  0.264 + 0.004 0.103 £ 0.004  0.077 £ 0.022
64 0.259 £ 0.061  0.185 + 0.041 0.049 £ 0.025  0.006 % 0.002
128 0.231 £ 0.073  0.170 + 0.037 0.045 £ 0.005  0.005 * 0.002

* Values are mean + SD.

higher in comparison to those presented in the literature
(Raad et al., 1997). This suggests differential, strain-
dependent fungicidal effect of EDTA against Candida sp.
The growth of the assayed Candida sp. in presence of
the fragments of catheters was inhibited at concentration
somewhat higher than MIC values, ranging from 0.5 to 4.0
mM. This is in agreement with the general view that the
adherent forms of microorganisms become resistant to
agents that are active against the planktonic forms of the
same organism (Hawser, 1996; Baillie et al., 1999; Chandra
etal., 2001; Raad et al., 2003; Jabra-Rizk et al., 2004). Our
data indicate that eradication of the preformed, mature
biofilm of Candida sp. required high concentrations of EDTA
(32 to 128 mM) comparable to those showing fungicidal
activity for planktonic cells of the yeasts. Also other authors
(Percival et al., 2005; Raad et al., 1997, 2003) found that
di- or tetra-sodium EDTA alone might be effective in eradi-
cation of catheter-associated biofilms of C. albicans at con-

centration 30 mg/ml (about 81 mM) or 40 mg/ml (about
108 mM). However, according to our data, the high con-
centration of EDTA showed toxic effect on viability of cell
cultures. On the other hand, in special clinical cases, e.g.
treatment of hypercalcaemia at lead poisoning EDTA was
used at much higher concentration - about 8.1 M (Raad et
al., 1997). It should be noted that eradicating EDTA effect
against microorganisms (e.g. C. parapsilosis) embedded in
biofilm could be potentiated by combination of this agent
with minocycline or with minocycline and 25% ethanol due
to their synergistic activity (Raad et al., 1997, 2006).

It is possible that inhibitory activity of EDTA against
adherent cells of Candida sp. is due to its inhibitory effect on
the yeast-to-mycelium transition (Gil et al., 1994; Percival
et al.,, 2005). Moreover, the well-known metal-chelating
activity of EDTA may be primarily involved in inhibition of
Candida sp. attachment to biomaterials. Our data suggest
that there is no correlation between cell surface hydropho-
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bicity or hydrophilicity of the assayed Candida sp. strains,
even among strains belonging to the same species, e.g. two
hydrophobic isolates of C. albicans. Also, the sensitivity to
EDTA of the yeasts in the form of planktonic, adherent or
embedded in biofilm cells is not correlated with cell surface
properties. However, these problems require further stud-
ies.

Several studies were undertaken to manage microbial

biofilm formation on biomaterials, including the incorpora-
tion of antimicrobial agents into biomaterials, changing sur-
face chemistry of biomaterial or lock treatment (Raad et al.,
1997, 2003, 2006; Percival et al., 2005). Our data and
those from literature indicate that EDTA, at relatively low
concentration, may be useful in preventing colonisation by
both C. albicans and non-albicans Candida sp. of various
type catheters, and hence in prophylaxis of candidal infec-
tions associated with indwelling medical devices. Besides,
the MTT tetrazolium assay is a simple and useful method in
the estimation of adhesion and biofilm formation by Candida
sp. and in screening the assessment of effects of various
agents on these processes.
Data presented in this paper indicate that EDTA may be
regarded as a useful agent rather in prophylaxis of candidal
infections of medical devices but not in the eradication of
the preformed Candida sp. biofilm due to its cytotoxicity to
cell cultures at higher concentration.
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