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ABSTRACT

The present study aimed to evaluate xylitol's aictioibial and anti-adherence activities &scherichia col(ATCC
8739) and on another clinical strain enteropathoge. coli (EPEC). In vitro minimum inhibitory concentration
(MIC) test and adhesion assays were performed u8iBg2.5 and 5.0% xylitol. It was found that »allidid not
have antimicrobial properties on these strains. Heanning electron microscopy (SEM) demonstrated the
slides treated with xylitol had a significant redioa in the number of bacilli and the inhibition aficrobial
adhesion was probably the xylitol's mechanism aéibac Xylitol could be a possible alternative om ttontrol ofE.
coli infections.
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INTRODUCTION the treatment of diabetes, lipids metabolism
disorders and renal and parenteral lesions, as well
Xylitol is a five-carbon polyalcohol having the as to prevent the otitis media, caries, lung
same sweetening power as sucrose and is irfections and osteoporosis (Mussatto and
Generally Recognized as Safe (GRAS) additive biroberto, 2002; Ferreira, 2007). There are some
Food and Drug Administration (FDA). Its reports on the anti-adherent action of xylitoi
microbiological and pharmaceutical properties irmany bacteria, preventing their microbial
the control of some diseases have been exploregdherence to the tissue to be infected (Sajjah,et a
Xylitol can be obtained through fermentation of2004; Ferreira, 2007). Sajjan et al. (200z)nd
agro-industrial residues which is normallythat xylitol (60-80 mg/mL) inhibited 65% the
discarded in the environment (Silva et al., 1997growth of Burkholderia cepacia compleg8CC),
Cunha et al., 2006: Branco et al., 2007; Ferreirayhose absence was related to the success of lung
2007). transplant.
Recent studies with animals and humans havescherichia coliis a Gram-negative bacillus that
shown that xylitol has the potential to be used ifpelongs to the familfnterobacteriaceaand the
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enteropathogeni&. coli (EPEC) is a variant of Cellular adherence assays
great importance as it causes diarrhea in childrefor each strain, an aliquot of TSB with bacterium
Biopsies of the intestinal cells of patients inéstt was diluted 1:10 (v/v) with 0.1 M phosphate buffer
with EPEC showed that the bacterium adhered pH=7.4). The volume of inoculum with the
the surface of the intestinal epithelium in themor optical density X = 600 nm) of 0.01 was
of small colonies and caused typical lesions on thealculated for each strain. In group-testing, the
infected cells (Silva and Silva, 2005). inoculum was added to 50 mL tubes, which
Due to the emergence of pathogens resistance ¢ontained 25 mL of TSB, a glass slide, and xylitol
conventional antibiotics, studies are necessarf0.5, 2.5 and 5.0 %). For negative controls, three
aiming to prevent and/or treat the diseases causednditions were used: 1) degreasing solution and
by these microorganisms (Ofek et al., 2003). Thuslides, 2) slides and TSB, 3) only TSB. The
this study aimed to evaluate the antimicrobiapositive control tubes contained the bacterial
activity and anti-adherence property of xylitol onsuspension, TSB, slides and 1) 5.0% mannose and
Escherichia col(ATCC 8739), a colonizing strain 2) 5.0% glucose. All these were incubated at 37°C
of the gastrointestinal tract, and other clinicaffor 48 h. Afterwards, the slides were removed and
strain (EPEC) of the same bacteria. placed in the tubes individually. The bacterial
suspensions contained in these tubes were
inoculated in Tryptone Soy Agar (TSA) and

MATERIAL AND METHODS incubated for 24 h at 37°C for subsequent counting
of colony-forming units (CFU). The slides were
Microorganisms washed (two times) with 10 mL of 0.1 M

Two strains ofEscherichia coliwere used: one of phosphate buffer (pH=7.4), then 10.0 mL of the
them being a strain of the American Type Culturéame buffer was added to the tubes, which were
Collection (ATCC) 8739, and the other a wildsonicated (two cycles of 10 min) to 40 + 6 kHz.
strain of clinical origin Escherichia coli After sonication, the slides were again washed
enteropathogenic - EPEC) isolated from the fecedwo times) with 0.1 M phosphate buffer (pH=7.4)
of a child with diarrheal disease, by Clinicaland fixed with 1% glutaraldehyde for 12 h. After
Analysis Laboratory of the University Hospital of this, the slides were washed (two times) with 0.1
the Federal University of Juiz de Fora — MGM phosphate buffer (pH=7.4), dehydrated with

Brazil. increasing concentrations of ethanol (50 to 100%)
with an interval of 20 minutes between each
Antimicrobial activity exchange, and dried at room temperature. Finally,

The suspension of each strain was prepared withe slides were metallised in Balzers Union FL —
sterile saline (NaCl 9.0 g/L) to 25% transmissiorP496 metallised (Balzers, Germany) with 2 nm of
in the Libra S12 spectrophotometer (Biochromgold for two minutes, and subsequently analyzed
Denmark). The positive control consisted of 4 mLin the scanning electron microscope JSM 5310
of Tryptone SoyBroth (TSB) inoculated with the (Jeol, Japan) in high vacuum in secondary electron
suspension T0- 10° colony-forming units/4mL. mode. In parallel, serial dilutions were prepared
For the negative control, 4 mL of sterile TSB waswith each solution after sonication (160 10°),
used. In order to prepare the test-tubes, 4 mL @éind they were inoculated on TSA plates and
inoculated TSB and 1 mL of xylitol (purity > 98%, incubated for 24 h at 37°C in order to study the
Fluka BioChemika, Switzerland) in three growth of the colonies that had not adhered to the
concentrations (0.5, 2.5 and 5.0%) were used.  slides (Ferreira et al., 2009). The analyses of the
The tubes were incubated in aerobic environmerdlides before sonication and washing steps were
at 37°C for 24 h. The minimum inhibitory not performed by SEM because at this moment the
concentration (MIC) was determined through thdest specimen remained full of proteins,
turbidity in the cultivation media (Candan et al.,carbohydrates and other compounds of culture
2003). To compare the MIC of xylitol with a medium (visible to the naked eyes) which
reference antibiotic, chloramphenicol in differentcompromised the visualization &. coli colonies
concentrations (0.025 to 250 pug/mL) was used. Ay SEM. Therefore, aiming to assess whether
procedures were carried out in triplicate. xylitol was capable or not to minimize the
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adherence of testdfl coli strains, the comparison of TSB, xylitol did not inhibit the growth, which
between the slides exposed to xylitol and positiveorroborated the result find on MIC assay.
control slide (glucose) was considered (Brassart, e
al., 1991; Ferreira, 2007) The test with mannosBacterial detachment
was performed aiming to obtain an exploratoryThe quantitative result of cellular adherence assay
result about the fimbriae of each one of the strainvas represented by the CFU after sonication
test. count, that is to say, by the number of bacilli not
The dilution that offered best conditions ofadhered to the test specimen. This result was
counting was used to achieve the experimentaklevant to assess whether the compound added to
protocols. The counting of CFU, both bacterialxylitol had the property of preventing / mitigating
suspensions in TSB and the solutions aftethe adherence of tested microorganisms.
sonication, was performed in duplicate. TheThe counting of the plates &. coli strain ATCC
counting results of the colonies that had noB8739 incubated with TSA and 1 mL of solution
adhered to the slides were expressed as meanafter sonication at the dilution f0is shown in
standard deviation (n=2). Correlation analysislable 1. In the negative control plates, there were
between the concentration of xylitol and theno cells, showing the sterility of the processtha
number of cells detached (average of duplicate) byositive control (glucose), a smaller number of
parametric test of Pearson (p< 0.05) was done. CFU was expected, when compared to the number
of cells detached from the plates with xylitol,
hence most of the bacilli should be adhered to

RESULTS slides. However, a large number of the cells was
found. In the positive control (mannose), the same
Antimicrobial activity was observed: a high number of CFU was

No inhibition of bacterial growth by xylitol at 0.5 detached. The relationship between the bacterial
2.5, 5.0% was observed fd&. coli strains. For detachment and the concentrations of xylitol was
both the strains, turbidity was not observed in th@ositive (p<0.01; r=0.969).

negative control, but there was turbidity in theThe counting of the plates of EPEC strain
tubes with xylitol in the three concentrations. §hi incubated with TSA and 1 mL of solution after
turbidity was comparable to the one in the positivéonication at the dilution 0is shown in Table 1.
control indicating bacterial growth. The turbidity In the negative control plates, there were no cells
in the tubes containing chloramphenicol occurre¢howing the sterility of the process. In the pwsiti
differently. ForE. colistrain ATCC 8739, the MIC control (glucose), a high number of cells adhered
was 25 pg/mLof chloramphenicol, whereas for to the slides and also a considerable number of

EPEC strain, it was 250 pg/mL. detached cells were found. In the positive control
(mannose), the number of CFU detached was far

Anti-adherence property below the count of the other strain-test. The

Bacterial growth relationship between the bacterial detachment and

For both theE. coli strains, in all the plates the concentrations of xylitol was positive (p<0.05;
containing TSA and 1 mL of bacterial suspensiori=0.877).

Table 1- Bacterial detachment &. coliATCC 8739 and EPEC strains in experimental treatme
Bacterial Detachment*

Treatments Escherichia coli Enteropathogenic
ATCC 8739 Escherichia coli
(dilution 102 (dilution 1073
Negative control (TSA) 0 0
Positive control (5.0% glucose) > 500 286 +11
Positive control (5.0% mannose) 436 + 34 16 +3
0.5% Xylitol 89+6 198 + 28
2.5% Xylitol 187 +12 282 + 20
5.0% Xylitol 257 £ 30 311 +30

* Results expressed as mean + standard deviatier2(plates).
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Bacterial adhesion significant amounts of cells both in the positive
The observations of microphotographs obtained bgontrol - glucose (Figure 1B) as well as in the
SEM and the counting of detached colony-formingpositive control - mannose (Figure 1C) indicating
units indicated that the mechanism of action othat the bacilli were, in fact, adhered on theesid
xylitol was based on the prevention of bacteriaHowever, in the samples incubated with 0.5%
adhesion. In the experiment with. coli ATCC  xylitol (Figure 1D) and 5.0% xylitol (Figure 1F),
8739 (negative control), cell shaped particles wereells were not observed, whereas in the samples
not found, indicating that the treatment of theincubated with 2.5% xylitol (Figure 1E), rare
slides was appropriate (Figure 1A). There werdacilli were observed.

Figure 1 - SEM images showing the effect of xylitol on theéhesion oE. coli ATCC 8739. The
strain was treated with 0.5% xylitol (Panel D), %.&ylitol (Panel E) and 5.0% xylitol
(Panel F). Panel A: negative control, Panel B:timemt with glucose and Panel C:
treatment with mannose.

In the experiment with EPEC, cell shaped particleband, in the samples incubated with 0.5% xylitol
were not found in the negative control (Figure(Figure 2D), 2.5% xylitol (Figure 2E) and 5.0%

2A). There were significant amounts of cells onlyxylitol (Figure 2F), there were rare bacilli. Inl al

in the positive control - glucose (Figure 2B),the three concentrations, there was a significant
indicating that the bacilli were adhered on theeduction in the number of adhered cells compared
slides, while in the positive control - mannosewith the positive control (glucose).

(Figure 2C), there were no cells. On the other
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Figure 2 - SEM images showing the effect of xylitol on theéhesion oE. coli EPEC. The strain
was treated with 0.5% xylitol (Panel D), 2.5% xyli{Panel E) and 5.0% xylitol (Panel
F). Panel A: negative control, Panel B: treatmeithglucose and Panel C: treatment
with mannose.

DISCUSSION Bacterial detachment
For theE. colistrain ATCC 8739, the high number
Antimicrobial activity of cells detached in the positive control (glucose)

The results of antimicrobial activity test showedand in the positive control (mannose) could be
that xylitol, at the tested concentrations, did noexplained by the increase of nutrients availability
have bactericidal or bacteriostatic action on tésteand bacterial multiplication, resulting in a high
strains. The turbidity in the tubes containingnumber of cells adhered to slides and in a high
chloramphenicol occurred differently showing thathumber of released cells. Furlan and Castro (2001)
the clinical strain, isolated from the patientand Silva et al. (2007) suggested that the presence
hospitalized, had a greater resistance to thef glucose in the culture medium improved the
chloramphenicol antibiotic than the ATCC strain,specific rates of microbial growth. However, the
confirming its higher pathogenic potential. Thepositive control (mannose) count was lower than
indiscriminate use of antimicrobials plays anthe positive control (glucose) count, probably
important role in the selection of resistant ssain because this was the first sugar to be chosen for
and probably, it is the primordial cause ofthe metabolism of bacteria. A considerable number
resistance, mainly observed in a hospitaof CFU detached representing the possible anti-
environment, where the use of these drugs is moagiherent action of xylitol. For this strain, thevas

frequent. a dose-dependent relation since there was a
positive correlation between the bacterial

Anti-adherence property detachment and concentrations of xylitol.

Bacterial growth For the EPEC strain, the high number of cells

The result was already expected since xylitol irletached in the positive control (glucose) could
the three concentrations tested in MIC did no@lso be explained by the addition of nutrients in
prevent bacterial growth. Thus, these resultthe culture medium with the supply of glucose
confirmed that xylitol (0.5, 2.5 and 5.0 %) had nocausing an increased bacterial multiplication. The
bactericidal or bacteriostatic action on the twowmber of CFU detached, in the positive control
strains tested. (mannose), were far below the count of the other
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strain, due to the analysis of EPEC being based @mong other adherence factors, fimbriae type 1 or
the dilution 10, whereasE.coli ATCC 8739 was mannose-sensitive (Brito et al., 2004). Therefore,
analyzed in dilution 18 For this strain, a when mannose was present in the medium, the
considerable number of CFU detached. Thadherence of bacteria to the slides was obstructed.
positive correlation between the bacterialThe bacterial fimbriae recognize some soluble
detachment and concentrations of xylitol indicateadtarbohydrates that lead to adhesion blockage,

a dose-dependent relation again. vitro, of some bacteria (Sharon and Ofek, 2000;
Naaber et al. (1996) also found a dose-dependeB8haron, 2006). The presence of this type of
inhibition of Clostridium difficile adherence to fimbriae is common in the samplesf coli from
Caco-2 cells, using 1.0, 5.0 and 10.0% xylitol. Thaurinary and faecal origin (Girén, 1993; Brito ef, al
authors were unaware of the mechanism of actia?004).

involved, but suggested that it could océaryivo, The effects of some compounds on the adherence

in intestinal cells. of microorganisms are recent and there are few
studies in the literature addressing this applecati
Bacterial adhesion (Ofek and Sharon, 2000). The present results

For both theE. coli strains, at all the three indicated the importance of studying the anti-
concentrations of xylitol, there was a significantadhesive  property of xylitol on other
reduction of microbial adhesion. The resultgyastrointestinal tract microorganisms. The
indicated that xylitol's mechanism of action wasinfections of the gastrointestinal tract may inlv
based on preventing the bacterial adherence. Otheicroorganisms which are multi-resistant to some
studies in the literature also support this antidrugs and, therefore, health professionals should
adherent hypothesis. Soéderling and Hietalaavoid, whenever possible, the administration of
Lenkkeri (2010) found that 4% xylitol inhibited antibiotics. The carbohydrates are related to the
glass adhesion of six oral streptococci strainduture of anti-adherent therapy and they may
which indicated that xylitol could contribute to become the first chosen drug in the treatment of
decrease the plague accumulation. These authargny infectious diseases.

also observed that the adherence mechanism waglitol, at all tested concentrations, had no
not dependent on the growth inhibition. Ammounsantimicrobial activity on the tested strains Bf

et al. (2009) found the 5% xylitol could preventcoli, but it demonstrated the inhibition of
biofilm formation, in vitro, of a wound clinical microbial adhesion. The new application of xylitol
isolated strain of Pseudomonas aeruginosa.is an alternative therapeutic option in relation to
Kontiokari et al. (1998) evaluated the adherence dhe conventional antibiotics for the treatment of
microorganisms in the presence of 5% xylitolrecurrent infections of the gastrointestinal tract.
which prevented theStreptococcus pneumoniae

adhesion, and, in a lesser proportion, the
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