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| ABSTRACT |

Objectives

To investigate the effectiveness of a delmopinol, sodium chlotite, povidone iodine, and lactofertin-lysozyme-lactoperoxidase
mouthrinse against C. albicans planktonic cells and biofilms.

Methods

Two-fold dilutions of the mouthrinse solutions were prepared (1:2, 1:4, 1:8, 1:16, 1:32, 1:64), and dispensed into 96 well micro-
titre plates. Standardized inocula of wild type C. albicans SC5314 was added and the minimum inhibitory concentrations (MICs)
were determined in accordance with Clinical and Laboratory Standards Institute (CLSI) Guidelines for the broth microdilution
assay. Optically clear wells were cultured for determination of minimum fungicidal concentrations (MFCs). The effect of the
mouthrinses against C. albicans mature biofilms was also evaluated. The metabolic activity of the biofilms was semi-quantitatively
determined with a standard 2,3-bis(2-methoxy-4-nitro-5-sulfo-phenyl)-2H-tetrazolium-5-carboxanilide (XTT) reduction assay.
Results

The lowest MICs were exhibited by delmopinol (1:16), followed by sodium chlotite (1:8), povidone iodine (1:4), and lactoferrin-ly-
sozyme-lactoperoxidase (1:4). Delmopinol exhibited fungicidal activity at 1:16 dilution, while MFCs were achieved by higher con-
centrations of povidone iodine (1:4) and sodium chlorite (1:2). Lactoferrin-lysozyme-lactoperoxidase did not exhibit fungicidal
activity at all tested concentrations. Among the four agents at two-fold dilution, sodium chlorite and povidone iodine exhibited
the greatest reductions (>90%) in C. albicans biofilms (p<<0.005). Significantly greater reductions in metabolic activity wete achie-
ved with sodium chlorite compared to the other agents at dilutions of 1:4 through to 1:32 (»<<0.005).

Conclusions

Delmopinol exhibited the highest activity against planktonic C. albicans, while sodium chlorite exhibited greater effects against
mature biofilms.

Clinical Significance

Sodium chlorite was shown in this study to exhibit potent antifungal activity against C. albicans biofilms, and products containing
this active ingredient deserve consideration for inclusion in oral health promotion measures conducted amongst vulnerable patient
groups.
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INTRODUCTION |

Chﬂdida albicans is an opportunistic pathogen commonly isola-
ted from the oral cavity, and is a major etiologic agent of oral
mucosal infections. It is the fourth leading cause of nosocomial
bloodstream infections,' and the association of sepsis with prece-
ding oral colonization has been demonstrated in AIDS patients,
haematopoietic stem cell and bone marrow transplant patients, as
well as low-weight neonates.”* Candida albicans has also been im-
plicated as an etiological agent of pneumonia in certain medically
compromised patient groups.>’ While C. a/bicans is commonly iso-
lated from various oral sites in healthy individuals, higher preva-
lence rates have been observed in hospitalized patients, and oral
colonization has been associated with factors such as xerostomia,
broad spectrum antibiotic therapy, immune status, nutritional defi-
ciencies, and endocrine disorders.®

Although conventional antifungal agents such as polye-
nes and azoles have been the mainstays of prophylaxis and treat-
ment for systemic and oral candidiasis, resistance to such agents
have been increasingly reported in medically compromised patien-
ts. There is thus an urgent need for the evaluation of the antifun-
gal activity of existing commercial oral antiseptic agents, which is
currently pootly understood.’

The aim of this study was to investigate the efficacy of
four existing commercial mouthrinses against C. a/bicans plankto-
nic cells and biofilms. Tested products included: Betadine® mou-
thrinse (povidone-iodine 1% w/v, 8.7% ethanol, menthol, methyl
salicylate, glycerol, sacchatin sodium, purified water), Decapinol®
mouthtinse (delmopinol hydrochlotide 2mg/ml, aqua, alcohol,
aroma, saccharin sodium, sodium hydroxide), TheraBreath® mou-
thrinse (sodium chlorite, water, PEG-40 hydrogenated castor oil,
tetrasodium EDTA, sodium bicarbonate, sodium benzoate, men-
tha piperita oil, sodium hydroxide), and OralSeven™ mouthrinse
(lactoferrin, lysozyme, lactoperoxidase, potassium thiocyanate, cal-
cium lactate, glucose oxidase, aqua, monopropylene glycol, xylitol,
hydrogenated starch hydrosylate, poloxamer 407, hydroxyethyl ce-
llulose, sodium benzoate, aloe barbadensis, mentha piperita, ben-
zoic acid, zinc gluconate).

The antifungal activity of mouthrinses was tested against
wild type C. albicans strain SC5314, which was cultured as previou-
sly described.!’ Two-fold dilutions of the mouthrinse solutions
were prepared (1:2, 1:4, 1:8, 1:16, 1:32, 1:64) in RPMI, and mi-
nimum inhibitory concentrations (MICs) were determined in ac-
cordance with Clinical and Laboratory Standards Institute (CLSI)
Guidelines for the broth microdilution assay.!! Optically clear
wells were cultured on Sadbouraud’s agar for determination of mi-
nimum fungicidal concentrations (MEFCs). The effect of the mou-
thrinses against C. a/bicans mature biofilms was also evaluated using
a previously established protocol (Figure 1).!° In brief, standard C.
albicans inocula (2-3x10° cells/ml) were added to 96-well polystyre-
ne microtitre plates (Iwaki) and incubated at 37 °C with agitation.
Following the adhesion phase, supernatant was aspirated, and wells
were washed twice with PBS. Plates were incubated for a further
24 hours at 37 °C. Following aspiration of liquid and washing with
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PBS (2x), previously prepared serial dilutions of mouthrinses (1:2,
1:4,1:8, 1:16) in YNB were added. Plates were incubated for an ad-
ditional 24 hours, and YNB without mouthrinses were included in
positive control wells. The metabolic activity of the biofilms was
semi-quantitatively determined with a standard 2,3-bis(2-metho-
xy-4-nitro-5-sulfophenyl)-2H-tetrazolium-5-carboxanilide (XTT)
reduction assay. All assays were done in triplicate.

Figure |. Workflow for The Evaluation of The Effectiveness of Mouthrinses Against C. Al-
bicans Mature Biofilms

\ C. albicans SC5314 (106 cells/ml) suspension |

Y

‘ Incubation for 90 min at 37°C with agitation (Biofilm adhesion) ‘
0
Y

‘ Incubation for 24 hr at 37°C with agitation (Biofilm maturation) ‘

¢

Serial dilutions of mouthrinses (1:2, 1:4, 1:8, 1:16) added to biofilms.
Incubation for another 24 hr.

¢

XTT reduction assay

The lowest MICs were exhibited by delmopinol (1:16),
followed by sodium chlorite (1:8), povidone iodine (1:4), and lac-
toferrin-lysozyme-lactoperoxidase (1:4). Fungicidal activity was
achieved at 1:16 dilution for delmopinol, and at higher concentra-
tions for povidone iodine (1:4 dilution), and sodium chlorite (1:2
dilution).
fungicidal activity at all tested concentrations. Among the four

Lactoferrin-lysozyme-lactoperoxidase did not exhibit

agents at two-fold dilution, sodium chlorite and povidone iodine
exhibited the greatest reductions (>90%) in C. albicans biofilms
(»p<0.005) (Figure 2). Significantly greater reductions in metabolic
activity were achieved with sodium chlorite compared to the other
agents at dilutions of 1:4 through to 1:16 (»<0.005). Lactofer-
rin-lysozyme-lactoperoxidase consistently exhibited the weakest
antifungal activity, with only a 40% reduction in biofilm metabolic
activity at 1:2 dilution.

Prior studies have investigated the effectiveness of a wide
range of commercial mouthrinses (eg. chlorhexidine, benzydami-
ne hydrochloride, lawsone methyl ether, povidone iodine, lacto-
peroxidase-hypothiocyanate, amine fluoride, melaleuca) against
oral yeasts in hospitalized and medically compromised patients, as
well as their acceptability among both patients and nursing sta-
ff in hospital wards.” Nevertheless, it has been clear that 7 vitro
activity against Candida often does not equate with clinical effecti-
veness, and there currently remains a lack of evidence supporting
the clinical efficacy of chemical agents contained in mouthrinses.
In this study, sodium chlorite demonstrated potent antifungal acti-
vity against C. a/bicans biofilms, and products containing this active
ingredient deserve consideration for inclusion in oral health pro-
motion measures conducted amongst vulnerable patient groups.
High-quality randomized controlled trials are required to evaluate
the 7 vivo effectiveness of this agent as an adjunct to conventional
mechanical oral hygiene interventions, as well as its patient accep-
tability, and cost-effectiveness.
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Figure 2. Effect of Four Commercial Mouthrinses on Candida Albicans Biofilms Biofilm Metabolism Following Incubation with
Mouthrinses At A) 1:2 Dilution. Kruskal-Wallis Test (P<0.001). Pairwise Mann-Whitney U Tests (A<B<C; P<0.005). B) 1:4 Dilution.
Kruskal-Wallis Test (P<0.001). Pairwise Mann-Whitney U Tests (A<B<C; P<0.001). C) 1:8 Dilution. Kruskal-Wallis Test (P<0.001).
Pairwise Mann-Whitney U Tests (A<B<C; P<0.008). D) I:16 Dilution. Kruskal-Wallis Test (P<0.001). Pairwise Mann-Whitney U
Tests (A<B; P<0.001).

A 1:2 Dilution

Sadium chlorite I a

Delmopinol I b

T d
0 20 40 60 80 100 120
Metabolic activity (%)

B 1:4 Dilution

Sodium chlorite I a

Delmopinol |—m—< (o

1
1) 20 40 60 80 100 120
Metabolic activity (%)

c 1:8 Dilution
LLL '—m—* [
Sodium chlorite I a
Delmopinol D c
P-1 '—| “* b

o 20 40 60 80 100 120
Metabolic activity (%)

D 1:16 Dilution
Sodium chlorite hﬂ]—l a
Delmopinol % b

0 20 40 60 80 100 120
Metabolic activity (%)

CONFLICTS OF INTEREST |

The authors declare that they have no conflicts of interest.

Research Letter | Volume 5 | Number || Lam OLT, et al 21


https://doi.org/10.17140/DOJ-5-137

Dent Open J.2018; 5(1): 19-22. doi: 10.17140/DOJ-5-137

REFERENCES |

1. Lewis RE. Overview of the changing epidemiology of
candidemia. Curr Med Res Opin. 2009; 25: 1732-40. doi:
10.1185/03007990902990817

2. Westbrook SD, Kirkpatrick WR, Freytes CO, et al. Candi-
da krusei sepsis secondary to oral colonization in a hemopoietic
stem cell transplant recipient. Med Mycol. 2007; 45: 187-90. doi:
10.1080/13693780601164306

3. Redding SW, Marr KA, Kirkpatrick WR, Coco BJ, Patterson TFE.
Candida glabrata sepsis secondary to oral colonization in bone mat-
row transplantation. Med Mycol. 2004; 42: 479-81.

4. Batista GC, Krebs VL, Ruiz LS, Auler ME, Hahn RC, Paula CR.
Oral colonization: A possible source for candidemia in low-wei-
ght neontes. | Mycol Med. 2014; 24(2): 81-6. doi: 10.1016/j.myc-
med.2013.11.004

5. Barkauskas C, Perfect ]. Candida pnenmonia: What we know and
what we don’t. Curr Fungal Infect Rep. 2009; 3: 21-31. doi: 10.1007/
s12281-009-0004-z

6. Dermawan JKT, Ghosh §, Keating MK, Gopalakrishna KV,

Submit your article to this journal | https://openventio.org/submit-manuscript/

( )penventio

PUBLISHERS

Mukhopadhyay S. Candida pneumonia with severe clinical course, re-
covery with antifungal therapy and unusual pathologic findings: A
case report. Medicine (Baltimore). 2018; 97(2): €9650. doi: 10.1097/
MD.0000000000009650

7. Toleuova A, Tayzhanova D, Toyynbekova R, Beysenbekova Z.
Case report of Candida pneumonia. Georgian Med News. 2018; Feb:
86-90.

8. Gleiznys A, Zdanavidiene E, Zilinskas J. Candida albicans impor-
tance to denture wearers. A literature review. Stomatologija, Baltic
Dental and Maxillofacial Journal. 2015; 17: 54-66.

9. Lam OL, Bandara HM, Samaranayake LP, McGrath C, Li LS.
Oral health promotion interventions on oral yeast in hospitalised
and medically compromised patients: A systematic review. Mycoses.

2012; 55: 123-42. doi: 10.1111/.1439-0507.2011.02062.x

10. Tsang PW, Bandara HM, Fong WP. Purpurin suppresses Can-
dida albicans biofilm formation and hyphal development. PLoS Oze.
2012; 7: ¢50866. doi: 10.1371/journal.pone.0050866

11. CLSI. M27-A3 Reference Method for Broth Dilution Antifungal Sus-
ceptibility Testing of Yeasts; Approved Standard - 37 ED. Wayne, PA:
Clinical and Laboratory Standards Institute: 2008.

22 Lam OLT, et al

Research Letter | Volume 5 | Number ||


https://doi.org/10.17140/DOJ-5-137
https://doi.org/10.1185/03007990902990817
https://doi.org/10.1080/13693780601164306
https://doi.org/10.1016/j.mycmed.2013.11.004%0D
https://doi.org/10.1016/j.mycmed.2013.11.004%0D
https://doi.org/10.1007/s12281-009-0004-z%0D
https://doi.org/10.1007/s12281-009-0004-z%0D
https://doi.org/10.1097/MD.0000000000009650%0D
https://doi.org/10.1097/MD.0000000000009650%0D
https://doi.org/10.1111/j.1439-0507.2011.02062.x
https://doi.org/10.1371/journal.pone.0050866

	ABSTRACT
	INTRODUCTION

