Marlena Dudek-Makuch !, Krzysztof Makuch?, Ryszard Koczorowski?,
Anna Kedzia3, Anna Michalak*

The effect of Dentofresh® on yeast-like fungi

Dziatanie preparatu Dentofresh® na grzyby drozdzopodobne

" Department of Pharmacognosy, Poznan University of Medical Sciences, Poland
2 Clinic of Geriatric Dentistry, Poznan University of Medical Sciences, Poland
3 Department of Oral Microbiology, Medical University of Gdansk, Poland
4 Medical Affairs Department, Phytopharm Kleka SA, Nowe Miasto nad Wartg, Poland

Abstract

Introduction. The mouthwash Dentofresh® produced by Phytopharm Kleka SA, intended for adults and children over
the age of 6, is a prophylactic preparation. Using the mouthwash after having brushed the teeth has a preventive and
healing influence on the hard tissues of teeth and gingiva. The mouthwash contains: eucalyptus, mint, thyme and sage
oils, which show anti-inflammatory and antimicrobial activity.

Aim. The aim of the study was to evaluate the effectiveness of Dentofresh® against strains of yeast-like fungi from the
genus Candida.

Material and methods. The study was conducted on 15 strains of yeast-like fungi from the genus Candida isolated
from infections, and five reference strains. The fungicidal activity of the preparation (MFC — Minimal Fungicidal Concen-
tration) against the strains of yeast-like fungi at the concentration recommended by its producer was evaluated.
Results. Dentofresh® exhibited great fungicidal activity at the concentration recommended by the producer as quickly
as 15 minutes after it was applied (against 87% of the strains), while after 30 minutes, all the tested strains of yeast-like
fungi were destroyed.

Conclusions. The preparation was effective against the genera of yeast-like fungi which are usually resistant to com-
mon antifungal medicines.

Keywords: Candida sp., essential oils, Dentofresh®.

Streszczenie

Wstep. Ptyn do ptukania jamy ustnej Dentofresh® firmy Phytopharm Kleka SA, przeznaczony dla dorostych oraz dzieci
powyzej 6. roku zycia, jest preparatem, ktéry ma zastosowanie w profilaktyce. Stosowanie ptukanki, co najmniej dwa
razy dziennie po szczotkowaniu zebdw, wywiera dziatanie profilaktyczno-lecznicze na twarde tkanki zebow i dzigsta.
Ptukanka w swoim skfadzie zawiera kompozycje naturalnych olejkéw ziotowych: eukaliptusowego, mietowego, tymian-
kowego i szatwiowego, majgcych dziatanie przeciwzapalne i przeciwbakteryjnie.

Cel. Celem pracy byta ocena skutecznoéci preparatu Dentofresh® wobec szczepdw grzybéw drozdzopodobnych z ro-
dzaju Candida.

Materiat i metody. Badania objety 15 szczep6w grzybow drozdzopodobnych z rodzaju Candida wyizolowanych z za-
kazen oraz pie¢ szczepdbw wzorcowych. Oceniono grzybobojczg aktywnos$¢ preparatu (MFC — Minimal Fungicidal
Concentration, minimalne stezenie grzybobojcze) w stezeniach uzytkowych wobec szczepédw grzybdw drozdzopodob-
nych.

Wyniki. Dentofresh® wykazat wysoka aktywno$¢ grzybobojcza w stezeniach uzytkowych juz po 15 minutach dziatania
(wobec 87% szczepdw), po 30 minutach dziatania gingty wszystkie testowane szczepy grzybow drozdzopodobnych.
Preparat dziatat skutecznie wobec gatunkéw grzybéw drozdzopodobnych, ktére zazwyczaj wykazujg opornos¢ na
czesciej stosowane leki przciwgrzybicze.

Whioski. Preparat byt skuteczny wobec gatunkéw drozdzy, zazwyczaj odpornych na typowe leki przeciwgrzybiczne.

Stowa kluczowe: Candida sp., olejki eteryczne, Dentofresh®.

Introduction

Systematic daily hygienic procedures are a basic
means of preventing diseases of the oral cavity.
In addition to cleaning teeth with a brush and to-
othpaste, emphasis placed on the importance of
mouthwashes with comprehensive or specific
anti-caries, anti-inflammatory, antibacterial and

antifungal activity (inhibiting the multiplication of
pathogenic bacteria and fungi), which maintain the
cleansing effect and refresh the mouth.

Correct oral cavity care not only make it po-
ssible to prevent caries as well as inflammation
of gingiva and periodontium, but also shortens an
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ongoing disease, alleviates its symptoms and de-
creases chances of complications.

It is very important to perform complementary
hygienic procedures, especially if there are addi-
tional factors predisposing to infections, such as
the use of dentures or orthodontic appliances,
long-term antibiotic therapy, reduced immunity
often resulting from every day fatigue or stress [1].

In such cases, fungal infections within the oral
cavity may develop. Most frequently the pathoge-
nic fungi participating in such infections, include
those from the genus Candida, particularly from
the species C. albicans [2].

Recently there has been an increase in the
number of patients suffering from oral candidiasis
caused by strains of fungi resistant to the frequen-
tly applied antimycotics [3, 4].

Natural substances, including plant materials
rich in essential oils and active compounds ob-
tained from them, are gaining importance in the
prevention and treatment of fungal infections of
the oral cavity, gingival inflammation, periodontal
diseases and in inhibiting the formation of supra-
gingival plaque [5]. They not only show a wide ran-
ge of biological activity, including antibacterial and
antifungal activity, but are also characterised by
therapeutic safety and good tolerance.

The following plants from the family Lamiace-
ae with confirmed pharmacological activity are
the most widely used species: peppermint leaves
(Menthae piperitae folium), thyme leaves (Thymi
folium), leaves of various species of sage, inclu-
ding lavender leaf sage (Salviae lavadulaefolia
folium), and eucalyptus leaves (Eucalypti folium)
from the Myrtle family (Myrtaceae). Essential oils
from the abovementioned plants are ingredients
of the mouthwash Dentofresh®, intended for adults
and children over the age of 6, whose antifungal
activity was the subject of this study.

Aim

The aim of this study was to evaluate the effec-
tiveness of Dentofresh® produced by Phytopharm
against strains of yeast-like fungi from the genus
Candida, isolated from material obtained from pa-

tients with oral infections, and against reference
strains.

Material and methods

The study was carried out at the Laboratory of
Oral Microbiology, Medical University of Gdansk,
Poland.

The non-alcohol mouthrinses — Dentofresh®
at concentrations recommended by the producer
(undiluted preparation) were tested. Dentofresh®.
It is composed of: Aqua, Xylitol, Glycerin, PEG-35
Castor Oil, Poloxamer 407, Mentha Piperita Oil,
Thymus Vulgaris Flower/Leaf Oil, Eucalyptus
Globulus Leaf Qil, Salvia Lavendulaefolia Leaf Oil,
Eucalyptol, Menthol, Thymol, Sodium Fluoride,

Aroma, Citric Acid, Methylparaben, Propylpara-
ben, Cl 42051, CI 47005.

Fungicidal activity test

The strains of yeast-like fungi used in the study
were isolated from material obtained from patients
with oral infections. The material was inoculated
into Sabouraud medium and incubated at 37° C
for 24 hours. The cultured strains of yeast-like fun-
gi were identified on the basis of cell morpholo-
gy in preparations stained by the Gram method,
appearance of the colony on Sabouraud medium
and CHROMagar Candida medium (BioRad), the
germ tube test, an ability to produce chlamydo-
spores, and their biochemical features (20C AUX
bioMerieux) [6, 7]. The study involved 15 strains of
yeast-like fungi from the genus Candida isolated
from infections, belonging to the following species:
Candida albicans (five strains), Candida glabrata
(two strains), Candida guilliermondii (one strain),
Candida kefyr (one strain), Candida krusei (two
strains), Candida lusitaniae (one strain), Candida
parapsilosis (one strain), Candida tropicalis (two
strains), and five reference strains from: Candida
albicans ATCC 10231, Candida glabrata ATCC
66032, Candida krusei ATCC 14234, Candida
parapsilosis ATCC 22019 and Candida tropicalis
ATCC 750.

The fungicidal (MFC — Minimal Fungicidal Con-
centration) activity of Dentofresh® at concentra-
tions recommended by the producer (undiluted
preparation) against the abovementioned strains
of yeast-like fungi was evaluated. In order to do
this, 0.1 ml of suspension of the tested strain con-
taining 106 CFU (Colony Forming Units) in 1 ml was
added to 1 ml of the preparation. Next, after 15
and 30 minutes, 0.1 ml samples were taken and
inoculated into 2 ml of BHI broth (Brain Heart Infu-
sion Broth, Merck). The BHI broth inoculated with
0.1 ml of the fungal culture constituted a growth
control of the tested strain. The inoculations and
control media were cultured at 37° C for 24 hours
in aerobic conditions. A lack of any growth of the
yeast-like fungi in the medium suggested fungici-
dal activity of the preparation.

Results

Dentofresh®, evaluated in this study, showed
considerable activity against the tested yeast-like
fungi.

Table 1 presents the results of the fungicidal
activity (MFC) of Dentofresh®at the concentration
recommended by its producer (undiluted prepara-
tion) against 15 strains of yeast-like fungi from the
genus Candida isolated from infections and aga-
inst five reference strains.

The study demonstrated that 15 minutes after
application of Dentofresh® (MFC), 87% of the stra-
ins were killed, and after 30 minutes, all the tested
strains of yeast-like fungi were destroyed.
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Table 1. Fungicidal activity (MFC) of Dentofresh® against yeast-like fungi at concentration recommended

by producer

Tabela 1. Aktywnosc grzybobéjcza (MFC) Dentofreshu® przeciwko grzybom drozdzopodobnym w steze-

niach zalecanych przez producenta

Concentration recommended by producer (MFC)
Yeast-like fungi Number of strains Stezenie zalecane przez producenta
Rodzaj szczepow Liczba szczepow Activity after 15 min Activity after 30 min
Aktywnos¢ po 15 min Aktywnosc po 30 min

Candida albicans 5 4 o
Candida glabrata 2 2 2
Candida guilliermondii 1 1 1
Candida kefyr 1 0 1
Candida krusei 2 2 2
Candida lusitaniae 1 1 1
Candida parapsilosis 1 1 1
Candida tropicalis 2 2 )

Total number yeast-like fungi 15 13 15
Reference strains:
Candida albicans ATCC 10231 1 1 1
Candida glabrata ATCC 66032 1 1 1
Candida krusei ATCC 14234 1 1 1
Candida parapsilosis ATCC 22019 1 1 1
Candida tropicalis ATCC 750 1 1 1

0 - indicates lack of activity;
0 — wskazuje na brak aktywnosci

Discussion

In recent years, the interest in using natural plant
substances has increased, which is connected
with their effectiveness and a high safety level con-
firmed by many years of application in medicine.
Essential oils have been used in folk medicine and
as culinary and aromatic ingredients for ages [8].
They show antibacterial, antifungal, antiviral and
antiprotozoal activity. To date, there have been no
reports of increasing resistance of bacteria or fun-
gi to the activity of essential oils.

The mouthwash Dentofresh® produced by Phy-
topharm, intended for adults and children over the
age of 6, is a prophylactic preparation. It contains
a mixture of natural essential oils — eucalyptus,
mint, thyme and sage oils — and, the main acti-
ve compounds found in oils, such as: eucalyptol,
menthol, thymol and sodium fluoride. The antibac-
terial and antifungal activity of the aforementioned
components has been widely studied.

Gram-positive bacteria are more sensitive to the
activity of essential oils than Gram-negative ones.
The lower sensitivity of Gram-negative bacteria to
essential oils may be explained by the fact that dif-
fusion of the components of essential oils through
the outer cell membrane is limited because of the
presence of a hydrophilic barrier, which hinders
transport of macroparticles and hydrophobic com-
ponents [8]. In the case of Gram-positive bacte-
ria, direct contact of the components of essential
oil with the lipophilic cell wall is possible, which
leads to damage or complete rupture of the cell

membrane. It has been stated that essential oils
containing significant numbers of monoterpenes
cause increased cytoplasm liquidity, disrupt the
spatial organisation of the proteins found in cy-
toplasm, inhibit cellular respiration and affect ion
transport processes [8—10].

Eucalyptus oil and its main component,
1.8-cyneol (eucalyptol), show wide antimicrobial
potency, including antibacterial action (also aga-
inst methicyllin-resistant strains of Staphylococ-
cus aureus (MRSA)), antiviral and antifungal activi-
ty against strains from the genus Candida and the
species Aspergillus fumigatus (MIC 0.6 mg/ml),
Aspergillus niger (0.6 mg/ml) [11]. Moreover, its im-
munostimulant, anti-inflammatory, antioxidant and
analgesic activity has also been proven [12].

Research suggests that the oil from pepper-
mint leaves (Menthae piperitae) shows activity
against numerous microorganisms, including bac-
teria from the following species: Staphylococcus
aureus, Escherichia coli, Enterococcus faecalis,
Pseudomonas aeruginosa, Acinetobacter bau-
mannii, Serratia marcescens Micrococcus luteus,
Haemophilus influenzae, Streptococcus pneumo-
niae and Bacillus subtilis as well as yeast-like and
mould fungi [8, 13—19].

Many of studies have also proven antifungal
activity of mint oil for 48.75% of the strains, which
was strongest against Candida albicans, C. tro-
picalis and C. parapsilosis. It exhibits fungicidal
activity at concentrations from 2.8 to 25.0 pg/ml.
Such a broad range of effective concentrations
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may be connected with the place of origin of the
plants (climatic differences) and may result from
differences in cultivation conditions or methods of
extraction. Menthol, the main component of mint
oil (over 50%), is regarded to be responsible for
the antimicrobial activity of the oil [1, 20]. However,
some studies have demonstrated that even mint
oils with low menthol content show strong antimi-
crobial activity, which suggests that this activity is
due to a group of compounds [21].

It has also been shown that decoction from
peppermint leaves inhibits adhesion of many mi-
croorganisms to oral cavity tissues (including C.
albicans, C. glabrata, C. tropicalis and C. krusei),
but inhibition of fungi adhesion to acrylic material
(dentures) has not been confirmed. The details of
this phenomenon are not known, but it may be
caused by the influence on adhesin synthesis or
be connected with mechanical damage of adhe-
sins present within the cell wall of the yeast-like
fungi from the genus Candida [1].

Great antimicrobial effectiveness has also
been shown by thyme oil obtained from the leaves
of common thyme (Thymus vulgaris) or Spanish
thyme (Thymus zygis). The main components of
thyme oil are thymol its isomer, carvacrol, and
p-cymene [22]. At low concentration (MIC ranging
from 20-250 pg/ml), it inhibits growth of bacterial
strains such as Enterococcus faecalis, Klebsiella
pneumoniae, Bacillus cereus, Proteus vulgaris
and fungi from the species Aspergillus flavus,
whereas at higher concentration (MIC ranging
from 330-1330 pg/ml), it also inhibits growth of
strains of Escherichia coli. Experiments have
confirmed great effectiveness of the antimicrobi-
al activity of some components of the oil, includ-
ing thymol. It is active against bacteria from the
species Streptococcus pyogenes, Streptococcus
pneumoniae, Staphylococcus aureus, Haemophi-
lus influenzae, Escherichia coli and Pseudomo-
nas aeruginosa [23].

Thyme oil and its components show strong ac-
tivity against fungi from the genus Candida, inclu-
ding the following species: C. albicans, C. krusei,
C. tropicalis, C. guillermondii, C. glabrata, C. tropi-
calis, C. parapsilosis and the species Aspergillus
fumigatus [10, 22]. The mechanism of the activity
consists in reducing the content of ergosterol in
the cell membrane, which, as a result, is damaged,
potassium ion leakage, spheroplast disintegration
and, in consequence, death of the cell [22].

Sage oil, obtained from leaves of lavender leaf
sage (Salvia lavanduleafolia) mainly contains: a-,
B-thujone (30—35%), camphor (20—-30%), 1.8-cyneol
(10-30%), borneol (3—15%) and B-pinene (5-12%),
and, in smaller quantities: a-pinene (4—7%), sabinyl
and borneol acetate (1-5%), limonene (2%), car-
vacrol, rosmarinic acid, luteinol, linalool, geraniol,
o-terpineol and y-terpinene (< 1%). Unlike sage oil

obtained from garden sage leaves (Salvia officina-
lis), it contains a smaller amount of thujone, which
shows toxic activity at high concentration [9].

It exhibits a wide range of antimicrobial activity
towards Gram-positive bacteria, such as Staphy-
loccocus aureus, Streptococcus mutans, Bacillus
subtilis and Micrococcus luteus (MIC 2.31-3.42
mg/ml), and Gram-negative bacteria, including
Escherichia coli (MIC 3.42 mg/ml) [9].

Dentofresh® evaluated in this study, showed
great activity against the tested yeast-like fungi,
which is connected with strong antimicrobial acti-
vity of the components of essential oils (Table 1).
15 minutes after application of Dentofresh® (MFC),
87% of the strains were killed, and after 30 minu-
tes, all the tested strains of yeast-like fungi were
destroyed. It is noteworthy that some of the fungal
species under study, including Candida glabrata,
Candida krusei and Candida tropicalis, often show
resistance to antifungal medicines usually applied
locally (Table 1). These fungi frequently participa-
te in oral candidiasis and prosthetic stomatopathy
(connected with the use of dentures).

Previous research also confirmed that Den-
tofresh® strongly inhibited formation of bacterial
dental plaque, particularly in vestibular and lingual
surfaces of teeth (measurement of PCR and API
rates). It was shown, that the mouthwash inhibited
inflammation of oral mucosa (measurement of BoP
and PBI rates), which proved its anti-inflammatory
properties. In addition, the majority of the subjects
stated that it resulted in a feeling of cleanness and
freshness in the oral cavity after rinsing [5].

The experiments, conducted in this study,
confirm that the mouthwash Dentofresh® is an
effective agent complementing oral hygienic pro-
cedures, and that its antifungal, antibacterial, an-
ti-inflammatory and plaque-inhibiting properties
allow prevention of caries as well as gingival and
periodontal inflammation. In the case of advan-
ced disease, the use of Dentofresh® shortens its
duration, alleviates the symptoms and reduces
chances of complications. Moreover, many years
of using essential oils in medicine, dentistry, food
and cosmetic industries prove that preparations
containing essential oils can be safely applied to
adults and children.

Conclusions

1. Dentofresh® showed great fungicidal activity
(MFC) at the concentration recommended by
the producer as soon as 15 minutes after ap-
plication (87% of strains), whereas after 30 mi-
nutes, all the tested strains of yeast-like fungi
were killed.

2. The mouthwash was effective against the spe-
cies of yeast-like fungi that are usually resistant
to frequently applied antifungal medicines and
often participate in oral cavity infections.
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