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Summary

Aim. To investigate the antifungal and anti-adhesive activities of Monarda fistulosa essential oil
and cinnamon essential oil on clinical strains of fungi of the genus Candida obtained from patients
with pharyngomycosis.

Materials and methods. The object of the study was essential oil of Monarda fistulosa and essential
oil of cinnamon, the subject of the study was clinical strains of Candida albicans and Candida glabrata
isolated from patients with pharyngomycosis. Antifungal effect of essential oils was determined
by micromethod of serial dilutions with determination of minimum inhibitory concentration and
minimum fungicidal concentration according to the recommendations of International Standards
Organisation. The viability of micromycetes was determined by crossing the suspension from the
test and control wells on Sabouraud dense nutrient medium with subsequent determination of
colony-forming units/ml. Adhesion of Candida fungi was determined according to the method of
Brilis V. I. and co-authors.

Results. Our studies proved the antifungal effect of essential oil of Monarda fistulosa and essential
oil of cinnamon on the studied clinical strains of Candida fungi. The range of subinhibitory
concentrations of essential oils that inhibited the viability and adhesive activity of clinical strains
of C. albicans and C. glabrata was established. Under the conditions of our experiment, the greatest
suppressive ability of subinhibitory concentrations affecting the biological properties of Candida
spp. was demonstrated by essential oil of Monarda fistulosa.

Conclusions. The antifungal effect of essential oils on clinical strains of micromycetes differed in the
strength of effect. The maximum expression of antimycotic effect was demonstrated by the essential
oil of Monarda fistulosa. Under the conditions of action of subinhibitory samples of essential
oil of Monarda fistulosa and cinnamon essential oil, the viability indices of Candida spp. were
significantly lower than those of the culture control, which was not exposed to the action of essential
oils. Clinical strains of C. albicans and C. glabrata isolated from patients with pharyngomycosis
were characterised by medium-adhesive and low-adhesive activity, respectively. Essential oils in
subinhibitory concentrations led to inhibition of the adhesive potential of the studied Candida spp.
isolates, namely, there was a decrease in the adhesive activity of C. albicans strains from the category
of ‘medium-adhesive’ to the category of non-adhesive’ and ‘low-adhesive’, and of C. glabrata
isolates — from the category of ‘low-adhesive’ to the category of ‘non-adhesive’.
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INTRODUCTION Almost a billion people worldwide suffer from fungal

infections, the severity of which varies from asymptomatic

Currently mycotic diseases are gaining social and mild to potentially life-threatening conditions [1].
significance and remain one of the most pressing The results of scientific studies indicate an increase in
medical problems due to their widespread prevalence. the etiological significance of fungal pathogens in the
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development of acute and chronic inflammatory diseases
of the upper respiratory tract [2]. The dominant place
in the structure of fungal diseases of the ENT organs
belongs to pharyngomycoses, the proportion of which has
recently reached 39-45 % [3]. Mycotic lesions of these
human biotopes are usually opportunistic infections,
the leading causative agents of which can be various
types of opportunistic microbial agents that are part
of the normobiota of mucous membranes and skin or
penetrate the macroorganism from the environment.
Fungal lesions of the pharynx in the vast majority of
cases (97 %) are caused by yeast-like fungi of the genus
Candida, and mycelial fungi of the genera Aspergillus,
Penicillium and Mucor are etiological factors in only 3 %
of cases [4, 5]. The main causative agent of opportunistic
candidal infections of the oropharynx is C. albicans,
which causes the disease in 62 % of cases. Among the
non-albicans species, C. glabrata (46.4 %), C. parapsilosis
(24.7 %), C. tropicalis (13.9 %), C. krusei (5.5 %) are the
most common etiological factors of pharyngomycosis
[4, 6]. Opportunistic infections caused by Candida spp.
are difficult to treat, prone to chronicity of the disease,
recurrent and persistent course and create the basis for the
development of an associative infectious process, under
which fungi of the genus Candida are able to enhance their
pathogenic properties. The increasing influence of fungal
microorganisms in the development of opportunistic
infections has led to the inclusion of a significant
number of antimycotic drugs and their combinations
in treatment algorithms and widespread use in clinical
practice. The empirical prescription of antifungal agents,
their large number, variety of dosage forms, differences
in mechanisms of action, and long treatment periods
contribute to the formation of multiple resistance of fungal
pathogens to these agents [7, 8]. In addition to the growing
level of acquired resistance to antifungal drugs, there are
a number of other factors that contribute to the lack of
pathogen eradication. One of these factors is the ability
of microorganisms to exist in biofilms.

According to scientific studies, 60-80 % of infectious
pathology in various human biotopes is biofilm-associated,
including all major respiratory pathogens capable of
forming biofilms [9]. It has been proven that biofilms
facilitate the transmission of antimicrobial resistance
genes, as well as the expression of virulence factors
of microorganisms that make up their composition.
Therefore, the phenomenon of film formation should not
be underestimated. In this regard, the problem of choosing
an antifungal agent for the effective treatment of mycoses
of the ENT organs remains topical today and requires new
alternative approaches and solutions.

According to modern concepts, biofilms have
a complex three-dimensional spatial and metabolic
structure, which is represented by a community of
microorganisms in an exopolymer matrix. Biofilms
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are formed by sessile cells, which are characterised by
a pronounced ability to adhere and form cellular consortia,
as well as a low level of metabolic processes, growth and
reproduction parameters, unlike planktonic states [10].
The phenotypic properties of cecal cells provide resistance
to cellular and humoral factors of human adaptive
immunity and have a 100-1000 times lower sensitivity
to antimicrobial agents than planktonic cells. Due to
these common characteristics, biofilms potentiate the
development of numerous chronic and acute infections,
which are mostly refractory to traditional antimicrobial
therapies and pose a serious threat to human health.
Fungi of the genus Candida are one of the most common
biofilm-associated pathogens, with strains having a high
colonisation potential, which ensures their adaptation to
the microbiome of any biotope and avoids interspecific
competition [11]. The adhesive capacity of cells plays
a key role in the colonisation potential of microbial
species, which allows them to attach to living or abiotic
surfaces, i.e. to switch from planktonic to attached life.
Interaction between microbial adhesions and receptors
of sensitive eukaryotic cells is specific and irreversible,
which determines the first stage of colonisation of
a biotope. Candida adhesions are usually cell wall proteins
represented by integrin-like proteins, mannan proteins,
and carbohydrate components of mannan proteins.
C. albicans strains are characterized by the presence of
specific adhesions, mannan proteins of the germ tube
cell wall and hyphal cells, which are directly involved in
biofilm formation [11, 12]. The adhesive properties of
the pathogen determine its virulence, and their adhesive
activity provides the initial link in the pathogenesis of the
pathological process of mycotic inflammatory lesions.

In view of the above, we believe that one of the
most urgent tasks of modern clinical medicine in the
fight against infectious biofilm-associated diseases is
the search for drugs that can inhibit the adhesion of
pathogenic microorganisms, cause disintegration of
biofilms, destroy their structure, and thus block the
disease at an early stage of its development, as well as
reduce the risk of emergence and spread of drug-resistant
strains. To address these problematic issues in the
treatment of otorhinolaryngological pathology, including
pharyngomycosis, the search for new antimicrobial
drugs, the use of combinations of existing antibiotics
with drugs with antibiofilm activity and the combined
use of drugs with ultrasound, ultraviolet irradiation,
hyperbaric oxygenation, etc. are being discussed [13,
14, 15]. However, these therapeutic approaches require
special medical equipment, maintenance and may be
accompanied by the development of adverse side effects in
the macroorganism. Therefore, the use of environmentally
friendly biological products based on essential oils that
combine anti-inflammatory and regenerative properties
with antifungal ones may be a promising direction. The
antimicrobial activity of essential oils, their effect on
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planktonic and film-forming strains of microorganisms
of different taxonomic species, as well as their pathogenic
potential, are widely covered in the scientific literature
[16, 17]. To date, the effectiveness of essential oils has
been proven in medical practice, in particular in the
treatment of upper respiratory tract infections when using
a combination of essential oils in the form of an aerosol
during passive inhalation [18, 19].

AIM

The aim of this study was to investigate the antifungal
and antiadhesive activities of Monarda fistulosa essential
oil and cinnamon essential oil on clinical strains of
fungi of the genus Candida obtained from patients with
pharyngomycosis.

MATERIALS AND METHODS

The object of the study was the essential oil of
Monarda fistulosa (manufacturer: UBA LLC, Houston,
USA) and cinnamon essential oil (manufacturer: Aroma
Group LLC, Odesa). Essential oils are readily soluble in
most organic solvents: ether, chloroform, absolute alcohol,
carbon disulfide, hexane, ethyl acetate and acetone.
The subject of the study was clinical strains of Candida
albicans and Candida glabrata, which were obtained from
clinical material taken from the oropharyngeal mucosa
of patients with pharyngomycosis who were treated
in the otolaryngology department of the Municipal
Enterprise ‘2nd City Clinical Hospital of Poltava City
Council’. The study was performed in accordance with
the basic provisions of the World Medical Association’s
Declaration of Helsinki for the Ethical Principles of
Medical Research Involving Human Subjects [20].
The diagnosis of pharyngomycosis was made on the
basis of patient complaints, anamnesis, pharyngoscopic
signs, and microbiological examination results with
the identification of C. albicans and C. glabrata, as
well as the calculation of their population level. The
population level of the studied clinical fungal isolates
was determined by counting colony-forming units in 1
ml (CFU/ml) and was considered clinically significant
at a quantitative level of at least 1.0 x 10* CFU/ml.
The biomaterial was collected from the surface of the
oropharyngeal mucosa with a sterile swab applicator
using a spatula on an empty stomach before treatment.
The probe-tampon was introduced into Ames transport
medium and delivered to the bacteriological laboratory
within 2 hours under isothermal conditions. During
mycological examination for identification of Candida
species, morphological, tinctorial properties, as well as
biochemical properties (cleavage of glucose, maltose
and galactose to acid and gas) were taken into account.
When identifying C. albicans, the ability of pathogens
to form growth tubes and chlamydospores was taken
into account. Final identification of isolated fungal
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strains was performed using an automatic analyser Vitek
2 compact bioMarieux (France). In accordance with
the recommendations of the International Standards
Organisation (ISO), the antifungal effect of essential oils
was determined by the micro method of serial dilutions in
Sabouraud broth with the determination of the minimum
inhibitory concentration (MIC) and minimum fungicidal
concentration (MFC) [21]. To obtain the emulsion,
we used polysorbate-80 emulsifier, which is capable of
ensuring high-quality distribution of the active substance
in the solution. To prepare the working solution, essential
oils were emulsified in polysorbate-80 in a 1:1 ratio. Then,
using Sabouraud broth, a working solution of essential oils
was obtained, which was subjected to serial dilutions in
the range from 1:1000 to 1:32000 of the active ingredient.
The specified range of essential oil dilutions was chosen
in accordance with our own research results [22]. As
an inoculum, a suspension of micromycetes equivalent
to 0.5 according to the McFarland standard was used.
The resulting suspension contained 1-5x10° CFU/ml.
The standardised suspension was diluted 1:10 to prepare
a working suspension which contained 1-5x10° CFU/ml
yeast cells. The minimum inhibitory concentration was
determined by the lowest concentration of essential oil
solution that inhibited the visible growth of the fungal
culture under study. To study the fungicidal effect of
essential oils, their minimum fungicidal concentration
was determined. To establish the MFC, inoculations were
made from each well with no growth on Sabouraud agar
sectors in Petri dishes. After 24 hours of incubation under
optimal cultivation conditions, the lowest concentration
of essential oils in the well was noted, which did not give
rise to colony growth. The experimental series contained
all components in appropriate proportions. The emulsifier
control contained all components except essential
oil. Culture controls contained nutrient medium and
inoculum of clinical strains. Subinhibitory concentrations
of essential oils were used to study the viability (CFU/ml)
of clinical strains of C. albicans and C. glabrata and
their adhesive properties. The subinhibitory samples of
Monarda essential oil for C. albicans and C. glabrata were
0.12-0.03 mg/ml. Subinhibitory samples of cinnamon
essential oil for C. albicans were 0.26-0.03 mg/ml, and
for C. glabrata — 0.13-0.03 mg/ml. The viability of the
micromycetes was determined by sowing the suspension
from the test and control wells by the sector method
on dense Sabouraud medium in Petri dishes, followed
by determination of CFU/ml. The adhesive process of
Candida fungi was determined by the method of Brilis V. 1.
and co-authors using blood erythrocytes of group 1(0)
Rh+, taking into account the following indicators: average
adhesion index (AAI), erythrocyte participation rate
(EPR), index of adhesion of microorganisms (IAM) [23].
The following formula was used to calculate the IAM:
IAM = (SPA/CFU) x100. According to the methodology
of Brillis and co-authors, microorganisms were considered
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non-adhesive with an IAM<1.75, low-adhesive — from
1.76 to 2.50, medium-adhesive — from 2.51 to 4.00, and
highly adhesive — with an IAM of 4.00.

Descriptive statistics included calculation of
mean values, errors of mean values and testing the
normality of distributions using the Shapiro-Wilk
method. Comparisons between the main and control
groups were performed using Student’s t test and the
Mann-Whitney method for indicators that did not
have a normal distribution. Comparison of related was
performed by Student’s method for paired indicators
and Wilcoxon method for indicators that did not have
normal distribution. The limit of statistical significance
was considered to be p<0.05. JASP 0.16.0.0 software was
used for data analysis.

RESULTS AND DISCUSSION

Recently, due to the decreasing -effectiveness
of antifungal therapy of mycotic diseases of various
localisations, including oropharynx, more and more
attention is paid to phytonying preparations, which, if
used rationally, cause minimal side effects, prevent the
formation of secondary resistance and have a powerful
antimicrobial activity and can act as adjuvants of
chemotherapeutic drugs. Our studies proved high
antifungal activity of essential oils on the studied
clinical strains of fungi of the genus Candida, which
were isolated from patients with pharyngomycosis. The
results of studies of antifungal effect of essential oils are
presented in Table 1.

Table 1

Sensitivity of clinical isolates of C. albicans and C. glabrata to essential oils by MIC (M+m) and MFC (M+m)

Microorganisms Essential oil of Monarda fistulosa Cinnamon essential oil
& MIC (mg/ml) MFC (mg/ml) MIC (mg/ml) MFC (mg/ml)
(Cn'jg;’“’”s 0,2620,08 0,52£0,06 0,45+0,05* 0,45+0,07
(Cn' j’s")b"”" 0,28+0,10 0,37+0,05 0,31+0,06 0,46+0,09

Note: * — statistical significance of the difference in MIC values of Monarda essential oil to MIC values of cinnamon essential

oil, p<0.05.

According to the results of the studies, the minimum
inhibitory concentration of Monarda fistulosa essential oil
for clinical strains of C. albicans was 0.26+0.08 mg/ml,
and the minimum fungicidal concentration was 0.52+0.06
mg/ml. For clinical strains of C. albicans, the MIC and
MFC of cinnamon essential oil were determined at
a concentration of 0.45+0,05 mg/ml. Thus, cinnamon
essential oil has an exclusively fungicidal effect on fungi
of the C. albicans species.

The sensitivity of clinical isolates of C. glabrata to
the action of essential oil of Monarda fistulosa was not
significantly different from that of clinical strains of
C. albicans. However, the MIC of cinnamon essential oil
for C. glabrata fungi was determined at a concentration
of 0.31£0.06 mg/ml, which indicated their higher
sensitivity to cinnamon oil (1,7 times) compared to
the sensitivity of clinical strains of C. albicans. Thus,
the results of our studies demonstrated high inhibitory
activity of Monarda essential oil against clinical isolates
of C. albicans and C. glabrata and are consistent with the
data of other scientists. According to literature sources,
essential oils containing phenols (thymol and carvacrol),
eugenol and cinnamaldehyde were found to have the
most pronounced antimicrobial activity [24]. The main
chemical constituents of Monarda essential oil are thymol,
carvacrol, terpinenes, carvacrol methyl ester. By chemical
composition, cinnamon essential oil is characterised
by the presence of the following active components:
alpha/beta-pinene, linalool, cymene, sabinene, eugenol,
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limonene, cinnamaldehyde. So, Monarda essential oil and
cinnamon oil by their chemical nature can be classified
as a group of essential oils with high antimicrobial
activity. The mechanism of their antimicrobial action
is related to the lipophilicity of essential oils, which is
characterised by the affinity of organic substances to fats
and oils. Lipophilicity of essential oils provides increase
of permeability of cell membranes of microorganisms
and inhibition of membrane enzymes. Damage to cell
membrane proteins and degradation of the cell wall have
a toxic effect on their structure and function, resulting
in the cell membrane losing its ability to perform its
functions as a permeability barrier. The consequence of
increased permeability of damaged membranes is the
loss of cytoplasmic components of the cell, inhibition
of hydrogen metabolism, ATP synthesis, mitochondrial
destruction, and inhibition of cytoplasmic enzymes. These
processes lead to structural and functional changes and
end in cell lysis [25, 26].

The next stage in our study was to investigate the
effect of sub-inhibitory concentrations of essential oils
on the viability of clinical isolates of fungi of the genus
Candida. Since the use of sub-inhibitory concentrations
of essential oils, in our opinion, minimises the risks of
toxic and allergic reactions in patients and will allow
safe use for a longer period. The results of the study of
viability (CFU/ml) of clinical strains of fungi of the genus
C. albicans and C. glabrata are presented in Fig. 1 and
Fig. 2
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Figure 1. Viability of fungi of C. albicans and C. glabrata species under the influence of subinhibitory concentrations of Monarda essential oil;
* — statistical significance of the difference with the control culture of C. a/bicans; +- statistical significance of the difference with the control
culture of C. glabrata.
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Figure 2. Viability of fungi of C. albicans and C. glabrata species under the influence of subinhibitory concentrations of cinnamon essential oil;

* — statistical significance of the difference with the control culture of C. albicans; +- statistical significance of the difference with the control
culture of C. glabrata.
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The analysis of the results (Fig. 1) showed that
Monarda essential oil in subinhibitory concentrations of
0.12-0.06 mg/ml inhibited the growth and reproduction
of clinical strains of C. albicans. The cell viability
according to the oil samples was 6.22+0.23 Ig CFU/ml
and 6.13%0.28 Ig CFU/ml, which is 1.3 times lower
compared to the control, which was determined at
7.88%+0.55 1g CFU/ml. The sample of Monarda essential
oil at a subinhibitory concentration of 0.03 mg/ml did not
affect or inhibit the viability of microbial cells.

According to the data presented in Figure 1, the
viability indicators of clinical isolates of microscopic fungi
of the C. glabrata species under the influence of subinhibitory
concentrations of essential oil of Monarda fistulosa were also
determined in the range of 0.12-0.06 mg/ml and amounted
to 5.01%£0.18 Ig CFU/ml and 8.47%0.20 Ig CFU/ml,
respectively. The obtained viability indices of clinical strains
of C. glabrata were 43 % and 37 % lower than those of the
control culture, which was 8.67+0.18 g CFU/ml. The
level of viability of C. glabrata isolates under the influence
of Monarda fistulosa essential oil at a concentration of
0.03 mg/ml did not differ from the culture control.

The obtained results, shown in Figure 2, indicate
that the effect of subinhibitory concentrations of
cinnamon essential oil in the range of 0.26-0.13 mg/ml
on clinical strains of C. albicans caused inhibition of
their viability by 34 % and 25 % compared to the control
culture. Samples of essential oil at a concentration
of 0.06-0.03 mg/ml did not affect the growth and
reproduction of fungal cells and, accordingly, their
viability indicators reached the values of the control
culture, which was not exposed to cinnamon oil.

Taking into account that the MIC of cinnamon oil
for clinical strains of C. glabrata was 0.31 mg/ml, the sub-
inhibitory concentrations in the range of 0.13-0.03 mg/ml
were investigated. Under the action of cinnamon essential
oil samples at concentrations of 0.13 and 0.06 mg/ml,
inhibition of growth and multiplication of C. glabrata
micromycete cells was observed 1.5-1.3 times compared
to CFU/ml of culture control. Cinnamon oil at
a concentration of 0.03 mg/ml did not inhibit the viability
of C. glabrata.

Thus, the results obtained indicate that even
subinhibitory concentrations of essential oils inhibit
the viability of clinical strains of Candida spp. In our
experiment, the highest inhibitory ability of subinhibitory
concentrations was demonstrated by the essential oil
of Monarda fistulosa. The inhibition of the viability of
microorganisms under the influence of subinhibitory
samples of essential oils is to some extent consistent
with the data of other authors on the effect of the main
components of essential oils and their derivatives on the
growth and reproduction of bacteria [17, 26]. The most
likely factors of disruption of the processes that ensure
the vital activity of fungi are a decrease in their adaptive
potential, namely, inhibition of cellular respiration,
increased permeability of yeast cell membranes, the
outflow of trace elements, and disruption of plastic and
energy metabolism.

Given the fact that we have established the inhibition
of the viability of micromycetes under the influence of
subinhibitory samples of essential oils, it was advisable
to study the processes of fungal adhesion in this range of
essential oil concentrations. After all, adhesive activity is
one of the factors of virulence, which ensures the high
ability of fungi to colonise and their further reproduction in
certain biotopes. It is generally recognised that the adhesion
of microorganisms to epithelial cells is a major prerequisite
and trigger in the pathogenesis of infectious diseases, so
reducing the adhesive potential of microorganisms is
a pathogenetically sound approach to combating infectious
diseases. For all clinical strains of C. albicans and C. glabrata
that colonised the oropharyngeal mucosa under conditions
of infectious and inflammatory process, the manifestation
of adhesive properties was established. According to
the average number of microorganisms involved in the
adhesive process, clinical strains of C. albicans were
classified as ‘medium-adhesive’, and clinical strains of C.
glabrata as ‘low-adhesive’. The IAM calculated for them
were 3.02%+0.09 and 2.35%0.16, respectively. The results
of the study of the adhesive properties of clinical isolates
of C. albicans and C. glabrata under the influence of
subinhibitory concentrations of essential oils are presented
and summarised in Tables 2 and 3.

Table 2

Characterisation of the adhesive properties of clinical strains of C. albicans and C. glabrata in the presence
of subinhibitory concentrations of monarda essential oil by IAM (M+m)

Microorganisms Control monarda essential oil (mg/ml)
- 0,23 | 0,12 | 0,06 | 0,03
Adhesion index (IAM)
“ s 3,02£0,09 _ 1,510,10* 1,89:£0,08* 2,5240,11
< gfibsr)‘”" 2,3540,16 1,3240,061 1,4040,08+ 1,9640,11 2,06£0,08

Note: * — statistical significance of the difference in the IAM of C. albicans under the influence of subinhibitory concentrations
of essential oils to the IAM of the control culture, p<0.05. +- statistical significance of the difference in the IAM of C. glabrata

under the influence of subinhibitory concentrations of essential

82

oils to the control culture, p<0.05.
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The analysis of the results of the studies (Table 2) shows
that the essential oil of Monarda fistulosa in subinhibitory
concentrations of 0.12 mg/ml-0.06 mg/ml reduced the
adhesiveness of clinical strains of C. albicans. Under the
influence of monarda oil at a concentration of 0.12 mg/ml,
IAM decreased by 49 % and C. albicans fungi lost their
adhesive potential and were defined as non-adhesive (Fig. 3).

-
‘

h 'S

Under the conditions of exposure to essential
oil at a concentration of 0.06 mg/ml, clinical strains
acquired low-adhesive characteristics, but reducing the
concentration of essential oil to 0.03 mg/ml did not lead
to a significant decrease in IAM compared to the control
(Fig. 4) and clinical isolates acquired the characteristics
of medium-adhesive micromycetes.

Figure 3. Microscopic picture of adhesion of C. albicans strains on erythrocytes according to Brillis method under the influence of subinhibitory

concentrations of monarda essential oil.

Figure 4. Microscopic pattern of adhesion of C. albicans strains on Brillis erythrocytes that were not exposed to essential oils.

In clinical isolates of C. glabrata under the influence
of subinhibitory concentrations of monarda essential
oil in the range of 0.23 mg/ml and 0.12 mg/ ml, the
inhibition of the adhesive activity of fungi to the category
of ‘non-adhesive’ was found, the IAM values were
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1.32£0.06-1.4£0.08, respectively. Under the conditions
of exposure of the sample of monarda essential oil
at a concentration of 0.06 mg/ml and 0.03 mg/ml to
C. glabrata fungi, no significant difference in their adhesive
activity to the IAM of the control culture was found.

83



AOCAIAKEHHA

According to the results shown in Table 3, subinhibitory
concentrations of cinnamon essential oil at 0.26 mg/ml
and 0.13 mg/ml contributed to a significant reduction of
C. albicans IAM by 50 % and 51 % compared to the control

culture and acquired the characteristics of the ‘low-adhesive’
category. The presence of cinnamon essential oil only at
a concentration of 0.13 mg/ml contributed to an effective
reduction of C. glabrata IAM compared to the control.

Table 3

Characterisation of the adhesive properties of clinical strains of C. albicans and C. glabrata in the presence
of subinhibitory concentrations of cinnamon essential oil by IAM indicators (M+m)

Microorganisms Control Cinnamon essential oil (mg/ml)
- 0,26 | 0,13 | 0,06 | 0,03
Adhesion index (IAM
¢ (‘l’l’i’g;”” 3,0240,11 1,5240,06* 1,5340,07* 2,89+0,08 2,84+0,13
C. Egrfibsr)“’“ 2,35+0,16 . 1,64+0,08+ 1,91%0,10 2,1640,13

Note: * — statistical significance of the difference in the IAM of C. albicans under the influence of subinhibitory concentrations
of essential oils to the IAM of the control culture, p<0.05. + — statistical significance of the difference in the IAM of C. glabrata
under the influence of subinhibitory concentrations of essential oils to the control culture, p<0.05.

Thus, the pathogens of pharyngomycosis C. albicans
and C. glabrata are characterised by a pronounced adhesive
activity, which was effectively reduced in the presence of
sublethal concentrations of essential oils. In our opinion,
the inhibition of fungal cell attachment under the influence
of sublethal concentrations of essential oils can occur already
at the stage of nonspecific adhesion due to the inhibition
of electrostatic forces, hydrophobic forces, and Van der
Waals forces. [10, 27]. The inhibition of the stage of specific
adhesion under the influence of subinhibitory essential oils is
due to changes in the cell wall and cytoplasmic membrane,
which lead to damage to cell membranes and adhesion
receptors. Other authors have shown that the inhibition of the
adhesive properties of microorganisms by natural compounds
(phenols, essential oils), terpenoids, lectins, alkaloids) leads
to a decrease in their film-forming potential and, as a result,
inhibition of biofilm viability [28]. The ability of essential
oils to inhibit the adhesive activity of micromycetes in the
process of biofilm formation is clinically relevant, as it
leads to the development of a therapeutic strategy aimed
at suppressing the viability of biofilms and overcoming the
biofilm microorganisms’ tolerance to antimicrobial agents.

CONCLUSIONS

1. Essential oil of Monarda fistulosa and essential oil
of cinnamon demonstrated high fungistatic and fungicidal
effects on clinical strains of C. albicans and C. glabrata
isolated from patients with pharyngomycosis.

2. The antifungal effect of essential oils on clinical
strains of micromycetes varied in strength. The maximum
severity of the antimycotic effect was demonstrated by the
essential oil of Monarda fistulosa. The MIC of monarda
essential oil for C. albicans was 71 % lower than the
MIC of cinnamon essential oil. The MFC of monarda
essential oil for C. glabrata was 24 % lower than the MIC
of cinnamon essential oil.

3. Subinhibitory concentrations of essential oils
caused inhibition of the viability of fungal cells of the
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species C. albicans and C. glabrata. Under the influence of
subinhibitory samples of monarda essential oil, the viability
of C. albicans was significantly lower than the viability of these
microorganisms under the influence of cinnamon essential oil.

4. Clinical strains of C. albicans and C. glabrata
isolated from patients with pharyngomycosis were
characterised by medium- and low-adhesive activity,
respectively.

5. Essential oils in subinhibitory concentrations
led to inhibition of the adhesive potential of the studied
isolates of Candida spp. Under the influence of essential
oils, there was a decrease in the adhesive activity of
C. albicans strains, which was accompanied by their
transition from the category of ‘medium-adhesive’ to
the category of ‘non-adhesive’ and ‘low-adhesive’, and
C. glabrata isolates — from the category of ‘low-adhesive’
to the category of ‘non-adhesive’.

Prospects for further research. Given that yeast-
like fungi have acquired or natural resistance to antifungal
drugs, our research expands the existing knowledge of the
pharmacological properties of essential oils and identifies
prospects for further study of the effect of phytonutrient
drugs on the pathogenic potential of microbial species.
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Pe3stome

BMJIUB EDIPHUX OJIA HA XXUTTESAATHICTb TA AGI'E3UBHI BJIACTUBOCTI KJIHIYHUX LUTAMIB CANDIDA
ALBICANS | CANDIDA GLABRATA, OTPUMAHUX BIf NALIEHTIB 3 ®APUHTOMIKO30OM
BanentuHa I. MongHcbka, Muxaiino l. Besera, Ceitnana B. 3auenuno, Ipuia M. 3Bsronbcbka

MonTascbknin fepxaBHUA MeauyHUIA yHiBepcuTeT, M. MNonTasa, YkpaiHa

Merta. BuBueHHsI NpOTUIPMOKOBOI Ta MPOTMAAre€3MBHOI aKTMBHOCTe) edipHOi OAil MOHapau Tpy6dacToi
Ta edipHOI 0Ail KOpuIli Ha KAiHIYHI mTamu rpubiB poay Candida, orpuMaHi Bia HaIfieHTiB 3 papUMHIOMiKO30M.
Marepiaau Ta MeToaAn. O6’€KTOM AOCAIAXKEHHST OyAU edipHa OAls MOHApAM TpybdacTol Ta edipHa OAis KO-
PpHIIi, IpeAMETOM AOCAiIAXKeHHS — KAiHiuHi mramu Candida albicans i Candida glabrata, BupinreHi Bia nariieHTiB
3 dpapmHromikozoM. [TpoTUrpmnbKoBy Aito edpipHMX OAll BUSHAYAAU MiKPOMETOAOM CEPiTHUX PO3BEAEHD 3 BU-
3Ha4YeHHSIM MiHiMaABHOI iHT16yI0901 KOHIIeHTpaii Ta MiHiMaAbHOI (PYHIIIMAHOI KOHIIEHTpalii BIAIIOBIAHO AO
pexoMeHaaiii International Standards Organization. )KurTesaaTHicTh MiKpoMilleTiB BU3HaYaAN IIASIXOM Ile-
peciBy cycIteHsii 3 AOCAIAXYBaHMX i KOHTPOABHMX AYHOK Ha ITliAbHE XIBUABHE cepepoBuiiie Cabypo 3 HacTyI-
HUM BU3HAYEHHSIM KOAOHIEYTBOPIOIOUMX OAMHUIIb/ MA. BusHauenHs aaresii rpubis poay Candida mpoBoauAu
3a MeTopoM Bpunaica B. 1. Ta criiiBaBTOpIB.

PesyabTaTn. [IpoBeaeHi HaMu AOCAIAKEHHS AOBEAU IIPOTUIPUOKOBY Ail0 edipHOI 0Ail MOHapAM TpybdYacTol
Ta epipHOI OAll KOpMIIi Ha AOCAIAXYBaHi KAiHiUH] mTamy rpubis poay Candida. BeTaHOBAEHO Alama3soH cybiH-
ribyrounx KOHIeHTpalliit epipHMX OAill, SKi MPUTHIYYBaAM XUTTE3AATHICTh Ta aAT€3MBHY aKTMBHICTh KAiHiY-
Hux mraMiB C. albicans i C. glabrata. B ymoBax HaIlIOrO eKCIIepMMEHTY HalbiABIIly NPUTHIYYyIO9y 3AaTHICTh
CyOiHTiOYIOUMX KOHIIEHTpAIlil, III0 BIIAMBAIOTh Ha 6ioaoriuni Baactusocti Candida spp. mpoaeMOHCTpyBaAa
edipHa OAis MOHAPAK TPYOYACTOI.

BucHoBku. [Tpoturpubxosa Aist epipHMX OAill Ha KAIHIYHI IITaMM MiKPOMIIIETIB pi3HMAACS 3a CUAOIO BIIAUBY.
MaxcumaabHY BUPa3HICTh aHTUMIKOTUYIHOTO epeKTy IIPOAEMOHCTpYBaAa edipHa OAisl MOHapAU Tpy6dacTof.
B ymoBax aii cybiHribyrounx 3paskiB edipHOI 0Ail MOHapAM Tpy64acToi Ta edipHOI OAil KOpHII IOKA3HMKI
xurtespaTHocTi Candida spp. 6yAu 3HaYHO HVDKUMMIU BiA ITOKa3HUKIB KOHTPOAIO KYABTYPH, sKa He IliAAaBa-
Aacs All edipHmx oaint. Kainmiuni mrramm C. albicans i C. glabrata BuaiAeHi Bia IallieHTIB 3 ¢dapMHIOMiKo-
30M, XapaKTepU3yBaAMCS BiATIOBIAHO CepeAHbOAAT€3MBHOIO Ta HM3BKOAATE3MBHOIO aKTMBHICTIO. EipHi oail
B CyOiHTiOyIOUMX KOHIIEHTPAIiAX NPU3BOAUAU AO IPUTHIYEHHS aATe3VBHOTIO IIOTEHIIiaAy AOCAIAXYBaHMX
isoasaTis Candida spp, a came BiaAGyBaAocs 3HVDKeHHs aAresuBHOI akTuBHOCTI mtamis C. albicans 3 xaTeropii
«CEPEeAHbOAATE3UBHIX» B KATETOPiI0 «HEAATE€3VMBHUX> 1 «<HU3bKOAAT€3UBHMX», a i30A4TiB C. glabrata—3 xaTero-
pii «HM3bKOAATE€3MBHIX>» B KATETOPilO «HeaAre3VBHUX>.

Krtouoei cnoea: edpipHi 0Ail, KaHAMAO3 TAOTKY, MiKpoMineTy, aaresist
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