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Abstract

Introduction. During the last decades, the resistance of fungi to antifungal drugs has remained one of the
key problems of practical medicine and medical science and requires in-depth study. The work is devoted
to the study of an important issue - the possibility of the formation of drug resistance to antifungal therapy
under the influence of fungicidal drugs in fungi of the genus Candida. Fungicides, in particular triazole and
imidazole derivatives, are widely used today in various areas of the national economy, both in our country
and in the world as a whole.

Aim. To explore the potential development of antifungal drug resistance in Candida fungi due to pesticide
exposure.

Materials and methods. Microorganism Cultures: Included reference strains (Candida albicans DSM
1386, Candida krusei RN 7106, Candida glabrata Y-199) and clinical strains (C. albicans, C. krusei, C.
glabrata) from various collections. MIC and MFC Determination: MICs were identified via serial dilutions
in AM3 medium with Candida suspensions. MFC was determined by seeding samples on Sabouraud
medium, with results evaluated after incubation. Candida Sensitivity to Antifungal Drugs: Sensitivity of
Candida strains to antifungal drugs (imidazoles, triazoles, polyenes) was assessed using the disk diffusion
method. Candida Resistance Formation: Clinical strains were passaged in nutrient media with increasing
fungicide concentrations to study resistance development.

Results. The article presents the results of determining the sensitivity of Candida fungi to fungicides
from the triazole and imidazole groups, and it is shown that it varies and depends on the species and
strain characteristics of the studied cultures. The impact of the adaptation process of fungal pathogens
to azole (difenoconazole and propiconazole) and imidazole (imazalil and prochloraz) fungicides on their
sensitivity to antifungal drugs is described, and experimental evidence demonstrates the potential for
the development of cross-resistance among pathogens to chemically similar drugs. The influence of the
Candida adaptation processes to azole fungicides (difenoconazole and propiconazole) and imidazoles
(imazalil and prochloraz) on their sensitivity to medicinal antifungal drugs is described, and the possibility
of the formation of cross-resistance to drugs with similar chemical structures in the causative agents of
fungal infections has been experimentally proven. At the same time, it was established that, in some cases,
the process of adaptation of this group of microorganisms to fungicides was accompanied by an increase
in their sensitivity to antimycotics, which are used to treat fungal infections.

Conclusions. The results of laboratory studies presented in the article indicate a direct connection
between the use of fungicides and the acquisition of resistance among the causative agents of fungal
infections to medical antifungal drugs.

Keywords: Candida fungi, microbial resistance, pesticides, antifungal drugs, adaptation, sensitivity
of microorganisms

INTRODUCTION market offers a large number of such antifungal agents

[1]. At the same time, in recent years, due to the increased

Nowadays, fungicides are widely used in various selection of resistant microorganisms, a decrease in their
fields of activity, particularly in agriculture. The modern effectiveness has been noted, which forces researchers to
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use other approaches to solve this problem, such as using
combined drugs with different mechanisms of action,
synthesizing new chemical compounds with fungicidal
properties, etc. [2].

Triazole and imidazole derivatives make up
a significant share of fungicides. It should be noted that
drugs from this group with a similar chemical formula are
also intensively used in medical practice for the treatment
of mycoses [3]. In this regard, an important question
arises — can the widespread use of fungicides and pesticides
in agriculture contribute to the formation of resistance
in the causative agents of human fungal infections to the
main groups of antimycotics used in medical practice? Our
work is dedicated to solving this issue.

AIM

To investigate the possibility of the formation of
drug resistance to antifungal therapy under the influence
of pesticides in fungi of the genus Candida.

MATERIALS AND METHODS

Cultures of Microorganisms: The study utilized
museum (reference) strains of Candida fungi: Candida
albicans DSM 1386, Candida krusei RN 7106, and
Candida glabrata Y-199, obtained from well-known
collections of microorganisms (German Collection of
Microorganisms and Cell Cultures GmbH, the State
Institution ‘L.V. Gromashevsky Institute of Epidemiology
and Infectious Diseases of the National Academy of
Medical Sciences of Ukraine, and the collection of
microorganisms of the D. K. Zabolotny Institute of
Microbiology and Virology of the National Academy
of Sciences of Ukraine). Additionally, clinical strains
of Candida were used — C. albicans (n=10), C. krusei
(n=5), and C. glabrata (n=5) from the museums of
microbial cultures of the Department of Microbiology
and Parasitology with the basics of immunology of
Bogomolets National Medical University and the
bacteriological laboratory of Pirogov National Medical
University. Identification of isolated fungal cultures was
performed using the Vitek 2 compact 30 — device for
identification and determination of microbial sensitivity to
antimicrobial agents.

Determination of Minimum Inhibitory Concentration
(MIC) and Minimum Fungicidal Concentration (MFC) of
the Test Compounds:

The MIC of fungicides was determined using the
method of serial dilutions of the drugs in liquid nutrient
medium AM3 (Antibiotic medium 3) [4]. Working

solutions were prepared under aseptic conditions
by diluting crystalline powders (difenoconazole,
tebuconazole, flutriafol, imazalil, and prochloraz)

weighing 800 mg (0.8 g) or 0.8 ml of liquid propiconazole
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in 9.2 ml of DMSO. Further, successive two-fold
dilutions were performed in liquid AM3 medium to a final
fungicide concentration of 9.7 mg/ml (for difenoconazole,
tebuconazole, flutriafol, imazalil, prochloraz) or
12.5 mg/ml for propiconazole (calculation of mass
and concentration was made taking into account the
density of the drug). Suspensions of Candida were
added to the obtained drug dilutions. The final inoculum
dose was 1x10"4-5x10"4 cells/ml. Tubes were placed
in a thermostat for 48 hours for incubation at 35 °C.
Evaluation of the results of microbial growth inhibition in
the solution using the 4+ system (0 — optically transparent,
4+ — no difference from positive control) was difficult
due to the turbidity of the solutions starting from the first
dilution. Therefore, the antifungal activity of the tested
antimycotics was assessed by MFC.

To determine MFC, samples of 0.1 ml were taken
with a fungicide concentration of 1.0xMIC, higher
concentration samples, and positive control. Each sample
was seeded on Petri dishes with Sabouraud medium and
incubated at 35 °C. Results were evaluated after 24 hours
and 48 hours. The result was considered negative in the
presence of 5 or fewer colonies per dish, equivalent to
99.9% death of the test culture. The lowest concentration
at which negative results were recorded was taken as
MFC. To determine interspecies differences in Candida
sensitivity to fungicides, average MFC values were
calculated for C. albicans, C. krusei, C. glabrata.

Determination of Candida Sensitivity to Antifungal
Drugs Using the Disk Diffusion Method (DDM):

To study the possibility of cross-resistance formation
to medical antifungal drugs in Candida adapted to high
concentrations of agricultural fungicides, a comparative
determination of the sensitivity of initial and passaged
strains of Candida to the most common antifungal drugs
in medical practice — imidazole derivatives, triazoles,
and polyene antibiotics — was conducted. Sensitivity
was determined according to the standard methodology
specified in CLSI M44-A2 (2018) (CLSI guideline
M44-A2 Wayne, PA: 2018), using Mueller-Hinton
medium with the addition of 2% glucose and 0.5 mg/ml
methylene blue and standard disks with miconazole (50
mg per disk), clotrimazole (10 mg per disk), fluconazole
(25 mg per disk), voriconazole (1 mg per disk), nystatin
(100 U per disk) produced by HiMedia.

Formation of Candida Resistance to Fungicidal Agents:

To investigate the possibility of resistance formation
and study the dynamics of the appearance of fungicide-
resistant Candida, a series of passages of clinical
strains of C. albicans (2 strains), C. glabrata (1 strain),
C. krusei (1 strain) in liquid nutrient media with different
concentrations of each of the tested fungicides was
carried out. Passage was performed in nutrient media
with increasing concentrations of fungicide, inoculated
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with a suspension of the previous passage’s Candida
spp. culture, which was grown in the presence of half
the minimum fungicidal concentration of the specific
drug. After incubation in a thermostat for 24 hours and
48 hours, the contents of each tube were seeded on solid
nutrient medium to determine MFC. The number of
passages ranged from 10 to 16 depending on the species
of Candida spp.

RESULTS

When studying the sensitivity of fungi of the
Candida genus to the main fungicidal drugs, species
and strain differences of the used Candida -cultures
were proven (Table 1). In particular, clinical isolates

of C. albicans were most sensitive to difenoconazole
(MFC = 0.4540.04 mg/ml), clinical strains of C. krusei
were less sensitive (MFC = 0.814£0.09 mg/ml). Note
that the reference strains of these two species had the
same sensitivity to difenoconazole (0.63+0 mg/ml). The
least sensitive to difenoconazole were clinical strains of
C. glabrata (MFC = 6.21£0.89 mg/ml), which exceeds the
corresponding indicator for C. krusei and C. albicans by
7.6 and 13 times, respectively.

The highest sensitivity to tebuconazole was
demonstrated by museum strains of C. glabrata, for which
the MFC was 0.14+0.01 mg/ml, while clinical isolates of
C. krusei and C. albicans died at drug concentrations of
0.23+0.04 and 0.3+0.03 mg/ml, respectively.

Table 1
Characteristics of the minimum fungicidal concentration (MFC) X*o (mg/ml) of the sensitivity
of Candida spp. to fungicides
Microoreanisms Difenoconazole| Tebuconazole | Flutriafol | Propiconazole | Imazalil | Prochloraz
g Minimum fungicidal concentration (MFC) X+c (mg/ml)
C. albicans
DSM 1386 0.63+0 0.31+0 1.3+0 0.2+0 0.63+0 1.25+0
C. albicans (n=10) 0.45+0.04 0.3+0.03 0.41+0.06 0.09+0.01 0.26+0.03 1.68+0.11
C. krusei
RN 7106 0.63£0 0.31+0 0.63+0 0.8+0 0.63£0 10.0+0
C. krusei (n=5) 0.81+0.09 0.23+0.04 0.3+0.05 0.27+0.07 0.30+0.06 8.0+0.65
C. glabrata Y199 2.5+0 0.14+0 2.5+0 0.2+0 0.63+0 10.0+0
C. glabrata (n=5) 6.21+0.89 0.23+0.01 7.83+0.84 0.17+0.01 2.92+0.03 7.21+0.97

Different sensitivities of Candida to flutriafol,
a fungicide structurally similar to fluconazole,
voriconazole, and other triazoles used in medical
practice, have also been recorded [5]. Clinical strains of
C. krusei, which are known for their natural resistance to
fluconazole, had the highest sensitivity to flutriafol. C.
krusei fungi were killed at mean flutriafol concentrations
of 0.3+0.05 mg/ml, while C. albicans strains were killed
in the presence of at least 0.41+0.06 mg/ml. It was noted
that the sensitivity of the reference strain C. albicans
DSM 1386 to flutriafol was significantly lower than that
of clinical isolates of this species: cell death occurred
at a flutriafol concentration of 1.25+0 mg/ml, which
is three times higher than the corresponding indicator
for clinical strains. Clinical and reference strains of C.
glabrata showed the least sensitivity to flutriafol, the
death of which was observed in the presence of 7.83+0.84
mg/ml and 2.5+0 mg/ml of flutriafol, which exceeded the
corresponding indicators for Candida of other species by
more than 20 times.

In the presence of propiconazole, clinical isolates
of fungi died at average minimum concentrations
of 0.09£0.01 mg/ml (C. albicans), 0.17£0.01
mg/ml (C. glabrata) and 0.3£0.05 mg/ml (C. krusei).
Simultaneously, the reference strains of each of the
experimental species of Candida were more resistant to
this fungicide, as demonstrated by the MFC indicators
presented in the Table 1.
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At the same time, reference strains of Candida spp.
turned out to be less sensitive to imazalil (MFC = 0.63 mg/ml),
while the sensitivity of clinical isolates to this fungicide was
higher, ranging from 0.26+0.03 to 0.30+0.06 mg/ml regardless
of species. The study of the sensitivity of Candida to this
fungicide is of particular importance, because the structural
formula of imazalil is very close to the structure of drugs of the
imidazole group, which are used to treat mycoses (miconazole,
isoconazole, econazole, etc.) [6].

In general, the strains of all studied Candida species
were characterized by high resistance to prochloraz.
Meanwhile, interspecies differences in sensitivity to this
fungicide were recorded: prochloraz exhibited the highest
activity against C. albicans, as evidenced by the MFC data
at 1.68+0.11 mg/ml for clinical strains and 1.25 mg/ml
for the reference strain. It should be emphasized that the
corresponding values of MFC for C. krusei and C. glabrata
were 4.7 and 4.3 times higher for clinical isolates and 8
times higher for reference strains, respectively.

The next stage of research involved studying the
possibility of adaptation (acquisition of resistance) of
Candida to fungicides under experimental conditions. For
this, two clinical strains of C. albicans and one strain each
of C. krusei and C. glabrata were selected. Their selection
was guided by the following criteria: the stability of the
results of the initial MFC for a certain strain in all series
of sensitivity studies and morphological and cultural
properties typical for the species.
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Presented in the Table 2 results demonstrate the
peculiarities of adaptation of clinical strains of C. albicans
to fungicides: both isolates changed their sensitivity to
tebuconazole, imazalil and prochloraz in the process of
passaging with fungicides. The sensitivity to tebuconazole
and prochloraz slightly decreased (MFC increased
twofold). At the same time, the sensitivity to imazalil in
both strains, as indicated by the MFC values, decreased
by 8 times, indicating a pronounced development of
resistance.

in the process of 10 passages, it was not possible to
form resistance to this drug in Candida albicans 77,
and the resistance of the Candida albicans 1 strain
under these conditions only doubled. More significant
strain differences were observed in the formation of
resistance to difenoconazole and propiconazole: from the
formation of highly resistant populations, the sensitivity
of which decreased by 4 times, to the complete absence
of resistance after 10 or 12 passages (Table 2). Based on
the presented results, it can be concluded that resistance

Insignificant strain differences were revealed to imazalil is most actively formed in both investigated
in the process of adaptation of cultures to flutriafol: clinical strains of C. albicans.
Table 2
Formation of resistance to fungicides in clinical strains C. albicans
Initial MFC MFC after passage Number of passages Increasing resistance
The name of the drug (mg/ml) (mg/ml) (n times)
1 2 1 2 1 2 1 2
Difenoconazole 0.31 0.31 1.25 0.31 10 12 4 -
Tebuconazole 0.63 0.31 1.25 0.63 10 12 2 2
Flutriafol 1.25 0.63 1.25 1.25 10 10 - 2
Propiconazole 0.05 0.05 0.05 0.20 10 10 - 4
Imazalil 0.08 0.08 0.63 0.63 10 12 8 8
Prochloraz 1.25 1.25 2.50 2.50 10 12 2 2

Note: 1 —clinical strain C. albicans 77; 2 clinical strain of C. albicans 1.

Species differences in the formation of resistance
to fungicidal drugs in Candida from the non-albicans
group were also revealed. The passage process in nutrient
media with C. glabrata fungicides was accompanied by
the formation of resistance to the triazoles propiconazole
and tebuconazole, which was evidenced by a 16- and
8-fold increase in the minimum fungicidal concentrations
of these compounds, respectively (Table 3). Resistance
to compounds (difenoconazole, prochloraz), to which

C. glabrata was not very sensitive, was formed slowly
(MFC increased by 2 times), and to flutriafol it was not
formed at all, which is confirmed by the data of MFC.

In the process of adaptation of C. glabrata to imazalil,
it was not possible to achieve a pronounced formation
of resistance: even after 10 passages, the death of these
microorganisms occurred at minimal concentrations of the
drug, which were only twice the initial values.

Table 3
Formation of resistance to fungicides in C. glabrata and C. krusei
Initial MFC MFC after passage Number of passages Increase in resistance
The name of the drug (mg/ml) (mg/ml) (n times)
1 2 1 2 1 2 1 2
Difenoconazole 10.0 1.25 20.0 10.0 10 16 2 8
Tebuconazole 0.16 0.08 1.25 2.50 10 16 8 32
Flutriafol 10.0 0.08 10.0 5.0 10 16 - 64
Propiconazole 0.20 0.20 3.20 3.20 10 10 16 16
Imazalil 0.31 0.08 0.63 1.25 10 14 2 16
Prochloraz 10.0 5.0 20.0 5.0 10 16 2 -

Note: 1— Candida glabrata 91; 2 — Candida krusei B.

Passage of C. krusei in the presence of fungicides
was accompanied by the formation of resistance to all
drugs except prochloraz (group of imidazoles) (Table 3).
C. krusei developed resistance most effectively to
tebuconazole and flutriafol, (with MIC increasing by 32
and 64 times, respectively). The process of adaptation of
C. krusei to propiconazole and imazalil was accompanied
by a 16-fold increase in resistance, and an §-fold increase
in resistance to difenoconazole.

Analysis of the dynamics of the formation
of resistance to fungicides in different species of
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Candida spp. allows to note certain features of
this process. In particular, in C. albicans strains,
a significant decrease in sensitivity was often observed
after one or two passages of culture, followed by active
«sensitization» of the strain to the fungicide during at
least two passages, which was confirmed by a decrease
in the MFC of the compound compared to the initial
data. As an example, similar features in the dynamics
of changes in fungicidal concentrations during the
adaptation of clinical isolates of C. albicans to fungicides
are demonstrated in Figure 1.
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Figure 1. Dynamics of the adaptation process of C. albicans strains to difenoconazole.

Note*: the first MFC value (312.5 pg/ml) is the initial sensitivity of C. albicans strains to difenoconazole.

It should also be noted that long-term passage of
C. albicans and C. glabrata led to a gradual «exhaustion»
of the viability of the populations, which limited the further
process of adaptation. At passages 11-12, even in control
test tubes without fungicide, a slowdown in population
growth was observed, at passages 14-15, the growth of
Candida adapted to fungicides was not registered either
in experimental or control test tubes. For most strains, the
adaptation process was limited to 10-12 passages. The
only exception was C. krusei, in this case, passaging was

continued until the 20th passage, however, starting from the
12th passage, the growth of MFC was not observed.

The final stage of research was aimed at finding out
the possibility of cross-resistance to medical antifungals
in fungal strains adapted to high concentrations
of fungicides. To do this, the sensitivity of these
microorganisms to antimycotics before and after their
adaptation to fungicides was comparatively studied. The
results are presented in the Table 4.

Table 4
Susceptibility of fungicide-resistant Candida populations to antimycotics for medical purposes
. Antifungal drugs
U A N e Nystatin _| Miconazole | Clotrimazole | Fluconazole | Voriconazole
strain Di
iameter of growth retardation zone (mm)

C. albicans 1) 16 20 30
C. albicans 1(D) 5 20 16 5 5
C. albicans 1(T) 20 44 30 45 30
C. albicans 1(F) 16 28 20 44 40
C. albicans 1(Pp*) 2 24 20 36 32
C. albicans 1(I*) 4 40 40 45 45
C. albicans 1(Px) 4 40 30 45 45
C. albicans 77 0 5 20 5 32
C. albicans 77(D*) 2 7 6 32 5
C. albicans 77(T) 4 8 2 32 32
C. albicans 77(F) 20 0 24 40 30
C. albicans 77(PP) 2 6 14 35 5
C. albicans 77(1*) 2 26 22 40 35
C. albicans 77(Px) 9 20 16 34 26
S. krusei V. 11 14 16 5 40
C. krusei V(D*) 2 0 1 5 6
C. krusei V(T*) 1 3 20 5 36
C. krusei V(F*) 2 8 6 5 16
C. krusei V(Pp*) 2 10 15 5 34
C. krusei V(I*) 5 14 12 5 6
C. krusei V(Px) 1 4 5 5 30
C. glabrata 91 12 12 26 22 26
C. glabrata 91(D) 4 12/30 30 181 401
C. glabrata 91(T*) 0 12 20 40 20
C. glabrata 91(F) 5 30 30 30 44
C. glabrata91(Pp*) 5 20 22 30 25
C. glabrata 91(1) 8 15/30 30 40 201
C. glabrata 91(Px) 12 14 15 20 5

Note: (T*), (Pp*) strain with developed resistance to tebuconazole, propiconazole, respectively; (D), (F), (I), (Px) artificially adapted
strain to difenoconazole, flutriafol, imazalil, prochloraz, respectively; 'zone was completely overgrown after 48 hours of incubation.
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The results of experimental studies made it possible to
establish that clinical isolates of C. albicans 1, adapted to high
concentrations of the fungicide difenoconazole, acquired cross-
resistance to the antifungal drugs voriconazole and fluconazole
(in both cases, the zone of inhibition (ZOI) decreased by
25 mm). A similar pattern was established for C. krusei, which,
after adaptation to the fungicide imazalil, acquired resistance
to the antifungal drug voriconazole with a corresponding
decrease in the ZOI from 40 mm to 6 mm [5] and C. albicans
77, which after acquiring resistance to the fungicides
difenoconazole and propiconazole became less sensitive to
voriconazole (ZOI decreased from 32 mm to 5 mm in both
cases). As for C. glabrata 91, this pathogen acquired resistance
to the drug voriconazole only after adaptation to the fungicide
prochloraz (the ZOI decreased from 26 mm to 5 mm).

The process of acquiring resistance to the antimycotic
nystatin is less active in C. albicans 77, adapted to the
fungicide tebuconazole (the ZOI changed from 14 to
8 mm) and C. krusei B, adapted to itraconazole (from 11
to 5 mm) [7]. In addition, C. krusei B, adapted to flutriafol
became less sensitive to metronidazole, clotrimazole, and
voriconazole (decrease in ZOI from 14 to 8, from 16 to
6 mm, and from 40 to 16 mm, respectively).

Additionally, it has been established that sometimes
the process of adaptation of Candida fungi to fungicides can,
on the contrary, contribute to the increase of their sensitivity
to antimycotics of medical use [6]. This phenomenon is
most pronounced in C. albicans 77, which, after adaptation
to fungicides, sharply increased sensitivity to fluconazole,
the ZOI around discs with fluconazole increased 6-8 times,
depending on the fungicide to which this microorganism
was adapted. However, it should be noted that in most cases,
the process of adaptation of Candida microorganisms to the
studied fungicidal medicines did not affect their sensitivity to
antimycotics used in medical practice.

CONCLUSIONS

1. It was established for the first time that the
process of adaptation of fungi of the Candida genus to
agrofungicidal drugs of the azole (difenoconazole and
propiconazole) and imidazole (imazalil and prochloraz)
groups affects their sensitivity to antifungal drugs for
medical purposes, accompanied by the formation of cross-
resistance to drugs close in chemical formula, in particular
voriconazole. In some isolated cases, the process of
adaptation of this group of microorganisms to fungicides
was accompanied by an increase in their sensitivity to
certain groups of antimycotics used to treat fungal infections.

2. The sensitivity of Candida mushrooms to the main
fungicides used in the agricultural industry is different and
depends on species and strain characteristics of the studied
crops. There was no significant difference in the sensitivity
of museum strains and clinical isolates to these drugs.

3. The possibility of adaptation (acquiring resistance)
of Candida to fungicides under experimental conditions
has been proven, and it has been shown that this process
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depends on the class of fungicide, as well as on the strain and
species characteristics of the microorganism cultures used
in the experiment. In some cases, such as clinical strains of
C. albicans, the sensitivity to tebuconazole decreased by 8
times in the process of adaptation, which is evidence of the
pronounced formation of resistance, in others, for example,
in C. glabrata, resistance to flutriafol was not formed at all.

So, the results of experimental studies demonstrate
the connection between the use of fungicides and the
spread of resistance among the causative agents of fungal
infections to drugs with antimycotic action. It cannot be
ruled out that the intensive use of fungicides in agriculture
contributes to the formation of resistance in the causative
agents of human fungal infections to the main groups of
antimycotics used in medical practice.

Prospects for further research. Continued study of
clinical isolates will help to better understand the risks
and routes of transmission. To prevent the widespread
spread of multiresistant Candida isolates, it is extremely
important to understand the resistance mechanisms of
these microorganisms and continue to study/observe
them. Additional research will help improve the prognosis
of patients with fungal infections, especially those with
immunodeficiency.
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TPOMA/ICHKE 3/I0POB’Sl

Pe3rome

AHTUOYHIANbHA TEPANIA | NIECTULMON: YX € 3B’A30K?
AHacracis A. 'puH3oBcbKa', Bitanin B. Bobup', Bonogumup I. Linpo6okos', Ipuna M. BoBk?, Bagum A. MoHATOBCHKMIA',
OnexkcaHap A. Hazapuyk?

HavuioHanbHWi MeanyHmiz yHiBepeuTeT iMeHi O. O. Boromonbus (HMY), m. Kuis, Ykpaita
ZBiHHWLIbKIA HaLjiOHaNbHMIA MeanyHuiA yHiBepeuTeT iMeni M. |. Muporoa (BHMY), M. BiHHuug, Ykpaia

Beryn. [IpoTaroM ocTaHHIX [eCATHIITh Pe3UCTEHTHICTb IPUGIB 0 NPOTUTPUOGKOBUX IMpenapaTiB 3aJHLIAETHCS
OJIHi€l0 i3 KJIIOYOBUX NPO6/IeM MPAaKTUYHOI MeAUIIMHY Ta MeAUYHOI HayKH i moTpebye MIMO60KOro BUBYeHHs. Po6oTa
MpUCBSYE€HA JOCJi[P)KEHHIO BAXKJIMBOTO NMUTAHHS — MOXJIUBOCTI ¢opMyBaHHA y rpubiB poay Candida nikapcbkoi
CTiIAKOCTI Z10 aHTUMIKOTHUYHOI Tepamii miJ BIiMBoM QyHrinuAgHUX npenapatiB. @yHrinuaHi 3aco6u, 30kpeMa noxigHi
TPHa30Jly Ta iMiZla30/1y CbOrOAHI IIMPOKO BUKOPUCTOBYIOTHCA ¥ Pi3HUX chepax HApOJHOTO rocrnojapcTBa K B HALIiH
KpaiHi, TaK i B jiJIOMY y CBITi.

MeTa. BUBYUTH MOXJUBICTb PO3BUTKY CTiMKOCTi A0 NMPOTUIPUOKOBUX IpenapaTiB y rpubiB poxy Candida mip,
BIINBOM NECTULU/iB.

Marepianu Tta Metogu. KynbTypu MikpoopranismiB: BukopuctoByBanucs pedepeHcHi wtamu (Candida albicans
DSM 1386, Candida krusei RN 7106, Candida glabrata Y-199) ta kniiniuni wramu (C. albicans, C. krusei, C. glabrata)
3 pi3HuX Kosekuii. Busnauyenns MIK i MOK: MIK BusHauasu MeToZOM cepiiHUX po3BelieHb y cepenoBuini AM3 i3
cycnensiamu Candida. MOK Bu3HavanM MJIAXOM BHUCIBY 3pa3kiB Ha cepezsoBuile Cabypo 3 MoAaablIO0 iHKyOali€ewo.
Yyrausicte Candida 1o npoTUTPUOKOBUX NpenapaTiB: Yy™IuBicTh mtamiB Candida o NpoTUTrpHOKOBUX MpenaparisB
(imMigazosiy, TprUazoJiy, MOJIIEHU) OLiHIOBAJIU MeTOAOM AucKoBoi Audy3il. DopMmyBaHHs cTilikocTi Candida: Kniniuni
LITaMU MPOXOJUJIM Cepilo MacaxiB y XMBUJIbBHUX CepefOBHUILAX 3 MiJABUILEHUMHU KOHLEHTpaliaMu QYHTILU/AIB s
BUBYEHHS PO3BUTKY CTiIMKOCTI.

Pe3ynbraTH. B cTaTTi mpecTaBsieHi pe3ysabTaTH BHU3HAYe€HHS YyTJIMBOCTI rpubiB pony Candida no GyHrinunis
rpyny TprasoJy i iMizja3osy Ta mokasaHo, 110 BOHA € Pi3HOIO i 3a/IeXKUTh BiJj BUAOBHUX Ta LITAMOBUX 0COBJHUBOCTEH
JOCTiPKyBaHUX Ky/abTyp. EKCepUMeHTa/bHO OOIPYHTOBAHO 3JAaTHICTh KaHAWJ HaOyBaTH pPE3UCTEHTHICTb [0
GyHrinMAiB B yMOBax eKCIepUMeHTY, a TaKOX MOKa3aHo, 10 Liel Mpoliec 3a/eXXUThb K Bif kjacy QYHTinuAy, Tak
i Bif mITaMOBHX Ta BHUJOBHUX OCOGJMBOCTEH BUKOPUCTAHHUX y JOCHiLI KyJAbTyp rpu6iB. OnMcaHO BIJIMB HpOLECy
ajanTtanii kaHAuA Ao GyHrinuzaiB rpynu asomiB (gudeHokoHazosy i mpomikoHasosy) Ta iMmigasosiB (imMasasniny
i mpoxJsiopasy) Ha IX 4yTIMBICTb [0 JIKapCBKHUX NPOTUTPUOGKOBHUX IpemnapaTiB Ta eKCIIepHMEHTAaJbHO J0BeJeHO
MOXJIMBiCTE GoOpMyBaHHSI y 30yJHUKIB TpHOKOBHUX iHQeKIili mepexpecHOi pe3UCTEHTHOCTI [0 OJM3bKHX 3a
xiMiuHOIO PopMysiokO JIiKapChKUX 3ac06iB. BolHOYAC BCTAaHOBJIEHO, 1110 B OKPEMUX BUMAJKaX NPoLec ajanTanii JaHoi
rpynd MikpoopraHismiB Ao yHrinuJiB CynpoBOKYBaBCSl HiABUILEHHSAM IX YYTJIMBOCTI O aHTHUMIKOTHUKIB, SIKi
BUKOPHCTOBYIOTBCS JJIs1 IIKyBaHHS IPUOKOBUX iHOEKILiH.

BucHoBKHU. [IpejcTaBieHi B cTaTTi pe3y/nbTaTH J1ab0paTOPHUX JOC/Ii/KeHb BKas3ylOTb Ha NPAMHH 3B’A30K Mix
BUKOPHUCTAaHHAM QYHrinuAiB Ta HaGyTTSAM PEe3UCTEHTHOCTI cepef, 36yAHUKIB IrpU6KOBUX iHPEKUiH J0 MeJUYHUX
NPOTUTPUOKOBUX NTpenapaTiB.

Knawuosi cnaoea: rpuou Candida, Mikpo6Ha pe3HCTEHTHICTb, NeCTHLMJM, NPOTUTPHUOGKOBI Npemaparw,
ajanTauis, Yy TJIMBiCTh MiKpOOpraHisMiB
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