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EFFECT OF EUGENOL EMULSION IN POLYSORBATE-80 ON
CLINICAL STRAINS OF CANDIDA ALBICANS

Candida albicans occupies a dominant position in the list of causative
agents of candidal lesions of the ear. The development of new antifungal
agents, an alternative source of which can be herbal essential oils and
their components, remains a priority. One such agent with antiseptic,
anti-inflammatory, and analgesic action is eugenol which is a phenol
substance. Therefore, this article was aimed to study the effectiveness of
the antifungal action of eugenol emulsified in Polysorbate-80 against
clinical strains of C. albicans isolated from patients with external
otomycosis.

The study was performed using 6 clinical strains of C. albicans
isolated from the ear canal of patients with otitis externa. The diagnosis
of fungal disease was established based on the results of clinical and
laboratory (microscopical and mycological) studies of pathological
material.

Analysis of mycological research showed that mainly representatives
of the genus Aspergillus and Penicillium were revealed and only in 7%
there were Candida genus fungi. C. albicans remained the dominant
species of clinical significance. The results of our studies showed a high
level of antifungal activity of eugenol on all clinical strains of
C. albicans, including a remarkable inhibitory and fungicidal effect. At
postmycostatic concentrations, the eugenol caused partial inhibition of
reproduction of the clinical strains of fungi, which was replaced by a
subsequent increased cell reproduction rate.

So, the investigation has shown that C. albicans is the dominant
species among fungi of the Candida genus in the structure of the
microbial profile of otomycoses. The eugenol, emulsified in Polysorbate-
80, has a high antifungal effect against clinical strains of C. albicans. At
postmycostatic concentrations, the eugenol caused partial inhibition of
reproduction of the clinical strains of fungi, which was replaced by a
subsequent increase cell reproduction rate.

Keywords: eugenol, polysorbate-80, otomycosis, C. albicans,
colony-forming units, minimal inhibitory concentration, minimal
fungicidal concentration.
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BILVIMB EMVYJIBCIi EBT'EHOJIY B TIOJICOPBATI-80 HA
KJITHIYHI ITAMU I'PUBIB CANDIDA ALBICANS

B nepeniky 30yaHuKiB KaHAUIO03HUX ypakeHb Byxa Candida albicans
3aliMae JOMiHyI0Uy MO3HMLit0. [IpiopUTETHOIO 1 aKTya bHOIO 3AJTUIIAETHCS
PO3p0oOKa HOBUX MPOTHTPHOKOBHX 3acO0iB, aIbTEPHATHBHUM JDKEPEIIOM
SKUX MOXYTh Oyt edipHi omii pocnuH Ta iXx koMrnoHeHTH. OmHIM i3 Ta-
KHX 3ac00iB 3 aHTHUCENTUYIHOIO, IPOTU3AMAIBHOIO 1 3HEOOIIOIOUOI0 €0 €
pedoBrHA Ki1acy (EeHOIB — eBreHosI. ToMy, METOI0 JJAHOTO JTOCIiHKEHHS
Oyno BUBUYEHHS €()EKTUBHOCTI NMPOTUTIPHOKOBOI /il €BrEHOINY, eMYJIbro-
BaHOro B ToJicopbari-80 na wminiuni mramu C. albicans, sumineni Bix
XBOPHX Ha 30BHILIHII 0TOMIKO3.

Jocnipkenns Oyno mpoBeaeHo Ha 6 kiiniunux mramax C. albicans,
BUJIUICHUX 13 CIyXOBOTO IIPOXOJY XBOPUX Ha 30BHIIIHIA OTHT. [liarHo3
TprUOKOBOTO 3aXBOPIOBAHHS BCTAHOBIIIOBAJIM HA ITiICTaBi PE3yNbTATIB KITi-
HiK0-JTab0paTOPHOT0, MiKPOCKOIIIYHOTO Ta MIKOJIOTIYHOTO IOCIiIKCHB
MATOJIOTIYHOTO MaTepiay.

AHari3 MIKOJIOTIYHOTO JOCTIKEHHS IT0Ka3aB, 0 MepeBayKHO BUCiBa-
nuck npencraBHUK poxy Aspergillus ta Penicillium i mme y 7% rpubn
pomy Candida. JomiHyrounuM BHIOM, KM MaB KJIiHIYHE 3HAUCHHS, 3a-
muinagcs C. albicans. Pesynpraru Hammux J0CHTiKEHb TOKa3ali BUCOKHUIA
piBeHb NPOTHIPHOKOBOT aKTHBHOCTI €BreHONY Ha BCl KiiHiuHI mramu C.
albicans, y tomy uncii Bupaxeny sk iHrioywody, Tak i yHrinuaHy gio. B
MOCTMIKOCTaTUYHHUX KOHLIEHTPALISX €BreHOJ BUKJIMKAB YaCTKOBE IPUTHI-
YEeHHS] PO3MHOXKEHHS TOCHIIPKYyBaHNX KIIHIYHUAX IITaMiB TPHOIB, sKE 3Mi-
HIOBAJIOCH HACTYITHUAM ITiJBUIICHHSIM iHTCHCHBHOCTI TEMIIB CAMOBIATBO-
PEHHSL.

B pesymbrati mpoBeAeHUX AOCTiDKEeHb Oyio BcTaHOBiIeHO, mo C.
albicans € nominyrounm BumoMm cepen rpubiB poay Candida B crpykrypi
MikpoOHoro npo¢io oToMiko3iB. EBreHou, eMyabroBanuii B nosicopoa-
TH-80, TIPOSIBIISIE BUCOKY MPOTUTPUOKOBY [it0 Ha KiiHiyHI mtamu Candida
albicans.

B mocTMIKOCTaTMYHUX KOHIEHTpALisIX €BIeHOJI BHKJIMKAE YaCTKOBE
NPUTHIYEHHS PO3MHOXKEHHS JOCHIKYBaHUX KIIHIYHUX IITaMiB IpHOIB,
SIK€ 3MIHIOBAJIOCh HACTYIIHUM ITiZIBUILIEHHSIM IHTEHCUBHOCTI TEMIIIB Camo-
BIATBOPCHHSI.

Kunrouosi ciioBa: esrexout, nosicopbar-80, oromikos, C. albicans, ko-
JIOHIEYTBOPIOIOYI ONWHMII, MiHIMallbHA IHTIOyIOUa KOHICHTpAIS, MiHi-
MallbHa (PYHTIIUTHA KOHIICHTPAITiS.
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Introduction/Beryn

Opportunistic mycoses of the ENT organs
remain one of the urgent medical problems, the
number of which is constantly growing, including

fungal lesions of the ear. According to the
literature, the otomycosis (OM) proportion among
inflammatory diseases of the ear is 20% [1, 2, 3].
The fungi that cause otomycosis belong to the
group of opportunistic pathogens in the vast
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majority of cases and cause disease only under the
influence of factors that determine the reproduction
of fungi and ensure the transition from saprophytic
to the virulent way of life. The leading role in the
development of this disease is played by mycelial
fungi of the genus Aspergillus (A. niger,
A. versicolor, A. fumugatus, A. flavus, A. clavatus,
A. terreus), that is 65% in the structure of otitis of
fungal etiology and 10% are fungi of the
Penicillium genus (P. chrisogenum, P. nidulans,
P. notatum, P. tardum, P. glaucus, P. puberulum,
P. Citrinum). Representatives of the genera Mucor,
Alternaria, Kladosporium are isolated in 3-5%
under conditions of otomycosis. [4]. Yeast-like
fungi of the Candida genus (C. albicans,
C. tropicalis, C. stellatoidea, C. pseudotropicalis,
C. glabrata, C. brumpti, C. parapsillosis, C. krusei)
are 24% of the total number of mycoses [5, 6].
Micromycetes of this genus are characterized by a
wide range of virulence and persistency factors, as
well as morphological, structural, and biochemical
properties, which determine adaptive resilience. It
is why vyeast-like fungi can survive under the
constant action of innate and adaptive immunity
factors. [7] Candidiasis is caused by C. albicans in
90% of cases when the strains are characterized by
significant adhesive, dermonecrotic, and hemolytic
properties.

The growing role of fungi (including members
of the genus Candida) in the etiology of the ENT
infection in modern medical practice, has led to the
widespread and active use of antifungal drugs with
different chemical compositions. However, their
use, in addition to the development of side effects,
may be accompanied by the formation of acquired
resistance of micromycetes to antifungal drugs. The
mechanisms of the acquired resistance to
antifungals are studied sufficiently and clarified in
scientific sources. Resistance to polyene antibiotics
is explained by blocking the synthesis of ergosterol
at the stage of conversion of zymosterol to
ergosterol. The emergence of resistance to one of
the antibiotics may simultaneously lead to the
decrease in sensitivity to several other groups of
antifungal drugs. Azole resistance genes — CDR and
PDR, multiresistance and fluconazole gene — MDR,
fluconazole specific genes — FCY1, FCY2, FLU1
and FLR1 are described. Most of them encode
cellular transport systems of azoles’ active
excretion outside the fungal cell. The lability of
enzyme systems of the fungus cell wall can lead to
mutations that can cause the possibility of
resistance to these drugs [8, 9]. The elaboration of

new antimicrobial agents remains to be in priority
and relevance [10]. Essential oils (EO) of plants
and their components may be an alternative source
of it.

The eugenol (a phenol class substance) is one of
such substances with antiseptic, anti-inflammatory
and analgesic effects, which was first isolated from
plants of the genus Eugenia. The eugenol is part of
a large number of essential oils: clove (up to 85%),
eugenol basil oil (70-80%), coluria oil (70-80%),
and oils of other plants. In addition to the
pronounced antibacterial action, eugenol has
anthelmintic and antiprotozoal properties. Scientific
sources reflect the fungicidal action of eugenol and
essential oils, which include this substance, on
mycelial and yeast-like fungi. The antimicrobial
activity of eugenol was studied with this substance
soluted in alcohol or dimethyl sulfoxide. [11,12].

Our previous studies results have shown the
effectiveness of the action of the eugenol emulsion
in polysorbate-80 on the reference strains of C.
albicans. [13]. Polysorbate-80 as an emulsifier of
eugenol is characterized by significant emulsifying,
solubilizing properties, easily decomposes in the
environment, has no side effects.

The aim of the article was to study the
effectiveness of the emulsified in polysorbate-80
eugenol’s antifungal action on the clinical strains of
C. albicans isolated from patients with otitis
externa.

To achieve this goal the following tasks were
solved:

1) to determine the etiological role of C.
albicans in the structure of otitis externa;

2) to determine the minimal inhibitory and
fungicidal concentrations (MIC, MFC) of
the eugenol emulsified in polysorbate-80
for clinical strains of C. albicans;

3) to determine the reproductive intensity of
C. albicans in postmycostatic
concentrations of eugenol.

Materials and Methods. To achieve this goal,
89 patients with otitis externa, aged 18-65 years,
who were treated at the municipal enterprise "2nd
City Clinical Hospital of Poltava City Council"
were examined. To study the microbial profile of
the pathogens of otitis externa, pathological
material was obtained from the external auditory
meatus using probes or Folkman's spoon with
subsequent  cultivation  and identification,
respectively to the Order of the Ministry of
Education and Science of the USSR Ne535 dated
22.04.1985 "On the unification of microbiological
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(bacteriological) research methods used in clinical
diagnostic laboratories of medical institutions" and
"Guidelines for the use of unified microbiological
(bacteriological) research methods in clinical
diagnostic laboratories" [14]. The diagnosis was
established based on clinical and laboratory
examination, which included a careful collection of
complaints and anamnesis, microscopy of
pathological material, seeding it on elective nutrient
media with subsequent identification and counting
of colony-forming units (CFU/ml).

To identify the fungi of C. albicans, microscopy
of the slides was performed first with an 8 X lens
and then 40 x. Gram-stained smears showed dark
purple round or oval budding yeastlike cells,
pseudohyphae, and chlamydoconidia in the test
material. The ability of pathogens to form germ
tubes, chlamydospores, to decompose, glucose
maltose, and galactose to acid and gas were taken
into consideration for mycological identification of
C. albicans Also the CFU were taken into account if
it exceeded 10%/ml.

Eugenol (manufactured by Latus LLC, Ukraine)
was used as the main test substance.

Emulsifier polysorbate-80, which is capable to
provide high-quality distribution of the active
substance to the emulsion, was used to obtain the
emulsion. To prepare the working solution, eugenol
was emulsified in polysorbate-80 in the ratio of 1:1.
Quantitative determination of the minimum
inhibitory concentration (MIC) of eugenol for
fungal culture was investigated by the method of
sequential macro-dilutions of the working solution
[15] in Sabouraud liquid medium in the range from
0.1 to 0.00313 vol.%. This range of dilutions was
selected based on literature data about the
anticandidal activity level of eugenol in different
solvents, [11, 16] as well as on own previous
studies of the eugenol emulsion in Polysorbate-80
[13].

The inoculum was prepared by obtaining a
suspension of 5 typical colonies of the clinical
strain of C. albicans daily culture in Sabouraud
liqguid medium accordingly to the 0.5 McFarland
standard [15]. 100 pl of the inoculum was added to
1 ml of eugenol emulsion with its concentration in
the range from 0.1 to 0.00313 vol.%. The samples
were incubated at 37°C for 48 hours. The
experimental series contained all the components in
the appropriate ratios. All components except
eugenol were added to the emulsifier control.

Culture controls contained nutrient medium and
inoculum of clinical strains.

MIC was determined based on the absence of
visible growth of fungi in a liquid nutrient medium.
Next, the contents of the tubes with no visible signs
of microbial growth were transplanted onto a dense
Sabouraud medium to determine the fungistatic and
fungicidal action of eugenol.

A quantitative evaluation of the effect of
eugenol on fungal cells was performed by
determining the number of CFU/ml. To do this, we
made retransplants from test and control tubes after
48 hours of cultivation at 37°C [17] on a dense
nutrient medium Sabouraud in Petri dishes by the
sector method. The samples were incubated at 37°C
for 24 hours.

Statistical analysis of the obtained results was
performed using the standard software packages
"SPSS 13.0" and "Microsoft Excel 2010". The
presence of differences between the studied indexes
was assessed by Student's t-test. The results were
considered statistically significant at p <0.05.
Statistical significance of the difference between
the indexes of colony formation, obtained at
different doses of substance X, was determined by
the Mann—Whitney method because the distribution
of the obtained indicators did not correspond to
normal.

As can be seen from the results shown in Figure
1, the percentage of patients with otitis externa
caused by monocultures of fungi was 25% in the
structure of infectious pathology of this disease.
Analysis of mycological research showed that
mainly representatives of the genus Aspergillus and
Penicillium were obtained. The Candida genus
fungi were obtained in 7% of it only. The
C. albicans remained the dominant clinically
significant species of the genus. 6 clinical strains of
C. albicans fungi were isolated from the auditory
canal of patients.

The obtained results confirm the literature data
on the role of fungi in the case of otitis.
Determining the fungal landscape of otitis externa
is important for the application of adequate
etiotropic treatment.

To date, a wide range of antifungal
chemotherapeutics has been proposed and used [1,
18]. However, the dissemination of resistant strains
encourages the search for and development of new
effective antimicrobials. One of such drugs is the
substance we are studying is  eugenol.
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Figure 1 — The microbial landscape of the otomycosis

The study of the antifungal activity of eugenol
in polysorbate-80 by serial dilutions showed the
heterogeneity of C. albicans clinical strains based
on their sensitivity to this substance (Table 1).

In previous studies, the MIC of the eugenol in
polysorbate-80 for the reference strain of
C. albicans ATCC 885-653 was 0.025 vol.% [13].
According to the results shown in table 1, the

clinical strains of C. albicans were characterized
by heterogeneity in terms of sensitivity to eugenol.
As the result, the MIC of eugenol for strains 3 and
6 was determined at the concentration of 0.025
vol.% and for clinical strains 1 2 4 5 MIC was
higher and was equal to 0.05 vol.%. The obtained
results indicate a fairly high level of antifungal
efficacy of eugenol against clinical strains.

Table 1 — The minimum inhibitory concentrations of the eugenol emulsion in polysorbate-80 for
clinical strains of C. albicans in Sabouraud liquid medium

Vol.%
i}frfh'zs 0.1 0.05 0.025 | 00125 | 0.00625 | 0.00313 Sé‘r']tt‘r‘gf
studied
micromycetes
C. albicans 1 - - + + + + +
C. albicans 2 - - + + + + +
C. albicans 3 - - + + + +
C. albicans 4 - - + + + + +
C. albicans 5 - - + + + + +
C. albicans 6 - - - + + + +
Emulsifier control - + + + + + +
Note: "+" — visible growth of culture; "-" — no visible growth

Table 2 presents the results of the MFC
research. The results of the study revealed an
increase in all clinical strains with concentrations in
the range of 0.025-0.00313 vol.%. Thus, the
minimum fungicidal concentration of the eugenol
for clinical strains was 0.05 vol.%. The fungicidal

activity was not detected in the control of the
emulsifier with these dilutions.

The results of our previous [13] and current
research that is presented in this article confirm the
data about the high level of antifungal activity of
eugenol for either reference strain or clinical ones.
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Table 2 — The minimum fungistatic and fungicidal concentrations of the eugenol emulsion in

polysorbate-80 for clinical strains of C. albicans

Vol.%
Strains 04 | 005 | 0025 | 00125 | 000625 | 0.00313 Culture
of the control
studied
micromycetes
C. albicans 1 - - + + + + +
C. albicans 2 - - + + + + +
C. albicans 3 - - + + + + +
C. albicans 4 - - + + + + T
C. albicans 5 - - + + + + +
C. albicans 6 - - + + + + +
Emulsifier control + + + + + + +
Notes: "+" — the growth of culture; "-" — no growth

It is known that the mechanism of antimicrobial
activity of eugenol is carried out by influence on
the synthesis of the cell wall components (beta-
glucans, chitin, mannans), by influence on
important membrane-bounded enzymes [11, 16].
The effect on the shell structures of C. albicans is
considered to be practically significant, as it means
the possibility of influence on such pathogenicity
factors as adhesive properties (reducing the ability
of the fungus to colonize the tissues of the host
organism) [19, 20, 21].

To shed light on the effect of the eugenol on
clinical strains of C. albicans in concentrations less

than mycostatic, cultures were reseeded from liquid
nutrient media to dense Sabouraud media by the
sector method with the followed determination of
CFU/ml. The results of the sector technique are
presented in Table 3.

The CFU/ml index was equal to 28.5 x 10° +
9.6. x 10°® in the controls of clinical strains. The
amount of the CFU/ml was decreased under the
action of eugenol in concentrations from 0.025 v.%
(volume %) to 0.0125 v.%. It indicates a negative
effect of eugenol in these concentrations on clinical
strains of fungi.

Table 3 — Indexes of the clinical strains of C. albicans CFU/mI on Sabouraud medium under conditions
of cultivation with different concentrations of the eugenol emulsion in polysorbate-80 , M = m (n = 6)

Vol.%
Strains Culture
0.1 | 0.05 0.025 0.0125 0.00625 0.00313
of the control
studied
micromycetes
20.33*10° 36.67*10" 14.17*10° 21.00*107 5

) 5 . s ; 28.50*10

C. albicans ) - +£9.52*10°, | £15.37%10%, | £7236*10°, | £9.27*10", | ToT O o
p<0.00° p<0.005 p>0.05 p <0.05 '

Note: p — an index of the statistically significant difference of the experimental data with the control group, obtained by the

Mann-Whitney method

The CFU/mlI was increased significantly
(10-fold in comparison with the controls) with the
eugenol concentration of 0.00313 vol.%. This
difference was statistically significant.

In our opinion, this was a result of the eugenol
influence on the bond strength between cells. It was
decreased and cells were more separable during

shaking and, as a result of this, the cultures
activated a genetically determined potential.
Finding out the real cause of this phenomenon
requires additional researches. However, it is
unconditional, that these experimental parameters
differ from the control sample; therefore, there is a
certain effect of eugenol in these dilutions.
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Conclusions/BucHoBKH

As a result of the research the following was
established:

1. C. albicans is the dominant species
among fungi of the genus Candida in the
structure of the microbial profile of otomycoses.
The percentage of patients with otitis externa
caused by C. albicans was 6% in the structure
of infectious pathology of this disease.

2. The eugenol emulsified in Polysorbate-80
has antifungal effect in concentrations to
0.025 vol.%-0.05 vol.%, depending on the clinical
strain of Candida albicans.

3. The postmycostatic concentrations of
eugenol caused partial inhibition of reproduction
of clinical strains of fungi, which then was
replaced by a subsequent cell’s reproduction rate
increasing.

Prospects for future research/IlepcneKTHBH MOAAIBIINX JOCTIKEHD

Further studies will be focused on the effect of eugenol on the pathogenicity factors of the reference and

clinical strains of C. albicans.
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