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Carbon monoxide is part of group of gas transmitters, which are produced by almost all cells and involved in many
mechanisms of internal and external communication between cells. Carbon monoxide-releasing molecules are promising for
therapeutic use. Such donors include tricarbonyldichlororuthenium (II) dimer. For the research, the aquaporins 1 and 3 were
blocked in erythrocyte membranes with the use of mercury chloride and silver nitrate, and then they were added to hypo—, iso—
and hyperosmolar solutions. However, tricarbonyldichlororuthenium (IT) dimer does not bind to aquaporins 1, but this effect is due
to the effect on aquaporins 3. This effect is dose-dependent: the most active concentration was 6—50 pM. It is arguable that
tricarbonyldichlororuthenium (II) dimer increases the resistance of erythrocytes to hypertensive stress, stabilizes their volume in a
hyper- and hypo-tonic environment by activating aquaporins 3.
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C.II1. becuacumuii, O.M. I'acrok

BIIJIUB JOHOPA MOHOOKCHUAY KAPBOHY CORM-2 HA AKBAIIOPUHH
EPUTPOIIMTIB

Monookcua KapOOHY, SIKMH HAJISKUTh [0 TPYHNH Ta30TPAHCMITTEPIB, NPOAYKYEThCS MPAKTUYHO BCiMa KITHHAMH
opraniaMy i Gepe y4acTp y 0OararboX MexaHi3MaxX MDKKIITHHHOI curHamizauii. CrojgyKH-ZIOHOPH MOHOOKCHAY KapOoHy €
HEPCIEKTUBHIMH JUISl TEPAlleBTUYHOTO 3aCTOCYBaHHs. J[0 TaKMX DOHOPIB HAJICKUTH quMep TpukapboHinauxitopopyrerito (I0).
Jlnst nociikeH s peakIii akBanopiHiB 1 i 3 mpoBoguiy IXHe GJIOKYBaHHS B MeMOpaHaX €pUTPOLUTIB 3 BUKOPHCTAHHIM XJIOPHIY
PTYTi Ta apreHTyM HITpaTy ¥ OTpUMaHy CyCIICH3iI0 HOMIIIaNH y Tillo—, 30— i TinepocMoILIpHi po3uuHu. Byno BcTaHoBIeHO, IO
nuMep Tpukapboniiguxiaopopyteniro (II) BiuvBae Ha TpaHCTIOPT BOAH B €PUTPOLUTAX HIIIXOM Iil Ha akBanopuuu 3. Leit edekr
[1030-3aJIC)KHHUN: HaWOLIbLI aKTHBHA KOHLEHTpauis cranoBmwia 650 puM. Omxke, mumep TpukapOoninguxiaopopyteHiio (II)
Mi/IBUIIYE CTIHKICTh EPUTPOLMTIB IO TiMEPTOHIYHOTO CTpecy, cTabimizye iX 06’eM B Timep- i TiMOTOHIYHOMY CEpeIOBHIL
BIUIMBAIOYH HA aKBAIIOPHHH 3.

Kuarwuosi ciioBa: AQP1, AQP3, razorpancmitrep, MeMOpaHa epUTPOLUTY.

This work is a fragment of the research project “The effect of certain vasoactive substances on the central and peripheral
lymphoid organs of white mice”, state registration No 0117U001764.

Since 1993, carbon monoxide (CO) has been regarded not only as a toxic gas. It is also being
studied as a substance that plays an important physiological role in the body [7]. Prior to that, it was found
that CO is constantly produced in the human body and significantly increases under conditions
accompanied by abnormal decomposition of red blood cells (RBC) [4]. Over time it was found that CO is
freely diffusible and traverses all membranes, bypassing transporters and thus can rapidly mediate

© S.P. Beschasnyi, O.M. Hasiuk, 2021
167



ISSN 2079-8334. Ceim meouyunu ma oionocii. 2021. Ne 2 (76)

functional changes in the cell. Proximal targets for CO would include those on or near the cellular surface,
such as soluble guanylyl cyclase, heme-containing potassium channels, caveolar NO-synthase and surface
NADPH oxidase [12].

At physiological concentrations, CO has been shown to mediate signaling processes in the brain,
liver and endothelium. Besides, CO regulates vascular tone and the production of inflammatory mediators,
and also it is implicated in a number of mechanisms mitigating apoptosis and ischemic injury [7].

Promising for therapeutic use, the inhalation of gaseous CO is very difficult. It is necessary to
accurately dose it, which is very difficult to do with a gaseous form. For this purpose, carbon monoxide
donors (CORMs) were synthesized. These substances make it possible to deliver CO as intended and
strictly control the amount of CO released in tissues and cells [9]. Tricarbonyldichlororuthenium (II) dimer
(CORM-=-2): [Ru(CO);Cl;], is one of such substances. CORM-2 also showed an anti-inflammatory effect,
it suppresses the lipopolysaccharide-induced airways, intensifies plasmatic coagulation and attenuates
fibrinolysis in vitro in plasma [4].

The RBCs are important model for studying the effect of various biologically active substances on
aquaporins (AQPs). The AQPs are expressed in the cell plasma membranes of various epithelial,
endothelial and other cell types. AQP1 is an efficient water transporting protein that does not transport H",
urea or other small solutes. Defects of aquaporin channels lead to evident defects in urinary concentrating
ability and tumor angiogenesis, as well as reduced secretion of cerebrospinal fluid by the choroid plexus
and of aqueous fluid by the ciliary epithelium [1]. Sulfhydryl-reactive mercurials are the best established
water channel inhibitors. The mercurials inhibit AQP1 water permeability by covalent modification of
cysteine—187 in the AQP1 sequence [3].

Considering all of the above, it is necessary to emphasize the importance of research on the effect
of carbon monoxide and CORMs on cells and their membranes, especially blood. There is no accurate data
on the effect of CORM-2 on the parameters of RBCs volume changes; its effect on aquaporins (AQP1 and
AQP3) is absent.

The purpose of the work was to study the effect of carbon monoxide from
tricarbonyldichlororuthenium (II) dimer on erythrocyte aquaporins.

Materials and methods. Human venous blood was obtained from 30 donors. Blood was collected
into Vacutainers coated with sodium heparin (25 IU/ml), (Greiner, Kremsmunster, Austria). The samples
were centrifuged (320 g for 15 min, 21°C); the platelet-rich plasma and the white blood cells coat were
removed. The erythrocyte sediment was washed twice with three parts of an iso-osmotic NaCl solution
(150 mM) containing 5 mM Na-phosphate buffer (pH 7.4) under the same centrifugation conditions. Last
time, the erythrocytes were washed with medium (containing 150 mM NaCl, 1 mM KCI, 1 mM MgCl,, 10
mM glucose), under the same centrifugation conditions. After that, packed RBCs were transferred to ice
and stored for no longer than 12 hours.

The washed RBCs were divided into 3 groups. The first group was control, the second was for pre—
incubation with an aquaporin 1 blocker (HgCl,, 0.2 uM; Sigma Aldrich, Steinheim, Germany), and the
third — for pre-incubation with an aquaporin 3 blocker (AgNOs, 5 uM; Sigma Aldrich, Steinheim,
Germany). After 10 minutes of incubation of RBCs (Hb: 0.2 g/dl) with aquaporin blockers, they (0.350 ml
aliquots) were placed in a medium (volume 3.150 ml) of various osmolarity:

Protocol 1: erythrocytes in isotonic incubation solution. The erythrocytes were suspended in iso-
osmotic (320 mOsm) saline solution, containing (in mM): NaCl 150, KC1 1.0, MgCI2 1.0, glucose 10.

Protocol 2: shrinkage of red blood cells. Hypertonic (420 and 520 mOsm) salt solution (SS),
containing (in mM): NaCl 150, KClI 1.0, MgCI2 1.0, Ci2H2.01; 100 (420 mOsm) or 200 (520 mOsm),
glucose 10. Protocol 3: swelling of red blood cells. Hypotonic (220 mOsm) SS, containing (in mM) NaCl
100, KC1 1.0, MgCI2 1.0, glucose 10.

Aliquots of the suspension with RBCs were poured into quartz cuvettes and placed in the wells of
a photometer. Light scattering of samples to light with 800 nm wave length, relative to the value passing
through the suspension of quiescent RBCs incubated in different solutions, was measured at 21C in the
photometer (Shimadzu UV-2600, Japan).

To determine the effect of CO on the activity of AQP1 and AQP3, a freshly prepared solution was
added to the resulting solution CORM=2 (tricarbonyldichlororuthenium (II) dimer, 6, 10, 50, 100 u 200
puM; Sigma Aldrich, Saaint Lois, USA), and dissolved in DMSO (in the final solution, the concentration of
DMSO did not exceed 0.1 %). The concentration of CORM-2 was 200, 100, 50, 25, and 6 uM. After 5
minutes, measurements were made on the spectrophotometer. For the control, inactivated CORM-2
(iICORM-2), which has lost CO, was added to the erythrocyte suspension. For the visual control of changes,
the erythrocytes were photographed using the microscope.
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All data of absorbance measurements are presented as means + standard error of the mean. Since
average slopes under a given condition did not differ significantly between those individual donors at our
disposal, it was possible to combine maximal-slope results obtained from RBCs of different donors.
Statistical analysis of slope data was performed by one-way analysis of variance (ANOVA) for repeated
measures, and P-values corrected for multiple comparisons by the Bonferroni-Holm procedure <0.05, were
taken as statistically significant.

In this study, the code of ethics established by the Helsinki Declarations of 1964 and revised in
2000, was followed. The study protocol was reviewed and approved by the Kherson State University
Ethical Committee (ethical committee no: 2020/6).

m Control =200 uM = 100 pM = 50 uM m 25 u 6 uM
i'i | IIi I Ill I III shock after the addition of CORM-2
to the suspension of RBCs. In the
mOsm hypo-osmotic medium, the
erythrocytes incubated with CORM-
2 (at the concentration of 200 uM)
swelled more, compared with intact
ones (cell volume increased by 5+0.2 %). Also, CORM-2 at this concentration, in the isosmotic medium,
caused RBCs to swell, their volume increased by 3+0.1 %. In the hyperosmotic environment (420 and 520
mOsm), RBCs treated with CORM-2, on the contrary, were of a smaller volume than intact cells (by
2+0.1 % and 3£0.1 %, respectively) (fig. 1).

After the addition of CORM-2 at the concentration of 100 uM to the RBCs suspension, we got
different effect: the erythrocytes did not swell in the hypo-osmotic medium (as opposed to intact ones),
their volume was the same as that of erythrocytes in the isosmotic medium. In the hyperosmotic medium
(420 and 520 mOsm), the addition of CORM-2 prevented the compression of RBCs only by 2+0.1 %.

The addition of CORM=-2 (at the concentration of 50 uM) led to the fact that the volume of RBCs
increased in the hypo-osmotic and isotonic medium (by 2+0.1 % and 3£0.2 %, respectively). At the same
time, no changes occurred in the hyperosmotic environment.

At the concentration of 25 pM, CORM-2 affected the RBCs the same way under different
conditions: in hypotonic, isotonic and hypertonic solutions, and their volume increased. In the hypo-
osmotic and isotonic mediums, it increased by 2+0.1 %, in the hyperosmotic (420 and 520 mOsm) medium
— by 440.2 %. At the concentration of 6 pM, CORM=-2 influenced the RBCs only in the hypo-osmotic
environment — the cell volume increased by 2+0.1 %. In other cases, CORM-2 did not significantly affect
the RBCs at this concentration (fig. 2).

The effect of CO from CORM-2 on erythrocytes under the conditions of AQP1 blockade. In order
to find out the effect of CO from CORM-2 on AQP1, we previously incubated the studied RBCs with
HgCl, at the concentration of 0.2 pmol. After 10 minutes, we performed all the manipulations, as in the
previous experiment. HgCl, was used as positive control for inhibition.

In order to find out what affects AQP1: either CO which was released from CORM-2 or ruthenium
chloride (which remained after CO removal), we have also added inactivated CORM-2 (iCORM-2) to the
erythrocyte suspension. After the incubation of RBCs with the blocker AQP1, they swelled at different
concentrations of iCORM-2 and CORM-2 in the medium with different osmolarity (220, 320, 420 and 520
mOsm). In this case, CORM-2 led to more significant swelling of the RBCs than in case of iCORM-2 (tab. 1).

Table 1

Results of the study and their
discussion. The effect of CORM-2
on the volume of red blood cells in
solutions of different osmotic
concentrations. In this experiment,
the red blood cells changed their
ability to withstand the osmotic

(arbitrary units)

Scatter Light Intensity

Fig. 1. Comparatlve characterlstlcs of the hght scattermg 1ndex of intact and
CORM-2 erythrocytes exposed to varying osmolarity of the incubation medium.
Statistically significant differences of each group from the control at p<0.05

The effect of CORM-2 and iCORM-2 on the scatter light intensity
of the erythrocyte suspension under the conditions of varying osmolarity of the incubation medium
(the mean value of concentrations 200, 100, 50, 25 and 6 pM), M+m

.Osmol'arity ' Control lnactiv.ated CORM-2 CQRM-Z

of the incubation medium (without CO) (with CO)
220 (hypo-osmotic) 2.738+0.1 2.689+0.02* 2.638+0.1*
320 (iso-osmotic) 2.835+0.1 2.775+0.03* 2.72140.03*
420 (hyperosmotic) 2.893+0.05 2.825+0.02* 2.756+0.1*
520 (hyperosmotic) 2.881+0.06 2.835+0.5* 2.765+0.1*

Note:* — significant difference from the control group (P<0.05)
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220 320 420 (h ef:somotic)
(hypo—osmotic) (iso—osmotic) (hyperosmotic) M
D=
Intact
200 pM
CORM-2
100 pM
CORM-2

50 pM
CORM-2
25 uM
CORM-2
6 pM
CORM-2

Fig. 2. Comparative micrographs of red blood cells under the influence of CORM-2 in different concentrations (x 100)

In a hypo-osmotic medium (220 mOsm), the light scattering index (absorbance) decreased from
2.73540.14 t0 2.69240.134 (after addition of iCORM-2) and 2.647+0.079 (after addition of CORM-2). Iso-
osmotic (320 mOsm): from 2.831+0.084 to 2.7754+0.138 (iICORM-2) and 2.713+0.081 (CORM-2). It was
also after the incubation in hypertonic media. In the environment with 420 mOsm: from 2.882+0.144 to
2.821£0.084 (iCORM-2) and 2.764+0.082 (CORM-2). In the medium of 520 mOsm, the light scattering
index decreased from 2.889+0.087 to 2.8324+0.057 (iCORM-2) and 2.767+0.083 (CORM-2). Thus, the
preliminary blocking of AQP1 showed that the mechanism of influence of CO from CORM-2 on the
erythrocyte volume is not associated with this channel.
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The effect of CORM-2 on red blood cells in the conditions of the blockade of AQP3. Aquaporin
3, or AQP3, or aquaglyceroporin, has only relative specificity for water and also gates other low molecular
weight uncharged compounds such as urea and glycerin.

The results of the study of the effect of CORM-2 on the RBCs volume after AQP3 blockade were very
interesting. The dose-dependent effect of CORM-2 on AQP3 in membranes of the RBCs has been observed.
After CORM-2 was added at the concentration of 6, 25, and 50 uM in the hypertonic solution (520 mOsm), no
changes occurred (fig. 3 a, b, ¢). The preliminary blockade of AQP3 and the absence of the effect of changes in
the volume of the RBCs confirm the hypothesis that CORM-2 is related to this type of aquaporins.
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At the concentration of 100 uM, the volume of erythrocytes did not change only in the iso-osmotic
medium (fig. 3 d). At the concentration of 200 uM, the erythrocyte volume did not change only in the
hypertonic medium of 420 mOsm (fig. 3 e). Similar results were registered under the conditions of addition
of iCORM-2 at the same concentrations. In all other cases, the increase in the volume of RBCs was
observed. Only after CORM-2 was added at the concentration of 6 uM, the volume of RBCs did not change
in both hypertonic solutions. The results have confirmed the assumption about the dose-dependent effect
of CORM-2 on erythrocyte aquaporins.

The group of gas transmitters continues to grow, and currently includes, in addition to nitrogen
monoxide, hydrogen sulfide and carbon monoxide [7]. Gas mediators are produced almost entirely by cells,
and due to their high lipophilicity, they are involved in many mechanisms of intracellular and intercellular
communication [6].

Significant progress in the studies of reactions mediated by gas transmitters is achieved in
connection with the discovery of the ability of certain chemical compounds to reproduce the effects of
these signaling molecules, which are valid [2, 7]. CORM-2 carbon monoxide donor is the example of such
a substance.

In adult organism, CO is produced endogenously in the amount of 20 uM * h! [8]. At the same
time, CO production increases with various diseases [5]. It has been proved that CO or CORM-2, in low
concentrations, stimulates angiogenesis and has anti-ischemic and anti-apoptotic effect [11]. The use of
carbon monoxide donors involves direct introduction of CORM-2 into the vascular bed.

To date, it was unknown how CORM-2 affects the RBCs. In this study, it has been found that
CORM-2 (CO released from it) dose-dependently (like other gas transmitters) affects the functional
properties of the erythrocyte membrane. This is expressed in the change in the volume of RBC in hypo-,
iso- and hypertonic solutions. After addition of 200 uM CORM-2 to the erythrocyte suspension, their
volume in the hypo-osmotic and iso-osmotic mediums increased.
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In the hyperosmotic medium, the processed CORM-2 erythrocytes, on the contrary, were
compressed. Processing of the RBCs by CORM-2 at the concentration of 100 uM protected them from
swelling in the hypo-osmotic medium, their volume was the same as that of RBCs in the isosmotic medium.
In the hyperosmotic medium, the addition of CORM-2 reduced erythrocyte compression. After the addition
of CORM-2 at the concentration of 50 uM, the volume of the RBCs increased in the hypo-osmotic and
isotonic mediums, but in the hyperosmotic medium, no changes occurred.

However, we observed the increase in the RBCs volume in hypotonic, isotonic and hypertonic after
the addition of CORM-2 at the concentration of 25 uM. At the concentration of 6 uM, CORM-2 affected
on the RBCs only in the hypo-osmotic environment — there was the increase in volume. In other cases,
CORM=-2 at this concentration did not significantly affect the RBCs. Thus, it can be suggested that CO,
which is released from CORM-2, affects special protein channels that transport water to the cell — the
aquaporins. It is interesting that similar processes occur in mitochondria: a publication [10] indicates that
CO triggered mitochondrial swelling.

The erythrocyte membrane has specialized channels for passive oxygen transport. These channels have
been identified as aquaporins (AQP). It is believed that aquaporins are proteins of water channels. But to date,
aquaporins that transport CO, CO,, O,, and NH4 have also been identified [1]. Two types of aquaporins are
known in the RBCs: AQP1 and AQP3. It is known that AQP1 provides high permeability of the erythrocyte
membrane to water, AQP3 — to water, glycerin and urea [9]. Mercury chloride HgCl; is recognized hAQP1
inhibitor in human erythrocytes [1]. There are a lot of aquaporins in erythrocyte membranes (approximately 2 *
10° molecules/cell). Recent studies have shown that water channels, in particular, aquaporin AQP1, participate
in the transfer of oxygen and carbon dioxide through the erythrocyte membrane [9]. This study found out how
CORM-2 affects these types of aquaporins. The blockade of AQP1 using HgCl,, and AQP3 using AgNO; made
it possible to determine the effect of CO from CORM-2 on the RBCs.

After incubated with the AQP1 blocker, iICORM-2 and CORM-2 led to the swelling of the RBCs
at different concentrations in the medium with different osmolarity. At the same time, the addition of
iCORM-2 and CORM-2 contributed to the increase in the volume of RBCs. Freshly prepared CORM-2
led to RBCs swelling the most. The results indicate that the effect of CORM-2 on RBCs volume is not due
to its binding to AQP1. Thus, we suggested that another, no less important channel that can interoperate
with CORM-2, is AQP3.

AQP3 (or aquaglyceroporin), has only relative specificity for water. Following blockade of AQP3,
the dose-dependent effect of CORM-2 on AQP3 of the RBCs has been observed. After the addition of
CORM-2 to insignificant concentration (6, 25, 50 uM) in the hypertonic solution (520 mOsm), no changes
occurred. The preliminary blockade of AQP3 and the absence of the effect of changes in the volume of RBCs
confirm the hypothesis that CORM-2 is related to this group of aquaporins. iCORM-2 also demonstrates its
activity against AQP3. Thus, the assumption is confirmed [6] that in addition to the released CO from CORM-
2, erythrocytes are also affected by iCORM-2, which is formed after the release of CO.

D000 ks

This study has shown that CORM-2 has an effect on the transport of water in the RBCs. However,
CORM-2 does not bind to AQP1. This effect is due to the effect on AQP3. This effect is dose-dependent: the
most active concentration was 6-50 pM. It can be argued that CORM-2 increases the resistance of RBCs to
hypertensive stress, stabilizes the volume of erythrocytes in a hyper— and hypotonic environment, by activating
AQP3. This erythrocyte aquaporin is convenient model for further research, as it plays an important role in skin
hydration, wound healing and tumor growth. It is also proved that aside from CO, which is released after addition
CORM-2, ruthenium which previously formed carbonyl compound acts on the erythrocyte membrane.
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EVALUATION OF SUSCEPTIBILITY OF REFERENCE STRAINS OF MICROORGANISMS
TO THE COMBINED ACTION OF ESSENTIAL OILS AND MEXIDOL

e-mail: nelbobrova52@gmail.com

The susceptibility of the reference strains S. aureus ATCC 25923 and E. coli ATCC 25922 to 14 essential oils and their
combinations with mexidol (ethylmethylhydroxypyridine succinate) was studied using the disk diffusion method. It was shown
that a combination of all essential oils (with the exception of eucalyptus and ginger) with mexidol increases the susceptibility of
S. aureus ATCC 25923 to these agents, with the most pronounced effect being observed with oils of lemon, lavender, fir, and rose.
The susceptibility of E. coli ATCC 25922 to essential oils of cinnamon, mint, tea tree, rose, eucalyptus, cloves, and sage
significantly increases when combined with mexidol, and this effect is the most pronounced when using combinations of mexidol
with rose, eucalyptus, and clove oils. The discovered ability of mexidol to increase the susceptibility of microorganisms to essential
oils can be a basis for the development of pharmaceutical compositions with these substances in which an enhanced antimicrobial
effect will accompanied by an antioxidant activity and low toxicity.

Key words: microorganisms’ susceptibility, S. aureus, E. coli, mexidol, essential oil.

H.O. bBooposa, O.M. Ba:xknuua, I A. Jlo6anb, T.O. leB’arTkina, JI.O. Jlyrosa,
0.€. bamok, O.A. bamiToBeHKo

OIIHKA YYTJIMUBOCTI ETAJIOHHUX IITAMIB MIKPOOPTAHI3MIB
JIO KOMBIHOBAHOI JIi E®GIPHUX OJIIA I MEKCUI0JY

JloCTDKEHO Yy TIMBICTh €TATOHHHX INTaMiB MikpooprauizmiB S. aureus ATCC 25923 ta E. coli ATCC 25922 no 14
edipHHX oiif Ta X KOMOiHaNill 3 MEKCHIOIOM (ETHIMETIIITIIPOKCHUITIPUINHY CYKIIMHATOM) 3a JIOMOMOTOIO JICK-Tudy3iifHOr0
merony. IlokasaHo, 1o KOMOiHyBaHHsS BCix edipHHMX Oiii (32 BHHITKOM EBKAINTY Ta iMOMpPY) 3 MEKCHIOJIOM 30LIbIIye
qyTiuBicTh S. aureus ATCC 25923 no 1ux 3aco6iB, npudoMy HaitOinbLI BUpa3HUil eeKT COCTEPIraeThCst CTOCOBHO OJIiif IMMOHY,
JaBaHM, MiXxTH Ta TpostHan. Yytmusicts E. coli ATCC 25922 no EO kopwuni, M’sTH, 4aliHOTO iepeBa, pO3H, €BKANIINTY, TBO3UKI
i maBsii iCTOTHO 3pocTae MpH iX KOMOIHYBaHHI 3 MEKCHI0JIOM, IPHIOMY HaHOIIbII BUPA3HUM TaKHil eeKT € mpyu BUKOPUCTAHHI
KOMOiHAIili MEKCHIOTY 3 OJISIMH TPOSIHAHW, €BKANINTy Ta TBO3AMKU. BUsBiIeHa 31aTHICTh MEKCU/IOJY MMiABHIIYBATH Y4y TIUBICTH
MIKpOOPraHi3MiB J10 ehipHUX OJIIH MOKE CTaTH OCHOBOIO JUTSl pO3pOoOKH (hapMaIleBTHIHNX KOMITO3HIIIH 3 IMMH KOMIIOHCHTaMH, B
SIKMX TIOCHJICHA aHTUMIKpOOHa [iist Oy/ie MOETHYBATUCh 3 aHTHOKCHAHTHOIO aKTHUBHICTIO 1 HU3bKOIO TOKCHYHICTIO.

KimrouoBi ciioBa: uyTiuBicTs Mikpooprauiamis, S. aureus, E. coli, mexcuznon, eipHa omis.

The study is a fragment of the research project “Study of the role of opportunistic and pathogenic infectious agents with
different susceptibility to antimicrobial and antiviral drugs in human pathology”, state registration No. 0118U004456.

Essential oils (EOs) are volatile secondary metabolites that give plants a characteristic aroma and
taste. They are produced by more than 17,500 species of many plants families, but only about 300 of them
are commercialized [15]. Having a content of two or three main components at the level 20—70 %, EOs are
complex mixtures of terpenes, terpenoids and other compounds [15]. A known feature of EO is their
antimicrobial action, which is characterized by a wide spectrum, is not attenuated at the presence of protein,
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