MIKPOBIONOTIA

K BOMPOCY PA3PAEOTKM KOMIM/IEKCHOW AUDTEPUMHOM BAKLIUHbBI C BAKTEPUANIbHbIM AZJbIOBAHTOM

Enuceesa W. B., babuu E. M., gamaposa /1. A., benosepckuii B. U., Konnak C. A.

Pe3tome. CTaTbs NOCBALLEHA M3YYEHUIO BAUAHUA HATUBHbIX aHTUTEHHbIX KOMMIEKCOB BO3byautens andrepun,
NOMYYEHHbIX MPY NOMOLLM YAbTPa3BYKOBOMN AE3UMHTErpaLmm MUKPODBHbIX KAETOK B HEMTpanbHOM U cnaboKucaom
cpeae, Ha ux GaroumTo3-CTUMYIMPYIOLLYIO aKTUBHOCTb W aAre3mBHble cBoMCTBa TecT-wiTamma C. diphtheriae ana
OanbHeWLWero ycoBepLleHCTBOBaHMNA TEXHOI0MMM NPOM3BOACTBA KOMMIEKCHOW ANGTEPUIAHOM BaKLMHbI NPOTUB Ma-
HUbECTHOro NpoABAEHUS N NepcucTupyowen Gopmbl ANPTEPUNHON NHDEKLMM.

Kniouesble cnoBa: audTepuiiHasa BaKLMHa, 6aKTepranbHbIi agbloBaHT, agresus, GparoyumTos.

TO THE DEVELOPMENT OF THE COMPLEX DIPHTERIA VACCINE WITH BACTERIAL ADJUVANT

Yeliseyeva I. V., Babich E. M., Zhdamarova L. A., Belozersky V. I., Kolpak S. A.

Abstract. The lessons of the great diphtheria epidemic in Eastern Europe in the 1990s and the increasing trend
of diphtheria in the world over the past few years have forced the medical community not to forget about the threat
of a diphtheria outbreak. Sporadic cases of disease in Ukraine over the last 10 years are just the tip of the iceberg,
as the transmission of infection through bacterial carriers and latent forms of diphtheria unrestrained continues.
An analysis of the number of cases of diphtheria registered in Ukraine since the late 1980s and the corresponding
rates of vaccination coverage against diphtheria reveals a paradoxical phenomenon: a significant increase in the
incidence since 1990 was accompanied by an annual increase in the percentage of population coverage of DTP3.
The maximum number of diphtheria cases in 1994-1996 was accompanied by the highest —almost 100 % — rates of
vaccination. Thus, the epidemic has not been stopped by increasing the number of vaccinated persons. For a number
of years, in our laboratory are conducted the research on the development of a complex diphtheria vaccine with
a bacterial component. The vaccine has not only a protective effect against diphtheria disease, but is also directed
against the colonization of the respiratory tract by the pathogen and the sanation of C. diphtheriae bacterial carriers.
The development of bacterial adjuvant is carried out using ultrasonic disintegration of bacteria in line with two
modern vaccine design strategies, namely: an anti-adhesive strategy that developes drugs that prevent colonization
by the pathogen of the mucous membranes of the macroorganism and its subsequent invasion, as well as strategies
for potentiation of the trained innate immunity, and to promote the elimination of the pathogen from the body
in immunodeficiency states, which are associated with prolonged bacterial activity, and to enhance the immune
protection of the body after vaccination. The development of bacterial adjuvant is in line with two modern vaccine
design strategies, namely: (1) anti-adhesive strategy that implements drugs that prevent the pathogen colonization
of the mucous membranes of the macroorganism and its subsequent invasion; (2) strategies for potentiation of
trained innate immunity, which can protect against infection and promote the elimination of the pathogen in
immunodeficiency states that are associated with prolonged bacterial activity, as well as the treatment of inverse
immunotolerant states to enhance immune response. The experimental candidate vaccine has been preclinically
tested in an enterprise setting. However, the study of the effect of experimental antigenic preparations on cell-
mediated immunity is being continued and the technological process of manufacturing the experimental candidate
vaccine is being worked out. It was established that the tested samples of C. diphtheriae antigenic preparations
increased the adhesiveness of the C. diphtheriae test strain at previous exposure with formalinized human red
blood cells, and also demonstrated phagocytosis-stimulating effect (t> 2; p = 0.05). The decrease in the indeces of
adhesion and phagocytosis of the test strain at pH=5.5, apparently indicates that even a weakly acidic environment
damages the molecular structures — PAMS of erythrocytes and adhesines of corynebacteria, respectively — which
partially lose their specificity and ability to stimulate mechanisms of innate immunity. The obtained data indicate
the importance of determining the optimum pH value in the technological process of obtaining a bacterial antigenic
preparation in the design of combined diphtheria vaccines.
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the process of developing new pharmacologically active
compounds [2]. The World Health Organization estab-
lished that, in many developing countries, traditional
medicine plays an important role in meeting the prima-
ry health care needs of the population, and highlights
specific types of this medicine (WHO, 2014).

Plants are prospective source of antimicrobial agents
in different countries [3]. About 60 to 90% of popula-
tions in the developing countries use plant-derived
medicine. Traditionally, crude plant extracts are used as
herbal medicine for the treatment of human infectious
diseases [3-6]. Plants are rich in a variety of phytochemi-
cals including tannins, terpenoids, alkaloids, and flavo-
noids which have been found in vitro to have antimicro-
bial properties [6-7]. Although the mechanism of action
and efficacy of these herbal extracts in most cases is still
needed to be validated scientifically, these preparations
mediate important host responses [8-9].

Global prevalence of infectious diseases caused by
bacteria is a major public health problem [5,10]. The
bacterial agents including Staphylococcus aureus, Esch-
erichia coli, Pseudomonas aeruginosa, Bacillus subtilis,
and Proteus vulgaris cause several human infections
[11,12]. Recent emergence of antibiotic resistance and
related toxicity issues limit the use of antimicrobial
agents [13] and is prompting a revival in research of the
antimicrobial role of plants against resistant strains due
to comparable safety and efficacy [3].

The purpose of the study was to explore the antimi-
crobial, antioxidant and some biochemical properties of
alcoholic extracts of Arnica montana L.

Object and methods. The plant materials were col-
lected in the Mizhhiria rayon, Zakarpatska oblast (Tran-
carpathia), dried at the temperature of 30-35°C in shad-
ow, then ground and placed in tightly closed containers.

Extracts manufacturing techniques. We made ethyl
and methyl extracts of Arnica montana L. A 10 g batch
of dry plant material was pulverized to powdery mass. In
an Erlenmeyer flask, 10 g of plant material was blended
with 200 ml of 972 ethyl (methyl) alcohol) (Sigma, Ger-
many). The opening was closed with a food wrap to avoid
evaporation. Following a 30-minute-long incubation in
the ultrasonic bath (Kraintek) at 35° C, the blend was fil-
tered through Whatman No. 1 filter paper. The clear so-
lution was placed in an evaporative device (16-17/32” x
34-59/64” G5B, Coated Dry Ice Condenser Rotary Evapo-
rator) to obtain pure alcoholic extract at 50 °C, 82 rpm.
When the alcohol evaporated, 10 ml of ethyl (methyl)
alcohol were added to the pure extract left on the bot-
tom of the flask. As a result, the following pure extracts
were obtained: ethyl extract of Arnica montana L. — 0,81
g; methyl extract of Arnica montana L. — 2,295 g.

As test cultures, the following bacteria and yeasts
from the American Type Culture Collection were used:
Candida albicans ATCC 885-653; Staphylococcus aureus
ATCC 25923; Escherichia coli ATCC 25922; Enterococ-
cus faecalis ATCC 29212; Streptococcus pyogenes ATCC
19615. We also used clinical strains of bacteria and
yeasts (S. aureus, E. coli, S. pyogenes, C. albicans) iso-
lated from the oral cavities of patients suffering from in-
flammatory periodontium. From the oral cavities of 155
patients were isolated microorganisms characterised by
resistance to at least 10 antibiotic preparations belong-
ing to two and more classes: S. aureus (28 isolates), E.
coli (11 isolates), S. pyogenes (25 isolates), C. albicans

(17 isolates). We chose the clinical strains with multiple
resistance to antibiotics [8].

The isolates that caused periodontium inflamma-
tory processes were isolated on the basis of the Dental
Polyclinic, Uzhhorod National University; the extracts
were manufactured and their antioxidative activity and
contents of tannins and flavonoids were determined
on the basis of the Department of Pharmacognosy and
Botany, University of Veterinary Medicine and Pharma-
cy in Kosice, Slovakia; the antimicrobial activity of plant
extracts was studied at the Microbiological Laboratory
of the Department of Genetics, Plant Physiology and Mi-
crobiology, Uzhhorod National University, and Depart-
ment of Microbiology and Immunology, University of
Veterinary Medicine and Pharmacy in Kosice.

Biological material samples from the mucous mem-
brane of the nidus of the inflammatory process were
taken with the help of a sterile transport system (a
test-tube with a gel and applicator for biological liquids,
made by FLmedical, Italy). The material was plated on
the following nutrient media: Sabouraud Dextrose Agar,
and HiCrome™ Candida Differential Agar (Himedia) for
cultivation of microscopic fungi; blood agar for haemo-
lytic microflora, in particular Streptococcus and Neis-
seria genera microorganisms; Endo and Ploskorev agar
(Farmaktiv, Ukraine) for Enterobacteriaceae; Mannitol
Salt Agar (Biolif-Italia) for Staphylococcus genus bacte-
ria, Bile esculin agar (Biolif-Italia) for Enterococci. The
pure culture of microorganisms was obtained by sector
inoculation according to Gold. The bacteria and yeasts
were identified based on macromorphological, micro-
morphological, physiological and biochemical tests with
the use of ENTERO-test, STREPTO-test, and STAPHYLO-
test, made by Erba Lachema.

Antibiotic susceptibility testing. The antibiotic sensi-
tivity of bacteria and microscopic fungi was identified by
the disc diffusion method according to (Order No. 167 of
the Ministry of Public Health of Ukraine of 05/04/2007;
EUCAST (European Committee on Antimicrobial Suscep-
tibility Testing).

The sensitivity of microorganisms to plant extracts
was determined by the agar diffusion test [9]. The bac-
terium inocula 100 pL in the physiological solution were
adjusted to the equivalent of 0.5 McFarland standard,
and evenly spread on the surface of Muller-Hinton agar
(incubated at 37+2°C for 24 hours); yeasts — on SDA agar
(incubated at 35+2°C for 48 hours). The extracts 20uL
were introduced into wells 6 mm in diameter. The diam-
eters of the inhibition zones were measured in millime-
tres including the diameter of the well. The antimicrobi-
al effect was assessed by presence of growth inhibition
zone. Each antimicrobial assay was performed at least
three times.

Antioxidant activity. Detection of free radical scav-
enging activity of the samples was measured with
2.2-diphenyl-1-picrylhydrazyl (DPPH) [10] (Medini). A
sample of 0.1mL was mixed with 1.9 mL of DPPH solu-
tion in methanol (0.06 mmol ). The absorbance of the
reaction mixture was detected with a spectrophotom-
eter Beckman Coulter DU 530. Following incubation in
dark for 30 min., the absorbance of each solution was
measured at 515 nm (A). The antioxidant activity was
expressed as percentage (%) of the scavenging activity.
The percentage of DPPH radical scavenging activity was
calculated by using the following formula:
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DPPH radical scavenging activity (%)

Abs (control) — Abs(sample)
= x 100
Abs (control)

where Abs (control): Absorbance of DPPH radical +
methanol; Abs (sample): Absorbance of DPPH radical +
extract.

Determination of Total Tannins (TT). The content of
tannins was determined using Folin-Ciocalteus method
[12]. The absorbance was measured as the absorbance
at 750 nm (A), with the use of water as the compensa-
tion liquid. The percentage of tannins expressed as pyro-
gallol was calculated based on the following expression:
3,125%A
0,316xm

where m — mass of the sample to be examined, in
grams; A — absorbance

The absorbance of the reaction mixture was de-
tected with a spectrophotometer Beckman Coulter DU
530v.

Determination of Total Flavonoids (TF). The flavo-
noid content was determined by a colorimetric assay as
described by aluminium chloride colorimetric method
[13] Djeridane. The absorbance of the test solution was
measured at 425 nm. with a spectrophotometer Beck-

man Coulter DU 530.
X= Ax1.25

Tannins (%) =

where A — absorbangle at 425 nm; m — mass of the
herbal drug to be examined in grams.

Statistical analysis. Data obtained were expressed
as mean = standard deviation (SD) of three measure-
ments. The Tukey’s test was applied for comparisons
of means; differences were considered significant if p <
0.05. Statistical analysis and comparisons among means
were carried out using Microsoft Excel. The parameters
calculated alongside with the basic variation were: av-
erage and standard deviation; minimum and maximum
coefficients of variation; and frequency of the size of the
inhibition zones.

Results and discussion. Test cultures differently re-
acted to extracts of A. montana: of the tested strains of
bacteria the most sensitive found S. aureus and S. pyo-
genes (table 1). Thus, the highest antibacterial activity
was displayed by the ethyl extract of Arnica montana L.
It is worth noting that the extracts displayed antimicro-
bial activity against both typical and clinical isolates of
S. aureus, including methicillin-resistant ones. The ethyl
and methanol extracts were established to show antimi-
crobial effect against S. pyogenes. The ethanol fruit and
leaf extracts and methanol fruit extract were observed
to show weak antimycotic activity. The fruit extracts
were characterized by low antimycotic activity.

Full absence of growth inhibition was registered in
case of the use of ethyl and methyl extracts to Candida
albicans, and low level of antimicrobial activity — in case
of the use of ethyl extracts to Enterococcus faecalis. The
obtained results pointed to the ability of extracts to in-
hibit the growth of antibiotic-resistant strains of staphy-
lococci and streptococci.

The extracts were characterized by high antioxidant
activity; the highest activity was displayed by ethyl ex-
tracts, somewhat lower — by methyl extracts (table 2).

Out of all extracts under review, it was the ethyl
extract that showed the highest level of tannins

Table 1 — Antimicrobial activity of Arnica montana
L. extracts, zones inhibition in millimeters including
diameter of well, mm (n=3, x £ SD)

Test culture ethyl extract | methyl extract

S. aureus ATCC 25923 20.2+0.3 19.3+0.3
5. aureus clinic 20.5+0.5 20.2+0.3
S. aureus MRSA clinic 18.6+0.6 19.5+0.5
E. coli ATCC 25922 10.3£0.6 10.6£0.3
E. coli Clinic 9.5+0.5 10£0.5
E. faecalis ATCC 29212 9.6+0.3 9.3+0.6
E. faecalis clinic 8.50.5 11.240.3
S. pyogenes ATCC 19615 14.240.3 13.3+0.3
S. pyogenes clinic 13.3£0.6 12.340.3
C. albicans ATCC 885-653 R -

Note. «-» — no inhibition.

Table 2 — Antioxidant activity of
Arnica montana L. extracts

ethyl extract

Absorbance (nm) %
0.072 85.4

methyl extract
Absorbance (nm) %
0.087 82.4

Table 3 - Level of tannins and flavonoids in ethyl
and methyl extracts of Arnica montana L.

ethyl extract methyl extract

Absorbance (nm) % Absorbance (nm) %
2.281 2.8 0.087 0.860
0.040 0.05 0.052 0.065

(table 3). A low level of flavonoids was also registered
in the methyl and ethyl extracts. The tannic contents
of ethanol and methanol extracts equaled to 2.8 % and
0,860 %, respectively.

Arnica montana L. is a homeopathic medicine spe-
cifically used for the treatment of trauma [14-15]. It is
a member of the Asteracea family, previously known as
Compositae, first described by Linnaeus in 1753 in his
book Species plantarum. It is native to the mountainous
regions of central Europe (Alps and Pyrenees), south of
Scandinavia extending through the states of the former
Soviet Union. The name Arnica derives from the Latin
“Ptarnica” which means “sneeze-making”. The popular
names of Arnica are sneezing tree, holy herb and fall-
ing herb. The active constituents of this plant are mainly
flavonoids (including quercetin and its derivatives like
quercetine-3-mono-glucosideo and quercetine-3-gly-
cogalacturonic), sesquiterpene lactones (arnicolide,
helenaline and dihydro-helenaline), alcohols (arnidiol,
arnilenediol, isoarnilenediol), carotenoids, essential oil,
inuline, and tannins among other constituents [16].

Arnica montana is used for treating wounds and
injuries on account of its supposed abilities to control
bruising, reduce swelling, and promote recovery [17].
It is one of the widely used homeopathic preparations
and is popular with patients undergoing surgery. Arnica
has effectively reduced the pain and stiffness due to ar-
thritis of the knee [18]. It also significantly decreased
the bleeding time in another randomised, placebo-con-
trolled, crossover study [19].

The sensitivity of S. aureus to the extracts was shown
to vary from 20.240.3 mm (a typical strain) to 18.6+0.6
mm (a clinical methicillin-resistant strain).

Most plants contain several compounds with anti-
microbial properties for protection against aggressor
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agents, especially microorganisms. Plant secondary me-
tabolites are mostly responsible for their antimicrobial
activity. Major groups of phytochemicals that possess
antimicrobial properties are phenolics and polyphenols
(flavonoids, quinones, tannins, coumarins), terpenoids,
alkaloids, lectins and polypeptides [20-24].

lauk (2003) reported a study designed to evaluate
the antibacterial activity of i.e [25]. Arnica against an-
aerobic and facultative aerobic periodontal bacteria
(18 overall) [25]. As a positive control a macrolid anti-
biotic, spiramycin was used. A methanol extract and a
decoction were assayed, each 10% from 10 g powder
for decoction and 15 g of the drug for extraction. The
methanol extract showed an inhibiting activity against
many of the species tested (MIC=2048 mg/I). The flow-
ers of Arnica species contain especially sesquiterpene
lactones which have a pseudoguajonolide structure,
which often may occur as ester derivatives. Beside es-
sential oil compounds other constituents are flavonoids,
hydroxycoumarines and phenyl acrylic acids. The medic-
inal usage of Arnica has stimulated extensive research
on constituents. Different sesquiterpenes were isolated
already in the 50ies and 60ies of the 20th century [26].
The most relevant constituents so far are helenalin and
11,13-dihydrohelenanin and their derivatives. The con-
tent is varying with respect to the geographical origin.
More recent investigations led to the detection of meth-
ylated flavonoids and further sesquiterpene lactones
[27]. The natural variability of sesquiterpene lactones in
the herbal substance is 0.3 to 1.0%. Other natural con-
stituents of Arnica montana are flavonoids (0.4 to 0.6%),
essential oil (0.2 to 0.35%), mono- and sesquiterpenes.

In our preceding works, we showed the antimicro-
bial activity of materials obtained from vegetable mat-
ter, phytoextracts and essential oils that showed the
antimicrobial activity against isolates from the oral cav-
ity, pharynx, and respiratory tract, including antibiotic-
resistant ones.

The antimicrobial and high antioxidant activity of the
ethanol extract of Arnica montana L., and absence of
the antimicrobial effect against the probiotic strain of
Bacillus subtilis, characterized by the antagonistic ac-
tivity against opportunistic microorganisms, cause the
advisability of their complex application as the basis for
phytobiotics. Both recent works and our previous stud-
ies have shown that generalised periodontitis is com-
plicated by persistence of associations of opportunistic
antibiotic-resistant microorganisms [23]. A positive im-
pact of the application of probiotics, including based on
lactobacilli, for inflammatory diseases of the oral cavity
including generalised periodontitis, has also been de-
scribed [22]. This is why, it remains promising to explore
a possibility of complex use of compositions based on
extracts of Arnica montana L. and probiotic reduction
of persistence of opportunistic microorganisms due to
additive effect.

Conclusion. Thus, we have shown the antimicrobial
activity of Arnica montana L. extracts against typical and
clinical isolates of S. aureus, including methicillin-resist-
ant ones, and against S. pyogenes. The absence of anti-
mycotic activity of ethanolic and methanolic extracts of
arnica is revealed, and high antioxidant activity of their
ethyl extracts is shown. The antimicrobial activity of the
extracts to a greater extent correlated with the contents
of antioxidant aktivity, which was the highest. The es-
tablished regularities cause good prospects for further
studies of the use of Arnica montana L. as a source of
substances with antimicrobial activity against antibiotic-
resistant representatives of opportunistic microbiota.
The antimicrobial and high antioxidant activity of etha-
nol extract of Arnica montana L. cause the advisability
of their application as the basis for phytobiotics.

Perspectives of further developments. The obtained
results indicated to good prospects for further research
in order to create Arnica based preparations as mouth
cavity care and hygienic products.
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AHTUMIKPOBHI, AHTUOKCUAAHTHI TA AEAKI BIOXIMIYHI BIACTUBOCTI ARNICA MONTANA L.

Kpusuosa M. B., Tpyuw K. ., Kowosa fl., Eptimosa f.

Pe3stome. poTArom oCTaHHIX POKiB 3pOCTaE iHTEPEC A0 POC/AUHHOI CUPOBMHU 3 TOYKM 30pY Ti MOTEHLiMHOT Npo-
TUMiIKPOBHOT aKTMBHOCTI. Poc/iMHM 6araTi HalMpPiSHOMAHITHILLMMW BTOPUHHUMM MeTaboliTaMu, TaKUMK AK AYOUNbHI
pevyoBUHU, TEPNEHOIAN, anKanoiam Ta GaaBoHOIAN, ANA AKUX in Vitro 6yno BUABNEHO aHTMMIKPOBHI BnactuBoCTi. AK
BiZLOMO, POC/IMHU poay Arnica MicTATb LMK cnekTp 6ioNoriYHO aKTUBHMUX PEYOBMH i3 NPOTU3anasbHUMM, FEHOMNPO-
TEKTOPHMMMU, AHTUAIAOETUYHMMM, AHTUOKCUAAHTHUMM Ta AHTUMIKPOBHUMMK BhacTusocTaMmu. Memotro pobomu 6yno
BMBYEHHA aHTUMIKPOBHMX, aHTMOKCUAAHTHUX Ta AEAKUX BiOXiIMIYHUX BNACTUBOCTEMN CNNMPTOBUX EKCTPAKTIB HaA3eM-
HUX YaCTUH APHIKM ripcbKoi 3i6paHoi B YKpaiHcbKMx Kapnatax. Memoodu. PocnnHu gns gocniaseHHs 6yaum 3ibpaHiy
Mixripcbkomy paioHi, 3akapnaTtcbkoi 06aacTi. 3 HaA3eMHMX YacTUH Byn CTBOPEHi eTU/IOBI Ta METU/IOBI EKCTPAKTW.
O6’ekTOM AoCNiaKeHHA Bynu ix aHTMOKCUMAAHTHA aKTUBHICTb (meTogom DPPH), 3aranbHa KinbKicTb TaHiHiB Ta ¢pna-
BOHOIAiB (CNEKTPOMETPUYHUM METOLOM) Ta aHTUMIKPOBHa (AUCKO-anbY3iMHUM meTogom). Ona focniaxkeHb 6ynu
BMKOPUCTAHI TUNOBI Ta KANiHIYHI i301ATK, BUAINEHI i3 pOTOBOI MOPOKHUHM NIIOAEN i3 3ana/IbHUMM 3aXBOPIHOBAHHAMM
MapoLOHTY, WO XapaKTEPU3YIOTbCA LUMPOKMM CNIEKTPOM PE3UCTEHTHOCTI A0 aHTMBIOTUKIB. Pe3ys1emamu. TecT Kynb-
TYPY Manu pi3Hy YyTAUBICTb LLLOAO EKCTPaKTIB APHiKM ripCbKOi: i3 BUNpobyBaHMX WTaMiB 6aKTepili HalbiNbL YyTAUBI
BUABWUAUCL S. aureus Ta S. pyogenes. BuaBneHa BiACyTHICTb NPOTUrPMOKOBOI aKTUBHOCTI €TUIOBUX Ta METUIOBMUX
€KCTPaKTiB. EKCTPaKTN XxapaKTepm3yBaiMCb BUCOKOI aHTUOKCUAAHTHOIK aKTUBHICTIO, MPU LbOMY HalBuLe ii 3Ha-
YeHHA Byno xapaKkTepHe A/A eTUI0BUX EKCTPAKTIB, AELLO HUNKYY — METUNOBUX. HallBULWKMIA piBeHb TaHIHIB i3 BCix
OOCNIAXKEHUX EKCTPAKTIB OYB XapaKTepHWUA A5 eTUNOBOTO eKCTPAKTy. BucHosKu. OTpUMaHi pesynbTaTi BKasyloTb
Ha NepcrnekTUBY MOAANbLIMX AOCNIAXKEHb ANA CTBOPEHHA MpenapatiB Ha OCHOBI Arnica ona pornapy Ta ririeHow
POTOBOI MOPOXKHUHWN.

KnouoBi cnoBa: aHTMMIKpPOOHi BnactuBocTi, Arnica montana L., aHTMOKCMAAHTHA aKTUBHICTb, dnaBoHoOIgM,
TaHiHW.

AHTUMUKPOBHbIE, AHTUOKCUAOAHTHBIE U HEKOTOPbIE BMOXMMMWYECKUME CBOMCTBA ARNICA
MONTANA L.

Kpusuosa M. B., Tpyw K. U., Kowosa f., EpTmosa f.

Pe3tome. B nocnegHue roapl HabaogaeTca pacTyLmMii MHTepec K PacTUTENbHOMY CbipblO C TOYKM 3PEHUA ero
NOTEHUMANIbHON aHTUMMUKPOOHOM aKTUBHOCTU. PacTeHunA 6oraTbl camMbiMM Pa3HOOOPa3HbIMU BTOPUYHBIMKU MeTa-
60MTaMn, TaKUMKM KaK AyOuNbHblE BELLECTBA, TePMeHoMAbl, aAKkanonabl U daaBoHoUabl, ANA KOTOPbIX in vitro
6b110 0BHapyKeHO aHTUMMKPOOHble cBoMcTBA. Kak M3BECTHO, pacTeHUs poga Arnica coaepiKaTt Lesblii cnekTp
6MONOrMYECKM aKTMBHbIX BELLeCTB C MPOTMBOBOCMAUTENbHLIMM, FE@HHOMPOTEKTOPHLIMW, AHTUANABETUYECKU-
MW, AaHTUOKCUAAHTHBIMW U AaHTUMUKPOBHBIMK CBOWCTBaMMW. Llesbto pabomesl 6bI10 U3yYeHUE aHTUMUKPOOHBIX,
AHTMOKCUAAHTHbBIX M HEKOTOPbIX BUOXMMWYECKMX CBOWMCTB CMMPTOBbIX 3KCTPAKTOB HaA3EMHbIX YacTel ApPHUKMU
ropHol cobpaHHoM B YKpamHcKkmx Kapnatax. MemooOs!. PacTeHus gaa uccneposaHua 6biam cobpaHbl B Mexrop-
CKOM paiioHe, 3aKapnaTcKkol obaactn. M3 Hag3emHbix YacTelt bbliv co3aaHbl 3TUOBbIE U METU/I0BbIE KCTPAKTbI.
O6beKToM UccnefoBaHUs bblIM UX aHTUOKCUMAAHTHAA aKTUBHOCTL (MeTogom DPPH), obuiee KonnyecTso TaHUHOB
1 GbNaBOHONAOB (CNEKTPOMETPUYECKMM METOLOM) U aHTUMUKPODOHAA aKTUBHOCTb (AMCKO-ANdDY3HBIM METOAOM).
[na nccnenoBaHuit 6b1M MCNONB30BaHbI TUMMYHbBIE U KIMHUYECKUE U30/ATbI, BblAEe/EeHHbIe U3 POTOBOM NOAOCTU
ntofel ¢ BoCcnanuTenbHbIMM 3a601€BaHUAMM NAPOAOHTA, XapPaKTEPU3YHOTCA LMPOKUM CNEKTPOM PE3UCTEHTHOCTU
K aHTMBMOTMKAM. Pe3ysemamel. TeCT KynbTypbl UMENW PasHyto YyBCTBMTENIbHOCTb K 3KCTPAKTamM APHWMKKU FTOPHOM:
M3 UCMbITaHHbIX LWITaMMOB 6aKTepuit Hanbonee YyBCTBUTE/IbHBI OKa3anucb S. aureus u S. pyogenes. ObHapy:xe-
HO OTCYTCTBME MPOTUBOIPUOKOBOM aKTUBHOCTM 3TU/IOBOTO M METU/IOBbLIX KCTPAKTOB. IKCTPAKTbl XapaKTepusosa-
JIUCb BbICOKOM aHTUOKCUAAHTHOM aKTUBHOCTbBIO, MPU 3TOM BbICOKOE ee 3Ha4YeHMe H6bl10 XapaKTepHO 415 3TUA0BOrO
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3KCTPAKTOB, HECKO/IbKO HUXeE — MeTUN0BbIX. CaMblii BbICOKUI YPOBEHb TAHMHOB M3 BCEX UCCIEA0BAHHbIX SKCTPAKTOB
6blN XapaKTepeH ANA 3TUAOBOrO 3KCTPaKTa. Bbigodbl. MonyyeHHble pe3ynbTaTbhl YKa3blBalOT Ha MNepPCneKTUBHOCTb
AaNbHENLWNX UCCNeA0BaHUI MO COo34aHMI0 NPenapaToB Ha OCHOBe Arnica ANA yxofa W FMrMeHbl 3a pOTOBOM Mo-
NIOCTbIO.

KnioueBble cnoBa: aHTUMUKPOBHbIe CBOICTBa, Arnica montana L., aHTUOKCMAAHTHAA aKTUBHOCTb, p1aBoOHOMAbI,
TaHWUHbI.

ANTIMICROBIAL, ANTIOXIDANT AND SOME BIOCHEMICAL PROPERTIES OF ARNICA MONTANA L.

Kryvtsova M. V., Trush K., Kosc¢ova J., Eftimova J.

Abstract. Over the past years there has been a growing interest to plant raw materials evaluated from the
viewpoint of their potential antimicrobial activity. Plants are rich in a wide variety of secondary metabolites, such
as tannins, terpenoids, alkaloids, and flavonoids, which have been found in vitro to have antimicrobial properties.
Arnica genus plants are known to contain a whole spectrum of biologically active substances with anti-inflammatory,
gene-protective, antidiabetic, antioxidant and antimicrobial properties.

The purpose of the work was to study the antimicrobial, antioxidant and some biochemical properties of alcoholic
extracts of aboveground parts of Arnica montana L., gathered in the Ukrainian Carpathians. Methods. The plants
for the study were gathered in Mizhhiria rayon, Zakarpatska oblast (Transcarpathia). From aboveground parts, ethyl
and methyl extracts were produced. The subjects for study were their antioxidant activity (by DPPH method), total
tannin and flavonoids (by spectrophotometric method), and antimicrobial activity (by diffusion-into-agar method).
For the purpose of study, typical and clinical isolates were used from the oral cavity of human patients suffering
from inflammatory diseases of periodontium, characterized by wide resistance spectrum to antibiotics. Results.
Test cultures differently reacted to extracts of A. montana: of the tested strains of bacteria the most sensitive found
S. aureus and S. pyogenes. The ethanol and methanol extracts were observed to show weak antimycotic activity.
The extracts were characterized by high antioxidant activity, with the highest effect peculiar for ethyl extracts, and
somewhat lower one for methyl extracts. The ethanol extract was characterized by the highest tannin level out of all
extracts under review. Conclusions. The results obtained indicate the prospect of using extracts from A. montana as
antistatic and antimycological drugs. The obtained results indicated to good prospects for further research in order

to create Arnica based preparations as mouth cavity care and hygienic products.
Key words: antimicrobial properties, Arnica montana L., antioxidant activity, flavonoids, tannins.
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BIONTOrYHI OCOB/INBOCTI CTA®I/TIOKOKIB TA CTPEMTOKOKIB BUAINEHUX NMPU
3ANA/IbHUX 3AXBOPIOBAHHAX AUXANTbHUX WWNAXIB

[ HinpoBCbKMii HauioHanbHU yHiBepcuteT imeHi Oneca lMoHuapa (m. AHinpo)

38’A30K ny6nikauii 3 N1aHOBMMMU HayKOBO-A0CAIA-
HUMK poboTamu. [OCNigKeHHA BMKOHAHO Y MerKax
HAyKOBO-AO0CNIAHOI Temu: «[llepcneKkTMBHI ANA BWKO-
PUCTAHHA NtOAMHOK 6iosorivyHi BNACTUMBOCTI MiKpoop-
raHi3MiB — KOMMOHEHTIB NPUPOAHUX i WTYy4HMX bioue-
Ho3iB» (N2 peprkaBHOI peecTtpauii 0118U003277), wo
BUKOHYETbCA Ha Kadeapi mikpobionorii, Bipyconorii Ta
bioTexHonorii JHiINPOBCbKOro HaLioHa/bHOTO YHiBEpCH-
TeTy imeHi Oneca loH4Yapa.

BcTyn. IHeKLUii AnXxanbHUX WAAXIB € OQHIEID 3 OCHO-
BHUX rNobanbHUX Npobaem oXopoHM 340p0B’A. 3a odi-
uitHuMmn gaHmmm MO3, Ha 3axXBOPIOBAHHA pecnipaTop-
HOTO TPaKTY, WOPOKY 3axBoptoe Biag 10 Ao 15 mAH. ocib,
CTaHOBUTb 6/M3bKo 75-90% iHdeKUinHOI 3axBoptoBa-
HOCTi B KpaiHi [1].

Ha cknag mikpobHMX cninbHOT cM30BMX 0600OHOK
BEPXHiX AUXA/IbHUX LUNAXIB BNANBAIOTb HAPISHOMAHIT-
Hilli YAHHWKM, B TOMY YMCNi YNCTOTA MOBITPA, HAABHICTb
B HbOMY MUAY, XiMiYHUX i BaKTepiaibHUX 3abpyaHEHb.
OCKi/IbKM HOCOIIOTKA 3aMa€E MPOMIKHE Micue MixK
HOCOM, CMHYCaMU, ByXamMM, TOPTAHHIO Ta HUMKHIM Biadi-
JIOM pecnipaTopHOro TpakTy, pe3ngeHTHa mikpodaopa
MOXKe ByTW ArKepesiom 3axXBOpoBaHb K BEPXHIX, TaK i
HUMKHIX Bigdinis AuMxanbHUX WANAXis. Halbinbw nowu-

katyaskripiiy@gmail.com

peHMMKn baKTepiaslbHUMMK eTionoriyHMmmn dakTopamm
3aMasieHHA pPecnipaTopHOro TPaKTy € FPam-no3uTUBHI
KOKM — CcTadiIOKOKM, CTPENTOKOKM. Bigomo, Wwo XpoHiy-
HUIA TOH3UAIT € OAHUM 3 HaAMMOLWMPEHILMX 3aXxBOpPto-
BaHb BEPXHIX AUXANbHUX LWAAXIB, TaK AK 3yCTPIiYAETbCA
y 4-10% npauesgaTHoro HaceneHHsa i 12-15% vy piten
[2,3].

IHpeKUji, BUKAMKAHI PE3UCTEHTHMMM LUTaMaMM,
BiPi3HAIOTbCA [JOBrOTPMBAZIMM MPOLLECOM, YacTile
BMMAratTb rocnitanisauii i niacunoTb TPUBANICTb
nepebyBaHHA B CTaLioHapi, MOripwytoTb NPOrHo3 ANs
naujienTie. Bce ue nigsuLye npami i Henpsmi ¢iHaHCOBI
BMTPATKU, @ TAKOXK 36iNblUYE PU3UK MOLIMPEHHS pPesunc-
TEHTHMX LUTaMiB B OTOUEHHI [4].

AKTYaNbHICTb L€l TEMM CNOHYKAE A0 BUBYEHHSA CTa-
binoKoKiB, Ta CTPENTOKOKIB, OCKiZIbKM BOHW Hal4acTi-
Lie BMK/IMKAIOTb Pi3Hi 3aXBOPIOBAHHA, AK BEPXHIX TaK i
HUXKHIX OMXaNbHUX WAAXIB AognHKU. TpoTe npobiema
NOATAE He Ti/IbKM B MOLMPEHOCTI Ta BUAINEHHA KOKOBOI
Mikpodiopu, ane i B 3pocTaHHi aHTUBIOTUKOPE3UCTEHT-
HUX LUTAaMiB MiKPOOPTraHi3miB, AIKi rpatoTb BaXK/IMBY POJib
3aMasbHMX 3aXBOPIOBAHHA ANXANbHUX LWAAXIB NHOLAUHW.

MeToto po60oTu 6y/n10 BUAIANTY | BUBUMTM BiosOriYHI
B/1TACTUBOCTI CTPENTOKOKIB Ta cTadiNIOKOKIB Ta X YyTan-
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