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The purpose of the work was to study the antimicrobial, antibiofilm-forming, antioxidant and
some biochemical properties of alcoholic extracts of Potentilla erecta L. rhizome. The plants for the
study were gathered around the village of Luta, Velyky Berezny rayon, Transcarpathia. From the
Potentilla erecta L. rhizome, ethyl and methyl alchogol extracts were produced. The aim of the study
was their antioxidant activity (by DPPH method), total tannin and flavonoids (by spectrophotometric
method), and antimicrobial activity (by diffusion-into-agar method). The clinical isolates were
isolated with the use of differentially diagnostic nutrient media. The antibiofilm activities of the
extracts were tested in standard 96-well microtitration plates.

Ethyl and methyl extracts of Potentilla erecta L. rhizome were shown to reveal high antioxidant
activity. Antimicrobial activity of the extracts against Staphylococcus genus bacteria and Candida
genus fungi was established. The study proved high capacity of ethanol extract for bacterial biofilm
destruction.

Thus, the study showed the antimicrobial, antioxidant and antibiofilm-forming activity of
tormentil ethyl extract against the isolates from the mouth cavities of patients suffering from
parodentium inflammatory diseases, which fact contributes to the application prospects of this
extract as an active base for mouth cavity hygiene preparations.
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Studies aimed at the search of natural
substances with antimicrobial activity,

can destroy bacterial biofilm are also of
significant importance nowadays. The

including those derived from plants. This
trend is connected with the diversity of
biologically active compounds that have a
broad spectrum of pharmacological activity
and exhibit antioxidant, anti-inflammatory
and even anticancer properties [1]. Substances
of plant origin are widely used both in
conventional and folk medicine, as well as in
food, pharmaceutical and beauty industries.
Studies aimed at the search of substances
that, apart from their antimicrobial activity,
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microorganisms of the biofilm are known
to possess a higher level of resistance to
antimicrobial preparations, and as such they
serve an additional factor of pathogenicity [2,
3]. This problem is especially vital for mouth
cavity diseases, where the prevailing majority
of agents of inflammatory diseases are part
of the biofilm, which complicates treatment
of persisting diseases [4]. In our previous
works, we showed the high percentage of
antibiotic-resistant microorganism strains
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within microbial associations of mouth cavity
affected by chronic inflammatory process
[5, 6]. In that case, it was Staphylococcus
spp. genus bacteria and Staphylococcus
spp. + Candida spp.; Staphylococcus spp.
+ Enterobacteriaceae spp. microorganism
associations that were the dominating
associates during an inflammatory process,
on the background of the most complicated
clinical course [7]. In [8] it was shown that the
microorganisms being part of the biofilm were
characterized by a higher level of resistance to
antimicrobial preparations. This is why, the
search of the substances with antimicrobial
and antibiofilm-forming activities presented
a particular interest. In our previous works
we also showed the antimicrobial activity of
essential oils and cowberry extract against
clinical microorganism isolates[9, 10].

The Potentilla genus is a member of
the Rosaceae family, Rosoideae subfamily,
which is mainly distributed in temperate,
arctic and Alpine zones of the Northern
hemisphere. Extracts of the aerial and/or
underground parts have been applied in
traditional medicine for the treatment of
inflammations, wounds, certain forms of
cancer, infections due to bacteria, fungi and
viruses, diarrhoea, diabetes mellitus and other
ailments [11].

The substances extracted from rhizomes of
Potentilla genus plants are known to possess
antimicrobial properties, but no data on the
effect of the extracts upon antibiotic-resistant
clinical isolates and their antibiofilm-forming
properties have been available so far.

The purpose of the work was to study the
antimicrobial, antibiofilm, antioxidant and
some biochemical properties of alcoholic
extracts of Potentilla erecta L. rhizome.

Materials and Methods

The plant materials were collected in the
vicinity of the village of Luta, Velyky Berezny
rayon, Trancarpathia, dried at the temperature
of 30—35 °C in shadow, then ground and placed
in tightly closed containers.

Extracts manufacturing techniques. We
made ethyl and methyl extracts of Potentilla
erecta L. rhizome. 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 or 96° ethyl or methyl
alcohol (Sigma, Germany). 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 filtered through Whatman No. 1
filter paper. The clear solution was placed
in an evaporative device (16-17/32''x34-
59/64"G5B, Coated Dry Ice Condenser Rotary
Evaporator) to obtain pure alcoholic extract at
50 °C, 82 rpm. Then, extracts were subjected to
evaporation under reduced pressure at 40 °C in
order to remove or ethyl or methyl. As a result,
the following pure extracts were obtained:
ethyl extract of 0.50 g; methyl extract of —
1.07 g. For the purpose of study, 0.50 g of
extract was chosen.

Antimicrobial assay. 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; Enterococcus
faecalis ATCC 29212; Streptococcus pyogenes
ATCC 19615; reference S. aureus CCM 4223
biofilm-forming strain. We also used clinical
strains of bacteria and yeasts (S. aureus,
E. coli, S. pyogenes, E. faecalis, C. albicans)
isolated from the oral cavities of patients
suffering from inflammatory periodontium
and pharynx. We chose the clinical strains
with multiple resistance at least to two classes
of antibiotics. As a positive control were
used: gentamicin (10 mg/disk) for Gram-
negative bacteria, ampicilin (10 mg/disk) for
Gram-positive bacteria, nystatin (100 UI) for
Candida. As negative control were used DMSO.

The microorganisms from the oral cavities
of patients with chronic periodontium
inflammatory 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 Pharmacy in Kosice,
Slovakia; the antimicrobial activity of plant
extracts was studied at the Microbiological
Laboratory of the Department of Genetics,
Plant Physiology and Microbiology, Uzhhorod
National University, and Department of
Microbiology and Immunology, University of
Veterinary Medicine and Pharmacy in Kosice.

Antimicrobial activity of Potentilla erecta L.
rhizome extracts was determined using agar
diffusion test [12]. The bacterium 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 20 ul
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were introduced into wells 6 mm in diameter.
The diameters of the inhibition zones were
measured in millimetres including the
diameter of the well. Each antimicrobial assay
was performed at least three times.

Determination of antibiofilm activity. The
antibiofilm activity of the EO were tested
in standard 96-well microtitration plates
(Greiner-BioOne, Austria) using a modified
staining method according to O’ Toole [13].

With the purpose of study of the
antibiofilm-forming activity, a 18-hour culture
of the reference S. aureus CCM 4223 biofilm-
forming strain grown at 37 °C was used. Into
the wells, 180 nul of bacterial suspension, Mc
Farland in broth (TSB, Himedia, India) were
introduced. The Potentilla erecta L. rhizome
extracts dissolved to the concentrations of
1%, 5% and 10% in dimetylsulfoxide (DMSO;
Sigma-Aldrich, USA) was introduced into
the wells in the amount of 20 pl. Following
the addition of the bacterial suspension,
the concentration of plant extracts in the
broth equaled to 0.1%, 0.05% and 0.01%,
respectively. The wells with only 180 ul of
broth and 20 pl of 10% DMSO served as the
control.

Following a 24-hour-long incubation in
the thermostat at 37°, the supernatant was
withdrawn and washed 3 to 5 times with
distilled water. Following a 30-minute-long
incubation, it was dyed with 200 ul of 0.1%
solution of crystal violet; then the dye was
withdrawn, and the supernatant washed 3 to
5 times with distilled water. Into every well,
200 pl of 30% acetic acid were added and
incubated for 10 min. The optical density was
measured on the Synergy HT (Biotek, USA)
spectrophotometer at 550 nm.

More than 50% reduction in absorbance of
CV was considered as significant inhibition.
Statistical Analysis Values mentioned are
the mean with standard deviations, obtained
from three different observations. Values in
the control and treatment groups for various
molecules were compared using Student’s
t-test. A value of P < 0.05 was considered
statistically significant.

Antioxidant activity. Detection of free
radical scavenging activity of the samples was
measured with 2.2-diphenyl-1-picrylhydrazyl
(DPPH) [14]. A sample of 0.1 ml was
mixed with 1.9 ml of DPPH solution in
methanol (0.06 mmol 1"!). The absorbance
of the reaction mixture was detected with a
spectrophotometer Beckman Coulter DU 530.
Following incubation in dark for 30 min, the
absorbance of each solution was measured
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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:

Ab: trol) — Ab: )t
s (control) s(sample) %100

. . 0
DPPHradical scavenging activity (%) 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 [15]. The absorbance
was measured as the absorbance at 750 nm
(A), with the use of water as the compensation
liquid. The percentage of tannins expressed
as pyrogallol was calculated based on the
following expression:

3.125x A

Tannins (%) = ———,
0.316xm

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

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

Determination of Total Flavonoids (TF ).
The flavonoid content was determined by a
colorimetric assay as described by aluminium
chloride colorimetric method [15]. The
absorbance of the test solution was measured
at 425 nm with a spectrophotometer Beckman
Coulter DU 530.

) = Ax125
m

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

For the results of experiment, we used
statistical software Microsoft Office-Excel
(2013) with the calculation of averages, error,
and standard deviation.

Results and Discussion

The studies have shown that the highest
antimicrobial effect of the extracts was
registered against Staphylococcus genus,
Enterococcus faecalis bacteria and Candida
genus microscopic fungi. It was established
that the extracts possessed a distinguished
antibacterial effect upon MRSA S. aureus.
Their effect upon E. coli was significantly
lower. No antibacterial effect of the extracts
upon Streptococcus pyogenes has been
ascertained. The antimicrobial activity of
methyl and ethyl extracts would not differ
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statistically significantly against bacterial
isolates, though ethyl extracts showed a more
distinguished antimycotic activity.

The study of the biochemical and
antioxidant properties of the extracts has
shown a high antioxidant level of tormentil
rhizome ethyl and methyl extracts (Table 2).

The results of the present study suggested
that the ethanol extract from P. erecta rhizome
is characterized by high concentrations of
tannins and flavonoids (Table 2). The study of
the antibiofilm-forming ability of the extracts
showed a high antibiofilm-forming effect
of ethyl extracts from Potentilla erecta L.
(Fig. 1). Thus, 0.1% ethyl extracts reduced the
biofilm-forming activity of S. aureus CCM 4223
by 91.72% as compared with the control (ethyl
alcohol). The reduction of extract concentration
insignificantly affected the antibiofilm-forming
properties of the extract. Say, 0.05% extract
caused reduction of the antibiofilm-forming
properties of staphylococci by 86.2%, and
0.01% extract — by 83.4%.

The study of antibiofilm-forming properties
of methyl extract from Potentilla erecta L.
rhizome showed that the use of 0.1% extract
caused a 71.3% biofilm destruction; the use of
0.05% extract resulted in a 66.6% reduction
of biofilm formation; the application of 0.01%
extract led to a 50% reduction (Fig. 2).

Thereby, high antibiofilm-forming activity of
ethyl and methyl extracts was recorded, however
the antibiofilm-forming activity of ethyl extract
was more expressive and did not reduce significantly
with the reduction of extract concentrations.

The antimicrobial properties of tormentil
have been shown in the works by other
scholars. Say, tormentil rhizome extract was
shown to have an effect against Gram-positive
microorganisms that provoke food infections.
The extract was shown to display an inhibiting
effect against Gram-positive bacteria such
as Staphylococcus aureus ATCC 25923 and
Bacillus subtilis ATCC 6633, as well as against
yeast such as Candida lipolitica KKP 322 and
Hansenula anomala R 26. The extract did

Table 1. Antimicrobial activities of the Potentilla erecta rhizome extract against typical
and clinic opportunistic infectious agents, mm (n = 3, x = SD)

Test culture Ethyl extract Methyl extract

S. aureus ATCC 25923 17.67+0.58* 18.17+0.29*
S. aureus CCM 4223 (biofilm formation) 16.5+0.50%* 17.67=0.58*
S. aureus MRSA (clinic), isolate from mouth cavity 16.0+0.50%* 17.50=0.50%*
Streptococcus pyogenes ATCC 19615 7.33+0.58% 7.50+=0.80%*
Streptococcus pyogenes (isolate from mouth cavity) - -

Escherichia coli ATCC 25922 11.17+0.29%* 11.33+0.58*
Escherichia coli (isolate from mouth cavity) 8.17+0.29%* 8.67+0.58%*
Enterococcus faecalis ATCC 29212 15.67+0.58* 15.00+0.50%*
Enterococcus faecalis (isolate from mouth cavity) 14.67+0.33* 14.67+0.33%
Candida albicans ATCC 885-653 20.33+0.58* 17.5+0.29*
Candida albicans (isolate from mouth cavity) 17.67+0.58%* 12.33+0.58%*

An extraction solvent (ethanol or methanol) were used as the control:
control of ethanol — no inhibition; control of methanol — no inhibition;

* the data were statistically significant as compared with the control (P < 0.05).

Table 2. Level of tannins, flavonoids and antioxidant activity in ethyl
and methyl extracts of Potentilla erecta L. rhizome

Ethyl extract Methyl extract
Absorbance % Absorbance %
(nm) (nm)
tannins
0.81% | 8.04% | 0.78%* | 7.74%
flavonoids
0,112% | 0.114% | 0.11% | 0.14%
antioxidant activity
0.06% | 88.44% | 0.05% | 91.08%
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Fig. 1. Antibiofilm activity of different concentrations of ethyl extract Potentilla erecta L. rhizome
on biofilm-forming S. aureus
* the data were statistically significant as compared with the control (P < 0.05)

Fig. 2. Antibiofilm activity of different concentrations of methyl extract Potentilla erecta L. rhizome
on biofilm-forming S. aureus
*the data were statistically significant as compared with the control (P < 0.05)

inhibit the growth of Gram-negative bacteria
[16]. Another work showed tha antibacterial
and antimycotic activity of aqueous extracts.

Most of the biological effects of Potentil-
la species can be explained by the high amount
of condensed and hydrolysable tannins present
in the aerial and the underground parts, e.g.
the antiviral and antimicrobial activities,
immunomodulating effects, hepatoprotective
and anti-inflammatory effects. Tannins have been
known to be important constituents of Potentilla
species and their extracts, respectively, and
the cause for the astringent effects. Therefore
thorough phytochemical studies on Potentilla
species starting especially in the 1960s were
primarily focussed on tannins [19].
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Thus, our studies have demonstrated the
antimicrobial activity of ethyl and methyl
extracts of Potentilla erecta L. rhizome against
Staphylococcus genus bacteria and Candida genus
microscopic fungi. These trends were shown both on
typical and clinical strains, the latter being isolated
from the mouth cavities of patients suffering from
chronic mouth cavity diseases and characterized
by a high resistance to antibiotics. Ethyl extract
of Potentilla erecta L. was shown to display a
high antibiofilm-forming activity. A significant
antioxidant activity of the reviewed extracts was
also demonstrated. The obtained results indicated
to good prospects for further research in order
to create tormentil-based preparations as mouth
cavity care and hygienic products, as far as they —
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as contrasted with chemical preparations — may
be used for a long period of time as part of mouth
cavity care and preventive products; they as a rule
have no side effects but possess an anastaltic effect
and antioxidant properties. Potentilla erecta L. is
a specially valuable plant product, for it has long
since been used in folk pharmaceutics and medicine
of concrete localities.
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AHTHUMIKPOBHI,
AHTUBIOIIJIIBKOYTBOPIOBAJIBHI
TA JESARI BIOXIMIYHI BJIACTUBOCTI
EKCTPAKTY KOPEHEBUIIIA
Potentilla erecta
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ly)KI‘OpOJICBRI/Iﬁ HaIiOHAJIBHUU YHiBEPCUTET,
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MerToio po6oTH 6YJIO JOCTIAUTY aHTUMIKPOO-
Hi, aHTHOiOIIiBKOYTBOPIOBAIbHI, AaHTUOKCUTAHT-
Hi Ta geaki 6ioximiuni BiacTMBOCTI cIMPTOBUX
eKCTpaKTiB kopeHeBuia Potentilla erecta L. 3ria-
HO 3 METOIO AOCJiIKeHb BU3HAYAJIU aHTUOKCHU-
mauntHy aktuBHicTs (DPPH meTomom), saranbui
TaHiHM Ta PaIaBOHOIAY (CIEKTPOMETPUYHO), AHTU-
MiKpOOHY aKTUBHiCTh (qucKogudysifiHuM MeTo-
mom). Knimiuwi isonaTu Buminaam 3 BUKOPHCTaH-
HAM IJU(epeHIiliHO JiarHOCTUUYHUX CepPemOBUIII.
AuTHO6iONIiBKOYyTBOPIOBAJIBHY 3JATHICTH BU3HA-
Yajam y cTaHJapTHUX 96-TyHKOBUX IJIAHIIETAX.

IToxasaHo BMCOKY AaHTHOKCHUIAHTHY aKTUB-
HiCTh €THJIOBOTO Ta METUJIOBOTO eKCTPaKTiB KO-
penesuiia Potentilla erecta L. BcranoBi€eHO aH-
TUMiIKPOOHY aKTHUBHICTH €KCTPAKTiB CTOCOBHO
b6axTepiit poxy Staphylococcus i MiKpocKoOIIiUHUX
rpubiB poxay Candida Ta BUCOKY 3JaTHIiCTh eTHU-
JIOBOTO €KCTPAKTY [0 AeCTPYKIlii 6aKTepianbHOI
GiommiBKH.

OTmixe, DOCHIMKEeHHA MOKA3aJau aHTUMIiKPOO-
HY, aHTHOKCHUJAHTHY Ta aHTHOiOILIiBKOYTBOPIO-
BaJIbHY aKTUBHICTH €TUJIOBOTO €KCTPAKTYy KaJira-
HY IIOJ0 i30JATiB POTOBOI OPOKHUHM JIIONEH i3
3amaJbHUMI 3aXBOPIOBAHHAMMU IIapOJOHTa, IO
3YMOBJIIOE TIEPCIIEKTUBHICTH BUKOPUCTAHHS ITHOTO
eKCTPAaKTy AK aKTUBHOI OCHOBU IpemapariB Aasa
ririeHu poTOBOI IOPOKHUHU.

Knwuoei cnoséa: aHTUMIKpOOHUIT edeKT, yTBO-
peHHA aHTUOIOMJIiBKM, POCJIMHHI eKCTpPaKTH,
QHTUOKCHUJIAHTHA AaKTUBHiCThH, QJaaBoHOINH,
IyOUIbHI PEUOBUHU.

Thework wascarriedout within the Programof academidraining of KrivisovaMS Erasmust, KoSiceUniversity of VeterinaryMedicine
and Pharmacy,Departmenbf Microbiology andl mmunology, the Subject"Useof antimicrobial propertiesof medicinal herbs anc

AHTAMHKPOBHEIE,
AHTHUBHOILJIEHKOOBPA3YIOIIIUE
1 HEKOTOPBIE BUIOXUMHUYECKHUE

CBOMICTBA SKCTPAKTA KOPHEBHIIIA
Potentilla erecta

M. Kpusyosa®, 4. Kowosa?,
Apmumosa A2, Cnueax H. 4.3

1Y>Rroponcmxn71 HaIlMOHAJIbHBIN YHUBEPCUTET,
OuoJiormuecKuit PaKkyabTeT, Kadenpa reHeTUKU,
¢usuosorun pacTeHuit 1 MUKPOOUOJIOTUH,
Vipanna
2YHuBepcuTET BETEPUHAPHOI MeAUIIMHEL
u papmanuu, Komuie, CiioBakus
MHCTUTYT MUKPOOMOJIOTUY U BUPYCOJIOTUN
um. I1. K. 3a6osmoraoro HAH Vkpaunsl, Kues

E-mail: maryna.krivcova@gmail.com

ITenvio paboThl OBLIO MCCIENOBATH AHTUMU-
KpoOHbIe, aHTHONOIIIEHKOOOpa3ymIiue, aHTH-
OKCHUJAHTHBIE Y HEKOTOpble OMOXUMUUYECKUe
CBOIICTBA CIUPTOBBIX AKCTPAKTOB KOPHEBUIIA
Potentilla erecta L. CorsiacHo mejau ucciemoBa-
HUA ONIPENeIAIN aHTUOKCUTAHTHYI0 aKTUBHOCTD
(DPPH wmeromom), o0mive TaHHUHBL U (DJIaBOHO-
uabl (CIeKTPOMETPUUYECKHN), AaHTUMUKPOOHYIO
aKTUBHOCTD (AUCKOAU(MPY3UOHHBIM METOJOM).
KauanuuecKue mM30JATHI OBIJIU BBIJEJIEHBI C HC-
MoJIb30BaHNEM AUMDEPEeHIINATbHO TUATHOCTUYE-
CKUX cpell. AHTHOMOIIEHKO00Pa3yIOITyI0 CII0Cc0o0-
HOCTB OIIPEAEJISAIN B CTAHAAPTHBIX 96-TyHOUHBIX
ILIaHIITeTax.

Ilokasama BhICOKAs aHTHUOKCHUIAHTHAsS aK-
TUBHOCTH STUJIOBOTO M METHUJIOBOTO 3KCTPAKTOB
KopueBuia Potentilla erecta L. YcranoBiaeHa
AQHTUMHUKDPOOHASA aKTUBHOCTH KCTPAKTOB OTHO-
curesbHO OarkTepuil poxa Staphylococcus u mu-
Kpockonnueckux rpudos poaa Candida BeIcoKas
CIIOCOOHOCTH 9TUJIOBOTO AKCTPAKTA K JeCTPYKIIUU
6axTepUaIbHOI OMOIIJICHKH.

Urak, ncciaenqoBanus MOKa3aau aHTUMUKPOO-
HYI0, aHTUOKCUJAHTHYIO U aHTUOMOIJIEHK000pa-
3YIOIIYI0 AaKTUBHOCTD dTUJIOBOTO 9KCTPAKTA KaJl-
rafHa B OTHOIIEHUU HUB0JIATOB POTOBOM IOJIOCTHU
Jofiel ¢ BOCIIAJUTEIbHBIMU 3a00JI€BaHUAMHY IIa-
POZIOHTA, YTO OOYCJOBJIUBAET IIEePCIEKTUBHOCTD
UCHIOJIL30BAHUA JAHHOTO SKCTPaKTa B KauecTBe
AKTUBHOI OCHOBBI IIPENAPATOB IJIs T'UTHEHBI I10-
JIOCTH PTAa.

Knwouesvle cnosa: anTuMUKpPOOHBIN 29D DEKT,
o0pas3oBaHue aHTUOUONJIEHKMN, PACTUTEJbHbIE
SKCTPAKThI, aHTHOKCUJAHTHAA aKTUBHOCTD, (hya-
BOHOUJBI, NyOMJIbLHEIE BEIIeCTBA.
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