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ABSTRACT

In this study, it was aimed to determine the antimicrobial, antibiofilm activities
and synergistic effects of ethanol extracts obtained from aerial part, root, seed
and seed coat of Vincetoxicum hirundinaria Medik. Antimicrobial activity was
performed against 7 bacterial and 3 fungal reference strains by microdilution
method and minimum inhibition concentrations (MIC) were determined. The
crystal violet method was applied to determine the prevention of biofilm forma-
tion and inhibition of preformed biofilm activities on Pseudomonas aeruginosa
biofilm. In addition, the synergistic effects of aerial part and seed extracts against
both Escherichia coli and Enterococcus faecalis were examined by the microdi-
lution checkerboard method. According to the antimicrobial results extracts had
moderate to low efficacy against bacterial and yeast strains. The synergy test
showed that the aerial part and seed extracts had additive effect against both
E.coli and E.faecalis. The extracts also showed the potential to inhibit biofilm
formation and preformed biofilms. Especially root and seed pod extracts showed
strong antibiofilm activity. In conclusion, the literature search indicated that the
antimicrobial and antibiofilm activities of V. hirundinaria was evaluated for the
first time in the current study, therefore; our findings provide important prelimi-
nary data to the literature in terms of antibiofilm activity of V. hirundinaria.

Keywords: Antimicrobial, Antibiofilm, Synergy Test, Vincetoxicum hirundi-
naria
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1. Introduction

Microorganisms can be life-threatening by causing
infections all over the world which are difficult to
treat. In addition, many microorganisms form bio-
films in order to survive and increase their virulence
in stressful environments such as nutrient-limited
and unsuitable temperature conditions [1]. Biofilms
that play an important role in the persistence of bac-
terial infections are organized bacterial communities
embedded in a surface-bound extracellular polymer-
ic matrix [2]. Extracellular matrix (ECM), a complex
mixture of exopolysaccharides, nucleic acids, pro-
teins, and other compounds, makes up 90% of the
biofilm biomass [3,4].

It is known that biofilms typically play a greater
role in chronic infections than planktonic bacte-
ria and that 65-80% of all infections are associated
with biofilm formation [5,6]. Many microorgan-
isms may contribute to the ctiology of infections by
forming biofilm. Particularly in recent years, inter-
est has been increased on the biofilm formed by a
group of bacteria called ESKAPE (Enterococcus
faecalis, Staphylococcus aureus, Klebsiella pneumo-
niae, Acinetobacter baumannii, Pseudomonas aer-
uginosa, and Enterobacter spp.), which is associated
with high mortality [7]. It is known that microbial
biofilms play an important role in the pathogenesis
of a number of infectious diseases associated with
these microorganisms, including infection of perma-
nent medical devices such as prostheses, catheters,
tracheal tubes, and heart valves, endocarditis, oti-
tis media, wound infections and lung infections of
cystic fibrosis patients [7,8]. In addition, it has been
shown that biofilm-producing bacteria are better able
to evade the host’s immune response and are up to
1000-fold less sensitive to antibiotics compared to
planktonic cells [1,4]. Mechanisms responsible for
decreased antimicrobial susceptibility of biofilm in-
clude; the decrease in antibiotic penetration, differ-
ent growth rates, and nutrient gradients within the bi-
ofilm, persister phenomenon, induction of resistance
mechanisms, mutational resistance, gene transfer [5].

Increasing antimicrobial resistance is an important
public health problem as it causes serious morbidity
and mortality all over the world. Due to the lack of
approved therapeutics in the treatment of biofilm-as-
sociated infections, which is one of the most impor-
tant causes of antimicrobial resistance, the potential
of the developed antimicrobials to prevent biofilm
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formation as well as to eliminate the causative mi-
croorganism is of great importance. In recent years,
it has been proven that natural products obtained
from plants are effective in the treatment of various
diseases and inhibit ECM formation by suppress-
ing cell adhesion/attachment during the biofilm for-
mation process, and have potential as anti-biofilm
agents [9,10].

The genus Vincetoxicum N.M. Wolf (Apocynaceae:
subfamily Asclepiadoideae) [11] is represented by
approximately 100 species which are distributed
from Europe and the Mediterranean, to eastern Asia
[12]. Some species of the genus have been tradition-
ally used to treat neurosis, malaria, scrofula, scabies,
internal fever, [13], external cancers, injuries, and
wounds [14]. Vincetoxicum is one of the largest gen-
era of the subfamily in Anatolia and is represented
by 10 taxa [15]. V. hirundinaria Medik., commonly
known as white swallow-wort, is a long-lived her-
baceous perennial plant [16]. The presence of flavo-
noids, lipophilic compounds, chlorogenic acid, cat-
echin derivatives, phenanthroindolizidine alkaloids,
and antofine in leaves [16] and acetophenones, preg-
nane glycosides, and sterols in roots [17] of the plant
were determined previously. The plant has been tra-
ditionally used in European medicinal system as ex-
pectorant [18,19], diuretic, emetic [11,17,18], antitu-
moral, laxative, and diaphoretic agents [11]. In the
field of veterinary medicine, V. hirundinaria roots
have been used for the treatment of dropsy and some
other illnesses [11]. In France the plant is known as
“dompte-venin” and traditionally used as an emetic
as well as an expectorant [19], in Italy infusion and
decoction of the roots and whole plant are used as
antidote for poisons [20], and in Turkey, the plant
is known as “Kirlangigkuyrugu or/and Panzehir otu”
and emetic properties of the roots were reported [21].
V. hirundinaria also included into homeopathic prep-
aration Engystol [16]. A review of the literature data
revealed no studies on antimicrobial and antibiofilm
activities of different parts of V. hirundinaria, there-
fore; the aim of this study was to evaluate potential
antimicrobial, antibiofilm activities and synergistic
effects of ethanol extracts obtained from aerial parts,
roots, seeds, and seed pods of V. hirundinaria grow-
ing wild in Turkey.
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2. Material and Methods

2.1 Plant Material

V. hirundinaria was collected from Kizilgecit, Mer-
sin, Turkey and identified/confirmed by Dr. S. Gii-
zel Kara (Department of Pharmacognosy, Faculty of
Pharmacy, Mersin University, Mersin, Turkey) and
Dr. A. Kahraman (Department of Biology, Faculty
of Arts and Science, Usak University, Usak, Turkey).
The dried voucher specimens were deposited in the
Plant Systematics and Phylogenetics Research Labo-
ratory, Usak University (A. Kahraman 2557).

2.2 Preparation of Plant Extract

The air-dried and powdered aerial parts, roots, seed
pods, and seeds of the plant were macerated three
times with ethanol [20 mL of EtOH per 1 g of sample,
96 %] at room temperature and filtered using filter
paper (Whatman Grade No.1). Then, the solvent was
evaporated using a vacuum evaporator (Heidolph
Instruments GmbH & CO. KG, Germany) and ob-
tained extracts were stored in the dark at 4°C until
further use [22].

2.3 Biological Studies
2.3.1 Antimicrobial Activity Assay

Antimicrobial susceptibility testing was performed
with minor modifications in the standard microdi-
lution method as previously reported [23,24]. In
this study 7 reference bacterial strains (Escherichia
coli ATCC 35150, Pseudomonas aeruginosa ATCC
27853, Enterococcus faecalis ATCC 29212, Staphy-
lococcus aureus ATCC 29213, Klebsiella pneumoni-
ae ATCC 100031, Acinetobacter baumannii ATCC
02026, Bacillus subtilis ATCC 6633), and 3 refer-
ence yeast strains (Candida albicans ATCC 90028,
Candida glabrata ATCC 15126 and, Candida parap-
silosis ATCC 90018) were included. Microorganism
suspension concentrations; for yeasts on sabouraud
dextrose agar (Merck, Germany) for 24 hours at
28°C and for bacteria on Mueller-Hinton agar (Mer-
ck, Germany) for 24 hours at 37°C, from stock cul-
tures grown, were adjusted McFarland 0.5 (5x10°
CFU/mL). Stock solutions of the extracts were pre-
pared in dimethyl sulfoxide (DMSO) at 1000 pg/mL.
For the microdilution test, 100 pL of medium [Sab-
ouraud dextrose broth (Merck, Germany) for yeasts,
Mueller-Hinton broth (MHB) (Merck, Germany) for
bacteria] was dispensed into each well of the 96-well
microplate. 100 pL of the stock solution of the ex-
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tracts was added to the first wells and two-fold dilu-
tions were made from the first well. Then, 5 pL of
bacteria or yeast suspension was added to each well.
Microorganism suspension was not added to some
wells to create the medium control well, while only
5 puL of yeast or bacterial suspension was added to
some wells without the tested extracts for microbial
growth control. The minimum inhibitory concentra-
tion (MIC) was determined visually and using a mi-
croplate reader (BioTek Inc., USA) at a wavelength
of 630 nm. MIC values were evaluated as the lowest
concentration at which the tested extracts inhibited
the growth of the microorganism. As a reference
drug; Ampicillin (Sigma, USA) for bacteria and flu-
conazole (Sigma, USA) for yeasts were used. It was
tested that DMSO had no effect on the growth of
microorganisms included in the study and all experi-
ments were repeated 2 times.

2.3.2 Determining of Biofilm Formation

Biofilm formation of strains was determined by mod-
ifying the crystal violet (CV) staining method [25].
Biofilm tests were performed on the biofilm of P
aeruginosa. Briefly, 100 pL of MHB was transferred
to 96-well microplates and 10 pL of microorganism
cell suspensions (5x10° cells) were added. Micro-
plates were incubated at 37°C for 24 hours. After in-
cubation, cell suspensions were gently aspirated and
rinsed three times with sterile phosphate-buffered sa-
line (PBS). Subsequently, the biofilms formed were
fixed with 150 pL of methanol for 15 minutes. At the
end of the time, the methanol in the wells was aspi-
rated and the microplates were air-dried. Afterward,
150 uL of 0.5% CV solution was added to the micro-
plate wells and incubated at 25°C for 15 minutes. The
CV solution in the wells was aspirated, then washed
with PBS, and the microplate wells were air-dried. In
the last step, 150 pL of 95% ethanol was added to the
microplate wells and maintained for 15 minutes. The
biofilm formation was determined by measuring the
absorbance at optical density (OD) at 550 nm using
a microtiter plate spectrophotometer (BioTek Inc.,
USA). The OD values of the wells without microor-
ganism inoculum were used as the negative control.
All tests were performed in duplicate.

2.3.3 Biofilm-Prevention Assay

Biofilm-Prevention assay of the extracts were per-
formed with minor modifications of the CV staining
assay [26]. Briefly, serial dilutions were performed

Oksiiz et al.
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at concentrations of sub-MICs of extracts (0.5X and
0.25X MIC) in microplate wells. A suspension of P,
aeruginosa adjusted to McFarland 0.5 (5x105 CFU/
mL) was then seeded into 96-well microplates and
incubated at 37°C for 24 hours. Then, the potential of
the tested extracts to inhibit the formation of P. aer-
uginosa biofilm was determined by following the CV
staining assay steps mentioned in the “Determining
of Biofilm Formation” section. PBS was used as the
negative control. The effects of extracts on biofilm
formation were evaluated by measuring the OD of
the wells at 550 nm using a microplate reader (Bi-
oTek Inc., USA). The lowest extracts concentration
at which biofilm formation was inhibited by at least
50% was defined as the minimum biofilm inhibition
concentration (MBIC, ).

2.3.4 Biofilm-Eradication Assay

The effect of the extracts on the preformed biofilm
was performed by minor modifying the CV staining
assay [26]. Briefly, 100 uL of MHB medium and
5 uL of P. aeruginosa suspension adjusted to Mc-
Farland 0.5 (5x10° CFU/mL) were seeded into each
well of 96-well plates and incubated at 37°C for 24
hours. After incubation, the supernatants were gen-
tly aspirated and 100 pL of each extract diluted to
0.5X, 1X and 2X MIC concentrations was added to
each well. The plates were then incubated again at
37°C for 24 hours. The potential of the extracts to
inhibit preformed biofilm by P. aeruginosa was then
determined by following the CV staining test steps
mentioned in the “Determination of Biofilm Forma-
tion” section [25]. PBS was used as negative control.
The preformed biofilm effects of the extracts were
evaluated by measuring the OD of the wells at 550
nm using a microplate reader (BioTek Inc., USA).
The lowest concentration of the extracts required to

destroy at least 50% of the preformed biofilm was
defined as the minimum biofilm reduction concentra-
tion (MBRC,).

2.3.5 Microdilution Checkerboard Method

The Checkerboard broth microdilution test method
was used to evaluate the synergy between aerial part
and seed extracts against both E. coli and E. faecalis
[27]. The checkerboard synergy test was performed
in duplicate with 96-well microplates. Extract-free
wells were prepared as positive controls. Serial di-
lutions of ethanol extract obtained from aerial parts
(250-1.95 pg/mL) were dispensed from left to right
into the first eight wells of the microplate and serial
dilutions (250-1.95 pg/mL) of ethanol extract ob-
tained from seeds were dispensed from top to bottom
into the first eight wells of another microplate. The
concentration range of the compounds used was de-
termined according to the MIC values (Table 1). The
contents of the two microplates were combined in
another microplate. Bacterial inoculum prepared at
a density of 5 x 10° CFU/mL was added to each well
and the microplates were incubated at 37°C for 24
hours. Evaluation of the checkerboard test was made
according to the fractional inhibitory concentration
(FIC) index. FIC index were interpreted as follows:
FIC <0.5, synergy; FIC>0.5 and <I, additive; FIC
>1 and <4, indifference; and >4, antagonism [27,28].

FIC index was calculated according to the equation
given below;

A/MICA + B/MICB = FICA + FICB = FIC index,
where A and B are the MICs of drug A and drug B in
the combination, MICA and MICB are the MICs of
drug A and drug B alone, and FICA and FICB are the
FICs of drug A and drug B.

Table 1. MIC values (ng/mL) of the tested extracts, and reference drugs against microbial strains.

K. B. P, S. A. C. C. C.
Used part/ . e . . .. ) -
Reference pneumoniae  subtilis  aeruginosa  aureus coli E. faecalis  baumannii  albicans  glabrata  parapsilosis
antimicrobials ATCC ATCC ATCC ATCC ATCC ATCC ATCC ATCC ATCC ATCC
100031 6633 27853 29213 35150 29212 02026 90028 15126 90018
Aerial part 62,5 125 62,5 125 62,5 62,5 125 125 62,5 62,5
Seed 125 125 125 250 62,5 62,5 125 125 62,5 62,5
Seed pod 125 125 125 250 125 125 125 125 62,5 62,5
Root 125 125 125 250 125 125 125 125 62,5 62,5
Ampicillin * * 31,25 * 3,90 * 31,25
Fluconazole - - - - - - * 8 *

- Not tested; * Effective at all tested concentrations
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3. Results and Discussion

In the current study, antibacterial, antifungal, and an-
tibiofilm activities of ethanol extracts obtained from
different parts (aerial part, root, seed, and seed pod)
of V. hirundinaria were investigated. The yields of
aerial part, root, seed pod, and seed extracts were
26.1%, 20.3%, 28.5%, and 18.9% (w/w), respec-
tively.

The antimicrobial activities of the extracts against
bacteria and yeast strains included in the study are
shown in Table 1. Compared with reference antibac-
terial agents (ampicillin and fluconazole), the ex-
tracts showed moderate to low antimicrobial activity
(MIC range: 250-62,5 pg/mL) against both bacteria
and yeasts. When evaluated in terms of antibacterial
and antifungal activities, there was no big difference
between the extracts, but the antimicrobial activity
of the aerial part extract was found to be higher than
the other tested extracts, especially on K. pneumo-
niae and P. aeruginosa. When evaluated in terms of
yeast strains, the antifungal activity of all extracts
included in the study against C. albicans was lower
than that of C. glabrata and C. parapsilosis (Table
1). Antimicrobial activities of ethanol extracts of five
Vinxetoxicum taxa growing Turkey were investigated
against S. aureus, B. subtilis, E. coli, A. baumannii,
A. hydrophila, M. tuberculosis, C. glabrata, C. par-
apsilosis, and C. tropicalis in our previous studies
[29,30] and tested extracts showed different anti-
microbial activities (MIC range: 31.25-250 pg/mL).

60%
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Pl gt

U

.

30%

20%

[nhibition (%)

10%
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Sead
41%
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34%
30%

B 0.5x
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However, there is no antimicrobial study on V. hirun-
dinaria growing in Turkey. The results of the study
are consistent with our previous studies.

Biofilm prevention test determined that tested ex-
tracts obtained from aerial parts, seeds, seed pods,
and roots inhibited biofilm formation by approxi-
mately 34%, 41%, 47%, 48%, and 30%, 34%, 44%,
43% at 0.5X and 0.25X MIC, respectively (Figure 1).
None of the extracts included in the study were able
to prevent biofilm formation by 50% at the concen-
trations tested. Therefore, although the extracts have
no MBIC, value, seed pod and rood extracts (47%,
48%) at 0.5X MIC concentration prevented biofilm
formation with a value close to 50%. In addition, us-
ing the biofilm eradication test, it was determined that
tested extracts obtained from aerial parts, seeds, seed
pods, and roots inhibited biofilm formation by ap-
proximately 27%, 40%, 47%, and 47%, respectively,
at 0.5X MIC. This rate was approximately 33%, 42%,
48%, 51%, and 37%, 50%, 50%, 54% in 1X and 2X
MIC, respectively (Figure 2). According to these data,
the MBRC_ value of seed and seed pod extracts was
250 pg/mL, but the seed pod extract was able to erad-
icate biofilm with a value close to 50% at 1X MIC
(ng/mL). The MBRC,_ value of the root extract is 125
pg/mL. In general, when we compared the all tested
extracts included in the study in terms of preventing
biofilm formation, it was determined that seed pod
and root extracts were more effective than the others,
although there was not much difference. In addition,
when we compared their activities on the formed bio-

Seed pod Root
47% 48%
443 43%

Concentration (xMIC)

m0.5x m0.25x

Figure 1. Prevention of biofilm formation of V. hirundinaria. Inhibition (%) of biofilm formation by extracts at 0.5X and 0.25X

concentrations.
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Figure 2. Eradication of biofilm formation of V. hirundinaria. Preformed biofilm inhibition (%) of extracts at 0.5X, 1X, and

2X concentrations.

film, it was found that root extract was more effective
at lower concentrations (MIC) compared to the oth-
er extracts. When the extracts included in the study
were compared, both in preventing biofilm formation
and in removing the formed biofilm, seed pod and
root extract showed the best efficiency, while aerial
part extract showed the lowest efficiency.

Aerial part and seed extracts showed relatively better
antimicrobial activity against E. coli and E. faecalis
than the other extracts included in the study (Table
1). Therefore, the synergistic effects of these two ex-
tracts against both E. coli and E. faecalis were in-
vestigated. As a result of checkerboard experiments,
it was determined that aerial part and seed extracts,
whose synergistic effects were calculated according
to the value of the FIC index, showed additive ef-
fects against both E. coli (FIC=0.74) and E. faecalis
(FIC=1). This indicates that the antimicrobial effects
of extracts obtained from aerial parts and seeds of V.
hirundinaria on E. coli and E. faecalis are not differ-
ent when used separately than when used together.

4. Conclusions

Different Vincetoxicum taxa (V. parviflorum Dec-
ne., V. fuscatum (Hornem.) Reichb. subsp. boissieri
(Kusn) Browicz, V. fuscatum subsp. fuscatum (Hor-
nem.) Reichb., V. canescens (Willd.) Decne. subsp.
pedunculata Browicz, and V. canescens (Willd.)
Decne. subsp. canescens) growing Turkey were
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studied for their antifungal [31], antifeedant [32,33],
antimicrobial [29,30], and antiproliferative [30] ac-
tivities previously while there is no study on V. hi-
rundinaria growing wild Turkey. Therefore; this is
the first study on antimicrobial and antibiofilm ac-
tivities of aerial part, root, seed, and seed pod of V.
hirundinaria. Moreover, this is the first study on an-
tibiofilm activity of Vincetoxicum species. Our data
show that V. hirundinaria extracts have moderate to
low antimicrobial activity in the strains tested. In
addition, these extracts have the potential to both
inhibit biofilm formation and inhibit preformed bio-
film. Investigation of the antibiofilm potential of V.
hirundinaria, which grows easily in various condi-
tions in Turkey and is not an expensive raw material,
will contribute to the fields of health and economy
in the treatment of biofilm-induced difficult infec-
tions. In conclusion, although our findings show
the antibiofilm activity of V. hirundinaria, there is
still a need to support this data with detailed further
studies on different microorganisms, animal studies,
action mechanisms, comparison of the efficiency of
extracts, active components, and toxicity tests.
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