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ARTICLE INFO ABSTRACT

Keywords: Microbial accumulation in materials used in sectors such as medical, textile and food can lead to serious diseases,
Antimicrobial infections and uncontrollable problems. Many of the materials used in the above-mentioned industries have
Antibiofilm highly sensitive surfaces for microorganisms and cause colonization and biofilm formation. Colonization and
Hypericum perforatum

biofilm formation threaten human health and they cause many diseases that result in death every year.
Antimicrobial materials have an important role in combating pathogens. This article is about a new material
with antibiofilm and antimicrobial properties combining polyurethane and Hypericum perforatum extract (PHPE)
together. Antimicrobial effect of H. perforatum extract was determined against three clinical pathogens; C. al-
bicans, E. coli and S. aureus. The highest antimicrobial activity of H. perforatum extract was found against S.
aureus strain. Antibiofilm analysis results revealed that H. perforatum was also inhibited by the biofilm formation
of S. aureus by 56.85%. The combination of polyurethane material and H. perforatum extract (PHPE) resulted in
92.85% decrease in S. aureus biofilm compared to control group. The reduction of S. aureus after H. perforatum
incorporation was revealed by Scanning Electron Microscopy (SEM) study. The results show that the poly-
urethane material combined with H. perforatum extract inhibits the formation of S. aureus biofilm.

1. Introduction

Microorganisms are vital organisms such as bacteria, fungi and
parasites which are critical sources of infections [1]. An antimicrobial is
a substance used to kill microbes or prevent their growth. Antimicrobial
polymers were discovered in 1965 [2] and attracted attention both in
academic and industrial research. An analysis of articles made about
antimicrobial polymers, it is observed that focuses on various methods
for antimicrobial polymers and antimicrobial applications of the re-
search. Medical, food and textile industries are three important areas of
applied antimicrobial polymers [3-8]. When microbes adhere to a
substrate, they form biofilms to bond themselves to the substrate. In
biofilms, cells grow in multicellular aggregates and are embedded in a
selfgenerating matrix of extracellular polymeric material. For this
reason, antimicrobial applications require strategies to prevent micro-
bial viability or adhesion. Some of the reviews have identified
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antimicrobial management [9-15]. Biofilms are difficult to resist many
biocides. Thus, to prevent spread of disease, inhibition of biofilm for-
mation and reduction of microbial binding is a more promising anti-
microbial strategy than the killing of microbes [16,17].

Hypericum perforatum L. (Hypericaceae), also known as St. John’s
Wort, has gaining interest recently and is one of the most consumed
medicinal plants in the world. With a wide range of therapeutic effects
such as antiinflammatory, antimicrobial, antioxidant agent, wound
healing and pain relief effects, the extracts of H. perforatum are used as
medicinal natural agents [18].

Antimicrobial polymers are frequently used in medicine, food and
textile sectors. The surfaces of medical devices are sensitive to micro-
bial infection and provide a suitable environment for microbial growth.
At the same time, many of the hospital infections are caused by medical
devices. In addition, antimicrobial polymeric materials are used in food
packaging by the food industry, taking into account consumer health
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and safety. Another one, textile fibers containing antimicrobial agents
are used to prevent microbial growth under favourable temperature and
humidity conditions in the textile industry. In summary, the surface is
usually coated or impregnated with antimicrobial material to obtain the
above-mentioned antimicrobial surface [19]. In this study, it is aimed to
investigate antibiofilm and antimicrobial activity of a new material
with combining polyurethane and H. perforatum extract. For the best of
our knowledge, the present study is significant due to incorporation of
H. perforatum into polyurethane and evaluation of its antibiofilm ac-
tivity for the first time.

2. Materials and methods
2.1. Plant material

Hypericum perforatum L. is a member of the genus Hypericum
(Hypericaceae) [20]. H. perforatum was collected from Mugla city
(Turkey) in June 2016, rinsed with tap water in order to remove surface
pollutions and then dried in the shade. First, dry leaves were kept in
ethanol for 8h at room temperature. Then, filtration was carried out
and water was removed by vacuum evaporation. Finally, the obtained
extract of H. perforatum was dissolved in 96% ethanol (100 mg/mL).

2.2. Microorganism

The antimicrobial activity of the H. perforatum extract (HPE) was
tested against a group of microorganisms including Candida albicans (C.
albicans) ATCC 10239, Escherichia coli (E. coli) ATCC 25922 and
Staphylococcus aureus (S. aureus) ATCC 25923. E. coli and S. aureus
strains were incubated at 37 = 0.1 °C for 24-48 h while C. albicans was
incubated at 30 = 0.1 °C for 24-48 h. For bacteria, Nutrient Broth (NB)
(Merck) and for yeast, Sabouraud Dextrose Broth (SDB) (Merck) were
used as culture media. Inocula were prepared adjusting the turbidity of
the medium to match the 0.5 McFarland standard dilutions. The strains
were maintained in their appropriate agar slants at 4 °C throughout the
study and used as stock cultures.

2.3. Antimicrobial activity of H. perforatum extract by agar well diffusion
method

The antimicrobial activity of HPE was assayed by agar well diffusion
method [21]. Briefly, 20 mL of Mueller-Hinton Agar (Merck) sterilized
and cooled to 45-50 °C. After injecting 1000 UL microorganism cultures
to sterile plates, media was distributed and mixed homogeneously.
Wells of 6-mm diameter were made on agar plates using a cork borer.
20 puL. 100 mg/mL of HPE was injected to the wells. Before injecting
HPE, a small amount of sterile agar poured onto each well to prevent
the spreading of the HPE from the wells. Antimicrobial activity was
evaluated by measuring the zone of inhibition around the wells. Studies
were performed in triplicate. Discs of ampicillin (10 pug), gentamicin
(10 pg) and nystatin (30 pg) were used as positive controls.

2.4. Antibiofilm activity of H. perforatum extract against S. aureus

The effect of HPE on biofilm-forming ability of S. aureus was tested
by a microplate biofilm assay [22]. Bacterial strains were prepared as
mentioned above but Trypticase Soy Broth (TSB) supplemented with
5% p-glucose was used as culture media. Cultures diluted to 1:100 in
fresh TSB with 5% bp-glucose. Totally 200 pL bacteria suspension and
20 uL HPE (100 mg/mL) were incubated in sterile microplate at 37 °C
for 48 h. After incubation, the wells were washed with distilled water
twice to remove the planktonic bacteria. The remaining bacteria were
subsequently stained with 0.1% crystal violet solution for 10 min. Wells
were washed again to remove the excess crystal violet solution. After
air-drying, 200 uL glacial acetic acid were added to each well and in-
cubated at room temperature for 10 min. 125 pL solution from each
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well transferred to another sterile tube and the final volume was ad-
justed to 1 mL with distilled water. Optical density (OD) of the solutions
was measured at 550 nm (Multiskan GO UV/Vis Microplate Spectro-
photometer, Thermo-Fisher Scientific, USA). The effect of H. perforatum
extract on biofilm formation of S. aureus was calculated with the fol-
lowing equation: % Antibiofilm Effect = [(Controlop — Sampleop)/
Controlpp] X 100, where control is the cell suspensions of bacteria
without HPE.

2.5. Preparation of the polyurethane discs combined with H. perforatum
extract

The commercial polyurethane foam was melted at 120 °C and the
extract was added to the mass at 20%. Melting and mixing was carried
out in inert atmosphere. The mixture was cast into molds and disc-
shaped material was obtained.

2.6. Biofilm inhibition on polyurethane discs incorporated with H.
perforatum extract

The effect of HPE on biofilm-forming ability of S. aureus growing on
polyurethane polymer surface was determined by staining with crystal
violet [23]. S. aureus strain was prepared as mentioned above. Trypti-
case Soy Broth (TSB) supplemented with 5% p-glucose was used as
culture media. Cultures inoculated into the 24 wells plate containing
cm square polymer discs prepared with HPE. Plates were incubated at
37 °C for 48 h After incubation, the discs were washed with sterile PBS
twice to remove the planktonic bacteria. Discs were put into new wells
and stained with 1 mL of PBS containing 100 uL of 1% (w:v) crystal
violet (Sigma-Aldrich, St. Louis, MO) and incubated for 15 min at room
temperature. The discs in the wells were washed 3 times with PBS and
crystal violet then solubilized by addition of 2mL of 95% EtOH and
shaked for 15 min. Optical density of the solutions was measured at
550 nm (Multiskan GO UV/Vis Microplate Spectrophotometer, Thermo-
Fisher Scientific, USA).

2.7. Colony counting

Colony counting method was also applied to determine the biofilm
inhibition quantitatively [24,25]. The discs (each square disc had
1cm X 1 cm dimensions) were incubated with S. aureus as mentioned
above. After 24 h, the discs were removed from the tubes and placed in
sterile PBS (phosphate buffered saline) solution. Tubes were sonicated
for 15min to disaggregate the biofilm layers using a sonicator (Elma
Hans Schmidbauer GmbH & Co., Singen, Germany). Serial 10-fold di-
lutions were prepared using sterile PBS and the dilutions were plated on
TSA (trypticase soy agar) supplemented with 5% p-glucose. The number
of colony forming units (CFU) were calculated after counting the plated
incubated at 37 °C for 24 h. The discs without HPE was used as control
group. Three samples from each group (the test group and control
group) were used to quantify the Colony Forming Units (CFU).

2.8. Scanning Electron Microscopy

Biofilm inhibition of the HPE was also observed by Scanning
Electron Microscopy (SEM). Polyurethane discs were placed in biofilm
assay tubes which prepared as mentioned above. Tubes containing discs
were incubated at 37 °C for 48 h. Then, the discs were gently rinsed
with PBS (pH 7.4) and fixed with 2.5% glutaraldehyde at 4 °C for 2h.
After glutaraldehyde fixation, the discs were washed again with PBS for
1 h and dehydrated by increasing concentrations of ethanol. Specimens
were air-dried and coated by gold (Emmitech K550, UK) before ex-
amining with a SEM (JEOL JSM-7600F; JEOL Ltd., Tokyo, Japan). To
compare the biofilm inhibition, discs without H. perforatum extract
were used as control.
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3. Results and discussion

The present study was conducted to investigate the antimicrobial
activity of the HPE and its potential to inhibit microorganisms when
combined with polyurethane material. For this purpose, the study was
designed to detect the highest antimicrobial activity of HPE against
pathogenic microorganisms.

HPE showed no inhibition activity against C. albicans. Similarly, a
Gram-negative bacteria E. coli was also not affected by HPE. On the
other hand, a Gram-positive bacteria S. aureus was strongly affected by
HPE (Table 1). The zone of inhibition measurement clearly showed that
HPE was much more effective on S. aureus than antibiotic disc (Fig. 1).
To measure the diameter of inhibition zones; the plates were turned
back, clear zones were signed with a marker pen and the diameter of
the clear circle around the extract was measured using a ruler (without
paying attention to the HPE channels formed on to the agar).

There are some studies available in the literature about the in vitro
antibacterial and antifungal activity of H. perforatum extracts [26-30].
Gunes ve Tihminlioglu [18] combined the H. perforatum extract into
chitosan films and resulted that H. perforatum oil incorporated films had
antimicrobial effect on both E. coli and S. aureus. Similar to our results,
H. perforatum extracts are reported to exhibit more pronounced activity
against Gram-positive bacteria than Gram-negative bacteria [31,32]. In
a study of Mazandari et al [33], the higher antibacterial activity of
ethanolic extracts of aerial parts of H. perforatum against Gram-positive
bacteria (Enterococcus faecalis and S. aureus, with growth-inhibition
zones in the range of 25-26 mm) than of Gram-negative bacteria (Sal-
monella typhi, Shigella dysenteriae, Yersinia enterocolitica, E. coli and
Pseudomonas aeruginosa) were reported. Peng and Li [34] resulted that
the sensitivity of S. aureus against essential oils, when compared to E.
coli, may be due to the relatively impermeable outer membrane that
surrounds Gram-negative bacteria.

According to the antimicrobial activity analysis results of HPE ob-
tained in the present study, it is decided to continue the antibiofilm

Table 1
Inhibition zone (mm) for H. perforatum extract and antibiotic discs.

Zone of inhibition for H. Zone of inhibition for
perforatum extract antibiotic discs
(mm) (mm)

Microorganism

Candida albicans -
Escherichia coli -
Staphylococcus aureus 23

Nystatin 17
Gentamicin 20
Amoxicillin 22

Bioorganic Chemistry 82 (2019) 224-228

Fig. 2. Tube images of S. aureus cultures with polyurethane disc (a) control, (b)
polyurethane disc incorporated with H. perforatum extract (PHPE).
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Fig. 3. Anti-biofilm activity of HPE-incorporation to polyurethane discs against
biofilm formation of S. aureus. Shown is the mean *+ SD of 3 independent ex-
periments.

Fig. 1. Agar well diffusion assay of H. perforatum extract against S. aureus (a) and antibiogram of amoxicillin (b).
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Fig. 5. SEM images of polyurethane discs incorporated with H. perforatum extract. Magnifications are: (a) x 500, (b) X 2500.

activity analysis against S. aureus bacteria. Antibiofilm activity of HPE
on the biofilm forming capacity of S. aureus was found to be 56.85%
when compared with control group. Similar to this, HPE incorporation
into the polyurethane discs also decreased the S. aureus biofilm for-
mation as 92.85%. Fig. 2 shows the bacterial inhibition in the broth
tubes after incubation. The tube containing the polyurethane disc with
HPE (PHPE) looks clear while the tube with control disc is blurred. This
observation proves the inhibition of S. aureus growth in the tube con-
taining HPE-incorporated polyurethane disc. Biofilm inhibition was
also observed with Scanning Electron Microscopy (SEM). The in-
corporation of HPE resulted in the inhibition of S. aureus biofilm on the
polyurethane discs. Approximately 6.6-log reduction was observed for
S. aureus when exposed to polyurethane discs combined with HPE
(Fig. 3).

Control group discs without H. perforatum extract were highly
contaminated with S. aureus after 48 h incubation (Fig. 4). On the other
hand, polyurethane discs with HPE (PHPE) were clear and there were
individual bacterial cells without an exopolysaccharide layer (Fig. 5). S.
aureus is known to be an important human pathogen able to adapt and
evolve in terms of its resistance traits and virulence factors and it is
among the most important causes of human infections in both the
hospital and community settings [35]. To fight against Staph infections,
researching new bioactive secondary metabolites with potential anti-
bacterial activity has been gaining much importance; especially the
agents that limit growth and biofilm production by pathogenic bacteria.

4. Conclusion

Antimicrobial properties of H. perforatum ethanolic extract were
determined against three different microorganisms (Candida albicans,
Escherichia coli, Staphylococcus aureus) which are the members of yeast,
Gram-negative bacteria and Gram-positive bacteria. Although the ex-
tract showed a strong inhibitory activity against S. aureus, no inhibitory

activity was observed against C. albicans and E. coli. Antibiofilm ana-
lysis results revealed that H. perforatum was also inhibited the biofilm
formation of S. aureus by 56.85%. The combination of polyurethane
material and H. perforatum extract (PHPE) resulted in 92.85% decrease
in S. aureus biofilm when compared with control group. The reduction
of S. aureus biofilm after H. perforatum incorporation was revealed by
Scanning Electron Microscopy (SEM) study.

The results show that the polyurethane material combined with H.
perforatum extract inhibits the formation of S. aureus biofilm. Overall,
H. perforatum extract with its potential wound healing capacity may
effectively used for pharmaceutical and biomedical application, espe-
cially against resistant S. aureus infections.
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