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Oleic acid is a naturally occurring fatty acid in animal and vegetable oils and has been shown to
have awide variety of pharmacological effects. It aimed to investigate the efficacy of oleic acid on
the adhesion and invasion of S aureus to the host cell and biofilm production. The standard S
aureus strain (ATCC 25923) was used in the experiments. Cytotoxicity tests of oleic acid were
performed in the Vero cell line. Bacterial adhesion and invasion rates and activities on slime
formation in cells treated with oleic acid were evaluated compared to the control group. Slime
formation tests were evaluated phenotypically on Congo red agar. In the study, it was determined
that oleic acid was effective in both cellular adhesion and invasion in terms of colony number in
cell cultures treated with 0.156 pg/ml concentration of oleic acid. In addition, it was determined
that slime production was significantly inhibited in bacterial cultures treated with oleic acid. Oleic
acid prevents cells from attaching to bacteria and has an inhibitory effect on the virulence of
bacteria. This activity of oleic acid may be due to its modulatory effect on cellular processes, and
its bacterial virulence may be related to its effect on bacterial metabolism.
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INTRODUCTION

Oleic acid is a monounsaturated fatty acid. It is found in nature in vegetable and
animal oils. Oleic acid is the most abundant fatty acid in human adipose tissue and is
second only to palmitic acid in human tissues overall. Oleic acid is an unsaturated fatty
acid found as a glyceryl ester in various vegetable oils such as hazelnut and olive ail
(Sales-Campos et al., 2013; Carrillo et al., 2012; Carrillo et al., 2012).

Oleic acid constitutes 500-85% of the total fatty acids that form a triglyceride
complex in olive oil. Scientific studies have shown that oleic acid and its derivatives
exhibit a variety of biological activities, including antimicrobial and anticancer
activities. In the literature, it has been reported that oleic acid and extracts containing
oleic acid have various biologica effects such as antibacterial, antifungal, antiviral, and
antioxidant activity (Sales-Campos et al., 2013; Carrillo et al., 2012). Although rich
pharmacological activities of oleic acid have been reported, studies on its effectiveness
in host cell adhesion and invasion and its effects on bacteria virulence are limited.

In this study, the activities of oleic acid on the cultured cells and the biofilm formation
of S aureus were evaluated.

Bacterial Strain

Standard Staphylococcus aureus (ATCC 25923) strain from the bacterial culture
collection of Hatay Mustafa Kemal University Faculty of Medicine, Department of
Medical Microbiology was used in the experiments.

Strains, Cell Culture, and Oleic Acid

The Vero cell line, which was used for both cytotoxicity tests and in-vitro efficacy
tests in the study, was obtained from the culture collection of Hatay Mustafa Kemal
University Faculty of Medicine, Department of Medical Microbiology, and oleic acid
was obtained commercialy.
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In the study, RPMI 1640 broth containing 10% fetal calf serum, 10 mM HEPES, and
100 1U/ml penicillin/streptomycin with 4 mM glutamine was used for cell growth and
maintenance in cell culture experiments.

Incubation of cells was carried out in an incubator at 37 °C, 5% CO,, and 95% air.
For the production of cells, they were incubated in culture dishes of different volumes
(100, 250, and 500 ml) as 1x10° cells/ml, in containers containing 10 percent of the
culture vessel. For the proliferation of the cells, the growth was followed daily for 3
days, and passage procedures were performed when the cells were grown in a
monolayer manner on the surface of the culture dish. The cells were removed from the
culture dish with the prepared trypsinization solution and transferred to 50 ml centrifuge
tubes at 1500 rpm for 15 minutes. The cell pellet was collected by centrifugation.

Activity assays were performed on flat-bottomed microplates. Dimethyl sulfoxide
(DM SO) used to dissolve oleic acid was used. Tests for the determination of the non-
toxic concentration of DM SO were performed using the Vero cell line. The non-toxic
concentration of DM SO was chosen as the solvent concentration.

Activity Studies

Firstly, non-toxic concentrations of oleic acid in Vero cell culture were determined.
Activity studies were performed within these non-toxic concentrations. Studies to
determine the cytotoxic effect were performed with the MTT (3-(4,5-Dimethylthiazol-
2-yl)-2,5-diphenyltetrazolium bromide) method as described by Mossman (Mossman et
al., 1983). For activity studies, cell cultures were prepared with 1x10° cells in each ml
of Vero cells. After 6 hours of incubation for cell adhesion, amounts of chemical
compounds containing different concentrations were added to the culture medium.

After incubation, the cells that continued to proliferate by adhering to the culture
dish surface were treated with 0.25% trypsinization solution and transferred to
centrifuge tubes. Cells were collected by centrifugation at 1500 rpm for 10 minutesin a
refrigerated centrifuge (+4 °C) and cell viability was determined.

Cell Adhesion Tests

Fresh cultures of S. aureus passaged on Mueller-Hinton agar were used for this
purpose. Before these procedures, the Vero cell line was prepared with 1x106 cells in
each ml. Then, Oleic acid (different concentrations (of 5, 10, 15, 20, and 25 pg/ml) was
added to the cells. After inoculation, they were incubated at 37 °C for 2 hours.

Then, a 1x108 concentration of bacteria solution prepared from 24-hour fresh
cultures of S aureus was added to cell culture media treated with oleic acid. Adhesion
tests were performed by incubating at 37 °C for 3 hours. The wells were washed with
PBS solution. This procedure was repeated 3 times. The cells were then treated with
0.025% Triton X-100 and incubated with this solution for 5 minutes a room
temperature. At the end of the incubation, the samples taken from the wells were
inoculated into Mueller-Hinton agar and a bacterial count was performed.

Invasion Tests

For invasion tests, after bacterial adhesion to the cells, the cell surface was washed
with an antibiotic solution (gentamicin solution; 200 pg/mL). Cells with an antibiotic
solution at 37 °C for 15 min. incubated. Thus, bacteria on the cell surface were
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inactivated. Then, the wells were washed 3 times with PBS solution. Then, 0.025%
Triton X-100 was added to the cells and incubated for 5 minutes at room temperature.
The lysate formed in the wells was homogenized and the sample taken from each well
was inoculated with Mueller-Hinton agar for the bacterial count and incubated (24
hours at 37 °C).

Slime Production

The presence of the effect of oleic acid on the slime production of S. aureus was
evaluated by the Congo-red method, one of the phenotypic methods.

Slime production from bacteria exposed to these chemical compounds and different
combinations of these compounds was compared with slime-positive Saureus strains by
inoculation on a Congo-red medium. In the evaluation made after a 48-hour incubation
at 37 °C following the microorganism inoculation, the presence of black colonies in
Congo-red medium was evaluated as slime production positive, and the presence of
light-colored colonies was evaluated as negative slime production.

Results

Oleic acid exhibited dése-dependent activity on the adhesion of S aureus to Vero
cells. Compared to the control group, it was determined that there was no effect on cell
adhesion in the presence of 5 pg/ml oleic acid, but bacterial adhesion was inhibited
statistically in the presence of 10, 15, 20, and 25 pg/ml oleic acid (Figure 1).
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Figure 1. Efficacy of S. aureus adhesion to Vero cells at different concentrations of
oleic acid

A similar relationship was also obtained in the invasion tests performed following
the adhesion experiments. Unlike the adhesion tests, oleic acid significantly inhibited
the invasion of S aureus into the host cell at 5 pg/ml and al other concentrations
(Figure 2).
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Figure 2. Efficacy of S aureusinvasion into Vero cells at different concentrations of
oleic acid

The efficacy results of oleic acid on the biofilm-forming capacity of S.aureus are
given in Figure 3. As can be seen from the figure, although oleic acid produced a
reduction in bacterial biofilm formation at 5 and 10 pg/ml concentrations, thisinhibition
was not significant when compared to the control group. However, oleic acid
significantly inhibited biofilm formation at concentrations of 15, 20, and 25 pg/ml
(Figure 3).
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Figure 3. The concentration-related activity of oleic acid on biofilm formation of
S aureus
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DISCUSSION

In recent years, it has been reported in various studies that oleic acid has very
important contributions to human health and diseases (Ghavam et al., 2021; Y amagata
et al., 2021; Li et al., 2014). In our study, it was determined that when the intracellular
oleic acid level is high, both the cell resistance of the host cell against the pathogen
increases and the biofilm formation capacity of S. aureus, which is one of the most
important virulence factors, is inhibited.

CONCLUSIONS

The fact that oleic acid makes the host cell resistant to bacterial adhesion and
invasion can be considered an indicator of its being a cellular modulator. These results
will be very valuable in the treatment of virulent S. aureus strains. The combined use of
oleic acid with any antibiotic can increase drug efficacy by inhibiting biofilm formation.
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