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Abstract: Sunflower oil is known for its therapeutic properties and culinary use. It ARTICLE HISTORY
is an important alimentary source of tocopherol and unsaturated fatty acids, and is —

used especially for wound healing. Studies on its antimicrobial potential, however, Received: Aug. 28, 2022
are lacking. The ozonation of oils of vegetable sources has been explored to Accepted: Mar. 01, 2023
enhance their therapeutic properties; however, studies that provide evidence of

such benefits are still lacking. In the field of veterinary medicine, such data are KEYWORDS

even more scarce. In this study, the antimicrobial activity of ozonated sunflower
oil was compared to that of non-ozonated oil, in an in vitro system, against strains
of Staphylococcus aureus and Escherichia coli, isolated from intrauterine lavages ~ antimicrobial,
of mares with endometritis. Tests were conducted using the minimum inhibitory  Escherichia coli,
concentration method. The ozonated oil was effective against S. aureus, whereas it
was not against E. coli isolates. Our data open doors for discussion on the use of
sunflower oil, with or without ozone treatment, for therapeutic purposes in
veterinary medicine.
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Staphylococcus aureus.

1. INTRODUCTION

The world is facing a growing scenario of bacterial, fungal, and viral resistance to the currently
available antimicrobial drugs, and the pharmaceutical industries do not show interest in
developing new synthetic or semi-synthetic active molecules (Lai et al., 2022; Weis et al.,
2022). This situation is even more complex in the field of Veterinary Medicine, as there are few
studies that provide solid evidence in this context, but high levels of resistance are expected
(Schwars et al., 2017).

In this context, exploring natural products as antimicrobials is more important than it sounds,
as they have the potential to open doors for more effective and less expensive treatments,
especially regarding infectious diseases (Dias-Souza et al., 2017). Studies with natural products
usually do not require immediate technology transfer or very advanced technologies (although
they are widely necessary in further steps of the research). The complex structure of
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phytomolecules, the availability of the plants in the environment, and the possibility of
cultivation in controlled conditions make research in this field even more compelling (Dias-
Souza et al., 2018).

Sunflower (Helianthus annus L.) oil, obtained from the seeds (one of the main oil crops in
the world), is widely used for culinary and food technology purposes, which include cooking
by frying, food packaging, and preservation (Kassab et al., 2019; Filho & Egea, 2021). The
byproducts of the oil, often associated to negative environmental impacts and considered
unuseful, are now relevant in the current global trend of implementation of greener industrial
processes (Rai et al., 2016; Rauf et al., 2017). Concerning its biological properties, sunflower
oil is mostly known by its wound healing and anti-inflammatory potentials, which are
associated to its unsaturated fatty acids (Poljsak et al., 2020). Its antimicrobial activity,
however, remains poorly described.

Here we investigated the antimicrobial potential of ozonated and conventional (non-
ozonated) sunflower oil. There is a growing interest in the use of ozonated oils for the treatment
of infectious and/or inflammatory diseases, and some commercial formulations are already
available in the pharmaceutical market for human and veterinary use. Ozone is largely known
for its biological properties such as wound healing and antimicrobial activity (Di Mauro et al.,
2019); however, the efficacy and safety of ozone-treated oils remain in discussion. Ozone reacts
in different ways with the molecules present at the oils, and products such as peroxides can
cause DNA and cell membrane damage in determined conditions (Krkl et al., 2016).

In this study we show that conventional and ozonated sunflower oil are effective against
Staphylococcus aureus and Escherichia coli strains isolated from mares with endometritis, a
common condition that prevents mares of having a successful pregnancy. These bacterial
species are among the most prevalent in the altered intrauterine microbiota of mares with the
disease (Avila et al., 2022). Our data open doors for more studies exploring sunflower oil to
treat endometritis in mares.

2. MATERIAL and METHODS
2.1. Microorganisms

Ten clinical isolates of S. aureus and of E. coli from mares with endometritis were selected
from the bacterial collection of the research laboratory from Pitagoras College (MG, Brazil).
The isolates were cultivated in sterile BHI broth (35+2 °C, 18 h) prior to the experiments.

2.2. Preparation of the Oils

The oils with and without ozone treatment were purchased from local compounding
pharmacies. For the antimicrobial activity assays, the oils were prepared in 0.9% sterile saline
solution with 0.5% Tween 80 to increase their miscibility in water. A stock solution (4.1
mg/mL) was prepared on the same day of the experiments.

2.3. Antimicrobial Assays

Minimal inhibitory concentration (MIC) of the oils was determined in triplicate following CLSI
standards and a protocol standardized by our group using 96-wells polystyrene plates (Dias-
Souza et al., 2017; CLSI, 2018), with slight modifications. The stock solution of the oils was
diluted in sterile 0.9% saline to reach final concentrations in the 96-wells plates ranging from
1024 to 8 pg/mL (100 pL). The overnight-grown bacterial inoculum was diluted in sterile
Mueller-Hinton broth (Himedia) to reach the final concentration of 5x10* CFU/mL (100 pL).
The plates were incubated overnight at 35+2 °C. Next, we performed resazurine staining (0.1
g/L, 20 pL). The lowest concentration in which no color change from blue to pink was observed
in the plates was considered the MIC. We used a 0.9% sterile saline solution with 0.5% Tween
80 as a negative control.
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3. RESULTS and DISCUSSION

The ozonated sunflower oil was active against S. aureus, whereas the conventional oil was not
active to both species even at the highest concentration tested. The ozonated oil was also not
active against E. coli strains as well (Table 1). Negative control was also not active, as expected.

Table 1. Susceptibility of the isolates to ozonated and conventional sunflower oil

. . MIC (ug/mL)
Bacterial species - - -
Ozonated sunflower oil Conventional sunflower oil
E. coli NA NA
S. aureus 512 NA

Data is referent to all strains. NA: not active.

One may question why we did not explore higher concentrations of the oil in this study. MIC
tests are conducted from values ranging from 1024 to 8 pg/mL as to simulate safe in vivo
concentrations for treating infectious diseases (CLSI, 2018). Substances of elevated MIC values
are not of interest for eventual clinical use, as large (and potentially toxic) amounts of them
would be necessary (Karasawa & Steyger, 2011).

E. coli is a Gram-negative bacterial species naturally present at the intestinal tract of
mammals. It can also behave a pathogen associated to several diseases such as urinary tract
infections, intestinal infections, and, in mares and other animals, endometritis (Avila et al.,
2012). S. aureus is a Gram-positive bacterial species that is commensal to humans and animals,
being associated to several skin and internal soft tissues infectious diseases. Recent studies
suggest that both E. coli and S. aureus are among the most frequent bacterial species isolated
from endometritis in mares. In the present study, the conventional oil was not effective against
any of the species. However, the ozonated oil was effective against S. aureus, a possible effect
from the peroxides generated by the ozonation process (Krkl et al., 2016; Di Mauro et al.,
2019). Interestingly, the ozonated oil was also not effective against E. coli.

Studies that adequately investigated the antimicrobial potential of sunflower oil remain
scarce. Although sunflower oil is not clearly associated to any cytotoxic events, previous studies
indicate that concentrations in mg/mL scale would present considerable antimicrobial activity.
A commercial formulation of ozonated sunflower oil was active against ATCC strains of S.
aureus and E. coli at 9.5 and 4.75 mg/mL, respectively (Sechi et al., 2001). Curiously, a study
described that both ozonated and conventional sunflower oils were active against ATCC strains
of S. aureus and E. coli, with MIC values of 4.5 and 9.5 mg/mL, respectively (Diaz et al., 2006).
Our data is partially in agreement with that of these studies, considering the effectiveness of the
oil on S. aureus isolates.

Interestingly, an investigation suggested that fungal and yeast species associated to
dermatophytosis can be more susceptible to sunflower oil than E. coli (Tabassum and
Vidyasagar, 2014). A recent in vivo study described that a commercial ozonated sunflower oil
reduced the bacterial counts of mares with endometritis, including E. coli, using 50 mL of the
formulation in uterus (Avila et al., 2022). Full eradication was not achieved, and high
concentrations were necessary to reduce bacterial counts.

4. CONCLUSION

The ozonated sunflower oil was active against S. aureus isolated from mares with endometritis,
but was not effective against E. coli, suggesting that treatments with this product may not be
effective. The treatment of infectious diseases is mostly empiric in clinical routines, and the use
of substances of known effectiveness is of paramount relevance to prevent bacterial resistance.
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More studies are necessary to confirm the safety of the oil in higher concentrations, in which
they might be effective.
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