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ABSTRACT

Nowadays, it is widely known that resistant pathogenic strains are becoming one of the greatest health problems related to human
sciences. It is also known that fatty acids can present antimicrobial activity. The corn and soy oils are rich in fatty acids. In this regard,
this work aimed to evaluate antibacterial and modulatory activity of these two industrial fixed oils. Both tests were performed using
the microdilution method to Minimum inhibitory concentration under 1024 mg/ml. The aminoglycosides activity was enhanced by
combining corn oil using E. coli 27. One of the mechanisms that might explain the synergism toward the corn oil, in part, might be
due to the hidrophobic nature of the saturated and unsaturated lipids present in the sample. The results indicate that fixed oils might
play a role as an alternative way to potentiate of the antimicrobial drugs.
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RESUMEN

Hoy en dia, es ampliamente conocido que las cepas patégenas resistentes a antibioticos se estdn convirtiendo en uno de los mayores
problemas desalud en el campo delaciencias delasalud. También se sabe que los acidos grasos pueden presentaractividad antimicrobiana.
Los aceites de maizy de soja son ricos en dcidos grasos. En este sentido, esta investigacion dirigida para evaluar la actividad antibacteriana
y modulador de estos dos aceites fijos usados industrialmente. Ambas pruebas se realizaron utilizando el método de microdilucién de
concentracién inhibitoria minima en 1,024 mg/ml. La actividad de los aminoglucésidos se mejoré mediante la combinacién de aceite de
maiz usando E. coli 27. Uno de los mecanismos que podrian explicar |a sinergia hacia el aceite de maiz, en parte, podria ser debido a la
naturaleza hidrofébica de los lipidos saturados e insaturados presentes en la muestra. Los resultados indican que los aceites fijos podrian
desempenar un papel como una forma alternativa para potenciar de los fAirmacos antimicrobianos.

Palabras clave: actividad antibacterial, aceite de soja, aceite de maiz, modulacién.

INTRODUCTION
The knowledge of the phenomena of the resistance against physical and chemical agents by the microorganisms is in history
since the use of antimicrobial drugs (Walter et al., 2000). Nowadays, science knows that this resistance is acquired practically
in all specie of bacteria, knowing these mechanisms in details about the resistance and molecular manifestation (Cunha etal.,
1998; Walteretal., 2000). It is also known that the emergence of resistant and pathogenic strains is becoming a huge problem
of public health.

In this regard, actually the pharmaceutical industry is searching new strategies to provide new antimicrobial drugs. One
of the most common strategies used is change the structural formula of the drugs already in the market with the intention to
potentiate them or recover their initial efficiency before the development of the bacterial resistance (Chartone-Souza, 1998).
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It became known that lipids may present antimicrobial
activity likewise the ones that are synthesized by the skin
(Drake et al., 2008). It is well known also that essential oils
present antimicrobial activities and sometimes modulate
the antibiotic activity, as well as also known that fixed oils
are rich in triacylglicerol esters and also are composed by
saturated and insaturated fatty acids presente antimicrobial
activity or maybe modulators of antibiotic activity (Coutinho
etal., 2010; Cabral et al., 2013).

Oils are lipophylic substances originated from animal or
vegetable kingdom formed by triacylglicerol esters besides to
have another components in a smaller proportion, as mono
and diacylglicerols, free fatty acids, glycopeptides, proteins,
phosfolipids, steroids and vitamins (Gambarra Neto, 2008).

Soy oil is one of the most utilized worldwide. Considered
healthy for containing unsaturated fatty acids in a large
amount and presents a high level of linoleic (omega 6), oleic
(omega 9) and linolenic acid (omega 3) (Mendonga, 2008;
Yunes, 2010). While the corn oil, extracted from the corn
grain, owns a favorable composition in terms of essential fatty
acids like linoleic, oleic, palmitic, stearic and linolenic acids. It
is considered to be of high quality (Mittelmann et al., 2006).

In this context, this work intend to evaluate the in vitro
antimicrobial and modulatory activity of the industrialized
corn and soy oils, due to the lipophilic character caused by
the composition of saturated and unsaturated fatty acids.

MATERIAL AND METHODS

Plant Fixed Oils

The soy oil and corn oil used in this work were industrialized
(Salada Brand®). The solution used in the tests was prepared
to 100mg/mL dissolved in Tml of dimetilsulfoxide, diluted in
distillted water up to a concentration of 1024 mg/mL.

Bacterial Material

Bacterial strains used were of E. coli ATCC10536, S. aureus
ATCC25923 and P. aeruginosa ATCC15442 to determine
the minimum inhibition concentration and multiresistant
strains of E. coli 27 and Staphylococcus aureus 358 for the test
of modulation, resistant to several antibiotics (Table 1).
The strains were maintained in heart infusion agar (HIA,
Difco laboratories Ltda.). Before the assay, the strains were

cultivated under 37°C in heart brain infusion (BHI,difco
Laboratories Ltda.).

Drugs

The action of the antibacterial drugs
aminoglycosides such as: amicacine, gentamycin, canamycin,
neomycin (Sigma co., St. Louis, USA) to a concentration of
5000 mg/mL. All solutions were prepared according to the
maker indications.

utilized were

Antibacterial Activity Test and Antibiotic Activity
Modulation

The minimum inhibitory concentration, the last
concentration in which no growth is observed was
determined in micro dilution assay. The inoculum was
diluted in BHI 10% reaching 10° UFC/mL. Portions of BHI
in amounts of 100 mL were separated in plaque containing
96 pits. After that serial micro dilution took place in 100 mL
solution of soy and corn oils altering from 1024-2 mg/mL.
The plaques were taken to the incubator for 24h under 35°C
(Javadpour et al., 1996). The MIC was registered with the
minor concentration capable to inhibit the growth.

To verify if the extract would modify the antibiotic action
toward the strain tested, has been followed the work of
Coutinho et al., (2008), was used a concentration sub-
inhibitory (MIC/8). 100 mL of BHI was distributed, inoculum
and solution of the oils of soy and corn in each pit following the
alphabetic order in the plaque. Then, 100 mL of the drug was
added to the first pit, proceeding with the micro dilution series,
in a proportion of 1:1. The concentrations of aminoglycosides
altered gradually from 5000-6 mg/mL. The revelation of
bacterial MIC and modulation activity were done using a dye
called resazurin. All assays were performed in triplicate.

RESULTS

The minimum inhibitory concentration (CIM) determined
for both oils was < 1024 mg/mL, not presenting antibacterial
activity clinically relevant against tested strains.

The absence of antibacterial activity clinically relevant,
might be due to the fact that microorganisms utilized
in the assays are strains that acquire resistance to the
mechanism of modification of the membrane. However,
this resistance was decreased when the association with the

Table 1. Source of the bacterial strains used in this study and resistance profile.

Bacteria Source Resistance profile
Escherichia coli 27 Wound Ast, Ax, Ami, Amox, Ca, Cfc, Cf
Staphhylococcus aureus 358 Wound Oxa, Gen, Tob, Ami, Can, Neo, Para

Ast-Aztreonan; Ax-Amoxacilin; Amp-Ampicilin; Ami-Amiciline; Ami-Amoxilin; Ca-Cefadroxil; Cfc-cefaclor; Cf- Cefalotin; Caz-Ceftazinidime;
Can-Kanamycin; Szt-Sulfametrim; Lev-Levofloxacine; Tet-Tetracicline; Tob-Tobramycin; Oxa-Oxacilin; Gen-Gentamicin; Neo-Neomycin;

Ptz-Piperacilin-Tazobactam; Para-Paramomicin.
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antibiotic took place. Then the association to the corn oil
and aminoglycosides presented a synergic effect toward E.
coli, where the increase of the antibiotic effect was observed,
precisely with kanamycin, eight times fold (Table 2).
Being that, with the drug the bacteria was inhibited in
a concentration of 39 mg/mL when combined with the
product in a concentration went down to 2.5 mg/mL, as can
be noticed in table 2. Nevertheless the soy oil was incapable
to modify the action of the strain (Table 3).

Table 2. Antibiotic - modulatory activity of the corn oil associated
with aminoglycosides against S. aureus 358 and E.coli 27 (mg/mL).

Staphylococcus aureus 358 Escherichia coli 27

ANTIBIOTICS C+ + CORN C+ + CORN
Kanamycin 4.9 4.9 39 2.5
Amykacin 0.6 0.6 39 39
Neomycin 4.9 4.9 39 39
Gentamicin 2.5 2.5 4.9 4.9

*C+: Positive control.

Table 3. Antibiotic - modulatory activity of the soy oil associated
with aminoglycosides against S. aureus 358 and E.coli 27 (mg/mL).

Staphylococcus aureus 358 Escherichia coli 27

ANTIBIOTICS C+ +SOY C+ +SOY
Kanamycin 4.9 4.9 39 39
Amykacin 0.6 0.6 39 39
Neomycin 4.9 4.9 39 39
Gentamicin 2.5 2.5 4.9 39

*C+: Positive control.

DISCUSSION

Despite what this work presents, there are reports of another
fixed oils with antibacterial activity like the one observed
in the seeds of “Camomila”, utilizing a different method
which is the paper diffusion using strains of Pseudomonas
aeruginosa, Escherichia coli and Enterobacter aerogenes, observing
the efficacy of the inhibitory effect more than that of the
Chloranfenicol used as pattern (Pereira, 2008). Also, there
are reports of the antibacterial activity of fixed oils of Ocimum
sanctum L., against strains of Staphylococcus aureus, Bacillus
oumilus and Pseudomonas aeruginosa, throught the diffusion in
cavity method (Singh et al., 2005).

Is already known that the antibacterial activity of the fixed
oils is due in part to the presence of fatty acids that may
interact with the plasmatic membrane and alter its structure,
acting as if it was a surfactant. Such acids as fatty or linoleic
like were already cited in papers for acting like antibacterial
agents (Kabara etal., 1972).

Several studies related antibacterial activity and modulation
activity presented by the vegetable oils (Packer et al., 2007,
Pinto, 2010). However, this is the first report of the antibacterial
and modulation of the fixed oils of soy and corn, industrialized.
Although there are reports of fixed oils from animal sources
rich in saturated and unsaturated fat acids between them,
linoleic acid (Cabral etal., 2013; Dias etal., 2013).

One of the mechanisms that can explain the synergic
effect of the corn oil, in part, is in its hydrophobic nature
constituted of saturated and unsaturated lipids. These can
interactasa double lipoid layer of cellular membrane causing
damages to the microorganism physiology, altering its
respiratory chain and energy production, or mainly turning
the cell permeate to exaggeration, so a lot of antibiotics
would modify the enzyme systems leading to bacterial vital
activities to failure (Nicolson et al., 1999; Burt, 2004).

The best result was observed against the Gram-negative
bacteria for being majority in the membrane could be that
reacted better with the fixed oil. Nevertheless, the antagonic
action and the absence of modulation activity of the soy
oil could be the fact that some typical component of these
products would interact with the antibiotic and made the
action impossible (Granowitz et al., 2008).

CONCLUSION

Theresults indicate that the fixed oils displayed an alternative
way to potentiation of the action of the antimicrobial drugs
when tested against Gram-negative bacteria. A synergism
was observed in combination with tested drugs. These facts
open a gateway to curiosity to future papers where this
mechanism and activity could be better studied as long as
tested in vivo.
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