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ABSTRACT

Klebsiella oxytoca (K. oxytoca) has been isolated from
different clinical samples. It is a bacterium capable of
forming biofilms in most
opportunistic pathogen that colonizes hospital equipment
and has shown great resistance to conventional treatment
methods. Thus, products of natural origin have gained
prominence in the scientific field. An example of this is the

environments, as an

essential oil of Pogostemon cablin (P. cablin), which due to
its great phytochemical potential has been the target of
much research, highlighting its antimicrobial activity.
Given the above, this work aims to evaluate the anti-
adherent activity of the essential oil of P. cablin against K.
oxytoca. The methodology used investigates the Minimum
Inhibitory Adherence Concentration (MIAC) of the oil,
which was determined in the presence of 5% sucrose,
using dilutions corresponding to the pure essential oil
until dilution 1:1024. The MIAC was considered the
lowest concentration of essential oil capable of preventing
the adherence of P. cablin biofilm formed on the glass
tube. Thus, the results obtained showed that both the
essential oil and the 0.12% chlorhexidine digluconate did
not present a MIAC value. It was concluded that the
essential oil of Pogostemon cablin does not show anti-
adherent activity against the clinical strain of Klebsiella
oxytoca in the tested concentrations.
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INTRODUCTION

Hospital infection is characterized as a nonsocial problem in the global sphere, which is linked to
a variety of health challenges, such as increasing morbidity, mortality, highly costly hospital
stays, and the spread of antimicrobial-resistant bacteria [1,2]. The great majority of these
infections are related to biofilms in implanted and invasive medical devices [3,4], and although
there is currently a great technological development, all are susceptible to the risk of microbial

colonization and infection [4,5].

Taking this into consideration, Klebsiella species stand out, an important human pathogen that is
directly related to the increase in morbidity among the population of many patients. Among the
species studied, Klebsiella oxytoca has been isolated from different clinical samples, mainly
from blood and respiratory secretions, and its presence may be related to the weakened
immunological condition of the patient [6]. This bacterium is able to form biofilms in most

environments, as an opportunistic pathogen that colonizes hospital devices [7].

These biofilms consist of one or more communities of microorganisms, embedded in a matrix,
adhered to each other and/or to surfaces or interfaces[8,9]. In which the exopolysaccharide
matrix, which is secreted to the external environment, acts as a physical barrier not allowing
antimicrobial agents to enter this organization, especially those hydrophilic and positively
charged. [10]. For this reason, the organization of these bacteria in biofilms makes their

elimination more difficult.

Preventive and innovative strategies should be developed for prevention in the stages of biofilm
formation, because the treatment of the mature biofilm is much more difficult and complex.
Therefore, several extracts and essential oils have been researched, because natural medicines
have good popular acceptance in Brazil and present good market prospects. Among them, there
are the essential oils, which have several pharmacological properties [11,12,13].

The essential oil of Pogostemon cablin that belongs to the Lamiaceae family [14] has been the
target of many researches due to its great phytochemical potential. The literature points out that
this species has wide pharmacological activity, among them: anti-emetic, antitrypanosomal,
insecticidal [15], antimicrobial, besides being highly used within aromatherapy [14].
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Based on information about the therapeutic potential of essential oils and the importance of
combating infections caused by multidrug-resistant bacteria, this innovative work seeks to
evaluate the possible anti-adherent activity in order to unveil the mechanism of action of

Pogostemon cablin essential oil against Klebsiella oxytoca.
METHODOLOGY
Year and place of study

The laboratory tests were performed in the Microbiology and Biochemistry laboratories of the
Federal University of Campina Grande, Patos campus (CSTR), Paraiba state - Brazil, between
the years 2021-2022.

Material and Methods
In vitro assays
Test substance

Pogostemon cablin essential oil was purchased from Quinari® Industry (Ponta Grossa - PR). For
the pharmacological assays, the substance was solubilized in DMSO and tween 80, as well as
diluted in distilled water. The concentration of DMSO (dimethylsulfoxide) used was less than
0.1% v/v. The project followed the rules of CGEN - Genetic Heritage Management Council,
registered in the SISGEN platform under protocol number ASFA9AL.

Microorganisms

A clinical strain of Klebsiella oxytoca (Ko 01) was used and maintained on Muller-Hinton (MH)
Agar at 4°C. The inoculum was obtained from overnight cultures on MH at 35°C - 37°C and
diluted in sterile saline to obtain a final concentration of approximately 1.5 x 108 colony forming
units per mL (CFU/mL), adjusted for turbidity by comparing with the 0.5 tube of the McFarland
scale [16].
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Culture Media

The culture media used in the assays to evaluate the anti-adherent activity were the Muller
Hinton liquid medium and Muller Hinton agar solid medium, purchased from Difco® and
prepared according to the manufacturer's instructions.

Determination of the MIAC (Minimum Inhibitory Adherence Concentration)

The Minimum Inhibitory Adherence Concentration (MIAC) of Pogostemon cablin essential oil
was determined in the presence of 5% sucrose, according to Albuquerque et al (2010) with
modifications, using dilutions corresponding to the compound up to 1:1024 dilution. From the
bacterial growth, the clinical strain of Klebsiella oxytoca was grown at 35°C - 37 °C in Mueller
Hinton broth (DIFCO, Michigan, United States), then 0.9 ml of the subculture was dispensed
into test tubes and then 0.1 ml of the solution corresponding to the essential oil dilutions was
added. Incubation was done at 35°C - 37°C for 24 hours with tubes inclined at 30°. The reading
was performed by visual observation of the adherence of the bacteria to the walls of the tube
after shaking it. The assay was performed in duplicate. The same procedure was performed for
the positive control, 0.12% chlorhexidine digluconate (Periogard®, Colgate-Palmolive
Company, New York, USA). MIAC was considered the lowest concentration of the agent in

contact with sucrose that prevented adherence to the glass tube [17].
RESULTS AND DISCUSSION

The results found about the Minimum Inhibitory Adherence Concentration (MIAC) of
Pogostemon cablin essential oil against the clinical strain of Klebsiella oxytoca are shown in
Table 1. After analyzing the results, it was observed that both Pogostemon cablin essential oil

and 0.12% chlorhexidine digluconate did not show a MIAC value.
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Table 1. Minimum Inhibitory Adherence Concentration (MIAC) in pg/mL of
Pogostemon cablin essential oil and 0.12% Chlorhexidine digluconate against

clinical strain of K. oxytoca.

Pogostemon cablin essential oil

pg/ml |11 | 1:2 |14 |[1:8 |1:16 |1:32 |1:64 |1:128 |1:512 | 1:1024

0,12% Chlorhexidine digluconate
pg/ml | 1:1 [1:2 |14 |18 |1:16 |1:32 |1:64 |1:128 |1:512 |1:1024

The presence of adhesive structures allows the bacteria to colonize the host and produce a
biofilm and the restriction of antibiotic penetration into the cells. Although there is not a large
body of literature on biofilm formation among K. oxytoca isolates, in the work of Shrief and
colleagues [18] (2022), biofilm formation among K. oxytoca strains was found to be relatively
high, where 40% of isolates tended to form a biofilm [18].

Bilcu and colleagues [19] (2014) sought to combine the properties of magnetic nanoparticles
with the antimicrobial activity of three essential oils, these being Vanilla, Patchouli and Ylang
Ylang, to obtain new nanobiosystems that could be used as coatings for hospital materials, such
as catheters, which have a higher resistance to Staphylococcus aureus and Klebsiella

pneumoniae due to the adherence of these clinical strains to the tubes forming a biofilm.

The results showed that patchouli and ylang-ylang essential oils mainly inhibited the initial
adhesion phase of S. aureus biofilm development. In the case of K. pneumoniae, all tested
nanosystems showed similar efficiency, being active mainly against K. pneumoniae adhesion for

the tested catheter specimens [19].

Again, in the work of Kalra and co-workers [20] (2006) patchouli oil showed its anti-adherent
potential. It was effective in preventing biofilm formation by foodborne pathogens,

Staphylococcus aureus.
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P. cablin Benth or Patchouli, as it is popularly known, is an important aromatic plant native to
Southeast Asia and is currently widespread among tropical and subtropical regions, being
cultivated in many countries, including China, Indonesia, the Philippines and Thailand [21]; This
species is a dicotyledonous plant, with an erect and branched structure, elongated, with oval
leaves and abaxial trichomes. Its inflorescence can be terminal or axillary, dense, with small,
irregular, bisexual, white to purple flowers and its size varies from 0.5m to 1.0m [22]. It has
numerous pharmacological properties that are extremely beneficial, among them are
antimicrobial, antioxidant, analgesic, anti-inflammatory, antiplatelet, antithrombotic,

aphrodisiac, antidepressant, antimutagenic, antiemetic, fibrinolytic, and cytotoxic activity [23].

All this pharmacological activity is due to the components, present in several classes of
secondary metabolites, including essential oils. According to Santos and collaborators [22]
(2022), the main components are patchouli alcohol, pogostone, a-guaiene, d-guaiene, [-
caryophyllene, transcaryophyllene, a-patchoulene, B-patchoulene, and f-elemene. Sesquiterpenes
are the majority constituents and thus guarantee most of the pharmacological activities attributed

to the plant, among them patchouli alcohol.
CONCLUSION

Concerning the anti-adherent effect of Pogostemon cablin essential oil, new tests are necessary,
for although it has not shown any effect with the methodology used, its therapeutic potential
against other microorganisms should not be disregarded, or even its association to conventional

drugs in order to potentiate its effect.
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