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ABSTRACT

Microorganisms are the main cause of infectious diseases,
data from the World Health Organization (WHO) inform that
these are responsible for about 25% of deaths worldwide.
Currently, the treatment of infections occurs mostly through
the use of antimicrobials, however, some disadvantages such
as resistance and toxicity of some control drugs have justified
the increased demand for new methods of treatment against
these pathogens. Phytotherapy, a practice based on the use of
medicinal plants, is a therapeutic option that presents several
advantages, such as fewer adverse effects, low cost, and
greater popular access. The essential oil of eucalyptus
presents as its major component the bicyclic monoterpene
1,8-cineole, also known as eucalyptol, which has shown
effective antiviral and anti-inflammatory activity, among
others. In this context, the present study aims to evaluate
through an in silico assay the antibacterial and antifungal
activities of this biological compound. As methodology was
used the free software Pass Online for analysis of the
probability of molecular activity. The 1,8-cineole presented a
positive result for the probability of activation (Pa), in
relation to the values of the probability of inactivation (Pi) for
the antibacterial, antibiotic and antifungal activities, ratifying
some studies previously published in the literature, using
other methodologies. It is concluded that 1,8-cineole has
strong antibacterial and antifungal activities against
pathogens of clinical importance, even so, further in vitro and
in vivo researches are essential to demonstrate the nuances of
the therapeutic activities associated to this substance.
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INTRODUCTION

Infectious diseases are caused by microorganisms and are a current public health problem in
Brazil 2. According to the World Health Organization (WHO), infections are responsible for
about 25% of deaths worldwide, including mycoses, diseases caused by fungi that have become
increasingly common, especially in immunosuppressed individuals, favouring the action of
opportunistic fungi such as Candida albicans **°. Moreover, there are also bacterial infections,
which involve bacteria such as Pseudomonas aeruginosa, one of the main agents that cause

pneumonia ®7.

Indeed, the effectiveness in treating infections presents several challenges, especially the
growing microbial resistance, defined as the ability of a microorganism to resist the action of
drugs. This attribute can be acquired through inappropriate use of antimicrobials, resulting in
difficulties in disease control and consequent increase in morbidity and mortality rates in the
population. The development of resistance mechanisms, as well as the adverse effects and
toxicity of some control drugs have justified the increased search for new methods of treatment

against these pathogens 891011,

Among the therapeutic alternatives of great interest today is the phytotherapy, an ancient
practice, passed down through generations and widely spread in traditional medicine.
Considering its relevant advantages, such as efficacy, low cost, easy access, and cultural
compatibility, several studies with medicinal plants have been developed and resulted in the
discovery of active therapeutic compounds, which were then implemented in modern medicine
121314 1n this context, studies developed by Da Silva, De Cantuario Mendes, and De Carvalho
Abreu *° (2020) show that the botanical species Chenopodium ambrosioides L., popularly known
as mastiff, presents therapeutic and pharmacological effects such as anti-helminthic, anti-

inflammatory, and healing action, thus illustrating great importance for the population.
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The pharmacological activity of a medicinal plant is subject to its chemical compounds, which
can be obtained from natural matrices such as stems, roots, leaves, and fruits. Among the diverse
phytochemical constituents, the terpenes stand out; they are derived from the secondary
metabolism of a botanical species, and are the majority elements of essential oils, which have
proven efficacy against several pathologies %7, An example is the monoterpene thymol, present
in thyme essential oil, which shows effective anti-inflammatory, antioxidant, antimicrobial, and

antiviral actions 18,

Moreover, the monoterpene 1,8-cineole, also known as eucalyptol, is the main constituent of the
essential oil of Eucalyptus globulus, and is widely used in the pharmaceutical and cosmetic
industries as a flavouring agent, where different studies have shown promising antiviral, anti-
inflammatory, anti-asthmatic, and analgesic activity of this element, besides having a low

toxicological potential 1929.21:22,

In this excerpt, in view of the salutary pharmacological potential presented by the monoterpene
1,8-cineole, the present study aims to evaluate, through an in silico assay, the antibacterial and

antifungal activities of this biological compound.
MATERIALS AND METHODS

This study is an applied, experimental, and quantitative research. According to Turato 23 (2004)
quantitative research uses data collected through the use of value measurements, the
measurement performed through numbers with their respective units. Therefore, there is a need
to apply this method to verify the results obtained from the objectives proposed in the study.

Test Substance

To perform the in silico studies, all chemical information (chemical structure of the molecule,
molecular mass, polarity, CAS-number) of the monoterpene used (1,8-cineol) was obtained from
the free website (http://www.chemspider.com/).
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In silico pharmacological test

The study of theoretical bioactive properties of 1,8-cineole was analyzed by the free online
Prediction of Activity Spectrum for Substances (PASS) software. This computational tool uses
software designed to assess the overall biological potential of an organic molecule in silico on
the human organism. In this way, it provides simultaneous predictions of various types of
biological activities based on the structure of the organic compounds. Thus, it is possible to have
simultaneous predictions of many types of biological activities based on the chemical structure
of the molecule, allowing the estimation of the activity potential of a substance classifying it in
indexes: Pa (probability "to be active™) and Pi (probability "to be inactive"), and can be accessed

at: (http://www.pharmaexpert.ru/passonline/) %,
RESULTS AND DISCUSSION

In the evaluation of the biological potential by the software Pass Online®, through the in silico
study, the 1,8-cineole showed a positive result for the probability of activation (Pa), in relation to
the values of the probability of inactivation (Pi) for all tested activities, thus revealing that it has
the antimicrobial potential, especially for the antibacterial effect, with a greater difference
between the values of Pa and Pi. Alternatively, it showed less antifungal potential against the
Pneumocystis genus, where the Pa value did not show significant results compared to the Pi

value, as presented in Table 1.

Table No. 1: Antibacterial and antifungal activities of 1,8-cineole

Pa Pi Activity

0,298 0,061 Antibacterial

0,148 0,061 Ophthalmic antibacterial
0,172 0,037 Antibiotic

0,214 0,128 Antifungal

0,051 0,042 Antifungal (Pneumocystis)

Source: Authors (2022).
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Secondary metabolites, such as essential oils, are a mixture of complex substances elaborated by
plants that function as a plant defense against external deleterious agents, besides presenting a
high therapeutic index 2. An example is the eucalyptus essential oil, whose major ingredient
(30% to 90% content) is the terpene 1,8 cineol, also called eucalyptol; it is obtained from the
plant leaves and is chemically characterized as a bicyclic monoterpene, i.e., a molecule with two

closed cycles 2627,

The literature reports that eucalyptol (1,8 cineol) is currently used in the treatment of
inflammatory pathologies of the respiratory system and, as a rule, has strong antibacterial
activity, this through mechanisms such as stimulation of oxidative stress and rupture of the
bacterial cell membrane, causing irreversible damage 282%%, It is also worth noting that this
sensitivity of bacteria to monoterpenes is established by their chemical composition, the charge
of external structures, and the permeability of the microbe's membrane 3L,

Moo and co-workers (2021) 3! postulated that the monoterpene 1,8 cineole presents antibacterial
activity against strains of Klebsiella pneumoniae that produce carbapenemases; this process
occurs through oxidative stress induced by 1,8 cineole, causing membrane rupture through lipid
peroxidation and leakage of intracellular material, leading to bacterial lysis. K. pneumoniae is a
multidrug-resistant bacterium that causes nosocomial infections in the blood, urinary tract, and

respiratory tract, responsible for mortality rates as high as 49% of the cases 32,

According to Yoro et al. (2020) 3, the eucalyptol isolated from the essential oil of Eucalyptus
alba showed strong antibacterial activity against the species Staphylococcus aureus ATCC
29213; the value of the Minimum Inhibitory Concentration (MIC) for this strain was 1.25
mg/mL. Corroborating Yoro's results, Li et al. (2014) % evidenced structural changes in the
shape and size of gram-positive and gram-negative bacteria in the presence of 1,8 cineol.
Treatment with eucalyptol resulted in apoptosis of Staphylococcus aureus and necrosis of
Escherichia coli, injuring the cell wall and plasma membrane of the latter. Therefore, the
antimicrobial action of 1,8 cineole is attributed to its hydrophobicity, since there is a greater

susceptibility of bacteria with an external lipopolysaccharide membrane to this component.

Besides the antibacterial activity associated with eucalyptol, its antifungal property is also worth

mentioning. Fungi are responsible for systemic infections correlated to a high risk of life,
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especially in immunocompromised patients; data suggest that mortality exceeds 1.6 million
people around the globe 3. Specifically Candida albicans, the main microorganism associated

with fungal infections in humans, is shown to be resistant to commonly used antifungal drugs
37,38

According to Karpinski (2020) 3, the monoterpene 1,8 cineole demonstrates antifungal activity,
especially anti-Candida. Ratifying Karpinski's findings, Miiller-Sepulveda et al., (2020) “° point
out that the plant species Lavandula dentata, belonging to the Laminaceae family, contains
mostly in its essential oil 60.85% of the monoterpene 1,8 cineol that, when tested against
Candida albicans strains, presented an MIC of 156 pg/mL, a promising result that suggests
strong antifungal action. All this explains the vast commercial use of essential oils in hygiene
products, as an example we can cite the toothpaste "Paradontax” that presents in its composition
essential oils from the Laminaceae family, showing strong antifungal activity against Candida

albicans **.
CONCLUSION

Therefore, it can be concluded from this in silico study that the monoterpene 1,8-cineole
(eucalyptol) has strong antibacterial and antifungal activities against pathogens of clinical
importance. Still, further in vitro and in vivo research is essential to demonstrate the nuances of
the therapeutic activities associated with this substance, as well as its mode of action, associated
toxicity, safety and optimal routes of administration. Thus, enabling its use in the technical and
scientific development of safe, easily accessible, and highly therapeutic treatments.
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