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Abstract

Medicinal plants have been the subject of many studies in an attempt to discovery alternative drugs, since
they are sources of potentially bioactive compounds that may act in the maintenance of human health. The
discovery of new antimicrobial substances or biocomponents derived from natural products has been
important in the control of microorganisms, especially due to the increase of cases of resistance to
conventional antimicrobials. In parallel, yeasts of the genus Candida are becoming a public health problem
in the last decades due to the increase of infections denominated candidosis. Candida spp. has mechanisms
of virulence, such as polymorphism and biofilm formation, that facilitate the development of the infection and
difficult the treatment. In this sense, studies found in the literature with bioactive compounds from Mentha
spp. essential oil, describe their antifungal action, especially from the isolated compounds as carvone,
mentone, menthofuran and pulegone. In this sense, this review describes studies about antimicrobial activity
of these compounds especially against yeasts of Candida species and some patrticularities of this genus
such as virulence mechanisms once these themes are crucial for the development of new alternative drugs

and/or antifungal agents that may act as adjuncts to conventional treatments against these microorganisms.

Keywords: Candida spp. Mentha spp. Carvone. Menthone. Menthofuran. Pulegone.

Resumo

Plantas medicinais tém sido objeto de muitos estudos na tentativa de descobrir drogas alternativas, uma
vez que sdo fontes de compostos potencialmente bioativos que podem atuar na manutencédo da saude
humana. A descoberta de novas substéncias antimicrobianas ou biocomponentes derivadas de produtos
naturais tem sido importante no controle de microrganismos, especialmente devido ao aumento de casos
de resisténcia a antimicrobianos convencionais. Em paralelo, leveduras do género Candida vem se
tornando um problema de saude publica nas Ultimas décadas, devido ao aumento de infeccdes
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denominadas candidoses. Candida spp. possuem mecanismos de viruléncia, como polimorfismo e
formacéo de biofilme, que facilitam o desenvolvimento da infec¢éo e dificultam o tratamento. Nesse sentido,
estudos na literatura com compostos bioativos do 6leo essencial de Mentha spp. descrevem sua agéo
antifingica, especialmente dos compostos isolados como carvona, mentona, mentofurano e pulegona.
Sendo assim, esta revisdo teve como objetivo abordar estudos sobre a atividade antimicrobiana destes
compostos especialmente contra leveduras do género Candida e algumas particularidades desse género,
tais como mecanismos de viruléncia, uma vez que esses temas se tornam cruciais para o desenvolvimento
de novas drogas alternativas e/ou agentes antifingicos que possam atuar como adjuvantes aos tratamentos

convencionais contra esses microrganismos.

Palavras-chave: Candida spp. Mentha spp., Carvona, Mentona, Mentofurano, Pulegona.

Introduction

Fungal infections affect many peoples worldwide every year (BROWN et al., 2002). Due to the emergence and
propagation of resistant microorganisms to conventional antifungal agents, the establishment of infections
without possible treatments has affected especially the population of immunocompromised individuals,
becoming a public health problem in the last decades (TSANG, BANDARA and FONG, 2012; LEWIS, 2013).

In the last years, it has been observed the increase of fungal infections with high morbidity and mortality.
Technological advances for the treatment of diseases such as transplants, especially bone marrow, the advent
of AIDS, anti-cancer chemotherapy and the widespread use of broad-spectrum antibiotic therapy are some
factors associated to this phenomenon, contributing to the increase in the number of immunosuppressed
patients susceptible to such infections (JABRA-RIZK, FALKLER and MEILLER, 2004). Therefore, pathogenic
fungi have been target of research with the purpose to understanding virulence factors, pathogenesis of
infections, and to discover more treatments that are effective. With the increased use of antifungals for bacterial
infections, fungi have rapidly developed resistance to the various available drugs, particularly the yeasts of
genus Candida. Therefore, due to the necessity of alternative sources of treatment, plants with antimicrobial
potential have been the target of many researches for the purpose of discovering effective compounds against

resistant organisms, with low toxicity to the host.

The use of medicinal plants in the form of purified extracts, oils or bioactive compounds as preventive therapy
or alternative treatment, has evolved in recent years, promoting beneficial outcomes. (LORENZI and MATOS,
2002). The commercialization of medicinal plants is easily accessible to the population due to the "natural”
concept attributed to them, characterized as a healthy product, safe and beneficial in the viewpoint of the
population. However, the indiscriminate use of plants or their products, without pharmacological tests,
preclinical and clinical studies, may result health damage such as toxic and allergic reactions, interactions with
synthetic drugs, and synergistic effects, being a meticulous study before consumption by population is of great
importance (VEIGA JR. and PINTO, 2005). An example of such effects is the therapeutic use of Mentha
pulegium essential oil. The oral use of this essential oil in concentrations equivalent to 5 grams may result
abortive and hepatotoxic action (LORENZI and MATOS, 2002).

Among the medicinal plants, the Mentha genus of the Lamiaceae family has been reported as of clinical
relevance due to the presence of bioactive compounds, which have been extensively studied showing

antibacterial, antiviral and antifungal activity (SAHARKHIZ et al., 2012). Plants of this genus have in their aerial
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part structures called glandular trichomes, responsible for the secretion of essential oil containing bioactive
compounds (MORAIS, 2009).

Studies have shown that purified chemical compounds as carvone, menthone, menthofuran and pulegone
present in the essential oil of some Mentha species has demonstrated antibacterial and antifungal activity
(MKADDEN et al, 2009; SAHARKHIZ et al, 2012; JALILZADEH and MAHAM, 2015). However, much work is
still necessary to elucidate the antimicrobial effect of Mentha species against different species of
microorganisms. Therefore, the objective of this brief review is to review the antimicrobial activity of isolated
Mentha spp. compounds, such as carvone, menthone, menthofuran and pulegone especially against yeasts of
Candida spp. and some patrticularities of this fungi genus, such as virulence mechanisms.

Candida spp. and virulence mechanisms.

Yeasts of the genus Candida are individual cells of rounded or oval shape, which measure approximately 2.0
to 6.0 um. As cultural characteristics, the colonies are white to cream, with smooth or rough surface. They grow
under aerobic or microaerobic conditions and reproduce asexually by budding. (SCHULZE and
SONNENBORN, 2009).

Some species of Candida spp. reside in humans as commensal organisms of the microbiota in a large part of
the population of healthy individuals without causing damage to health (SARDI et al., 2010; NAGLIK,
CHALLACOMBE and HUBE, 2003). However, may cause fungal infections called candidosis, frequently
associated with immunosuppressive states. Some factors considered predisposing to the disease are
advanced age, nutritional deficiency, HIV, frequent exposure to antimicrobials and chemotherapeutic treatment
(SARDI et al., 2010; ASMUNDSDOTTIR et al., 2009; MONTERO et al., 2012).

In dentistry, Candida species has a relevant role in the development of oral infections and were identified mainly
in immunocompromised patients (MIZIARA, LIMA and CORTINA 2004). Candida albicans is the most
commonly opportunistic pathogen found in the oral cavity, and may cause superficial and systemic fungal
infections (DAVEY and COSTERTON, 2006). Superficial infections affect the skin and mucosa. In systemic
infections, the fungus can spread through the bloodstream and infect the internal organs (CALDERONE and
FONZI, 2001). Candida albicans is considered the specie most prevalent in infections, however, Candida
parapsilosis, Candida tropicalis, Candida glabrata, Candida krusei, Candida guilliermondii and Candida
lusitaniae has also been highlighted in studies, being of great clinical interest WEEMS, 1992; NAVES et al.,
2013; MONTERO et al., 2012).

Candida spp. have a series of mechanisms of virulence that contribute to adaptation and proliferation in the
human body and, later, the establishment of infections. One of these mechanisms is the ability of morphological
transition by which the cell from the yeast form can form filaments. This transition is called polymorphism and

have an important role in the processes of Candida spp. infection (SUDBERY, 2011).

These morphological transitions can happen due to environmental modifications such as pH changes and
exposure to blood serum (GOW and HUBE, 2012; VYLKOVA et al., 2011; JACOBSEN et al., 2012). The
germinative tube of Candida spp., marks the start of the hyphae growth (ELLEPOLA and SARAMANAYAKE,
2001). Among the events of budding, germ tube formation and formation of true hyphae, the fungus can still
form pseudohyphas (CONSOLARO et al., 2005). The different forms that the fungus show is significant for
pathogenicity and are involved in infection process (MAYER, WILSON and HUBE, 2013). The yeast form is
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associated with the dissemination of the fungus and the filamentous form with the tissue invasion (JACOBSEN
et al., 2012; NAVES et al., 2013; MAYER, WILSON and HUBE, 2013; HOGAN and SUNDSTRON, 2009). It
is believed that the hyphae penetrate in the tissue through the combination of physical forces exerted by the
extension of filaments and by the secretion of aspartyl proteinases enzymes expressed in the cell wall that help
in the invasion process of the tissue. These, induce the hydrolysis of peptide bonds of host cells and facilitate
colonization and infection in different tissues (WATCHLER et al., 2012; ZORDAN and CORMACK, 2012).

"Quorum sensing”, an intercellular chemical communication mechanism through signaling molecules
expressed by microorganisms stimulate several virulence factors among them the expression of polymorphism
and biofilm formation (TSANG, BANDARA and FONG, 2012; JACOBSEN et al., 2012; NAVES et al., 2013). In
C. albicans the main quorum sensing molecules are farnesol, tyrosol and dodecanol (BERMAN and
SUDBERY, 2002).

Other important virulence factor is the biofilm formation ability (TSANG, BANDARA and FONG, 2012). Candida
species can also be commonly found in biofilms. These biofilms represent the reduction of susceptibility of
microorganisms to the action of most antimicrobial agents, contributing to the permanence of the infection
(CHANDRA and MUKHERJEE, 2015). Among the many benefits to microorganisms present in biofilms. The
formation of this complex community on biotic or abiotic surfaces facilitates cell adhesion to the host, the
expression of virulence genes including resistance to antimicrobial agents and the formation of extracellular
matrix that also contributes to resistance to antimicrobial agents (TSANG, BANDARA and FONG, 2012;
NAVES et al., 2013; CHANDRA and MUKHERJEE, 2015).

Once established, biofilms of Candida spp. are reservoirs of persistent infections and are highly resistant to
antifungal agents compared to planktonic cells (NOBILE and MITCHELL, 2006; CHANDRA et al., 2001,
SAMARANAYAKE et al., 2005). It is estimated that approximately 80% of infections caused by Candida spp.
are associated with the presence of biofilms (TSANG, BANDARA and FONG, 2012).

The formation of biofilms by Candida species occurs in three subsequent phases: the initial phase of adhesion
of fungal cells to the substrate; Intermediary phase of polysaccharide extracellular matrix synthesis; and the
maturation phase, to which the fungal cells are completely surrounded by this extracellular matrix (CHANDRA
etal., 2001).

The components of the extracellular matrix differentiate according to the microorganisms present
(DRENKARD, 2003). The extracellular matrix synthesized on biofilm, provides a highly hydrated environment
to the cells of microorganisms present in the site (FLEMMING et al., 2000), and, the microcolonies are involved
by the matrix and separated by water channels that provide the circulation of nutrients for the biofilm (DONLAN
and CONSTERTON, 2002).

During the process of biofilm formation, the cells communicate by quorum sensing, modulating the
development and growth of the same (HOGAN, 2006). Tirosol and farnesol are signaling molecules that were
found in the biofilm of Candida spp. The tyrosol molecule promotes the formation of hyphae in the initial stage
of biofilm formation, while farnesol inhibits the formation of hyphae avoiding the excessive biofilm growth
(HOGAN, 2006; HORNBY et al., 2001). In addition, bacteria are often found in biofilms of Candida spp.
indicating that such biofilms structures share properties with bacterial biofims (DOUGLAS, 2003, DONLAN
and CONSTERTON, 2002).
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Resistance to antimicrobial treatment

Among the principal treatments to the world public health, the resistance of microorganisms to available
medicines is currently considered one of the greatest challenges in the clinical area. The resistance consists in
the ability of microorganisms to utilize intrinsic and extrinsic mechanisms that render treatment ineffective
(SPRENGER and FUKUDA, 2016). Intrinsic resistance is characterized as natural resistance, being part of the
phenotypic characteristics of the microorganism and all members of this species have this characteristic
(FERNANDEZ and HANCOCK, 2012). Already the acquired resistance occurs when the species does not
possess these characteristics by heredity, but can acquire resistance through spontaneous genetic alterations
or horizontal transfer of genes (BRAUNER et al., 2016).

The development of resistance results from the survival of the microorganisms to the excessive use of the drug,
as well as inadequate prescription of the drug, providing ideal conditions for the selection of resistant

microorganisms and resulting in a treatment of refractory response (SANTAJIT and INDRAWATTANA, 2016).

Resistance to antifungals has resulted in a dramatic increase in the incidence of opportunistic and systemic
fungal infections. Yeasts of the genus Candida have been described in the literature because they are resistant
to several antifungal drugs such as Candida albicans and Candida dubliniensis that express the MDR1 gene
associated with fluconazole resistance (JABRA-RIZK, FALKLER and MEILLER, 2004).

To treatment of Candida spp. infections, fluconazole (azoles class) is the antifungal most widely used. However,
its efficacy is increasingly compromised especially in patients with AIDS, since the prolonged use of this
antifungal leads to resistance (SANGLARD, 2003). Due to this increased of the use of azole, along with

fungistatic drugs, probably resulted in the emergence of resistance of this class of antifungals.

Ramesh and coworkers (2010) related in a study using strains of Candida spp. isolated from infections in HIV-
positive patients that the same showed resistance to the fluconazole, itraconazole and nystatin. Studies have
also shown natural resistance of Candida glabrata and Candida Krusei species to fluconazole (SINGH-BABAK
etal., 2012).

Beside fluconazole, other classes of antifungal agents are used in the treatment of Candida spp. infections
such as polyenics (nistatin and amphotericin B), azoles (miconazole, itraconazole, voriconazole, posaconazole,
ketoconazole) and echinocandins (caspofungin, micafungin and anidulafungin). However, despite the large
diversity of accessible antifungals, the literature cites that many of these drugs are effective in fighting some
infections caused by Candida spp. (RODRIGUES et al., 2014; MAUBON et al., 2014).

Bioactivity of isolated compounds by Mentha spp

The genus Mentha of the Lamiaceae family include approximately 30 plant species (LORENZI and MATOS,
2002) that produce essential oil with biocomponents such as menthol, menthone, isomenthone, 1,8 cineole
(eucalyptol), methyl acetate, menthofuran, limonene, B-myrcene that some of it are of great importance in the
pharmaceutical industry and medical industries (DESCHAMPS et al., 2008; GRULOVA et al., 2015; LORENZI
and MATOS, 2002).
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For medicinal purposes, essential oils with biocomponents in their composition are widely used to the treatment
of digestive disorders, used as antispasmodic, antiseptic and anti-inflammatory (FEPAGRO, 2011) and due to
the growth of cases of resistance to conventional drugs. These natural products have been the subject of
studies demonstrating antibacterial, antifungal and antiviral potential (SAHARKHIZ et al., 2012; MIMICA -
DUKIC et al., 2003; ISCAN et al., 2002; SINGH, SHUSHNI and BELKHEIR 2011; MELZER et al., 2004). This
activity can be explained by the fact that these substances called terpenoids have low molecular charge and
easy penetration into cells (LORENZI and MATOS, 2002). In these circumstances, they can interact with the
cell membrane of the microorganisms destabilizing them and favouring cell death (SCHELZ, MOLNAR and
HOHMANN 2006; MKADDEM et al., 2009; ZORE et al., 2011).

Anti-Candida activity of the isolated compounds

Tests with pulegone showed antifungal activity against Candida albicans in diffusion method in plates with solid
medium (ARRUDA et al., 2006). Aggarwal and coworkers (2002) observed that carvone inhibited the growth
of two strains of Candida albicans in disk diffusion assay.

According to Raut and coworkers (2013), some terpenoids inhibit the formation of hyphae and, given their
ability to damage the cell membrane, can be used in the control of this virulence factor, avoiding that the fungus
promotes tissue invasion. In tests, Mcgeady, Wanley and Logan (2002) observed that in lower concentrations
(sub-minimun inhibitory concentrations), carvone inhibited the growh of the filamentous tubes by Candida
albicans. These filamentous tubes are important for the Candida spp. infection process, since these structures

are associated with invasion of the fungus into host tissue.

Samber and coworkers (2015) reported that carvone and menthone showed antifungal activity against Candida
albicans, Candida glabrata and Candida tropicalis. Also, in the same study it was observed that when incubated
with the strains, these compounds inhibited in 100% ergosterol biosynthesis, the main component of the fungal
cell membrane responsible by integrity and maintenance of the fungal cell function. Tests with carvone,
menthone and pulegone showed effective antimicrobial action by the compounds against Candida albicans
and Candida glabrata by microdilution technique and pulegone was the compound that showed greater activity
(OUMZIL et al., 2002).

The anti-Candida activity of the isolated compound menthofuran is not well described, however, Saharkhiz and
coworkers (2012) demonstrated antifungal activity in planktonic cells of Candida albicans, Candida
dubliniensis, Candida glabrata, Candida tropicalis, Candida krusei, Candida parapsilosis and inhibition of the
biofilm formation of Candida albicans and Candida dubliniensis by Mentha piperita essential oil containing
menthofuran as constituent. In addition, studies developed in our laboratory observed the inhibition of growth
of 19 planktonic cell strains, inhibition of biofilm formation and biofilm maturation in Candida albicans MYA-
2876 by menthofuran (BONI et al., 2016).

Therefore, due to the dissemination of resistant microorganisms to conventional drugs (LEWIS, 2013) added
the discovery to the antifungal potential of isolated compounds from Mentha spp., results in Beneficial effect to
public health, since this new antifungal agent can replace or act as adjuvants to treatments already used once

Candida species have demonstrated resistance to conventional drugs.
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Conclusion

It has been observed in the literature that the increase of candidosis is becoming increasingly frequent, making
the treatment of such infections difficult due to the susceptibility of Candida spp. to some antifungals. Various
Candida species, especially Candida albicans, have been identified as relevant pathogens in hospital
environments and the failure in the treatment against these microorganisms may result in the mortality mainly
in immunosuppressed patients. Due to the clinical importance, is necessary alternative strategies to control
these pathogens developing antifungal agents that alone or in combination may act in combat against these
microorganisms. In this sense, the literature has been demonstrated promising results with biocomponents
present in plants, specially antifungals including the essential oil of Mentha spp. against yeasts of the genus

Candida becoming a new alternative source for the development of a new antifungal agents to fungal infections.
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