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Abstract

Quinones are a classic example of molecules isolated from natural products. These compounds are secondary metabolites
produced by plants, fungi, bacteria, and insects and correspond to an interesting chemical class ubiquitously found in nature.
The [rel-8a-Hydroxy-5-hydroxymethyl-2-methoxy-8a, B-methyl-7, 8, 8a, 9-tetahydro-1, 4-anthracenedione] [oncocalyxone A,
onco-A] is a benzoquinone of dark red color isolated from the ethanolic extract of the species Cordia oncocalyx (Auxemma
oncocalyx Allem). In this review, we aimed to investigate the main biological activities described for oncocalyxone A, as well
as its isolation and characterization processes. For this review, the following descriptors were employed in multiple databases:
medicinal plants, quinones, Auxemma oncocalyx, Cordia oncocalyx, biological activity. Besides, experimental papers
published in international journals and with full text available were used as inclusion criteria. The biological activity profiles
found for onco-A according to the literature were: antiproliferative/cytotoxic effects against SW1573 (alveolar cell carcinoma)
and CCD922 (normal skin fibroblasts) cell lines; anti-inflammatory and analgesic potential; inhibitory effect on cell growth
and DNA reactivity; antiplatelet activity; antitumor potential; anti-glycation agent; beneficial and/or toxic potential in goats
and neuroinhibitory effect; antibacterial and antibiofilm activity. The substance has a broad spectrum of pharmacological
applications, most of which are associated with its cytotoxic activity. The work also intends to compile the activities described
in the literature, to understand how the molecule acts on the various targets, but, in some cases, more in-depth research is
needed to elucidate the mechanisms of action.

Keywords: Quinones; Chemical properties; Isolated substance; Activity profile; Natural products; Metabolites secondary.

Resumo

As quinonas sdo um exemplo cléassico de moléculas isoladas de produtos naturais. Estes sdo metabdlitos secundérios de
plantas, fungos, bactérias e insetos, e correspondem a uma classe quimica interessante encontrada ubiquamente na natureza. O
[rel-8a-hidroxi-5-hidroximetil-2-metoxi-8a, B-metil-7, 8, 8a, 9-tetahidro-1, 4-antracenediona] [oncocalixona A, onco-A] uma
benzoquinona escura cor vermelha isolada do extrato etandlico da espécie Cordia oncocalyx (Auxemma oncocalyx Allem).
Nesta revisdo, propomos investigar as principais atividades bioldgicas descritas para a oncocalixona A, desde o seu isolamento
até o processo de caracterizacdo. Para esta revisdo, os seguintes descritores foram empregados em multiplas bases de dados:
medicinal plants, quinones, Auxemma oncocalyx, Cordia oncocalyx, atividade biologica. Além disso, artigos experimentais
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publicados em periddicos internacionais e com texto completo disponivel foram utilizados como critérios de inclusdo. Os
perfis de atividade biolégica encontrados para o onco-A de acordo com a literatura foram: efeito antiproliferativo/citotoxico
nas linhagens celulares SW1573 (carcinoma de células alveolares) e CCD922 (fibroblastos normais de pele); antiinflamatério e
analgésico; efeito inibitorio sobre o crescimento celular e reatividade do DNA, atividade antiplaquetéria; potencial antitumoral;
agente anti-glicacdo; potencial benéfico e / ou toxico em caprinos e efeito neuroinibitério; atividade antibacteriana e
antibiofilme. A substancia possui um amplo espectro de aplicagdes farmacologicas, muitas das quais interligadas a atividade
citotoxica. O trabalho busca, além de compilar as atividades descritas na literatura, entender como a molécula atua nos diversos
alvos, mas, em alguns casos, pesquisas mais aprofundadas sdo necessarias para elucidar seus mecanismos de acao.
Palavras-chave: Quinonas; Propriedades quimicas; Substancia isolada; Perfil de atividade; Produtos naturais; Metabdlitos
secundarios.

Resumen

Las quinonas son un ejemplo clasico de moléculas aisladas de productos naturales. Estos son metabolitos secundarios de
plantas, hongos, bacterias e insectos, y corresponden a una clase quimica interesante que se encuentra ubicuamente en la
naturaleza. La [rel-8a-hidroxi-5-hidroximetil-2-metoxi-8a, B-metil-7, 8, 8a, 9-tetahidro-1, 4-antracenodiona] [oncocalyxona A,
onco-A] una benzoquinona de color oscuro color rojo aislado del extracto etandlico de la especie Cordia oncocalyx (Auxemma
oncocalyx Allem). En esta revisién, proponemos investigar las principales actividades bioldgicas descritas para la
oncocalyxona A, desde su aislamiento hasta el proceso de caracterizacion. Métodos. Para esta revision, se emplearon los
siguientes descriptores en multiples bases de datos: plantas medicinales, quinonas, Auxemma oncocalyx, Cordia oncocalyx,
actividad bioldgica. Ademas, se utilizaron como criterios de inclusién articulos experimentales publicados en revistas
internacionales y con texto completo disponible. Resultados y discusién. Los perfiles de actividad biolégica encontrados para
onco-A segun la literatura fueron: antiproliferativo/citotoxico en leucemia, tumor de pulmén [SW1573] y fibroblastos de piel
normal [CCD922]; antiinflamatorio y analgésico; efecto inhibidor sobre el crecimiento celular y la reactividad del ADN;
actividad antiplaquetaria; potencial antitumoral; agente anti-glicacion; potencial beneficioso y / o tdxico en cabras y efecto
neuroinhibidor; actividad antibacteriana y antibiofilm. La sustancia tiene un amplio espectro de aplicaciones farmacolégicas, la
mayoria de las cuales estan interconectadas con la actividad citotoxica. El trabajo busca, ademas de recopilar las actividades
descritas en la literatura, comprender cémo actla la molécula sobre las distintas dianas, pero, en algunos casos, se necesita una
investigacion mas profunda para dilucidar los mecanismos de accion de la misma.

Palabras clave: Quinonas; Propiedades quimicas; Sustancia aislada; Perfil de actividad; Productos naturales; Metabolitos
secundarios.

1. Introduction

The use of natural products is a growing reality, either in a practical context into popular folk medicine or in the study
of their pharmacological properties by the scientific community. Medicinal plants are a clear example, once they are the object
of interest of many studies that aim to explain the effects shown in their popular use (Sofowora; Ogunbodede & Onayade,
2013). To study such compounds, it is essential to consider their ethnopharmacological characteristics, as well as the
particularities of their use by the community, respecting the cultural aspects involved in the social context of a population
(Oliveira et al., 2015; Naz et al., 2017).

Many species of medicinal plants are sources of bioactive constituents, which play a crucial role in studies involving
the creation of new drugs addressed to several health problems worldwide (Sivasankar; Gayathri; Baskar; Krishnan & Padian,
2017). Research on natural products has significantly contributed to the development of reliable and safe herbal medicines
(Vieira; Solon; Vieira & Zarate, 2010). As abundant sources of several components, medicinal plants can synthesize multiple
secondary metabolites, which can be extracted and then serve as raw materials for scientific research. Essential oils and various
types of extracts can be cited as the most studied subjects due to their active pharmacological activities (Naveed et al., 2013).

In Brazil, studying the potential of medicinal plants is a reality for several research groups, both in preclinical studies
and clinical trials. From this, researchers draw a large number of publications, demonstrating the scientific potential of the
country (Dutra, Campos, Santos & Calixto, 2016). Products obtained from medicinal plants have shown considerable effects
on many health problems.

However, the lack of scientific evidence instigates the research for explaining the efficacy of these products in folk

medicine (Lima et al., 2006). For example, quinones are biologically active compounds, widely found in nature, exhibiting
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various biological activities, including anticancer, antibacterial, anti-inflammatory, antioxidant, and antifungal (Sreelatha et al.,
2014; Schaible et al., 2014; Oliveira et al., 2017; Yang et al., 2017).

Their irreversible contributions to electron transport in oxidation processes makes quinones molecules widely known.
Their hydrophobic characteristics allow interactions with proteins and cell membranes (Madeo; Zubair & Marianne, 2013).
The structural variation in quinones directly implies their classification. When two adjacent carbonyls occur, the molecule is
referred to as 1,2-quinones or ortho-quinones. If carbonyls are separated by two carbon atoms, the molecule is named 1,4-
quinone or para-quinones (De Lucas; Ferreira & Netto-Ferreira, 2014).

Among the classes of quinones abundantly present in nature that serve as key molecules in the development of
biologically active compounds, benzoquinones stand out for their scientifically proven effects (Abraham; Joshi; Pardasani &
Pardasani, 2011). Cordia oncocalyx, previously described as Auxemma oncocalyx, is an endemic species in northeastern
Brazil. Its stem bark, which is popularly known as "white stick" and has an astringent effect, is used in folk medicine to treat
cuts and wounds (Braga, 2001). Historically, A. oncocalyx was taxonomically reclassified to the genus to which it originally
belonged, the genus Cordia, and for this reason, it is also known as Cordia oncocalyx (Gottschling & Miller, 2006).

Early chemical investigations of the C. oncocalyx constituents allowed the isolation and characterization of
oncocalyxone A [rel-8a-hydroxy-5-hydroxymethyl-2-methoxy-8a, B-methyl-7,8,8a, 9-thetahydro-1,4-anthracenedione] (onco-
A), a dark red-colored benzoguinone obtained in large quantities from the ethanolic extract of this species (Pessoa; Lemos;
Silveira & Braz-Filho, 1993). From that, many studies have investigated and attributed pharmacological properties to this
molecule. Therefore, other studies are necessary to highlight information in the literature about the biological activities of
onco-A. This review aims to investigate the main biological activities described for the molecule, from its isolation and

characterization to the present day.

2. Methodology

Bibliographic reviews allow the analysis of the most distinct and recent scientific publications available, contributing
to the elaboration of a critical and detailed study. For this purpose, we consider the studies that follow the proposed theme or
that serve as a theoretical and methodological basis for the development of the work. This type of investigation allows an
update on the main discussions about the topic under study (Rother, 2007; Prodanov & Freitas, 2013). In the present work, an
integrative review was elaborated. This type of review represents an important academic contribution since it summarizes the
results achieved in several studies in a systematic, orderly, and comprehensive manner (Ercole, Melo & Alcoforado, 2014).
Besides, integrative reviews have been conducted to assess the scientific contributions of other studies, so it is possible to carry
out a critical analysis of the selected publications (Bezerra, Do Espirito Santo, Monteiro & Muto, 2020; Sousa, Prete, Gomes,
De Castro & Ribeiro, 2021).

Given the objective of the study, the following descriptors were employed in the search for publications: quinones,
chemical properties, isolated Substance, activity profile, natural products, metabolites secondary. The databases used for the
search included PUBMED/NCBI, Science Direct, SCIELO, and Google Scholar. Our inclusion criteria consisted of
experimental papers published in international journals, with full text available. These criteria aimed to restrict our findings to
publications related to the theme of interest. Abstracts and publications without the evaluation of biological activities were
excluded from the study. The data analysis and synthesis are succinctly and descriptively presented, which allows their

observation, counting, and description, aiming to gather a set of information about the subject addressed.
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3. Results
3.1 Quinones and their biological activities

Structurally, quinones are conjugated cyclic molecules, originated from aromatic compounds by the conversion of
hydrocarbon groups (CH =) into two carbonyl groups (C = O). They are considered responsible for the coloring and protection
against pathogens (Madeo; Zubair & Marianne, 2013; De Lucas; Ferreira & Netto-Ferreira, 2014). The structural variation of
quinones (Figure 1) implies their classification, which is based on the main aromatic system. Thus, a quinone is named
benzoquinone when it is derived from a benzene; naphthoguinone when derived from naphthalene; anthraquinone if derived
from an anthracene, and phenanthraquinones if derived from phenanthrene ring (De Lucas; Ferreira & Netto-Ferreira, 2014;
Sousa, Lopes & De Andrade, 2016).

Figure 1. Classification of quinones according to the main aromatic system.
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Source: Adapted from Sousa, Lopes & De Andrade (2016).

Quinones are widely known due to their irreversible contributions in electron transport in oxidation-reduction
processes (Madeo; Zubair & Marianne, 2013; Sarewicz & Osyczka, 2015). Such characteristic has been associated with
important biological activities, demonstrating therapeutic and toxicological effects (Bayen et al., 2007). According to Monks &
Jones (2002), the activities presented by these substances are related to their structures. Also according to the authors, humans
are exposed to this chemical class through three conditions, which include diet, drug use, and air pollution.

Fieser & Fieser (1956) describe the first synthesis of a benzoquinone from an oxidation reaction between quinic acid,
manganese dioxide, and sulfuric acid in the late 1830s. In the 1950s, mitomycin C, an isolated antibiotic, showed considerable
antitumor effect. Later, in 1963, the isolation of daunorubicin, a glycosidic anthraquinone, addressed a significant antileukemic
effect to this molecule. In 1969, doxorubicin was more effective than daunorubicin, showing effects against several types of
tumors (O’brien, 1991).

Among the classes of quinones abundantly present in nature, serving as key molecules in the development of
biologically active compounds, benzoquinones stand out for their scientifically proven effects (Abraham; Joshi; Pardasani &
Pardasani, 2011). The promising pharmacological and/or toxicological effects presented by benzoquinones and/or their
derivatives make them targets of many studies. The reports of their use in the literature reflect this. Several findings reinforce

the therapeutic potential of para-benzoquinones against several models of studies and scientific investigations. The study
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performed by Mostert, Petzer, and Petzer (2017), for example, demonstrated that molecules belonging to this class inhibited
human monoamines oxidases (MOA).

Due to the microbial resistance issues, many studies currently focus on investigating the antibacterial and antifungal
activity of benzoquinones and/or their derivatives. Jin & Sato (2003), for example, identified the benzoquinone [2,5-
cyclohexadiene-1,4-dione] as the essential molecule responsible for the antibacterial activity presented by the aqueous extract
obtained from the young shoots of the pear Pyrus spp. The authors came to this conclusion after isolation and identification
studies of the molecule by nuclear magnetic resonance (nmr), mass spectrometry, and high-performance liquid
chromatography (HPLC).

Drewes, Khan, Vuuren, and Viljoen (2005) described the isolation of a benzoquinone [2-methyl-6- [3-methyl-2-
butenyl] 1,4-benzoquinone] extracted from Gunnera perpensa. This benzoquinone displayed significant antibacterial activity
against Staphylococcus epidermidis ATCC 2223, inhibiting the bacterial growth at a concentration of 9.8 pg/ml. Other strains,
including Staphylococcus aureus ATCC 6538, Enterococcus faecalis ATCC 29212, and Bacillus cereus ATCC 11778, were
also sensitive to this compound. Recent studies have also determined the antimicrobial potential of other benzoquinones.

Pangal, Ahmed, and Shaikh (2013) studied molecules of the same class and demonstrated that these substances
showed antibacterial activity against Staphylococcus aureus and Escherichia coli. Kurban et al. (2019) reported that modified
benzoquinonic molecules inhibited the growth of the bacterial strains S. aureus 209-P, E. Coli B-906, and Mycobacterium
luteum B-917. Growth inhibition was also observed against the fungal species Candida tenuis VKM Y-70 and Aspergillus
niger F-1119.

3.2 Oncocalixone A
The Brazilian territory presents a diverse number of plant species, and many of these plants are used in folk medicine.
In the state of Ceara, northeastern Brazil, Cordia oncocaclyx (Auxemma oncocalyx Allem) is an endemic species belonging to
the boraginaceae family and is commonly applied in folk medicine [16, 17]. The B-sitosterol [3f-0-d-glucopyranosyl
sitosterol], its glycoside, as well as allantoin were isolated from its hydroalcoholic extract and were considered responsible for
the biological activity reported by the popular use (Pessoa & Lemos, 1997).
Chemical investigations from the ethanolic extract of C. oncocalyx allowed the isolation of seven terpenoid quinones.
Among these, a dark red-colored quinone was obtained in large quantities and named oncocalixone A (Figure 2) [rel-8a-

hydroxy-5-hydroxymethyl-2-methoxy-8a, B-methyl-7,8, 8a, 9-tetrahydro-1,4-anthracenedione].

Figura 2: 3D chemical structure of oncocalixone A.
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Source: Adapted from Pessoa et al. (1993).
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3.3 Biological Activities of Oncocalixone A

The studies published from 2000-2020 demonstrated that there are few biological properties (Table 1) described for
Oncocalixone A. According to Table 1, it is possible to see that most activities comprise the cytotoxic potential of the

molecule, both in cancerous and normal cells. As a proposal of this work, each biological activity profile listed in the table will
be described and discussed below.

Table 1: Biological activities described in the literature for oncocalixone A.

Author / year Biological activity Mechanism of action
Antiproliferative / cytotoxic in leukemic, lung tumor
Pessoa et al., 2000 o DNA damage
(SW1573) and normal skin fibroblasts (CCD922).
Costa-Lotufo et al., 2002 Cytotoxic in sea urchin egg. Membrane damage

Hepatoprotectant in a tetrachloride (CCI4) induced toxicity

Ferreira et al., 2003 model in mice. Free radical inhibition and lipid peroxidation

Pessoa et al., 2003 Cytotoxic against human lymphocytes. Inhibition of G1/S phase DNA synthesis

Anti-inflammatory (carrageenan-induced paw edema
model) and analgesic (acetic acid-induced abdominal -

Ferreira et al., 2004 contortion) in rats.
Antinociceptive. Peripheral action independent of opioid system
Pessoa et al., 2004 Antiproliferative against leukemic cell line. DNA damage

) o . Increased cGMP levels, regardless of NO
Antiaggregant evaluated by in vitro models, induced by

adenosine diphosphate (ADP), collagen, arachidonic acid
(AA), thrombin, and ristocetin, in platelet rich plasma
(PRP).

participation. GP Iba glycoprotein blockade,

Ferreira et al., 2008 which plays an active role in the platelet

aggregation process.

DNA interleaving, employing an electrochemical model ) ) ] .
Costa et al., 2012 . ] Interaction with guanine and adenine bases
with DNA biosensors.

Barreto et al., 2013 Antitumor activity

Antiglycation in an in vitro model of glucose and fructose- o
Melo et al., 2015 . . ROS inhibition
induced glycation.

Morphological and numerical alteration of the

Leiva-Revilla et al., 2016, 2017 Cytotoxic follicle in goat follicles. .
follicles
o Involvement of presynaptic histamine and
Matos et al., 2017 Neuroinhibitory effect o
noradrenaline inhibitor receptors.
] Morphological changes, independent of
Silva et al., 2020 o . o o o
Antimicrobial and antibiofilm activity oxidative stress

Source: Authors (2021).
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3.4 Onco-A antiproliferative/cytotoxic effect

The effects of onco-A have been described in literature using both in vitro and in vivo models. One of the first reported
studies was performed by Pessoa et al. (2000), who evaluated the antiproliferative/cytotoxic effect of different plant
compounds from northeastern Brazil. The authors identified four of these compounds and reported their potential to inhibit the
proliferation of different human cell lines, which included the cancer cell lines CEM (acute lymphoblastic leukemia) and
SW1573 (alveolar cell carcinoma), as well as the normal skin fibroblasts cell line CCD922. The study showed one of the first
potent biological activities of this metabolite.

Costa-Lotufo, Ferreira, Lemos, Viana & Cunha (2002) used the sea urchin egg development model to evaluate the
effect of the quinone fraction obtained from C. oncocalyx on the cell division and embryonic development of this species. The
evaluation of the cleavage parameters and blastula form revealed that the compound was toxic, inhibiting around 50% of the
development of sea urchin eggs, depending on the concentration.

Some characteristics, such as the induction of abnormalities in the third cleavage and the destruction of the embryos
through membrane damage, were attributed to the presence of onco-A once it was the main constituent of the fraction used in
the study. Considering the antitumor potential described previously, conferred by its antimitotic activity, Costa-Lotufo et al.
(2002) also investigated the antitumor potential of onco-A once it caused embryonic destruction at concentrations similar to
those tested against cancer cells. However, the authors emphasized the need to use antimitotic quinones with lower
cytotoxicity.

Based on the antitumor activity demonstrated and considering the use of C. oncocalyx in folk medicine, the genotoxic
effects of onco-A compared to its cytotoxic activity was also analyzed by in vitro assays against human lymphocytes (Pessoa et
al., 2003). The cells were treated with 0.5 pg/mL of onco-A at G1, G1/S, and S phases of the cell cycle. The results obtained
by analyzing the mitotic index parameter known as the number of dividing cells showed similar cytotoxicity with the control
used, with minor toxic effect in the S phase. With the results obtained, the authors suggested an inhibition of the DNA
synthesis, especially in the G1/S transition phase. Besides, onco-A did not induce expressive chromosomal aberrations in the
tested cell line, demonstrating absence of genotoxicity. The information obtained by Pessoa et al. (2003) reinforce the

therapeutic application of this compound.

3.5 Hepatoprotective and antioxidant effects

Ferreira et al. (2003) evaluated the hepatoprotective effect of onco-A by measuring plasma GOT (glutamate-oxalate-
transaminase) and GPT (glutamate-pyruvate-transaminase) in a model of carbon tetrachloride-induced toxicity (CCls) in mice.
The results showed that intraperitoneal administration of onco-A (10 mg/kg) reversed the enzyme levels in the studied model.
The most significant inhibition was observed for GPT levels, known as a specific parameter for liver lesion analysis. The effect
observed was correlated with the antioxidant property of the studied quinone, from free radical inhibition and lipid

peroxidation.

3.6 Anti-inflammatory and analgesic potentials of onco-A

When studying the quinone fraction obtained from C. oncacalyx, Ferreira et al. (2004) demonstrated the anti-
inflammatory and analgesic potential of this compound. In the study, the authors used doses of 10 and 30 mg/kg with
intraperitoneal (i.p.) administration in rats. The results revealed that the fraction significantly reduced carrageenan-induced
paw edema by up to 57% and 60% in the third hour, respectively. In dextran-induced paw edema, the treatment with 30 mg/kg

of the substance reduced the inflammation within the first hour (26.7% inhibition). In the acetic acid-induced abdominal
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writhing test, doses of 1 and 5 mg/kg of the compound inhibited, respectively, 26% and 60% of the writhing in a dose-
dependent manner.

The same study also investigated the effect of the compound on formalin-induced nociception in two distinct phases,
known as neurogenic phase and inflammatory phase. The intraperitoneal administration of 5, 10, and 30 mg/kg resulted in the
reduction of 27%, 52%, and 67% of the paw licking time, respectively, in the second phase, suggesting a response involved
with the inflammatory process. In contrast, there was no evidence of changes in the effect presented by the quinone fraction in
the presence of the antagonist (naloxone) when compared to the effect of the fraction alone, which demonstrates the non-
participation of the opioid system (Ferreira et al., 2004).

Moreover, the same doses abovementioned were also used in the hot plate model, and no effect was observed. Since
this is a model with higher brain function involvement, the authors suggested that the antinociceptive activity of the quinone
fraction represented an independent peripheral action and that the effects observed in different study models were probably

associated with the presence of onco-a, the main component of the studied fraction (Ferreira et al., 2004).

3.7 Inhibitory effect on cell growth and DNA reactivity

Pessoa et al. (2004) investigated the effect of three onco-A derivatives, modified by chlorination and acetylation
reactions, on cell growth and DNA reactivity. The results showed that two out of the three modified molecules tested were less
active against the leukemic cell line when compared to unmodified onco-A. However, the authors observed that both modified
and natural onco-A molecules were able to damage DNA at a concentration of 5 pug/mL.

This interaction with DNA was also reported in the study performed by Costa et al. (2012), who used an
electrochemical model with DNA biosensors. This model works as a screening alternative for in vitro molecular interaction
studies. Using a single-stranded DNA (ssDNA), the authors observed that onco-A interacted with the bases Guanine and
Adenine. This effect was evidenced by a decrease in the oxidation peaks of these bases. Besides, nucleotide analysis
(polyadenyl acid - Poly A) allowed the authors to determine the influence of the sugar-phosphate moiety on oxidation. From
this, it was shown that the interaction between onco-A and Poly A occurs with high intensity, which evidences its connection
with the DNA molecule.

3.8 Antiplatelet Activity

Ferreira et al. (1999) demonstrated the antiplatelet activity of the aqueous fraction obtained from C. oncocalyx
ethanolic extract. Additionally, the same authors also investigated the mechanism involved in this anti-aggregating activity.
Since onco-A is the major constituent of the previously studied fraction, its effect has been evaluated by in vitro models against
platelet aggregation induced by different agonists (Ferreira et al., 2008).

The study showed that onco-A inhibited platelet aggregation, with 1C50 of 85, 122, 159, 161, and 169 uM for
thrombin, ADP (adenosine diphosphate), AA (arachidonic acid), collagen, and ristocetin models, respectively, using platelet-
rich plasma (PRP). In the AA induction model, onco-A did not promote any functional platelet damage, inhibiting platelet
aggregation by 96% at a concentration of 256 pM.

Besides, collagen-induced aggregation was used to investigate the involvement of thromboxane A2 (TXAZ2) in onco-
A anti-aggregating activity once it is a powerful platelet activator. The results showed that when TXA2 was blocked by aspirin,
the molecule activity remained at the four concentrations tested (32, 64, 128 and 256 uM), suggesting the participation of other

mechanisms in this effect (Ferreira et al., 2008).
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Sodium nitroprusside (SNP), which is known as an important antiplatelet agent and NO (nitric oxide) donor, targets
the soluble guanylate cyclase (SGC) enzyme. The involvement of this enzyme in the activity promoted by onco-A was
evaluated by the stimulation of ADP-mediated platelet aggregation. The results showed that the effect of SNP was blocked by
82% by specifically blocking NO binding to the sGC target site with ODQ [oxadiazolo (4,3-a) quinoxalin-1-one], its major
inhibitor. The role of phosphodiesterase-5 was also evaluated by the action of its inhibitor, sildenafil (Ferreira et al., 2008).

As noted earlier, Ferreira et al. (2008) also showed that sildenafil did not inhibit platelet aggregation but potentiated
the anti-aggregating effect of SNP. The authors observed a similar effect for onco-A once the association of the molecule with
SNP significantly inhibited platelet aggregation. Onco-A binding to specific platelet surface receptors was investigated by flow
cytometry using monoclonal antibodies against CD42b (GP Iba of GP Ib/V/IX complex, von Willebrand receptor), CD41a (GP
I1b of complex Ilbllla, a fibrinogen receptor), and CD62P (P-selectin). Upon activation by collagen, 02bl integrin, its main
receptor, was labeled with antibodies against CD49b and CD29.

This result demonstrated that the molecule was able to interact with GP Iba, inducing a concentration-dependent
inhibition of platelet aggregation in antibody binding. The GP Iba subunit is involved with platelet adhesion and, in the
thrombin and ristocetin induction model, it represents the major portion involved with the activation of its respective receptor.
Binding of onco-A to this glycoprotein, thereby interfering with antibody binding, suggested a potent inhibition of platelet

aggregation attributed to this secondary metabolite.

3.9 Nanoformulation and antitumor potential

Establishing an association with the antitumor potential of this molecule and the development of nanostructured
systems, Barreto et al. (2013) reported the synthesis of an iron oxide [FesO.] nanoparticles system for storing and releasing
onco-A, targeting cancer therapy. The release assay was performed by the UV-vis method and highlighted a fast release of the
compound in the first 10 hours. Simulating the physiological condition with pH 7.4 and temperature of 37 °C, the authors

found the maximum release of onco-A, reaching about 60% after 72 hours.

3.10 Anti-glycation agent

The anti-glycation activity of Onco-A was proposed by Melo, Santos, Lemos, Goulart & Santana (2015). The result of
the glycation process is the irreversible formation of advanced glycation end products (AGE). These products interact with
other proteins, leading to damage and degradation actions, characterized by proteins with altered structures or functions.

The anti-glycation potential of the molecule was investigated in an in vitro model of glucose- and fructose-induced
glycation. Onco-A significantly inhibited AGE formation, in a concentration-dependent manner, with an 1C50 of 87.88 + 3.08

uM when compared to the control (aminoguanidine).

3.11 Survival, growth, apoptosis, and proliferation with goat preantral follicle culture

Considering the importance of determining the beneficial and/or toxic potential of new compounds, Leiva-Revilla et
al. (2016) used an in vitro model with goat preantral follicle culture to evaluate parameters as survival, growth and
development, as well as apoptosis and follicular proliferation to investigate the effects of the quinone fraction with onco-A as
main constituent. The method is applicable because it precedes experimental protocols involving animals and humans.

From the observed parameters, it was found that both the fraction and its isolated compound were able to affect the
development of goat preantral follicles, in a concentration-dependent manner. Besides, onco-A demonstrated less harmful
effect when compared to the standard control of antitumor therapy, doxorubicin (Leiva-Revilla et al., 2016).
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From these findings and following the same reasoning in the use of this study model, another study performed by
Leiva-Revilla et al. (2017) evaluated the effects of the same compounds on the culture of isolated secondary goat follicles. The
viability and nuclear maturation of oocytes obtained from antral follicles were also determined. These parameters were
evaluated through treatments with C. oncocalyx fraction, onco-A, doxorubicin, and controls (untreated group).

Under the established conditions, it was observed that the quinone fraction and its isolated molecule were not toxic
and did not change the in vitro maturation rates of the culture used in this assay, corroborating with the results obtained
previously. However, both compounds impaired oocyte viability after in vivo maturation. Also, as shown above, onco-A was
less harmful when compared to the positive control, secondary follicle survival, and to oocytes tested (Leiva-Revilla et al.,
2017).

3.12 Neuroinhibitory effect

Matos et al. (2017) investigated the neuroinhibitory effect of different compounds obtained from A. oncocalyx (C.
oncocalyx), among them onco-A. The molecule inhibited neurogenic contractions and the authors found that the mechanism of
action was related to a presynaptic inhibition involving the co-release of histamine and norepinephrine, as well as the

inhibitory receptors of these neurotransmitters.

3.13 Antimicrobial and antibiofilm activity

Antibacterial and antibiofilm activity was assessed by Silva et al. (2020). Onco-A showed antibacterial effect against
different Gram-positive bacterial strains and two Gram negative species, including clinical specimens. The strain
Staphylococcus epidermidis ATCC 12228 was more sensitive to the molecule, with MIC = 9.43 pg/mL. Besides, Methicillin
resistant strains were also sensitive to the compound. The molecule inhibited ~ 70% of the initial biofilm formation of the
Staphylococcus aureus MED 55 strain (resistant clinical specimen). Onco-A did not show antifungal activity in the
concentrations used in the cited study, however it was compatible with human erythrocytes within the concentrations that

inhibited bacterial growth.

4. Discussion

Quinones are a classic example of molecules isolated from natural products. These are secondary metabolites
produced by plants, fungi, bacteria, and insects, and they correspond to an interesting chemical class found ubiquitously in
nature. The participation of these compounds in the development of their precursors is associated with the electron transport
chain in cellular respiration and photosynthesis (Monks; Hanzlik; Cohen; Ross & Graham, 1992). Historically, these molecules
have sparked interest in the chemical and pharmaceutical fields. The isolation and identification of these pigments with
biological activities has served as the basis for the exploration of many natural quinones for dyes and medicines conception
(Furusaki et al., 1972; Bayen et al., 2007).

According to Madeo, Zubair & Marianne (2013), the hydrophobic characteristics of quinones allow interactions with
proteins and cell membranes. To become stable and biologically active they need to be reduced. In this case, they work as one-
and/or two-electron [redox cycle] -supporting molecules, resulting in the corresponding radical anion or diium formation in
situ (Salmon-Chemin et al., 2001). These, on the other hand, have important participation in cellular processes and can also
damage the DNA molecule and proteins, thereby controlling the biological activities presented (O’brien, 1991).

Among the quinones found in C. oncocalyx extract, oncocalixone A was considered responsible for the heartwood

color of the plant stem and was classified as a para-benzoquinone (Pessoa; Lemos; Silveira & Braz-Filho, 1993; Pessoa;
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Lemos; Carvalho; Braz-Filho, 1995). The possible mechanisms of action related to cytotoxicity shown in Table 1 may include
DNA damage and inhibition of DNA synthesis. However, few studies report the pathways involved with the effects of the
molecule, thus, further studies are needed for this elucidation.

Based on the cell growth inhibitory effect and DNA damage, the literature found that the original quinone [onco-A]
displays better activity when compared to the modified molecules. In the study, the authors concluded that this effect was
associated with a decrease in DNA intercalation, which led to less damage to deoxyribonucleic acid. This result could be
explained by the presence of the polycyclic planar aromatic ring in the structure of onco-A. This complex is considered an
important feature for intercalating compounds. Modifications in specific positions of the molecule could also be responsible for
inhibiting the DNA binding (Pessoa et al., 2004).

The evaluation of the mechanisms involved in the antiplatelet activity of onco-A showed a correlation with increased
cGMP levels, an independent effect of NO participation, and a blockade of the GP Iba, which has an active participation in the
platelet aggregation process. The findings made onco-A a strong candidate for the development of antithrombotic drugs
(Ferreira et al., 2008). Besides, the results about nanoformulation highlighted the potential of the nanosystem developed as an
alternative to cancer therapy (Barreto et al., 2013).

The anti-glycation effect of onco-A was attributed its antioxidant potential of the molecule once the inhibition of ROS
[reactive oxygen species] is associated with the mechanisms involved in the activity of the anti-glycation agent. The findings
reinforced the viability of this molecule in the treatment of complications associated with AGE excess (Melo, Santos, Lemos,
Goulart & Santana, 2015). With this, the biological potential presented by quinones is evident, especially benzoquinones,
which are the focus of many studies. Molecules of this class, originally extracted from natural products, and those subjected to
chemical modifications, have shown significant pharmacological potential, which make them promising substances in
preclinical studies.

The evaluation of the antimicrobial action demonstrated that onco-A promotes structural changes in the morphology

of prokaryotic cells, and that its effect in inhibiting bacterial growth is independent of oxidative stress (Silva et al., 2020).

5. Conclusion

Oncocalyxone-A has a wide spectrum of pharmacological applications, most associated with its cytotoxic
profile, involving cancer and normal cells. As previously observed, the work also aims to compile the activities
described in the literature, to understand how the molecule acts on the various targets, but, in some cases, more in-
depth research is needed to elucidate the mechanisms of action. Despite the activities previously reported for onco-
A, there are few reports of antiparasitic and antifungal activity, highlighting the importance of future trials to
elucidate such potentials since other quinones have already demonstrated such actions.

Besides, it is emphasized that conducting future investigations may significantly contribute to the
monitoring of studies with Oncocalixone A, making it possible to assess its pharmacological and biological

potentials.
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