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Abstract

Cupuacu (Theobroma grandiflorum) from the Malvaceae family, has seeds rich in flavonoids. The biological activities
of seeds are diverse, however, there are scarce data on these metabolites. The study aimed to evaluate, through in silico
methods, the biological, toxicological, and pharmacokinetic potential of metabolites present in the cupuacu seed. The
metabolites hypolaetina 3'-methylether 8-O-B-D glucuronide, theograndin I, hypolaetina 3'-methylether 8-O--D 3”-
sulfated glucuronide, isoscutellarein 8-0-B-D glucuronide and theograndin | were analysed through Pubchem to search
for structures, and PreADMET (pharmacokinetics and toxicity) and PASS online for biological activities (PA >98%).
The results demonstrated low human intestinal absorption, in addition to weak to moderate distribution across the blood-
brain barrier. All phenolic compounds showed weak to moderate binding to plasma proteins and low permeability in
CaCo; cells, except for isoscutelarein 8-0-p-D glucuronide and hypolaetina 3'-methylether 8-O-3-D glucuronide with
moderate permeability, being non-mutagenic. Furthermore, they had the potential to inhibit CYPs, such as CYP-2C9
and CYP-3A4. Also, the structures showed toxicity in Medaka fish, but they did not present toxicity in algae and
Daphnia sp. Finally, the molecules presented the following main properties: hemostatic, cardioprotective, and
antioxidant action, among others. The compounds presented varied biological activity profiles, but their
pharmacokinetic and toxicity were not promising, limiting the potential for developing new drugs. The use of
technologies is suggested to transform them into prodrugs, carriers, and the use of molecular modeling.

Keywords: Biological potencial; Flavonoids; Seeds; Toxicity.

Resumo

O cupuagu (Theobroma grandiflorum) da familia Malvaceae, possui sementes ricas em flavonoides. As atividades
bioldgicas das sementes sdo diversas, entretanto, ha escassez de estudos desses metabdlitos. O objetivo do estudo foi
avaliar, por métodos in silico, o potencial bioldgico, toxicoldgico e farmacocinética de metabdlitos presentes na semente
do cupuagu. A andlise ocorreu nos metabolitos: hipolaetina 3’-metiléter 8-O-B-D glicuronideo, theograndina II,
hipolaetina 3’-metiléter 8-O-p-D glicuronideo 3”-sulfatado, isoscutelareina 8-0-B-D glicuronideo e theograndina I,
através do Pubchem para busca das estruturas, PreADMET (farmacocinética e toxicidade) e o PASS online para
atividades bioldgicas (PA >98%). Os resultados das moléculas demonstraram baixa absorcao intestinal humana, além
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de fraca a moderada distribuicdo na barreira hematoencefalica. Todos os compostos fenélicos apresentaram fraca a
moderada ligacdo a proteina plasmatica e baixa permeabilidade em células CaCo2, com excecdo da isoscutelareina 8-
0-B-D glicuronideo e da hipolactina 3’-metiléter 8-O-p-D glicuronideo com moderada permeabilidade, sendo néo
mutagénica. Ademais, apresentaram potencial para inibicdo de CYPs, como a CYP-2C9 e a CYP-3A4. Também, as
estruturas apresentaram toxicidade em peixes Medaka, no entanto, ndo apresentaram toxicidade em algas e Daphnia sp.
Enfim, em relacdo as atividades bioldgicas, as moléculas apresentaram como principais propriedades: agcdo hemostatica,
cardioprotetora, antioxidante, entre outras. Os compostos apresentaram variados perfis de atividades biolégicas, mas
seus perfis farmacocinéticos e de toxicidade ndo foram promissores, limitando o potencial para desenvolvimento de
novos farmacos, sugere-se a utilizagdo de tecnologias, como transformar em pré-farmacos, carreadores e utilizagdo da
modelagem molecular.

Palavras-chave: Flavonoides; Potencial biologico; Sementes; Toxicidade.

Resumen

El cupuacu (Theobroma grandiflorum) de la familia Malvaceae, tiene semillas ricas en flavonoides. Las actividades
bioldgicas de las semillas son diversas, aunque hay escasez de estudios sobre estos metabolitos. El objetivo del estudio
fue evaluar, mediante métodos in silico, el potencial bioldgico, toxicoldgico y farmacocinético de los metabolitos
presentes en las semillas de cupuacu. Se analizaron los metabolitos: hipolaetina 3'-metiléter 8-O-p-D glucurénido,
theograndina Il, hipolaetina 3'-metiléter 8-O-B-D glucurénido 3”-sulfatado, isoscutelareina 8-0-pB-D glucurdnido y
theograndina I, utilizando PubChem para buscar las estructuras, PreADMET (farmacocinética y toxicidad) y PASS
online para actividades bioldgicas (PA > 98%). Los resultados de las moléculas mostraron baja absorcion intestinal
humana, asi como distribucién débil a moderada en la barrera hematoencefélica. Todos los compuestos fendlicos
presentaron una union débil a moderada a proteinas plasmaticas y baja permeabilidad en células CaCo2, excepto
isoscutelareina 8-0-p-D glucurénido y hipolaetina 3'-metiléter 8-O-B-D glucurdnido, que presentaron permeabilidad
moderada y no fueron mutagénicos. Ademas, mostraron potencial para la inhibicién de CYPs, como CYP-2C9y CYP-
3A4. Las estructuras también presentaron toxicidad en peces Medaka, sin embargo, no mostraron toxicidad en algas y
Daphnia sp. En cuanto a las actividades biolégicas, las moléculas presentaron propiedades principales como accion
hemostatica, cardioprotectora, antioxidante, entre otras. Aunque los compuestos mostraron diversos perfiles de
actividades bioldgicas, sus perfiles farmacocinéticos y de toxicidad no fueron prometedores, lo que limita el potencial
para el desarrollo de nuevos farmacos. Se sugiere explorar tecnologias como la transformacion en profarmacos,
transportadores y el uso de modelado molecular.

Palabras clave: Flavonoides; Potencial bioldgico; Semillas; Toxicidade.

1. Introduction

From the Malvaceae family, the species Theobroma grandiflorum is popularly known as cupuagu in the Amazon
region (Niu et al., 2019) but its name may vary depending on the region (Coradin et al., 2022). The fruit is an oblong, ellipsoid
or oboval drupaceous berry, with obtuse or rounded contours. Its peel is composed of epicarp with a woody characteristic and
mesocarp with a whitish color, and the endocarp is the pulp of the fruit (Souza et al., 2017). The endocarp has a yellowish
color, an acidic and characteristic aroma, and is widely used in food (Instituto de Desenvolvimento Agropecuério e Florestal
Sustentavel do Estado do Amazonas [IDAM], 2021). The fruit contains around 20 to 60 ovoid or ellipsoid-ovoid grains,
reasonably flat, ranging from 20 to 30 mm in length and 20 to 25 mm in width (Serejo et al., 2021). This grain is composed of
the almond (two cotyledons and an embryo) and the shell (thin layer that surrounds it), with the germ (seed) corresponding to
43% to 57% of the total fruit (Jean-Marie et al., 2022).

The endocarp is widely used, especially in northern Brazil (Souza et al., 2017), but its other residues, such as seeds,
are not reused and mostly discarded during the process of food derivatives production, which can cause pollution to the
environment (Coradin et al., 2022). However, seeds are sources of proteins, fats, and carbohydrates (Reboucas et al., 2020), in
addition, they are made up of promising secondary metabolites for biological actions and bioactive substances, such as
methylxanthines and flavonoids (Sakiroh et al., 2019).

Nine flavonoids present in the seed of Theobroma grandiflorum were found and identified, including: (+)-catechin,
(-)-epicatechin, isoscutelarein 8-O-B-D-glucuronide, hypolaetin 8-O-f-glucuronide, quercetin 3 -O-B-D-glucuronide, quercetin
3-O-B-D glucuronide 6"-methyl ester, quercetin, kaempferol and isoscutellarein 8-O-B-D-glucuronide 6”-methyl ester. In

addition to two new sulfated flavononic glycosides, theograndins | and 11 (Pugliese et al., 2013).
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It is noteworthy that flavonoids are polyphenols present in several plants, where more than 8,000 metabolites have
already been identified. They have in their composition a common flavilum nucleus of phenylchromanoma, containing 15
carbons distributed in two aromatic rings (rings A and B), the benzenes, interconnected to a central heterocyclic structure, the
pyran (ring C), where the first benzene is condensed with the sixth carbon of the pyran, which in position 2 carries a phenyl
group (Almeida & Santos, 2018), with substitution in one or more hydroxyls, including those linked to sugars (glycosides).

Flavonoids presented several health benefits. In vivo and in vitro studyes showed activities such as antimicrobial,
antioxidant (Torres et al., 2018), anti-inflammatory, antitumor, immune response modulation, enzyme inhibition function
(Mercés & Santos, 2022), cardiovascular protective properties (Calvario & Oliveira, 2021), hypoglycemic (Baltazar et al.,
2021) and antiviral actions (Valente et al., 2022). However, there is a lack of scientific studies regarding the analysis of the
relationship between structure and biological activity of flavonoids present in cupuacu seeds. In this way, the use of in silico
methodologies can optimize the discovery of new drug candidates, as they are theoretical methods used as first alternative to
analyze physicochemical properties of substances (Carvalho et al., 2018).

In this sense, in silico studies allows to evaluate the possibility of a compound having a potential biological effect, as
well as to evaluate its pharmacokinetics and toxicity. It is of great relevance to the analysis of isolated secondary metabolites
and discards unpromising metabolites (Chagas et al., 2022). The aim of carrying out the present study was to identify the main

biological activities, pharmacokinetics, and toxicity, in silico, of the isolated flavonoids present in the cupuagu seed.

2. Methodology

A This work used the scientific model of comparison for diversification in the predictions of pharmacokinetic,
toxicological, physical-chemical, and biological activity, in which the designed molecules were compared with others in the
databases of the programs used (Pereira, et al., 2018).

To select the molecules, present in the seed of Theobroma grandiflorum (cupuagu), a literature review was initially
carried out. Studies evaluating existing biological activities were selected. This search was developed using data from PubMed
from the National Library of Medicine, Google Scholar, and Scientific Electronic Library online (SciELO).

After reviewing the literature, certain flavonoids found in the cupuagu seeds were selected: hypolaetina 3'-methylether
8-O-p-D glucuronide, hypolaetina 8-0-B- D glucuronide 3”-sulfate, hypolaetina 3'-methylether 8-O-B-D glucuronide 3”-
sulfated, isoscutellarein 8-0-p-D glucuronide, isoscutelarein 8-0-B-D glucuronide 3”-sulfate (Pugliese et al., 2013).

From this, PubChem® (available at: https://pubchem.ncbi.nlm.nih.gov/) was used to obtain the two-dimensional
structures of the secondary metabolites, and the Marvinsketch software (version 2.0; available at: https://I1ng.com/rdgUm) for
the design of the structures. The PreADMET application (version 2.0, Preadmet 2020; available at: https://encr.pw/RDYuC)
for pharmacokinetic and toxicological predictions, and the online PASS software (predicting activity spectra for substances -
Way2Drug.com © 2011 - 2023 « Version 2.0; available at: http://www.way2drug.com/passonline/) for prediction of biological
activities.

The pharmacokinetic prediction was carried out in the freely available online PreADMET, where the following
parameters were analyzed: HIA (human intestinal absorption), being: 0-20% (low absorption), 20-70% (moderate absorption),
70-100 % (high absorption); BBB (ability to cross blood-brain barrier), being: <1 crosses to a reduced extent or not at all,
and >2 crosses moderately; Permeability in Caco2 cells: <4 low permeability, >4 and <70 moderate permeability and >70 high
permeability; Permeability in MDCK cells: <25 low permeability, 25-500 moderate permeability, >500 high permeability; and
binding to the plasma protein albumin (PPA): >90% strong binding to albumin and <90% weak to moderate binding
(PreADMET, 2020).

For evaluating the action on metabolism, the CYP inhibition by molecules was assessed. The substances that do not
3
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inhibit and/or induce any CYP were considered ideal because they probably do not interfere with the metabolism of other
substances including the endogenous ones (Sousa, 2012).

In toxicity analyzes on marine organisms, parameters were used for algae, crustaceans Daphnia sp. and Medaka fish,
with algae indicating acute toxicity, the crustaceans Daphnia sp. acute and subchronic toxicity, and Medaka fish indicating
chronic toxicity (Dolabela et al.,2018). According to Costa et al. (2008), to be considered toxic for algae the result must be
greater than 1mg/mL, and non-toxic the result must be less than 1mg/mL. Toxicity in Daphnia is evaluated as: toxic = greater
than 22 pg/mL, and non-toxic = less than 22 pg/mL (Guilhermino et al., 2000). For toxicity in Medaka fish, the values are:
<1mg/L = very toxic; toxic between 1-10 mg/L, harmful between 10-100 mg/L and non-toxic > 100 mg/L (Zucker & Jonhson,
1985). In PreADMET, for mutagenicity analyses, the Ames test with Salmonella typhimurium was used. This test has the
potential to identify substances that can cause gene mutations (Ames & Yamasaki, 1975). The strains analyzed were TA98,
TAL00 and TA1535, being considered positive when a mutation is seen in the bacteria reversion and negative when there is no
mutation reversion (Sousa, 2012).

Carcinogenicity prediction was carried out by PreADMET, which uses data from the national toxicology program
(NTP) and the food and drug administration (FDA). The result concerns the carcinogenic potential in rats and mice, being (+)
for carcinogens and (-) for non-carcinogens (PreADMET, 2020).

Finally, the biological activity of the metabolites was evaluated after crossing more than 2,500 biologically active
substances present in the online PASS software database, with a value equal to or above 0.98 being standardized, that is, 98%
for the activity probability (PA) (Filimonov et al., 2014).

3. Results and Discussion

3.1 Prediction of biological activities
In the cupuacu seed, five secondary metabolites that have few studies in the scientific literature were identified:

isoscutellarein 8-O-beta-D glucuronide, isoscutellarein 8-O-beta-D glucuronide 3™ -sulfate (theograndin I), hypolaetina 8-O-
beta-D glucuronide 3™ -sulfate (theograndin I1), hypolaetina 3" -methyl ether 8-O-beta-D glucuronide and hypolaetina 3" -methyl
ether 8-O-beta-D glucuronide 3 “"-sulfate named, respectively, isoscutelarein A, theograndin I, theograndin 11, hypolaetin A and
hypolaetin B. These secondary metabolites, structurally represented in Figure 1, were subjected to in silico analyzes to identify

their biological activities, pharmacokinetic profile, and toxicity.
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Figure 1 - Structure of secondary metabolites from cupuacu seed (Theobroma grandiflorum).
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(A): isoscutellarein 8-O-beta-D glucuronide; (B): isoscutellarein 8-O-beta-D glucuronide 3™ -sulfate (theograndin 1); (C): hypolaetin 8-O-beta-
D glucuronide 3™ -sulfate (theograndin I1); (D): hypolaetin 3"-methyl ether 8-O-beta-D glucuronide; (E): hypolaetin 3*-methyl ether 8-O-beta-
D glucuronide 3™ -sulfate. Source: Authors (2023).

After analyzing the results of biological activities (Table 1), the molecules appear to be promising as hemostatic
(isoscutelarein A, theograndin I, theograndin 1, hypolaetin A and hypolaetin B). These results demonstrate great biological
importance, since hemostatic action can control and stop bleeding, being clinically relevant in situations of surgery, trauma,
and people with hemolytic disorders (Prado et al., 2014).

The cardioprotective action of the molecules isoscutelarein A and hypolaetin A was suggested (Table 1). The
cardioprotective action can help reduce damage to the heart muscle, improving cardiovascular health, potentially preventing
serious complications as heart attacks (Faria et al., 2020). In addition to the activities mentioned, the substances isoscutelarein
A and hypolaetin A were suggested to have antioxidant activity by eliminating free radicals (Table 1). Antioxidant activity
helps to neutralize free radicals, eventually reducing the risk of certain conditions, generating improvements in general health
(Filhos et al., 2023).

Theograndin | and theograndin Il were shown to act as sulfotransferase substrates (Table 1). Sulfotransferase
substrates are specific molecules modified by the sulfotransferase enzyme, and thus regulate the activities of hundreds of small
molecules through the transfer of the sulfuryl moiety (-SO3; Wang, Cook & Leyh, 2016). In this sense, it is clinically important
in the biotransformation of drugs since the activation or inactivation of certain drugs occurs through these sulfation reactions.
Also, according to the results in Table 1, the action as a membrane integrity antagonist for isoscutelarein A was suggested, it
probably can preserve and strengthen cell membranes, fundamental structures for the proper functioning of the body's cells.
(Montenegro et al., 2017).

Finally, Table 1 shows that isoscutelarein A acts as a UDP-glucuronosyltransferase substrate and UGT1A substrate.
According to Mackenzie at al. (2003), a substrate of UDP-glucuronosyltransferase refers to a molecule that is modified by the
UGTs enzyme, being of paramount importance in the drug conjugation process. It is a significant action, determining the
response to chemicals that are eliminated mainly by conjugation with glucuronic acid. Therefore, the clinical importance lies
in the metabolization of many medications and toxins by the liver, making them more soluble in water for excretion.

The UGT1A substrate, uridine diphosphate glucuronosyltransferase (UGT) 1A is involved in the formation of inactive

metabolites. Genetic variations in these enzymes can impact the way the body metabolizes medications (Man et al., 2018),
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affecting their concentrations in the body.

Table 1 - Prediction of biological activities of substances isolated from T. grandiflorum.

Secondary metabolites Main properties predicted by PASS AP%
online
Hemostatic 98,7%
Membrane Integrity Agonist 98,3%
Cardioprotective 98,1%
Isoscutellarein 8-O-B-D glycorunide | Free radical scavenger 98,0%
UDP-glucuronosyltransferase substrate 98,1%
UGT1A substrate 98,0%
Hemostatic 99,4%
Isoscutellarein 8-O-f-D glycorunide Sulfotransferase substrate 98,5%
3" -sulfate
Hemostatic 99,3%
Hypolaetin 8-O-B-D glycorunide Sulfotransferase substrate 98,3%
3" -sulfate

Hemostatic 98,7%
Hypolaetin 3"-methyl ether 8-O-p-D Free radical scavenger 98,3%
Glycorunide Cardioprotective 98,1%
Hemostatic 99,2%

Hypolaetin 3" -methyl ether 8-O-p-D

Glycorunide 3" -sulfate

PA%: Probability of Activity in percentage, PA > 0.980: probable activity equal to or greater than 98%. The results of
the online PASS prediction were interpreted as follows: only activities with PA equal to or above 98% were considered
possible for a given compound, the closer to 100% indicated a high chance of experimentally finding the predicted
activity. Source: Pass online (2023).

3.2 Pharmacokinetic profile prediction
In the pharmacokinetic data estimated by the PreADMET Program the substances presented the following results:

3.2.1 Absorption
Permeability in MDCK cells

All structures showed low permeability in MDCK cells, with the following results: isoscutelarein A: 0.99703,
theograndin I: 0.0448005, Theograndin I1: 0.045115, hypolaetin A: 0.542677 and hypolaetin B: 0.0446855 (Table 2). MDCK
(Madin-Darby canine kidney) cells come from the kidneys of Madin-Darby dogs which, when grown in the laboratory, form
structures like ducts, differentiating into columnar epithelial cells with semipermeable membranes with junctions similar to
Caco-2 cells, exhibiting features that resemble the epithelial cells found in kidney tubules (Ferreira, Branddo & Dolabela,
2020). MDCK cells are widely used to study renal distal tubular physiology through the transport of substances and ions (Sousa,
Freitas & Storpirtis, 2007). Furthermore, they are used to check the permeability and absorption of substances, providing
information on the oral absorption of compounds, being very important in the initial phase of drug development, helping to
predict how a substance can be absorbed by the body when administered orally (Bokulic et al., 2022). In this sense, the results

demonstrated that all molecules presented low permeability for MDCK, demonstrating they are not well absorbed by the body.

Permeability in CaCo2 cells

The substances theograndin I, theograndin Il and hypolaetin B presented the respective results: 3.30465, 3.02004 and
2.46378, being interpreted as structures that have low permeability in CaCo2 cells. On the other hand, Isoscutelarein A and
hypolaetin A showed moderate permeability in Caco2 cells with the following results, Isoscutelarein A: 14,609 and hypolaetin
A: 13,6522 (Table 2).

CaCoz2 is a cell line obtained from human colon adenocarcinoma that has characteristics similar to intestinal epithelial

cells. They form a polarized monolayer when grown in the laboratory, developing tight junctions that resemble those found in
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the the small intestine. This polarization is crucial to replicate the natural absorption conditions in the human body, making
studies with CaCo2 cells essential to understand how substances are absorbed or metabolized in the digestive system, helping
to predict drugs bioavailability (Menezes, 2009).

Except for isoscutelarein A and hypolaetin A, which showed moderate permeability, the other substances
demonstrated low permeability (Table 2), indicating that isoscutelarein A and hypolaetin A, even if absorption is limited, have
a greater chance of being absorbed, more considerably in the large intestine (Caco2 cells) when compared to absorption in the
kidneys (MDCK cells).

Human intestinal absorption (HIA)

Compared to the Human Intestinal Absorption (HIA) parameter, all molecules showed low absorption (Table 2):
isoscutelarein A: 15.784278, theograndin I: 6.923619, theograndin 11: 3.150528, hypolaetin A: 13.089938 and hypolaetin B:
5,759287.

Human Intestinal Absorption (HIA) is an important parameter in the development of medicines, as it directly affects
the effectiveness and bioavailability of a substance (Corréa & Oliveira, 2023). It is used to evaluate the absorption capacity of
a specific compound by the human gastrointestinal tract, to predict how a substance will be absorbed by the body after oral
administration (Pinheiro et al., 2022). Considering that ideal HIA of a drug is directly linked to the drug intestinal absorption
via oral administration, it can be suggested that these molecules do not have characteristics to be candidates for oral drugs, as
they have low bioavailability.

Most of the structures do not appear to be promising in terms of absorption parameter, except for isoscutelarein A and
hypolaetin A, which indicated moderate absorption in CaCo2 cells. It is inferred that the low absorption may be related to the
association of phenolic compounds with sugar molecules, as the presence of the glycoside group may hinder their absorption
by the gastrointestinal tract and, consequently, their bioavailability (Hollman, 2004). However, glycosylation can confer other
properties to flavonoids, such as increasing their water solubility and stability, which can have a positive impact in other areas,

such as antioxidant activity or interaction with specific enzymes in the human body (Amaretti et al., 2015).

Table 2 - Results of pharmacokinetic predictions of molecules isolated from T. grandiflorum.

Secondary Absorption Distribution Metabolism
metabolites
HIA Caco2 MDCK BBB PPB Fase | Inibigdo
Isoscutellarein 15.784278 | 14.609 0.99703 0.033499 73.846049 Weakly CYP-2C9
8-0-B-D glycorunide CYP-3A4
Isoscutellarein 8-O-b- | 6.923619 | 3.30465 0.0448005 0.0294342* 74.804253 Weakly CYP-2C9
D glucuronide 3*°- CYP-3A4
sulfate
Hypolaetin 8-O-b-D 3.150528 | 3.02004 0.045115 0.0373023* 70.169998 Weakly CYP-2C9
glucuronide 3*°- CYP-3A4
sulfate
Hypolaetin 3"-methyl | 13.089938 | 13.6522 0.542677 0.0349036 61.580035 Weakly CYP-2C9
ether §-O-b-D CYP-3A4
glucuronide
Hypolaetin 3 -methyl 5.759287 | 2.46378 0.0446855 0.0371595* 65.041128 Weakly CYP-2C9
ether §-O-b-D CYP-3A4
glucuronide 3"'-
sulfate

HIA: (0-20%) low absorption, (20-70%) moderate absorption, (70-100%) high absorption; Caco2: (<Inm/s) low
permeability, (>4 to <70nm/s) moderate permeability, (>70nm/s) high permeability; MDCK: (<25nm/s) low
permeability, (25-500nm/s) moderate permeability, (>500nm/s) high permeability; BBB: (<1) crosses in a reduced way
or not at all, (>2) crosses moderately; PPB: (>90%) strong binding to albumin, (>90) weak to moderate binding. Source:
PreADMET (2023).
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3.2.2 Distribution
Ability to cross the blood-brain barrier (BBB)

According to the parameters in Table 2, all metabolites cross in a reduced way or cannot cross the BBB, as the substances
presented values lower than 1, namely: isoscutelarein A: 0.033499, theograndin I: 0.0294342, theograndin 1l: 0.0373023,
hypolaetin A: 0.0349036 and hypolaetin B: 0.0371595.

The BBB is formed by endothelial cells that are aligned with the capillaries, preventing or hindering the passage of
substances from the blood to the nervous tissue. The BBB membrane contains P-glycoprotein, which is an ATP transporter and
participates in drug efflux. Due to its high level of expression, its location in the luminal membrane, multispecificity and high
transport potential make this protein a selective element (Vieira & Sousa, 2013).

The blood-brain barrier is very relevant to the central nervous system, as it acts as a selective barrier, controlling the
entry of medications and toxic substances (Carrefio, 2015). The phenolic compounds studied do not cross the BBB due to their
hydrophilic characteristics, as well as the molecules size, which become large due to the glycosides presence, which makes it
difficult for them to pass through the blood-brain barrier.

In this sense, BBB allows the passage of compounds necessary for the proper functioning of the brain, such as nutrients
and hormones, preventing toxins, antibiotics and other medications from reaching it. Therefore, if a drug crosses the BBB, it
can result in significant consequences in the central nervous system (CNS), causing neurological disorders through
neurotoxicity, which results in part from an increase in BBB permeability (Pimentel, Sivalingam, Doke & Samikkannu, 2020).
The studied metabolites have adequate parameters, given the fact they do not have the ability to cross the BBB.

Plasma protein binding (PPB)

The binding of the five substances to the albumin protein was weak to moderate given that the metabolites presented
the following results: isoscutelarein A: 73.846049, theograndin I: 74.804253, theograndin II: 70.169998, hypolaetin A:
61.580035, hypolaetin B PPB: 65.041128 (Table 2).

The function of plasma proteins as drug carriers can facilitate access to the site of action and reduce side effects. In
particular, the application of plasma proteins in drug release may be important in antineoplastic therapy (Lambrinidis et al.,
2015). It is possible to infer that of all drug interactions, those related to pharmacokinetics are of great importance, such as in
distribution, where the basic interaction is the drugs competition for albumin, when both have high affinity. When the
interaction occurs, the free fraction of one of the drugs may increase along with its toxicity (Vieira & Sousa, 2013).

With values lower than 90%, the parameter of binding to plasma proteins is considered good, as it would not generate

drugs competition for binding to plasma proteins, which reduces the chances of a drug interaction (Pimentel et al., 2020).

3.2.3 Metabolism

For metabolism, interaction with CYPs was verified. The metabolites have been shown not to inhibit CYP2C19 and
CYP2D6 and were not considered a CYP2D6 substrate. However, they had the ability to inhibit CYP2C9 and CYP3A4, and
to be weakly a CYP3A4 substrate (Table 2).

CYP450 (cytochrome P450) is a family of enzymes responsible for the metabolism of a wide variety of compounds,
including drugs, toxins and endogenous substances. It is divided into several subfamilies such as the CYP1A2, CYP2B6,
CYP2C19, CYP2D6, CYP2E1 and CYP3A4 isoenzymes, with CYP3A4 being responsible for metabolizing most medications
(Zhao et al., 2021).

According to Monteiro et al. (2007), CYP3A4 represents around 30% of the hepatic cytochrome and is in the
gastrointestinal tract, kidneys and liver. Its anatomical and functional association with Gp-P and the modulation of its catalytic
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capacity (inhibition/induction) by several compounds, make this isoform a preferential target for drug interactions.
Furthermore, CYP2C9 represents 20% of the hepatic cytochrome total and this isoform is widely cited for drug metabolism
and possible interactions. In addition to being subject to genetic polymorphism and having its functional activity affected by
inhibition and induction processes, several of its substrates are drugs with reduced therapeutic margins.

Drugs that act on the same subfamily of CYP450 enzymes, when administered concomitantly, can interact with each
other, and affect the systemic clearance of one of them and result in reduced effectiveness, synergism or toxicity (Braz,
Figueiredo, Barroso & Reis, 2018). The nature, extent and clinical relevance of these drug interactions depend on whether the
drug exerts substrate activity, where the structure competes for metabolization in the same CYP, which can cause an inductive
effect and an increase in the enzymatic process speed, resulting in a accelerated metabolism of the xenobiotic and/or CYP450
enzyme inhibitor, where there is a reduction in metabolism rate with prolonged effects and toxicity (Hakkola et al., 2020).

Drug interactions resulting from the inhibition of CYP450 enzymes are more frequent than those caused by enzyme
induction, and generally occur when the inhibitor is a substrate and compete directly for the enzyme's binding site (Braz et al.,
2018).

Regarding metabolism by CYP, drugs that are metabolized by CYP3A4 have a more lipophilic nature and tend to
remain in the body. In this way, these substances go through the biotransformation process and transform into metabolites with
more hydrophilic characteristics, but drugs with a polar nature are also metabolized by CYP3A4, becoming even more
hydrophilic (Dolabela et al., 2018).

In this sense, non-glycosylated molecules can inhibit the CYP2C9 and CYP3A4 enzymes, since the potency of an
inhibitor is determined by its lipophilic character and binding strength (Guido et al., 2010). Therefore, when evaluating the
lipophilic nature of the molecules, the metabolites isoscutelarein A, theograndin I, theograndin I1, hypolaetin A and hypolaetin
B are possibly less potent inhibitors of these enzymes when compared to non-glycosylated ones.

An example from drugs already available on the market, ketoconazole, from the imidazole family, is a potent CYP
inhibitor (high lipid solubility). On the other hand, cimetidine is a relatively weaker reversible inhibitor (low lipid solubility
and lower affinity for CYP; Lin & Lu, 1998). Thus, as glycosylated metabolites have lower lipid solubility, it is suggested that
the inhibition of CYP3A4 and CYP2C9 is weak. Finally, it is suggested that even by weakly inhibiting CYP3A4 and CYP2C9,
the substances can reduce the effectiveness of a drug and, possibly, toxicity. Thereby, the metabolites were not considered

promising in terms of metabolism parameter.

3.3 Toxicological profile prediction

In the context of toxicity testing of substances with pharmacological potential in marine organisms, regulatory
authorities recommend the use of more than one species, covering different levels in the food chain. It is common to use algae
(as a food base), crustaceans (which feed on the algae) and fish (as subsequent consumers) for these assessments (Reboucas et

al., 2013). In this sense, the five substances were evaluated against algae, Daphnia sp and Medaka fish.

Algae

The results for algae in Table 3, suggest that no structure was considered toxic: Isoscutelareina A: 0.0164792,
theograndina I: 0.00828153, theograndina 11: 0.00608718, hypolaetina A: 0.0118827 and hypolaetina B: 0.00600983.

Algae as a biological indicator have important uses because, as primary producers, they are the base of food chain and
any change in the dynamics of their communities can affect the upper trophic levels. One of the advantages of using algae in
toxicity tests is their high sensitivity to changes in the environment, combined with their short life cycle, which makes it possible

to detect toxic effects over multiple generations. Algae are used to assess acute toxicity, focusing on death counts (Vidotti &
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Rollemberg, 2004).

Acute toxicity tests aim to evaluate the impacts of toxic agents on aquatic species over a short period of time, compared
to the life cycle of the test organism. Generally, in these studies, the effect measured is lethality or some previous manifestation,
such as the state of immobility, which occurs in exposed aquatic organisms (Costa et al., 2008).

Daphnia sp.
For Daphnia sp., no structure was considered toxic, as demonstrated by the following results: isoscutelarein A:
0.44536, theograndin I: 0.297374, theograndin I1: 0.345388, hypolaetin A: 0.436065 and hypolaetin B: 0.291685 (Table 3).
The Daphnia sp are freshwater crustaceans, from the order Cladocera and the genus Daphnia, which are commonly
known as water fleas. They are frequently used in substance toxicity studies, as they play a fundamental role in evaluating the
harmful effects of different substances in the aquatic environment, being very sensitive to toxic agents. Furthermore, they are
important in many food chains, being a significant source of food for fish, in addition to having a relatively short life cycle, a

significant parameter for evaluating acute and subchronic toxicity (Ferreira et al., 2020).

Medaka Fish

On the other hand, all structures were considered very toxic to Medaka fish, as shown in Table 3: isoscutelareina A:
0.377886, theograndina I: 0.208158, theograndina Il: 0.283511, hypolaetina A: 0.371075 and hypolaetina B: 0.20506.

Medaka fish, scientifically known as Oryzias latipes, are crucial in toxicity studies of substances. Their importance
lies in the sensitivity of these animals to a wide range of chemical compounds, which makes them a valuable model organism
for evaluating the impacts of these substances on the environment and human health. Medaka fish are used to demonstrate both
acute and chronic poisoning. Furthermore, as they are larger animals, they allow the observation of toxic changes in specific
organs (Arenzon et al., 2013).

In accordance with Costa et al. (2008), chronic toxicity tests on aquatic species aim to evaluate the impacts of chemical
substances over a period that encompasses part or even the entire life cycle, but the absence of toxic effects of a substance in
acute toxicity tests does not imply its non-toxicity in chronic tests. Furthermore, chronic tests evaluate possible toxic impacts
in prolonged exposure to sublethal concentrations, that is, at levels that allow the survival of organisms, but affect biological
functions.

The metabolites did not present acute toxicity, but showed chronic toxicity, indicating an accumulation of these
substances over time and consequently toxicity, requiring more detailed studies to enable the improvement of this parameter.
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Table 3 - Predictions of toxic events of molecules isolated from Theobroma grandiflorum.

Secondary metabolites Toxicity Mutagenicity Carcinogenicity
Algae Daphnia sp Medaka Ames Test Mice Rats
Fish
Isoscutellarein 8-O-b-D 0.0164792 0.44536 0.377886 - + +
glucuronide
Isoscutellarein 8-O-b-D 0.00828153 0.297374 0.208158 + + +
glucuronide 3''- sulfate
Hypolaetin 8-O-b-D 0.00608718 0.345388 0.283511 + + +
glucuronide 3'"- sulfate
Hypolaetin 3"-methyl ether | 0.0118827 0.436065 0.371075 - + +
8-O-b-D glucuronide
Hypolaetin 3'-methyl ether | 0.00600983 0.291685 0.20506 + + +
8-0-b-D glucuronide 3" -
sulfate

Algae: (>1mg/mL) toxic, (<Img/mL) non-toxic; Daphnia: (>22pg/mL) toxic, <22pug/mL non-toxic; Medaka:
(<Img/L) very toxic, (1-10mg/L) toxic, (10-100mg/L) harmful, (>100mg/L) non-toxic; Mutagenic: (+) positive,
(-) negative; Carcinogenic: (+) positive, (-) negative. Source: PreADMET (2023).

3.3.1 Mutagenicity

The mutagenicity is important in the initial assessment of the safety of chemical substances. For this, the Ames test
was used, which consists of evaluating the ability of chemical substances to induce reverse mutations in specific genes of
specific bacterial strains, such as Salmonella typhimurium (TA98, TA100 and TA1535). This analysis is sensitive to certain
compounds that can cause DNA damage and lead to mutations (Ames et al., 1975).

The Ames test was considered positive when there was a reversion of the mutation in one or more bacteria, and
negative when no reversion was observed in them. According to the results (Table 3), theograndin I, theograndin Il and
hypolaetin B were considered mutagenic, causing reversion in the bacteria. However, isoscutelarein A and hypolaetin A were
non-mutagenic, which are considered more viable for future studies. These results may be related to the presence of sulfate in
the molecules, since hypolaetin A and isoscutelarein A do not present this group.

Mutogenic agents can alter the base sequence of DNA, potentially triggering carcinogenicity. In this sense, in Table

3, as well as compounds with mutagenic potential, compounds with non-mutagenic potential presented carcinogenic potential.

3.3.2 Carcinogenicity

All molecules showed carcinogenic potential for both genders in rats and mice (Table 3). It is inferred that in silico
models seek to estimate the acute and chronic toxicity of substances, as well as their ability to cause long-term adverse effects
in mice and rats, through the prediction of the carcinogenic potential of compounds in rodents (Rodent Carcingogenicity) carried
out based on data from the National Toxicology Program (NTP) and FDA (Food and Drug Administration) (PreADMET, 2020).
These results may be related to the accumulation of the substances in these larger organisms, which, consequently, can cause
carcinogenicity through genotoxicity (Kishino et al., 2019). It is understood that the metabolites of the cupuagu seed are not
promising in terms of toxicity, however, more specific scientific studies are necessary to understand the mechanisms involved
in these flavonoids on mutagenicity and carcinogenicity.

After analyzing the results, all molecules were not favorable for human intestinal absorption parameters, MDCK cells
and Caco? cells, although isoscutelarein A and hypolaetin A indicate moderate permeability and toxicity. Regarding distribution,
they were not promising on the ability to cross the blood-brain barrier, however, they presented a good profile in terms of binding
to plasma proteins, as the metabolites bind weakly, consequently there would be no competition and drug interactions. The

metabolization parameter was ineffective, having the potential to inhibit CYPs, therefore it could cause interaction with other
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drugs or endogenous substances, with the possibility of toxicity. The flavonoids had unfavorable results on the toxicity
parameters, they showed toxicity in Medaka fish, however, they did not show toxicity in algae and Daphnia sp. Furthermore,
they were carcinogenic, with only hypolaetin A and isoscutelarein A considered non-mutagenic. Finally, in relation to the

prediction of biological activities, the molecules showed promise.

4. Conclusion

In short, in relation to pharmacokinetic prediction, no metabolite obtained satisfactory results in the analyzed
parameters, except for isoscutelarein A and hypolaetin A, which showed moderate permeability in Caco2 cells, but with non-
significant relevance. Furthermore, based on toxicity, no metabolites were promising as they presented positive results for at
least one toxicity parameter. On the other hand, the biological activities found were promising, with results that demonstrate
great clinical importance, requiring in vitro studies, followed by in vivo evaluation to better understand their mechanisms of
action. In our study, flavonoids did not present promising pharmacokinetic and toxicological profiles, limiting the potential for
the development of new drugs based on their structures. However, the applicability of technologies could improve the molecules,
preserving their biological activities, such as molecular modeling which allows the adjustment of molecules, improving their
stability, as well as the use of nanotechnology, use of transporters and formulation of prodrugs to improve the solubility,

bioavailability, and stability, allowing more efficient absorption.

References
Almeida, A. S., & Santos, A. F. (2018). Flavonoides do Género Annona. Diversitas Journal, 3(2), 475-485. 10.17648/diversitas-journal-v3i2.583

Amaretti, A., Raimondi, S., Leonardi, A., Quartieri, A., & Rossi, M. (2015). Hydrolysis of the rutinose-conjugates flavonoids rutin and hesperidin by the gut
microbiota and bifidobacteria. Nutrients, 7(4), 2788-2800. https://doi.org/10.3390/nu7042788

Ames, B. N., Mccann, J., & Yamasaki, E. (1975). Methods for detecting carcinogens and mutagens with the Salmonella/mammalian-microsome mutagenicity
test. Mutation research, 31(6), 347—364. https://doi.org/10.1016/0165-1161(75)90046-1

Arenzon, A., Lorenzo, C., Coimbra, N. J. & Schulz, U. H. (2013). A determinac&o da toxicidade cronica para peixes baseada apenas na sobrevivéncia é suficiente.
Ecotoxicology and Environmental contamination, 8(2), 65-68. 10.5132/eec.2013.02.010

Baltazar, D. A. A, Ribeiro, A. C. F. C., & Rocha, J. P. F. (2021). Acgéo hipoglicemiante de compostos bioativos extraidos de plantas: foco nas lectinas.
Universidade de Lisboa, Lisboa, Portugal.

Bokuli¢, A., Padovan, J., Stupin-Polancec, D., & Mili¢, A. (2022). Isolation of MDCK cells with low expression of mdrl gene and their use inmembrane
permeability screening. Acta Pharmaceutica, 72(2), 275-288. https://doi.org/0.2478/acph-2022-0003

Braz, C. L., Figueiredo, T. P., Barroso, S. C. C., & Reis, A. M. M. (2018). Medicamentos com atividade sobre o citocromo P450 utilizados por idosos em
domicilio. Revista Médica de Minas Gerais, 28(e-1927). http://dx.doi.org/10.5935/2238-3182.20180069

Calvério, G. M. N. S., & Oliveira, M. E. C. R. (2021). O efeito protetor dos flavonoides na aterosclerose. Universidade Beira Interior, Covilhd, Portugal.

Carvalho, A. L. S., Gongalves, J. H. C., Mochiutti, E., Nascimento, A. E. S., Brasil, D. S. B., & Martelli, M. C. (2018). Estudo in silico das propriedades
farmacocinéticas de componentes do 6leo essencial de croton palanostigma. 58° Congresso Brasileiro de Quimica. Sdo Luis, MA.

Carrefio, F. O. Avaliagéo farmacocinética da quetiapina nanoencapsulada: modelo para estudo de delivery cerebral através de um nanocarreador polimérico.
Universidade Federal do Rio Grande do Sul, Porto Alegre, Brasil.

Chagas, C. K., Rolim, C. E. L., Hanna, P. S. M., & Dolabela, M. F. (2022). Estudo in silico de compostos fendlicos isolados de Inga laurina. Research, Society
and Development, 11(2). http://dx.doi.org/10.33448/rsd-v11i2.25592

Coradin, L., Camilo, J. & Vieira, I. C. G. (Ed.). (2022). Espécies Nativas da flora brasileira de valor econémico atual ou potencial: plantas para o futuro: regido
norte. Brasilia, DF: Ministério do Meio Ambiente.

Corréa, M. D. O. & Oliveira, J. I. N. (2023). Predicao das propriedades fisico-quimicas, farmacocinéticas e de toxicidade de substancias bioativas no combate
da Doenga de Chagas. Universidade Federal do Rio Grande do Norte, Natal, Brasil.

Costa, C. R., Olivi, P., Botta, C. M., & Espindola, E. L. (2008). A toxicidade em ambientes aquaticos: discussdo e métodos de avaliagdo. Quimica nova, 31(7),
1820-1830.

12


http://dx.doi.org/10.33448/rsd-v13i5.45556
http://dx.doi.org/10.5132/eec.2013.02.010

Research, Society and Development, v. 13, n. 5, e0113545556, 2024
(CC BY 4.0) | ISSN 2525-3409 | DOI: http://dx.doi.org/10.33448/rsd-v13i5.45556

Man, F. M., Goey, A. K. L., van Schaik, R. H. N., Mathijssen, R. H. J., & Bins, S. (2018). Individualization of Irinotecan Treatment: A Review of
Pharmacokinetics, Pharmacodynamics, and Pharmacogenetics. Clinical pharmacokinetics, 57(10), 1229-1254. https://doi.org/10.1007/s40262-018-0644-7

Dolabela, M. F., Silva, A. R. P. D., Ohashi, L. H., Bastos, M. L. C., Silva, M. C. M. D., & Vale, V. V. (2018). Estudo in silico das atividades de triterpenos e
iridoides isolados de Himatanthus articulatus (Vahl) Woodson. Revista Fitos, 12(3). 10.17648/2446-4775.2018.602

Faria, G. O., Paula, A. B. R., Lavorato, V. N., Miranda, D. C., & Isoldi, M. C. Estudo do envolvimento dos receptores da adenosina sobre a a¢éo cardioprotetora
da espironolactona e eplerenona em cardiomidcitos de rato. (2020). Brazilian Journal of Development, 6(8), 58237-58252. 10.34117/bjdv6n8-292

Ferreira, G. G., Branddo, D. L. N., & Dolabela, M. F. (2020). Predicdo do comportamento farmacocinético, toxicidade e de atividades biolégicas de alcaloides
isolados de Geissospermum laeve (Vell.) Miers. Research, Society and Development, 9(12). https://doi.org/10.33448/rsd-v9i12.11056

Filho, D. G. D. Rodrigues, F. A. D. Ramos, A. M. B. Teixeira, F. I. S., & Souza, P. A. S. (2023). Revisdo de literatura sobre a atividade antioxidante do acai.
Contemporay Journal, 3(1), 240-248.

Filimonov, D. A., Lagunin, A. A., Gloriozova, T. A., Rudik, A. V., Druzhilovskii, D. S., Pogodin, P. V., & Poroikov, V. V. (2014). Prediction of the biological
activity spectra of organic compounds using the PASS online web resource. Chemistry of Heterocyclic Compounds, 50, 444-457.

Guido, R. V. C., Andricopulo, A. D., & Oliva, G. (2010) Planejamento de farmacos, biotecnologia e quimica medicinal: aplicacdes em doengas infecciosas.
Estudos avangados, 24(70), 81-92. https://doi.org/10.1590/S0103-40142010000300006

Guilhermino, L., Diamantino, T., Silva, M. C., & Soares, A. M. (2000). Acute toxicity test with Daphnia magna: an alternative to mammals in the prescreening
of chemiical toxicity?. Ecotoxicology and environmental safety, 46(3), 357-362. https://doi.org/10.1006/eesa.2000.1916

Hakkola, J., Hukkanen, J., Turpeinen, M., & Pelkonen, O. (2020). Inhibition and induction of CYP enzymes in humans: an update. Archives of toxicology,
94(11), 3671-3722. https://doi.org/10.1007/s00204-020-02936-7

Lambrinidis, G., Vallianatou, T., & Tsantili-Kakoulidou, A. (2015). In vitro, in silico and integrated strategies for the estimation of plasma protein binding. A
review. Advandec Drug Delivery Reviews, 86(), 27-45. https://doi.org/10.1016/j.addr.2015.03.011

Intituto de Desenvolvimento Agropecuério e Florestal Sustentdvel do Estado do Amazonas (IDAM). (2021). Boas praticas de producdo sustentavel no
amazonas:cupuagu. Brasil, AM. Disponivel em http://www.idam.am.gov.br/wp-content/uploads/2021/01/Cupua%C3%A7u.pdf

Jean-Marie, E., Jiang, W., Bereau, D., & Robinson, J. C. (2022). Theobroma cacao and Theobroma grandiflorum: Botany, Composition and Pharmacological
Activities of Pods and Seeds. Foods (Basel, Switzerland), 11(24), 3966. https://doi.org/10.3390/foods11243966

Hollman, P. C. H. (2004). Absorcéo, biodisponibilidade e metabolismo de flavondides. Biologia Farmacéutica, 42(1), 74-83.

Kishino, Y., Hasegawa, T., Yamoto, T., & Mori, K. (2019). Species differences in micronucleus induction of the clastogenic compounds associated with drug
metabolic profile. The Journal of toxicological sciences, 44(10), 701-709. https://doi.org/10.2131/jts.44.701

Lin, J. H., & Lu, A. Y. (1998). Inhibition and induction of cytochrome P450 and the clinical implications. Clinical pharmacokinetics, 35(5), 361-390.
https://doi.org/10.2165/00003088-199835050-00003

Mackenzie, P. 1., Gregory, P. A., Gardner-Stephen, D. A., Lewinsky, R. H., Jorgensen, B. R., Nishiyama, T., Xie, W., & Radominska-Pandya, A. (2003).
Regulation of UDP glucuronosyltransferase genes. Current drug metabolism, 4(3), 249-257. https://doi.org/10.2174/1389200033489442

Menezes, C. A. G. (2009). Comparative study of the cytotoxic effects of Microcystin-Ir in Mammalian Cell Lines: Vero, HepG2, Caco2 and MDCK.
Unirversidade de Lisboa, Lisboa, Portugal.

Mercés, Z. C., & Santos, J. C. M. (2022). Compostos bioativos — flavonoides: efeitos metabolitos da dietoterapia no estresse oxidativo de pessoas acometidas
com doenga de huntington. Revista Arquivos Cientificos, 5(2), 1-12.

Monteiro, C., Marques, F. B., & Ribeiro, C. F. (2007). Interaccdes medicamentosas como causa de iatrogenia evitavel. Revista Portuguesa de Medicina Geral
e Familiar, 23(1), 63-73.

Montenegro, C. A., Gongalves, G. F., Oliveira Filho, A. A,, Lira, A. B., Cassiano, T. T. M., Lima, N. T. R., Barbosa-Filho, J. M., Diniz, M. F. F. M., & Pessda,
H. L. F. (2017). In Silico Study and Bioprospection of the Antibacterial and Antioxidant Effects of Flavone and Its Hydroxylated Derivatives. Molecules (Basel,
Switzerland), 22(6), 869. ttps://doi.org/10.3390/molecules22060869

Niu, Y. F.,, Ni, S. B., & Liu, J. (2019). The complete chloroplast genome of Theobroma grandiflorum, an important tropical crop. Mitochondrial DNA. Part B,
Resources, 4(2), 4157-4158. https://doi.org/10.1080/23802359.2019.1693291

Pereira, A. S., Shitsuka, D. M., Pereira, F. J, & Shitsuka, R. (2018). Metodologia da pesquisa cientifica. UFSM.
https://repositorio.ufsm.br/bitstream/handle/1/15824/Lic_Computacao_Metodologia-Pesquisa-Cientifica.pdf.

Prado, T. D., Ribeiro, R. G., Damasceno, A. D., & Nardi, A. B. (2014). Hemostasia e procedimentos anti-hemorragicos. Agrarian Academy, 1(01), 210-227.
PREADMET. (2020). ADME TOKX calculation. Disponivel em https://preadmet.webservice.omdrc.org/

Pugliese, A. G., Tomas-Barberan, F. A., Truchado, P., & Genovese, M. I. (2013). Flavonoids, proanthocyanidins, vitamin C, and antioxidant activity of
Theobroma grandiflorum (Cupuassu) pulp and seeds. Journal of agricultural and food chemistry, 61(11), 2720-2728. https://doi.org/10.1021/jf304349u

13


http://dx.doi.org/10.33448/rsd-v13i5.45556
https://doi.org/10.1007/s40262-018-0644-7
https://doi.org/10.33448/rsd-v9i12.11056
https://doi.org/10.1590/S0103-40142010000300006
https://doi.org/10.1016/j.addr.2015.03.011
https://doi.org/10.1080/23802359.2019.1693291

Research, Society and Development, v. 13, n. 5, e0113545556, 2024
(CC BY 4.0) | ISSN 2525-3409 | DOI: http://dx.doi.org/10.33448/rsd-v13i5.45556

Reboucas, A. M., Costa, M. C., Teles, E. P. J., & Pires, C. R. F. (2020) Aproveitamento tecnoldgico das sementes de cupuagu e de okara na obtencéo de cupulate.
Revista Interdisciplinar da Universidade Federal do Tocantins, 7(especial), 59-64. https://doi.org/10.20873/uftsupl2020-8614

Sakiroh, S., Taryono, T., & Purwanti, S. (2019). Dynamics of storage materials in cotyledon during cocoa seed germination. Ilmu Pertanian (Agricultural
Science), 3(1), 12-20.

Pimentel, E., Sivalingam, K., Doke, M., & Samikkannu, T. (2020). Effects of Drugs of Abuse on the Blood-Brain Barrier: A Brief Overview. Frontiers in
neuroscience, 14, 513. https://doi.org/10.3389/fnins.2020.00513

Pinheiro, R. B. S, Costa, A. C. Jr., Zepeda, C. A. T., Santos, L., Pinto, L. P., Cabral, O. V., & Soto, C. A. T. (2022). Anélise in silico do perfil farmacocinético
e toxicoldgico do complexo tioglicolato de Zinco Il [Zn (ATG) 2 (OH2) 2]. Research, Society and Development, 11(6). https://doi.org/10.33448/rsd-v11i6.29430

Serejo, A. P. M., Oliveira, A. C. S., Costa, I. C., Nogueira, A. J. L., Lacerda, H. C. C., & Coutinho, D. F. (2021) Reaproveitamento de residuos gerados pelas
espécies Persea americana e Theobroma grandiflorum: Uma alternativa para sustentabilidade ambiental. Research, Society and Development, 10(13).
http://dx.doi.org/10.33448/rsd-v10i13.21053

Sousa, M. C. D. (2012). Estudos de modelagem molecular para previséo In silico dos provaveis metabélitos de fase | de flavonoides. Universidade Federal de
Goiés, Goiania, GO.

Souza, J. D., Freitas, Z. M. F., & Storpirtis, S. (2007). Modelos in vitro para determinagéo da absorgéo de farmacos e previsdo da relagéo dissolugéo/absorgao.
Revista Brasileira de Ciéncias Farmacéuticas, 43, 515-527.

Souza, A. G. C., Alves, R. M., & Souza, M. G. (2017) Cupuagu: Theobroma grandiflorum. Argentina: Instituto Interamericano de Cooperacion para la
Agricultura (11ICA). Disponivel em https://www.procisur.org.uy/adjuntos/procisur_cupuacu_0a7.pdf

Torres, D. S., Pereira, E. C.V., Sampaio, P. A,, Souza, N. A. C., Ferraz, C. A. A,, Oliveira, A. P., Moura, C. A, Almeida, J. R. G. S., Rolim-Neto, P. J. Oliveira-
Jr., R. G., & Rolim, L. A. (2018). Influéncia do método extrativo no teor de flavonoides de Cnidoscolus quercifolius POHL (euphorbiaceae) e atividade
antioxidante. Revista Quimica Nova, 41(7), 743-747. http://dx.doi.org/10.21577/0100-4042.20170236

Valente, G. M., Teixeira, L. F. M., Sousa, J. A. C., Brandao, G. C., & Reis, A. C. C. (2022). Estudo fitoquimico, avaliagéo da atividade citotdxica e antiviral do
extrato da espécie Bidens pilosa contra Chikungunya, Mayaro e Zika virus. Universidade Federal de Ouro Preto. Ouro Preto, MG. Disponivel em
https://monografias.ufop.br/handle/35400000/4306

Vidotti, E. C., & Rollemberg, M. D. C. E. (2004). Algas: da economia nos ambientes aquaticos a bioremediagdo e a quimica analitica. Quimica nova, 27, 139-
145.

Vieira, G. D. D., & Sousa, C. M. D. (2013). Aspectos celulares e fisioldgicos da Barreira Hematoencefélica. Journal of Health & Biological Science, 1(4).
https://doi.org/10.12662/2317-3076jhbs.v1i4.38.p166.2013

Wang, T., Cook, I., & Leyh, T. S. (2016). Design and Interpretation of Human Sulfotransferase 1A1 Assays. Drug metabolism and disposition: the biological
fate of chemicals, 44(4), 481-484. https://doi.org/10.1124/dmd.115.068205

Zhao, M., Ma, J., Li, M., Zhang, Y., Jiang, B., Zhao, X., Huai, C., Shen, L., Zhang, N., He, L., & Qin, S. (2021). Cytochrome P450 Enzymes and Drug
Metabolism in Humans. International journal of molecular sciences, 22(23). https://doi.org/10.3390/ijms222312808

Zucker, E., & Johnson, S. L. (1985). Hazard evaluation division standard evaluation procedure: acute toxicity test for freshwater invertebrates. US
Environmental Protection Agency, Office of Pesticide Programs. Estados Unidos, Washington. Disponivel em
https://nepis.epa.gov/Exe/ZyNET.exe/P100WHVJ.TXT?ZyActionD=2yDocument&Client=EPA&Index=1981+Thru+1985&Docs=&Query=& Time=&EndTi
me=&SearchMethod=1&TocRestrict=n& Toc=&TocEntry=&QField=&QFieldYear=&QFieldMonth=& QFieldDay=& IntQFieldOp=0&ExtQFieldOp=0&Xml
Query=&File=D%3A%5Czyfiles%5CIndex%20Data%5C81thru85%5CTxt%5C00000029%5CP100WHVJ.txt&User=ANONY MOUS&Password=anonymou
s&SortMethod=h%7C-&MaximumDocuments=1&FuzzyDegree=0&ImageQuality=r75g8/r75g8/x150y150g916/i425&Display=hpfr&DefSeekPage=x&
SearchBack=ZyActionL&Back=ZyActionS&BackDesc=Results%20page&MaximumPages=1&ZyEntry=1&SeekPage=x&ZyPU

14


http://dx.doi.org/10.33448/rsd-v13i5.45556
https://doi.org/10.20873/uftsupl2020-8614
https://doi.org/10.33448/rsd-v11i6.29430
https://doi.org/10.12662/2317-3076jhbs.v1i4.38.p166.2013
https://nepis.epa.gov/Exe/ZyNET.exe/P100WHVJ.TXT?ZyActionD=ZyDocument&Client=EPA&Index=1981+Thru+1985&Docs=&Query=&Time=&EndTime=&SearchMethod=1&TocRestrict=n&Toc=&TocEntry=&QField=&QFieldYear=&QFieldMonth=&QFieldDay=&IntQFieldOp=0&ExtQFieldOp=0&XmlQuery=&File=D%3A%5Czyfiles%5CIndex%20Data%5C81thru85%5CTxt%5C00000029%5CP100WHVJ.txt&User=ANONYMOUS&Password=anonymous&SortMethod=h%7C-&MaximumDocuments=1&FuzzyDegree=0&ImageQuality=r75g8/r75g8/x150y150g16/i425&Display=hpfr&DefSeekPage=x&
https://nepis.epa.gov/Exe/ZyNET.exe/P100WHVJ.TXT?ZyActionD=ZyDocument&Client=EPA&Index=1981+Thru+1985&Docs=&Query=&Time=&EndTime=&SearchMethod=1&TocRestrict=n&Toc=&TocEntry=&QField=&QFieldYear=&QFieldMonth=&QFieldDay=&IntQFieldOp=0&ExtQFieldOp=0&XmlQuery=&File=D%3A%5Czyfiles%5CIndex%20Data%5C81thru85%5CTxt%5C00000029%5CP100WHVJ.txt&User=ANONYMOUS&Password=anonymous&SortMethod=h%7C-&MaximumDocuments=1&FuzzyDegree=0&ImageQuality=r75g8/r75g8/x150y150g16/i425&Display=hpfr&DefSeekPage=x&
https://nepis.epa.gov/Exe/ZyNET.exe/P100WHVJ.TXT?ZyActionD=ZyDocument&Client=EPA&Index=1981+Thru+1985&Docs=&Query=&Time=&EndTime=&SearchMethod=1&TocRestrict=n&Toc=&TocEntry=&QField=&QFieldYear=&QFieldMonth=&QFieldDay=&IntQFieldOp=0&ExtQFieldOp=0&XmlQuery=&File=D%3A%5Czyfiles%5CIndex%20Data%5C81thru85%5CTxt%5C00000029%5CP100WHVJ.txt&User=ANONYMOUS&Password=anonymous&SortMethod=h%7C-&MaximumDocuments=1&FuzzyDegree=0&ImageQuality=r75g8/r75g8/x150y150g16/i425&Display=hpfr&DefSeekPage=x&
https://nepis.epa.gov/Exe/ZyNET.exe/P100WHVJ.TXT?ZyActionD=ZyDocument&Client=EPA&Index=1981+Thru+1985&Docs=&Query=&Time=&EndTime=&SearchMethod=1&TocRestrict=n&Toc=&TocEntry=&QField=&QFieldYear=&QFieldMonth=&QFieldDay=&IntQFieldOp=0&ExtQFieldOp=0&XmlQuery=&File=D%3A%5Czyfiles%5CIndex%20Data%5C81thru85%5CTxt%5C00000029%5CP100WHVJ.txt&User=ANONYMOUS&Password=anonymous&SortMethod=h%7C-&MaximumDocuments=1&FuzzyDegree=0&ImageQuality=r75g8/r75g8/x150y150g16/i425&Display=hpfr&DefSeekPage=x&

