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Abstract

Polar extracts of Tapirira guianensis Aubl. were prepared for evaluation of biological activities. Identification and
quantification of phenolic compounds, antioxidant activity, inhibition of acetylcholinesterase enzyme and antifungal
potential were performed in all extracts. High contents of total phenols were detected in the ethanolic and aqueous
extracts of the leaves (237.10+5.39 mg EAG/g and 346.46+5.67 mg EAG) respectively. The same extracts had a free
radical scavenging potential by both DPPH and ABTS+ methods. Ethanolic extract of the leaves with 1Cso=
15.06+£0.02 pg/mL and 16.49+0.01pg/mL) and aqueous extracts (11.54+0.01 pg/mL and 15.14+0.02 pg/mL
respectively. In the study by high-performance liquid chromatography the phenolic substances were recorded: gallic
acid, rutin, ellagic acid, quercetin and apigenin in the leaves and gallic acid and quercetin in the stem bark. Ethanolic
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and aqueous extracts of the leaves and stem bark showed high potency of inhibiting the enzyme acetylcholinesterase,
with ICsp values = 13.94+0.02 pug/mL, 13.69+0.08 pg/mL and 14.79+0.20 pg/mL respectively. The aqueous extract of
the leaves showed anti-Candida action against all four strains of the microorganism. The in silico studies evidenced
that all the ligands analyzed presented interaction with the SAP5 protein highlighting the ellagic acid, the rutin and the
quercetin. With these results, the activities previously reported for the species T. guianensis are confirmed,
highlighting the polar extracts, mainly aqueous as a source of antioxidant, acetylcholinesterase inhibitor and
antifungal substances.

Keywords: Tapirira guianensis; Antioxidant; Acetylcholinesterase; Anti-Candida.

Resumo

Extratos polares de Tapirira guianensis Aubl. foram preparados para avaliagdo de atividades biolégicas. Identificacdo
e quantificacdo de compostos fendlicos, atividade antioxidante, inibicdo da enzima acetilcolinesterase e potencial
antifangico foram realizados em todos os extratos. Foram detectados teores elevados de fendis totais nos extratos
etanolicos e aquosos das folhas (237,10+5,39 mg EAG/g e 346,46+5,67 mg EAG) respectivamente. Os mesmos
extratos apresentavam um potencial de extracdo de radicais livres tanto pelo método DPPH como pelo método
ABTS+. Extrato etandlico das folhas com Clsp= 15,06+0,02 pg/mL e 16,49+0,01ug/mL) e extratos aquosos
(11,54£0,01 pg/mL e 15,14+0,02 pg/mL respectivamente. No estudo por cromatografia liquida de alta eficiéncia
foram registradas as substancias fendlicas: acido gélico, rutina, acido elagico, quercetina e apigenina nas folhas e
4cido galico e quercetina na casca do caule. Extratos etanélicos e aquosos das folhas e casca do caule mostraram uma
elevada poténcia de inibicdo da enzima acetilcolinesterase, com valores de Clsp = 13,94+0,02 pg/mL, 13,69+0,08
pg/mL e 14,79+0,20 pg/mL respectivamente. O extrato aquoso das folhas mostrou acdo anti-Candida contra as quatro
cepas do microrganismo. Os estudos in silico evidenciaram que todos os ligantes analisados apresentaram interacéo
com a proteina SAP5 destacando o acido elagico, a rutina e a quercetina. Com estes resultados, confirmam-se as
atividades anteriormente relatadas para a espécie T. guianensis, destacando-se os extratos polares, principalmente
aquosos como fonte de antioxidante, inibidor da acetilcolinesterase e substancias antifingicas.

Palavras-chave: Tapirira guianensis; Antioxidante; Acetilcolinesterase; Anti-Candida.

Resumen

Se prepararon extractos polares de Tapirira guianensis Aubl. para evaluar las actividades biolégicas. En todos los
extractos se realizé la identificacién y cuantificacién de los compuestos fendlicos, la actividad antioxidante, la
inhibicion de la enzima acetilcolinesterasa y el potencial antifingico. Se detectaron altos contenidos de fenoles totales
en los extractos etan6lico y acuoso de las hojas (237,10+5,39 mg EAG/g y 346,46+5,67 mg EAG) respectivamente.
Los mismos extractos tenian un potencial de barrido de radicales libres por los métodos DPPH y ABTS+. Extracto
etandlico de las hojas con Clsp= 15,06+0,02 pg/mL y 16,49+0,01pug/mL) y extractos acuosos (11,54+0,01 pg/mL y
15,14+0,02 pg/mL respectivamente. En el estudio por cromatografia liquida de alto rendimiento se registraron las
sustancias fendlicas: acido galico, rutina, acido elagico, quercetina y apigenina en las hojas y acido galico y quercetina
en la corteza del tallo. Los extractos etandlicos y acuosos de las hojas y de la corteza del tallo mostraron una alta
potencia de inhibicion de la enzima acetilcolinesterasa con valores Clsp = 13,94+0,02 pg/mL, 13,69+0,08 pg/mL y
14,79+0,20 pg/mL respectivamente. El extracto acuoso de las hojas mostré una accion anti-Candida contra las cuatro
cepas del microorganismo. Los estudios in silico evidenciaron que todos los ligandos analizados presentaron
interaccion con la proteina SAP5 destacando el &cido elédgico, la rutina y la quercetina. Con estos resultados, se
confirman las actividades previamente reportadas para la especie T. guianensis, destacando los extractos polares,
principalmente acuosos como fuente de sustancias antioxidantes, inhibidoras de la acetilcolinesterasa y antiflingicas.
Palabras clave: Tapirira guianensis; Antioxidante; Acetilcolinesterasa; Anti-Candida.

1. Introduction

The species Tapirira guianensis Aubl is one of the species of the genus Tapirira most distributed in all Brazilian
biomes and is usually presented as "pau-pombo" or "pigeon breast". T. guianensis is a tree that can reach 8-14 meters in height
and is established in moist soils in Brazil, mainly in areas of the Atlantic Forest. Its leaves are used in folk medicine to treat
leprosy, diarrhea, and syphilis (David et al., 1998). The leaves of T. guianensis present antioxidant and vasodilator activity
(Rodrigues et al., 2017), anticholinesterase (Morais et al., 2021), antiproliferative (Silva-Oliveira et al., 2021). Barks exhibit
cytotoxic activity against human prostate cancer, antiprotozoal and antibacterial activity (Roumy et al., 2009).

Some therapeutic lines have been applied in individuals affected by Alzheimer's disease. Among them are the use of

acetylcholinesterase inhibitors and antioxidant substances. These acetylcholinesterase inhibitors (ACEIs) act by inhibiting the
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enzyme acetylcholinesterase, hindering the hydrolysis of acetylcholine, favoring better levels of the neurotransmitter in the
cholinergic complex, enabling more effective and prolonged nerve synapses (Araujo; et al., 2016).

In several pre-clinical and clinical studies it is already evident that oxidative stress leads to several neurodegenerative
diseases. Oxidative stress consists of an imbalance in the production of reactive oxygen species and antioxidant agents,
generating an accumulation of free radicals in the body. Excessive free radicals can lead to cell membrane damage through
lipid peroxidation, structural and functional alteration of proteins, DNA damage, and premature cellular aging, causing
neurodegenerative problems (Kim et al., 2015). Strategies using antioxidants can help slow or minimize oxidative damage.
Polyphenolic antioxidants are natural substances widely used to protect cellular components. Among these polyphenolic
substances, flavonoids promote neuroprotective properties in preclinical models of Alzheimer's disease (AD) and Parkinson's
disease (PD).

The prevalence of multidrug-resistant microbial infections has also become a major public health problem worldwide.
Pathogen resistance to drugs used by the hospital industry is seen as a major threat. In this regard, research into natural
antimicrobial agents is expanding worldwide. Antibiotic resistant bacterial strains are responsible for 60% of nosocomial
infections (Trubiano & Padiglione, 2015) and Candida yeasts are frequently isolated from intensive care unit (ICU) patients
(Schelenz, 2008).

From the above, the present study aims to propose that the species Tapirira guianensis Aubl. be registered as a
natural source of antioxidant, anti-cholinesterase and anti-candida substances, which can be used in the management of

Alzheimer's disease and Candida infections.

2. Methodology
Plant extracts

The collection of plant material was carried out at Parque Estadual do Cocoé in Fortaleza-CE in 2021 (Lat.: -3.74462,
Long.: -38.48782). The leaves and stem bark of the species Tapirira guianensis Aubl. were packed in plastic bags and sent to
the Natural Products Chemistry Laboratory of the State University of Ceara (UECE). An exsicata of the plant material was
deposited in the Prisco Bezerra Herbarium of the Federal University of Ceara (UFC) identified by the botanist Luiz Wilson
Lima-Verde under code EAC 64238.

The license to collect the plant material at Parque do Coc6 was granted by the Secretary of Environment of the
Government of the State of Ceard. For the processing of the alcoholic extracts, 500 grams of dried sample was used, where it
was added to glass containers containing 2L of ethyl alcohol (96%) within 7 days. For the aqueous extracts, the plant material
was processed using a reflux system containing 3L of distilled water for 6 hours. Obtaining the resulting solutions, the material
was filtered and concentrated in a rotary evaporator under reduced pressure to eliminate excess solvent. To finalize the

material, the solutions were concentrated in a water bath (60°C). The aqueous solutions were lyophilized.

Total phenol content

The determination of the total phenol content was carried out using the Folin-Ciocalteu method described by Sousa et
al. (2007). For each extract, 7.5 mg was dissolved in 10 mL of P.A. methanol (99.8%) using an ultrasonic bath, then transferred
quantitatively to a 25 mL volumetric flask and the final volume was made up with methanol. A 100 uL aliquot of this solution
was transferred to a 10 mL volumetric flask with 500 pL of the Folin-Ciocalteu reagent and stirred for 30 seconds, 6 mL of
distilled water and 2 mL of Na,COs (15%) were added, stirring the mixture for more 60 seconds and the final volume was
filled with distilled H20, the solution was kept at rest for 2 hours in a dark place. The white reagent was conducted under the

same conditions. All determinations were made in triplicate. The same procedure was used to prepare the calibration standard
3


http://dx.doi.org/10.33448/rsd-v11i13.35378

Research, Society and Development, v. 11, n. 13, e317111335378, 2022
(CC BY 4.0) | ISSN 2525-3409 | DOI: http://dx.doi.org/10.33448/rsd-v11i13.35378

curve (y = 0,127x + 0,011, R? = 0,995) obtained with 0 a 4 ug mL™* gallic acid solutions. The absorbances from the several
concentrations were obtained in the UV-Vis (Genesys 10S UV-Vis Thermo Scientic) at 750 nm. The results were determined
by interpolation of the data with the gallic acid calibration standard equation and expressed in terms of mg GAE/g sample
extract.

Total Flavonoid Content

It was evaluated by the method of (Funari & Ferro, 2006) for this test a solution was prepared with 20 mg of extract in
10.0 mL of ethanol using a volumetric flask. After that, a 2.0 mL aliquot of this solution (concentration of 2 mg/mL) was
mixed with 1.0 mL of a 2.5% aluminum chloride solution in a 25.0 mL volumetric flask, and then the final volume was made
up with ethanol. After 30 minutes resting in the dark and at room temperature, the absorbance of the sample was determined at
425 nm in a UV-Vis spectrophotometer. The blank was prepared in a similar way containing only ethanol and 2.5% aluminum
chloride. The procedure was carried out in triplicate. Total flavonoid content was determined by interpolation of the
absorbance of the samples against a calibration standard curve constructed by measuring absorbances of quercetin (0 to 14
pg/mL) and expressed as mg EQ (quercetin equivalents) per gram of extract. The equation of the quercetin calibration curve
constructed was: y=0.067x - 0.011 with R2=0.999.

High Performance Liquid Chromatography

The analysis by high-performance liquid chromatography (HPLC-DAD) uses a Shimadzu Prominence Auto Sampler
(SIL-20A) HPLC system (Shimadzu, Kyoto, Japan) equipped with Shimadzu LC-20AD reciprocating pumps connected to a
DGU 20A5 degasser with a CBM 20A integrator, SPD-M20A diode array detector, and LC Solution 1.22 SP1 software.
Chromatographic analyses were performed on a Shim-pack (CLC) ODS GOLD reverse phase column (4.6x250mm, 5um).
Mobile phases C and D were acetonitrile and Milli-Q water acidified to pH 2.8 with phosphoric acid, correspondingly, solvent
gradient was used as follows: 0-15 min, an isocratic elution with C:D (20:80 v/v); 17-25 min, linear variation up to C:D (40:60
vIv); 25-40 min, an isocratic elution with C:D (20:80 v/v). The flow rate was 1.0 mL.min-1, with an injection volume of 20uL
and wavelength of 350 nm. The chromatography peaks were confirmed by comparing their retention time with that of the
reference standard and by DAD spectra (200 to 400 nm). Calibration curve for gallic acid: y= 3.10-8x - 0.0061 (r=0.9997), for
rutin; y= 4.10-8x + 0.005 (r=0.999), for ellagic acid: y=8. 10-9x - 0.0159 (r=0.999), for quercetin: y= 2.10-8x - 0.0171
(r=0.988), for apigenin: y= 1.10-8x + 0.0001 (r=0.999). The samples were analyzed in triplicate and the average peak areas

were measured.

Determination of antioxidant activity by the DPPH Method

The antioxidant activity was measured in 96-well flat-bottom plates using an Elisa BioTek reader, model ELX 800,
software “Gen5 V2.04.11”, based on the methodology described by (Becker et al., 2019) with modifications. In 96-well plates,
the following solutions were used per well: 180 pL of methanolic solution of DPPH (2,2-diphenyl-1-picrylhydrazyl), 20 uL of
the extract sample dissolved in methanol and diluted 10 times to obtain final concentration 0.2 mg mL ™.

Various concentrations of the samples were prepared using the initial solution with a concentration of 2 mg mL"1: 200
pg mL?, 100 pg mL%, 50 pug mL?, 25 pug mL?, 12.5 ug mL?, 6.25 pg mL?, 3.12 pug mL?, 1.56 pg mL%, and 0.78 pug mL™.
Absorbances were measured at 490 nm until a total of 60 minutes of incubation. As the negative control, a solution with all
reagents except the sample. The absorbances relative to the extract’s colors were extinguished from the analysis. BHT

antioxidant was used for comparison.
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The results are expressed as percentage of inhibition, calculated by P1% = [(AC-AS)/AC].100, where AC is
absorbance of the DPPH* control solution at time 0 and AS is the absorbance of the sample solution containing DPPH* at time

60 min. All samples were analyzed in triplicate.

Assessment of Antioxidant Activity by the ABTS Method

Antioxidant activity was assessed using the ABTS (2,2'-Azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) method, as
described by (Re et al., 1999). The ABTS** solution (7 mM, 5 mL) was mixed with 88 uL of potassium persulfate (140 mM),
agitated, and kept in the dark at room temperature for 16 hours. Then, 1mL of this solution was added to 99 mL of ethanol, and
the absorbance was measured at 734 nm. A series of solutions of the plant extracts with decreasing concentrations was
prepared, and 3.0 mL of ABTS** solution was added to 30 uL of these solutions after 6 minutes. The absorbance was then

measured at 734 nm. The I1Csg values were calculated by linear regression. All samples were analyzed in triplicate.

In vitro evaluation of acetylcholinesterase inhibition

The acetylcholinesterase quantitative enzyme inhibition test used the following reagents per well: 25 pL of
acetylthiocholine iodide (15 mM), 125 pL of 5.5'-dithiobis-[2-nitrobenzoic] in the 0.1 M Tris/HCI solution NaCl and 0.02 M
MgCl, .6H,0, 50 pL of Tris/HCI solution with 0.1% bovine serum albumin, 25 pL of samples/standards, the standards of
physostigmine (Eserina) and Galantamina, separately, and 25 pL of AChE (0.22 unit,uL™?). The inhibitory activity of the
acetylcholinesterase enzyme (AChE) was measured in 96-well flat-bottom plates using an ELISA BIOTEK reader, model ELX
800, software “Gen5 V2.04.11”. based on the methodology described by (Ellman et al., 1961) modified by Trevisan et al.
(2003).

To determine whether the positive results presented in the microplate assay were due to enzymatic inhibition or
inhibition of the chemical reaction between DTNB and thiocholine, the reaction kinetics of each well were observed, and the
color of the samples was extinguished from the analysis by reading the microplate before and after enzymatic addition. The
same analyzes were also performed with the positive control (physostigmine), the negative control (all solutions except the
sample and/or standard) and the blank (all solutions except the sample and/or standard + methanol). All samples were diluted
in methanol, prepared in 2 mg.mL™ solutions and ICso calculated from the following curve of evaluated concentrations: 200
pg.mLt, 100 pg.mL?, 50 pg.mL?, 25 pg.mL?, 12,5 pg.mL?, 6,25 ug.mL%, 3,12 ug.mL%, 1,56 pg.mL?, e 0,78 pug.mL*. The

values obtained were also converted from pg/mL to mol/L, with the exception of the value for the extract.

In vitro antifungal activity

Initially, a screening was performed to verify which samples showed action against Candida albicans strain 0102
(clinical). The strains used from the University of Vale do Acarau collection were from isolates from patients at the Santa Casa
de Misericordia de Sobral, Ceard, Brazil. After screening, the samples that showed activity against the microorganism were
tested against Candida albicans strains: M1(clinic); C3(clinic); 0102(clinic); 0104 (clinic).

Minimum Inhibitory concentration (MIC) and Minimum fungicidal concentration (CFM)

The Minimum Inhibitory Concentration (MIC) for Candida. albicans strains were determined by the broth
microdilution broth microdilution method according to the methodology described by (Fontenelle et al., 2007), with the
standards of the protocol Clinical Laboratory Standards Institute - M38-A (CLSI, 2018). The samples were diluted (10 mg/mL)
in 5 pl of 5% dimethyl sulfoxide (DMSO) 5% DMSO, together with 995 ul of tween. Amphotericin B was used as a positive
control. For this assay, 96-well microdilution plates were used, where initially 50 pL of RPMI medium was added to all wells

5
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and then 10 mg/mL of the sample was added to all wells of the first well. added to all wells of the first column to then make
serial dilutions. Finally, 50 pL of the inoculum was added to the wells of the plate.

The plates were incubated at 37° C and visual reading was performed after 48 hours for the strains of C. albicans. All
tests were performed in duplicate and the MIC was defined as the lowest concentration concentration of the sample capable of
inhibiting 100% of the visible growth of the microorganism. The results were determined by visualization as recommended by
CLSI. A minimum fungicidal concentration (MFC) was determined by subculturing 100 pL of solution removed from wells,
without turbidity, on Potato Dextrose Agar medium at 28 °C. THE CFM was determined as the lowest concentration that

resulted in no growth in the subculture after 48 hours.

Molecular Docking Methodology
Ligand preparation and optimization

The chemical structure of the phytochemicals apigenin (C1D5280443), ellagic acid (CID5281855), gallic acid
(CID370), quercetin  (CID5280343) and rutin  (CID5280805) were obtained from the PubChem
repository(https://pubchem.ncbi.nlm.nih.gov/),the lower energy confomers were saved using the MarvinSketch code
(Csizmadia, 1999) and optimized using the Avogadro code (Hanwell et al, 2012), configured to use steepest descent algorithm
with 50-interaction cycles, applying the Merck Molecular Force Field (MMFF94) (Halgren, 1996; de Andrade Neto et al.,
2021).

To investigate the mechanism of action of phytochemicals against Candida albicans (da Silva et al., 2021), the
structure of "Secreted aspartic proteinase (Sap) 5" was selected from the Protein Data Bank (https://www.rcsb.org/), PDB
2QZX, resolution 2.5 A (Borelli et al., 2008). In the target preparation step, residues were removed, polar hydrogens added and
Gasteiger charges calculated (Yan et al., 2014) using the Autodocktools ™ code (Huey, et al., 2014).

Molecular Docking Simulationand Data Output

We performed 50 molecular docking simulations using the proposed methodology (Da Silva et al., 2022), where the
generated grid parameters were centered in order to involve the entire enzyme structure using the axes (20.664 x, 21.527 vy,
45.515 z), size (80 x, 82y, 124 z) and exhaustiveness 64 (Marinho et al., 2020) using the AutoDockVina code (Trott & Olson,
2010). To obtain comparative data, molecular docking simulations were performed with Fluconazole.

The program generated 20 poses for each simulation, which were subsequently selected based on the statistical
parameter RMSD (Root Mean Square Deviation) with values up to 2.0A (Yusuf et al., 2008) and affinity energy less than -6.0
kcal/mol (Shityakov & Forster, 2016; Silva, et al., 2021).

Validation of the Docking Method

To validate the docking molecular simulations, the aspartic protease inhibitor Pepstatin A (PepA) co-crystallized with
SAP5 was subjected to the redocking technique. The generated complex was compared to the native complex by
superimposing structures to confirm the reliability of molecular docking and coding used as a tool to accurately simulate

receptor-ligand interactions (Antonopoulou et al., 2022).

Visualization of Binding Modes and SAP5-Ligand Interactions

The results were visualized using UCSF Chimera ™ (Pettersen et al., 2004). The complexes were saved in PDB
format using PyMOL (Schrddinger, 2019). The molecular interactions and seniorelated hydrogen bonds were calculated by
Discovery studiovisualizer ™ viewer (Boivia, 2016). We evaluated hydrogen bonds (H-bonds) based on their intensity using

6
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the values of the distances between the donor and recipient atoms, where Strong bonds have a distance between 2.5-3.1 A,
Average bonds have distances between 3.1-3.55 A, and Weak bonds have distances greater than 3.55 A (Imberty et al., 1991).

3. Results and Discussion

The phenol content in the extracts was high according to literature analyses (Morais et al., 2021). It is known that the
presence of high phenol content may be an indication for the anti-diarrheal action of the plant (Rao & Camilleri, 2010). The
antioxidant activity is related in the protection of many physiological and neuro-degenerative disorders such as Alzheimer's,
heart diseases, premature aging (Duthie, et al., 2000). Acetylcholinesterase (AChE) is the enzyme responsible for hydrolyzing
the neurotransmitter acetylcholine (ACh) at cholinergic synapses. At these synapses ACh acts by transmitting the message
from one neuron to another. Cholinergic synapses are widely distributed in the central nervous system (CNS) and peripheral
nervous system (PNS), and are important for the maintenance of numerous human physiological functions). In
neurodegenerative diseases such as Alzheimer's, anticholinesterase drugs are used to decrease the symptoms of patients
affected with the disease (Araljo, Santos & Gonsalves, 2016). Therefore, the data obtained demonstrate T. guianensis as a

source of active principles with cholinesterase action, which may participate in the production of new anticholinesterase drugs.

Content of phenols, flavonoids and antioxidant potential

The leaves of T. guianensis are rich in phenolic compounds emphasizing the aqueous extract (346, 22 + 5, 67 mg
EAG/g). For the ethanolic extract of the leaves, we obtained (237.10£5.39 mg EAG/g) of total phenols. Using the solvent
ethanol, our study was able to quantify a higher content of phenols compared to the study of (Morais et al., 2021) who used the
same solvent. The contents of polyphenols, flavonoids and flavanols in H20, methanol and hydromethanolic extracts of T.
guianensis were verified by (Patient et al., 2022). When comparing the H20 extract with our study, higher contents of total
phenols could be verified, compared to the authors' study. For flavonoids we obtained (15.76+0.15 mg EAQ/g ) when
compared to (16.7 + 6.3mg CE/g DM ) from the literature. Analyzing the Clsy data of both DPPH radical and ABTS+ radical it
is possible to see that the leaves hold antioxidant potential (Table 1). The present study found a I1Cse= 15, 060, 02 pg/ml for
the ethanolic extract of T. guianensis leaves, a value slightly above (1Cs0=13.20 + 0.69 pg/ml) found by (Morais et al., 2021).

Table 1. Total phenol content, flavonoids and antioxidant potential of T. guianensis Aubl extracts.

Samples Total Phenols Total Flavonoids ICs0 DPPH ICs0 ABTS? ICs0 AChE
(mg EAG/Q) (mg EAQ/9) (hg/mL) (ng/mL) (hg/mL)
EEFO 237,10+5,39 90,95+0,84 15,06+0,02 16,49+0,01 13,94+0,02
EECC 116,36+3,27 6,97+0,12 20,10+0,03 24,68+0,02 14,79+0,20
EAFO 346,46+5,67 11,41+0,31 11,54+0,01 15,14+0,02 13,69+0,08
EACC 163,60+7,53 4,57+0,13 34,96+0,04 33,77+0,01 28,24+0,09
QUERC - - 1,05+0,55 0,95+ 0,06 -
PHYSO - - - - 1,15+0,05

All tests were performed in triplicate and the results were expressed as mean + standard deviation. EEFO: ethanolic extract from the leaves;
EECC: Stem bark ethanolic extract; EAFO: aqueous leaf extract; EACC: aqueous bark extract; DPPH: 2,2-diphenyl-1-picrylhydrazyl;
QUERC: quercetin (control); PHYSO: physostigmine (control); 1Cso: Concentration required to inhibit fifty percent of the radical. Source:
Authors.

It is interesting to note that the samples that obtained higher levels of phenolic compounds promoted better potential

for scavenging free radicals (DPPH and ABTS*) and inhibiting the enzyme acetylcholinesterase, corroborating the relationship

between these compounds and the tested biological activities already mentioned by several other authors.
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High Performance Liquid Chromatography
The substances detected in the leaf extracts were similar due to the close polarities of the solvents used in the

extraction. Among the substances identified are: gallic acid, ellagic acid and the flavonoids: rutin, quercetin and apigenin. In

the barks of the T. guianensis stem, two phenolic compounds were identified: gallic acid and quercetin (Table 2) (Figure 1).

Table 2 Identification and quantification of polyphenols (mg/g Extract) in polar extracts of T. guianensis by High Performance

Liquid Chromatography.

Compounds Retetion Time EEFO EAFO EECC EACC
(min)
Gallic Acid 3.57 2,06+0,06 1,57+0,01 0,05+0,00 0,01+0,003
Rutin 6.23 1,59+0,01 2,46+0,02 - -
Ellagic Acid 7.44 11,24+0,26 1,03+0,18 - -
Quercetin 22.44 10,29+0,06 0,42+0,04 0,24+0,01 0,32+0,07
Apigenin 24.76 3,05+0,09 0,20+0, 001 - -

EEFO: Leaf ethanolic extract; EECC: Bark stem ethanolic extract; EAFO: Leaf aqueous extract; EACC: Bark stem
aqueous extract. Source: Authors.
Figure 1. Chromatographic profile of ethanolic extract of leaves (A) aqueous extract of leaves (B) ethanolic extract of stem

bark(C) and aqueous extract of stem bark(D).
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Source: Authors.

As the presence of gallic acid, quercetin, rutin, ellagic acid and apigenin compounds was suggested through high
performance liquid chromatography, we can justify the antioxidant potential of the extracts, since several authors have
evidenced the antioxidant potential for the substances below, highlighting ellagic acid and quercetin with the highest levels in

T. guianensis leaves. Furthermore, the presence of the substances rutin, ellagic acid and apigenin in T. guianensis had not been

previously mentioned in the literature.
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Gallic acid is classified as a phenolic acid (trihydroxyl - benzoic acid). It exhibits anticancer property as it induces
apoptosis of lung cancer cells and inhibits tumor growth (Ohno et al., 1999; Raina et al., 2008). Considered a potent radical ion
scavenger and metal chelator (Badhane, et al., 2015), moreover, it has already been reported with activity against three types of
Candida yeasts (C. albicans, C. glabrata and C. tropicalis), with the C. albicans type being the most sensitive with MIC =
12.5 pg mL-1 (Li et al., 2017). The presence of gallic acid compound had already been mentioned in the flowers of T.
guianensis (Silva et al., 2020), however, the present study was able to suggest the presence of the compound both in the leaves
and in the stem bark of the species, moreover, the antioxidant potential of the extracts can be justified by the presence of the
constituent, since there are already several reports on the antioxidant potential of the constituent in the literature.

Rutin (3,3',4',5,7-pentahydroxyflavone-3-ramnoglycoside) is considered a flavonol-type bioflavonoid that exhibits
several pharmacological properties. Among them are antioxidant, antimicrobial, anti-inflammatory, antidiabetic, anti-
adipogenic, neuroprotective and anticancer (Yang, et al., 2008; lvanov et al., 2020). Regarding the antifungal potential for
rutin, action of the compound was evidenced against four strains of C. albicans, obtaining MIC= 37.5 pg mL-1 (Imani et al.,
2021). The ethanolic and aqueous extracts of T. guianensis promoted an excellent antioxidant action against the radicals
analyzed. Since rutin already presents antioxidant action described in the literature and its presence was detected by high
performance liquid chromatography in the leaves, we can justify the antioxidant action of the leaves by its presence.

Ellagic acid is a natural polyphenol that has proven antioxidant, antifibrosis, and anti-inflammatory properties (Gupta
et al., 20231; Ren, et al., 2021). Ellagic acid also shows activity against Candida. Tested against C. auris, C. glabrata, C.
krusei, C. parapsilosis, C. tropicalis, and C. albicans strains, the compound obtained MICs in the range of 0.12 to 0.50 pg mL-
1 (Zhang et al., 2020).

Quercetin (2-(3,4-dihydroxyphenyl)-5,7-dihydroxy-4H-1-benzopyran-4-one) is a flavonol type flavonoid that has
been well described by authors who have studied the T. guianensis species. This flavonoid has several pharmacological
properties, among them we can mention: anticancer, anti-inflammatory, antidiabetic, antibacterial, antiviral, anti-ulcer and
mainly antioxidant (Kwun & Lee, 2020; Sharma et al., 2018; D'Andrea, 2015). It shows potential against C. albicans already
reported by (Wang et al., 2016), against 50 strains isolated from gynecological patients in Poland, where the MICs ranged from
2 to 256 pg mL-1. The flavonol quercetin has already been detected in other studies of T. guianensis, both in leaves and
flowers, as well as its free radical scavenging property. Thus, we can affirm that the antioxidant action of T. guianensis extracts
is also related to the presence of quercetin.

Another compound detected by HPLC in the T. guianensis species was apigenin (4',5',7,-trihydroxyflavone), which is
classified as a flavonoid of the flavone type. This flavone is already described in the literature with antioxidant, anti-
inflammatory, antigenotoxic, antiproliferative, antiangiogenic, cardiovascular, antimutagenic, and anticancer activities
(Janeczko et al., 2022; Yan et al., 2017). In addition to the above benefits, it also has chemopreventive potential against various
cancers with low intrinsic toxicity (Singh et al., 2022). Antifungal activity already detected for the compound against four
Candida strains. C. krusei, C. albicans, C. glabrata and C. tropicalis with MICs in the range of 100 + 0.10 pg mL-1 - 150 +
0.20 pg mL-1 (Smiljkovic et al., 2017). The present study suggests the presence of novel substances for the phenolic profile of
the leaves of the species T. guianensis.

Analyzing the structure of flavonoids identified in the leaves of T. guianensis it is possible to justify the excellent
antioxidant potential of the leaves. The flavonoids rutin and quercetin present in the structure the ortho-dihydroxy or catechol
group in the B ring, conferring high stability to the radical formed after the hydrogen donation from one of the hydroxyls. Both
flavonoids also present in their structure the conjugation of the B ring with the 4-oxo group through the 2,3 double bond,
promoting the delocalization of the B ring electrons. Another feature is the presence of the 3- OH and 5-OH groups with the 4-
oxo group, allowing electron delocalization between these groups in the quercetin structure (Bors et al., 1987).
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The in silico antioxidant potential of the flavonoids rutin, quercetin and apigenin were compared with the standard
gallic acid. Using the DPPH method, rutin and quercetin are similar to gallic acid. However, through the ABTS*+ method,
rutin and quercetin promoted more promising results. Apigenin showed lower results when compared to gallic acid standard
(Frota et al., 2022).

Extracts of 42 medicinal plants of Camarrdes presented I1Cso< 50 pug.mL-1 present high antioxidant activity, already
for samples that obtained 50< 1Cso <100ug.mL-1 promoted moderate activity and for samples with 1C%>100 pg.mL-1
promoted low antioxidant potential (Ngameni et al., 2013). Observing the values for inhibiting DPPH* and ABTS*+ radical it
could be noted that all samples of T. guianensis present high antioxidant potential, besides being sources of antioxidant
bioactive principles.

In vitro evaluation of anticholinesterase activity

The results found for acetylcholinesterase enzyme inhibition were compared with physostigmine, which is a potent
cholinesterase inhibiting alkaloid. It can be observed that three of the four extracts obtained 1Cso below 20 ngmL-1 (EEFO,
EECC and EAFO) while EACC obtained concentration above 20 pug.mL-1. The anticholinesterase potential of extracts and
fractions from 54 plants was evaluated and the biological action was classified according to the 1Csq values as: high potency
(IC50<20 pugmL-1); moderate potency (20 < 1C5,<200 pgmL-1) and low potency (200 < I1C5<1000 pgmL-1) (Santos et al.,
2018). Through the above classification, we can state that EEFO, EECC, and EAFO samples are considered high potency
samples, while EACC obtained moderate potency status.

Several natural products are already reported to have anticholinesterase actions. The actions of 260 compounds
against the inhibition of the acetylcholinesterase enzyme were studied. The class of alkaloids was the majority with 139
compounds. Soon after came phenolic compounds with 51 compounds, followed by 18 coumarins, 14 flavonoids, 13
benzenoids, 3 stilbenes, 2 lignans and 1 quinoid (Barbosa-Filho et al., 2008). Rutin and quercetin which were flavonoids
detected in the T. guianensis samples of the present study already present reports regarding their cholinesterase potential
(Ademosun et al., 2016). In silico studies with the molecules rutin, quercetin and apigenin (also detected in T. guianensis)
analyzed the mechanism of action with the enzyme acetylcholinesterase. The study showed molecular interactions of the
compounds with active and allosteric sites inhibiting the enzyme action, however only apigenin bound to the active site of the
enzyme (Frota et al., 2022). Through these results, one can justify the potential of EEFO, EECC and EAFO in the in vitro
anticholinesterase study.

In vitro antifungal activity

Initially, Tapirira guianensis extracts were screened for anti-Candida activity against Candida albincas strain 0102
(clinical) (Table 3). The aqueous extract of the leaves was the only one that obtained a minimal inhibitory concentration
(MIC= 78 pg/ml) and minimal fungicidal concentration (MFC= 625 pg/ml). Thus, the extract was evaluated against a wider
spectrum of strains: M1 (clinic); C3 (clinic); 0102 (clinic); 0104 (clinic).
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Table 3. Values referring to the Anti-Candida potential.

Samples Strains MIC(ug/mL) MFC(pg/mL)

EAFO M1 (clinica) 9 19
FLZ 1

EAFO C3(clinica) 19 39
FLZ 0,25

EAFO 0102(clinica) 39 78
FLZ 0,25

EAFO 0104(clinica) 39 78
FLZ 0,25

MIC: Minimum Inhibitory concentration; MFC Minimum fungicidal concentration; FLZ: Fluconazole and EAFO: aqueous
leaf extract. Source: Authors.

Through the table above, it is interesting to emphasize the excellent activity of the aqueous extract of the leaves
against all the strains of C. albicans tested. This ends up representing a versatility in its application in possible future analyses.
In addition, the aqueous extract of the leaves showed the highest content of phenolic compounds and anti-oxidant activity,

which may be related to its activity against Candida.

Docking Molecular - Evaluation of results in silico — Antifugal Activity

The antifungal activity of plant extracts is related to the content of phenolic compounds and their antioxidant
potential, because secondary metabolites act in the metabolism of microorganisms (Neves et al., 2022). The aqueous extract of
the leaves showed the highest phenolic content and antioxidant potential, thus justifying the best antifungal potential against
Candida albicans strains. These compounds can induce cell death, rupture the cell membrane, interfere in cell division and
development of fungal cells. Among the phenolic compounds that act on microorganisms, we have flavonoids, flavonols and
chalcones that act directly on the fungal cell membrane (Seleem, et al., 2017), but there are also tannins that show synergistic
action with antibiotics used against microorganisms (Ekambaram, et al., 2016).

Through the best pose generated we observed RMSD values on the order of 0.012 to 1.790 A and affinity energy on
the order of -6.1 to -9.8 kcal/mol (Table 4). Based on the affinity energy values and compared to fluconazole (-7.2 kcal/mol)
we observed that four of the five phytochemicals evaluated showed better affinity energy against SAP5 (Figure 2). The
calculated affinity energy for the phytochemicals apigenin and quercetin in this study is respectively -8.9 kcal/mol and -9.0
kcal/mol, while (Meenambiga, et al., 2018) reported values of -5.62 kcal/mol (apigenin) and -5.57 kcal/mol (quercetin), a
difference that may be related to differences in the preparation of the receptor and ligand structures before the docking

simulations or the exhaustiveness used.
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Table 4. Affinity energy and RMSD of the complexes formed with Candida albicans.

Receiver Ligands Energy (kcal mol?) RMSD (A)
Apigenin -8.9 1.755
Ellagic acid -9.8 0.057
Gallic acid -6.1 0.290
Candida Quercetin -9.0 1.696
albicans Rutin -9.5 1.907
Fluconazole
-7.2 2.814
(standard)
Pep A* -8.0 1.635

*Ligand co-cristalized (redocking). Source: Authors.

Figure 2. Interaction complex between SAP5, Apigenin (green), Ellagicacid (red), Gallic acid (purple), Quercetin (pink), Rutin

(brown), Fluconazole (blue) and the co-crystallized inhibitor Pepstatin A (orange).
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The figure above demonstrates the interactions of the fluconazole compounds and standard with the protein and
visually exposes that apigenin, quercetin and rutin interact in the same region of the fluconazole binding site, thus validating a
similar action to the drug.

The analysis of the interaction patterns showed that the SAP5/Apigenin complex showed four Hydrophobic
interactions, two of which were with the apolar side chain of the residueAla 162A, two as the basic side chain residue Lys
257B, an H-bondstrong with the uncharged polar side chain residue Thr 258B (2. 96A), a Pi-Cation interaction as basic side
chain residue Arg 312A, a T-shaped Pi-Pi with the apolar side chain of the aromatic residue Phe 281A and an Unfavorable
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Acceptor-Acceptor interaction with the acidic side chain residue Glu 278A. The SAP5/Ellagicacid complex showed four
Hydrophobic interactions, being two with the apolar side chain of the residue Pro 329A, two with the uncharged polar side
chain residues Gly 260B and Thr 261B, five H-bondsstrong interactions with the uncharged polar side chain residues Asn
202B (2. 65 A), Gly 205B (2.67 and 3.01A),Gly 260B (2.93 A), Tyr 332A (2.28 A), one H-bondweak with the apolar side
chain of residuePro 275A (3.68 A) and two Unfavorable Acceptor-Acceptor interactions with the uncharged polar side chain
residues Ser 273A and Ser 313A.

The SAP5/Gallic acid complex showed two Hydrophobic interactions, being one with the apolar side chain of residue
lle 30B, one with the basic side chain residue Arg 120B and five Strong H-bonds, being one with the apolar side chain of
residue lle 12B (2. 20 A), three with the uncharged polar side chain residues Thr 13B (1.89 A), Ser 88B (2.16 A), Gly 220B
(2.31 A) and one with the basic side chain residue Arg 120B (2.36 A).

The SAP5/Quercetin complex showed two Hydrophobic interactions with the basic side chain residue Lys 257B, three
Strong H-bonds, being one with the uncharged polar side chain residue Cys 256B (2.77 A), one with the basic side chain
residue Arg 297A (2.18 A), one with the acidic side chain residue Glu 278A (1. 82 A), an H-bond average with the uncharged
polar side chain residue Ser 277A (3.05 A), two Pi-Cation interactions with basic side chain residues Arg 297A and Arg 312A,
a T-shaped Pi-Pi with the apolar side chain residue Phe 281A and an Unfavorable Donor-Donor interaction with the uncharged
polar side chain residue GIn 282A.

The SAP5/Rutin complex showed three Hydrophobic interactions, two with the uncharged polar side chain residues
Cys 256A, Cys 256B, one with the basic side chain residue Lys 257B, six Strong H-bonds, four with the uncharged polar side
chain residues Ser 277A (2.49 A), GIn 282A (2.01, 2.20 and 2.84 A), one with the basic side chain residue Arg 312A (2. 04 A),
one with the acidic side chain residue Glu 278A(2.83 A),one H-bond weak with the basic side chain residue Lys 257A (3.78
A),two Pi-Sulfur interactions with the uncharged polar side chain residues Cys 256A, Cys 256B and one Unfavorable Donor-
Donor interaction with the uncharged polar side chain residueTyr 284B.

Table 5 shows the interactions of compounds detected in T. guianesis and the fuconazole pattern with SAP5. The
SAP5/Fluconazole complex showed two Pi-sulfur interactions with the uncharged polar side chain residues Cys256A and
Cys294A, an H-Bond strong with the uncharged polar side chain residue GIn282A (2.25 A) and a Pi-Alkyl interaction with the
apolar side chain of residue Alal62A (Da Silva et al., 2021; Da Silva et al., 2022).
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Table 5. Types of interactions and distances (A) between Candida albicans ligands and amino acid residues.

Ligands Residue Interaction Distance (A)
Apigenin Ala 162A Hydrophobic 5.19
Ala 162A Hydrophobic 5.42
Lys 257B Hydrophobic 4.08
Lys 257B Hydrophobic 474
Thr 258B H-Bond 2.96
Arg 312A Pi-Cation 3.81
Phe 281A Pi-Pi T-shaped 5.11
Glu 278A Unfavorable Acceptor-Acceptor 2.80
Ellagic acid Gly 260B Hydrophobic 3.89
Thr 261B Hydrophobic 3.85
Pro 329A Hydrophobic 5.39
Pro 329A Hydrophobic 5.44
Asn 202B H-Bond 2.65
Gly 205B H-Bond 2.67
Gly 205B H-Bond 3.01
Gly 260B H-Bond 2.93
Pro 275A H-Bond 3.68
Tyr 332A H-Bond 2.28
Asp 263B Pi-Anion 4.05
Ser 273A Unfavorable Acceptor-Acceptor 2.86
Ser 313A Unfavorable Acceptor-Acceptor 2.96
Gallic acid lle 30B Hydrophobic 3.84
Arg 120B Hydrophobic 5.27
lle 12B H-Bond 2.20
Thr 13B H-Bond 1.89
Ser 88B H-Bond 2.16
Arg 120B H-Bond 2.36
Gly 220B H-Bond 2.31
Quercetin Lys 257B Hydrophobic 3.57
Lys 257B Hydrophobic 4.08
Cys 256B H-Bond 2.77
Ser 277A H-Bond 3.05
Glu 278A H-Bond 1.82
Arg 297A H-Bond 2.18
Arg 297A Pi-Cation 491
Arg 312A Pi-Cation 4.27
Phe 281A Pi-Pi T-shaped 4.70
Gln 282A Unfavorable Donor-Donor 1.46
Rutin Cys 256A Hydrophobic 4.66
Cys 256B Hydrophobic 5.38
Lys 257B Hydrophobic 5.39
Lys 257A H-Bond 3.78
Ser 277A H-Bond 2.49
Glu 278A H-Bond 2.83
Gln 282A H-Bond 2.01
GIn 282A H-Bond 2.20
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Gln 282A H-Bond 2.84
Arg 312A H-Bond 2.04
Cys 256A Pi-Sulfur 4.20
Cys 256B Pi-Sulfur 4.07
Tyr 284B Unfavorable Donor-Donor 2.59
Fluconazole Ala 162A Hydrophobic 5.49
Gln 282A H-Bond 2.25
Cys 256A Pi-Sulfur 5.78
Cys 294A Pi-Sulfur 5.89

Source: Autors.

Through the table above, it is possible to see in detail the types of interaction of the compounds recorded in T.
guianensis and fluconazole with the residues of the active site of the SAP5 protein, as well as the interaction distances.

The active site of the SAP5/PepA complex is formed by residues lle 12, Asp 32, Gly 34, Ser 35, Lys 83, Tyr 84, Gly
85, Asp 86, lle 123, Gly 220, Thr 221, Thr 222, lle 223, Tyr 225 and lle 305 (Borelli et al., 2018). Analysis of interactions
showed that gallic acid interacts with amino acid residues of the active site of the Sap5/PepA complex (lle 12B and Gly 220B),
indicating similar action to the PepA inhibitor and possibility of a synergistic effect with Fluconazole. Ellagic acid binds at a
different site than Pepstatin A and Fluconazole, indicating a possible synergistic effect with the inhibitors. We also observed
that the compounds apigenin, quercetin and rutin bind in the same region of the binding site of Fluconazole, having in common
interactions with residues Ala 162A (Apigenin), GIn 282A (Quercetin), Cys256A and GIn 282A(Rutin), indicating that these

compounds have similar action to Fluconazole.

4. Conclusion

The in vitro studies showed that the aqueous extract of T. guianensis leaves has high content of phenolic compounds,
thus promoting antioxidant, anti-acetylcholinesterase and antifungal action very promising against C. albicans. The molecular
docking results showed that the compounds ellagic acid, apigenin, rutin and quercetin showed the best values for affinity
energy, however, no significant interactions were observed with the active site of SAP5/PepA complex, indicating that these
compounds interact with other sites of SAPS5.

Although the affinity energy of gallic acid (-6.1 kcal/mol) was higher than the affinity energy of the aspartic protease
inhibitor Pepstatin A (-8.0 kcal/mol), gallic acid interacts with residues in the active site of the SAP5/PepA complex, indicating
a similar effect to the PepstatinA inhibitor. Therefore, the present study suggests the use of gallic acid as a model to generate
new molecules that may have better affinity energy and significant interactions with SAP5, thus gallic acid shows promise in
the planning and development of new antifungal drugs acting against the secreted aspartic Proteinase (SAP5) of Candida
albicans.

The present research proposes to the scientific community studies of isolation, purification, and characterization of
active principles from the species Tapirira guianensis, thus projecting new therapeutic proposals against Alzheimer's disease

and Candidiasis (the latter which has become a global public health problem).
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