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ABSTRACT: The extract of Mauritia flexuosa, popularly known as “buriti” is rich in bioactive compounds and is characterized as a rich species with antioxidant, antimicrobial, antiplatelet, antitumor, and antilipemic activity. Our methods include using in silico tools to assess biological activities, dynamics, and toxicity prediction. We also performed pharmacophore modeling studies. We found phenolic compounds, flavonoids, carotenoids, fatty acids, and phytosterols. Five flavonoids have predicted chemoprotective activity and affinity for receptors and spatial alignment between the chemical marker present in the M. fleuxosa species and the five ligands with lower IC50 values ​​capable of interacting with their respective targets. In silico pharmacophoric analyzes showed that the most promising structures present in the extract were kaempferol, quercetin, luteolin, apigenin, and caffeic acid, which presented structural alignments according to the analyses. This work opens perspectives to direct future studies in vitro and in vivo with the molecules found during the investigations.
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1. INTRODUCTION 

The extract of Mauritia flexuosa, popularly known as “buriti” is rich in bioactives and is characterized as a rich species composed of antioxidant, antimicrobial, antiplatelet, antitumor and antilipemic activity (FREIRE, J. A. P., et al, 2016; AMORIM, V.R. , et al., 2021). Mauritia flexuosa is an extract of a palm tree that produces fruits which have high levels of provitamin A carotenoids, mainly β-carotene. There is evidence that among the phenolics present in the extract, galic acid,antioxidant and antimicrobial substance with antimutagenic properties, is one of the markers that is found in greater amounts. (BARBOSA, V. F., et al, 2010; BAILÃO, E. F. L. C., et al, 2015).
The antioxidant properties present in the extract are related to a large amount of flavonoids such as tricine-7-O-rutinoside, isoschaftoside, nicotiflorum, rutin, orientin, and isoorientin, in addition to vitamin E, mainly β + γ tocopherol (58.3%). Regarding the antiplatelet and antithrombotic actions, the high amount of mono and polyunsaturated fatty acids confer this activity. Methanolic extracts such as chlorogenic acid and caffeic acid, quercetin and triterpenes from plant roots confer antimicrobial potential. The chlorogenic, protocatechic, and caffeic acids present in the extract are related to lipid-lowering (FREIRE, J. A. P., et al., 2016; AMORIM, V.RANJO, et al., 2021; ABREU-NARANJO, R., et al., 2020). 
Some plant extracts showed significant cytotoxic activity in 5 human tumor cell lines (leukemias and colorectal and mammary carcinomas) with results equal to doxorubicin and cisplatin. In addition, a new triterpene was discovered in plant roots, called mauritic acid, which demonstrated significant cytotoxic effects against the OVCAR-8 (ovarian), PC-3M (prostate), and NCIH-358M (pulmonary bronchoalveolar) carcinoma lines ( FREIRE, J. A. P., et al, 2016).
In silico analyzes stand out for using computational tools to predict the biological properties of new molecules. Such approaches are intended to seek the integration of multidisciplinary knowledge about the molecular biology, physiology, and biochemistry of the organism, creating computational models that mimic the organism's functioning in vivo. (NIELSEEN, J., et al, 2014).
 In addition to synthetic chemistry as a source of new substances, medicinal plants are an essential source of new molecules with bioactive potential. In silico tools represent an important screening alternative to identify molecules of natural products with greater efficacy potential for future in vitro and in vivo studies and may help establish safety criteria for medicinal plants (JUNIOR, C. V., et al. , 2006).
This study aims to survey the chemical structures present in the species Mauritia flexuosa based on literature data and, later, carry out the screening process for potentially antioxidants molecules and, therefore, have an antimutagenic chemoprotective effect. After selecting the most promising molecules in relation to antioxidant activity, pharmacophoric modeling will be performed with identified target ligands.

2. MATERIALS AND METHODS

The literature survey on the extractor of Mauritia flexuosa was carried out through the servers Science Direct (https://www.sciencedirect.com/), PubMed (https://pubmed.ncbi.nlm.nih.gov/), Scielo (https://scielo.org/pt/) and PubChem (https://pubchem.ncbi.nlm.nih.gov/). The descriptors used were “Mauritia flexuosa” and “chemical compounds”.
After identifying the different realities present in the M. flexuosa species, we screened the bioactivity for chemical markers using PASS Prediction (http://www.way2drug.com/passonline/index.php), Swiss Target Prediction (swisstargetprediction.ch/), Swiss ADME (http://www.swissadme.ch/), Protox II (https://tox-new.charite.de/protox_II/ ), and Super Pred (https://prediction.charite.de/). To predict the pharmacokinetics and target biological activity of the compounds found.
Each screening tool provides a list of possible biological activities for each substance screened according to its structure, using program-specific methodologies. The biological activities with more significant punctuation (antioxidant, antineoplastic, anti-cancer, anti-cancer, and chemoprotective) were selected for specific pharmacophoric mapping.

Pharmacophore modeling

A literature review was performed using the databases in Binding DB to identify compounds with the potential to interact with antioxidants targets. Compounds with the lowest inhibitory concentration (IC50) values were included in a dataset used to obtain pharmacophore models.
Pharmacophore models were generated using the PharmaGist webserver (http://bioinfo3d.cs.tau.ac.il/pharma/about.html), creating 3D pharmacophores from sets of molecules known to bind a common targets receptors that were selected. Pharmagist's algorithm searches for possible pharmacophores and reports the highest-scoring ones. Candidate pharmacophores were identified by multiple flexible alignments of the input ligands, where ligand flexibility is explicitly defined in a deterministic manner for the alignment process (INBAR, Y. et al, 2007; SCHNEIDMAN-DUHOVNY et al., 2008).
Pharmacophore modeling procedures were used to identify the key features of Antioxidants targets described in the literature and search for these features in M. flexuosa compounds. A minimum of three to six features, including hydrogen-bond acceptors, hydrogen bond donors, hydrophobic groups, and aromatic rings, were selected to generate the pharmacophore models. Scoring weights were 3.0 for aromatic rings, 1.0 for charges (anion/cation), 1.5 for hydrogen bond donors or acceptors, and 0.3 for hydrophobic groups. These weights are the default parameters of the webserver.

3. RESULTS

Through the literature survey, we found 60 compounds distributed in leaves, fruits, and extracts of Mauritia flexuosa, belonging to several classes, including fatty acids, phytosterols, flavonoids, carotenoids, and carotenoids.
The compounds in the literature were disclosed to PASS prediction and SwissTargetPredcition, programs to evaluate in silico antineoplastic and antioxidant potential. As a result, 33 compounds demonstrated these activities.
The Swiss Target Prediction and PASS prediction servers were used to predict in silico the biological activities of each molecule. These differences are based on the premise that compounds with similar structures exhibit similar biological activities. Thus, those surveys compare molecules in the study with molecules with known biological functions to predict possible interactions with biological targets.
These surveys were able to assign molecules to targets that were already foreseen by bioinformatics. Besides, its results are widely recognized by several studies that compare already known and valid molecules.
Among the 33 molecules of M. flexuosa, 11 met the four Lipinski criteria and were classified as druglike. Among these 6 were druglikeness without violation: catequin, quercetin, kaempferol, isoschaftoside, luteolin and apigenin and 5 were druglikeness with violation: cafeic acid, ferulic acid, p-coumaric, vinylic acid, and eugenol. Of these, all underwent SwissADME to predict oral bioavailability. It is essential to analyze whether a compound is druglike. In addition to addressing the identification of pharmacological targets, these programs make it possible to assess a drug's potential oral bioavailability. Thus, the evaluation of the pharmacological properties of a compound, in addition to the target affinity, is essential to identify the most promising compounds among a larger set selected for investigation, as was the case in this study.
The parameters calculated for evaluating the druglike behavior of selected compounds from M. flexuosa are presented in Table 1. These parameters assessing the similarity of compounds to known drugs and represent a complex balance of various structural features. Lipinski's rules are widely used to determine molecular properties important for drug pharmacokinetics in vivo. According to Lipinski's rules of five, a candidate molecule is more likely to be orally bioavailable if (a) the molecular weight is less than 500, (b) the calculated octanol/water partition coefficient (log P) is less than 5, (c) the compound has no more than 5 hydrogen bond donors (OH and NH groups), and (d) the compound has no more than 10 hydrogen bond acceptors (mainly N and O).
After classifying the compound for druglike properties, toxicities were predicted. These predictions allow us to define safe dosing parameters for each investigated compound. In addition, toxicity analyses make it possible to establish associations between toxicity and predicted biologically active targets and provide information on the mechanism(s) of action. This initial toxicity screening can serve as a choice criterion to investigate the biological potential of molecules present in this species. We employ the ProTox II web server, a validated toxicity prediction program, to analyze acute toxicity, hepatotoxicity, cytotoxicity, carcinogenicity, mutagenicity, and immunotoxicity.
	The median lethal dose (LD50) for each of the eleven compounds (catechin, LD50 = 10,000 mg/kg; quercetin, LD50 = 159 mg/kg; kaempferol, LD50 = 3919 mg/kg; luteolin, LD50 = 3919 mg/kg; apigenin, LD50 = 2500 mg/kg; caffeic acid, LD50 = 2980 mg/kg; Isoschaftoside, LD50 = 536 mg/kg; Ferrulic acid, LD50 = 1772 mg/kg; P-coumaric, LD50 = 2850 mg/kg; vinyl, LD50 = 2000 mg/kg; Eugenol, LD50 = 1930) mg/kg) was investigated. None of the substances showed high toxicity in silico. Toxicity classes ranged from 3 to 6 on a scale in which 1 is the most toxic and 6 the least toxic, with class 5 being the most prevalent, therefore, they have wide therapeutic windows, justifying their use.
	The SuperPred server is online software that seeks chemical similarity between the 2D structures of target molecules and known ligands of human biological targets. This software allows the evaluation of the structural requirements of a compound for interaction with a biologically active target. This is beneficial to drug discovery as it allows bioinformatics-based analyses of molecular characteristics necessary for interaction with a biological target. In addition, it contributes to the development of alternative research methods that rely on computer simulations, thus minimizing the use of animals in scientific research, and optimizing time and costs.
	These eleven compounds were evaluated for potential interactions concerning antimutagenic, antioxidant, and antitumor activities with human receptors.
	The main drugs used in the treatment of chronic degenerative diseases and cancers have several side effects, which can contribute to non-adherence to treatment. In this way, the investigation of cerrado fruits, such as Mauritia flexuosa, will be able to raise new compounds with fewer side effects and with efficiency, which should be tested in future in vitro and in vivo assays.




Table 1 – Characteristics of promising druglike structures present in Mauritia flexuosa, determined by SwissADME. 
	 
	 
	 
	 
	 
	 
	 

	Compound 
	Abs GI 
	Citocroms 
	LD 50  
	Violations 
	Log P 
	structure 

	Quercetin 
	High 
	Does not inhibit 
 CYP 
	159mg/kg 
	0 
	-7,21 cm/s 
	[image: C:\Users\DELL\AppData\Local\Microsoft\Windows\INetCache\Content.MSO\92510F33.tmp] 

	Kaempferol 
	High 
	Inhibitor CYP1A2, CYP2D6, CYP3A4 
	10000mg/kg 
	0 
	-6.70 cm/s 
	[image: C:\Users\DELL\AppData\Local\Microsoft\Windows\INetCache\Content.MSO\A13AC2B9.tmp] 

	Luteolin 
	High 
	Inhibitor 
 CYP1A2, CYP2D6, CYP3A4 
 
	3919mg/kg 
	0 
	-6,25 cm/s 
	[image: C:\Users\DELL\AppData\Local\Microsoft\Windows\INetCache\Content.MSO\C5566E2F.tmp] 

	Catechin  
	High 
	Does not inhibit 
 CYP 
	3919mg/kg 
	0 
	-7,82 cm/s 
	[image: C:\Users\DELL\AppData\Local\Microsoft\Windows\INetCache\Content.MSO\A9090715.tmp] 

	Cafeic Acid  
	High 
	Does not inhibit 
 CYP 
	2980mg/kg 
	1 
	-6,58 cm/s 
	
 



Pharmacophoric Model

Caffeic Acid
According to Figure 1, it is possible to observe the spatial alignment between the chemical marker present in the M. fleuxosa species and the 5 ligands with lower IC50 values ​​capable of interacting with the Carbonic Anhydrase II target. It is possible to observe that caffeic acid shares 4 spatial characteristics with these ligands: 1 aromatic ring and 3 hydrogen bond acceptors.

[image: Diagrama

Descrição gerada automaticamente]
Figure 1. Caffeic acid to the pharmacophore of carbonic anhydrase II. Pharmacophore characteristics are color-coded for hydrogen bond acceptors (red) and aromatic rings (blue).

Apigenin
According to Figure 2, it is possible to observe the spatial alignment between the chemical marker present in the M. fleuxosa species and the 5 ligands with lower IC50 values ​​capable of interacting with aldose reductase. It is possible to observe that apigenin shares 4 spatial characteristics with these ligands, which are: 1 aromatic ring and 3 hydrogen bond acceptors.
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Figure 2. Apigenin to the pharmacophore of Aldose reductase. Pharmacophore characteristics are color-coded for hydrogen bond acceptors (red), and aromatic rings (blue).

Kampferol
According to Figure 3, it is possible to observe the spatial alignment between the chemical marker present in the M. fleuxosa species and the 5 ligands with lower IC50 values ​​capable of interacting with the aldose reductase target. It is possible to observe that kaempferol shares 4 spatial characteristics with these ligands: 1 aromatic ring and 3 hydrogen bond acceptors.
[image: Frutas em cima
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Figure 3. Kampferol to the aldose reductase pharmacophore. Pharmacophore characteristics are color-coded for hydrogen bond acceptors (red), and aromatic rings (blue).

Quercetin
According to Figure 4, it is possible to observe the spatial alignment between the chemical marker present in the M. fleuxosa species and the 5 ligands with lower IC50 values ​​capable of interacting with the P-glycoprotein 1 target. It is possible to observe that kaempferol shares 3 spatial characteristics with these ligands, which are: 3 aromatic rings.
[image: Uma imagem contendo frutas

Descrição gerada automaticamente]
Figure 4. Quercetin with P-glycoprotein 1 pharmacophore. Pharmacophore characteristics are color-coded for aromatic rings (blue).

Luteolin
According to Figure 5, it is possible to observe the spatial alignment between the chemical marker present in the M. fleuxosa species and the 5 ligands with lower IC50 values ​​capable of interacting with the target luteolin 1. It is possible to observe that luteolin shares 3 characteristics with these ligands, which are: 1 aromatic ring and 3 hydrogen bond acceptors.


[image: Diagrama
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Figure 5.Luteolin to the aldose reductase pharmacophore. Pharmacophore characteristics are color-coded for hydrogen bond acceptors (red), and aromatic rings (blue).

4. DISCUSSION
Flavonoids are a set of plant pigments that are widely distributed in plants (SIMOES et al., 2010). It has in its chemical structure diphenylpropane, which consists of two aromatic rings joined by an oxygenated heterocyclic ring. Substitutions of aromatic rings originate from different compounds within each class of flavonoids (HERTOG et al., 1993; ANGELO & JORGE, 2007). Several compounds with antioxidant activity have been isolated from medicinal plants and functional foods, and phenolic compounds are certainly the most representative substances (FONSECA, 2009). They are bioactive compounds due to their effects: anti-inflammatory, antineoplastic, antibacterial, antimutagenic, vasodilator and antioxidant. Its antioxidant effect is mainly due to eliminating excess reactive oxygen species, preventing lipid peroxidation (CHEN et al., 2018; EGHBALIFERIZ & IRANSHAHI, 2016). The great advantage of these compounds as potential drugs is their low toxicity compared to other substances (PASTENE et al, 2009).
Quercetin is an effective flavonoid in treating and preventing diseases as it influences glutathione, enzymes, signal transduction pathways, and the production of reactive oxygen species. This substance increases the body's antioxidant capacity by regulating GSH levels. In reasonable doses, quercetin is non-toxic and has a number of inhibitory effects on various forms of tumor formation. The anti-cancer properties against lung, prostate, liver, breast, colon, and cervical cancer are mediated by mechanisms in cell signaling pathways and enzymatic activities that inhibit carcinogens, promoting apoptosis, inhibiting metastasis, and their ability to regulate cell cycle and tumor angiogenesis (XU et al., 2019; MINTANG, S., et al, 2020).
This substance regulates the internal and external pathways of protein signaling mediated by reactive oxygen species (PKC), which inhibits cell proliferation and survival and induces apoptosis in cancer cells. In addition, it regulates p53, which is the most common inactivated tumor suppressor. It also increases BAX expression and normalizes the expression of some increased receptors in cancers, such as insulin-like growth factor 1 receptor (IGFIR), AKT, and androgen receptor (AR) (XU et al., 2019; ERSOZ et al., 2019; ERSOZ et al. al., 2020).
Approximately 30-40% of cancers are due to chronic inflammation. Apigenin has been shown to have anti-inflammatory, antioxidant, and anti-cancer properties by regulating the main signaling pathways associated with inflammation: NF-κB, STAT3/6, Akt/mTOR. This substance inhibits cancer cell proliferation as it increases autophagy, apoptosis, and immune response (SHARMA et al., 2019).
The study showed that apigenin acts on breast cancer cells by modulating bcl-2 (B2 cell lymphoma), BAX (BCL2, Apoptosis Regulator), STAT-3 (Signal Transducer and Transcription Activator 3), and AKT (ALDAWSARI) protein expression et al., 2021).
Among the flavonoids, kaempferol stands out, mainly due to its antioxidant and cytoprotective effect (JAMALAN et al., 2016). The possible association between consumption of kaempferol-containing foods and a reduced risk of developing various disorders, including cancer and cardiovascular disease, is related to its antioxidant capacity. Therefore, in vitro and in vivo studies have demonstrated the antioxidant effect of kaempferol against various types of cancer, including ovarian (ZHAO et al., 2017), lung (KUO et al., 2015), pancreas (ZHANG et al., 2008) , stomach (SONG et al., 2015), prostate (HALIMAH et al., 2015) and others.

These studies demonstrate that the ability of kaempferol to act against oxidative stress is linked to its ability to eliminate reactive oxygen species, which is attributed to its ability to increase the activity of antioxidant enzymes, such as superoxide dismutase (SOD), catalase, and heme-oxygenase (ZHANG et al., 2017; LIN et al., 2003; HONG et al., 2009). The antioxidant mechanism of kaempferol is intrinsically related to the hydroxyl groups capable of donating hydrogen to reactive oxygen species, resulting from the activation of nicotinamide adenine dinucleotide phosphate oxidase (NADPH oxidase).
Caffeic acid (3,4-dihydroxy cinnamic acid) is one of the most important phenolic compounds, with several pharmacological properties. It is naturally found in many products such as fruits, vegetables, wine, olive oil, and coffee, therefore often present in the human diet. Caffeic acid has been reported for its wide variety of biological activities, including antioxidant, antithrombosis, antihypertensive, antifibrotic, 21 antiviral properties, acting as an important radical scavenging agent, and also as a metal ion chelator (PRASAD et al, 2010).
This phenolic antioxidant compound, capable of neutralizing free radicals that can cause oxidative damage to cell membranes and DNA, is one of the most widely distributed hydroxycinnamates and can be found in various forms as esters and amides (FU et al., 2010).
Like most flavonoids, Luteolin is considered an excellent antioxidant that is able to inhibit reactive oxygen species resulting from inducing damage to lipids, DNA, and proteins. Multiple mechanisms may explain the antioxidant effects of luteolin. These mechanisms include the "scavenger" function of these reactive oxygen species through their oxidation, the inhibition of the generation of ROS-oxidase, enhancing the endogenous antioxidants, and the direct inhibition of enzymes that catalyze the oxidation of cellular components. (GONÇALVES et al., 2004; JOHNSON et al., 2008)

5. CONCLUSION 
The incidence of chronic degenerative diseases such as cancers has been increasing in recent years. Thus, it is essential to search for new drugs, preferably with fewer side effects, whose medicinal plants represent a potential source. The pharmacophoric analyzes of this study showed that the most promising structures present in the extract according to the Mauritia flexuosa in silico tools were kaempferol, quercetin, luteolin, apigenin, and caffeic acid, which presented structural alignments according to the analyses. It is necessary to investigate new drug candidates and the molecular mechanisms involved to improve knowledge in this field of study. This work, finally, opens perspectives to direct future studies in vitro and in vivo with the molecules found during the analyses to reach the possibility of finding promising antioxidant and antimutagenic drugs.
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