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ABSTRACT  
 
Introduction: The new coronavirus SARS-CoV-2 (severe acute respiratory syndrome 
coronavirus 2), identified in December 2019 as the cause of COVID-19, has triggered an 
outbreak of potentially fatal atypical pneumonia. The constant search for new molecules or 
strategies to combat this disease continues. Thus, the objective of this work was to evaluate, 
using in silico methods, the compounds present in Dipteryx odorata as inhibitors of crucial 
targets of SARS-COV-2. 
Methodology: The methodology included the selection of plant compounds from the 
Pubchem database and obtaining the structures of SARS-COV-2 proteins (6vxx, 6lu7, 1R42) 
from the Protein Data Bank (PDB). The molecular docking analysis was performed using the 
Autodock Tools 1.5.6 and Autodock Vina programs, LigPlus to obtain amino acids, and 
Chimera v.13.1 to generate 3D images. The absorption, distribution, metabolism, excretion 
and toxicity (ADME-TOX) properties of the most promising compounds were evaluated with 
the pkCSM tool. 
Results: In total, 672 molecular dockings were carried out, tested with 168 ligands, resulting 
in 17 compounds with binding energies lower than -7.9 kcal.mol-¹. A highlight was the 
exceptional interaction of the vouacapenic acid compound with the Spike protein, recording 
an energy of -9.9 kcal.mol-¹. The study revealed that compounds such as vouacapenic acid, 
taraxasterol and luteolin showed notable interactions with the Spike protein, in addition to 
positive results in the ADMET-TOX profile. 
Conclusion: These findings indicate the potential of these compounds and point to the need 
for in vivo and in vitro studies to validate their antiviral efficacy as therapeutic agents against 
SARS-COV-2. 
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1. INTRODUCTION  
 

In December 2019, a novel coronavirus (CoV) was determined to be responsible for 
an outbreak of potentially fatal atypical pneumonia, defined as coronavirus disease-19 
(COVID-19), in Wuhan, China. This disease is caused by the SARS-COV-2 virus, belonging 
to the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) [1]. The SARS-COV-
2 genome shares about 80% identity with SARS-CoV, responsible for the 2002 SARS 
pandemic, and about 96% similarity with the bat coronavirus BatCoV RaTG13 [2]. Since 
then, COVID-19 has spread globally, resulting in health and economic crises and infecting 
millions of people around the world. 
 We currently have vaccines developed as a preventive measure to achieve 
immunity to the virus, in addition to the repositioning of old medicines, representing a 
promising strategy in an attempt to combat the pandemic. Medicines such as remdesivir, 
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paxlovid, molnupiravir, baricitinib, among others, have been used to treat COVID- 19 [3]. 
However, the persistent need for innovative approaches and the identification of new 
molecules or strategies to combat the disease remains. Phytochemicals emerge as 
therapeutic and pharmacological agents of significant importance in the research and 
development of new drugs. 

The species Dipteryx odorataAublWilld known as cumaru, is widely used in folk 
medicine. Belonging to the Fabaceae family, it receives different regional names, such as 
cumaru do Amazonas, cumbarisarrapia, cumaru purple, cumaru-ferro, cumaru da Folha 
Grande, cumaru true, cumari and internationally it is known as Tonka [4,5,6]. The species 
attracts great interest due to the uses attributed to it in popular medicine. The drug extracted 
from the seeds has proven therapeutic action, due to the presence of coumarin, an active 
ingredient generally associated with other drugs, used in the treatment of disorders of 
vascular and lymphatic functions, also exerting anti-inflammatory and anti-edematous action. 
The fruit almonds, aromatic due to the presence of coumarin, a phytochemical with 
bronchodilating, anti-inflammatory and antispasmodic action, give rise to an essential oil 
called coumarin, used in perfumeries. In the bark, there is a medicinal property frequently 
used as an antispasmodic, tonic and effective moderator of cardiac movements and 
breathing [7,8,6]. 

Medicinal chemistry plays a central role in understanding the molecular bases of 
drug action, involving the discovery, planning, identification and interpretation of the 
molecular mechanism of action of biologically active compounds. [9,10]. In the search for 
new drugs, the analysis of prototype candidates involves the consideration of 
pharmacodynamic and pharmacokinetic factors, as well as useful pharmacotherapeutic 
properties [11].  

Computational tools, such as molecular docking, play a fundamental role in 
predicting the best molecular docking orientation between compounds and target proteins 
[12]. This function allows elucidating the behavior of the compound in the active site of a 
pathogen's key protein, as well as visualizing the molecular interactions generated by the 
compound and the protein [13]. This virtual approach makes it possible to perform virtual 
drug screening, characterize molecular structures and identify compounds with inhibitory 
potential. 
 Therefore, aiming to identify potential molecules against sars-cov-2, we conducted a 
computational molecular docking study to identify compounds from D. odorata that could act 
as inhibitors of the proteins of the new coronavirus. Using these organic compounds in the 
molecular affinity process, we sought to evaluate their inhibitory activity against essential 
targets of sars-cov2, crucial for the processes of viral entry and replication in cells. Thus, this 
study aims to investigate the antiviral potential of organic compounds from D. odorata in 
relation to sars-cov-2 targets, employing molecular coupling techniques and analyzing 
absorption, distribution, metabolism, excretion and toxicity properties of the compounds. 
 

2. MATERIAL AND METHODS  
 

2.1 Selection of Ligands 

 
D. odorata were selected from national and international scientific databases, such 

as the National Center for Biotechnology information (PubMed), Scientific Electronic Library 
Online (Scielo), Elsevier group (Scopus) and Google Scholar .The structures of the 
compounds were acquired from the database (https://pubchem.ncbi.nlm.nih.gov/ accessed 
on September 5, 2021). 
 

2.1 Molecular Docking 
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The three-dimensional structures of the three coronavirus targets were acquired 
from the PDB protein database (http://www.rcsb.org/, accessed on October 8, 2021) [14], 
with the respective codes: Spike protein (PDB ID: 6VXX), angiotensin-converting enzyme 
ACE2 (PDB ID: 1R42), main protein M

pro
 (PDB ID: 6LU7), while the target Receptor5 ( RBD 

– Spike/ACE2 interaction site) was designed by Barros et al., (2020) [15]. 
For the molecular affinity analysis, they were prepared by removing all water 

molecules and other groups, such as ions, using Chimera software. 13.1 [16]. Afterwards, 
polar hydrogen atoms were added, the Gasteiger partial charges were calculated and the 
non-polar hydrogens were merged in both parts, using the Autodock Tools (ADT) program 
version 1.5.6. Subsequently, docking was carried out using the program AutoDock Vina [17]. 
With the LIGPLOT program, two-dimensional schematic representations of protein-ligand 
complexes were generated from the standard PDB file input. Illustrations of the points of 
hydrogen bond and hydrophobic interactions of the compounds with the amino acids of the 
viral proteins were obtained [18]. The analyzes were concentrated on the lowest energy 
complexes of the docking conformation, with the lowest conformation chosen for a more 
detailed analysis [12]. 
 

2.1 ADME-TOX Predicton 

The prediction of pharmaceutical parameters was carried out using the pkCSM – 
pharmacokinetics software (https://biosig.lab.uq.edu.au/pkcsm/ accessed on February 4, 
2022), a freely available tool [19]. The pharmacokinetic profile (ADME) and toxicity of the 
molecules were analyzed, namely: Benzeneacetic acid, Butein, Butin, D galactoside, 
Dipteryxic acid, (-)-Fisetinidol, Isoliquiritigenin, (-)-Lariciresinol, Luteolin, 5-
Methoxyxanthocercin A, Sulfuretin, Taraxasterol, Vouacapenic acid, 6,4´-Dihydroxy-3´-
methoxyaurone . 

The parameters considered include absorption (water solubility, Caco-2 
permeability, human intestinal absorption, skin permeability, P-glycoprotein I and II inhibitor), 
distribution (steady state volume of distribution (VDss) and permeability of the blood-brain 
barrier ), metabolism (CYP2D6 and CYP3A4 substrate, CYP1A2, CYP2C19, CYP2C9, 
CYP2D6 and CYP3A4 inhibitor), excretion (OCTC renal substrate) and toxicity (AMES 
toxicity, maximum tolerated dose, hERG I and II inhibitor, acute oral toxicity in rats (LD50), 
chronic oral toxicity in rats (LOAEL), hepatotoxicity and skin sensitization) [12]. 
 

3. RESULTS AND DISCUSSION 
 

In this in silico study, compounds originating from the chemical constitution of the 
species D. odorata were subjected to the molecular docking process, aiming to evaluate the 
molecular affinity with the main targets of the SARS-COV-2 virus. Furthermore, the 
pharmacokinetic properties related to the absorption, distribution, metabolism, excretion and 
toxicity of these compounds were analyzed. 
 

A total of 672 molecular interactions were carried out, using 168 organic molecules 
from D. odorata , which were tested with four coronavirus targets: the Spike protein , the 
main protein (M

pro
), the Angiotensin Converting Enzyme ( ACE2), and receiver 5 (Table 1). 

Using computational methods, the inhibitory action of cumaru compounds was evaluated in 
relation to crucial proteins in the process of viral entry and infection in host cells, aiming to 
investigate their inhibitory potential against COVID-19. 

 
Table 1: Results of the 672 dockings carried out with the interaction of 61 ligands with 
the 4 receptors (Spike, M

pro
, ACE2 and RBD) of SARS-COV-2. 

 

Ligands ACE2 M
pro

 RBD Spike Reference 
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protein Protein Protein 

(±)-Balanophonin -6.8 -7.4 -6.5 -7.7 Funasaki et al., 2016 [20] 

Benzeneacetic acid -7.6 -7.2 -6.5 -8.4 Oliveros-Bastidas et al., 
2013 [21] Benzenebutanoic 

acid 
-4.8 -4.7 -5.5 -5.9 

Butein -6.9 -7.3 -7.2 -8.3 Da Cunha et al., 2016 [22] 

Butin -7.2 -7.5 -6.9 -8.7 Funasaki et al., 2016 [20] 

Coumarin -5.5 -5.1 -6.5 -6.2 

7,3´-Dihydroxy-8,4´-
dimethoxyisoflavon
e 

-6.6 -7.1 -7.0 -7.6 

Dipteryxic acid -7.8 -7.6 -7.8 -8.8 

D-galactoside -8.1 -8.1 -7.9 -8.1 Oliveros-Bastidas et al., 
2013 [21] 

Eriodictyol -7.1 -7.3 -6.9 -7.3 Funasaki et al., 2016 [20] 

Spatulenol -5.7 -5.7 -6.1 -7.8 Sousa, 2017 [23] 

(-)-Fisetinidol -7.0 -7.3 -6.8 -8.2 Garcia, 2013 [24] 
 

Heptadecanoic acid -4.0 -4.3 -4.6 -5.3 Oliveros-Bastidas et al., 
2013 [21] Hexadecanoic acid -3.6 -4.2 -4.7 -4.8 

Hexadecenoic acid -3.9 -4.3 -5.3 -4.6 

7 
hydroxychromone 

-5.2 -5.4 -5.7 -6.3 Funasaki et al., 2016 [20] 

Isoliquiritigenin -6.4 -6.9 -6.6 -8.0 

(-)-Lariciresinol -7.0 -6.9 -6.5 -8.6 

Luteolin -7.1 -7.5 -7.2 -9.0 Da Cunha et al., 2016 [22] 

Mannose -4.9 -5.2 -5.3 -6.4 Oliveros-Bastidas et al., 
2013 [21] 

6,4´-Dihydroxy-3´-
methoxyaurone 

-6.7 -7.8 -6.5 -8.9 Funasaki et al., 2016 [20] 

5-
Methoxyxanthocerc
in A 

-7.2 -7.0 -7.0 -8.2 

Myo-Inositol -5.2 -5.4 -5.2 -6.2 Oliveros-Bastidas et al., 
2013 [21] Octadecenoic acid -4.3 -4.4 -4.8 -5.5 

9-Octadecenoic 
acid 

-4.8 -4.7 -3.9 -4.5 

oleic acid -4.2 -4.4 -5.3 -5.3 

Propanedioic acid -3.8 -4.4 -4.2 -4.2 

Ribitol -4.2 -4.7 -5.1 -5.0 

Sulfuretin -7.0 -7.7 -6.6 -8.7 Funasaki et al., 2016 [20] 

Taraxasterol -8.7 -7.3 -7.9 -9.3 Sousa, 2017 [23] 

Umbelliferone -5.4 -5.6 -6.0 -6.4 Funasaki et al., 2016 [20] 

Vouacapenic acid -7.0 -7.2 -7.4 -9.9 

Acids  

2 Ethylcaproic acid - 4.0 - 3.9 - 4.4 - 4.7 Bajer et al., 2018 [25] 

2 Methylbutyric 
acid 

- 3.7 - 3.9 - 4.1 - 4.2 

Acetic acid - 3.1 - 3.0 - 3.1 - 3.1 

Benzoic acid - 4.6 - 4.5 - 5.3 - 5.6 

Butanoic acid - 3.5 - 3.5 - 3.7 - 3.9 

Capric acid - 3.8 - 4.0 - 4.9 - 4.5 



 

 

Capronic acid -3.7 -3.8 -4.3 -4.4 

Caprylic acd -4.0 -4.0 -4.7 -4.7 

Heptanoic acid -3.9 -3.6 -4.4 -4.6 

Isobutyric acid -3.5 -3.6 -4.1 -4.1 

Isovaleric acid -3.5 -3.8 -4.2 -4.1 

Lauric acid -4.2 -4.0 -4.8 -5.0 

Linoleic acid -4.6 -3.7 -5.1 -5.7 

Myristic acid -4.2 -4.2 -4.7 -4.8 

Palmitic acid -4.1 -4.1 -5.0 -4.7 

Pelargonic acid -3.9 -4.1 -4.3 -5.1 

propanoic acid -3.3 -3.3 -3.6 -3.5 

Alcohols  

2-Methyl-1-butanol -3.5 -3.4 -3.6 -3.7 Bajer et al., 2018 [25] 

2-Pentanol -3.2 -3.3 -3.5 -3.8 

Phenylethyl 
Alcohol 

-4.4 -3.9 -4.7 -5.4 

3-Methyl-2-buten-1-
ol 

-3.5 -3.8 -3.5 -4.0 

3-Methyl-3-buten-1-
ol 

-3.2 -3.7 -3.7 -3.8 

3-Methyl-3-pentanol -3.4 -3.8 -3.6 -4.3 

4-Heptanol -3.4 -3.5 -4.6 -4.3 

Benzyl alcohol -4.1 -4.0 -4.6 -5.1 

Dodecanol -3.8 -3.9 -4.4 -4.4 

2-Ethyl-1-hexanol -3.6 -3.4 -4.4 -4.6 

1-Hexadecanol -4.0 -3.9 -4.4 -4.8 

Hexyl alcohol -3.2 -3.0 -3.9 -4.1 

Isoamyl alcohol -3.1 -3.5 -3.6 -3.8 

1-Octanol -3.5 -3.3 -4.2 -4.4 

1-Pentanol -3.2 -3.3 -3.5 -3.7 

Tetradecanol -4.1 -3.1 -4.7 -4.5 

Tridecanol -3.7 -4.0 -4.9 -4.1 

Aldehydes and ketones  

(E,E)-2,4-
Decanedienal 

-4.1 -4.1 -4.9 -4.6 Bajer et al., 2018 [25] 

2,5-Hexanedione -3.8 -3.8 -4.1 -4.4 

(E)-2-Decennial -3.9 -3.4 -4.6 -4.4 

2-Heptanone -3.5 -3.5 -4.3 -3.9 

2-Nonanone -3.3 -3.7 -4.4 -4.3 

(E)-2-Nonenal -3.4 -3.5 -4.7 -4.3 

2-Octanone -3.5 -3.7 -4.9 -4.2 

2-
Phenylcrotonaldeh
yde 

-4.8 -4.3 -5.5 -5.5 

(E)-2-Undecenal -3.7 -3.5 -4.3 -4.3 

3-Methyl-1-
cyclopentanone 

-3.7 -3.9 -4.6 -4.5 

4-Heptanone -3.4 -3.5 -3.8 -4.1 

4-
Methylacetophenon
e 

-4.7 -4.4 -5.4 -5.4 



 

 

Acetophenone -4.7 -4.4 -4.9 -5.4 

Acetoin -3.3 -4.0 -3.9 -4.0 

Benzaldehyde -4.0 -4.2 -5.0 -4.9 

Benzophenone -5.8 -5.9 -6.5 -6.7 

Capraldehyde -3.7 -3.5 -4.6 -4.1 

Caproaldehyde -3.3 -3.0 -3.8 -3.8 

(E)-
Cinnamaldehyde 

-4.6 -4.1 -5.2 -5.0 

Crotonaldehyde -3.2 -3.1 -3.5 -3.3 

Phenylacetaldehyd
e 

-4.4 -4.0 -4.9 -5.0 

Furfural -3.6 -4.1 -4.2 -4.1 

Heptanal -3.3 -2.9 -4.1 -3.9 

Hydroxyacetone -3.4 -3.5 -3.3 -3.6 

Isobutanal -3.1 -3.0 -3.3 -3.2 

Isovaleraldehyde -3.1 -3.4 -3.8 -3.6 

Lauraldehyde -3.6 -3.5 -4.8 -4.5 

Methyl octyl ketone -3.9 -3.8 -4.6 -4.5 

Myristaldehyde -3.7 -3.6 -4.3 -4.3 

o-
Hydroxyacetophen
one 

-4.7 -4.8 -4.8 -5.4 

Octanal -3.4 -3.2 -4.5 -4.2 

p-Anisaldehyde -4.3 -4.1 -5.1 -5.4 

Palmitaldehyde -3.8 -3.8 -5.4 -4.1 

Pelargonaldehyde -3.8 -3.3 -4.1 -4.6 

Salicylaldehyde -4.2 -4.5 -5.2 -5.1 

Aromatic hydrocarbons  

1,3-
Diphenylpropane 

-5.9 -5.7 -6.6 -6.2 Bajer et al., 2018 [25] 

2-
Methylnaphthalene 

-5.7 -5.2 -6.4 -6.4 

Anthracene -6.5 -5.8 -7.4 -7.1 

p-Xylene -4.4 -4.0 -5.2 -5.0 

Phenylbenzene -5.3 -5.4 -6.1 -6.1 

Toluene -4.0 -3.9 -4.9 -4.4 

Vinylbenzene -4.3 -3.8 -5.3 -4.9 

Esthers  

2-Ethylhexyl 
benzoate 

-5.2 -5.1 -6.0 -5.7 Bajer et al., 2018 [25] 

2-Ethylhexyl 
salicylate 

-5.7 -5.5 -5.1 -6.1 

2-Methylbutyl 
acetate 

-3.7 -3.9 -4.7 -4.6 

Benzyl benzoate -6.3 -6.1 -6.6 -6.8 

Benzyl formate -4.4 -4.3 -5.5 -4.8 

Butyl acetate -3.7 -3.6 -3.8 -4.3 

Dibutyl phthalate -5.4 -5.3 -5.1 -5.9 

Diethyl phthalate -4.9 -5.1 -5.1 -6.0 

Diisobutyl 
phthalate 

-5.8 -5.5 -5.4 -6.5 



 

 

Ethyl 2-
methylbutyrate 

-3.8 -3.8 -4.5 -4.5 

Ethyl benzoate -4.5 -4.5 -5.3 -5.5 

Ethyl caproate -3.7 -3.8 -4.7 -4.6 

Hexyl acetate -3.8 -3.4 -4.1 -4.4 

Isoamyl acetate -3.9 -3.7 -4.2 -4.6 

Isopropyl myristate -3.9 -3.9 -5.4 -4.7 

Methyl isovalerate -3.6 -3.6 -4.3 -4.2 

Methyl linoleate -4.5 -4.3 -4.2 -5.8 

Methyl myristate -4.2 -3.9 -5.3 -4.7 

Methyl palmitate -4.4 -3.8 -4.6 -4.7 

Phenethyl acetate -4.6 -4.6 -5.4 -5.2 

Aliphatic hydrocarbons  

2-
Methylhexadecane 

-4.0 -4.0 -5.3 -4.6 Bajer et al., 2018 [25] 

3-
Methylheptadecane 

-4.4 -3.7 -5.3 -4.9 

Decylcyclohexane -4.8 -4.0 -6.2 -5.2 

Dodecane -3.7 -3.8 -5.0 -3.9 

Heptadecane -3.7 -3.8 -5.4 -4.9 

n-Hexadecane -4.1 -3.8 -4.8 -4.5 

Octadecane -4.5 -3.6 -5.5 -4.5 

Pentadecane -3.9 -3.9 -4.3 -4.3 

Phytane -4.3 -4.2 -6.5 -4.8 

Pristane -4.4 -4.5 -4.2 -5.7 

Squalene -5.4 -5.9 -6.7 -6.0 

Tetradecane -3.7 -4.1 -5.3 -4.4 

Tridecane -3.7 -4.0 -5.1 -4.3 

Lactones  

3,4-
Dihydrocoumarin 

-5.3 -5.0 -6.2 -6.3 Bajer et al., 2018 [25] 

Monoterpenes, monoterpenoids  

3-Carene -4.8 -4.2 -5.4 -5.5 Bajer et al., 2018 [25] 

4-Terpineol -4.8 -4.6 -5.1 -5.7 

Carvone -4.9 -4.7 -5.0 -5.8 

Limonene -4.9 -4.4 -5.5 -5.1 

Linalool -4.3 -4.3 -5.5 -5.1 

Menthol -4.4 -4.7 -5.0 -5.3 

p-Cymene -5.1 -4.6 -5.9 -5.3 

p-Cymenene -5.1 -4.5 -5.9 -5.6 

Sabinene -4.7 -4.3 -5.5 -5.0 

(Z)-Sabinene 
hydrate 

-4.4 -4.7 -5.2 -5.6 

Terpinolene -5.2 -4.9 -5.0 -5.5 

Others  

1,3,5,7-
Cyclooctatetraene 

-4.2 -4.0 -4.5 -4.6 Bajer et al., 2018 [25] 

2,6-
Dimethylpyrazine 

-3.8 -3.8 -4.6 -5.0 

6-Methyl-5-hepten-
2-one 

-3.9 -3.6 -4.9 -4.6 



 

 

Benzothiazole -4.4 -4.1 -5.0 -4.9 

Benzyl nitrile -4.7 -4.3 -5.7 -4.9 

Coumarone -4.6 -4.4 -5.4 -5.2 

Dibenzofuran -5.9 -5.6 -6.4 -6.9 

Diphenylamine -5.5 -5.6 -6.5 -5.9 

Enanthamide -3.9 -3.5 -4.5 -4.5 

Eugenol -5.1 -4.9 -5.8 -5.3 

o-Nitrophenol -4.7 -4.8 -4.7 -5.4 

p-Vinylguaiacol -5.0 -4.9 -5.1 -5.3 

Pyranone -3.7 -3.9 -4.2 -4.3 

Pyrrole-2-
carboxaldehyde 

-4.0 -3.9 -4.2 -4.3 

Sesquiterpenes, sesquiterpenoids  

Caryophyllene 
oxide 

-5.7 -5.3 -6.6 -7.6 Bajer et al., 2018 [25] 

 
The results of the 672 molecular interactions carried out showed an energy variation 

between -10 kcal.mol
-1 

and -2.8 kcal.mol
-1 

. The F group stood out, presenting the most 
satisfactory complex interactions, with binding energies of -9.9 kcal.mol

-1 
to -8.0 kcal.mol

-1 

(Figure 1). Interactions that reached binding energy values lower than -7.9 kcal.mol
-1 

were 
considered most significant , totaling 17 molecular interactions (Table 2). 

 

 
Figure 1: Total number of results, given in terms of binding energy (kcal.mol

-1 
), 

ordered by categories. 
 
Table 2: Molecular affinity parameters of the chemical constituents (ligands) of the 
species D. odorata with the ACE2, Spike, and M

pro
 proteins of the new coronavirus 

(COVID-19) with binding energy results lower than -7.9 kcal.mol
-1 

. 
 

Compound ΔG bind 
to 

(kcal.mol
-1 

) 
 

Amino acids 
that interact 
through 
hydrogen 

Amino acids 
that perform 
hydrophobic 
interaction 



 

 

bonds 

Vouacapenic acid /Spike -9.9 Gly744, Tyr741 Ile587, Thr549, 
Pro589, 
Arg1000, Ile742, 
Leu966, 
Leu977, 
Phe855, 
Asn856, Thr572, 
Phe541 

Taraxasterol /Spike -9.3  
 
 

Arg983, Ile973, 
Leu517, Thr430, 
Phe515, 
Glu516, 
Phe464, 
Asp198, 
Ser514, Leu518 

Luteolin /Spike -9.0 Met740, 
Phe855, 
Thr573, 
Arg1000, 
Tyr741 

Asn856, Gly548, 
Asn978, Thr547, 
Leu546, Val976, 
Thr572, Leu966, 
Gly744 

6,4´-Dihydroxy-3´-
methoxyaurone /Spike 

-8.9 Thr549, 
Thr573, 
Arg1000, 
Gly744 

Phe541, 
ASn978, 
Thr572, Leu966, 
Leu977, Ile587, 
Pro589, Val976 

Dipteryxic acid /Spike 
 
 

 

-8.8 Thr573, 
Tyr741, 
Arg1000 

Phe541, 
Asn978, Thr572, 
Val976, Leu977, 
Gly744, Leu966, 
Pro589, 
Asn856, Thr549, 
Ile587 

Butin /Spike 
 

-8.7 Arg1000, 
Leu977, 
Thr573, 
Met740 

Tyr741, Gly744, 
Val976, Leu546, 
Asn978, Thr547, 
Thr572, Asn856 

Sulfuretin /Spike -8.7 Thr573, 
Gly744, 
Arg1000 

Phe541, Ile587, 
Pro589, Thr549, 
Leu977, 
Cys743, 
Leu966, Ile742, 
Thr572 

Taraxasterol /ACE2 -8.7 Asp382, 
Tyr385, His401 

Asn51, Ser47, 
Ala348, Trp349 

(-)-Lariciresinol /Spike -8.6 Arg1000, 
Asn978, 
Ile587, Thr572, 
Gly744, 
Leu966 

Tyr741, Thr573, 
Pro589, 
Asn856, 
Phe855, Val976, 
Ser975 

Benzeneacetic acid /Spike -8.4 Leu977, 
Arg1000 

Asn856, 
Phe855, 
Thr572, Ser975, 



 

 

Val976, Thr573, 
Thr547, Pro589, 
Asp568 

Butein /Spike -8.3 Thr573, 
Gly744, 
Asn856, 
Met740, 
Leu977, 
Arg1000. 

Leu546, Val976, 
Asn978, Thr572, 
Tyr741, Leu966, 
Thr547. 

(-)-Fisetinidol /Spike -8.2 Gly744, 
Asn978, 
Arg1000, 
Ile742, Tyr741, 
Met740 

Ile587, Thr549, 
Thr573, Leu977, 
Thr572, Pro589 

5-Methoxyxanthocercin A 
/Spike 

-8.2 Gly757, 
Leu754, 
Ser975, 
Ser967, 
His519, Ser968 

Asn969, 
Asp571, Val42, 
Leu518, Ala520, 
Asp40, Lys41, 
Ser50, His49, 
Gla755 

D galactoside /Spike -8.1 Arg44, Asp40, 
His49, Ser50, 
Ser967, 
Ser968, 
Asp571 

Thr51, Ile569, 
Gln755, Leu754, 
Asn969, Gly757, 

D galactoside /ACE2 
 

-8.1 Asp382, 
Tyr385, 
Asn394, 
His401, 
Asn397 

Phe400, 
Gly395, Glu398, 
Arg514, Glu402, 
His378 

D galactoside /M 
pro

 -8.1 Asn142, 
His163, 
Cys145, Thr26 

Leu141, Glu166, 
Phe140, Leu27, 
Gly143, His41, 
His164, Met49, 
Asp187, 
Arg188, Met165, 
Gln189 

Isoliquiritigenin /Spike 
 

-8.0 Met740, 
Thr573, 
Leu977, 
Arg1000 

ASn856, 
Tyr741, Gly744, 
Thr572, Thr547, 
leu546, Asn978, 
Leu966, Val976 

D. odorata molecules that showed the most promising results in interactions with 
SARS-COV-2 targets are represented in two-dimensional (2D) structures in figure 2. The 
Spike protein was the target with the highest number of significant interactions in this study, 
totaling 14. As for the ACE2 protein, two interactions were obtained. Furthermore, a 
satisfactory result of binding energy was observed in the interaction with the M

pro
 protein, as 

illustrated in Figure 3. 
 
Figure 2: Two-dimensional (2D) chemical structure of the molecules that presented 
the best energies in molecular affinity ((1) (Benzeneacetic acid); (2) (Butein); (3) 
(Butin); (4) (D galactoside); (5) (Dipteryxic acid); (6) ((-)-Fisetinidol) (7) 
(Isoliquiritigenin); (8) ((-)-Lariciresinol); (9) (Luteolin); (10) (5-Methoxyxanthocercin A); 



 

 

(11) (Sulfuretin); (12) (Taraxasterol); (13) (Vouacapenic acid); (14) (6,4´-Dihydroxy-3´-
methoxyaurone)). 

 
 



 

 

 
 



 

 

 
 
Figure 3: SARS-COV-2 proteins that demonstrated high levels of interaction with 
compounds from D. odorata. 

 
The most satisfactory molecular affinity with binding energy equal to -9.9 kcal.mol

-1 

was identified in the interaction of vouacapenic acid with the Spike protein of the coronavirus 
(COVID-19), which plays a crucial role in the entry of the virus into host cells. Vouacapenic 
acid interacted via hydrogen bonding with the amino acids Gly744 and Tyr741, in addition to 
interacting via hydrophobic bonding with eleven amino acids: Ile587, Thr549, Pro589, 
Arg1000, Ile742, Leu966, Leu977, Phe855, Asn856, Thr572 and Phe541 (Figure 4). 

 



 

 

 
Figure 4: Three-dimensional representation of the complex formed by the 
vouacapenic acid ligand and the Spike protein, which obtained an interaction energy 
of -9.9 kcal.mol

-1
. A) Site of interaction of the protein-ligand complex. B) 3D 

conformation of the vouacapenic acid compound in complex with the Spike protein. 
C) 2D scheme showing hydrogen (green) and hydrophobic bonds. 
 

 
A total of three results showed interaction energy of the ligand with the protein 

(complex/ligand) lower than -8.9 kcal.mol
-1

. In addition to vouacapenicacid ,taraxasterol and 
luteolin stood out, with energy values of -9.3 kcal.mol

-1
and -9.0 kcal.mol

-1
respectively. It is 

important to highlight that such data were obtained through molecular coupling with the 
same protein, the Spike protein.  

It is important to highlight that, in the molecular docking results, the presence of 
compounds that obtained good interactions with more than one receptor was observed, such 
as the ligand taraxasterol and galactoside. The compound d galactoside demonstrated 
satisfactory interaction results with three of the receptors analyzed. With Spike protein, 
ACE2 and M

pro
, the binding energy was -8.1 kcal.mol

-1 
. 

In turn, the ligand taraxasterol showed significant interactions with two targets: the 
Spike protein and ACE2. With the Spike protein, the interaction energy resulted in a value of 
-9.3 kcal.mol

-1
, while with the ACE2 protein, an energy of-8.7 kcal.mol

-1 
was obtained (Figure 

5). The ACE2 protein (angiotensin-converting enzyme) is the main receptor target of the 
virus in cells, due to its direct interaction with the S protein of the SARS-COV-2 virus. 

 



 

 

 
Figure 5: Three-dimensional representation of the complex formed by the taraxasterol 
ligand and the ACE2 protein, which obtained an interaction energy of -8.7 kcal.mol

-1
. 

A) Site of interaction of the protein-ligand complex. B) 3D conformation of the 
taraxasterol compound in complex with the ACE2 protein. C) 2D scheme showing 
hydrogen (green) and hydrophobic bonds. 
 

 
Regarding Receptor 5, both the d galactoside compound and taraxasterol 

demonstrated the best interaction energies, recording a common value of -7.9 kcal.mol
-1 

. 
The d-galactoside ligand showed a significant interaction with the M

pro
 protein, the target of 

many studies due to its crucial function in virus replication in host cells, reaching an energy 
value of -8.1 kcal.mol

-1
. Additionally, hydrogen bonds were identified with the amino acids 

Asn142, His163, Cys145 and Thr26, in addition to hydrophobic interactions involving 
Leu141, Glu166, Phe140, Leu27, Gly143, His41, His164, Met49, Asp187, Arg188, Met165, 
Gln189 (Figure 06) . 
 



 

 

 
 
Figure 6: Three-dimensional representation of the complex formed by the d 
galactoside ligand and the M

pro
 protein, which obtained an interaction energy of -8.1 

kcal.mol
-1

. A) Site of interaction of the protein-ligand complex. B) 3D conformation of 
the d galactoside compound in complex with the M

pro
 protein. C) 2D scheme showing 

hydrogen (green) and hydrophobic bonds. 
 

 
In silico molecular docking analysis revealed that certain molecules present in the 

plant demonstrated excellent molecular affinity with the virus targets. Among them, bioactive 
molecules stand out, such as taraxasterol, luteolin and isoliquiritigenin, which have received 
extensive research into their pharmacological properties. 

The triterpenoid taraxasterol is a bioactive compound widely recognized for its 
presence in several medicinal plants, presenting pharmacological properties, such as anti-
inflammatory, antioxidant, anticarcinogenic activities [26], and chemopreventive action [27]. 
The compound luteolin, a flavonoid found in several species of plants used in traditional 
medicine, exerts activities as an antioxidant, anti-allergic [28], anti-inflammatory [29], 
anticarcinogenic agent [30,31] and others. Isoliquiritigenin, a compound with anticancer, anti-
inflammatory, antimicrobial and hepatoprotective [32], antitumor [33] and antioxidant [34] 
properties. 

Phytochemicals such as taraxasterol and luteolin, present in Taraxacum officinale, 
were studied in silico and in vitro, demonstrating their therapeutic potential against the NS5B 
polymerase of the hepatitis C virus. The results indicated excellent scores in the molecular 
docking process, with in vitro evaluation revealing the ability of T. officinale leaf extract to 



 

 

block viral replication and expression of the NS5B gene, without presenting toxic effects on 
normal fibroblast cells in the body [35]. 

Experimentally, luteolin and quercetin were evaluated in relation to the RdRp of 
SARS-CoV-2, an important target of the virus responsible for the COVID-19 pandemic, as 
conducted by Manufò et al., (2022) [36]. The results obtained, both experimental and 
computational, add information to previous computational investigations that proposed these 
two natural compounds as potential agents against COVID-19. 
The results obtained in studies conducted by Souza et al., 2023 [37], Souza et al., 2023 [38] 
and Alves et al., 2023 [39], significantly corroborate the molecular affinity evidenced between 
the luteolin compound and the Spike protein. 

In Brazil, the National Health Surveillance Agency (Anvisa) granted approval for the 
emergency use of six medicines intended for the treatment of COVID-19, starting in June 
2021 [40]. Among these medications, Remdesivir, Paxlovid (nirmatrelvir + ritonavir), 
Molnupiravir and Baricitinib stand out, and are also recommended by the international 
Solidarity initiative, led by the World Health Organization (WHO) [41]. The results of the 
binding energy of these drugs with the SARS-COV-2 receptors are described in Table 3, 
demonstrating that none of the drugs presented results lower than -8.0 kcal.mol

-1 
. 

 
Table 3: Molecular affinity parameters of the drugs Baricitinib, Molnupiravir, Paxlovid 
and Remdesivir with the ACE2 , M 

pro 
, ACE2 /S Complex and Spike proteins of the new 

coronavirus (COVID-19). 
 

DRUG CID ACE2 M 
PRO

 RBD Spike 

Baricitinib 44205240 -6.8 -7.9 -7.8 -8.0 

Molnupiravir 145996610 -7.2 -6.7 -6.8 -7.9 

Paxlovid 
(nirmatrelvir + 
ritonavir) 

155903259 -7.1 -7.6 -7.0 -7.3 

Remdesivir 121304016 -7.3 -7.9 -7.6 -7.5 
Source: Own authorship, 2023 
 

It is observed that the drugs Remdesivir and Paxlovid had a greater interaction with 
the M

pro
protein, recording values of -7.9 kcal.mol

-1 
and -7.6 kcal.mol

-1
, respectively. The 

other two drugs, Molnupiravir and Baricitinib, demonstrated lower molecular affinity with the 
Spike protein, presenting binding energies of -7.9 kcal.mol

-1
 and -8.0 kcal.mol

-1 
, 

respectively. In this study, the results of the interaction of D. odorata compoundswith the 
targets revealed remarkable affinities, surpassing the results of the docking of drugs 
approved by Anvisa. 

Drug repositioning is a strategy that aims to identify new therapeutic indications for 
molecules previously approved and used in other conditions, considered effective and safe 
in these contexts [42]. In this way, several medicines originally intended to treat other 
diseases were subjected to repositioning tests against Covid-19. Among them, we highlight 
the drugs that were successful in clinical trials, demonstrating anti-SARS-COV-2 therapeutic 
efficacy [43] and were authorized by the FDA for the treatment of patients with COVID-19, 
such as remdesivir [44], molnupiravir [45], baricitinib [46] and paxlovid [47]. 

The natural molecules investigated in the present study exhibited superior results in 
terms of molecular affinity with the crucial proteins of COVID-19. They presented complexes 
with lower energies, resulting in better inhibitory activity compared to the drugs used to treat 
SARS-COV-2. We therefore suggest carrying out more tests and clinical trials to deepen 
understanding of the action of these compounds. they have the potential to be considered as 
promising therapeutic agents for the treatment of COVID-19. 

 
ADME-TOX PREDICTION 
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The prediction of profiles of ADME-TOX molecules (absorption, distribution, 
metabolism, excretion and toxicity) has been integrated into the drug research procedure, 
through the evaluation of their pharmacokinetic properties. This approach allows the 
anticipation of the presence of desirable and favorable physicochemical characteristics, 
identifying them as potential candidates in the context of developing new drugs [48]. The 
absorption prediction parameters of compounds that obtained satisfactory binding energies 
with SARS-COV-2 targets are described in Table 4. 

 
Table 4: Absorption and distribution properties of D. odorata compounds with the 
best molecular interaction energies. 
 

Compounds Absorption Distribution 

Solub
ility in 
water 
(log 
mol/L) 

PCaco
2 (Log 
Papp 
at 10 -
6 
cm/s) 
 

AIH /% 
Intesti
nal 
absor
ption 
(huma
n) 

PSkin 
(log 
Kp) 
 

P-
glycopr
otein I 
inhibito
r 

P-
glycop
rotein 
II 
inhibit
or 

VDss 
(human
) (log 
L/kg) 

BBB 
perme
ability 

Vouacapenic 
acid 

-3,398 1,454 100 -2,732 No No -1.015 0.018 

taraxasterol -5,786 1,232 95,353 -2,741 Yes Yes -0.018 0.723 
luteolin -3,173 0.762 81,082 -2.735 No No 0.071 -1.199 
6,4´-
Dihydroxy-
3´-
methoxyauro
ne 
 

-3,324 1,156 94,306 -2.857 No No 0.051 -0.189 

Dipteryxic 
acid 
 

-3,027 1,089 100 -2.735 No No -1.319 0.237 

butin -3.13 0.936 92,257 -2.739 No No 0.259 -0.972 
Sulfuretin 
 

-3,146 1,005 93.03 -2.751 No No 0.116 -0.948 

(-)-
Lariciresinol 
 

-3.744 1,044 96,288 -2.778 No No 0.199 -0.856 

Benzeneacet
ic acid 
 

-2,483 1,143 100 -2,732 No No -1.759 -0.73 

butein -3,042 0.599 79,621 -2.749 No No 0.071 -0.976 
(-)-Fisetinidol 
 

-3,108 0.738 94,684 -2.735 No No 0.556 -0.92 

5-
Methoxyxant
hocercin A 
 

-3,494 0.704 99,062 -2.735 Yes Yes -0.407 -1.769 

D 
galactoside 
 

-2.905 -0.872 31,243 -2.735 No No -0.222 -2,577 

Isoliquiritigen
in 

-2,983 0.98 91,159 -2.977 No No -0.005 -0.703 
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Source: prepared by the author (2023) 
Note: PCaco-2: Caco-2 cell permeability; AIH: human intestinal absorption potential; PSkin: 
skin permeability; IGp-P: P-glycoprotein inhibitor; VDss: volume of distribution at steady 
state; PBH: blood-brain barrier permeability. 
 

The solubility of a compound in water has a profound impact on its absorption and 
distribution. Analysis of the data reveals that all compounds exhibit considerable solubility; 
however, it is notable that taraxasterol has been shown to be the least soluble among them. 
Compounds with low solubility tend to exhibit a poor absorption pattern. 

The assessment of skin permeability plays an important role in the context of the 
development of skin medicines. All compounds demonstrated log Kp values greater than -
2.3, thus indicating that they are all considered skin permeable [19]. 

Human colon adenocarcinoma (Caco-2) cells are associated with human intestinal 
absorption, enabling mechanistic assessment of drug permeability, including passive 
diffusion (paracellular and transcellular), transporter-mediated uptake, and transporter-
mediated efflux [49]. high permeability in Caco-2 is indicated by values greater than 0.90 
(PIRES et al., 2015). The compounds that demonstrated high permeability in Caco-2 cells 
were the following: vouacapenic acid (1,454 cm/s), taraxasterol (1,232 cm/s), 6,4´-
Dihydroxy-3´-methoxyaurone (1,156 cm/s), Dipteryxic acid (1,089cm/s), butyn (0,936 cm/s), 
sulfurethin (1,005 cm/s), (-)-Lariciresinol (1,044 cm/s) and the compound Benzeneacetic acid 
(1,143 cm/s). In contrast, the other compounds did not show satisfactory results in this 
aspect. 

P-glycoprotein is a transmembrane ATPase that plays a significant role as a defense 
mechanism against harmful agents, promoting the pumping of toxins and xenobiotic 
substances out of cells [50]. P-gp inhibition may decrease the clearance of substrates 
administered intravenously, due to increased retention in the intestinal lumen and/or reduced 
intestinal secretion, resulting in greater renal reabsorption [51]. Among the compounds 
analyzed, two of them, specifically taraxasterol and 5-Methoxyxanthocercin A, demonstrated 
the ability to inhibit both P-glycoprotein I and II. 

Intestinal absorption of a medication is a crucial factor in its oral bioavailability, 
allowing the medication to enter the bloodstream. Absorption in the small intestine is 
influenced by several elements, including the characteristics of the drug, intestinal 
physiology, active and passive transport mechanisms, as well as metabolism [52,53]. 
Molecules with absorption values between 70% and 100% are indicative of a good intestinal 
absorption capacity [54]. Almost all molecules analyzed in this study demonstrated 
significant potential for intestinal absorption, with values ranging from 79.6% to 100%. These 
molecules include vouacapenicacid, taraxasterol, 6,4'-Dihydroxy-3'-methoxyaurone, 
Dipteryxic acid, butin, Sulfuretin, (-)-Lariciresinol, Benzeneacetic acid, butein, (-)-Fisetinidol, 
5-Methoxyxanthocercin A, D galactoside, Isoliquiritigenin. The only exception was the 
compound d galactoside, which did not show significant intestinal absorption, with a value of 
31.2%. 

The prediction of steady-state volume of distribution (VDss) is a fundamental 
pharmacokinetic parameter that, together with clearance, determines the half-life of a 
compound and, consequently, influences the dosing regimen [55]. VDss values below 0.71 
L/K are considered low, while values above 2.81 L/K are considered high [19]. All 
compounds analyzed in this study demonstrated a low VDss, meaning they are more likely 
to be distributed into plasma rather than tissues. 

Regarding the potential to penetrate the blood-brain barrier (BBB), a compound with 
a logBB predictive value > 0.3 is considered capable of easily crossing this barrier, while a 
logBB value > -1 indicates inadequate distribution in the brain [19,50]. The only compound 
that demonstrated the ability to cross the BBB was taraxasterol. 
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The superfamily of heme-containing enzymes known as CYP450 is responsible for 
mediating drug metabolism. The members of this superfamily, called CYPs, are heme 
proteins that catalyze oxidative reactions of various compounds, such as steroids, fatty acids 
and xenobiotics. CYPs have a prominent role in drug metabolism [56]. In the study in 
question, the compounds shown to inhibit the CYP3A4 substrate were vouacapenic acid, 
taraxasterol, dipteryxic acid and 5-Methoxyxanthocercin A, while no compound inhibited the 
CYP2D6 substrate. The molecules luteolin, sulphuretin and (-)-Fisetinidol only inhibited 
CYP1A2. The compound 6,4'-Dihydroxy-3'-methoxyaurone was shown to inhibit three 
enzymes (CYP1A2, CYP2C19 and CYP3A4), and the compounds that were shown to inhibit 
two proteins were butyn (CYP1A2 and CYP2C9), (-)-Lariciresinol (CYP2C19 and CYP2C9), 
butein (CYP1A2 and CYP3A4) and 5-Methoxyxanthocercin A (CYP2C9 and CYP3A4). It is 
important to highlight that only the compound isoliquiritigenin was shown to inhibit four 
enzymes, namely CYP1A2 , CYP2C19, CYP2C9 and CYP3A4 (Table 5). 

 
Table 5: Metabolism and excretion properties of M. oleifera compounds with the best 
molecular interaction energies. 
 

Compounds Metabolism Excretion 

CYP2
D6 
subst
rate 

CYP3
A4 
substr
ate 

CYP1
A2 
inhibit
or 

CYP2
C19 
inhibit
ior 

CYP2
C9 
inhibit
ior 

CYP2
D6 
inhibit
ior 

CYP
3A4 
inhi
bitor 

OCT2 
Renal 
Substrate 

Vouacapenic 
acid 

No Yes No No No No No No 

taraxasterol No Yes No No No No No No 
luteolin No No Yes No No No No No 
6,4´-
Dihydroxy-3´-
methoxyauron
e 
 

No No Yes Yes No No Yes No 

Dipteryxic 
acid 
 

No Yes No No No No No No 

Butin No No Yes No Yes No No No 
Sulfuretin 
 

No No Yes No No No No No 

(-)-
Lariciresinol 
 

No No No Yes Yes No No No 

Benzeneaceti
c acid 
 

No No No No No No No No 

butein No No Yes No No No Yes No 
(-)-Fisetinidol 
 

No No Yes No No No No No 

5-
Methoxyxanth
ocercin A 
 

No Yes 
 

No No Yes No Yes No 

D galactoside 
 

No No No No No No No No 

Isoliquiritigeni No No Yes Yes Yes No Yes No 
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Source: prepared by the author (2023) 
 

Organic cation transporter 2 (OCT2) is a transporter responsible for renal 
absorption. It plays an essential role in the renal clearance of ionized forms of drugs and 
endogenous compounds, extracting substances from the blood to the renal tubular cell [57]. 
The results of the analysis demonstrated that none of the molecules evaluated is a substrate 
for OCT2. This information is relevant for understanding the pharmacokinetic behavior of the 
compounds under study, especially in the context of renal elimination. 

The Ames test is widely used to anticipate the genotoxicity of compounds, mainly 
with regard to mutagenicity, through the use of bacteria. Compounds that are predicted to be 
positive in the ames test have the ability to induce mutagenicity [58]. According to toxicity 
predictions from the Ames test, about 50% of compounds are considered non-mutagenic. 
This applies to the following compounds: Vouacapenic acid, taraxasterol, luteolin, Dipteryxic 
acid, (-)-Lariciresinol, Benzeneaceticacid and 5-Methoxyxanthocercin A (Table 6). 

 
Table 6: Toxicity properties of compounds with the best molecular interaction 
energies. 
 

Compounds Toxicity 

AME
S 
toxic
ity 

Max 
tolerated 
dose 
(human) 

hERG 
I 
inhibit
or 

hERG 
II 
inhibit
or 

TAO (rat) 
(LD50) 
(mol/kg) 

TCO 
(rats) 
(LOAEL
) (log 
mg/kg_
bw/day) 

Hepatoto
xicity 

Skin 
sensitiz
ation 

Vouacapenic 
acid 

No 0.194 No No 2,393 1984 Yes No 

taraxasterol No -0.495 No Yes 2,576 0.843 No No 
luteolin No 0.975 No No 2.45 1,833 No No 
6,4´-
Dihydroxy-3´-
methoxyauro
ne 
 

Yes 0.529 No No 1991 1,891 No No 

Dipteryxic 
acid 
 

No -0.208 No No 2,297 0.898 No No 

Butin Yes 0.38 No No 2,112 2,304 No No 
Sulfuretin 
 

Yes 0.315 No Yes 1,901 2022 No No 

(-)-
Lariciresinol 
 

No 0.309 No Yes 2.07 2,148 No No 

Benzeneacet
ic acid 
 

No 0.842 No No 2,457 0.85 Yes No 

butein Yes 0.471 No No 1,829 2,505 No No 
(-)-Fisetinidol 
 

Yes 0.368 No No 1.71 2,225 No No 

5-
Methoxyxant

No 0.453 No Yes 2.48 3,206 No No 
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hocercin A 
 
D 
galactoside 
 

Yes 0.624 No Yes 2,645 3,472 No No 

Isoliquiritigen
in 
 

Yes 0.421 No No 1961 1,502 No No 

Source: prepared by the author (2023) 
Note: TAMES: AMES toxicity; DMT: Maximum tolerated dose; TAO: Acute Oral Toxicity in 
Rat; TCO: Chronic oral toxicity in rats. 
 

Acute oral toxicity in rats refers to the probable lethal dose 50 (LD50) of a given 
compound, which is the amount in mol/kg necessary to cause the death of 50% of the 
animals tested. Among the compounds evaluated, galactoside showed a high LD50, while 
the lowest value was observed for the compound (-)-Fisetinidol. On the other hand, chronic 
oral toxicity in rats involves determining the lowest observable adverse effect level (LOAEL) 
for a specific compound. Two compounds demonstrated high LOAEL, namely 5-
Methoxyxanthocercin A and galactoside D. 

The recommended maximum tolerated dose (MRTD) is an estimate of the toxic dose 
of compounds in the body, which aims to determine a safe initial dosage of the drug. 
Compounds with MRTD values less than or equal to 0.477 log(mg/kg/day) are classified as 
low toxicity, while higher values are considered high toxicity [50]. The compounds 
vouacapenic acid, taraxasterol, dipteryxic acid, butyn, sulfurethin, (-)-lariciresinol, butein, (-)-
fisetinidol and 5-Methoxyxanthocercin A demonstrated low MRTD values, indicating low 
toxicity. On the other hand, the other compounds analyzed presented high MRTD values, 
suggesting greater toxicity. It is important to highlight that none of the compounds 
demonstrated susceptibility to cause skin sensitization, which is a relevant adverse effect for 
products applied to the skin. 

Hepatotoxicity is a significant concern in the drug development process, being one 
of the main causes of failure. Substances that cause hepatotoxicity can lead to serious 
effects, such as drug-induced liver damage, resulting in acute liver failure [59].Only two acid 
compounds showed signs of causing liver dysfunction, vouacapenic acid and benzeneacetic 
acid. 

The inhibition of potassium channels encoded by the hERG gene represents the 
main cause of the development of acquired long QT syndrome, consequently resulting in 
severe and potentially lethal ventricular arrhythmias [60]. Predictions indicate that no 
compound demonstrates a propensity to inhibit hERGI, while five compounds were identified 
as possible inhibitors of hERG II, namely: taraxasterol, sulphuretin, (-)-lariciresinol, 5-
Methoxyxanthocercin A and galactoside. 
 

4. CONCLUSION 
 

The results of this molecular affinity study between D. odorata molecules and SARS-
COV-2 proteins were highly promising. We identified 17 compounds with the best binding 
energies, which showed superior interaction affinities to drugs approved by the FDA for 
treating COVID-19. Molecular docking showed that vouacapenic acid, taraxasterol and 
luteolin demonstrated excellent affinity with the Spike protein, suggesting their potential as 
candidates for drugs against viral entry into cells. Furthermore, these compounds exhibited 
positive results in the evaluation of the ADME-TOX profile, indicating their feasibility for 
future studies in the development of anti-SARS-COV-2 therapeutic agents. However, to 
advance the innovation and development of new anti-COVID-19 compounds, it is necessary 
to validate these results through in vivo and in vitro studies of natural compounds from D. 
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odorata.This work offers a promising starting point for developing an effective drug against 
the SARS-COV-2 pathogen. 
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