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1  Introduction
Neurodegenerative diseases are characterized by irre-

versible damage to specific neurons, leading to gradual loss 
and impairment of certain nervous system functions. Some 
are now considered the biggest causes of dementia global-
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ly1）. Alzheimer’s disease（AD）is a pathology that currently 
represents the most frequent form of age-related dementia, 
with 2-10％ of those affected under 65 years old and about 
30-50％ over 85. Worldwide, about 50 million people live 
with AD, and estimates predict that, by the year 2050, 

Abstract: The Bauhinia ungulata, also known by its common name “pata de vaca”, is one of the species used 
in Brazil for medicinal purposes, and is commonly used for the treatment of diabetes. In this study, the 
authors studied the interaction between the chemical constituents which are present in the essential oil of 
Bauhinia ungulata (EOBU), collected in Boa Vista-RR, Legal Amazon, and their effects on the enzyme 
acetylcholinesterase (AChE) in the essential oil. The analysis that we perform includes proton magnetic 
resonance (1H NMR), enzymatic inhibition, molecular docking, in silico toxicity prediction, enrichment 
analysis, and target prediction for biological interactions. According to the tests performed on the essential 
oil, it obtained 100% inhibition of the enzyme AChE. During 1H NMR experiments, it was found that α-
Bisabolol, one of the main components, had a significant alteration in its chemical shift. A molecular docking 
analysis confirmed that this compound binds to the AChE enzyme, which confirms the 1H NMR analysis. 
The results of this work showed that the major component of EOBU acted as a possible inhibitor of AChE 
enzyme in vitro and in silico assays. These results show that EOBU could be potentially applied in 
Alzheimer’s disease treatment.
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around 150 million people will be affected by the disease2, 3）. 
According to Wimo et al., the global cost of 2019 for de-
mentia was over 1 trillion dollars, estimated that around 
800 billion were spent on AD alone, according to surveys 
for the year 2015. Most people who have dementia live in 
low- or middle-income countries（61％）; however, due to 
the high costs of having a good structure in health systems 
for these patients, these countries are also the ones that 
spend less on these types of treatment4）.

The mechanisms involved in the evolution of the pathol-
ogy have not yet been fully unraveled. Nevertheless, three 
striking pathophysiological characteristics are observed in 
patients with AD, which are: intracellular, formed mainly 
by the tau protein, as well as gradual neurodegeneration5）.

The cholinergic hypothesis of Alzheimer’s disease is 
related to the ability of drugs that stimulate central cholin-
ergic function to induce an improvement in cognitive func-
tion and some effects resulting from the disease. The use 
of these cholinesterase inhibitors（I-ChE）is the primary 
drug currently licensed for the specific treatment of AD. 
The Food and Drug Administration（FDA）has approved 
several drugs on the market today that can reduce the 
effects of the disease, such as Tacrine, Donepezil, Physo-
stigmine Rivastigmine, Huperzine A and Galanthamine6, 7）. 
However, some of these can cause undesirable effects on 
patients undergoing treatment, such as gastrointestinal: 
nausea, vomiting, diarrhea, anorexia, dyspepsia, abdominal 
pain, increased acid secretion, cardiovascular: fluctuating 
blood pressure, syncope, arrhythmia, bradycardia; dizzi-
ness, headache, agitation, insomnia, cramps, sweating and 
increased bronchial secretion. Furthermore, these drugs 
only delay cognitive symptoms, and about half of those 
who take these drugs do not respond to them8, 9）.

Essential oils have the function of protecting the plant 
against attacks by predators, such as insects and microor-
ganisms, as well as attracting pollinators for the dissemina-
tion of pollen and seeds. EOs are mainly composed of sub-
stances such as fatty acid esters, mono, and sesquiterpene 
phenylpropanoids. Their chemical components give them 
aroma and color characteristics10）. Essential oils are stored 
in secretory, epidermal cells, cavities, channels or glandular 
trichomes in all plant organs and have been used since 
ancient times for having biological properties such as anti-
inflammatory, antibacterial, antifungal, antioxidant, and 
antiviral11－13）, and some essential oils and their constitu-
ents, such as sesquiterpenes, have been investigated for 
their potential neuroprotective effects14－16）.

The species Bauhinia ungulata which in Latin means 
hoof or foot of ox, presents itself as a wild, small tree that 
has a rigid stem with fibrous bark and leaves that form two 
lobes whose design resembles the trail of a cow’s paw with 
pointed slits characteristic of species of Bauhinias, and the 
flowers are white and the seeds dark brown. It is commonly 
found in the Amazon region and Northeast of Brazil and is 

more recognized for its hypoglycemic activity. Further 
studies also reveal that extracts of this plant decrease cho-
lesterol and triglyceride levels17, 18）. Studies on the chemical 
constitution of B. ungulata have revealed the presence of 
different flavonoids in its leaves, such as quercetin, kaemp-
ferol, naringenin, liquiritigenin, eridictiol19, 20）. These flavo-
noids have antioxidant, anti-inflammatory, antithrombotic, 
antiallergic and hypoglycemic activities21）.

Oil essential of B. ungulata（EOBU）can be a promising 
natural biological agent in the fight against AD due to its 
inhibitory action on the enzyme acetylcholinesterase
（AChE）22, 23）. Therefore, the present research focused on 
highlighting the chemical profile and interaction of sub-
stances present in the EOBU concerning its possible inhibi-
tory effect on the enzyme acetylcholinesterase as an alter-
native in the treatment of AD.

2  Materials and Methods
2.1  Obtaining the leaves of Bauhinia ungulata

The medicinal plant B. ungulata was collected during 
the rainy season（July to September 2020）in Boa Vista, 
Roraima, Amazônia, Brazil. The plant’s georeferences indi-
cate that it was located at 2°51’11.03976 N, 60°N latitude, 
and 60°38’26 longitude W. Dr. Amélia Tuler identified one 
specimen of the plant, which has been listed in the Herbar-
ium of the Federal University of Roraima（UFRR）as 
number 9685. This specimen has also been registered in 
SISGEN under the number A789974.

2.2  Essential oil extraction
Plant material was collected and washed with distilled 

water. The EOBU was obtained by hydrodistillation using a 
Clevenger apparatus with a double condenser of Spell’s 
model for an uninterrupted 2-hour distillation period. The 
fresh leaves were cut into approximately 1 cm－1 and sub-
sequently added to 1000 g in a 12 L flask with 6 L of dis-
tilled water. The flask was heated in a heating mantle at 
100±2℃. At the end of the process, the water was 
removed by adding anhydrous sodium sulfate and subse-
quently stored in a freezer at －20±2℃24）. 

2.3  Enzymatic activity
Enzymatic analysis, it was used the Commercial Acetyl-

cholinesterase（AChE）from Electrophorus electricus elec-
tric organ（Type VI-S）, acetylthiocholine iodide, bovine 
serum albumin, 5,50-dithiobis（2-nitrobenzoic acid）
（DTNB）, tris（hydroxymethyl）aminomethane were pur-
chased from Sigma-Aldrich（St. Louis, MO, EUA）.
2.3.1  Acetylcholinesterase enzyme inhibition

To determine enzymatic activity, assays were performed 
on microplates in quadruplicate. An aliquot of 200 µL of 
the chromogenic reagent（DTNB 0.25 mmol.L－1 in Tris-HCl 
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0.5 mol.L－1 pH 7.4）and 20 µL of commercial AChE enzyme
（E. electricus） 0.67 mg.mL－1）were added. After incuba-
tion for 1 h, 20 µL of 62 mM acetylthiocholine iodide was 
added before reading and the degradation of this substrate 
was measured spectrophotometrically after 180 s at 405 
nm. Activity（U）was defined as the amount of enzyme 
capable of converting 1 µmol of substrate per minute. 
Protein was determined by the Bradford method25）, 
adapted by Sedmak & Grossberg26）. For selective inhibition, 
AChE was exposed to EOBU, incubating 10 µL of commer-
cial AChE enzyme with 10 µL of EOBU（at six concentra-
tions ranging from 2.4×10－2 to 2.4×10－7 mol.L－1 of the 
major compound）, for 1 h according to the methodology 
described above, and the residual activity was calculated 
using the absence of essential oil as 100％ enzymatic activ-
ity. Results were expressed as percent inhibition（mean±
SD）versus EOBU major compound concentration to esti-
mate IC20 and IC50（concentrations at which enzymatic ac-
tivity is inhibited by 20 and 50％, respectively）. 

2.4  Proton nuclear magnetic resonance（1H NMR）
1H NMR titration studies were carried out to investigate 

the interaction between the constituents of EOBU and 
AChE. A dispersion of 700 µL of the EOBU dissolved in 
DMSO-d6 was prepared and titrated with AChE solution, 
obtaining final concentrations ranging from 5 to 20 µL.mL－1. 
After adding the enzyme, the 1H NMR spectra were record-
ed, and the chemical shift of protons was documented. To 
avoid interference from the solvent in the analysis per-
formed, the final concentration of PBS solution in added 
d-DMSO was 3％, proportions commonly used in ligand-
protein interaction experiments.

2.5  Computational analysis
2.5.1  In silico molecular docking

The EOBU molecules were obtained from PubChem27）

with the respective identif iers:  α -Cadinene（CID: 
12306048）, α-Bisabolol（CID: 1549992）, α-Bisabolol Oxide 
A（CID: 6431314）, α-Bisabolol Oxide B（CID: 6432283）, 
α-Humulene（CID: 5281520）, α-Pinene（CID: 440968）, 
α-Thujene（CID: 637518）, Aromadendrene（CID: 91354）, 
β-Caryophyllene（CID: 5281515）,  β-Elemene（CID: 
9859094）, β-Pinene（CID: 440967）, Camphene（CID: 6616）, 
Copaene（CID: 12303902）, Cubenol（CID: 11770062）, 
δ-Cadinene（CID: 441005）, Spathulenol（CID: 92231）, Eu-
calyptol（CID: 2758）, Epi-γ-Eudesmol（CID: 6428429）, 
γ-Elemene（CID: 6432312）, γ-Murolene（CID: 12313020）, 
Linalool（CID: 6549）, Nerolidol（CID: 5284507）, Vanlencene
（CID: 9855795）,（2E,6Z）-farnesol（CID: 1549109）, Caryo-
phyllene Oxide（CID: 1742210）, Donepezil（CID: 3152）, 
Galantamine（CID: 9651）, Huperzine A（CID: 449069）, Neo-
stigmine（CID: 4456）, Rivastigmine（CID: 77991）, Physo-
stigmine（CID: 5983）, Pyridostigmine（CID: 4991）and 
Tacrine（CID: 1935）. These last eight molecules were used 

as positive controls for binding to AChEs since they are 
FDA-approved drugs.

The human AChE three-dimensional structure was ob-
tained from the Protein Data Bank（ID: 4EY7）28）, with a 
resolution of 2.35 Å. E. electricus AChE was modelled 
through SWISS-MODEL29）web server（https://swissmodel.
expasy.org）using 4BDT30）from PDB as a template and vali-
dated it through Verify3D（Supplementary Materials）, due 
to its absent tridimensional structure in the PDB database. 
To find out which binding sites would be used for molecu-
lar docking, we carried out an analysis using GRaSP soft-
ware, a program based on machine learning that searches 
for binding sites by calculating the accessibility of residues 
to the solvent, physicochemical characteristics, and estab-
lished interactions31）.

Nevertheless, we observed that the analysis of the 
GRaSP binding site was compatible with results found in 
the literature, for the human structure and the template 
used in the E. electricus model30, 32）. The molecular 
docking tests were performed in the Autodock Vina soft-
ware and the adjustment of their respective parameters, 
such as water removal and addition of polar hydrogens, on 
the Autodock tools v. 1-5-733）. During the preparation of 
AChE for docking, all water molecules were removed from 
the medium, polar hydrogens were added to the amino 
acids, and the Kollman charges were added to the proteins. 
The defined grid box for the human AChE had a size of 34
×34×34 with a spacing of 0.375 Å, while the center of 
mass was －14.753, －43.913, 29.561 on the chain A. The 
defined grid box for the human AChE had a size of 34×34
×34 with a spacing of 0.375 Å, while the center of mass 
was －4.746, －39.227, and －56.271 on the chain A. To 
validate molecular docking results, a redocking using 
GOLD software RMS analysis was applied（Supplementary 
Materials）. The molecular interactions between the ligands 
and the amino acids were demonstrated and analyzed 
using BIOVIA Discovery Studio Visualizer 2021 and Pymol 
2.5. 
2.5.2  Pharmacokinetic parameters prediction

The analysis of ADME（Absorption, Distribution, Metabo-
lism, and Excretion）parameters was performed using the 
SwissADME web server for the molecules present in the 
EOBU34）.
2.5.3   Drug-target interaction prediction and enrichment 

analysis
The drug-target interaction predictions were performed 

on Swiss Target Prediction for the species, Homo sapiens35）. 
The predicted targets were submitted to Gene Ontology
（GO）and Pathway enrichment analysis through FunRich 

functional annotation software and ShinyGO, respectively36, 37）.

2.6  Statistical analysis
All data was expressed as mean and standard deviation. 

Statistical analysis performed by Student’s Teste T e 
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ANOVA followed by the Two-tailed, Tukey-Kramer test and 
Bonferroni（p＜0.05）using GraphPad Prism 8 Software.

3  Results and Discussion
3.1  Enzymatic inhibition

Some natural chemical compounds inhibit the enzymatic 
activity of AChE, making the investigation of these com-
pounds extremely important for the development of new 
targeted drugs for AD. According to Mota et al.（2012）38）, 
in their in vitro study with plant extracts, they considered 
a weak AChE inhibition values lower than 30％, results ob-
tained for the species Maytenus rigida（percentage of in-
hibition of 7％）and Hyptis fruticosa（percentage of inhibi-
tion of 11％）, values between 30 and 50％ were considered 
moderate inhibition, percentages obtained for the species 
P. piperoides（40％）and Moringa oleifera（47％）and 
potent values of inhibition above 50％, which was the 
result obtained for the extract of V. agnus-castus L. which 
inhibited 74％ of AChE activity. Among the species studied 
by Mota et al.was Bauhinia cheilantha, which belongs to 
the same genus as the species under study, did not show 
inhibitory activity38）. These results differ from this re-
search, as the species B. ungulata, the target of our study, 
inhibited the activity of the AChE enzyme by 100％（Fig. 
1）. The IC20 and IC50 values of EOBU shown in this work 
were lower than those of Neostigmine（IC20 2.61×10－8 and 
2.30×10－5）, a commercial AChE inhibitor, showing that 
the major compound of EOBU has a greater inhibition po-

tential from AChE.
AChE inhibition prevents the degradation of the brain 

neurotransmitter ACh, increasing the defects in brain cho-
linergic transmission that occur mainly in neurodegenera-
tive disorders as the disease progresses7）. Since the activity 
of human AChE is strongly related to the physiological 
state, it is essential to explore new enzymatic inhibitors 
that allow the development and application of new thera-
peutic methods.

3.2  Computational analysis 
3.2.1  Molecular docking

The molecular docking study was used to structurally 
examine the binding interactions of EOBU compounds with 
the AChE enzyme at its active site. Besides, it drew com-
parisons with anticholinesterase molecules used by pa-
tients with disorders of the cholinergic system. A second 
docking between EOBU content to the E. electricus AChE 
was also performed to compare results between species. 

The α-Bisabolol, α-Bisabolol Oxide A, α-Bisabolol oxide 
B, β-Caryophyllene, and Epi-γ-eudesmol molecules, that 
are the predominant components of EOBU, showed excel-
lent efficiency of fitting with human AChE（Table 1）, ob-
taining values of －8.7, －9.5, －9.1, －8.4, and －9.2 kcal.
mol－1, respectively. Their results demonstrated with the E. 
electricus AChE（Table 2）were: －8.1, －7.7, －9.0, －8.0, 
and －6.8 kcal.mol－1 for, respectively, α-Bisabolol. 
α-Bisabolol Oxide A, α-Bisabolol Oxide B, β-Caryophyllene, 
and Epi-γ-eudesmol. This indicates that the EOBU has a 
greater affinity for the human form of AChE and inhibits it 

Fig. 1　�AChE enzyme inhibition plot. Effect of α-Bisabolol main component of EOBU on AChE enzyme. Data are expressed 
as mean±SD. IC50 value＝1.31×10－9 mol.L－1 and IC20＝0.12×10－9 mol.L－1. All assays were performed at 25℃.
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Table 1　Lowest binding energy in kcal.mol–1 of each ligand to the human acetylcholinesterase. 

Molecules Binding energy 
(kcal.mol–1) Molecules Binding energy 

(kcal.mol–1)
Aromadendrene －8.8 α-Pinene －6.9
Camphene －6.5 α-Thujene －6.8
Caryophyllene Oxide －8.6 β-Caryophyllene －8.4
Copaene －8.6 β-Elemene －8.1
Cubenol －8.7 β-Pinene －6.9
Epi-γ-eudesmol －9.2 γ-Elemene －7.9
Eucalyptol －6.9 γ-Muurolene －9.0
Farnesol －8.6 δ-Cadinene －9.1
Linalool －6.5 Donepezila －11.8
Nerolidol －8.3 Galanthaminea －10.5
Spathulenol －8.4 Huperzine Aa －9.9
Valencene －8.8 Neostigminea －7.4
α-Bisabolol －8.7 Physostigminea －9.1
α-Bisabolol Oxide A －9.5 Pyridostigminea －6.3
α-Bisabolol Oxide B －9.1 Rivastigminea －8.1
α-Cadinene －9.1 Tacrinea －8.8
α-Humulene －7.9

aAcetylcholinesterase inhibitors drugs approved by the FDA.

Table 2　 Lowest binding energy in kcal.mol–1 of each ligand to the E. electricus acetylcholinesterase. 

Molecules Binding energy 
(kcal.mol–1) Molecules Binding energy 

(kcal.mol–1)
Aromadendrene －8.8 α-Pinene －6.0
Camphene －6.3 α-Thujene －6.6
Caryophyllene Oxide －8.1 β-Caryophyllene －8.0
Copaene －7.8 β-Elemene －8.0
Cubenol －8.6 β-Pinene －6.4
Epi-γ-eudesmol －6.8 γ-Elemene －8.0
Eucalyptol －6.2 γ-Muurolene －8.2
Farnesol －7.3 δ-Cadinene －9.1
Linalool －6.4 Donepezila －7.8
Nerolidol －7.5 Galanthaminea －8.5
Spathulenol －8.3 Huperzine Aa －10.1
Valencene －8.7 Neostigminea －7.5
α-Bisabolol －8.1 Physostigminea －8.3
α-Bisabolol Oxide A －7.7 Pyridostigminea －6.7
α-Bisabolol Oxide B －9.0 Rivastigminea －7.6
α-Cadinene －9.2 Tacrinea －9.5
α-Humulene －7.7

aAcetylcholinesterase inhibitors drugs approved by the FDA. 
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to a greater extent.
EOBU components exhibited similar amino acid interac-

tions with human AChE（Fig. 2）, with Asp-74, Gly-121, Tyr-
124, Phe-297, Tyr-337, Phe-338, Tyr-341, and His-447 being 
the most commonly interacted residues. α-Bisabolol（Fig. 
2a）interacted with the active site of the human AChE 
through Asp-74, Thr-83, Trp-86, Gly-121, Tyr-124, Tyr-133, 
Glu-202, Ser-203, Trp-286, Phe-295, Val-294, Phe-297, Tyr-
337, Phe-338, Tyr-341, His-447, Gly-448, and Ile-451, where 
Alkyl, van der Waals, and π-sigma interactions were ob-
served. α-Bisabolol Oxide A（Fig. 2b）showed interactions 
between Asp-74, The-83, Trp-86, Gly-121, Tyr-124, Trp-
286, Ser-293, Val-294, Phe-295, Asp-296, Phe-297, Tyr-337, 
Phe-338, Tyr-341, and His-447. α-Bisabolol Oxide B（Fig. 
2c）between Asp-74, The-83, Trp-86, Gly-121, Tyr-124, Trp-
286, Ser-293, Val-294, Phe-295, Arg-296, Phe-297, Tyr-337, 
Phe-338, Tyr-341, and His-447. β-Caryophyllene（Fig. 2d）
between Asp-74, Gly-121, Gly-122, Tyr-124, Trp-286, Val-
294, Phe-295, Arg-296, Phe-297, Tyr-337, Phe-338, Tyr-341, 
and His-447. Epi-γ-eudesmol（Fig. 2e）showed structural in-
teractions with the molecule through the amino acids 
Asp-74, Trp-86, Gly-121, Tyr-124, Ser-125, Glu-202, Phe-
297, Tyr-337, Phe-338, Tyr-341, His-447, Gly-448, and Tyr-
449.

EOBU components exhibited similar amino acid interac-
tions with E. electricus AChE（Fig. 3）, with Trp-108, Tyr-
146, and Tyr-355 being the most commonly interacted 
residue. α-Bisabolol（Fig. 3a）bonds with the enzymatic 
active site through Gly-104, Thr-105, Trp-108, Trp-108, 
Tyr-141, Gly-142, Gly-143, Ser-147, Gly-148, Ser-149, Leu-
152, Tyr-155, Glu-224, Ser-225, Tyr-355, Trp-486, Ile-493, 
Gly-495, Tyr-496, and Ile-498, with Alkyl, van der Waals, 

carbon hydrogen bond and π-sigmal interactions. 
α-Bisabolol Oxide A（Fig. 3b）interacted with Asp-96, Trp-
108, Gly-142, Gly-143, Tyr-146, Ser-147, Gly-148, Tyr-155, 
Tyr-355, Trp-486, Ile-493, His-494, Tyr-496, and Gly-495. 
α-Bisabolol Oxide B（Fig. 3c）formed interactions between 
Gly-104, Thr-105, Trp-108, Gly-143, Gly-144, Tyr-146, Ser-
147, Glu-224, Ala-226, Ser-255, Phe-315, Phe-356, Trp-486, 
Ile-493, His-494, Gly-495, and Tyr-496. β-Caryophyllene
（Fig. 3d）showed interactions between Tyr-94, Asp-96, 
Ser-98, Tyr-146, Trp-304, Leu-307, Gly-311, Leu-312, Phe-
313, Arg-314, Phe-315, Tyr-355, Phe-356, and Tyr-359. 
Epi-γ-eudesmol（Fig. 3e）established interactions to E. 
electricus AChE through Tyr-94, Asp-96, Tyr-146, Trp-304, 
Leu-307, Gly-311, Leu-312, Phe-313, Phe-314, Phe-315, 
Tyr-355, and Phe-356.

Most interactions were mediated by alkyl and π-sigma 
bonds, while hydrogen bonds were only seen in α-Bisabolol 
Oxide A and B. In general, in silico molecular docking 
analysis coincides with in vitro analysis where in human 
cells of the N2a lineage a significant reduction in AChE ac-
tivity and the ability to prevent ACh depletion was ob-
served, in addition to researchers observing Aβ peptide an-
ti-aggregating activities and anti-apoptotic properties in 
α-bisabolol-treated PC12 lineage cells39, 40）. When compared 
to the positive control group, the molecules that make up 
the EOBU present close-fitting efficiency values, where 
Donepezil（－11.8 and －7.8 kcal.mol－1 for human and E. 
electricus AChE, respectively）, Galantamine（－10.5 and 
－8.5 kcal.mol－1）, Huperzine A（－9.9 and －10.1 kcal.mol－1）, 
Physostigmine（－9.1 and －8.3 kcal.mol－1）, Tacrine（－8.8 
and －9.5 kcal.mol－1）, Rivastigmine（－8.1 and －7.6 kcal.
mol－1）, Neostigmine（－7.4 and －7.5 kcal.mol－1）, and Pyr-

Fig. 2　�Structures represent the interaction between the residues of the binding site and the A, B, C, D, and E represent the 
interactions between the residues of the binding site of human AChE and the ligands α-Bisabolol（A）, α-Bisabolol 
Oxide A（B）, α-Bisabolol Oxide B（C）, β-Caryophyllene（D）, and Epi-γ-Eudesmol（E）.
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idostigmine（－6.3 and －6.7 kcal.mol－1）showed lower 
values when compared to some molecules under study
（Tables 2 and 3）.
3.2.2   ADME analysis shows low toxicity for the major 

molecules
Knowledge of the pharmacokinetic characteristics of ab-

sorption, distribution, metabolism, and excretion deter-
mines the potential performance of candidate drug mole-
cules. It is believed that the pharmacokinetic properties of 
clinical trial candidates are critical parameters that poten-
tially speed up trials. ADME parameters were used in order 
to estimate using in silico tools the ability of EOBU com-
ponents to be possible candidates for developing new 
drugs. The Topological Polar Surface Area（TPSA）makes 
use of contributions from functional groups from analysis 
in databases of structures, where it measures the polar 
surface area of the molecule, avoiding the need for calcula-
tions from its three-dimensional（3D）structure, in addition 
to deciding which possible biological conformations are rel-
evant for biological activity.

ADME analysis is a computational approach to drug 
design, assisting in the process of developing and discover-
ing molecules of interest41）. It is possible to reduce the time 
and cost of developing new drugs with pharmacological ac-
tivity through in silico approaches. The screening of nu-
merous compounds in short periods is facilitated by com-
putational tools, since research laboratories without this 
support waste much time when performing the same activ-
ity. Additionally, computational results may be useful when 
determining the appropriate use and application of syn-
thetic and semisynthetic drugs for a variety of purposes 
and diseases.

Most of the phytochemical compounds of EOBU did not 
show activities as an inhibitor/substrate of P-gp, except for 
Cubenol, Farnesol, Linalool, and Spathulene. P-gp is the 
main element of the ATP binding cassette transporter or 
ABC transporter. Its function is to protect the central 
nervous system（CNS）from xenobiotic activity. P-gp acts as 
an efflux transporter, decreasing the bioavailability of 
drugs and preventing their accumulation in the intracellu-
lar region42）. Regarding gastrointestinal absorption（GI ab-
sorption）, α-bisabolol, α-bisabolol Oxide A, and α-bisabolol 
Oxide B showed high absorption by the gastrointestinal 
system, while other molecules had low absorption. Some 
compounds showed permeability through the blood-brain 
barrier（BBB）, except Valencene, α-Cadinene, α-Humulene, 
β-caryophyllene, β-Elemene, γ-Elemene, γ-Muurolene and 
δ-Cadinene（Table 3）. According to43）, the Bioavailability 
Score measures the likelihood that a molecule will have 
bioavailability and permeability above 10％ when adminis-
tered to rats, needing at least a score ≥ 0.55（all the oil 
components are equal to 0.55）to pass Lipinki’s rule-of-five 
and, consequently, to be bioavailable and permeable in 
rats34, 43）（Fig. 4b）. Synthetic accessibility assesses the like-
lihood of these compounds being produced artificially, 
ranging from 1（easily assessed）to 10（rarely assessed）. 
Due to the fact that all the oil constituents are closer to 1 
than to 10, they have a high probability of being syntheti-
cally produced34）. As stated by Egan et al.（2000）44）, effec-
tive absorption occurs when TPSA and WLogP are greater 
than 131.6 Å2 and 5.688, respectively（Fig. 4a and Table 3）. 
Thus, there were no violations of these rules found with 
any of the molecules examined here, regardless of whether 
they are FDA-approved or not44）.

Fig. 3　�Structures represent the interaction between the residues of the binding site and the A, B, C, D, and E represent the 
interactions between the residues of the binding site of E. electricus AChE and the ligands α-Bisabolol（A）, 
α-Bisabolol Oxide A（B）, α-Bisabolol Oxide B（C）, β-Caryophyllene（D）, and Epi-γ-Eudesmol（E）.
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3.2.3  Target prediction and enrichment analysis
Analyses of functional enrichment expand information 

on predicted molecular targets, resulting in detailed de-
scriptions of possible interactions, the activity of natural 
and synthetic molecules at the level of biological functions, 

as well as the biological processes in which they are in-
volved.

GO enrichment annotations were classified into biologi-
cal processes（BPs）, cellular components（CCs）, and mo-
lecular functions（MFs）（Fig. 5）. Some genes were enriched 

Table 3　Swiss ADME results.

Molecule MWa

(g.Mol–1)
TPSAb

(Å2) WLogP BBBc

Permeant
GId

Absorption
P-gpe 

Substrat BASf SAg

Aromadendrene 204.35 0.00 4.27 Yes Low No 0.55 3.70
Camphene 136.23 0.00 3.00 Yes Low No 0.55 3.50
Caryophyllene Oxide 220.35 12.53 3.94 Yes High No 0.55 4.35
Copaene 204.35 0.00 4.27 Yes Low No 0.55 4.62
Cubenol 222.37 20.23 3.78 Yes High No 0.55 4.34
Epi-γ-Eudesmol 222.37 20.23 4.06 Yes High No 0.55 3.88
Eucalyptol 154.25 9.23 2.74 Yes High No 0.55 3.65
Farnesol 222.37 20.23 4.40 Yes High No 0.55 3.17
Linalool 154.25 20.23 2.67 Yes High No 0.55 2.74
Nerolidol 222.37 20.23 4.40 Yes High No 0.55 3.53
Spathulenol 220.35 20.23 3.39 Yes High No 0.55 3.78
Valencene 204.35 0.00 4.73 No Low No 0.55 4.22
α-Bisabolol 222.37 20.23 4.23 Yes High No 0.55 3.95
α-Bisabolol Oxide A 238.37 29.46 3.44 Yes High No 0.55 4.38
α-Bisabolol Oxide B 238.37 29.46 3.44 Yes High No 0.55 4.30
α-Cadinene 204.35 0.00 4.58 No Low No 0.55 4.35
α-Humulene 204.35 0.00 5.04 No Low No 0.55 3.66
α-Pinene 136.23 0.00 3.00 Yes Low No 0.55 4.44
α-Thujene 136.23 0.00 3.00 Yes Low No 0.55 3.99
β-Caryophyllene 204.35 0.00 4.73 No Low No 0.55 4.51
β-Elemene 204.35 0.00 4.75 No Low No 0.55 3.63
β-Pinene 136.23 0.00 3.00 Yes Low No 0.55 3.73
γ-Elemene 204.35 0.00 4.89 No Low No 0.55 3.81
γ-Muurolene 204.35 0.00 4.58 No Low No 0.55 4.35
δ-Cadinene 204.35 0.00 4.73 No Low No 0.55 4.14
Donepezilh 379.49 38.77 3.83 Yes High Yes 0.55 3.62
Galanthamineh 287.45 41.93 1.32 Yes High Yes 0.55 4.57
Huperzine Ah 223.29 29.54 1.94 Yes High Yes 0.55 2.26
Neostigminah 275.35 44.81 1.01 Yes High Yes 0.55 3.38
Physostigmineh 181.21 33.42 0.57 Yes High No 0.55 2.21
Pyridostigmineh 250.34 32.78 2.44 Yes High No 0.55 2.73
Rivastigmineh 179.30 26.02 2.69 Yes High No 0.55 3.70
Tacrineh 198.26 38.91 2.70 Yes High Yes 0.55 2.08

aMW: Molecular Weight; bTPSA: Topological Polar Surface Area; cBBB: Brain Blood Barrier; dGI: Gastrointestinal; eP-gp: 
P-glycoprotein; fBAS: Bioavailability Score; gSA: Synthetic Accessibility; hAcetylcholinesterase inhibitors drugs approved by 
the FDA.
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in signaling pathways related to AD-amyloid secretase 
pathway, in addition to JAK/STAT, G-protein signaling 
pathway, and inflammation mediated by chemokine and 
cytokine signaling pathways. Most of the genes that make 
up the BPs were: Protein phosphorylation（14.3％）, inflam-
matory response（12.8％）, response to xenobiotic stimulus
（9.6％）, synaptic transmission（7.9％）, positive regulation 
of ERK1 and ERK2 cascade（7.3％）and intracellular signal 
transduction（9.3％）, while for MFs they were: ATP binding
（20.7％）, zinc ion binding（17.3％）, identical protein 
binding（17.9％）, protein serine/threonine kinase activity
（11.2％）and enzyme binding（10.1％）. As for the cellular 
location in which the gene products play a role, they pre-
sented the plasma membrane（52.3％）, cytosol（43.4％）, 
and cytoplasm（39.9％）, suggesting the cell region where 
the gene products are active45）.

There are profound relationships between BPs and AD 
notes, and some of these processes impact the develop-
ment and progression of the disease. Abnormal protein 
phosphorylation is central to the dysfunction of molecular 
pathways in the aging brain. Consequently, abnormal 
protein phosphorylation has been linked to human diseas-
es, including AD. The hyperphosphorylation of the TAU 
protein forms neurofibrillary tangles（NFTs）that are depos-
ited in the brain tissue, in addition to the proteins MAP1B, 
dynein, and CRMP-2 that are also hyperphosphorylated in 
AD, evidencing the deregulation in the processes of phos-
phorylation of proteins46, 47）. Thus, another study evaluated 
the potential of β-caryophyllene in phosphorylative pro-

cesses, observing the reduction in phosphorylation of 
MLKL proteins in rat brains, an important relationship 
since it constitutes mostly EOBU and possibly has involve-
ment in gene modulation in these processes48）.

Several studies have evaluated inflammatory responses 
in the brain of individuals with AD, assuming that neuroin-
flammation may be the main neuropathological event 
causing neurodegeneration. Furthermore, high levels of 
cytokines have already been observed in the brains of AD 
patients49）. The α-bisabolol is known for its activity in in-
flammatory disorders and the prevention of neurodegener-
ative diseases, in addition to causing a decrease in TNF-α 
in rats, with TNF-α being one of the markers of acute in-
flammation50, 51）. The α-bisabolol may also contribute to 
gene modulation in response to inflammation, as evidenced 
in functional enrichment analyses.

Synaptic transmission is an essential biological process 
in the development and progression of AD. Loss of synapse 
is strongly related to the cognitive decline in AD since high 
concentrations of Aβ peptide interfere with synaptic neu-
rotransmission in glutamatergic neurons52, 53）. 

3.3   Proton nuclear magnetic resonance（1H NMR）of EOBU
Previous data from our group has shown α-Bisabolol as 

the primary compound of EOBU54）. When analyzing the 
chemical shifts（δ）of EOBU when in contact with AChE, 
the most substantial intensity peaks were observed in the 
spectrum when considering α-Bisabolol（Fig. 6）. That evi-
dence the significant changes in the chemical composition 

Fig. 4　�3D Scatterplot graph representing the relationship between Topological Polar Surface Area（TPSA）, lipophilicity
（WLogP）and Molecular Weight（MW）of the 25 major molecules of the essential oil of B. ungulata（Purple）and FDA-
approved drugs against AD（Green）（a）and Boxplot representation of Bioavailability Score（X axis）versus Synthetic 
Accessibility（Y axis）of the 25 major molecules（Purple）and FDA-approved（Green）（b）.
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Fig. 5　�ShinyGO KEGG Pathway enrichment analysis of the predicted targets for pathways, with a P-value cutoff（FDR）of 
0.05. The fold enrichment is defined as the percentage of genes in your list belonging to a pathway（a）and FunRich 
GO enrichment analysis of the predicted targets for Cellular component, Molecular function and Biological process, 
respectively（b-d）.
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of the environment where hydrogens nº 1, 7, 12 and 13 are 
found（Table 4）. In all cases, there was a shift to the high 
field（upfield）, showing the presence of electron-donating 
groups, whose effects increased the electron density 
around the analyzed hydrogens due to AChE-EOBU inter-
actions. α-Bisabolol possibly interacts with the AChE 
enzyme, corroborating the H changes analyzed in the 
chemical shifts（δ）of the essential oil. When in contact with 
AChE Comparing the H present in α-Bisabolol, a greater 
difference in the chemical shift（Δδ）in hydrogen 7 is noted. 
This finding suggests a greater interaction between this 
hydrogen and AChE. Based on in silico  analysis, 
α-bisabolol also interacts with all hydrogen atoms noted 
with a chemical shift in the 1H NMR spectrum, supporting 
the accuracy of this finding（Fig. 3a）, as this compound 
showed excellent binding affinity. with the active site of 

this enzyme.

4  Conclusions
The development of new drugs in this line of research is 

extremely important for elucidating the factors that cause 
Alzheimer’s disease, as well as obtaining an effective treat-
ment or cure for this disease. Our studies carried out in the 
Amazon Region in Roraima, showed that α-Bisabolol, the 
major component present in the essential oil of Bauhinia 
ungulata（EOBU）, can become a strong candidate for a 
drug as an acetylcholinesterase inhibitor and can be used 
in the treatment of Alzheimer’s disease. In this sense, con-
tinuous studies are necessary. Due to the extensive struc-
tural diversity of the compounds identified in the EOBU, 

Fig. 6　�EOBU 1H NMR Spectrum. 1H NMR titration of EOBU essential oil with AChE（0.67 mg.mL－1）in DMSO. Titration was 
performed with AChE at 0 µL（red）, 5 µL（light green）, 10 µL（dark green）, 15 µL（blue）and 20 µL（purple）. Above 
the purple line is the structure of α-Bisabolol.

Table 4　Chemical changes of protons caused after interactions of α-Bisabolol with acetylcholinesterase.

Assignment Shift δ (ppm)
0 µL

Shift δ (ppm)
5 µL

Shift δ (ppm)
10 µL

Shift δ (ppm)
15 µL

Shift δ (ppm)
20 µL

shift Δδ (ppm)
0-20 µL

1 1.6403 1.6326 1.6320 1.6285 1.6212 0.0191
7 1.0597 1.0154 1.0181 1.0127 1.0039 0.0558

12, 13 1.5864 1.5762 1.5753 1.5718 1.5659 0.0205
δ (ppm) = chemical shift, Δδ (ppm) = variation of chemical shifts of the protons 1,7,12 and 13 of the major compounds of 
EOBU α-Bisabolol after titration with AChE at concentrations from 0 to 20 µL.
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we can anticipate that new discoveries can and have yet to 
be made as a result. EOBU should be screened for its 
neural enhancement effects. The interactions between 
α-Bisabolol and the main essential oil compounds with the 
AChE receptor were significant, as well as the ADME pa-
rameters, where data on its pharmacokinetics can contrib-
ute to a better physiological understanding of the use of 
EOBU. Whether enhanced integration of EOBU into the 
regular diet or ingestion of supplements can stabilize AChE 
function remains to be explored.
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