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ABSTRACT 
 

Aims: To study the Structure-Activity Relationship (SAR) and pharmacokinetic and toxicological 
properties (ADME/Tox) of the major compounds of sesquiterpenes class oil-resin extracted from 
the copaiba, using quantum chemistry methods B3LYP/6-31G*, employing the resulting 
information as a guide to obtain more stable compounds, less reactive and toxic with better 
absorption, distribution, metabolism and excretion. 
Place and Duration of Study: Laboratory of Modeling and Computational Chemistry (LMCC) at 
Federal University of Amapá (UNIFAP), Macapá, Brazil, between March 2014 and February 2015. 
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Methodology: Major compounds were selected from the literature, totaling 12 compounds, and 
modeled with the GaussView 5.0 program. The optimization was performed using the DFT method 
and B3LYP/6-31G* base set implemented in the Gaussian 03 program. Maps of molecular 
electrostatic potential (MEP's) were generated from the atomic charges, and the construction of the 
MEP's and frontier orbital’s (HOMO and LUMO) were visualized with the aid of Molekel program. 
Pharmacophore pattern was determined from the online server PharmaGist, and the ADME/Tox 
properties of the compounds studied were calculated using the online server PreADMET and the 
results were compared with those of DEREK software. 
Results: MEP's in the compounds studied have shown no uniformity in their region of electrostatic 
potential. HOMO is localized to at the double bonds (C=C), and LUMO orbitals were on the carbon 
atoms of the double bonds. Pharmacophore pattern evidenced 11 regions hydrophobic. 
Pharmacokinetic property of human intestinal absorption (HIA) was 100% for all compounds. Cell 
permeability PCaCO2 was classified as medium, and the values ranged from 56.3475 nm/sec 
(compound 2) to 23.405 nm/sec (compound 10). Cell permeability PMDCK was classified as high, 
because presented higher values than 25 nm/sec, ranging from 218.885 nm/sec (compound 2) to 
40.0711 nm/sec (compounds 7 and 11). The compounds showed strong plasma protein binding 
with values ranging from 90.849656% (compound 2) to 100% for the other compounds. 
Penetration of the blood brain barrier was classified as active (CBrain/CBlood>1), and the values 
ranged from 3.75249 (compound 2) to 15.0642 (compound 10). Therefore, these compounds 
studied evidenced toxic effects on the CNS. In toxicity tests, the compounds 1-2, 4-6 and 8-10 
show mutagenic predictions, and only the compounds 3, 7, 11 and 12 presented non-mutagenic 
predictions. Carcinogenicity was significant in mouse. However, the predictions in rats the 
compounds 1-4 and 6-12 presented positive predictions (non-carcinogenic), and only the 
compound 5 showed a negative prediction (evidence of carcinogenicity), when analyzed in DEREK 
software the compounds showed no toxiphoric alerts generated by epoxides groups. 
Conclusion: The B3LYP/6-31G* method was adequate to optimize the major compounds of 
copaiba oil-resin. Compounds studied are viable for administration in different pathways, and may 
have their improved pharmacokinetic properties according to the formulation to enhance the 
efficacy and safety. 
 

 
Keywords: Copaiba oil-resin; B3LYP/6-31G*; MEP’s; pharmacokinetic and toxicological properties. 
 

1. INTRODUCTION 
 
The genus Copaifera tree of Fabaceae family 
and sub-family Caesalpinioideae, covers more 
than 30 native species in Latin America, 
distributed between Honduras and southern 
Brazil [1]. In Brazil it is widely found in the 
Amazon region, and its species are known as 
"copaiba stands" or "pau d'oil". The incision in 
the tree trunks provides copaiba oil in the form of 
an oil-resin yellow to brown coloration, which is 
used industrially in varnishes, in the restoration 
of old paintings, such as odor fixative in 
fragrances, and as a flavor in foods [2,3]. In 
popular medicine, especially in the Brazilian 
Amazon, the copaiba oil is used as cicatrizing, 
anti-inflammatory, antiseptic, anti-tumor, and as 
an agent to treat bronchitis, and skin diseases 
[4]. Its chemical composition is predominantly 
from terpenes. Many drugs are formulated as 
solutions or added to the liquid in the form of 
powder or solution. Therefore, there are great 
chances of sesquiterpene, diterpenes and 
triterpenes compounds are related with 

abovementioned medicinal effects. Thereby, it is 
necessary to group these in terms of solubility as 
soluble, insoluble and amphipathic having 
aqueous solution as reference [5]. 
 
With regard to chemical composition of oil-resin 
from the species of Copaifera, it is observed 
predominance of sesquiterpenes, as the α-
humulene, α and ß-selinene, ß-bisabolene and 
ß-caryophyllene [6,7]. The sesquiterpene 
compounds are divided into oxygenated 
sesquiterpenes (alcohols) and sesquiterpene 
hydrocarbons, and have greater anti-
inflammatory activity when compared with 
compounds of the diterpene class [8,9]. The ß-
bisabolene has antiinflammatory and analgesic 
properties and ß-caryophyllene is described in 
the literature as anti-endemic, anti-inflammatory, 
antibacterial and insect-repelling [10]. 
 
The copaiba oil-resin has several 
ethnopharmacological indications, such as: anti-
inflammatory, healing, antimicrobial, 
leishmanicide, larvicide, antineoplastic and 
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antinociceptive activities. Such activities were 
confirmed with in vivo pharmacological studies 
[11]. The substitution of copaiba oil for new drugs 
confirms their therapeutic efficacy. In addition, 
the fact that copaiba oil is a natural compound of 
popular acceptance, especially by the Brazilian 
Amazon population has no access to 
pharmaceuticals and public health services. 
However, this justifies an effort that allows 
enable its use as herbal medicine, of a form safe, 
effective and with quality [12]. Therefore it is 
necessary to know which of the major 
compounds of oil-resin exhibit molecular stability, 
chemical reactivity, pharmacophoric region, 
pharmacokinetic and toxicological properties to 
enable its use with biological action [13]. 
 
In this work, we propose to study the structure-
activity relationship and pharmacokinetic and 
toxicological properties of 12 major compounds 
of sesquiterpenes class extracted from copaiba 
oil-resin, using quantum chemistry methods and 
B3LYP/6-31G* basis set, maps of electrostatic 
potential (MEP’s), frontier orbital’s (HOMO and 
LUMO), derivation of the pharmacophore pattern, 
determination of pharmacokinetic properties: 
Human intestinal absorption (AIH), Cell 
permeability (PCaCO2), Cell permeability of Maden 
Darby Canine Kidney (PMDCK), Skin Permeability 
(PSkin), Plasma protein binding (PPB) and 
Penetration of the blood brain barrier 
(CBrain/CBlood), and Toxicological: mutagenicity 
and carcinogenicity, employing the resulting 
information as a guide to obtain more stable 
compounds, less reactive and toxic and with 
better absorption, distribution, metabolism and 
excretion. 
 

2. METHODOLOGY  
 
The study was performed in Laboratory of 
Modeling and Computational Chemistry at 
Federal University of Amapá, Macapá, Brazil, 
between March 2014 and February 2015. 
 

2.1 Selection and Modeling of 
Compounds 

 
Major compounds were selected from the 
literature [11]. The major compounds of the 
sesquiterpene class found in copaiba oil-resin 
used for modeling were: (1) β-caryophyllene, (2) 
caryophyllene oxide, (3) α-humulene, (4) δ-
cadinene, (5) α-cadinol, (6) β-elemene, (7) α-
copaene, (8) α-selinene, (9) β-selinene, (10) β-
bisabolene, (11) α-cubebene and (12) trans-α-
bergamotene, see Fig. 1. Major compounds were 

modeled with GaussView 5.0 program [14], 
following the strategy described: initially the 
structure of β-caryophyllene, compound 1, Fig. 1, 
was built and completely optimized with the DFT 
method and B3LYP/6-31G* basis set 
implemented in the Gaussian 03 program [15], 
and all the other structures (see Fig. 1) were built 
and optimized with the same method and basis 
set. The frequencies calculations were also 
calculated using B3LYP\6-31G*, and observed 
that there were no negative frequencies, thereby 
ensuring that local minimum energy structures.  
 
2.2 Maps of Molecular Electrostatic 

Potential (MEP) and Frontier Orbital’s 
(HOMO AND LUMO) 

 
MEP’s for β-caryophyllene and 11 derivatives 
were generated from the atomic charge in the 
DFT method and B3LYP/6-31G* basis set 
calculated in the Gaussian 03 program. The 
construction of the frontier orbital’s (HOMO and 
LUMO), and of the MEP’s were visualized with 
the aid of Molekel program [16]. 
 

2.3 Derivation of the Pharmacophore 
Pattern 

 
Pharmacophore pattern was determined         
from the online server PharmaGist 
(http://bioinfo3d.cs.tau.ac.il/PharmaGist/) for β-
caryophyllene and 11 derivatives. From the 
derivation, the highest score was chosen by 
annealing of all the compounds studied [17-19]. 
 

2.4 Prediction of Pharmacokinetic and 
Toxicological Properties (ADME/Tox) 

 

The ADME/Tox properties (Absorption, 
Distribution, Metabolism, Excretion/Toxicology) 
of the major compounds were calculated       
using the online server PreADMET 
(http://preadmet.bmdrc.org/). This server 
calculates pharmacokinetic properties as: Human 
Intestinal Absorption (HIA), cell permeability 
Caco-2 in vitro (PCaCO2), cell permeability of 
Maden Darby Canine Kidney (PMDCK), skin 
permeability (PSkin), Plasma Protein Binding 
(PPB) and the penetration of the blood brain 
barrier (CBrain/CBlood), and toxicological properties 
such as: mutagenicity and carcinogenicity [20]. 
 

The DEREK software was also used in 
comparison to the results achieved using the 
online server PreADMET. The DEREK 
knowledge-based expert system collected alerts, 
specific toxic endpoints, including 



carcinogenicity, chromosome damage, 
genotoxicity, mutagenicity, neurotoxicity, 
hepatotoxicity, teratogenicity, irritancy, 
reproductive toxicity, respiratory sensitization, 

 
Fig. 1. Structure of β-caryophyllene (1) and its derivatives (2

class oil
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arcinogenicity, chromosome damage, 
genotoxicity, mutagenicity, neurotoxicity, 
hepatotoxicity, teratogenicity, irritancy, 
reproductive toxicity, respiratory sensitization, 

thyroid toxicity and skin sensitization, which may 
each provide toxicity predictions 
system [21,22]. 

 

caryophyllene (1) and its derivatives (2-12) of the sesquiterpene 
class oil-resin extracted from the copaiba 
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3. RESULTS AND DISCUSSION 
 
3.1 Maps of Molecular Electrostatic 

Potential (MEP’s) 
 
MEP’s allows the use of a qualitative analysis to 
find reactive sites in a molecule, and determine 
the roles played by both electronic and steric 
effects (size/shape) on its power, and it is 
important that visualization of MEP provide 
qualitative information on the molecules, such as 
the behavior of the interaction between a ligand 
and receptor, ie, is an important tool for process 
analysis of recognition by another molecule, as 
drug-receptor interactions and types of enzyme-
substrate, due to the potential that a species see 
another in a biological recognition process 
[23,24]. 
 
MEP's are shown in Fig. 2, and regions 
highlighted in different colors may vary from 
green to red and represent the negative regions 
(indicating excess negative charges which can 
cause attraction of positively charged molecules), 
the highlight of these regions in the molecule 
indicates the region with higher probability of 
perform nucleophilic attack, and bluish regions 
represent the positive regions (indicating excess 
of positive charges which can cause repulsion of 
positively charged molecules), the evidence of 
these regions characterizes the portion having a 
higher probability to suffer nucleophilic attack 
[25]. 
 
The MEP of compound 1 (β-caryophyllene) has a 
negative potential region (red region) in the 
double bond (CH2=C) in the bicyclo (meta 
position), having a maximum positive 
electrostatic potential of 0.04109u.a. (blue 
region) and minimum negative electrostatic 
potential of -0.04876u.a. (red region). In 
compound 2 (caryophyllene oxide) the negative 
region is on the oxygen atom, its maximum 
positive electrostatic potential (blue region) was 
of 0.04558u.a, and minimum negative potential 
(red region) of -0.09429u.a. In the compound 3 
(α-humulene) the negative potential region is 
located bicyclo inside and close to the double 
bond at para position, and its maximum positive 
electrostatic potential was of 0.03804u.a, and 
minimum negative potential of -0.04587u.a. It 
was observed that the negative electrostatic 
potential (orange color) in the compound 4 (δ-
cadinene) is located mainly in the aromatic ring 
of the double bond region, and its maximum 
positive potential (blue region) was of 

0.04153u.a, and the minimum negative potential 
(red region) was of -0.04947u.a. 
 
The potentially negative region (red region) of 
compound 5 (α-cadinol) is located on hydroxyl           
(-OH), and its maximum positive electrostatic 
potential was of 0.12327u.a, and the minimum 
negative potential -0.09787u.a. In the 
compounds 6 (β-elemene) and 7 (α-copaene) the 
negative region located at methyl group (-CH3) in 
the meta position, being the maximum positive 
electrostatic potential of β-elemene of 
0.05351u.a, and the minimum negative potential 
-0.04665u.a, and the maximum positive 
electrostatic potential of α-copaene was of 
0.03849u.a, and minimum negative potential of -
0.03352u.a. The negative regions of the 
compounds 8 (α-selinene) and 9 (β-selineno) are 
located predominantly on the double bond 
(=CH2), but especially the α-selinene has a 
negative region in the hydrogen atom (H) of 
carbon (C) in the (α) alpha position, and in the β–
selineno the negative region in the hydrogen 
atom (H) is located on the carbon (C) in the (β) 
beta position, being this feature which 
distinguishes the compounds. The maximum 
positive electrostatic potential for the compound 
8 (α-selinene) is 0.04516u.a, and the minimum 
negative potential is -0.04711u.a, and for 
compound 9 (β -selineno) is 0.03643u.a and -
0.04779u.a, respectively. Being that the potential 
difference between the maximum and minimum 
values of compounds 8 and 9 are ±8.73.10

-3
u.a 

and ±6.8.10-4u.a, respectively. 
 
In the compound 10 (β-bisabolene) the negative 
regions are concentrated in the double bonds, 
being its maximum positive electrostatic potential 
of 0.02839u.a. (blue region) and minimum 
negative potential of -0.04564u.a. (red region). 
The predominant negative regions in the 
compounds 11 (α-cubebene) and 12 (trans-α-
bergamotene) are close to the double bond, and 
the maximum positive electrostatic potential for 
the compound 11 (α-cubebene) is 0.02984u.a, 
and for compound 12 (trans-α-bergamotene) is 
0.02349u.a (blue region), the minimum negative 
electrostatic potential for the compound 11 (α-
cubebene) is -0.03839u.a, and for compound 12 
(trans-α-bergamotene) is -0.04127u.a (red 
region). The negative regions have a higher 
probability of nucleophilic attack, being these 
regions highlighted in the major compounds of 
sesquiterpene class of copaiba oil-resin that are 
possibly binding targets, as shown in Fig. 2. 



 
Fig. 2. Potential electrostatic maps of the major compounds of sesquiter

 

3.2 Frontier Orbital’s (HOMO and LUMO)
 
The energy of the frontier orbital’s is one of the 
descriptors used in the chemical
studies, being used the highest occupied 
molecular orbital (HOMO) energies, and the 
lowest unoccupied molecular orbital (LUMO) 
energies. This happens because the properties 
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Fig. 2. Potential electrostatic maps of the major compounds of sesquiterpene class of 
copaiba oil-resin 

(HOMO and LUMO) 

orbital’s is one of the 
descriptors used in the chemical-quantum 
studies, being used the highest occupied 
molecular orbital (HOMO) energies, and the 
lowest unoccupied molecular orbital (LUMO) 
energies. This happens because the properties 

provide information related to the character 
electron-donor and electron-acceptor of the 
compounds and therefore the formation of a 
charge transfer complex (CTC) [26]. The HOMO 
energy is related to the electron-donor character, 
to the ionization potential and features the a
of the molecule to perform nucleophilic attack 
[27,28]. 
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n related to the character 
acceptor of the 

compounds and therefore the formation of a 
charge transfer complex (CTC) [26]. The HOMO 

donor character, 
to the ionization potential and features the ability 
of the molecule to perform nucleophilic attack 



Fig. 3 represents HOMO orbitals for the 
compounds studied and their respective values, 
presenting minimum and maximum value 
6.3663eV and -5.6640eV for compounds 2 and 
4, respectively. Thus, it is noteworthy that the 
HOMO values are directly related to the greater 
tendency to perform nucleophilic attacks 
(electron-donor trend), ie, higher HOMO value, 
the greater its ability to perform such an attack. 
The sesquiterpene compounds 3 (HOMO= 
5.7742eV), 4 (HOMO= -5.6640eV), 7 (HOMO=
 

 
Fig. 3. Frontier orbital (HOMO) of the major compounds of sesquiterpene class of 
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3 represents HOMO orbitals for the 
compounds studied and their respective values, 
presenting minimum and maximum value -

5.6640eV for compounds 2 and 
is noteworthy that the 

HOMO values are directly related to the greater 
tendency to perform nucleophilic attacks 

donor trend), ie, higher HOMO value, 
the greater its ability to perform such an attack. 
The sesquiterpene compounds 3 (HOMO= -

5.6640eV), 7 (HOMO=-

5.8942eV) and 11 (HOMO= -5.7190eV) were 
those with the highest values, therefore higher 
tendency to perform nucleophilic attacks. The 
caryophyllene (1) compound  is found in greater 
percentage (51%) in the copaiba oil
volatile portion is one of the major components 
accounting for 70% of this portion, also being 
one of those responsible for anti
biological activity [11,29], and presented a 
HOMO value of -6.0031 eV. 

Fig. 3. Frontier orbital (HOMO) of the major compounds of sesquiterpene class of 
copaiba oil-resin 

 
 
 
 

Article no.BJPR.2015.107 
 
 

5.7190eV) were 
those with the highest values, therefore higher 
tendency to perform nucleophilic attacks. The β-
caryophyllene (1) compound  is found in greater 
percentage (51%) in the copaiba oil-resin, and 
volatile portion is one of the major components 
accounting for 70% of this portion, also being 
one of those responsible for anti-inflammatory 
biological activity [11,29], and presented a 
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When analyzing the HOMO orbitals in Fig. 3, it is 
observed that the globules are double bonds 
predominantly in the cycles and/or in their 
ramifications, being also evident in the 
hydrogens atoms (H) of all compounds studied. 
In compound 1 (β-caryophyllene) the globules 
are located on the double bond and single bonds 
between carbon of the cycle, and on carbon of 
their ramification. In compounds 2, 6 and 9 that 
have the smaller HOMO values, the globules are 
presented in the double bonds located in the 
ramifications of the cycle, and the compound 2 is 
shown in double bond between carbons in 
ramification, in single bond between carbons in 
the bicyclo, in hydroxyl (-OH) and on the 
hydrogens atoms (-H); in compound 6, the 
globules are located specifically between 
carbons of the cycle in binding (-C=CH2) in the 
meta position, on the carbons of binding              
(-C=CH2) in the ortho position, in the carbons 
and hydrogens in ramification of the cycle in the 
meta position. In the compound 9 these globules 
are located in bond between carbons of the 
cycle, in double bond (-C=CH2) of its ramification 
in the para position, in the hydrogen bonded 
directly to the carbon of the cycle, and in double 
bond (-C=CH2) in the extreme of the compound.  

 

When comparing the HOMO values and the 
location of globules with compound 1 (β-
caryophyllene) of the compounds studied, note 
that their values are close and that the location of 
their globules are similar. Thereby, sharing the 
characteristic of having tendency to perform 
nucleophilic attack, favoring the attack with a 
minimum amount of energy to react with 
electrons in regions. Unlike of HOMO energy, 
LUMO energy is related to the affinity by 
electrons, and consequently the susceptibility of 
the compounds with respect to nucleophilic 
attack, presenting electron-acceptor 
characteristics. The LUMO energy measures the 
electron-acceptor character of the compounds. 
However, the smaller energy, the lower it will be 
this strength to accept electrons [30]. 

 

Fig. 4 represents the LUMO orbitals for the 
compounds studied and values, presenting the 
minimum and maximum value of 0.2843eV and 
0.8822 eV for compounds 2 and 5, respectively. 
The major compound β-caryophyllene (1) 
presented LUMO value of 0.4713 eV. When 
analyzing the representation of LUMO orbitals, 
Note that the globules are located on carbons 
that perform double bonds and about hydrogens 

(H), differing of HOMO orbitals (occupied 
orbitals), such globules located on the double 
bonds. In compound 1 (β-caryophyllene), the 
globules were located on carbons that perform 
the double bond in the ramification of the bicyclo. 
In the compound with minimum value (compound 
2) the globules are also located on carbons, and 
in the compound with maximum value of LUMO 
(compound 5), the globules follow the pattern of 
other compounds, located on the carbon atoms 
that perform the double bond. 
 
Thus, it is noted that there is a similarity between 
the compound 2 and 5 when compared to 
compound 1 (β-caryophyllene) which is found in 
greater proportion in oils of copaiba. Hence, such 
compounds share of the characteristic in relation 
to the affinity by electrons in regions where 
globules are evident, then these regions are 
more susceptible to nucleophilic attack, and 
specifically the compound that had the lowest 
energy value (compound 2) is the one with the 
least resistance to accept electrons. 
 
3.3 Prediction of Pharmacophore 
 
A pharmacophore is the three-dimensional 
arrangement (3D) of characteristics that are 
essential for molecule ligand to interact with a 
specific mode receptor. The pharmacophore 
hypothesis is given by the alignment of 
compounds, identifying these regions share. The 
identification of a pharmacophore can serve as 
an important model in the rational drug 
development, since it can aid in the discovery of 
novel compounds that can bind to a target 
receptor [18]. 
 
The derivation of the pharmacophore of main 
compounds of the sesquiterpene class of the 
copaiba oil-resin was given by the alignment of 
compound 12 with a score of 12.781, see Fig. 5. 
The aligned compounds share 11 spatial 
characteristics, being 11 hydrophobic groups. 
According to Lipinski Rule proposes that a 
compound to be well absorbed orally 
administered needs to adapt the following 
physical-chemical parameters: molecular weight 
of less than 500Da,, logP (lipophilicity) of less 
than 5 (five); maximum of five (5) hydrogen 
donor groups and a maximum of ten (10) groups 
acceptor [31]. Therefore, the compounds of 
sesquiterpene class of the copaiba oil-resin did 
not suit this rule, evidencing that are not viable 
candidates for this administration route. 

 



Fig. 4. Frontier orbital (LUMO) of the major compounds of sesquiter

 
Fig. 5. Pharmacophore group of β

compounds of sesquiterpene class of copaiba oil

(a) 
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Frontier orbital (LUMO) of the major compounds of sesquiterpene class of 

copaiba oil-resin 

β-caryophyllene compound (a) and the alignment of the major 
compounds of sesquiterpene class of copaiba oil-resin (b) 

(b) 
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3.4 Prediction of Pharmacokinetic and 
Toxicological Properties 

 
Currently the discovery of new drugs is not 
based only by its pharmacodynamics, evaluating 
the activation or inhibition of biological receptors, 
also includes the pharmacokinetic process, 
investigating the influence of the biological 
system in the effects produced by drug [32]. The 
prediction of intestinal absorption is the main 
objective of the discovery and selection of new 
drugs in order to be administered orally [33]. The 
absorption processes are related to the 
permeation of compounds through biological 
membranes under the influence of the 
physicochemical characteristics [34]. 
 
The results of ADME test (absorption, 
distribution, metabolism and excretion) can be 
observe the human intestinal absorption values 
(HIA), permeability in special cell lineage (PCaco2 
and PMDCK), skin permeability (Pskin), plasma 
protein binding (PPB) and permeability of the 
blood-brain barrier (CBrain/CBlood) are shown in 
Tables 1 and 2. Toxicological tests were 
evaluated the mutagenicity and carcinogenicity of 
major compounds, shown in Table 3. The HIA 
results were 100% for all major compounds 
classified as good human intestinal absorption, 
see Table 1. 
 
The Caco-2 permeability (PCaco-2), cell line of 
human colon adenocarcinoma, enables the 
evaluation of the potential of intestinal absorption 
and passive transport of drugs, can be used to 
predict the dissolution-absorption relationship in 

drug discovery using data from dissolved and 
absorbed fractions in time function [33-35]. Table 
1 shows the PCaco-2 values, and according with 
the values obtained may be classified as medium 
permeability (value between 4 and 70 nm/sec) 
and high permeability (>70nm/sec). So, it is 
noted that all the compound showed a medium 
permeability, and the values ranged from of 
56.3475 nm/sec (compound 2) to 23.4050 
nm/sec (compound 10), and β-caryophyllene 
(compound 1) presented a permeability value of 
23.6315 nm/sec. 
 
In prediction of MDCK permeability (PMDCK), is 
used canine kidney cells, possessing similarities 
with Caco-2 cells. This prediction method is used 
as a rapid screening tool of permeability [36-38]. 
The values shown in Table 1 for predicting 
PMDCK are greater than 25 nm/sec, and 
classified as compounds which possess high 
permeability, ranging from of 218.8850 nm/sec 
(compound 2) to 40.0711 nm/sec (compounds 7 
and 11). 
 
The skin permeability (Pskin) predicts the 
possibility of a drug to be transdermally 
administered [39]. Since this is the parameter 
used to evaluate of possible risk case the 
substance accidentally please contact with skin 
[40]. The sesquiterpenes compounds showed 
negative values, showing that this administration 
route (transdermally) would not be the first 
choice for the possible formulation and 
administration of the drug, but only compound 6 
showed the best value of Pskin=-0.5475. 

 
Table 1. Absorption properties of the compounds of sesquiterpene class of copaiba oil-resin 
 

Compounds Absorption 
HIA(%)

[a]
 PCaco2(nm/sec)

[b]
 PMDCK(nm/sec)

[c]
 Pskin 

[d]
 

1 100 23.6315 56.2164 - 0.6764 
2 100 56.3475 218.8850 -1.4101 
3 100 23.6330 60.6852 -0.5677 
4 100 23.6391 59.3726 -0.7971 
5 100 55.4076 169.7890 -1.0828 
6 100 23.4917 56.8713 -0.5475 
7 100 23.6323 40.0711 -1.0337 
8 100 23.6320 56.2164 -0.6767 
9 100 23.4924 57.2175 -0.6424 
10 100 23.4050 63.6779 -0.5857 
11 100 23.6324 40.0711 -1.0316 
12 100 23.4054 55.1386 -0.7204 

[a]
percentage of human intestinal absorption; 

[b]
cell permeability (Caco-2 in nm/s); 

[c]
cell permeability Maden 

Darby Canine Kidney in nm/s; 
[d]

skin permeability 
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However, this does not impede its utilization 
transdermally according to a study conducted by 
Silva [41], that used topical microemulsion 
containing copaiba oil for anti-inflammatory 
activity and mutagenic, and showed to be 
effective in relation to their mutagenicity, 
confirming the anti-inflammatory activity of 
copaiba oil and the viability of using in topical 
formulation. 
 
The drug is present in two forms in the blood, in 
its bound form and its fraction unbound to the 
plasma proteins. These bonds between other 
factors determine plasma half-life of drugs, 
because when the greater its bond with these, 
higher half-life in the body of individual, because 
of these bonds transforming themselves into 
deposits of slow drug release [42,43]. Would 
otherwise, only drug in its unbound fraction can 
overcome the membranes for that binds with the 
target in which it is intended and display the 
pharmacological effects [44]. 
 

Table 2. Distribution properties in 
percentages of PPB and penetration of the 

blood brain barrier of the compounds of 
sesquiterpene class of copaiba oil-resin 

 
Compounds Distribution 

PPB (%) CBrain/CBlood 
1 100 13.3193 
2 90.8496 3.7524 
3 100 14.2219 
4 100 13.9265 
5 100 9.2187 
6 100 13.4359 
7 100 11.1471 
8 100 13.3193 
9 100 13.4992 
10 100 15.0642 
11 100 11.1471 
12 100 13.1358 

 
According to Table 2, it is verified that all the 
compounds bind strongly to plasma proteins with 
values ranging from of 90.8496% (compound 2) 
to 100% for the other compounds. Such values 
evidence that the compounds of copaiba oil-resin 
by present high binding values the display of 
their pharmacological effects are slow, because 
will only be evident when they turn off of plasma 
proteins. The compounds will present a longer 
plasma half-life, influencing also in its renal 
excretion, because are only available for 
glomerular filtration the fraction unbound and its 
renal excretion is decreased, due to bound 
portion acts as a reservoir where the drug is 

slowly released, so that it will remain in 
equilibrium with unbound fraction that will be 
metabolized and excreted [45,46]. 
 
The Blood-Brain Barrier (BBB) preventing entry 
of toxic drugs in the Central Nervous System 
(CNS), but allows the circulation of adequate 
amounts of arterial blood through the brain 
tissue, regulating the exchange of substances 
between the blood and CNS. However, drugs 
that act on the CNS need to overcome this 
barrier to act in its molecular target and produce 
pharmacological effects. For drugs with 
peripheral target is important that the drug has 
little or no penetration, in order to avoid 
undesired effects [47]. Study performed by Silva 
et al. [41], used computational methods to 
assess physical-chemical, pharmacokinetic and 
toxicological in proposed modifications of 
antimalarials inhibitors (deoxyhypusine 
synthase), evidencing satisfactory results in the 
prediction of these properties using the 
PreADMET server, mainly in relation the 
penetration in blood-brain barrier [46]. Thus, it 
has an importance in pharmacology since the 
compounds are classified as: inactive (if not 
overcome the barrier) and active (if overcome 
barriers), ie, the inactive compounds do not 
cause collateral effects [48].   
 
Table 2 shows the penetration values and 
classified according with Ma et al. [49], 
compounds that have values greater than 1 
(CBrain/CBlod> 1) are considered active in the CNS 
can cause collateral effects, and compounds 
having values less than 1 (CBrain/CBlood<1) are 
classified as inactive in the CNS. Therefore, all 
compounds of copaiba oil-resin presented higher 
values than 1 (CBrain/CBlood>1), being considered 
active and may cause collateral effects. The 
values ranged from of 3.75249 (compound 2) to 
15.0642 (compound 10), and the major 
compound β-caryophyllene (compound 1) 
showed a value of 13.3193, these values can 
evidence the toxic effect of this oil in the CNS. 

 
The computational methods using experimental 
data, and this new approach can contribute to 
the reduction of animal testing, facilitating the 
process of evaluation and applicability for 
toxicological study of chemically identified 
individual components, mixtures or chemical 
products of natural origin, which have not been 
submitted to in vivo assays. With this, can 
improve the drug discovery studies and reduce 
costs [50]. 
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Table 3. Toxicological properties of mutagenicity (Ames test) of the compounds of 
sesquiterpene class of copaiba oil-resin 

 
Compounds  Ames test   

TA100_10RLI 
(+S9) 

TA100_NA 
(-S9) 

TA1535_10RLI 
(+S9) 

TA1535_NA 
(-S9) 

Mutagenicity 

1 Negative Negative Negative Negative Mutagenic 
2 Negative Negative Positive Negative Mutagenic 
3 Negative Negative Negative Negative Non-mutagenic 
4 Negative Negative Negative Negative Mutagenic 
5 Negative Negative Positive Negative Mutagenic 
6 Negative Negative Negative Negative Mutagenic 
7 Negative Negative Negative Positive Non-mutagenic 
8 Negative Negative Negative Negative Mutagenic 
9 Negative Negative Negative Negative Mutagenic 
10 Negative Negative Negative Positive Mutagenic 
11 Negative Negative Negative Negative Non-mutagenic 
12 Negative Negative Negative Negative Non-mutagenic 

 
The Ames test evaluates mutagenicity of 
compounds, and this assay utilizes Salmonella 
typhimurium, TA100_10RLI (+S9), TA100_NA (-
S9), TA1535_10RLI (+S9), TA1535_NA (-S9), 
strains with modifications in the genes 
responsible for histidine synthesis. Thus, the test 
evaluates the ability of mutagenic agent to cause 
growth inhibition in environment without histidine 
[49]. According to Table 3 which details the 
results of the simulation of mutagenicity tests in 
different strains of S. typhimurium in the 
presence (+S9) and absence (-S9) of S9 mixture, 
a post-mitochondrial supernatant of rat liver 
treated with phenobarbital/β-naphthoflavone 
mixture, in order to induce hepatic microsomal 
enzymes [51,52]. Table 3 shows the compounds 
of copaiba oil-resin submitted to this test, these 
compounds 1-2, 4-6 and 8-10 showed 
predictions mutagenic, and only the compounds 
3, 7, 11 and 12 showed predictions non-
mutagenic. 
 
Table 3 shows the results for compound 1 (β-
caryophyllene) to TA100 strain in the absence 
(TA100_NA) and presence (TA100_ORLI) of S9 
mixture were negative, corroborating with studies 
made by Di Sotto et al. (2008) that investigated 
the mutagenic and antimutagenic effects of 
terpenes including β-caryophyllene, being 
evaluated by bacterial reverse mutation assay in 
S. typhimurium TA 98 and TA 100, and in 
Escherichia coli WP2uvrA strains. The β-
caryophyllene showed mutagenicity in colonies 
revertant in WP2uvrA, both with and without S9 
mixture. However, the β-caryophyllene showed 
strong antimutagenic activity on 2NF in highest 
concentration tested (6.40 mg/plate), the number 
of revertant colonies induced by 2NF was 

reduced by 83.9%. Suggesting that the 
antimutagenic activity of β-caryophyllene 
observed presents possible chemopreventive 
properties [53]. 
 
In another study carried out by Di Giacomo et al. 
[52] aimed evaluate the ability of natural 
sesquiterpenes β-caryophyllene and β-
caryophyllene oxide in inhibit the mutagenicity 
and the genotoxic potential of methanol extract 
from cigarette butts commonly discharged using 
the S. typhimurium strains TA100 and TA98, 
being studied as a possible prevention strategy. 
The antimutagenicity was strong in all 
experimental conditions for both sesquiterpenes.  
 
In this way, Ames test via preADMET online 
server confirmed the negative results of 
sesquiterpene compounds tested for 
mutagenicity of TA100 strain with and without S9 
mixture (Table 3), including the β-caryophyllene 
(compound 1) and caryophyllene oxide 
(compound 2) as observed in the studies cited 
previously, evidenced no mutagenicity of the 
compounds for this strain. In the TA1535 strain 
showed negative results in the presence and 
absence of S9 mixture for compounds (1, 3, 4, 6, 
8, 9, 11 and 12), the compounds (2 and 5) gave 
positive for strain with the presence of S9 mixture 
and the compounds (7 and 10) gave positive for 
TA1535 strain with absence of S9 mixture. 
However, the foul of other conclusive studies on 
mutagenicity of sesquiterpene compounds, made 
it impossible to explain the fact that the results it 
has shown negative for all strains with or without 
the presence of S9 mixture, and even then, they 
are classified as mutagenic (only the compounds 
1, 4, 6, 8 and 9).  
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The complexity and the difficulty of interpreting 
these results can be explained by the fact, even 
if all four strains appear to be capable of 
detecting all mutagenic agents, however, It is not 
fully comprehensive. The mutagenicity test is not 
desirable as the unique test, because it is less 
sensitive than a specific back mutation test 
(because of the many spontaneous mutations of 
various kinds) and may, in special cases, not 
work at all [54]. 
 
Carcinogenicity tests possess the objective of 
identifying the tumorigenic potential in animals 
and risk evaluation in humans, and this requires 
much time study (> 2 year) and the preADMET 
online server predicts the results from data NTP 
(National Toxicology Program) and EUA/FDA, 
because they are data made in vivo in rats and 
mouse for 2 years [55].  
 
Based on the results obtained from the DEREK 
software for these compounds, compound 2 
showed the only toxicophoric alerts, generated 
by its epoxide group that can lead to 
carcinogenicity, irritation of the eye and skin and 
skin sensitization. The epoxide ring is highly 
strained and therefore reactive.  It is thought to 
act by ring opening to form a reactive ion which 
alkylates the DNA, which may result in 
carcinogenicity [56].  Low molecular weight (MWt 
<200) epoxides tend to be the most irritating.  
The presence of two epoxide groups increases 
irritancy compared with one. High molecular 
weight (>300) di-epoxides of low aqueous 
solubility are frequently only slightly irritating to 
skin and eyes. A structural alert for irritancy 
indicates some potential for this effect.  
Additionally, except for highly reactive corrosive 
substances, the skin and eye irritation potential 
of a chemical is very dependent on 
physicochemical properties which influences the 
concentrations at and exposure to component 
tissues [57]. 
 
The Custom Prediction section of the results for 
all twelve compounds displayed by DEREK 
showed predictions based on knowledge added 
to the knowledge-based by the user; none 
predictions has been added here and the display 
states simply that there is “Nothing to report”. 
Thus, the presence of the toxicophoric group 
(epoxide) within the compound 2 is not an 
assurance that the toxic effects described will be 
demonstrated. 
 
In Table 4, it is noted that the compounds 1 and 
5-12 presented negative predictions showing 

great evidence of carcinogenicity in mouse, and 
the compounds 2-4 showed positive predictions, 
ie, non-carcinogenic in mouse. The predictions in 
rats, the compounds 1-4 and 6-12 showed 
positive predictions (non-carcinogenic), and only 
compound 5 showed a negative prediction 
(evidence of carcinogenicity). 
 

Table 4. Toxicological properties 
carcinogenicity (mouse and rat) of the 
compounds of sesquiterpene class of 

copaiba oil-resin 
 
Compounds   Carcinogenicity 

Mouse Rat 
1 Negative Positive 
2 Positive Positive 
3 Positive Positive 
4 Positive Positive 
5 Negative Negative 
6 Negative Positive 
7 Negative Positive 
8 Negative Positive 
9 Negative Positive 
10 Negative Positive 
11 Negative Positive 
12 Negative Positive 

 

4. CONCLUSION 
 
The DFT method and B3LYP/6-31G* basis set 
proved adequate to optimize the major 
compounds of copaiba oil-resin for further study. 
Maps of electrostatic potential (MEP’s) for the 
compounds studied showed no uniformity in their 
region of electrostatic potentials, however, the 
compounds 2 and 5 have their negative regions 
located in the oxygen, and the other compounds 
such regions were located in the double bonds, 
suggesting that this have a reactive site, and 
these being possible targets of binding of these 
molecules because negative regions have the 
highest probability of suffer nucleophilic attack. 
 
In the HOMO of the compounds, it was observed 
that globules were located predominantly in the 
double bonds of the cycles and/or in its 
ramifications, thus favoring, the nucleophilic 
attack with a minimum amount of energy to react 
with electrons in regions. In the LUMO of the 
compounds, note that the globules are located 
on carbons that perform double bonds and on 
the hydrogens atoms (H), differing thus of the 
HOMO (occupied orbitals). 
 

The alignment of the pharmacophore group 
showed that the compounds share 11 
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hydrophobic groups. Therefore, the compounds 
did not fit in the Lipinski rule, evidencing that the 
compounds are not viable to be administered 
orally because they must adapt some specific 
parameters. 
 
The investigated compounds showed value of 
human intestinal absorption HIA>90% for all 
major compounds studied, and permeability 
values PCaCo2 were classified as medium, and for 
the PMDCK were higher than 25 nm/sec. However, 
compound 5 obtained results of PCaCo2=55.4076 
nm/sec and PMDCK=169.7890 nm/sec, highlighting 
among other. 

 
In evaluating of distribution properties, the 
compounds bind strongly to plasma proteins 
(PPB). In relation to the penetration of the blood-
brain barrier, the values of all compounds were 
greater than 1 (CBrain/CBlood>1), can cause serious 
collateral effects. However, compound 2 showed 
PPB=90.8496% and CBrain/CBlood=3.7524, ie, this 
compound will be with greater availability to bind 
with the target receptor, showing 
pharmacological effect for possessing a lower 
penetration of the blood-brain barrier, causing 
less collateral effects when compared to other 
compounds. Regarding the toxicity tests, the 
compounds (3, 7, 11 and 12) were predicted as 
non-mutagenic, and of these only the compound 
3 showed no carcinogenic in mouse; and in rats 
the carcinogenicity was only evident in the 
compound 5. When the compounds were tested 
in DEREK software that emits alerts toxicophoric 
indicating carcinogenicity generated by epoxy 
groups neither compound gave alert, even in the 
compound 2 that features this group in its 
structure. Thus, the copaiba oil compounds are 
viable for administration in different pathways 
and can have their pharmacokinetic properties 
optimized in accordance with its formulation to 
enhance the efficacy and safety. 
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