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Antigenotoxicity properties of Copaifera multijuga oleoresin and its chemical
marker, the diterpene (−)-copalic acid
Jacqueline Morais Alvesa, Luís Fernando Leandroa, Juliana Marques Senedesea, Pâmela Tinti de Castroa,
Daiane Eleutério Pereiraa, Flávia Aparecida Resendeb, Débora Leite Camposc,
Jonas Joaquim Mangabeira da Silvad, Eliana Aparecida Varandac, Jairo Kenupp Bastosd,
Sérgio Ricardo Ambrósioa, and Denise Crispim Tavaresa

aDepartamento de Ciências, Universidade de Franca, Franca, São Paulo, Brazil; bGrupo de Pesquisa em Química Medicinal e Medicina
Regenerativa Universidade de Araraquara, Araraquara, São Paulo, Brazil; cDepartamento de Ciências Biológicas, Faculdade de Ciências
Farmacêuticas de Araraquara, Universidade Estadual Paulista, Araraquara, São Paulo, Brazil; dDepartamento de Ciências Farmacêuticas,
Faculdade de Ciências Farmacêuticas de Ribeirão Preto, Universidade de São Paulo, Ribeirão Preto, São Paulo, Brazil

ABSTRACT
In view of the biological activities and growing therapeutic interest in oleoresin obtained from
Copaifera multijuga, this study aimed to determine the genotoxic and antigenotoxic potential of this
oleoresin (CMO) and its chemical marker, diterpene (−)-copalic acid (CA). The micronucleus (MN) assay
in V79 cell cultures and the Ames test were used for in vitro analyses, as well as MN and comet assays in
Swiss mice for in vivo analyses. The in vitro genotoxicity/mutagenicity results showed that either CMO
(30, 60, or 120 µg/ml-MN assay; 0.39–3.12 mg/plate-Ames test) or CA (2.42; 4.84, or 9.7 µg/ml-MN assay;
0.39–3.12 mg/plate-Ames test) did not induce a significant effect on the frequency of MN and number
of revertants, demonstrating an absence of genotoxic and mutagenic activities, respectively, in vitro. In
contrast, these natural products significantly reduced the frequency of MN induced by methyl metha-
nesulfonate (MMS), and exerted a marked inhibitory effect against indirect-acting mutagens in the
Ames test. In the in vivo test system, animals treated with CMO (6.25mg/kg b.w.) exhibited a significant
decrease in rate of MN occurrence compared to those treated only with MMS. An antigenotoxic effect
of CAwas noted in theMN test (1 and 2mg/kg b.w.) and the comet assay (0.5mg/kg b.w.). Data suggest
that the chemical marker of the genus Copaifera, CA, may partially be responsible for the observed
chemopreventive effect attributed to CMO exposure.

Abbreviations: 2-AA, 2-anthramine; 2-AF, 2-aminofluorene; AFB1, aflatoxin B1; B[a]P, benzo[a]
pyrene; BOD, biological oxygen demand; BPDE, benzo[a]pyrene-7,8-diol-9,10-epoxide; CA,
(−)-copalic acid; CMO, oleoresin of Copaifera multijuga, DMEM, Dulbecco`s Modified Eagles`s
Medium; DMSO, dimethylsulfoxide; EMBRAPA, Brazilian agricultural research corporation; GC–
MS, gas chromatography–mass spectrometry; HAM-F10, nutrient mixture F-10 Ham; HPLC, high
performance liquid chromatography; LC–MS, liquid chromatography–mass spectrometry; MI,
mutagenic index; MMC, mitomycin C; MMS, methyl methanesulfonate; MN, micronucleus;
MNPCE, micronucleated polychromatic erythrocyte; NCE, normochromatic erythrocyte; NDI,
nuclear division index; NMR, nuclear magnetic resonance; NPD, 4-nitro-o-phenylenediamine;
PBS, phosphate-buffered saline; PCE, polychromatic erythrocyte; SA, sodium azide; V79, Chinese
hamster lung fibroblast.
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Introduction

Epidemiological studies have shown an interactive
association between dietary habits, lifestyle and
genetics with the increased risk of many different
chronic diseases, including cancer. The most con-
sistent finding regarding diet as a determinant of
cancer risk prevention is the relationship between
consumption of vegetables and fruits and reduced

risk of several types of cancers (Ben et al. 2015;
Fagundes et al. 2017; Kok et al. 2010; Oliveira De
Quadros et al. 2017; Venancio et al. 2016).
Knowledge of the relationship between diet and
cancer has advanced in recent years, but much
remains to be elucidated with respect to diet and
dietary components in cancer prevention.
Evidence from clinical trial outcomes, epidemiolo-
gical observations, preclinical models, and cell
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culture systems all provided clues regarding the
biology and mechanisms involved in cancer pre-
vention (Mayne, Playdon, and Rock 2016; Ross
2010).

Plants, vegetables, and spices used in folk and tra-
ditional medicine have gained wide acceptance as one
of the main sources for discovery and development of
chemopreventive drugs (Aruoma et al. 2006; Farombi
and Owoeye 2011; Niwa et al. 2016). Copaiba oil,
extracted from trees of the genus Copaifera (family
Leguminosae-Caesalpinoideae), has become impor-
tant in Brazilian herbal medicine (Gonela et al.
2013). Different ethnopharmacological properties of
the oil, such as anti-inflammatory, wound healing,
antitumor (Leandro et al. 2012), trypanocidal (Izumi
et al. 2013), and antimicrobial activity (Bardají et al.
2016), have been documented. Copaifera multijuga is
found throughout the Brazilian territory, and its
oleoresin displays a range of pharmacological proper-
ties, including antitumor (Lima et al. 2003), antineo-
plastic (Gomes et al. 2008), antinociceptive and anti-
inflammatory (Gomes et al. 2010), antimicrobial
(Otaguiri et al. 2017), and antileishmanial activities
(Albuquerque et al. 2017).

The chemical composition of Copaifera spp.
oleoresin is characterized as a mixture of a pre-
dominant fraction of sesquiterpenes and diter-
penes, including (−)-copalic acid (CA; Figure 1).
The latter is considered a biomarker for the oleor-
esin of the genus (Leandro et al. 2012; Vargas et al.
2015; Veiga Jr et al., 2007). Biological properties
such as antibacterial (Abrão et al. 2015; Souza et al.
2011a, 2011b; Tincusi et al. 2002), antitrypanoso-
mal (Sartorelli et al. 2010), and antiproliferative

activity in cancer cell lines (Abrão et al. 2015)
have been reported for CA.

In view of the use of the oleoresin derived from
C. multijuga (CMO) as a source of potential bioac-
tive compounds, as well as the biological efficacy
of CA, the aim of the present study was to examine
the genotoxic/mutagenic and antigenotoxic/anti-
mutagenic potential of these natural products uti-
lizing in vitro micronucleus (MN) test in V79 cell
cultures, Ames test, and in vivo MN and comet
assays in Swiss mice.

Materials and methods

Collection of oleoresin, isolation and
identification of (−)-copalic acid

Obtainment of C. multijuga oleoresin and
identification of plant material
Copaifera multijuga Hayne oleoresin was collected
in Manacapuru (S03°11.858′ W60°35.437′)
Amazonas. The identification of the plant material
was undertaken by Silvana Tavares Rodrigues at
the Herbarium of the Brazilian Agricultural
Research Corporation (EMBRAPA) in Belém,
Pará, Brazil, where a voucher specimen was depos-
ited under the number NID: 62/2013.

Isolation of (−)-copalic acid from C. multijuga
oleoresin and its identification
The chromatographic process to isolate CA was
previously reported by Alves et al. (2017). Briefly,
100 g of crude oleoresin were fractionated on
Vacuum Liquid Chromatography using a gradient
elution with hexanes and ethyl acetate. The rich CA
fraction was re-chromatographed over open silica
gel column to furnish 857 mg of CA, which was
identified by Nuclear Magnetic Resonance (NMR)
of 1H and 13C analyses. The purity of CA was
estimated to be greater than 95% by both HPLC
and 13C NMR analyses (Alves et al. 2017). Specific
rotation [α]D was measured using a polarimeter
(Jasco P-2000, serial no. A104161232, Japan) at 25°
C and at 589 nm, as [α]25D - 31, 38° (c 0.42, CHCl3).

DNA damage-inducing agent

Methyl methanesulfonate (MMS, Sigma-Aldrich)
was dissolved in phosphate buffered saline (PBS,

H

COOH

Figure 1. Chemical structure of (−)-copalic acid.
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pH 7.4) and used at concentrations of 110 and 44
μg/ml in the clonogenic survival assay and MN test
using V79 cells, respectively. For the bone marrow
MN test, animals were treated with 40 mg MMS/
kg body weight (b.w.) (Leandro et al. 2013).

In the Ames test, the standard mutagens used
were 4-nitro-o-phenylenediamine (NPD, 10 μg/
plate), sodium azide (SA, 1.25 μg/plate), mitomy-
cin C (MMC, 0.5 μg/plate), benzo[a]pyrene (B[a]
P, 1.0 μg/plate), 2-anthramine (2-AA, 1.25 μg/
plate), aflatoxin B1 (AFB1, 0.5 μg/plate), and 2-
aminofluorene (2-AF, 10 μg/plate), all purchased
from Sigma-Aldrich.

In vitro test system

Cells and culture conditions
Chinese hamster lung fibroblasts (V79 cells) were
kindly supplied by Prof. Dr. I.M.S. Cólus
(Universidade Estadual de Londrina, Paraná,
Brazil). Cells were maintained as monolayers in
plastic culture flasks (25 cm2) in HAM-F10
(Sigma-Aldrich) and DMEM (Sigma-Aldrich)
(1:1) medium supplemented with 10% fetal
bovine serum (Nutricell), antibiotics (0.01 mg/
ml streptomycin and 0.005 mg/ml penicillin;
Sigma-Aldrich), and 2.38 mg/ml HEPES
(Sigma-Aldrich) at 37°C, pH 7.3, in a BOD type
incubator. The average cell cycle time was 12 h
under these conditions. The MN assay was per-
formed using cells grown in 5 ml culture med-
ium. In the comet assay, the cells were grown in
culture tubes with a flat surface (110 × 16 mm)
containing 2.5 ml culture medium according to
the specifications described above.

Clonogenic survival assay
The clonogenic survival assay was used to deter-
mine the cytotoxicity of CMO. Cell cultures were
treated with CMO concentrations ranging from
7.5 to 1920 µg/ml. Negative, solvent (Tween 80;
Synth; 0.25%), and positive (MMS, 110 µg/ml)
controls were included. After treatment for 3 h,
cultures were trypsinized. Cells were counted
using a light microscope with X 40 objective in a
Neubauer chamber and 300 cells seeded per cul-
ture flask (three flasks per concentration). The
flasks were observed daily with a microscope
objective for 10 days. After this period, the culture

medium was removed, and colonies were washed
with cold PBS and stained with Giemsa (1:20
phosphate buffer, pH 7) for 20 min. The colonies
were counted with a magnifying glass (Franken
et al. 2006).

Micronucleus (MN) test
The concentrations (30, 60, or 120 µg/ml) used for
genotoxicity assessment at chromosomal level
were selected based upon previous clonogenic sur-
vival cytotoxic assays, where concentrations higher
than 120 µg/ml exerted a toxic effect on the cells.
The concentrations of CA were 2.42, 4.84, and
9.7 µg/ml, considering that the amount of CA in
CMO is approximately 8%. Negative, solvent
(Tween 80, 0.25%), and positive (MMS, 44 µg/
ml) controls were also included in the analysis.
The treatment designs and cell harvest and fixa-
tion procedures described by Furtado et al. (2010)
were used.

A total of 3000 binucleated cells were scored per
treatment, corresponding to 1000 cells/treatment/
repetition. The criteria established by Fenech
(2000) were employed for the analysis of MN
and binucleated cells. The nuclear division index
(NDI) was determined analyzing 500 cells per
repetition, for a total of 1500 cells per treatment.
Cells with well-preserved cytoplasm containing
1–4 nuclei were scored. The NDI was calculated
according to Eastmond and Tucker (1989), utiliz-
ing the following formula:

NDI ¼ ½M1þ 2ðM2Þ þ 3ðM3Þ þ 4ðM4Þ�
N

where M1–M4 is the number of cells with 1, 2, 3,
and 4 nuclei, respectively, and N is the total num-
ber of viable cells.

Ames test
Mutagenic activity at the gene level was assessed
by the Salmonella/microsome assay using
Salmonella typhimurium tester strains TA98,
TA100, TA97a, and TA102, with (+S9) and with-
out (−S9) metabolic activation, and the preincuba-
tion method (Maron and Ames 1983). The tester
strains were kindly provided by Dr. B.N. Ames
(Berkeley, CA, USA). The strains were grown
from frozen cultures overnight for 12–14 h in
Oxoid Nutrient Broth No. 2. The metabolic
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activation mixture (S9 fraction), prepared from
livers of Sprague-Dawley male rats, weighing
approximately 200 g, treated with the polychlori-
nated biphenyl mixture Aroclor 1254 (500 mg/kg),
was purchased from Molecular Toxicology, Inc.
(Boone, NC, USA) and freshly prepared before
each test. The metabolic activation system con-
sisted of 4% of S9 fraction, 1% of 0.4 M MgCl2,
1% of 1.65 M KCl, 0.5% of 1 M D-glucose-6-
phosphate disodium, 4% of 0.1 M NADP, 50% of
0.2 M phosphate buffer, and 39.5% sterile distilled
water (Maron and Ames 1983).

Five different concentrations of CMO and CA
(0.39–3.12 mg/plate) diluted in dimethylsulfoxide
(DMSO; Sigma-Aldrich) were assayed. The con-
centrations were selected based upon a prelimin-
ary toxicity test. In all subsequent assays, the upper
limit of the dose range tested was either the high-
est non-toxic dose or the lowest toxic dose deter-
mined in this preliminary assay. Toxicity was
detected either as a reduction in the number of
histidine revertants (His+), or as a thinning of the
auxotrophic background (i.e., background lawn)
(Mortelmans and Zeiger 2000). The different con-
centrations to be tested were added to 0.5 ml of
0.2 M phosphate buffer, or to 0.5 ml of 4% of S9
mixture containing 0.1 ml of bacterial culture and
then incubated for 20–30 min at 37°C. Next, 2 ml
of top agar was added, and the mixture was
poured onto a plate containing minimal agar.
The plates were incubated for 48 h at 37°C, and
the His+ revertant colonies were counted manu-
ally. All experiments were conducted in triplicate.
In addition to statistical analysis, the mutagenic
index (MI) was calculated for each concentration
tested as the mean number of revertants per plate
with the test compound divided by the mean
number of revertants per plate with the negative
(solvent) control. A test solution was defined as
mutagenic when a concentration–response rela-
tionship was detected and a 2-fold increase in
number of mutants (MI ≥ 2) was observed for at
least one concentration (Santos et al. 2006).
DMSO (50 μl/plate) served as the negative (sol-
vent) control.

The antimutagenicity assay was conducted uti-
lizing the same procedure as the mutagenicity
assay, except that the natural products were com-
bined with known mutagens in tests with and

without metabolic activation. In these tests, the
direct-acting mutagens were 10 μg NPD/plate
(for S. typhimurium TA98) and 0.5 μg MMC/
plate (for S. typhimurium TA102) in the assay
without metabolic activation. The indirect-acting
mutagens were 1 μg B[a]P/plate (for S. typhimur-
ium TA98) and 0.5 μg AFB1/plate (for S. typhi-
murium TA100) in the assay with metabolic
activation. All plates were incubated for 48 h at
37°C, and the number of revertant colonies per
plate was counted manually. This assay was per-
formed in triplicate.

The antimutagenicity results are expressed as %
inhibition (the ability of the compounds to inhibit
the activity of the known mutagen), calculated as
follows:

Inhibition % : 100� ½ T=MÞ x 100ð �
where T is the number of revertant colonies in the
plate containing the mutagen and compounds, and
M is the number of revertant colonies in the plate
containing only the mutagen (Loh, Er, and Chen
2009). Inhibition less than 25% was classified as no
antimutagenic effect, 25–40% as a moderate effect,
and higher than 40% as strong antimutagenicity
(Neigi, Jayaprakasha, and Jena 2003; Resende et al.
2012).

Cell viability was also determined for each anti-
mutagenicity assay to assess the potential bacter-
icidal effect of the mutagens. A substance was
defined as bactericidal when bacterial survival
was less than 60% of that noted in the negative
control (Vargas et al., 1993, Resende et al. 2012).

In vivo test system

Animals
Male Swiss mice 7–8 weeks old with a body weight
of approximately 25 g were provided by the
Faculty of Pharmaceutical Sciences, University of
São Paulo, Ribeirão Preto, São Paulo, Brazil.
Animals were kept in plastic boxes in an experi-
mental room under controlled conditions of tem-
perature (22 ± 2°C) and humidity (50 ± 10%) on a
12-h light/dark cycle, with standard mouse chow
and water available ad libitum. The experiment
was conducted in accordance with internationally
accepted guidelines for lab animals. The study
protocol was approved by the Ethics Committee
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for Animal Care of the University of Franca
(Protocol No. 017/10).

Treatments
The animals were divided into the following treat-
ment groups of six animals each: negative control
(water); positive control (MMS, 40 mg/kg b.w.);
solvent control (Tween 80, 1%); CMO (50 mg/kg
b.w.) or CA (4 mg/kg b.w.); solvent solution plus
MMS; CMO (6.25, 12.5, 25, or 50 mg/kg b.w.) plus
MMS or CA (0.5, 1, 2, or 4 mg/kg b.w.) plus MMS.
The doses were selected according to Alves et al.
(2017). CMO, CA, and the solvent solution were
administered by gavage (0.5 ml/animal) 10 min
before intraperitoneal (ip) injection of MMS
(0.3 ml/animal). Bone marrow samples and hepa-
tocytes were collected 24 h after treatment for the
MN and comet assays, respectively. The bone mar-
row of young adult rodents is the target tissue for
genetic damage using the MN test, since erythro-
cytes are produced in this tissue (OECD 474,
2016). The liver was selected to perform the
comet assay as this tissue is the predominant
organ involved in metabolism of substances and
frequently a target organ for carcinogenicity
(OECD 489, 2016).

Micronucleus (MN) test
The bone marrow MN test was performed accord-
ing to the protocol described by MacGregor et al.
(1987). A total of 2000 polychromatic erythrocytes
(PCE) were analyzed per animal to determine the
frequency of micronucleated polychromatic ery-
throcytes (MNPCE). The ratio of PCE/PCE +
NCE (normochromatic erythrocytes) was calcu-
lated by the analysis of 400 erythrocytes to deter-
mine the cytotoxicity attributed to CMO and CA
(Mersch-Sundermann et al. 2004). Slides were
scored blindly under a light microscope with a
100× immersion objective.

Comet assay
For analysis of DNA damage, hepatocytes were
obtained from Swiss mice as described by Sasaki
et al. (1997). After preparation of the cell suspen-
sion, the comet assay procedures described and
reviewed by Burlinson et al. (2007) were used. The
slides were stained with 50 μl Syber green (20 μg/ml)
and covered with a coverslip. The stained nucleoids

were immediately evaluated at 400× magnification
under a Zeiss fluorescence microscope fitted with a
515–560 nm excitation filter and a 590-nm barrier
filter. For each treatment, the extent and distribu-
tion of DNA damage indicated by the comet assay
were evaluated by examining 50 images, which were
captured intact and the nucleoid comet-shaped. The
images were analyzed with the Comet Imager 2.2.
The parameter considered was the percentage of
DNA in the comet tail (% DNA).

Hepatocyte viability after treatment was evalu-
ated by Trypan blue staining. Briefly, a freshly
prepared solution of 10 µl Trypan blue (0.4%) in
distilled water was mixed with 10 µl each cell
suspension, spread onto a microscope slide, and
covered with a coverslip. In this test, non-viable
cells appear blue. At least 200 cells were counted
per animal (Tsuboy et al. 2007).

Calculation of % reduction in DNA damage

For the MN and comet assays, the % reduction in
MMS-induced damage by the natural products
was calculated according to Waters et al. (1990)
using the following formula:

%Reduction ¼ A� B
A� C

� 100

where A corresponds to the DNA damage
obtained for the treatment with MMS (positive
control), B is the group treated with natural pro-
duct plus MMS, and C is the negative control.

Statistical analysis

Data obtained in the clonogenic, MN, and comet
assays were analyzed statistically by analysis of
variance for completely randomized experiments,
with calculation of F statistics and respective P
values. In cases in which P < 0.05, the treatment
means were compared utilizing Tukey’s test, and
least significant difference was calculated for
P = 0.05. The results of the Ames test were ana-
lyzed using the Salanal 1.0 statistical software
package (U.S. Environmental Protection Agency,
Monitoring Systems Laboratory, Las Vegas, NV,
from Research Triangle Institute, RTP, North
Carolina, USA), adopting the model of Bernstein
et al. (1982). Data (revertants/plate) were
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submitted to analysis of variance (ANOVA), fol-
lowed by linear regression.

Results

In vitro test system

Concentration-dependent changes in the viability
of CMO-treated cells were evaluated by the clono-
genic survival assay. Each survival curve represents
the mean of three independent experiments, and
the bars indicate the standard error of the mean
(Figure 2). Cultures treated with 7.5, 15, 30, 60, or
120 µg CMO/ml did not differ significantly from
negative control. In contrast, significant decreases
were noted for cultures treated with 240, 480, 960,
or 1920 µg CMO/ml compared to negative control,
demonstrating a cytotoxic action. Therefore, CMO
concentrations of 30, 60, and 120 µg/ml were
selected for further analysis in the genotoxicity
and antigenotoxicity assays.

Figure 3 illustrates the frequencies of micronu-
cleated binucleated V79 cells after exposure to
CMO or CA, alone or in combination with
MMS. No marked alterations in the induction of
MN were detected between cultures treated with
the different concentrations of CMO and CA,
indicating absence of genotoxic activity at the con-
centrations tested. Furthermore, CMO (60 or
120 µg/ml) and CA (4.84 or 9.7 µg/ml)

significantly lowered the frequency of MN induced
by MMS. The mean % reduction was 67% for
CMO and 60% for CA. No significant difference
in the NDI was found for any of the treated groups
compared to negative control, indicating absence
of cytotoxicity for different treatments under the
present experimental conditions (data no shown).

Regarding the results of the Ames test, Table 1
presents the mean number of revertants/plate,
standard deviation, and the MI after treatments
with CMO or CA for S. typhimurium strains
TA98, TA100, TA102, and TA97a in the presence
(+S9) and absence (−S9) of metabolic activation.
Both CMO and CA did not affect the number of
revertant colonies compared to negative control
suggesting an absence of mutagenicity.

The results regarding the antimutagenic poten-
tial of CMO and CA are shown in Table 2. Data are
expressed as mean number of revertants/plate,
standard deviation, and % inhibition of mutageni-
city for a strain treated with a mixture of CMO or
CA plus mutagen compared to mutagenicity of
mutagen alone. In experiments without metabolic
activation (−S9), no marked reduction in the num-
ber of revertant colonies was observed for muta-
tions induced with NPD and MMC in strains TA98
and TA102, respectively, indicating absence of anti-
mutagenic activity against these mutagens. In con-
trast, CMO and CA at all concentrations tested
exhibited potent significant inhibitory effects
against the indirect-acting mutagens, B[a]P and
AFB1, in strains TA98 and TA100, respectively.

In strain TA98, the antimutagenic activity of
CMO against mutations induced by B[a]P was
similar to that of CA, with the mutagenicity of B
[a]P being significantly reduced from 62% to 76%
for CMO and from 70% to 76% for CA.
Furthermore, CMO and CA exhibited antimuta-
genic potential against the alkylating agent AFB1
in the presence of metabolic activation when strain
TA100 was employed with inhibition ranging from
42% to 82% for CMO and from 61% to 83%
for CA.

In vivo test system

The frequencies of MNPCE observed in bone mar-
row of Swiss mice treated with CMO or CA plus
MMS are depicted in Figure 4. No significant
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Figure 2. Percentage of survival of V79 cells treated with dif-
ferent concentrations (μg/ml) of Copaifera multijuga oleoresin
(CMO) and their respective controls.
MMS, methyl methanesulfonate (110 μg/ml); Tween 80, 0.25%.
*Significantly different from the negative control group
(P < 0.05).
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differences in frequency of MNPCEs were
observed between animals treated with the highest
dose of CMO (50 mg/kg) or CA (4 mg/kg) com-
pared to negative control, indicating absence of
genotoxic activity. Mice treated with different
doses of CMO or CA plus MMS exhibited a sig-
nificant decrease in frequency of MNPCE com-
pared to those treated only with MMS. This
reduction ranged from 19.17% to 52.33% for
CMO and from 8.8% to 34.71% for CA. The dif-
ferences were significant for the dose of 6.25 mg
CMO/kg and doses of 1 and 2 mg CA/kg
(Figure 4). No marked change in % PCE was
detected in any of the treated groups compared
to negative control, demonstrating an absence of
cytotoxicity of the varying treatments under the
conditions tested (data no shown).

The results obtained in the hepatocyte comet
assay are shown in Figure 5. No marked alterations
were found between animals treated with the high-
est dose of CMO (50 mg/kg) or CA (4 mg/kg)
compared to negative control, demonstrating
absence of genotoxicity. The mice treated with vary-
ing doses of CMO combined with MMS displayed
frequencies of DNA damage that did not differ
significantly from the group treated with MMS
alone. Treatment with differing doses of CA and
MMS diminished the extent of DNA damage com-
pared to administration of MMS alone. This fall was

significant only for treatment with the lowest dose
of CA tested (0.5 mg/kg). Cell viability was higher
than 95% for all treatments (data no shown).

Discussion

The experience with genetic toxicology testing
over the past few decades has shown that no single
test is able to detect all types of genotoxic effects.
Thus, the potential of a chemical substance to
induce genotoxicity is typically determined by
using a battery of in vitro and in vivo tests (Witte
et al. 2007). In this respect, the ability of CMO and
its main chemical marker, the diterpene CA, to
induce chromosome breakage or loss and primary
DNA damage using the MN and comet assays,
respectively, was investigated. In addition, the
Ames test was employed to determine point muta-
tions in S. typhimurium strains in the presence and
absence of metabolic activation. These tests are
important because of the need to assess the cir-
cumstances in which these substances exhibit ben-
eficial or harmful effects.

In this study, CMO and CA were found not to
be genotoxic as indicated by the frequency of MN
in V79 cells. Furthermore, no mutagenic effects on
the bacterial strains utilized in the Ames test were
observed in the presence or absence of metabolic
activation. Previously, Alves et al. (2017) found
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that subacute treatment with CMO or CA pro-
duced no marked genotoxic effects using periph-
eral blood MN. The absence of such effects in the
assays used is the first step toward deciding
whether utilization of these substances in tradi-
tional medicine is safe. Taking this into considera-
tion, a study showing the absence of genotoxicity/
mutagenicity is highly relevant as the therapeutic
properties of C. multijuga as an anticancer agent

were reported antitumor (Lima et al. 2003) and
antineoplastic (Gomes et al. 2008).

The present study also investigated the antige-
notoxic potential of CMO and CA against known
mutagenic agents. Treatment with CMO and CA
plus MMS significantly reduced chromosomal
damage in the MN test compared to MMS alone,
demonstrating antigenotoxic activity. MMS has
been used for decades as an experimental model

Table 2. Salmonella Typhimurium Revertants per Plate Treated with Copaifera Multijuga Oleoresin and Copalic Acid in Combination
with Direct (−S9) and Indirect (+S9) Mutagens
Salmonella typhimurium revertants/plate ± SD (% inhibition)
TA98 (−S9) TA102 (−S9)
Treatment Treatment
DMSO 23 ± 8 DMSO 288 ± 47
NPD 814 ± 23 MMC 1039 ± 40
CMO + NPD CA + NPD CMO + MMC CA + MMC
0.09 726 ± 27 (11ª) 0.09 719 ± 23 (12a) 0.09 1290 ± 73 0.09 1153 ± 130
0.19 714 ± 82 (12ª) 0.19 701 ± 36 (14a) 0.19 1299 ± 158 0.19 1064 ± 204
0.39 680 ± 20 (17ª) 0.39 675 ± 40 (17a) 0.39 1190 ± 95 0.39 904 ± 145 (13a)
0.78 681 ± 14 (16ª) 0.78 677 ± 28 (17a) 0.78 1026 ± 55 (1ª) 0.78 868 ± 77 (16a)
1.56 680 ± 19 (16ª) 1.56 668 ± 39 (18a) 1.56 939 ± 22 (10ª) 1.56 756 ± 81 (27b)

TA98 (+S9) TA100 (+S9)
DMSO 33 ± 6 DMSO 119 ± 26
B[a]P 243 ± 19 AFB1 1023 ± 65
CMO + B[a]P CA + B[a]P CMO + AFB1 CA + AFB1
0.09 87 ± 19 (64c) 0.09 73 ± 3 (70c) 0.09 591 ± 71 (42c) 0.09 399 ± 37 (61c)
0.19 93 ± 16 (62c) 0.19 68 ± 12 (72c) 0.19 512 ± 86 (50c) 0.19 358 ± 49 (65c)
0.39 73 ± 15 (70c) 0.39 62 ± 12 (74c) 0.39 530 ± 89 (48c) 0.39 232 ± 19 (77c)
0.78 68 ± 20 (72c) 0.78 68 ± 21 (72c) 0.78 493 ± 29 (52c) 0.78 175 ± 28 (83c)
1.56 59 ± 27 (76c) 1.56 57 ± 14 (76c) 1.56 182 ± 23 (82c) 1.56 177 ± 36 (83c)

CMO, Copaifera multijuga oleoresin; CA, copalic acid (concentration in mg/plate); SD, standard deviation. NPD = 4-nitro-o-phenylenediamine (10.0
μg/plate) and MMC = mitomycin (0.5 μg/plate) in the absence of S9 (−S9). B[a]P = benzo[a]pyrene (1.0 μg/plate) and AFB1 = aflatoxin B1 (0.5 μg/
plate) in the presence of S9 (+S9). DMSO = 100 µl/plate.

a No antimutagenic effect (<25% inhibition); b moderate effect (25–40% inhibition); c strong antimutagenic effect (>40% inhibition).
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Figure 4. Mean frequencies of micronucleated polychromatic erythrocytes (MNPCEs) in bone marrow of animals treated with
different doses (mg/kg) of Copaifera multijuga oleoresin or (−)-copalic acid combined with MMS and their respective controls.
MMS, methyl methanesulfonate (40 mg/kg b.w.); Tween 80, 1%.
*Significantly different from the MMS group (P < 0.05).
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compound to elucidate the mutagenic mechanisms
of alkylating agents, potentially carcinogenic com-
pounds that introduce lesions at nucleophilic cen-
ters of DNA owing to their electrophilic nature
(Sobol et al. 2007). MMS is a monofunctional alky-
lating agent that acts directly to break DNA strands,
leading to formation of monoadducts in DNA, as
well as crosslinks that induce mutations involving
different base substitutions (Mirzayans, Liuzzi, and
Paterson 1998; Wyatt and Pittman 2006). The fact
that MMS induces predominantly N-methylations
(SN2 agent) indicates that N-methylation lesions are
responsible for its clastogenic effects (Kaina 2004).
Therefore, a possible mechanism underlying the
protective effect of CMO and CA against the geno-
toxicity induced by MMS is their ability to diminish
alkylating DNA damage.

As reported by Gonçalves et al. (2014) and Silva
et al. (2017), the major compounds detected in CMO
oleoresin are sesquiterpenes β-caryophyllene and α-
copaene, as well as the diterpenes CA and (−)-3-β-
acetoxy copalic acids, respectively. It is important to
indicate that Copaifera oleoresin are composed of
volatile and non-volatile fractions, predominantly
containing sesquiterpenes and acid diterpenes,
respectively. Therefore, it is important to know the
relative concentration of both fractions in the crude
oleoresin. For CMO, it was observed that following
hydrodistillation of the crude oleoresin using a
Clevenger apparatus, this compound contained

approximately 90% and 10% volatile and non-volatile
fractions, respectively. In GC–MS analyses of the
volatile fraction of our CMO sample, 45% of β-car-
yophyllene and 20% of α-copaene was identified, and
by LC–MS analyses of the non-volatile fraction 50%
CA and 20% of (−)-3-β-acetoxy copalic acid was
detected. In consideration of the total crude oleoresin,
the major compounds are the sesquiterpene β-caryo-
phyllene at approximately 40% and ditepene CA at
approximately 5%. Therefore, these two compounds
may play an important role in the observed activities.

Di Sotto et al. (2010) showed that β-caryophyllene,
the major constituent of CMO, did not produce any
cytotoxic or genotoxic effect in human lymphocyte
cultures. In pre- and co-treatment protocols, this ses-
quiterpene was found to protect against ethyl metha-
nesulfonate-induced DNA damage and was classified
as a desmutagen. Di Sotto et al. (2010) postulated that
an antioxidant effect, chemical interaction with the
mutagen, or a membrane-destabilizing effect might
contribute to the anticlastogenic activity of β-caryo-
phyllene. Similarly, and in addition to the ability to
induce detoxifying enzymes (Zheng, Kenney, and
Lam 1992), β-caryophyllene may be responsible in
part for the antigenotoxic effect of CMO noted in
the present study.

In the Ames test, both CMO and CA did not
inhibit mutagenesis mediated by direct-acting muta-
gens (NPD and MMC) under the conditions used in
this study. However, the activity displayed was
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markedly increased by adding the microsomal frac-
tion (S9) to the culture medium, which is a mamma-
lianmetabolic activation system. Data demonstrated a
potent, concentration-independent inhibitory effect
against B[a]P- and AFB1-induced mutagenicity.

B[a]P is one of the most potent and extensively
studied carcinogens. In a cellular system, B[a]P is
metabolized to the electrophilic metabolite, benzo[a]
pyrene-7,8-diol-9,10-epoxide (BPDE), which cova-
lently binds to DNA bases, primarily deoxyguano-
sine (Zahin et al. 2014). B[a]P, an organic tetracyclic
hydrocarbon that is produced by incomplete com-
bustion of organic matter, induces carcinogenicity in
the lung. The metabolic products bind to DNA at
guanine residues, and formation of DNA adducts
increases mutations, which eventually enhance the
risk of tumor initiation and progression (Chiu et al.
2016). There are at least two possible mechanisms by
which CMO and CA might decrease B[a]P-DNA
adduct formation: (i) inhibition of P450 activity
and/or enhancement of phase II enzymes, and (ii)
direct conjugation with anti-BPDE.

AFB1, which is mainly produced by Aspergillus
flavus, is a prevalent food contaminant (Dai et al.
2017). It is well-established AFB1 is associated with
carcinogenic, teratogenic, and severe multi-organ
toxicity properties (Dai et al. 2017; Unsal and Belge-
Kurutaş 2017; Vismara and Caloni 2007). The mole-
cular toxicity attributed to AFB1 is primarily due to
DNA alkylation and subsequent mutagenesis, as well
as its prooxidant activities, which result in the genera-
tion of oxygen radicals (Zeinvand-Lorestani et al.
2015). CMO and CA also lowered the frequency of
mutations induced by this fungal toxin in strain
TA100 in the presence of metabolic activation, sup-
porting the protective potential against indirect muta-
gens that require metabolic activation.

There are few apparent studies available regarding
CA, and this is the first to investigate its antigenotoxic
potential using in vivo and in vitro assays. However, a
number of investigators evaluated the protective
effects of other diterpenes. Cavin et al. (2001) demon-
strated the antigenotoxic properties of the coffee diter-
penes, cafestol, and kahweol, against AFB1
genotoxicity in rat and human cells. These coffee
diterpenoids also exhibited protective effects against
carcinogens present in the human diet in human-
derived hepatoma (HepG2) cells (Majer et al. 2005).
In both cases, the antigenotoxic effects were attributed

to inhibition of activating enzymes (cytochrome P450;
sulfotransferase) and to induction of detoxifying
enzymes. Nicolella et al. (2014) noted that manool, a
labdane-type diterpene like CA, exerted a protective
effect against chromosome damage induced by MMS
in HepG2 cells, but not V79 cells. The differential
effect of manool in V79 and HepG2 cells may be
due, at least in part, to its ability to induce drug-
metabolizing enzymes that are present to some extent
in HepG2 cells (Nicolella et al. 2014).

Comparing the in vivo and in vitro results obtained
for CMO and CA, data suggest that the diterpene is
partially responsible for the antigenotoxic effect attrib-
uted to oleoresin. The antigenotoxic activity demon-
strated in the treatment with the concentrations of
CMOwas also detected in the corresponding concen-
trations of CA. (−)-Copalic acid is the most abundant
diterpene in CMO (Veiga et al. 2007).

Recently, Alves et al. (2017) showed that CMO
and CA suppressed formation of pre-neoplastic
lesions and exerted a protective effect against
colon carcinogenesis in rats. When considering
the role of DNA damage in the early stages of
cancer, the chemopreventive effect of CMO and
CA on colon carcinogenesis may be associated
with their antigenotoxic properties.

Regarding the dose–response relationship in the
present study, there were no significant differences
between results obtained in the experiments with
different doses of CMO or CA plus mutagen. The
assessment of dose–effect relationships is compli-
cated by the fact that many chemoprotective com-
pounds act simultaneously at different protection
levels (Knasmüller et al., 2002). On this basis, the
lack of a dose–response relationship might be attrib-
uted to activation of different mechanisms depen-
dent upon CMO and CA doses used.

In conclusion, data showed that, in addition to
exerting no marked genotoxic effect in the Ames
test, MN test or comet assay, CMO and CA were
also effective in reducing genotoxicity induced by
MMS in V79 cells and Swiss mice as well as
mutagenesis mediated by indirect-acting mutagens
(B[a]P and AFB1) in the Ames test under the
experimental conditions used. Furthermore, in
vivo and in vitro studies are essential to better
characterize the chemoprotective mechanism of
C. multijuga oleoresin and of the diterpene CA
in order to develop preventive interventions.
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