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ABSTRACT

Aims: Apoptosis, or programmed cell death, is linked to several mechanisms of cell growth control.
The present work aimed at evaluating the induction of apoptosis in MCF-7 human breast
adenocarcinoma cell by Calophyllum brasiliense.

Study design: The tests were performed in triplicates in the apoptosis assays and sextuplicates in
the cytotoxic assays, to each group, and the data expressed the mean +/- standard deviations. The
cytotoxicity IC50s were obtained based on nonlinear regression curve fit. Two-way ANOVA and
Tukey'’s tests were applied in the apoptosis analyses.

Place and duration of study: The work was done at the Center for Research in Biodiversity (Cell
Culture Laboratory, and Phytochemistry Laboratory), and Research Center (Molecular Biology
Laboratory), Paulista University, between Jan 2019 and Dec 2019.

*Corresponding author: E-mail: ivana.suffredini@docente.unip.br, ibsuffredini@yahoo.com.br;
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Methodology: Two aqueous extracts, obtained from the stem (STE) and from the leaves (LFE) of
Calophyllum brasiliense by a 24-h maceration, were submitted to a cytotoxic assay against MCF-7
breast cancer cell lines at the concentrations of 0.01 pg/ml, 0.1 ug/ml, 1.0 pg/ml, 10 pyg/ml and 100
pg/ml. They were also subjected to the evaluation of apoptosis and necrosis cell death induction at
concentrations of 50, 100 and 200 pg/ml, after 6 h, 12 h and 24 h. Curcumin was used as a
reference drug for both cytotoxic (50 mM, 5.0 mM, 0.5 mM, 0.05 mM and 0.005 mM ) and
apoptosis/necrosis (12.5 yM, 25 yM and 50 yM / 6 h, 12 h and 24 h) assays. Apoptosis and
necrosis were accessed by the use of annexin V and 7-AAD, in a two-channel flow cytometer.
Results: In terms of the cytotoxic activity, STE (IC50 7.86 ug/ml) was more toxic than LFE (IC50
74.35 pg/ml), and curcumin IC50 was 0.00159 pg/ml. STE induced 21.19 % and LFE, 20.63 %, in
comparison to 13.4% of apoptosis induction by curcumin. The results of apoptosis induction in the
cancer cells were achieved at 24 h, extract concentrations at 100 ug/ml.

Conclusion: Both the extracts, STE and LFE, were cytotoxic against MCF-7 breast cancer cell
line, and induced more apoptosis in MCF-7 cells than curcumin, suggesting that they are high
potential sources of natural product-inducing apoptosis agents to be used against adenocarcinoma

breast cells.

Keywords: Annexin V; 7-AAD; cytotoxicity; clusiaceae; curcumin; flow cytometry; natural products.

1. INTRODUCTION

Cancer is characterized by the disordered growth
of cells in any type of tissue. Breast cancer is the
second most common type of neoplasia among
women, although rare, it also occurs in men [1].
The therapeutic protocols are based on
chemotherapy, radiation therapy and / or surgery

2].

Tumor cells acquire specific characteristics and
are resistant to homeostasis signals [3]. The
resistance signals include a lack of cell
recognition of inhibiting growth factors, resisting
to the apoptosis, allowing the activation of
replicative immortality, angiogenesis induction
and activation of tissue invasion and metastasis
[4]. Apoptosis is a distinct type of cell death that
is involved in the elimination of cells in normal
tissues, as in embryogenesis, that also occurs in
specific pathological contexts. It is characterized
by nuclear aggregation and margination,
condensation of the cytoplasm, and convolution
of nuclear and cellular contours. At a later stage,
nucleus fragments and protuberances formed on
the surface of the cell separate the apoptotic
bodies that are phagocytized by nearby
phagocytes and degraded cells in lysosomes [5].

The induction of apoptosis is one of the most
pursued mechanisms in an attempt to
understand the way that tumor cells escape from
their main site and double cross the immune
system. Apoptosis induction mechanism is also
employed as a target in the search for active
anticancer compounds with a reduced level of
side effects [6]. Apoptosis is the physiological
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programmed cell death that the organism uses to
eliminate defective cells with compromised DNA,
so as to eliminate old cells and to control
homeostasis in an organized way without
compromising the cell membrane and without
causing inflammation in the tissue, since the
apoptotic bodies are phagocytized by local cells
[5]. The phagocytosis occurs by the exposition of
phosphatidylserine from its membrane, which
triggers the information coming from a cell that
needs to be eliminated by natural reasons by the
immune system [7]. Apoptosis proceeds unlike
necrosis, which is an unprogrammed cell death
process characterized by the disruption of the
cell membrane and by the exposition of the
intracellular compounds, being recognized by the
cells of the immune system, causing
inflammation [3,4]. As tumor cells are potentially
resistant to the cell death induced by apoptosis
and show an exacerbated growth in relation to
the healthy tissue, cancer treatments that induce
cell death via apoptosis are of great importance
once it is supposed to have minimized side
effects and could work as adjuvant in cancer
therapies [8,9].

Brazilian biodiversity has been an extremely
important source in the search of new
therapeutic tools to be used as medicines.
Approximately 20% of the world's biodiversity
can be found in the Brazilian territory, particularly
in the Amazon and the in the Atlantic Forests.
Due to the huge biodiversity and the fact that
60% of all medicines come from natural sources
[10], systematic screenings aiming at the
identification of biologically active plant extracts
is done as those focused on antitumor activity



against prostate and breast cancer cell lines
[11-12]. The importance of antitumor natural
products for therapeutics relies on molecules as
paclitaxel, docetaxel and the vinca alkaloids,
which are been used in cancer therapies for
decades [12], as mitotic-cycle agents inhibiting
the growth of tumor cells through different
mechanisms of action [13].

The genus Calophyllum (Clusiaceae) is
composed of several species that are used in
traditional medicine for the treatment of gastric
ulcers, pain, inflammatory processes, and others
[14]. The genus is rich in plants containing
bioactive compounds, such as xanthones,
flavonoids, coumarins and calanolides, especially
the isolated B-benzo-tripyranone molecule
capable of inhibiting HIV-1 virus reverse
transcriptase [15,16]. Calophyllum brasiliense,
popularly known as "guanandi", is found in the
equatorial and tropical forests from Brazil, as the
Amazon rain forest and the Atlantic Forest, and
is also traditionally used as anti-inflammatory, as
analgesic and against gastrointestinal problems
[14,17]. A previous in vitro study with Amazon
plant extracts reported the cytotoxic activity
against the breast cancer cell line MCF-7 for a
Calophyllum brasiliense organic extract [12], but
mechanistic studies are yet to be done.

Natural products are a potential source for new
medicines to be used in cancer therapy [18-20].
Curcumin, a compound extracted from turmeric
(Curcuma lIonga), has been studied for its
antiproliferative or cytotoxic activities [21,22], as
well as is extensively reported as an anti-
inflammatory [23] and antioxidant agent
[22,24,25]. In the present work, curcumin was
used as a reference natural product compound
having  antiproliferative and  anti-apoptotic
activities [24,26,27].

The present work aimed at the evaluation of the
cytotoxicity and the apoptosis-induction potential
of the extracts obtained from the leaves and from
the stem of Calophyllum brasiliense that
previously have shown cytotoxic activity against
human adenocarcinoma cells.

2. MATERIALS AND METHODS

2.1 Plant Material
Preparation

and Curcumin

2.1.1Collection of plant material and extract
preparation for the biological analyses

The stem and the leaves of C. brasiliense were
collected in a region near Manaus (AM), under
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license from the Brazilian Ministry of the
Environment, from Instituto Brasileiro do Meio
Ambiente e dos Recursos Naturais Renovaveis
(IBAMA), number 12A/2008. A voucher of the
collected plant was deposited at the UNIP
Herbarium [PSCamara 187; UNIP 102)], where it
was taxonomically identified. The plant material
was cleaned by removing contaminants
(fragments of other organs, dust, sand, insect),
dried in an air-circulating oven at 40 °C, then
ground in a hammer mill (Holmes 201X) [28].
The extracts were obtained by a 24-h maceration
with dichloromethane and methanol (1:1).
Solvents were removed by rotavapor and the dry
organic extracts from the stem (STE) and from
the leaves (LFE) were kept under freeze at — 70
°C, up to use kin the biological assays.

2.1.2 Curcumin and doxorubicin preparation
for the biological analyses

Curcumin (Sigma C7727-500MG) was used as
the reference apoptosis-inducing substance for
the assays [26]. The stock solution concentration
of curcumin was 50 mM [22] and it was diluted
with 50 % dimethylsulfoxide (DMSO50), in water
(DMSO: water, 1:1). The final concentrations of
curcumin in the 24-well plates were 12.5 pM, 25
MM and 50 uM. The stock solution of doxorubicin
diluted in water a standard drug, was 25 mM,
and the final concentration in the 96-well plates
was 62.5 uM, used in the cytotoxic assay.

The stock concentration of the plant extracts STE
and LFE was 40 mg/ml. The aqueous extract
was diluted in Milli-Q grade water. The final
concentrations of the extracts in the 24-well
plates were 50 pg/ml, 100 pg/ml and 200 pg/ml.

2.2 Cell Culture
2.2.1 Cell culture management

The tumor cell line MCF-7 (estrogen receptor
positive breast adenocarcinoma) was cultured in
tissue culture flasks (Costar), supplemented with
RPMI-1640 medium (Lonza), plus 5% fetal
bovine serum (FBS) (Cambras), 1 % glutamine
(Sigma) and 1 % gentamicin sulfate (Hypolabor),
and maintained in an incubator (Thermo Fisher)
at 37 °C with 5 % CO, and 100 % relative
humidity. Cells were submitted to weekly
passages (trypsin-EDTA, Cambras). Cell
densities were obtained through a cell counting
chamber wusing the Trypan blue exclusion
method. The tests were run in 24-well plates with
a density of 1.5 x 10* cells per well and were



grown for 24 h to achieve 100 % confluency and
a cell density of 3.0 x 10° cells per well, and
thereafter the extracts were added. After that,
end points were obtained by the sulforhodamine
B (SRB) assay.

2.2.2 Sulforhodamine B assay

The viable cells were fixed in the 96-microplates
with cold trichloroacetic acid (TCA) solutions (50
pL/well of 50 % TCA). Microplates were washed
with water five times until non-viable cells were
totally removed. Plates were left to air-dry for 24
h. A hundred pl of sulforhodamine B (SRB) per
well was added, and the dye was left to react for
10 minutes. After that period, plates were
washed five times with 1 % acetic acid until the
complete removal of unbound SRB. Plates were
left to air-dry for 24 h. The stain was
resuspended with 100 pl of Trisma Buffer. The
amounts of viable cells were measured by
obtaining the optical densities of the wells in a
microplate spectrophotometer reader (Biotek
408x) at 515 nm. The percentage of cell lethality
was obtained from the formula 100 X [(T-TO)/(C-
TO)], which is the comparison between the
control (untreated cells) and test (cells treated
with drug/extract) cell growth and time zero
growth (which is the cell growth until addition of
extract). Also, the IC50 was obtained, as
previously described [29].

2.2.3 Cytotoxicity assay

In order to obtain the inhibition concentration 50
% (IC50), the extracts were tested at final
concentrations of 0.01 pg/ml, 0.1 pg/ml, 1.0
pg/ml, 10 pg/ml and 100 pg/ml, curcumin (CUR;
Sigma), a natural product that shows apoptotic
induction activity, which was used as control in
the assays, was tested at final concentrations of
0.0000125 mM, 0.000125 mM, 0.001255 mM,
0.0125 mM and 0.125 mM, and doxorubicin, an
antitumor drug, was used as standard drug and
was tested at the final concentrations of
0.000625 nm, 0.00625, 0.625 nm, 6.25 nm and
62.5 nM. Results were calculated based on
nonlinear regression curve fit (GraphPad Prism®
7.0).

2.3 Apoptosis/Necrosis Assay

Flow cytometry was performed in order to identify
the type and percentage of death occurring in
MCF-7 cells. Apoptosis (Annexin + / 7-AAD-),
late apoptosis / necrosis (Annexin + / 7-AAD +)
and necrosis (Annexin - / 7-AAD +) were
detected using apoptosis Annexin V and 7-AAD
(Becton Dickinson - BD). The living cells do not
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present positivity for both markers. For
calibration and validation of the markers, heat-
dead MCF-7 cells labeled with Annexin V or 7-
AAD and with both markers were used. The
technique was performed using the template
provided by the manufacturer (Becton Dickinson
- BD) for Annexin V conjugated to phycoerythrin
(PE) and 7-AAD. The acquisition of 30 seconds
for each sample. Tests were performed at 6 h, 12
h 24 h of cell treatment.

2.4 Thin Layer Chromatography of LFE
and STE

In order to evaluate the presence of coumarins in
STE and LFE, a thin layer chromatography (TLC)
analysis was performed. The extracts were
prepared at a concentration of 40 mg/ml. The
analyses conducted as described by Wagner and
Bladt [30] to coumarins. The flavonoid rutin
(Sigma) was used as a reference compound and
were diluted to 3.5 mg/ml. The TLC system was
composed by a 0.2 mm pre-coated TLC
aluminum sheet Silica Gel G/UV,s, as stationary
phase (Macherey-Nagel; cat. n° 818333, lot
802046), two solvent systems were used as
mobile phase: toluene: ethyl ether (1:1) saturated
with 10% acetic acid, and ethyl acetate: formic
acid: acetic acid: water (100:11:11:26).
Visualization was made under U.V. 254 nm and
365 nm, before and after reaction with 10% KOH
diluted in ethanol.

2.5 Statistical Analyses

The tests were performed in ftriplicates in the
apoptosis assays and sextuplicates in the
cytotoxic assays, to each group, and the data
expressed the mean +/- standard deviations.
Shapiro Wilk normality test was applied (P = .31,
P = .34, P = .05 for STE 6 h, 12 h and 24 h,
respectively, and P = .34, P = .56, P = .34 for
LFE 6 h, 12 h and 24 h, respectively).
Cytotoxicity 1C50 values were obtained based on
nonlinear regression curve fit (GraphPad Prism®
7.0). A simple two-way ANOVA parametric test
was used for the statistical calculations, followed
by the Tukey post-test, considering time and
concentration as the two variables. Significances
for all analyses were considered at the level of a
<0.05.

3. RESULTS AND DISCUSSION
In the present study, the presence of apoptotic

cells was verified by labeling phosphatidylserine
(PS) exposed in the inner surface of the cytosol-



bound lipid bilayer membrane with Annexin V.
Annexin V is a protein that easily binds to
phospholipids, and that consequently shows high
affinity to PS. At the beginning of apoptosis, the
cell membrane remains intact, but undergoes a
disorganization, and the PS, which is
translocated to the outer surface of the bilayer
membrane, gets exposed and available to the
interaction with Annexin V before the loss of cell
membrane integrity [7] 7-AAD is a nuclear
marker that intercalates with any DNA fragment,
as long as the cell membrane is permeable and
allows its penetration into the cell. The use of
both Annexin V and 7-AAD in the analyses
enables the discrimination between apoptotic or
necrotic cell death.

Curcumin is a natural compound isolated from
the Curcuma longa (Zingiberaceae) rhizome [20]
that has previously shown antitumor activity [31],
besides its ability of inducing apoptosis in MCF-7
breast tumor cells [32,33] and lead tumor cells to
apoptosis [21]. Curcumin was extensively studied
for its  anti-inflammatory,  antiangiogenic,
antioxidant and antitumor effects [26]. Recent
studies showed that curcumin alone or in
combination with other antitumor agent is able to
effectively induce apoptosis in breast tumor cells
[21]. An example of this combination is the
association of curcumin with paclitaxel. Curcumin
alone or in combination with the drug, which is
already used in cancer therapy protocols, has the
ability to induce apoptosis in breast tumor cells,
improving the amount of pro-apoptotic proteins
such as p53, Bid, caspase 3, caspase 8 and Bax
[32]. Curcumin is also a chemopreventive
compound, as it suppresses, retards or reverses
carcinogenesis, besides being a very promising
agent that reduces cancer morbidity and
mortality by delaying the carcinogenesis process
[14]. Due to its known properties, curcumin was
selected as the reference apoptosis-inducing
substance, and the apoptosis-inducing
percentage was used as a reference and
determinant limit to compare the apoptosis-
inducing indices obtained for the plant extracts
tested in the present analysis.

Table 1 reports IC50 for the extracts and
controls. The cytotoxicity of the plant extracts
used in the present analysis against MCF-7cells,
reported as IC50, was 7.86 pg/ml for STE, 74.35
pg/ml for LFE, 5.38 uM for curcumin, and 0.66
MM for doxorubicin. Present findings suggest the
significant cytotoxic activity of both doxorubicin
and curcumin, in relation to the aqueous extracts,
STE and LFE. In comparison to other reports, the
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fruit peel, fruit pulp and fruit seed extracts
obtained from the fruits of Garcinia dulcis, known
as "Mundu" in Malaysia, were tested against liver
tumor cells and showed IC50 of 46.33 pg/ml,
38.33 pg/ml and 7.5 pg/ml, respectively [34]. A
study done with the bark extract from G.
schomburgkiana, found in Thailand, reported that
two isolated xanthones named schomburgones A
and B showed IC50 ranging from 1.45 uM to
9.46 uM [35]. As a reference from isolated
natural products, taxanes as paclitaxel, isolated
from Taxus brevifolia, showed IC50 of 33.4 nM
against MCF-7 cells [36], while curcumin showed
IC50 of 40 uM against MCF-7 cells [37]. In terms
of the species, the organic extracts from the
leaves of C. brasiliense showed antitumor activity
in vitro against prostate tumor cells, melanoma
and renal carcinoma [38], which is in accordance
to the present findings.

After the standardization and validation of the
controls, it was possible to determine the
percentage of death by apoptosis (Annexin + / 7-
AAD-), by necrosis (Annexin - / 7-AAD +), dead
cells with double labeling (late apoptosis and
necrosis, Annexin + / 7-AA-D +) and live cells, as
shown in Table 1 and in Fig. 2.

The extracts STE and LFE showed apoptotic
percentage of 2119 % and 20.63 %,
respectively, in 24 h of treatment. A study carried
out with extracts from Ziziphus spina Christi
(Rhamnaceae), showed an apoptotic percentage
of 3.2% against MCF-7 cells, in a 48-hour ftrial,
and also showed inhibition of the mitotic cycle by
arresting at G1 phase [39]. The paclitaxel and
docetaxel (semi-synthetic compound from Taxus
baccata) also act in the mitotic cycle, and
consequently, can lead the cells to death by
apoptosis [21,40]. After 24 h of treatment and
assay with Annexin V and PI, paclitaxel showed
a percentage of cells in the initial phase of
apoptosis of 25.7% [36]. In the present work,
results related to the percentage of apoptosis
induction by extracts STE and LFE can be
considered extremely promising, when compared
to the literature.

Figs. 2 and 3 show the results obtained by the
two-way ANOVA test made for curcumin, STE
and LFE, considering variations of concentration
and time. Fig. 2A shows the analysis made with
curcumin. According to the analysis, the
interaction of the variables showed significance
(F(4,18)=3.55; P = .026) and corresponded for
30.31% of the variance, the time showed
significance (F(2,18)=4.66; P .024) and



corresponded for 19.86% of the variance, while
the concentration was not considered significant
(P = .05). Fig. 2B shows the results obtained by
the two-way ANOVA test made for STE, and the
interaction of the variables showed significance
(F(4,18)=5.76; P = .004) and corresponded for
46.05% of the variance, the time and
concentration did not show significance (P = .05).
Fig. 2C shows the analysis made with LFE. The
interaction of the variables showed extreme
significance (F(4,16)=13.98; P < .001) and
corresponded for 53.90% of the variance, the
concentration was also considered extremely
significant (F(2,16)=15.71; P < .001) and
corresponded for 30.28% of the variance, while
the time was not significant (P = .05).

Fig. 3 shows the comparison of the apoptosis-
induction related to extracts STE and LFE. In
terms of the statistical findings, it can be
observed that interaction accounts for 50.79% of
the total variance and was considered extremely
significant (F(10,33)=6.34; p<0.0001). It means
that the differences that were observed
depended on both extracts and their
concentrations together. The extracts, which
represent two different cell treatments, account
for 11.02% of the total variance and was
considered significant (F(5,33)=2.74; P = .035);
and extract concentration accounts for 16.57% of
the total variance and was considered extremely

significant (F(2,33)=10.35; P < .001), which
STE
A

50 pg/mL 100 pg/mL

200 pg/mL

7-AAD

Annexin V'
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means that the differences that were observed
also depended on the variation of the
concentrations. LFE was more constantly
effective than STE.

C. brasiliense extracts and isolated compounds
have been previously studied, as well as reports
on different biological activities against neglected
disease pathogens as Tripanosoma cruzi [41-45]
and against Leishmania sp. [46-49], and against
bacteria [50], especially against neglected
disease pathogen Mycobacterium tuberculosis
[51,52] and Helicobacter pylori [53,54,55],
involved in ulcer and stomach cancer. The
studies reporting the cytotoxic effects of extract
or isolated compounds is also done, as the
anticancer activity of coumarins [51,56-61] and
xanthones [62,63] and the toxicogenomic activity
of coumarins [17,64]. Cancer chemoprevention
of coumarins was also accessed [56], as well as
the antioxidative effects of coumarins [65] and of
xanthones [66]. Antinociceptive, anti-
inflammatory and central nervous system effects
of coumarins [67] and xanthones [18]. The anti-
HIV activity of coumarins was accessed [68], and
their potential of flavonoids to impair with gastric
H+,K+-ATPase activity [69] and with calcium
entry in mast cells [70]. Finally, Ito et al. [57]
reported the apoptosis-induction potentiality of
coumarins against leukemia cell line HL-60 Fig. 4
shows the TLC analyses made with LFE and
STE, using rutin as a reference substance.

LFE

200 pg/mL

BOININLY
v Gate (1 in al)

50 pg/mL 100 pg/mL

4

v .

7-AAD

Annexin V

Fig. 1. Plots of flow cytometry representing the percentages of apoptosis of cytotoxic aqueous
extracts STE (A) and LFE (B) obtained from stems and leaves of Calophyllum brasiliense
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Table 1. Inhibitory concentration 50 % (IC50) and flow cytometry analysis labeled with Annexin V and 7-AAD to evaluate apoptosis and necrosis by
stem (STE) and leaves (LFE) aqueous extracts (Calophyllum brasiliense) against MCF-7 cells in 24 h of treatment. CUR=curcumin; DOXO-

doxorubicin

Extracts IC50 7-AAD [%] Annexin + 7-AAD [%] Living cells [%)] Apoptotic cells [%]
CUR 5.38 uM 544 65.55 15.60 13.40
DOXO 0.66 uM NT NT NT NT
STE 7.86 pg/mi 21.49 35.72 21.60 21.19
LFE 74.35 ug/ml 17.85 32.84 28.68 20.63
A curcumin B STE C LFE
30- 30- 30-
= 6h B 6h = 6h
_ = 12h —_ = 12h - =1 12h
£ = 24h £ = 24h £ = 24n
> S S 4
£ £ £
X x x
< < <
12,5 25 50 50 100 200 50 100 200
concentration [puM] concentration [ug/mL] concentration [ug/mL]
ANOVAtable |SS | DF | MS | F (DFn, DFd) P value ANOVAtable |SS | DF | MS | F (DFn, DFd) P value ANOVA table | SS (Type IIl) | DF | MS | F (DFn, DFd) P value
Interaction | 2165 | 4 | 54.14 | F (4, 18) =3.553 | P=0.0264 Interaction 170 |4 | 4249 | F(4,18)=5.756 | P=0.0036 Interaction | 120.2 4 13004 F(4 16)=13.98 | P<0.0001
concentration | 81.77 | 2 | 40.89 | F (2, 18)=2.684 | P=0.0955 concentration | 32.47 | 2 | 16.23 | F (2, 18)=2.199 | P=0.1398 concentration | 67.5 2 | 33.75]| F(2,16)=15.71 | P=0.0002
time 14182 |70.92 | F(2,18)=4.655 | P=0.0235 time 3378 |2 | 16.89 | F (2,18)=2.288 | P=0.1302 time 6.353 2 | 3176 | F(2,16)=1.479 | P=0.2575
Residual 2742 |18 | 15.24 Residual 132.9 | 18 | 7.382 Residual 34.37 16 | 2.148

Fig. 2. Percentage of apoptosis in variation of time (6 h, 12 h and 24 h) and concentration of treatments. (A) Curcumin; (B) Extract STE; (C) Extract

LFE.

Curcumin final concentrations: 12.5 uM, 25 uM and 50 uM; Extract concentrations: 50 ug/ml, 100 ug/ml and 200 ug/ml; Two-way ANOVA followed by Tukey post-test,
significance among means of a<0.05.
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STE and LFE
30+
3 STE 6h
- B3 STE 12h
S
; 20 E STE 24h
£ EX LFE 6h
X
()
£ 104 E3 LFE 12h
< Bl | FE 24h
0- b b B =0 L Bl
50 100 200
concentration [ug/mL]

ANOVA table | SS (Type lll) | DF | MS F (DFn, DFd) P value
Interaction 305.2 10 | 30.52 | F (10, 33) = 6.342 | P<0.0001
concentration | 99.59 2 49.8 | F(2,33)=10.35 | P=0.0003
treatment 66.21 5 13.24 | F (5, 33)=2.752 | P=0.0348
Residual 158.8 33 | 4.813

Fig. 3. Percentage of apoptosis of extracts STE and LFE in variation of time (6 h, 12 h and 24 h)
and concentration of treatments
Extract concentrations: 50 ug/ml, 100 ug/ml and 200 ug/mi; Two-way ANOVA followed by Tukey post-test,
significance among means of a<0.05

Rf

0.58
0.42

Fig. 4. Thin layer chromatograms for the identification of coumarins in the aqueous extract
from the stem (STE) and from the leaves (IFE) of Calophyllum brasiliense
1=STE, 2=LFE; 3 and 4=rutin; A, B, C, D and E were run with toluene: ethyl ether (1:1) saturated with 10% acetic
acid; F, G, H, | and J were run with ethyl acetate: formic acid: acetic acid: water (100:11:11:26); A, D, F and |
were observed under U.V. 254 nm; B, E, G and J were observed under U.V. 365 nm; C and H were observed
under fluorescent light; D, E, H, | and J were sprayed with 10% KOH in ethanol; Blue or pale-blue spots, as well
as light browny spots indicate coumarins [30]
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The chemical complexity of C. brasiliense has
being explored for almost twenty years. The
structures of some compounds that are already
identified in the species as shown in Figs 5 and
6.

In the present study, the presence of coumarins
in both STE and LFE extracts was reported.

Mammea-type coumarins, [42,44,46-
49,51,52,58,60,61,65]; calanolide-type
coumarins [45,68,71] sulamarin [43] and

soulattrolide [67,68] were identified in the leaves.
From the barks, stem barks or heartwood,
coumarins as calophyllolide [57] and brasimarins
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[56] were isolated, as well as mammea-type
coumarins [57,69]. Xanthones like jacareubin are
more likely to be reported to occur in heartwood
[41,50,63,66,70], as well as other xanthone-type
compounds [18,62] and eventually mammea-
type coumarins [50]. Also, brasiliensic and
isobrasiliensic acids occur in the stem bark
[565,72] and eventually in other plant organs [54],
and chromanone acids occur in the bark [53]. In
terms of pharmacological potential, Calophyllum
brasiliense shows a wide range of activities
related to a variety of chemicals that must be
further accessed.

h b
XX T DI
r ) OH T 2'>H T

] 1

mammea B/BA - R=X |
mammea BBB -R=Y - ammea C/OA - R=X
mammea C/OB - R=Y

—(/ mammea —\ mammea \ mammea
X Yo z —
o / o] 70
wo X [ DG
)’\O L N 0 '\T:/ OH'\,;‘/ s L\ |J
U‘*\ /’,;\‘1 /L> NN /»"J\%//\‘/—*)\‘\//LS:» ||\~ /"L\ /Jff\
N | @S L L
HO” " ~07" "0  HO™ 57 T07 0 ?" =070 '~o/\1f" 0770
0F \\| RE: \f - T 20 0% \“,
brasimarin A brasimarin B brasimarin C calophyllolide
N )
J ‘:-,z\o L P | “x"o J
> ) :
B L L L
S T 7 ™
0 S0 R (t) L\'L‘J‘A‘OJ\\O HoJ “°>f"'J‘o’l"*o
) .[OH R; ~y “OH Ry g
R, .
R, “OH

calanolide A calanolide B - R,=1CH3; R,=1CH3

calanolide C - R,=0CH3; R,=1CH3

calanolide E1 - R,=OCH3; R,=2CH3
calanolide E2 - R;=XCH3; R,=HCH3

— [ D Ho\L
(5T Sy S
. |' \J, QL \‘L ) L HO A ;L
ol ote ROI @i
TR
- or 8
inophyllum A - R, =OH; R,=CH,
inophyllum C - R,= =0; R,=CH, soulattrolide soulamarin

inophyllum D - R;=0OH; R,=CH,

Fig. 5. Coumarins isolated from Calophyllum brasiliense
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Fig. 6. Xanthones, triterpenes and phenolic compounds isolated from Calophyllum brasiliense

4. CONCLUSION

The present work evidenced that crude extracts
obtained from the stem and from the leaves of
Calophyllum brasiliense induced apoptosis in
human breast adenocarcinoma cells, and that
the apoptotic induction was higher than that
observed for curcumin. Notwithstanding, the
extracts presented high antitumor potential by
means of their apoptosis-induction capacity.

CONSENT

It's not applicable.
ETHICAL APPROVAL
It's not applicable.

ACKNOWLEDGEMENTS

Authors thank Fundagao de Amparo a Pesquisa
do Estado de Sao Paulo — FAPESP for grant #

2018/21278-0. Ivana B. Suffredini thank
Conselho Nacional de Desenvolvimento
Cientifico e Tecnolégico - CNPqg for the

Productivity Scholarship # PQ-304699/2018-7.
Authors thank UNIP for Scholarships for Michelle
S. F. Correia and Sergio A. Frana. The funding
sources have neither involvement in the study
design, collection, analysis and interpretation of
data, nor in the writing of the manuscript.

COMPETING INTERESTS

Authors have declared that no competing
interests exist.

REFERENCES

1. Instituto Nacional de Cancer “José Alencar

Gomes da Silva” [Inca]. Cancer de mama.
Accessed in 05/28/2021.
Available: https://www.inca.gov.br/tipos-de-
cancer/cancer-de-mama.

2. Liedke PER, Finkelstein DM, Szymonifka
J, Barrios CH, Guerra YC, Bines J, et al.

59



10.

11.

12.

Outcomes of breast cancer in Brazil
related to health care coverage: A
retrospective  cohort  study.  Cancer
Epidemiol Biomarkers Prev. 2013;23(1):
126-33.

DOI: 10.1158/1055-9965.EPI-13-0693
Hanahan D, Weinberg R. The hallmarks of
cancer. Cell. 2000;100(1):57-70.

DOI: 10.1016/s0092-8674(00)81683-9
Hanahan D, Robert A, Weinberg RA.
Hallmarks of cancer: The next generation.
Cell. 2011;144(5):646-74.

DOI: 10.1016/j.cell.2011.02.013

Kerr JFR, Winterford CM, Harmon BV.
Apoptosis. Its significance in cancer and
cancer therapy. Cancer. 1994;73(8):2013-
26.

DOI:10.1002/1097-
0142(19940415)73:8<2013::aid-
cncr2820730802>3.0.c0;2-j

Igney FH, Krammer PH. Death and anti-
death: tumor resistance to apoptosis. Nat
Rev. 2002;2(4):277-88.

DOI: 10.1038/nrc776

Zimmermann M, Meyer N. Annexin V/7-
AAD Staining in keratinocytes. In: Martin J.
Stoddart, editors. Mammalian Cell Viability:
Methods and Protocols, Methods in
Molecular Biology. Switzerland: Davos
Platz. 2011;57-63.

Mochizuki T, Kuge Y, Zhao S, Tsukamoto
E, Hosokawa M, Strauss HW, et al
Detection of apoptotic tumor response in
vivo after a single dose of chemotherapy
with  99mtc-annexin v. J Nucl Med.
2003;44(1):92-7.

PMID: 12515881

Jarzab AO, Belowska AP, Brzozowski T.
Therapeutic importance of apoptosis
pathways in pancreatic cancer. Folia Med
Cracov. 2016;56(1): 61-70.

PMID: 27513839

Newman DJ, Cragg GM. Natural products
as sources of new drugs from 1981 to
2014. J Nat Prod. 2016;79(3):629-
61.

DOI: 10.1021/acs.jnatprod.5b01055
Suffredini IB, Paciencia MLB, Varella DA,
Younes RN. In vitro prostate cancer cell
growth inhibition by Brazilian plant
extracts. Pharmazie. 2006;61(8):722-24.
PMID: 16964718

Suffredini 1B, Paciencia MLB, Frana SA,
Varella DA, Younes RN. In vitro breast
cancer cell lethality of Brazilian plant
extracts. Pharmazie. 2007;62(10):798-800.
PMID: 18236788

Correia et al.; EJMP, 32(4): 50-64, 2021, Article no.EJMP.69623

60

13.

14.

15.

16.

17.

18.

19.

20.

21.

Nobili S, Lippi D, Witort E, Donnini M,
Bausi L, Mini E, et al. Natural compounds
for cancer treatment and prevention.
Pharmacol Res. 2009;59(6):365-78.

DOI: 10.1016/j.phrs.2009.01.017

Cechinel VF, Silva CM, Niero R. Chemical
and pharmacological aspects of the genus
Calophyllum. Chem Biodivers.
2009;6(3):313-27.

DOI: 10.1002/cbdv.200800082

Su XH, Zhanga ML, Lia LG, Huoa CHH,
Gub YC, Shi QW. Chemical constituents of
the plants of the genus Calophyllum. Chem
Biodivers. 2008;5(12):2579-2608.

DOI: 10.1002/cbdv.200890215
Gomez-Verjan JC, Estrella-Parra E,
Vazquez-Martinez ER, Gonzalez-Sanchez
I, Guerrero-Magos G, Mendoza-Villanueva
D, et al. Risk assessment of soulatrolide
and mammea (A/BA+A/BB) coumarins
from  Calophyllum brasiliense by a
toxicogenomic and toxicological approach.
Food Chem Toxicol. 2016;91:117-29.

DOI: 10.1016/j.fct.2016.03.010
Klein-Junior LC, Zambiasi D, Salgado GR,
Delle Monache F, Filho VC, de Campos
Buzzi F. The validation of Calophyllum
brasiliense ("guanandi") uses in Brazilian
traditional medicine as analgesic by in vivo
antinociceptive evaluation and its chemical
analysis. Naunyn Schmiedebergs Arch
Pharmacol. 2017;390(7):733-39.

DOI: 10.1007/s00210-017-1366-3

Sarwar S, Zhang HJ, Tsang SW.
Perspectives of plant natural products in
inhibition  of cancer invasion and
metastasis by regulating multiple signaling

pathways. Curr Med Chem. 2018;25
(38):5057-87.
DOI:

10.2174/0929867324666170918123413
Ding Y, Ding C, Ye N, Liu Z, Wold EA,
Chen H, et al. Discovery and development
of natural product oridonin-inspired
anticancer agents. Eur J Med Chem.
2016;21:102-17.

DOI: 10.1016/j.ejmech.2016.06.015

Rocha AB, Lopes RM, Schwartsmann G.
Natural products in anticancer therapy.
Curr Opin Pharmacol. 2001;1(4):364-69.
DOI: 10.1016/s1471-4892(01)00063-7
Koohplar ZK, Entezari M, Movafagh A,
Hashemi M. Anticancer activity of curcumin
on human breast adenocarcinoma: Role of
Mcl-1  Gene. Iran J Cancer Prev.
2015;8(3):e2331.

DOI: 10.17795/ijcp2331.



22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Rarnsewak RS, Dewitt DL, Nair MG.
Cytotoxicity,  antioxidant and  anti-
inflammatory activities of curcumins I-lll
from Curcuma longa. Phytomedicine.
2000; 7(4): 303-08.

DOI: 10.1016/S0944-7113(00)80048-3
Ammon HP, Wahl MA. Pharmacology of
Curcuma longa. Planta Med. 1991;57(1):1-
7.

DOI: 10.1055/s-2006-960004.

Luo S, Li Q, Chen J, Wang W. Two novel
curcumin analogues induced reactive
oxygen species generation and
mitochondrial-related apoptosis in human
breast cancer MCF - 7 Cells. J Appl
Pharm. 2016;8(2):1000215.

DOI: 10.4172/1920-4159.1000215.
Pescosolido N, Giannotti R, Plateroti AM,
Pascarella A, Nebbioso M. Curcumin:
therapeutical potential in ophthalmology.
Planta Med. 2014;80(4):249-54.

DOI: 10.1055/s-0033-1351074

Lv ZD, Xiang-Ping L, Zhao WJ, Dong Q, LI
FN, Wang HB, et al. Curcumin induces
apoptosis in breast cancer cells and
inhibits tumor growth in vitro and in vivo.
Int J Clin Exp Pathol. 2014;7(6): 2818-24.
PMID: 25031701

PMCID: PMC4097278

Reuter S, Eifes S, Dicato M, Aggarwal BB,
Diederich M. Modulation of anti-apoptotic
and survival pathways by curcumin as a
strategy to induce apoptosis in cancer
cells. Biochem Pharmacol. 2008;76(11)
:1340-51.

DOI: 10.1016/j.bcp.2008.07.031

Younes RN, Varella AD, Suffredini IB.
Discovery of new antitumoral and
antibacterial drugs from Brazilian plant
extracts using high throughput screening.
Clinics. 2007;62(6):763—68.

PMID: 18318049

Monks A, Scudiero D, Skehan P,
Shoemaker R, Paull K, Vistica D, et al.
Feasibility of a high-flux anticancer drug
screen using a diverse panel of cultured
human tumor cell lines. J Nat Cancer Inst.
1991;83(11):757-66.

DOI: 10.1093/jnci/83.11.757

Wagner H, Bladt S. Plant Drug Analysis.
5" ed. Berlin: Heidelberg; 1996.

Wang X, Hang Y, Liu J, Hou Y, Wang N,
Wang M. Anticancer effect of curcumin
inhibits  cell growth  through miR-
21/PTEN/Akt pathway in breast cancer
cell. Oncol Lett. 2017;13(6):4825-31.

DOI: 10.3892/01.2017.6053

Correia et al.; EJMP, 32(4): 50-64, 2021, Article no.EJMP.69623

61

32.

33.

34.

35.

36.

37.

38.

39.

40.

Quispe-Soto ET, Calaf GM. Effect of
curcumin  and paclitaxel on breast
carcinogenesis. Int J Oncol. 2016;4996):
2569-77.

DOI: 10.3892/ij0.2016.3741

Steuber N, Vo K, Wadhwa R, Birch J,
lacoban P, Chavez P, Elbayoumi TA.
Tocotrienol nanoemulsion of curcumin
elicit elevated apoptosis and augmentation
efficacy against breast and ovarian
carcinomas. Int J Mol Sci. 2016;17(11)
1792,

DOI: 10.3390/ijms17111792

Bakar MFA, Karim FA, Suleiman M, Isha
A, Rahmat A. Phytochemical constituents,
antioxidant and antiproliferative properties
of a liverwort, Lepidozia borneensis
Stephani from Mount Kinabalu, Sabah,
Malaysia. Evid Based Complement
Alternat Med. 2015;2015:936215.

DOI: 10.1155/2015/936215

Kaennakam S, Mudsing K, Rassamee K,
Siripong P, Tip Pyang S. Two new
xanthones and cytotoxicity from the bark of
Garcinia schomburgkiana. J Nat Med.
2019;7391:257-61.

DOI: 10.1007/s11418-018-1240-8
Chavoshi H, Vahedian V, Saghaei S,
Bagher P, Raeisi M, Samadi N. Adjuvant
therapy with silibinin improves the efficacy
of paclitaxel and cisplatin in MCF-7 breast
cancer cell. Asian Pac J Cancer Prev.
2017;18(8): 2243-47.

DOI: 10.22034/APJCP.2017.18.8.2243
Zhou Q, Wang X, Liu X, Zhang H, Lu Y, Su
S. Curcumin enhanced antiproliferative
effect of mitomycin C in human breast
cancer MCF-7 cells in vitro and in vivo.
Acta Pharmacol Sin. 2011;32(11):1402-10.
DOI: 10.1038/aps.2011.97

Marcial CR, Chilpa RR, Estrada E,
Esparza JR, Farina GG, Fragoso LR.
Antiproliferative, cytotoxic and antitumor
activity of coumarins isolated from
Calophyllum  brasiliense. J  Pharm
Pharmacol. 2007;59(5):719-25.

DOI: 10.1211/jpp.59.5.0013

Farmani F, Moein M, Amanzadeh A,
Kandelous HM, Ehsanpour Z, Salimi M.
Antiproliferative evaluation and apoptosis
induction in MCF- 7 Cells by Ziziphus
spina Christi leaf extracts. Asian Pac J
Cancer Prev. 2016;17(1):315-21.

DOI: 10.7314/apjcp.2016.17.1.315

Marsh S, Liu G. Pharmacokinetics and
pharmacogenomics in breast cancer



41.

42.

43.

44.

45.

46.

47.

chemotherapy. Adv Drug Deliv Rev.
2009;61(5):381-87.

DOI: 10.1016/j.addr.2008.10.003

Abe F, Nagafuji S, Okabe H, Akahane H,
Estrada-Muniz E, Huerta-Reyes M, et al.
Trypanocidal constituents in plants 3.
Leaves of Garcinia intermedia and
heartwood of Calophyllum brasiliense. Biol
Pharm Bull. 2004;27(1):141-3.

DOI: 10.1248/bpb.27.141

Reyes-Chilpa R, Estrada-Muiiz E, Vega-
Avila E, Abe F, Kinjo J, Hernandez-Ortega
S. Trypanocidal constituents in plants: 7.
Mammea-type coumarins. Mem Inst
Oswaldo Cruz. 2008;103(5): 431-6.

DOI: 10.1590/s0074-02762008000500004
Rea A, Tempone AG, Pinto EG, Mesquita
JT, Rodrigues E, Silva LG, et al.
Soulamarin isolated from Calophyllum
brasiliense (Clusiaceae) induces plasma

membrane permeabilization of
Trypanosoma cruzi and mytochondrial
dysfunction. PLoS Negl Trop Dis.
2013;7(12):2556.

DOI: 10.1371/journal.pntd.0002556
Rodriguez-Hernandez KD, Martinez |,
Agredano-Moreno LT, Jiménez-Garcia LF,
Reyes-Chilpa R, Espinoza B. Coumarins
isolated from Calophyllum brasiliense
produce ultrastructural alterations and
affect in vitro infectivity of Trypanosoma
cruzi. Phytomedicine. 2019;61:152827.
DOI: 10.1016/j.phymed.2019.152827

Silva LG, Gomes KS, Costa-Silva TA,
Romanelli MM, Tempone AG, Sartorelli P,
et al. Calanolides E1 and E2, two related
coumarins from Calophyllum brasiliense
Cambess. (Clusiaceae), displayed in vitro
activity against amastigote forms of
Trypanosoma cruzi and Leishmania
infantum. Nat Prod Res. 2020;1-5.

DOI: 10.1080/14786419.2020.1765347.
Brenzan MA, Nakamura CV, Dias Filho
BP, Ueda-Nakamura T, Young MC, Cérrea
AG, et al. Structure-activity relationship of
(-) mammea A/BB derivatives against
Leishmania amazonensis. Biomed
Pharmacother. 2008;62(9):651-8.

DOI: 10.1016/j.biopha.2008.08.024.
Brenzan MA, Santos AO, Nakamura CV,
Filho BP, Ueda-Nakamura T, Young MC,
et al. Effects of (-) mammea A/BB isolated
from Calophyllum brasiliense leaves and
derivatives on mitochondrial membrane of
Leishmania amazonensis. Phytomedicine.
2012;19(3-4):223-30.

DOI: 10.1016/j.phymed.2011.10.008

Correia et al.; EJMP, 32(4): 50-64, 2021, Article no.EJMP.69623

62

48.

49.

50.

51.

52.

53.

54.

55.

Tiuman TS, Brenzan MA, Ueda-Nakamura
T, Filho BP, Cortez DA, Nakamura CV.
Intramuscular and topical treatment of
cutaneous leishmaniasis lesions in mice
infected with Leishmania amazonensis
using coumarin (-) mammea A/BB.
Phytomedicine. 2012;19(13):1196-9.

DOI: 10.1016/j.phymed.2012.08.001
Cardoso BM, De Mello TF, Lera DS,
Brenzan MA, Cortez DA, Donatti L, et al.
Antileishmanial activity of a Calophyllum
brasiliense leaf extract. Planta Med.
2017;83(1-2):57-62.

DOI: 10.1055/s-0042-107673

Yasunaka K, Abe F, Nagayama A, Okabe
H, Lozada-Pérez L, Lopez-Villafranco E, et
al. Antibacterial activity of crude extracts
from Mexican medicinal plants and purified
coumarins and xanthones. J
Ethnopharmacol. 2005;97(2):293-9.

DOI: 10.1016/j.jep.2004.11.014.

Pires CT, Brenzan MA, Scodro RB, Cortez
DA, Lopes LD, Siqueira VL, et al. Anti-
Mycobacterium tuberculosis activity and
cytotoxicity of Calophyllum brasiliense
Cambess (Clusiaceae). Mem Inst Oswaldo
Cruz. 2014;109(3):324-9.

DOI: 10.1590/0074-0276130323.

Pires CT, de L Scodro RB, Brenzan MA,
Cortez DA, Siqueira VL, Cardozo-Filho L,
et al. Anti-Mycobacterium tuberculosis
Activity of Calophyllum brasiliense extracts
obtained by supercritical fluid extraction
and conventional techniques. Curr Pharm
Biotechnol. 2016;17(6):532-9.
DOI:10.2174/13892010176661601140947
23

Cottiglia F, Dhanapal B, Sticher O,
Heilmann J. New chromanone acids with
antibacterial activity from Calophyllum
brasiliense. J Nat Prod. 2004;67(4):537-41.
DOI: 10.1021/np030438n

Pretto JB, Cechinel-Filho V, Noldin VF,
Sartori MR, Isaias DE, Cruz AB.
Antimicrobial activity of fractions and
compounds from Calophyllum brasiliense
(Clusiaceae/Guttiferae). Z Naturforsch C J
Biosci. 2004;59(9-10):657-62.

DOI: 10.1515/znc-2004-9-1009

Lemos LMS, Oliveira RB, Sampaio BL,
Ccana-Ccapatinta GV, Da Costa FB,

Martins DTO. Brasiliensic and
isobrasiliensic  acids: isolation from
Calophyllum brasiliense Cambess. and

anti-Helicobacter pylori activity. Nat Prod
Res. 2016;30(23):2720-25.
DOI: 10.1080/14786419.2015.1137568



56.

57.

58.

59.

60.

61.

62.

63.

lto C, Itoigawa M, Mishina Y, Filho VC,
Enjo F, Tokuda H, et al. Chemical
constituents of Calophyllum brasiliense 2.
Structure of three new coumarins and
cancer chemopreventive activity of 4-
substituted coumarins. J Nat Prod.
2003;66(3):368-71.

DOI: 10.1021/np0203640

lto C, Murata T, ltoigawa M, Nakao K,
Kaneda N, Furukawa H. Apoptosis
inducing activity of 4-substituted coumarins
from Calophyllum brasiliense in human
leukaemia HL-60 cells. J Pharm
Pharmacol. 2006;58(7):975-80.

DOI: 10.1211/jpp.58.7.0013

Reyes-Chilpa R, Estrada-Mufiz E, Apan
TR, Amekraz B, Aumelas A, Jankowski
CK, et al. Cytotoxic effects of mammea
type  coumarins  from  Calophyllum
brasiliense. Life Sci. 2004;75(13):1635-47.
DOI: 10.1016/j.Ifs.2004.03.017
Ruiz-Marcial C, Reyes-Chilpa R, Estrada

E, Reyes-Esparza J, Farina GG,
Rodriguez-Fragoso L. Antiproliferative,
cytotoxic and antitumour activity of
coumarins isolated from Calophyllum
brasiliense. J Pharm Pharmacol.
2007;59(5):719-25.

DOI: 10.1211/jpp.59.5.0013

Gomez-Verjan JC, Estrella-Parra EA,

Gonzalez-Sanchez 1, Vazquez-Martinez
ER, Vergara-Castafieda E, Cerbon MA, et
al. Molecular mechanisms involved in the
cytotoxicity induced by coumarins from
Calophyllum brasiliense in K562 leukaemia
cells. J Pharm Pharmacol.
2014;66(8):1189-95.

DOI: 10.1111/jphp.12245

Gomez-Verjan JC, Rivero-Segura NA,
Estrella-Parra E, Rincén-Heredia R,
Madariaga-Mazoén A, Flores-Soto E, et al.
Network pharmacology uncovers
anticancer activity of mammea-type
coumarins from Calophyllum brasiliense.
Planta Med. 2019;85(1):14-23.

DOI: 10.1055/a-0660-0236

Ilto C, Iltoigawa M, Mishina Y, Filho VC,
Mukainaka T, Tokuda H, et al. Chemical
constituents of Calophyllum brasiliensis:
structure elucidation of seven new
xanthones and their cancer
chemopreventive activity. J Nat Prod.
2002;65(3):267-72.

DOI: 10.1021/np010398s

Garcia-Nino WR, Estrada-Muiiiz E,
Valverde M, Reyes-Chilpa R, Vega L.
Cytogenetic effects of Jacareubin from

Correia et al.; EJMP, 32(4): 50-64, 2021, Article no.EJMP.69623

63

64.

65.

66.

67.

68.

69.

70.

Calophyllum  brasiliense on  human
peripheral blood mononucleated cells in
vitro and on mouse polychromatic
erythrocytes in  vivo. Toxicol Appl
Pharmacol. 2017;335:6-15.

DOI: 10.1016/j.taap.2017.09.018
Gomez-Verjan JC, Estrella-Parra EA,
Gonzalez-Sanchez |, Rivero-Segura NA,
Vazquez-Martinez R, Magos-Guerrero G,
et al. Toxicogenomic analysis of
pharmacological active coumarins isolated
from Calophyllum brasiliense. Genom
Data. 2015;6:258-9.

DOI: 10.1016/j.gdata.2015.10.006
Gongalves RM, Lemos CO, Leal IC,
Nakamura CV, Cortez DA, da Silva EA, et
al. Comparing conventional and
supercritical extraction of (-)-mammea
A/BB and the antioxidant activity of
Calophyllum brasiliense extracts.
Molecules. 2013;18(6):6215-29.

DOI: 10.3390/molecules18066215
Blanco-Ayala T, Lugo-Huitrén R, Serrano-
Lépez EM, Reyes-Chilpa R, Rangel-Lépez
E, Pineda B, et al. Antioxidant properties of
xanthones from Calophyllum brasiliense:
prevention of oxidative damage induced by
FeSO,. BMC Complement Altern Med.
2013;13:262.

DOI: 10.1186/1472-6882-13-262.
Alonso-Castro AJ, Guzman-Gutiérrez SL,
Betancourt CA, Gasca-Martinez D,
Alvarez-Martinez KL, Pérez-Nicolas M, et
al. Antinociceptive, anti-inflammatory, and
central nervous system (CNS) effects of
the natural coumarin soulattrolide. Drug
Dev Res. 2018;79(7):332-38.

DOI: 10.1002/ddr.21471

Huerta-Reyes M, Basualdo MC, Abe F,
Jimenez-Estrada M, Soler C, Reyes-Chilpa
R. HIV-1 inhibitory compounds from
Calophyllum  brasiliense leaves. Biol
Pharm Bull. 2004;27(9):1471-5.

DOI: 10.1248/bpb.27.1471

Reyes-Chilpa R, Baggio CH, Alavez-
Solano D, Estrada-Muiiz E, Kauffman FC,
Sanchez RI, et al. Inhibition of gastric
H+,K+-ATPase activity by flavonoids,
coumarins and xanthones isolated from
mexican medicinal plants. J
Ethnopharmacol. 2006;105(1-2):167-72.
DOI: 10.1016/j.jep.2005.10.014
Castillo-Arellano JI, Guzman-Gutiérrez SL,
Ibarra-Sanchez A, Hernandez-Ortega S,
Nieto-Camacho A, Medina-Campos ON, et
al. Jacareubin inhibits FceRI-induced
extracellular calcium entry and production



71.

of reactive oxygen species required for
anaphylactic degranulation of mast cells.
Biochem Pharmacol. 2018;154:344-
56.

DOI: 10.1016/j.bcp.2018.05.002
Gomez-Robledo HB, Cruz-Sosa F,
Bernabé-Antonio A, Guerrero-Analco A,
Olivares-Romero JL, Alonso-Sanchez A, et
al. Identification of candidate genes related
to calanolide biosynthesis by transcriptome
sequencing of Calophyllum brasiliense

Correia et al.; EJMP, 32(4): 50-64, 2021, Article no.EJMP.69623

72.

(Calophyllaceae). BMC  Plant Biol.
2016;16(1):177.

DOI: 10.1186/s12870-016-0862-9.
Caneppele D, Vieira PC, Dall'Oglio EL, da
Silva LE, Sousa PT Jr. Unequivocal NMR
assignments: O-methoxy-methyl esters
derivatives of acid chromanones from
Calophyllum brasiliense CAMB.
(Guanandi). Nat Prod Res.
2008;22(10):846-53.

DOI: 10.1080/14786410701582282

© 2021 Correia et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
http://www. sdiarticle4.com/review-history/69623

64



