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ABSTRACT
The Banisteriopsis pubipetala A. Juss. came to be considered synonymous with Diplopterys 
pubipetala (A. Juss.) W.R. Anderson and C. Davis. D. pubipetala is a liana, occurring in the 
cerrado biome, belonging to a genus already described in the literature for the antioxidant 
action of some species and for being effective in controlling some types of cancer, including 
cutaneous melanoma, which is the most common malignant tumor in the whole human 
species. However, D. pubipetala is still poorly studied with regard to bioactive potential and 
chemical composition. The main objective of the work is to evaluate antitumor activity by 
evaluating migratory activity, detecting cell death and determining cell viability of the partitions 
and fractions of D. pubipetala leaf and stem. The fractions demonstrated the ability to induce 
death, decrease cell viability and even suppress B16F10 migration. This study is a pioneer in 
the antitumor evaluation of D. pubipetala and opens new lines of research for exploration. This 
demonstrates the promising possibility of using the species to develop new strategies for the 
treatment and prevention of cutaneous melanoma.
Key words: Antitumor activity, Cell death, Cutaneous melanoma, Malpighiaceae, Metastasis.
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INTRODUCTION
Pure chemical substances of botanical origin are 
often used in the form of licensed medicines and 
even when produced synthetically, drugs capable of 
promoting the treatment of diseases were originally 
discovered from plant drugs.[1] The discovery of 
the isolation of natural products was decisive for 
the rise of the pharmaceutical industry.[2] From the 
revelation of the importance of natural products and 
the possibility of assessing the bioactive effect of these 
isolated substances, a new research trend emerged 
at the end of the 19th century; the chemistry of 
natural products. Drugs of natural origin have been 
shown to be effective for the treatment of infectious, 
cardiovascular diseases, premature aging, chronic 
diseases and have also stood out for the treatment of 
cancer.[3]

At the beginning of the 20th century, cancer, 
considered until then as a rare and exceptional 
disease, started to be seen as an increasingly frequent 
cellular disorder.[3,4] Cancer, which can also be called 
malignant neoplasm or malignant tumor, is the name 
given to a set of more than one hundred diseases that 
have in common the multiplication and propagation 
of abnormal cells in the body.[5] The main causes of 
cancer are related to external factors such as cigarette 
consumption, some types of viruses, eating and sexual 

habits, alcoholism, the practice of using medications 
and also, the excess of sun and exposure to ultraviolet 
rays (UV).[6]

Among the variations of the disease, cutaneous 
melanoma is an extremely common malignant tumor, 
it causes about 90% of deaths in the occurrences of all 
cases of skin cancer and the incidence is constantly 
increasing worldwide.[7,8] On average, one million 
new occurrences appear in the world each year 
and in Brazil, melanoma represents just over 25% 
of the total number of all types of cancer that affect  
Brazilians.[9] Because they are quite variable, with 
regard to molecular aspects, melanomas have a great 
capacity for progression by metastasis.[10] Tumor cells 
also have mechanisms for not being recognized by the 
patient’s immune system and this provokes resistance 
to therapeutic approaches for the treatment of the 
tumor.[11]

This problem brings up the need to explore new 
effective therapeutic practices to contain the 
metastatic action of melanoma and reduce the 
number of deaths related to the disease.[12] Since the 
discovery of the alkaloids vinblastine and vincristine, 
isolated from the species Catharanthus roseus G. 
Don. (Apocynaceae), a new era has begun for 
the search for new substances that are effective in 
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combating cancer.[13] Natural products have brought hope to the search 
for efficient chemotherapeutics for the treatment of cancer, effective for 
the eradication of tumors and also, which reduces side effects to the  
patient.[14] This trend increases attention to research on medicinal 
plants and secondary metabolites and is called the “green anti-cancer  
approach”.[15]

Among the classes of compounds already tested with pronounced 
anticancer activity, it is possible to mention the terpenes and alkaloids, 
which were the first to be proven with anti-tumor action; coumarins, 
lignin’s, tannins, stilbenes, curcuminoids, polysaccharides and flavonoids.
[16] Flavonoids occur as a complex mixture of components and have an 
ideal structure for sequestering free radicals.[17] In the literature, it is 
possible to find studies that describe flavonoids with anti-inflammatory, 
analgesic, anti-hepatotoxic, antimicrobial, antiviral, antioxidant and 
antitumor activities.[18]

Regarding antitumor activity, flavonoids are capable of containing the 
rapid growth of melanoma; among the mechanisms of action, they can 
induce apoptosis and stimulate the induction of antitumor immunity in 
the body.[19] In combination with chemotherapy, these substances have 
cytostatic action, that is, they limit growth and favor the rejection of the 
organism to melanoma tumor cells.[20]

The Malpighiaceae family is renowned for hosting many species with 
antioxidant activity and great therapeutic potential.[21] It is one of the ten 
best represented families in the cerrado and has approximately 60 genus 
and 1200 species of trees and lianas.[22] The Banisteriopsis genus, also 
belonging to the Malpighiaceae family, consists of 92 lianas and shrubs 
distributed in Mexico, Argentina and Brazil, the studied species of the 
genus have demonstrated great potential for use in the pharmaceutical 
and cosmetics industry.[23,24]

A species related to the genus, Banisteriopsis caapi, stands out as a liana 
known worldwide for producing hallucinogenic compounds with great 
bioactive potential and for being one of the components of Ayahuasca 
tea, used by indigenous tribes in detox rituals.[25] In addition to B. caapi, 
the species B. argyrophylla has also been described with important 
pharmacological potential; leaf and stem extracts of the species have 
anti-inflammatory and antioxidant action.[23] The extract and leaf 
partitions directed to B. laevifolia flavonoids, another species of the 
genus, demonstrated a relevant effect of free radical scavenging and 
possible antitumor action.[26]

In view of the queries made in the literature regarding the species, it is 
possible to notice that there are no studies related to D. pubipetala with 
regard to the biological activities of the stem and leaves. Therefore, the 
objective of this work was to study the antitumor potential in melanoma 
cell lines.

MATERIALS AND METHODS
Collection of plant material
Leaves and stems of young and healthy plants of D. pubipetala were 
collected, near the district of Nova Esperança in Montes Claros - Minas 
Gerais. The identification was carried out by specialists based on the 
manufacture of exsiccatae deposited at the Herbário Montes Claros 
Minas Gerais (MCMG), of the State University of Montes Claros 
(UNIMONTES), under voucher 4033.

Preparation of Plant Material
The collected material was washed in running water and dried in an 
oven (Nova Ética) under heating and air circulation at 38°C (± 2) for 7 
days until it presented constant weight. Then, the botanical material was 
sprayed in a Willey mill, conditioned and kept refrigerated (5°C). All 
stages of collection and preparation of plant material were determined 

based on modifications to the “Manual of practice for collection and 
herbalization of botanical material”.[27]

Liquid-Liquid Partitions for Flavonoids
Ethanol (p.a) was added to the sprayed samples of D. pubipetala stem 
and leaf in the proportion of 10 mL of ethanol for each gram of vegetable 
powder. The mixture was ultrasounded for two hours every day for one 
week and after that time, the mixture was filtered and the residue was 
resuspended again in ethanol in the proportion of 5 mL for each gram 
of residue, the mixture was passed through maceration for two weeks, 
was filtered again and placed in an oven at 38°C (± 2) to dry the solvent.
For the fractionation of the extract directed to flavonoids, the samples 
obtained in the previous procedure were resuspended in a mixture of 
ethanol: water (7: 3), in the proportion of 3 g of extract to 125 mL of 70% 
ethanol. In the first wash of the mixture, 200 mL of hexane p.a was added 
three times in a separatory funnel. In the residue from the first wash, 200 
mL of ethyl acetate were added three times. Both partitions were taken 
to the greenhouse under air circulation at 38°C until the solvents were 
dried,[28] however only the ethyl acetate partition was used for the next 
stages of the study.

Classic Liquid Column (CLC)
The separation of the components of D. pubipetala ethyl acetate partition 
was performed using classical liquid chromatography with an increasing 
polarity gradient. The column used is 2.25 cm in diameter, was filled with 
silica gel 60 for column chromatography in the proportion of 100 mg of 
the extract to 100 g of silica in 400 mL of hexane. The mobile phases used 
were: 100% hexane; hexane: ethyl acetate (8: 2; 7: 3; 1: 1; 3: 7; 2: 8); 100% 
ethyl acetate; and 100% methanol. The fractions were collected in 10 mL 
test tubes with manually controlled flow.

High Performance Liquid Chromatography - DAD
The device is equipped with binary pump 1525, automatic injector 
717, automatic collector of fractions III, diode array detector 2996 
and SoftWare Empower 1. The column used was the C18 250 x 4.6 
mm 5 micron Spherisorb and 5 µm particle. The fractions eluted at a 
flow rate of 0.6 mL/min. The mobile phase used was a solution of  
acetonitrile acidified in a solution of trifluoroacetic acid 0.01% (1:99). 
The run was isocratic, the run time was 60 min and the peak readings 
were taken at a wavelength of 220 nm. The analyzes took place at a 
temperature of 30°C.[29]

B16F10 cell culture
The melanoma tumor cell line (B16F10) used was kindly provided by 
the Federal University of Minas Gerais - UFMG. The cells were cultured 
in RPMI medium (Gibco ™ RPMI Medium 199 Powder, 10x1L), 
supplemented with 10% inactivated fetal bovine serum (Gibco ™ fetal 
bovine serum, certified, heat inactated, US origin) and 1% antibiotic 
(Penicillin/Streptomycin). The cells were kept in culture bottles (75 
cm², filter lid, transparent polystyrene, surface treated with plasma 
for adherent cells), in an incubator (Sterisonic ™ GxP MCO-19AIC 
(UVH) cell incubator CO2 culture. SANYO Eletric Co. Ltd.) at 37°C and 
humidified atmosphere with 5% CO2 and observed daily.

Cell Count
The cells were removed from the flask with trypsin solution (Gibco ™ 
Trypsin - EDTA - 0.05%, Phenol red). After this procedure, the solution 
was inactivated with complete medium, centrifuged at 1000 rpm for 
five minutes, then the supernatant was removed and the cells were 
resuspended in 1 to 2 mL of medium. To define the number of cells in 
culture, an aliquot of 10 µL was removed from the mixture, added to 80 
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µL of trypan blue dye (Lac Biotecnologia, Trypan Blue 0.4 solution in 
PBS 1X - 100 mL), the number of cells/mL was measured in a Neubauer 
chamber (Marienfeld - Depth profundeur 0.100 mm - 0.0025 mm²) 
using the formula:
          (n° total cells)
  × dilution factor × 104

  n° counted quadrants

Partition preparation and D. pubipetala fractions and 
Treatment
The diluents of the partition and fractions were chosen from a previous 
dilution test. Fractions F1, F12, F13 and F14 were excluded from the 
antitumor activity tests because they had a yield lower than 2 mg/
column, the F7 fraction was also excluded from the tests for not having 
solubility for the preparation of stock solution a 500 µg/mL.
To carry out the tests for the anti-tumor activity of D. pubipetala, a 
stock solution of 1000 µg/mL of the ethyl acetate partition diluted in 
incomplete RPMI was prepared. The stock solution of the fractions was 
initially prepared at 500 µg/mL in a solution of RPMI:acetone (99:1). 
After dilution and homogenization of the stock solutions, the mixtures 
were filtered with a syringe and a 0.22 µm Millipore filter. The cells 
were subjected to treatments made from the serial dilution of the stock 
solutions.

Determination of Cell Viability (MTT method)
The cell viability test was used to measure cell proliferation and 
cytotoxicity and is determined by the reduction of MTT (3- (4,5 
dimethylthiazol-2-yl) -2,5-diphenyltetrazolium bromide), with 
modifications in the methodology described by Mosmann.[30] 3x103 
B16F10 cells/well were plated in supplemented RPMI medium. Each 
well was treated with 200 µL of sample. From the stock solution of the 
ethyl acetate partition, treatments of seven different concentrations were 
made (1000; 500; 250; 125; 62.5; 31.25; 15.625 µg/mL). For all fractions, 
treatments were performed at concentrations of 250 and 125 µg/mL, but 
for fractions that demonstrated in the initial test a cell viability greater 
than 78% at a concentration of 125 µg mL, in the 24 hr treatment, the 
concentration of 500 µg/mL was also tested.
After removing the medium with the treatment in 96-well plates, 150 µL 
of complete RPMI medium containing 10% MTT at 5 mg/mL diluted 
in 1x phosphate buffer in 1x concentration (PBS 1x = 137 mMNaCl, 10 
mM phosphate, 2.7 mMKCl with pH 7.4). The mixture was incubated 
in an oven at 37°C with 5% CO2 for 2 hr. The MTT medium was then 
removed and the formed precipitate dissolved in 200 µL of dimethyl 
sulfoxide (DMSO). The reading was performed at 24 and 48 hr, in an 
ELISA reader, at 540 nm.
The absorbance values were converted to the percentage of viable cells 
present in each well using the formula:
 sample absorbance-Blank absorbance
    x 100
 Control absorbance-Blank absorbance
The cell viability assessment was performed in quadruplicate, in three 
different experiments.

Cell Migration Assay
In a 12-well plate, 1.8 x 105 B16F10 cells/well were seeded in supplemented 
RPMI medium. After acquiring 80% confluence, the cells were 
subjected to a scratch made with a sterile pipette tip and subsequently 
treated with the ethyl acetate partition and the D. pubipetala fractions 
at a concentration of 125 µg/mL diluted in incomplete medium. For 
fractions that were tested at a concentration of 500 µg/mL in the cell 
viability test (MTT), migration and cell death tests were also performed 
at a concentration of 250 µg/mL. The wells were photographed at the 

beginning of the experiment, after 24 and 48 hr of treatment. The images 
of the experiment were made using the SC30 camera (Olympus, Center 
Valley, Pennsylvania USA), in an inverted IX81 microscope (Olympus). 
The measurement of the cleft area and analysis of the cleft occupation by 
the cells were performed using the ImageJ program. The percentage of 
migration was calculated using the formula:
             final area
 100 t  x 100
            initial area
The experiment was carried out in triplicate and in three different 
analyzes.

Cell Death Detection
For the cell death test, a 12-well plate was used and 1.8 x 105 B16F10 
cells/well were seeded in supplemented RPMI medium, after a period 
of approximately 20 hr, the cells were treated with the partition and 
fractions in the concentration of 125 and 250 µg/mL (according to the 
cell viability test). The medium containing dead cells was stored and the 
cells still adhered to the bottom of the plate after 48 hr were removed 
by trypsin solution. By centrifugation at 1000 rpm for five minutes, 
the supernatant was discarded and the cells were resuspended in 25 
µL of a mixture of 2% Acridine Orange and Ethidium Bromide (AO/
EB) diluted in 1X PBS. 10 µL of the mixture was transferred to a slide 
protected from light and immediately, pictures of three different fields 
were captured using fluorescence microscopy. Acridine orange (AO) is 
absorbed by viable and non-viable cells and emits green fluorescence. 
Ethidium bromide (EB) is absorbed only by non-viable cells and emits 
red fluorescence. The cell death test performed in this study (AO/EB) is 
double stained and distinguishes four different cell types: (1) viable cells 
with bright green nuclei and an organized structure; (2) Early apoptotic 
cells that have already begun to undergo ADN cleavage; (3) red and 
orange late apoptotic cells with disorganized structure; and (4) red and 
orange necrotic cells with uniformly organized structure.[31]

The red and orange cells were considered dead and the green colored 
cells were considered alive. The number of cells was measured manually 
using the cell count of the ImageJ ® software. And the percentage of cell 
death was calculated using the following formula:
 n°dead cells
  x 100
 n°total cells
In all tests, a control was performed containing only complete RPMI 
medium (CT1) for the ethyl acetate partition and a control with RPMI: 
1% acetone (CT2) solution for the fractions.

Statistical analysis
Data were evaluated using one-way ANOVA analysis of variance, 
followed by the Tuckey post-test, using the GraphPadPrisma® software 
version 5.00 and statistical significance was accepted with a p-value less 
than 0.05.

RESULTS AND DISCUSSION
Determination of Cell Viability (MTT method)
All concentrations of the ethyl acetate partition, albeit to a lesser extent, 
have an effect on the cell viability of melanoma cells 24 hr: 16.625 µg/
mL (95.25%); 31.26 µg/mL (70.84%); 62,5 µg/mL (58.6%); 125 µg/mL 
(46.11%); 250 µg/mL (17.12%). 48 hr: 16.625 µg/mL (83.60%); 31.26 
µg/mL (68.49%); 62.5 µg/mL (54.20%); 125 µg/mL (40.99%); 250 µg/
mL (15.23%). The percentage of cell viability decreased by more than 
10% from one concentration to the other, with the exception of the 
concentrations of 500 (8.5 and 4.4% in 24 and 48 hr) and 1000 µg/mL (3.1 
and 1.2% in 24 and 48 hr). This demonstrates that the partition causes a 
dose-dependent effect on the cells, that is, the more the concentration of 
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the ethyl acetate partition increases, the lower the cell viability of B16F10 
(Figure 1).
The effect of the F2 fraction stands out in 24 hr at a concentration of 125 
µg/mL (73.25%), the F3 fraction has little difference in cell viability in the 
same situation (75.81%). At the time of 48 hr, still at the concentration of 
the 125 µg/mL, F6 was the fraction that most decreased the cell viability 
value (51.82%). At the concentration of the 250 µg/mL, the F3 fraction 
was the fraction that most decreased the cell viability value of B16F10 
(32.41% in 24 hrand 17.90% in 48 hr) (Figure 2).
Fractions F9, F10, F11 and F15 were not able to decrease by at least 20% 
of cell viability in the first 24 hr at any of the two concentrations of 125 
and 250 µg/mL tested initially. No dose-dependent and time-dependent 
effect was observed in treatments with the F9 fraction at concentrations 
of 125 and 250 µg/mL. Fractions F3, F5 and F6 have both a dose-
dependent effect at both concentrations and a time-dependent effect at 
both times. Among them, the fraction with the greatest dose-dependent 
effect is F3 and the fraction with the greatest time-dependent effect is F6.
Fractions F8 and F11 do not have a dose-dependent effect, but they do 
have a time-dependent effect, however the F11 fraction. The F4 fraction 

has a dose-dependent effect at 24 and 48 hr and has a time-dependent 
effect only at the concentration of the 125 µg/mL. The F10 fraction, on 
the other hand, has the greatest dose-dependent effect observed in 48 hr, 
but it has a time-dependent effect only at the concentration of the 250 
µg/mL.
The F2 fraction has the greatest time-dependent effect observed in the 
tests, however, the fraction has a difference in cell viability greater than 
10% only in the concentration of 250 µg/mL and in the time of 48 hr. 
The F15 fraction has no dose-dependent effect, but it does have a time-
dependent effect at a concentration of the 250 µg/mL.
Fractions F4, F8, F9, F10, F11 and F15, with cell viability greater than 
78% at a concentration of 125 µg/mL in 24 hr, were also tested at a 
concentration of 500 µg/mL (Figure 3). The fractions with prominence 
in the decrease in the cell viability value within 24 hr were F4 (13.35%), 
F9 (13.46%) and F11 (14.56%). Within 48 hr, F11 (1.722%), F9 (4.328%) 
and F4 (6.834%) also stood out.
The polarity of ethyl acetate influences the extraction of phenolic 
compounds, among them, mainly flavonoids.[32] Taking into account the 
polarity of the mobile phase and the peaks in the chromatographic profile 
in the first 10 min of elution, it is possible to infer that the substances 
extracted from the fractions in the CLC have, for the most part, medium 
polarity.[33]

To consider the time/dose-dependent effect of a plant extract, it is 
necessary to observe the difference in its effect on cell viability with 
increasing dose.[34] In this study, to define the positive dose/time 
dependent effect of the ethyl acetate partition and the D. pubipetala 
fractions, cell viability values were considered with a difference greater 
than 10% from one concentration to the other and from one time to the 
next other.
The ethyl acetate partition of Mormodica charantia leaves, already 
described in the literature as a species with anticancer activity,[35] 
reduces 50% of the cell viability of colorectal adenocarcinoma cells 
at a concentration of 350 µg/mL,[36] while the partition D. pubipetala 
ethyl acetate reduces over 50% of the cell viability of B16F10 at a 
concentration of 125 µg/mL. The Scutellaria barbata and Catharanthus 
rouseus partitions, species with flavonoids and alkaloids widely used 
as chemotherapeutic agents were also unable to reduce 50% of the cell 
viability of different cancer strains with doses lower than the 125 µg/
mL.[37]

 It is possible to notice that there is a difference in cell viability greater 
than 10% only in the concentration of 16.6 µg/mL (95.25% in 24 hr and 
83.6% in 48 hr) when comparing the same concentrations in the times 
of 24 and 48 hr. B16F10 cells are extremely aggressive and invasive,[38] 

Figure 1: Cell viability of 24 hr (A) and 48 hr (B) of the ethyl acetate partition.

Figure 2: Cell viability of 24 hr (A) and 48 hr (B) of fractions F2, F3, F4, F5, F6, 
F8, F9, F10, F11 and F15 at concentrations of 125 and 250 µg/mL.

Figure 3: Cell viability of fractions F4, F8, F9, F10 and F15, in 24 hr (A) and 48 
hr (B).
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and even though the difference in the effect of each concentration from 
24 to 48 hr is less than 5%, the effects it causes when comparing the 
concentration values are still very interesting.
The ability to decrease cell viability is the first indication of the 
antineoplastic potential of a chemotherapeutic agent.[39] The cytotoxic 
action of the D. pubipetala partition and fractions may be associated 
with phenolic compounds, mainly flavonoids, which represent a group 
of natural compounds with promising anticancer potential,[40] and are 
the main substances extracted in ethyl acetate partitions.[41]

In extractions made under the same conditions as this study, in B. 
argyrophylla of the same genus as B. pubipetala (D. pubipetala), the 
presence of catechins and five chemical variations of quercertin with 
cytotoxic characteristics were evidenced.[42] In B. laevifolia, the following 
compounds were identified: procyanidin B1; 4, epicatechin; 5, catechin; 
6, 3-O-2-D-apiofuranosyl- (1 → 2) -galactopyranosylquercetin; 7, 
procyanidin B2; 8, quercetin-3-O-glucuronide and 9, rutin, which have 
great antioxidant potential.[26]

These compounds have received special attention due to their ability 
to inhibit oxidative stress, proliferation and cell cycle, they also induce 
detoxification, apoptosis and a better functioning of the immune  
system.[43] These characteristics facilitate the progress of new strategies 
and approaches for the treatment of cancer.[44]

Cell migration test
The ethyl acetate partition (-4.1% in 24 hr and - 59.94% in 48 hr) and 
the F2 fractions (-26.4% in 24 hr and -29.5% in 48 hr) F3 (-30.20% in 
24 hr and - 107.0% in 48 hr) and F6 (-12.85% in 24 hr and -60.8% in 48 
hr), significantly suppressed the migratory activity of the cells studied 
in the concentration 125 µg/mL (Figures 4). The samples were able to 
completely suppress the migration of B16F10 and also to increase the 
crack area, F3 was the fraction with the greatest effect on migratory 
activity (Figures 5).
The migration test was performed again for fractions F4, F8, F9, F10 
and F15 at a concentration of 250 µg/mL. The F15 fraction (49.03% in 
24 hr and 87.30% in 48 hr), again showed results similar to the control 
(50.40% in 24 hr and 99.84% in 48 hr), showing that there influences the 

migratory activity of B16F10 (Figures 6 and 7). For the other fractions, 
the increase in dose resulted in the suppression of the migratory activity 
of the cells and also in the increase of the crack area both within 24 hr 
(F4: - 6.090%; F8: - 15.93%; F9: - 25.90%; F10: - 22.9%) and within 48 
hr (F4: - 19.02%; F8: - 42.09%; F9: - 42.50%; F10: - 36.70 %). In this 
situation, the fraction F9 stood out in 24 hr and F8 and F9 in 48 hr with 
the greatest effect on migratory activity.
The migration capacity of cancer cells is one of the events that cause 
the disease to evolve.[45,46] The potentially metastatic characteristic of 
cutaneous melanoma, even in its early stages, is mainly due to the innate 
ability to invade and spread to other tissues,[47] and this factor reduces 
the effectiveness of traditional therapies.[48] For a better understanding 
of the disease, it is of great importance that the mechanisms of invasion 
and migration of cancer cells are studied, for the development of new 
antitumor drugs.[45]

Figure 4: Migration assay of CT1 (control with complete medium), CT2 
(control with medium + 1% acetone), Ethyl acetate (P) partition and fractions 
F2, F3, F4, F5, F6, F8, F9, F10 and F15 at a concentration of 125 µg/mL.

Figure 5: Migration test of the ethyl acetate partition and fractions F2, F3, F4, 
F5, F6, F8, F9, F10 and F15 at a concentration of 125 ug/mL, 24 hr (A) and 48 
hr (B).

Figure 6: Migration test of fractions F4, F8, F9, F10 and F15 at a 
concentration of the 250 ug/mL, 24 hr (A) and 48 hr (B).
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the ability to inhibit the migration, invasion and cell adhesion of B16F10 
and also other cell lines.[56,57,50]

Cell Death Test
In the treatments done with the concentration of the 125 µg/mL, the 
ethyl acetate partition (95.93%) and the F10 fraction (72.88%) were 
the samples that most influenced the cell death of melanoma cells. The 
fractions F2 (42.49%), F3 (39.48%) and F6 (40.28%) caused statistically 
similar effects in the cell death of B16F10. The fractions F4 (22.54%), 
F5 (31.41%), F8 (35.07%) and F9 (16.34%) also caused cell death, even 
though the effect was less compared to the other samples (Figures 8). 
The percentage values of cell death of the F15 fraction (9.932%) were 
not significantly different from the control values (6.58%) and thus, it is 
possible to state that the F15 fraction is also not capable of causing cell 
death in the studied cells.
The cell death assay was performed at a concentration of 250 µg/mL for 
fractions F4, F8, F9, F10 and F15 (Figure 9) and again the effect of the 
F10 fraction (91.06%) stood out among the other fractions in cell death 
of cutaneous melanoma cells. The F4 fraction (55.86%) had its effect 

In this study, the influence on the migration and healing of D. pubipetala 
in B16F10 cells was evaluated from a crack in a confluent layer of cells 
made with a sterile pipette tip. With the exception of the F15 fraction, 
both the partition and the fractions of B. pubipetala significantly 
inhibited the migration capacity of B16F10 at concentrations of 125 and 
250 µg/mL and this effect may be related to the presence of flavonoids 
characteristic of the species family. 
Flavonols and flavones are subclasses of flavonoids with very similar 
chemical structures and their occurrence is extremely common in 
species of the Malpighiaceae family.[49] These substances are capable 
of interfering in the G0/G1 and S phases of the cell cycle, can cause 
a strong inhibition of lipid peroxidation,[50] and can also provide a 
negative regulation of metalloproteinase enzymes, involved in every 
stage of cell healing.[51] These characteristics make these substances 
have antiangiogenic, antimetastatic effects and are able to suppress the 
proliferation and invasion of cancer cells.[50]

Other studies have also shown the presence of flavonols and flavones 
in species of the Malpighiaceae family: in the genus Stigmaphyllon: S. 
auriculatum, S. ciliatum and S. paralia;[50] Heteropteristo mentosa,[52] 

Byrsonima cinera,[53] and also in the genus Banisteriopsis, in the species 
B. variabilis, B. caapi,[54] B. laevifolia[26] and B. anisandra.[55] Not all of the 
mentioned species have been tested in cutaneous melanoma cell lines, 
but even so, some compounds have been reported in the literature with 

Figure 7: Migration test of fractions F4, F8, F9, F10 and F15 at a 
concentration of the 250 ug/mL, 24 and 48 hr.

Figure 8: (A) Cell death assay performed at a concentration of the 125 µg/mL 
within 48 hr; (B) Plank of cell death at a concentration of the 125 µg/mL, within 
48 hr. A: Control 1; B: Control 2; C: Ethyl acetate partition; D: F2; E: F3; F: F4; G: 
F5; H: F6; I: F8; J: F9; K: F10 and L: F15.
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cause the death of B16F10 tumor cells. The species may be a promising 
therapeutic possibility for the development of new strategies for the 
treatment and prevention of melanoma, for this, studies are needed to 
elucidate the molecular mechanisms involved in the species’ antitumor 
action and also the identification of the substances responsible for this 
action.

ACKNOWLEDGEMENT
To the Foundation for the Support of Research in the State of Minas  
Gerais (FAPEMIG), to the National Council for Scientific and 
Technological Development (CNPq), to the Coordination for the 
Improvement of Higher Education Personnel (CAPES).

CONFLICT OF INTEREST
The authors declare no conflict of interests.

ABBREVIATIONS
AO: Acridine orange; B16F10: Murine melanoma cell line; CLC: 
Classic Liquid Chromatography; CT (1,2): Control; DMSO: dimethyl 
sulfoxide; EB: Ethidium bromide; EDTA: Ethylenediaminetetraacetic 
acid; ELISA: Enzyme linked immunosorbent assay; F: (1,2,3...) Fraction; 
MTT: 3- (4,5 dimethylthiazol-2-yl) -2,5-diphenyltetrazolium bromide; 
PBS: phosphate-buffered saline; RPMI: Roswell Park Memorial Institute 
medium.

REFERENCES
1. Heinrich M, Barnes J, Prieto-Garcia J, Gibbons S, Williamson EM. Fundamentals 

of pharmacognosy and phytotherapy e-book. Elsevier Health Sciences. 2017;2:4-
13. (https://www.elsevier.com/books/fundamentals-of-pharmacognosy-and-
phytotherapy/heinrich/978-0-7020-3388-9)

2. Costa PRR. Produtos naturais como ponto de partida para a descoberta de 
novas substâncias bioativas: Candidatos a fármacos com ação antiofídica, 
anticâncer e antiparasitária. Rev Virt Quím. 2009;1(1):58-66. (http://rvq.sbq.org.
br/detalhe_artigo.asp?id=625)

3. Ren H, Wang B, Zhao H. Breaking the silence: New strategies for discovering novel 
natural products. Current opinion in biotechnology. 2017;48:21-7. (https://www.
sciencedirect.com/science/article/abs/pii/S0958166916302853?via%3Dihub)

4. Teixeira LA. O controle do câncer no brasil na primeira metade do século 
XX.  Hist Ciênc Saúde-Manguinhos.  2010;17(1):13-31. (https://www.scielo.br/
pdf/hcsm/v17s1/02.pdf)

5. Ali SM, Ourth A, Che CT, Wang MY, Munirathinam G. Anti-cancer evaluation of 
various solvent extracts of blue honeysuckle berry (Lonicera caerulea L.) against 
prostate cancer cells. Cancer Research. 2017;77(13):1592.

6. Instituto Nacional De Câncer (INCA). Ministério Da Saúde. (2011). Abc Do 
Câncer No Brasil. Abordagens básicas para o controle do câncer. Rio de 
Janeiro. Estimativa. 2014. (https://www.inca.gov.br/sites/ufu.sti.inca.local/files//
media/document/livro-abc-5-edicao_1.pdf)

7. Prado BBFD. Influência dos hábitos de vida no desenvolvimento do 
câncer.  Ciência E Cultura. 2014;66(1):21-(http://cienciaecultura.bvs.br/scielo.
php?script=sci_arttext&pid=S0009-67252014000100011)

8. Hübner J, Waldmann A, Geller AC, Weinstock MA, Eisemann N, Noftz M, et al. 
Interval cancers after skin cancer screening: Incidence, tumour characteristics 
and risk factors for cutaneous melanoma. Br J Cancer. 2017;116(2):253. (https://
www.nature.com/articles/bjc2016390)

9. Instituto Nacional De Câncer (INCA). Ministério Da Saúde. Incidência De 
Câncer No Brasil. 2014. (https://www.inca.gov.br/sites/ufu.sti.inca.local/files/
media/document/estimativa-2020-incidencia-de-cancer-no-brasil.pdf)

10. Chin L. The genetics of malignant melanoma: Lessons from mouse and man. 
Nat Rev Cancer. 2003;3(8):559-70. (https://www.nature.com/articles/nrc1145)

11. Swaika A, Hammond WA, Joseph RW. Current state of anti-PD-L1 and anti-
PD-1 agents in cancer therapy. Mol Immunol. 2015;67(2):4-17. (https://www.
sciencedirect.com/science/article/abs/pii/S0161589015000498?via%3Dihub)

12. Kakavand H, Wilmott JS, Long GV, Scolyer RA. Targeted therapies and immune 
checkpoint inhibitors in the treatment of metastatic melanoma patients: A 
guide and update for pathologists. Pathology. 2016;48(2):94-202. (https://www.
pathologyjournal.rcpa.edu.au/article/S0031-3025(15)00037-9/fulltext)

13. Cragg GM, Newman DJ. Plant as source of anticancer agents. J Ethnopharmacol. 
2005;100(1-2):72-9. (https://www.sciencedirect.com/science/article/abs/pii/
S0378874105003259?via%3Dihub)

enhanced in more than 30% of cell death with the dose increase from 125 
to 250 µg/mL, the F10 fraction (39.64%) increased slightly more than 4% 
in its effect on cell death with increasing dose, the F9 fraction (21.84%) 
increased by just over 5% and the F15 fraction (8.93%) once again did 
not influence cell death, with values statistically similar to those control 
values (7.35%).
The cell is considered dead when the plasma membrane loses integrity, 
when it fragments into apoptotic bodies, or when its fragments are 
taken up by other cells.[58] Death characteristics due to apoptosis, such as 
detachment, rounding, shrinkage and apoptotic bodies, were observed 
in B16F10 cells treated with the partition and fractions of D. pubipetala 
at concentrations of 125 and 250 µg/mL.
Apoptosis is a strictly organized process of programmed cell death, 
essential for the maintenance of the organism.[59,60] Through mechanisms 
still little known and studied, cancer cells are able to produce enzymes 
that inhibit apoptosis and as a consequence, this event causes the disease 
to evolve.[58] The induction of cell death and the dose-dependent effect 
may be the key to demonstrate the potential of D. pubipetala as an 
anticancer agent.

CONCLUSION
Through the results obtained in this study, it was possible to conclude 
that the samples of D. pubipetala extracts are promising in relation to the 
results of antitumor activity, as they were able to inhibit the metastatic 
action of melanoma cells, decrease the viability, the ability to migrate and 

Figure 9: (A) Cell death assay performed at a concentration of the 250 µg/mL 
in 48 hr; (B) Cell death test board made at a concentration of the 250 ug/mL, 
within 48 hr. A: control 2; B: F4; C: F8; D: F9; E: F10; F: F15.



Santos, et al.: In vitro Antitumor of Diplopterys pubipetala

Pharmacognosy Reviews, Vol 14, Issue 28, Jul-Dec, 2020 153

14. Shoeb M. Anticancer agents from medicinal plants. Bang J Pharmacol. 
2006;1(2):35-41. (https://www.banglajol.info/index.php/BJP/article/view/486)

15. Sultana S, Asif HM, Nazar HM, Akhtar N, Rehman JU, Rehman RU. Medicinal 
plants combating against cancer-a green anticancer approach.  Asian Pac 
J Cancer Prev. 2014;15(11):4385-94. (http://koreascience.or.kr/article/
JAKO201426636276011.page)

16. Cai Y, Luo Q, Sun M, Corke H. Antioxidant activity and phenolic compounds 
of 112 traditional Chinese medicinal plants associated with anticancer. Life 
Sci. 2004;74(17):2157-84. (https://www.sciencedirect.com/science/article/pii/
S0024320503011457)

17. Heim KE, Tagliaferro AR, Bobilya DJ. Flavonoid antioxidants: Chemistry, 
metabolism and structure-activity relationships. J Nutr  Biochem. 
2002;13(10):572-84. (https://www.scielo.br/scielo.php?script=sci_arttext&pid
=S0001-37652012000300004) 

18. Hoensch HP, Oertel R. The value of flavonoids for the human nutrition: Short 
review and perspectives.  Clin Nutr Exp. 2015;3:8-14. (https://cnp.org.pe/wp-
content/uploads/2017/02/THE-VALUE-OF-FLAVONOIDS-FOR-THE-HUMAN-
NUTRITION-SHORT-REVIEW-AND-PERPECTIVES.pdf)

19. DeOliveira JRG, Ferraz CAA, ESilva MG, DeLavor ÉM, Rolim LA, DeLima JT, 
et al. Flavonoids: Promising natural products for treatment of skin cancer 
(Melanoma). Natural products and cancer drug discovery. Intech. 2017;1:161. 
(https://www.intechopen.com/books/natural-products-and-cancer-drug-
discovery/flavonoids-promising-natural-products-for-treatment-of-skin-cancer-
melanoma-)

20. Venturelli S, Burkard M, Biendl M, Lauer UM, Frank J, Busch C. 
Prenylatedchalcones and flavonoids for the prevention and treatment of 
cancer. Original Research Article Nutrition. 2016;32(11-12):1171-8. (https://www.
sciencedirect.com/science/article/abs/pii/S0899900716300351?via%3Dihub)

21. Michelin DC, Sannomiya M, Figueiredo ME, Rinaldo D, Santos LCD, Souza-Brito 
ARM, et al. Antimicrobial activity of Byrsonima species (Malpighiaceae). Braz J 
of Pharmacog. 2008;18:690-5.

22. Mendonça RC, Felfili JM, Walter BMT, Júnior MCS, Rezende AV, Filgueiras 
TS, et al. A flora vascular do Cerrado. In: (ed.). Cerrado – ambiente e flora. 
EMBRAPA, Planaltina. 1998;279-556.

23. Rodrigues VEG, Carvalho DA. Etnobotanical survey of medicinal plants inthe 
dominion of meadows in the region of the alto Rio Grande-Minas Gerais. 
Ciência e Agrotecnologia. 2001;25:102-23. (https://www.scielo.br/scielo.
php?script=sci_arttext&pid=S1516-05722012000200010)

24. Prazeres RM, Melo JAF, Fonseca FSA, Royo VA, Oliveira DA, Menezes EV, et 
al. Perfil de ácidos graxos e propriedades físico químicas do óleo extraído das 
sementes de Banisteriopsis pubipetala (A. Juss.) Cuatrec. (Malpighiaceae). 
Periódico Tchê Química (Impresso). 2017;14(27):105-11. (http://eprints.iliauni.
edu.ge/5010/1/Periodico26.pdf)

25. Morales-García JA, DeLa FRM, Alonso-Gil S, Rodríguez-Franco MI, Feilding A, 
Perez-Castillo A, et al. The alkaloids of Banisteriopsis caapi, the plant source of 
the amazonian hallucinogen ayahuasca, stimulate adult neurogenesis in vitro. 
Scientific Reports. 2017;7(1):5309. (https://www.nature.com/articles/s41598-
017-05407-9)

26. Nunes BC, Martins MM, Chang R, Morais SA, Nascimento EA, DeOliveira A, 
et al. Antimicrobial activity, cytotoxicity and selectivity index of Banisteriopsis 
laevifolia (A. Juss.) B. Gates Leaves. Ind Crops Prod. 2016;92:277-89. (https://
www.ncbi.nlm.nih.gov/pmc/articles/PMC6377950/)

27. Rotta E, Beltrami LDC, Zonta M. Manual de prática de coleta e herborização 
de material botânico. Embrapa Florestas: Colombo, Brasil. 2008. (https://www.
infoteca.cnptia.embrapa.br/infoteca/handle/doc/315636)

28. Andreo D, Jorge N. Antioxidantes naturais: Técnicas de extração.  B. do 
CEPPA. Curitiba. 2006;24(2):319-36. (https://revistas.ufpr.br/alimentos/article/
view/7489)

29. Royo VA, Rocha JA, Santos KT, Freitas JFL, Almeida CA, Ribeiro B, et al. 
Comparative studies between Mauritia flexuosa and Mauritiella armata. 
Pharmacognosy Journal. 2019;11(1):32-6. (https://www.phcogj.com/article/793)

30. Mosmann T. Rapid colorimetric assay for cellular growth and survival: Application 
to proliferation and cytotoxicity assays. J Immunol Methods. 1983;65(1-2):55-
63. (https://www.sciencedirect.com/science/article/abs/pii/0022175983903034
?via%3Dihub)

31. Baskić D, Popović S, Ristić P, Arsenijević NM. Analysis of cycloheximide‐
induced apoptosis in human leukocytes: Fluorescence microscopy using 
annexin V/propidium iodide versus acridin orange/ethidium bromide. Cell Biol 
Int. 2006;30(11):924-32. (https://onlinelibrary.wiley.com/doi/abs/10.1016/j.
cellbi.2006.06.016)

32. Ouyang W, Zhu XA, He CX, Chen XX, Ye SM, Peng S, et al. Chemical constituents 
from ethyl acetate extract of Psidium guajava leaves (II). Zhongyaocai= 
Zhongyaocai= Journal of Chinese Medicinal Materials. 2018;38(8):1649-52.

33. DaSilva CGA, Bottoli CBG, Collins CH. Cromatografia por interações hidrofilicas 
(HILIC): Estado da arte e aplicações. Quim Nova. 2016;39(2):210-20. (https://
www.scielo.br/pdf/qn/v39n2/0100-4042-qn-39-02-0210.pdf)

34. Al-Snafi AE. Clinically tested medicinal plant: A review (Part 1). SMU Medical 
Journal. 2016;3(1):99-128. (https://pdfs.semanticscholar.org/3eb5/4bf3d376187

45cc84bb4208eb373a73399df.pdf)
35. Nagasawa H, Watanabe K, Inatomi H. Effects of bitter melon (Momordica 

charantia) or ginger rhizome (Zingiber offifinale Rosc.) on spontaneous 
mammary tumorigenesis in SHN mice. Am J Clin Med. 2002;30(2-3):195-205. 
(https://www.worldscientific.com/doi/abs/10.1142/S0192415X02000302)

36. Li CJ, Tsang SF, Tsai CH, Tsai HY, Chyuan JH, Hsu HY. Momordica charantia 
extract induces apoptosis in human cancer cells through caspase - and 
mitochondria-dependent pathways. Evid Based Comp Alt Med. 2012;12:261-27. 
(https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3471438/)

37. Shukla S, Mehta A. Anticancer potential of medicinal plants and their 
phytochemicals: A review. Braz J Bot. 2015;38(2):199-210.

38. DaSilva CFN, Melo GP, Bernardes SS, Cecchini AA. Modelos experimentais 
de melanoma murino in vivo. Biosaúde. 2013;15(2):73-80. (http://www.uel.br/
revistas/uel/index.php/biosaude/article/view/24345/17928)

39. Ajith TA, Janardhanan KK. Cytotoxic and antitumor activities of a 
polypore macrofungus, Phellinusrimosus (Berk) Pilat. J Ethnopharmacol. 
2003;84(2):157-62. (https://www.sciencedirect.com/science/article/abs/pii/
S0378874102002921?via%3Dihub)

40. Sandhar HK, Kumar B, Prasher S, Tiwari P, Salhan M, Sharma P. A review of 
phytochemistry and pharmacology of flavonoids. Internationale Pharmaceutica 
Sciencia. 2011;1(1):25-41.

41. Harborne JB, Williams CA. Advances in Flavonoid research since 1992. 
Phytochemistry. 2000;52(6):481-504. (https://www.sciencedirect.com/science/
article/abs/pii/S0031942200002351?via%3Dihub)

42. Oliveira DM, Silva TF, Martins MM, DeMorais SA, Chang R, DeAquino FJ, et 
al. Antifungal and cytotoxicity activities of Banisteriopsis argyrophylla leaves. J. 
Pharm. Pharmacol. 2018;70(11):1541-1552. (https://onlinelibrary.wiley.com/doi/
abs/10.1111/jphp.12996)

43. Ghasemi S, Lorigooini Z. A review of significant molecular mechanisms of 
flavonoids in prevention of prostate cancer. J Chem Pharm Sci. 2016;9(4):3388-
94.

44. Gholamian-Dehkordi N, Luther T, Asadi-Samani M, Mahmoudian-Sani MR. An 
overview on natural antioxidants for oxidative stress reduction in cancers; 
A systematic review. Immunopathologia Persa. 2017;3(2):e12.( http://
immunopathol.com/Article/ipp-43)

45. Ridley AJ, Schwartz MA, Burridge K, Firtel RA, Ginsberg MH, Borisy G, et al. Cell 
migration: Integrating signals from front to back. Science. 2004;302(5651):1704-
9. (https://science.sciencemag.org/content/302/5651/1704)

46. Song CK, Lee JH, Jahn A, Choi MJ, Namgoong SK, Hong SS, et al. In vitro 
and in vivo evaluation of N, N, N-trimethylphytosphingosine-iodide (TMP) in 
liposomes for the treatment of angiogenesis and metastasis. Int J Pharm. 
2012;434(1):191-8.

47. Machado ADT, Oliveira BRRD, André C, Pádua JD, Wainstein AJA. Conduta para 
o melanoma cutâneo maligno. Rev Méd Minas Gerais. 2004;14(3):173-9.

48. Wozniak MA, Kwong L, Chodniewicz D, Klemke RL, Keely PJ. R-Ras controls 
membrane protrusion and cell migration through the spatial regulation of 
Rac and Rho. Molecular biology of the cell. 2005;16(1):84-96. (https://www.
molbiolcell.org/doi/10.1091/mbc.e04-04-0277)

49. DeAlcantaraGuimarães AL, Costa RPC, Cabral LM, DeMacêdo VAC. 
Comparative anatomy and chemical analysis of the vegetative organs of three 
species of Stigmaphyllon (Malpighiaceae). Flora. 2016;224:30-41. (https://www.
sciencedirect.com/science/article/abs/pii/S0367253016300949?via%3Dihub)

50. BrglezMojzer E, KnezHrnčič M, Škerget M, Knez Ž, Bren U. Polyphenols: 
Extraction methods, antioxidative action, bioavailability and anticarcinogenic 
effects. Molecules. 2016;21(7):901. (https://www.mdpi.com/1420-
3049/21/7/901)

51. DeSouza ARV, Silva FO, Melo-Júnior MR, Porto ALF. Metaloproteinases: 
Aspectos fisiopatológicos sistêmicos e sua importância na cicatrização. Rev 
Ciênc Méd Biol. 2011;10(1):82-8. (https://portalseer.ufba.br/index.php/cmbio/
article/view/5470)

52. Paula-Freire LIG, Mendes FR, Molska GR, Duarte-Almeida JM, Carlini EA. 
Comparison of the chemical composition and biological effects of the roots, 
branches and leaves of Heteropterys tomentosa  A. Juss J Ethnopharmacol. 
2013;145(2):647-52. (https://www.sciencedirect.com/science/article/pii/
S0378874112008264?via%3Dihub)

53. Figueiredo ME, Michelin DC, Sannomiya M, Silva MA, Santos LCD, Almeida 
LFRD, et al. Avaliação química e da atividade antidiarréica das folhas de 
Byrsonima cinera DC. (Malpighiaceae). Rev Bras Cienc Farm. 2005;41(1):79-83. 
(https://www.scielo.br/pdf/rbcf/v41n1/v41n1a08.pdf)

54. Frias UA, Costa MCM, Takahashi JA, Oki Y. Banisteriopsis species as a resource 
to new drugs research. Int J Biotechnol Wellness Ind. 2012;1(3):163-71. (https://
pdfs.semanticscholar.org/6eb8/9657f7b5db5fb5afbb2d4dd1d610cb513b7d.
pdf)

55. Freitas LB, Boaventura MAD, Santos WL, Stehmann JR, Junior DD, Lopes MT, et 
al. Allelopathic, cytotoxic and antifungic activities of new dihydrophenanthrenes 
and other constituents of leaves and roots extracts of Banisteriopsis anisandra 
(Malpighiaceae). Phytochemistry Letters. 2015;12:9-16.



Santos, et al.: In vitro Antitumor of Diplopterys pubipetala

154 Pharmacognosy Reviews, Vol 14, Issue 28, Jul-Dec, 2020

56. Abotaleb M, Samuel SM, Varghese E, Varghese S, Kubatka P, Liskova A, et 
al. Flavonoids in cancer and apoptosis. Cancers. 2018;11(1):28. (https://www.
mdpi.com/2072-6694/11/1/28)

57. Suárez AI, Chávez K. Appraisal of medicinal plants with anticancer properties in 
south America. In Anticancer plants: Properties and Application. 2018;(1):229-
83. (https://www.springer.com/gp/book/9789811085475)

58. Kepp O, Galluzzi L, Lipinski M, Yuan J, Kroemer G. Cell death assays for drug 

discovery.  Nat  Rev Drug  Discov.  2011;10(3):221. (https://www.nature.com/
articles/nrd3373)

59. Grivicich I, Regner A, Rocha ABD. Morte celular por apoptose.  Rev bras 
cancerol.  2007;53(3):335-43. (https://pesquisa.bvsalud.org/portal/resource/pt/
lil-492536)

60. Netto FACS, Ferraz EM. Apoptose, neutrófilos e o cirurgião.  Rev Col Bras 
Cir. 2018;28(1):56-61. (https://www.scielo.br/pdf/rcbc/v28n1/10.pdf)

Cite this article: Santos KT, Almeida CA, Souza LR, Paula AMB, Oliveira DA, Royo VA. In vitro Antitumor Effect on Melanoma Cell 
Line and Chemical Composition of Diplopterys pubipetala (A. Juss) W.R. Anderson and C. Davis. Pharmacog Rev. 2020;14(28):146-54.


