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ABSTRACT

Background: Aiming the continuity of the studies of Austroplenckia populnea, Brazilian species of the
Celastraceae family, in the present study, it was investigated the effect of crude extracts obtained with ethanal,
ethyl acetate and chloroform and two purified constituents, proanthocyanidin A and 4'-0-methylepigallocatechin,
both isolated from its samaras, on cancer cell proliferation assays. Materials and Methods: The human
cancer cells lines MCF-7 (ductal breast carcinoma), A549 (lung cancer), HS578T (ductal breast carcinoma)
and non-cancer HEK293 (embryonic kidney cells) were treated with different concentrations of extracts and
constituents and the effect was observed through the acid phosphatase method. The chemical structures of
the purified compounds were identified by the respective IR and 'H and "*C nuclear magnetic resonance spectral
data. Results: While crude extracts from samaras of the folk medicine A. populnea can trigger cell proliferative
effects in human cell lines, the purified compounds (proanthocyanidin A and 4’-0-methyl-epigallocatechin)
isolated from the same extracts can have an opposite (anti-proliferative) effect. Conclusion: Based on the
results, it was possible to suggest that extracts from samaras of A. populnea should be further investigated
for possible cancer-promoting activities; and the active extracts can also represent a source of compounds
that have anti-cancer properties.

KEY WORDS: Austroplenckia populnea, cancer cell proliferation, Celastraceae, samaras

Some studies with species of the Celastraceae family show
positive results for the anticancer activity [3,4]. Constituents
isolated from species of the Celastraceae family such as

In general, a plant extract contains low concentrations of active
compounds and a large number of promising but undiscovered
compounds [1]. A widely observed and accepted fact about
the medicinal value of plants is mainly the bioactivity of
the phytocomponents present in it. Although a major effort
towards of the clucidation of bioactive phytochemicals is from
purification of plant materials, very few screening programs
have been initiated in crude plant materials, which could yield
a significant number of active extracts. Also, there is a need for
developing new easy to use sensitive bioassays for screening
these bioactive phytocompounds [2].

6

sesquiterpenes, agarofurans and pentacyclic triterpenes present
proven antitumoral properties [5-7]. Among these triterpenes,
it has been reported that tingenone and pristimerin, frequently
found in different species of the Celastraceae family, present
potential properties against cancer cell lines [3].

Austroplenckia populnea (Reissek) Lundell is a Brazilian
tropical tree that belongs to Celastraceae family. This plant,
popularly known as “Mangabarana,” “Marmelo-do-campo”
or “Mangabeira-brava,” can be found in a big tropical
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ecoregion known as “Cerrado” mainly in the State of Minas
Gerais, Brazil, and has been of great interest to researchers
in function of its chemical constituents, and larvicidal and
molluscicidal properties [8,9]. The decoct from leaves and
roots of A. populnea have been used in traditional medicine
to treat gastrointestinal disorders [10] and rheumatism [11].
During continued phytochemical investigation of extracts
from leaves, stems and roots of A. populnea an extensive
number of constituents have been isolated, finding the main
compounds as different series of pentacyclic triterpenes,
such as friedelanes, agarofurans and others [8,9]. When
subjected to in vitro assays, some constituents of A.
populnea presented properties such as antibacterial [9,12],
antitrypanosomal [13], anti-inflammatory, antinociceptive [14],
antiulcerogenic, analgesic [15] and male contraceptive
effect [16,17]. In accordance to Monache et al. [18],
antitumoral property was also attributed to A. populnea.

Considering that the bioactive property of samaras of A. populnea
was not been reported so far and aiming to contribute to the
knowledge of phytotherapeutic potential of the A. populnea, in
the present study it was investigated the effect of crude extracts
and two purified constituents from samaras on the following
human cancer cell lines: MCF-7 (ductal breast carcinoma),
A549 (lung cancer), HS578T (ductal breast carcinoma) and
a non-cancer HEK293 (embryonic kidney cells) through acid
phosphatase method.

MATERIALS AND METHODS

Plant Material and Extracts Preparation

The mature samaras of A. populnea were collected during
the months of June and July in Nova Lima Region, Minas
Gerais State, Brazil. A sample of the collected material was
compared and identified with a voucher specimen (No. 10473)
deposited at the Herbarium of the Museu de Historia Natural,
Universidade Federal de Minas Gerais, Belo Horizonte, Minas
Geralis, Brazil. The samaras were dried at room temperature
and then fragmented on a knife mill. The powdered
material (286.97 g) was submitted to continuous extraction
process in a Soxhlet apparatus using hexane, chloroform, ethyl
acetate and ethanol as solvent extractors. Afterwards, cach
solvent was recovered in a rotatory evaporator providing the
dry hexane (SAPEH, 45.19 g), chloroform (SAPEC, 4.23 g),
ethyl acetate (SAPEAE 5.83 g), and finally ethanol (SAPEE,
33.60 g) extracts.

Isolation and Structure Identification of
Proanthocyanidin A and 4-O-Methylepigallocatechin

To determine the principal chemical groups, each extract
from samaras of A. populnea was analyzed following
methodology suggested by Wagner et al. [19] and Matos
[20]. Proanthocyanidin A and 4’-O-methylepigallocatechin
were isolated from polar extract (SAPEE) of samaras through
silicagel column chromatography cluted with mixtures of
hexane, chloroform, ethyl acetate and methanol in order
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of increased polarities. These compounds were purified by
preparative thin layer chromatography using mixtures of ethyl
acetate and methanol.

The structure clucidation of proanthocyanidin A was based
on the assignments of its infrared and 'H and PC (with
distortionless enhancement by polarization transfer [DEPT]
experiment) nuclear magnetic resonance (NMR) spectral
analysis, including comparison with the NMR data already
published [21]. The compound 4’-O-methylepigallocatechin
was identified by 'H and »C NMR including 2D experiments
followed by comparison with NMR spectral data previously
reported [22,23].

Cell Culture and Treatment

The human tumor cells MCF-7 (ductal breast carcinoma);
A549 (lung adenocarcinoma); HS578T (ductal breast
carcinoma); and non-cancerous cells HEK293 (embryonic
kidney cells) provide by American Type Culture Collection
(Rockville, MD, USA) were maintained in Dulbecco’s Modified
Fagle’s medium (Sigma) supplemented with 10% fetal bovine
serum (Sigma) and 1% penicillin/streptomycin (Sigma).
The cell cultures were maintained at 37°C in a humidified
atmosphere containing 5% CO,. Cells were treated X1 with
trypsin ethylenediaminetetraacetic acid (Sigma) and washed
once with phosphate buffer saline (PBS) for maintenance before
transfections and cell harvesting.

The extracts were dissolved in sterile dimethylsulfoxide
(DMSO) and added to the culture medium aiming to reach
maximum concentration of 1% DMSO (v/v) [24]. The isolated
compounds were dissolved in growth medium. The sample
solutions of substances isolated from samaras of A. populnea
were individually added to the wells (96-well microtiter plate) at
four different concentrations: 125,250, 500 and 1000 ug/mL for
extracts and 50, 100, 250 and 500 ug/mL, for constituents. For
each concentration of the extract or purified constituent from
samaras, the assays were made in triplicate. Cells maintained
in growth medium only with DMSO (1%, v/v) were used as a
solvent control.

Cell Proliferation Assay

The effect of extracts and constituents from samaras of
A. populnea on cell proliferation was evaluated through acid
phosphatase method [25]. This colorimetric method is based
on the conversion of substrate p-nitrophenyl phosphate
to p-nitrophenol, which absorbs light at 405 nm (yellow).
The amount of p-nitrophenol produced is proportional to
the number of living cells present in the culture medium.
Cells were previously plated in wells of 96 microtiter plates
(100 uL of 1 x 10* cell/mL solution in each well) for 24 h.
After removing the medium from microplates, the cells
were rinsed twice with PBS. Freshly prepared (100 uL) of
phosphatase substrate (10 mM p-nitrophenol phosphate
[sigma] in 0.1 M sodium acetate [sigma], 0.1% triton X-100
[BDH], pH 5.5) was added to each well and the microplates
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were wrapped with aluminium foil and incubated in the dark
at 37°C for 2 h. An aliquot (50 uL.) of NaOH (1.0 mol/L)
was added to cach well to stop the enzymatic reaction and
followed by measuring the absorbance at 405 nm with a
reference wavelength of 620 nm using a Microplater Reader
(Modulus Microplate Multimode Reader for Luminescence,
Fluorescence and Absorbance).

Statistics

All the experiments were conducted in triplicate. To evaluate
the statistical significance, the results were analyzed by means
of Student’s t-test. Results were expressed as mean + standard
error of the mean (error bars in graphs). Differences were
considered to be significant at P < 0.05.

RESULTS AND DISCUSSION
Phytochemical Analyses

In accordance with methodology suggested by Wagner et al.
(1984) [19] and Matos (1997) [20] were identified in the
extracts isolated from samaras of A. populnea the presence of
long chain hydrocarbons (the most part in SAPEH), triterpenes,
flavonoids and catechins. This result is in agreement with
previous works in which were isolated mainly pentacyclic
triterpenes [9,12].

Structure Elucidation

Proanthocyanidin A and 4-O-methyl epigallocatechin [Figure 1]
were isolated and identified from samaras of A. populnea. These
two compounds were previously isolated from other parts of
A. populnea [13] and Maytenus truncata, another member of
the Celastraccae family, by Meléndez-Salazar [26].

4’-O-Methylepigalocatechin [Figure la] was isolated as
an amorphous yellowish solid (m.p. 172.0-174.0 °C). In
the 'IINMR spectra (CD,OD, 400 MI1z) were observed signals
atd, 6.53 (21, s, H-2"; H-6"), d,,5.95 ('H, d, ] = 2.0 Hz, H-8)
and d,; 5.93 (111, d, ] = 2.4 Iz, 11-6) associated to hydrogen
of aromatic ring. This signals together those at d,2.85 (1H,
dd, | = 42; 16.4 1z, H-4a) and d,,2.73 (', dd, | = 4.2;
16.4 Hz, H-4b) which were attributed to hydrogen of methylene
group suggested a flavane structure of the epigalocatechin
type [22]. The signal at d,3.79 (3H, s) were attributed to
mecthoxyl group and the signal at d,4.78 ('I1, s, I1-2) and at d,,
4.19 ("H, s (large), H-3) were related to carbinol hydrogen atoms.
Through the "C NMR spectrum and DEPT-135 (CD,OD, 100
MHz) were observed the signals at d: 79.8 (C2), 67.5 (C3),
29.3 (C4), 157.3 (C5),96.6 (C6), 157.8 (C7), 96.1 (C8), 100.1
(C9), 158.1 (C10), 136.7 (C1"), 107.3 (C6'), 151.5 (C3" and
C35"), 1363 (C4) and 60.9 (OMe) [21-23].

Proanthocyanidin A [Figure 1b] was isolated as a brownish
amorphous solid (m.p. 227.2-230.0°C). In its 'H NMR spectrum
(CD,OD, 400 MHz) were observed signals at d,; 7.21, 6.72,6.59
and at d,; 5.93 related to hydrogen of aromatic ring. The signal

at d,,3.75 was attributed to hydrogen atoms of the methoxyl
group and the signal at d; 2.89 to methylene hydrogen (I1-4").
The signal at d,5.14 (I1-3) and d,, 3.89 (11-3") were associated to
methinic hydrogen neighboring to C-O and bonded to a hydroxyl
group. By the "C NMR spectrum (CD,0D, 100 MIz) and
DEPT-135 were observed the signals at d : 77.5 (C2),73.7 (C3),
374 (C4), 157.8 (C5),97.2 (C6), 157.8 (C7), 96.3 (C8), 100.5
(C9),156.5 (C10), 132.1 (C1"),129.2 (C2", 115.8 (C3'and C5'),
157.8 (C4'),129.3 (C6'), 80.0 (C2"), 67.0 (C3"), 29.8 (C4"), 157.8
(C5"),96.3 (C6"), 157.8 (C7"), 107.5 (C8"), 100.5 (C9"), 155.8
(C10™), 132.1 (C1™), 107.5 (C2™ and C6"™), 151.4 (C3" and
C5"), 136.0 (C4") and 60.8 (OMe) [21].

Cell Proliferation Assay

In order to evaluate the phytotherapeutic nature of samaras
of A. populnea, three crude extracts and two purified
compounds were respectively added to the culture medium
of three different human tumor cells: MCF-7 (ductal breast
carcinoma); A549 (lung adenocarcinoma); HS578T (ductal
breast carcinoma); and in culture medium of non-cancerous
HEK293 (embryonic kidney cells). These cancer cell lines
were used because they are highly studied in the research
involving cytotoxic analysis and could be easily used for
comparison with different compounds [27]. The biological
effect of the samples from samaras of A. populnea on cell
proliferation was evaluated through the acid phosphatase
method.

After 24 and 48 h of treatment, it was observed that the extracts
induced an enhancement in the cell proliferation [Figure 2],
and there was a significant variation within and between cell
lines over time. At 24 h post-treatment of MCF-7 cells with
chloroform extract, significant increase in cell proliferation
was observed at concentration of 250, 500 and 1000 pg/mL
and no effect with 125 ug/mL [Figure 2e]. A further increase in
proliferation at 250 and 1000 ug/mL and no significant effect
at 125 and 500 pg/mL were verified after 48 h incubation time
[Figure 2f]. However, in relation to A549 cell line a significantly
decrease in cell proliferation was observed for all concentrations
(125, 250, 500 and 1000 ug/mL) of crude chloroform extract
from samaras [Figure 2e]. After 24 h of the treatment, the
chloroform extract only induced a small cell proliferative effect.
For this reason, this type of effect was considered after 48 h
incubation time [Figure 2f]. The impact of chloroform extract
(250 ug/mL) after 24 h treatment, on HS578T cell proliferation,
was considered significant. After 48 h incubation, it was observed
that this extract induce cell proliferation at all concentration
used in the experiments. In relation to IHHEK293 embryonic cells
were observed a consistent increase in cell proliferation after 24
and 48 h of treatments, for all concentrations [Figure 2¢ and f].
Ethyl acetate extract induced an increase in the cell proliferation
in all four cell lines and with all four concentrations, both after
24 or48 h [Figure Zc and d]. It was also observed a significantly
increased in cell proliferation induced by the four concentrations
of ethanol extract (125, 250, 500 and 1000 ug/mL), after 24 or
48 h of treatment of the cells MCF-7, A549, HS578T or HEK293
[Figure 2a and b].
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Figure 1: Chemical structures of 4’-O-methyl epigallocatechin (a) and proanthocyanidin A (b)
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Figure 2: Impact on cell proliferation after 24 and 48 h treatment with three crude extracts isolated from samaras of Austroplenckia populnea, on
four cell lines: MCF-7, A549, HS578T and HEK293. Treatment of chloroform extract (a) (24 h) and (b) (48 h), ethyl acetate extract (c) (24 h) and
(d) (48 h), ethanol extract € (24 h) and (f) (48 h). Final median concentration of extracts was 125 pg/mL (light blue), 250 pg/mL (red), 500 pg/mL
(green) and 1000 pg/mL (dark blue). Data are represented as mean relative percentage (%) and standard deviation of three replicates. Significant
differences based on the control were established using Student’s t-test and are represented by asterisks (P< 0.05: *, P < 0.01: **, P < 0.001: ***)

Two constituents isolated from samaras of A. populnea  proliferation of the above cited cells lines. After 24 h the
were also subjected to assays to determine its effect on the  treatment with the proanthocyanidin A, in all concentrations,
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they were not observed induction of the proliferation of cells
MCF-7, A549 or HS578T. In the other hand, it was observed
a significant decrease in proliferation of HEK293 cells
[Figure 3a]. After 48 h incubation time, it was not observed
effect on MCF-7 cells. Proanthocyanidin A at concentrations
of 100 and 250 pg/mL decreased the proliferation of A549 cells
[Figure 3a]. A significant decrease in HS578T cell proliferation
was observed with 50, 100 and 250 pg/mL and no effect
with 500 ug/mL [Figure 3a and b]. A significant increase in
proliferation was observed at 48 h with HEK293 relative to
24 h treatments; however, the increase was below the control
treatments. The other constituent isolated from samaras,
4’-O-methylepigallocatechin, post 24 h treatment had no
significant impact on MCF-7 cell proliferation across the
concentrations [Figure 3c]. Although, in A549 a significant
decrease in cell proliferation at 24 h with 50 and 250 ug/mL
concentration was observed and post 48 h there was further
decrease in the proliferation [Figure 3¢ and d]. A significant
decrease in proliferation of HS578T at 24 h at 100 ug/mL
and further significant decrease in proliferation at 48 h at
50, 100 and 250 pg/mlL was observed [Figure 3¢ and d].
For HEK293 cells, it was verified a significant decrease in
proliferation at 24 h with 50, 100 and 250 ug/mL but increased
proliferation at 48 h was observed relative to 24 h treatments
but the increase was below the relative control treatments.

There was no real information on the total bioactive
compounds present in samaras of this plant and the biological
impact produced by each one. Thus, in the present work
three crude extracts from samaras of A. populnea were
used, obtained with ethanol, ethyl acetate and chloroform,

and two purified constituents proanthocyanidin A and
4’-O-methyepigallocatechin to evaluate the impact on cell
proliferation on three different human cancer cell lines MCF-7,
A549, HS578T and non-cancer HEK293. It was observed from
the preliminary cell proliferation data that all the three crude
extracts seem to promote an increase on cell proliferation over
time in all four model cell lines.

Using only crude extract, it was observed a significantly
increased in cell proliferation in most of the cells used. It might
reflect of an interaction of a group of compounds with different
action on the cell metabolic pathway which has been acting in
the growth cell regulation. The elucidation of which specific
pathway in being affected by these extracts in the tumor and
normal cell lines was not performed because this analysis did not
focus in molecular analysis and/or gene expression analysis. The
importance of the extracts in growth regulation of the normal
cell lines is the main focus because parts of A. populnea, such
as leaves and roots have been used in traditional medicine to
treat ulcers, dysenteries and rheumatism. It might be dangerous
for the population that make this uses because these plant
parts (even in small quantity) could cause the increase of cell
proliferation without cell-repair, leading to a possible increase
the risk of inducing a cancer.

Conversely, the purified compounds were found to significantly
decrease the cell proliferation over time in A549, HS578T
and HEK293, and did not have any effect on MCF-7.
Proanthocyanidin A and 4’-O-methylepigallocatechin belong
to the group of flavonoids and are known for their antioxidant
properties and anti-proliferative effect in cancer cell line [28,29].

€
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Figure 3: Impact on cell proliferation post 24 and 48 h treatment of two purified compounds from samaras of Austroplenckia populnea on four
cell lines MCF-7, A549, HS578T and HEK293. Treatment of proanthocyanidin A (24 h) (a) and (48 h) (b), 4-O-methylepigallocatechin (24 h)
(c) and (48 h) (d). Final concentration of extracts in media was 50 pg/mL (light blue), 100 pg/mL (red), 250 pg/mL (green) and 500 pg/mL (dark
blue). Data are shown as relative percentage (%) mean and one standard deviation of three replicates. Significant differences to the control were
analyzed using Student’s sssss-test and are represented by asterisks (P < 0.05: *, P < 0.01: *¥)
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CONCLUSION

From the preliminary data, crude extracts from samaras of
A. populnea could be useful in cure for various discases as
rheumatism and bones injuries because of its positive impact
on cell growth, but it revokes a question of how safe it is to
be taken orally. The samaras extract may contain bioactive
phytocomponents that need further investigation.
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