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Abstract

Despite the existence of various types of antineoplastic treatments of prostate cancer, most of them induce
apoptosis in the tumor cells by means of synthetic or natural drugs. The aim of this work was to study the anti-
proliferative action of methanolic and aqueous extracts from the leaves of the aroeira plant (Schinus
terebinthifolius) a plant from the Northeast from Brazil over isolated prostate cancer cell cultures. The extracts
were tested in isolated cell lineages from non hormone-dependent cancers (DU145 e PC-3), as well as in
hormone-dependent ones (LNCaP). The cells were cultivated in a RPMI medium and were incubated at 37°C in
a 5% CO,, humid environment. The activities of the extracts were evaluated within 3 and 6 days of cellular
growth. The aqueous extract was more effective than the methanolic one in the inhibition of cell multiplication in
all the lineages tested.
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INTRODUCTION

The development and functionality of the prostate gland depends fundamentally on
testosterone, which penetrates by diffusion into the prostatic cells where it is then converted
into other steroids, principally dihydrotestosterone (DHT). These steroids act in the
development of the gland, being implicated in the production of growth factors such as
insulin-like growth factor (IGF) through the stroma cells.®”

In 1941, Huggins and Hodges cited by Fluchter et al.?) demonstrated that in dogs with
prostate cancer, surgical castration led to atrophy of the gland, thereby confirming the
important effect of androgen for the development not only of the prostate but also of its
neoplasia. Similar results were obtained by Niu et al.,) confirming that castration in dogs
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leads to atrophy of the prostate and cell death. The latter study found that in these animals,
proliferation, differentiation and even regression in the development of the stroma and
epithelial cells of the prostate were androgen-dependent.

Apoptosis may be triggered by the activation and deactivation of certain genes. Some
such as MYC, FOS and JUN are proto-oncogenic, while others such as B cell lymphoma-2
(Bcl-2) and tumor suppressor gene TP53 act by regulating apoptosis.

The importance of hormones in the development of prostate cancer may be explained
by the effects resulting from their relationship with androgen receptors (AR). In brief, the
biological effects caused by these hormones include their own gene expression, their
modulation through transcription, post-transcription and post-translation, and their interaction
with coactivators and corepressors.®

A major step in the treatment of cancers in general consists of inducing the process of
apoptosis in the cancer cells. Nevertheless, hormone treatment implemented in patients with
prostate tumors does not guarantee that all the cancer cells undergo apoptosis. Those that
survive become more resistant to treatment, originating a new cell line that will multiply
continuously irrespective of the absence of androgen. The majority of in vitro studies with
neoplastic prostate cells use lines that are refractory to hormone treatment such as PC-3 and
DU145, as well as the non-resistant line, LNCaP.

Cell survival and multiplication are associated with metabolic mechanisms involving
the proteasome, a structure with catalytic activities consisting of the inhibition of apoptosis
and the promotion of cell multiplication.®®

In an attempt to trigger apoptosis in neoplastic cells, compounds consisting of
synthetic or natural drugs that induce this process are used. Plant compounds with apoptotic
effects are currently undergoing tests as possible substitutes for synthetic drugs. In 2001,
Chenn” submitted rats with prostate cancer to treatment with a dietary supplement composed
of a mixture of eight, supposedly medicinal, herbs and confirmed that their active ingredients
were cytotoxic and cytostatic, also demonstrating that these effects did not depend entirely on
the presence of androgen receptors.

Kazi et al.®) reported that musaceae extracts, which contain a large concentration of
tannic acid, induced apoptosis in hormone-dependent prostate cancer cells (LNCaP), and also
inhibited proteasome activity in cells infected with simian vacuolating virus (SV40).
Nevertheless, this same effect was not achieved in healthy fibroblasts (WI-38 line) isolated

from humans.
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In search of new treatments, the extracts or active ingredients of various plant origins,
separated using alcohol or aqueous solvents, have been tested. In 2007, Gonzales et al.®
showed that extracts of Lepidium meyenii successfully reduced prostate size in rats with
chemically induced prostatic hyperplasia.

Therefore, the objective of this study was to evaluate in vitro the antiproliferative
effects of the methanol and aqueous extracts of the leaves of the Brazilian aroeira plant
(Schinus terebinthifolius, Raddi) in non-hormone-dependent prostate cancer cell lines, DU145

and PC-3, as well as in the hormone dependent line, LNCaP.

METHODS

The technique used in processing the aroeira leaves and obtaining the aqueous (AE) and
methanol extracts (ME)

Approximately 250 grams of aroeira leaves were collected and washed in running
water. After drying in an oven at 60°C until reaching constant weight, they were triturated and
the polyphenols were extracted using a slightly modified version of the technique described
by Wagner and Bladt."® For each gram of triturated leaves, 10mL of methanol were used in
an initial hot extraction. Following filtration, the final volume was reduced to one-quarter in a
rotatory evaporator heated to 60°C. Next, it was filtered under vacuum, using a Biichner
funnel and sterilized membranes with a porosity of 5 um, and stored in a dark-colored bottle
for a maximum period of three months in a vacuum desiccator under refrigeration at a

temperature of around 4°C.

Aqueous extract

For each gram of dry, triturated aroeira leaves placed in a 200 mL beaker, 10mL of
boiled, distilled water were added and maintained under constant agitation for 15 minutes.
Next, the suspension was filtered in qualitative filter paper and centrifuged at 8000g for 10
minutes. The supernatant was transferred to a 400 mL decanting apparatus, mixed with 20 mL
of chloroform and agitated for 5 minutes. After separation of the phases, the chloroform
fraction was discarded and the aqueous fraction reduced to one-fifth of its volume in a
rotatory evaporator heated to 70°C under negative pressure. The resulting agueous extract
(AE) was filtered under vacuum using membranes with a porosity of Sum, and stored in a
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dark-colored bottle in a vacuum desiccator under refrigeration at a temperature of around 4°C

for a maximum period of three months.

Calculation of the residual dry weight of the extracts

Known volumes of the methanol and aqueous extracts were evaporated separately
until completely dry in previously weighed recipients. The weight of the dry residue permitted

the concentration in mg/mL of the original solutions to be calculated.

Treatment of the in vitro samples

Three prostate cancer cell lines were used: DU145, LNCaP and PC-3, cultivated in
RPMI 1640 culture medium containing phenol as an indicator and 10% (v/v) fetal calf serum
(FCS), 1% penicillin and streptomycin and stabilized glutamine. The cell lines were
distributed in separate, flat-bottomed, 96-well plates in an initial proportion of 7500 cells/100
uL of culture medium per well and maintained in a culture chamber at 37°C with 5% CO,.
With the exception of the control group, the methanol and aqueous extracts were added
separately to the culture medium contained in each well in quantities of 15, 75, 150, 225, 375,

525 and 750 pg per well. The results were analyzed after three and six days of treatment.

Colorimetric test to measure cell growth

On the third and sixth days, the supernatant from each well was aspirated and
substituted by 100 pL of a solution of MTT [3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide]. This solution was prepared by dissolving 1 mg of MTT in each
1 mL of culture medium (RPMI) without phenol. Next, the cells were incubated at 37°C for
one hour. After this time, the supernatant containing the MTT solution was aspirated and 100
uL of isopropanol were added. After 10 minutes at 37°C, optical density was measured in a

Dynatech® reader at 550 nm.

Measurement of total polyphenols

Total polyphenol content of the plant extracts was detected quantitatively using Folin

reagent in accordance with the technique used by Heimler et al.®® For each 100 pL of the
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extract, 500 pL of an alkaline copper solution containing 162 mM Na,CO;, 2.14 mM
potassium sodium tartrate (KNaC4sH4Os), 90mM NaOH and 0.4mM CuSO, were added. After
5 minutes, 100 pL of Folin reagent were added, diluted with distilled water in a proportion of
1:3, shaken and left to rest for 30 minutes to develop a bluish color. Optical density was
measured at 750nm against a blank test containing all the reagents with the exception of the

polyphenol extract, which was substituted by an equal volume of distilled water.

Statistical analysis

The data were evaluated using analysis of variance (ANOVA) and Student’s t-test.
Significance was defined as p<0.05. Results are expressed as means + standard deviations and

based on three repeat experiments.

RESULTS

The use of methanol and water as extracting solvents for the aroeira leaves resulted in
extracts with different densities and quantities of residues. The ME retained 1.53 times more
residue than the aqueous extract. Nevertheless, both solvents successfully isolated important
phenolic compounds. Table 1 provides a qualitative summary of the presence of phenols and
the dry weights of the alcohol and aqueous extracts. Methanol extraction produced a solution
with more residual dry weight than that produced when water was used, perhaps due to the
ability of methanol to emulsify some lipids, whereas in the aqueous extract the removal of the

polar lipids was achieved with the use of chloroform.

Table 1 - Dry weight of the aqueous and methanol extracts of the aroeira leaf

Type of extraction DIy et it el
AE (mg/mL) ME (mg/mL)
Methanol extraction - 23
Aqueous extraction 15 -
Presence of phenols (biuret-Folin reaction) + +

Application of the concentrated methanol (ME) and aqueous extracts (AE) reduced
cell viability in the three prostate cell lines tested. Their effects were dependent on the

concentrations of the extracts used in the cultures (Figure 1). The substitution of ME for pure
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methanol showed that the antiproliferative effects listed in Table 2 were due to the

compounds present in the ME and not to the toxicity of the alcohol itself.

Table 2 - Effects of the different extracts on the viability of prostate cancer cells cultivated for 3 days (shown as
number of times).

Micrograms of solid residue of the extract per 100uL of culture
Cell line Extract 750
0 15 75 150 225 375 525 (©61%)
0,14
Aqueous 1 0,98 0,96 060 02 017 016 (85,9)
0,18
L NGap Methanol | 1 084 077 079 057 035 017 o5
Counter-test 0,47
with pure_ 1 0,83 0,70 0,79 0,60 062 053 (5’2 7)
methanol :

0,15
Aqueous 1 0,97 0,93 0% 073 035 019 (85,5)

0,64
PC.3 Methanol 1 1,04 1,05 103 098 095 0.82 (35,6)
Counter-test 0,90

withpure | 1 097 09 098 095 093 094 g

methanol ™ :

0,15
Aqueous 1 1,02 0,68 0,21 015 0,15 0,19 (84,6)

0,23

DUL4S Methanol 1 0,78 0,74 070 059 068 039 an
Counter-test 0,83
withpure | 1 081 076 083 084 084 073 o
methanol :

* %I = The values in parentheses are the percentages of inhibition of the extracts.
** = Tests in which the cells were treated exclusively with methanol.
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Figure 1 - Effects on cell growth three days after application of the extracts. In A, the aqueous extract (AE) was
used, and in B, the methanol extract (ME) was used. Each curve was constructed using mean values
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Figure 2 shows that the inhibitory effects of the extract were practically the same in
the cells treated for 3 and 6 days, a fact that is confirmed by the similar 1Cso values (index

representing half the viable cells in each culture). Within the same cell line, the 1Cs

7
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corresponding to the aqueous extract was always the result of a lower polyphenol
concentration. The DU145 line was the one most affected by this extract, its I1Cso value being
the lowest of all. Furthermore, it was the line with the highest correlation (R? = 0.9922)
between cell viability and the concentration of the extracts used. Of the three lines tested, PC-

3 was the least affected by the aqueous extract (Figure 2).

Figure 2 - ICsq of the extracts according to incubation time
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The different types of extracts obtained from the leaves of the aroeira affected the
survival of the three prostate cell lines tested in different ways.

The effects of the two extracts presented in Table 2 show that the viability of the
DU145 line was the most affected. Treatment with the aqueous extract at the concentration of
150 pg was able to reduce the number of living cells to one-fifth (20%). The ME reduced the
number of living cells of the LNCaP line to one-sixth (17%) when a very much higher

concentration (525 pg) was used.

DISCUSSION

In 2003, Kazi et al.®) showed that tannic acid, a polyphenol, inhibited proteasome
activity and induced apoptosis in isolated human prostate tumor cells. These effects, in
addition to those presented by different natural compounds such as some triterpenes, steroids
and various polyphenols, are possibly a result of their binding to the proteasome subunit 5, a
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monomer present in the heptameric beta rings (B7, B7) that form part of this catalytic protein
complex.219)
It is probable that the molecules that affect proteasome activity may also aid in the

1) this association was

control or treatment of neoplasias. According to Garg et al.,
demonstrated by the anticarcinogenic effect of some polyphenols extracted from plants used
in medicinal teas. Landis-Piwowar et al.*® showed that these substances may render cells
sensitive to therapeutic agents by acting as proteasome inhibitors.

Naujokat et al.*® showed that proteolytic activities are clearly associated with cell
survival and multiplication. The increase in the MYC protooncogene expression that codifies a
nuclear phosphoprotein whose expression is enhanced or deregulated in tumors reduced the

2021) The quantitative reduction of

rate of cell multiplication in fibroblasts isolated from rats.¢
this phosphoprotein is the result of a proteasome-mediated proteolytic process. Studies carried
out by Chu et al.?? and Naujokat et al.*® also showed that cell proliferation is associated
with proteasome-mediated protein degradation.

According to Nam et al.?” and Smith et al.,®® polyphenols with antineoplastic
activities are associated with the proteolytic process. They bind specifically to the proteasome
beta-type subunits via ester bonds. Studies carried out by Aggarwal et al.*® and Lin®” using
curcumin, a polyphenol found in Curcuma longa, a plant that is native to southern Asia,
showed inhibitory effects of the proteasome-mediated intracellular proteolytic processes.
Epigallocatechin and epigallocatechin gallate are polyphenols that are found in a wide variety
of plants, principally green tea (Camellia sinensis), and have been shown to act in various
stages of carcinogenesis. They appear to inhibit protein kinases such as mitogen-activated
protein kinases (MAPK), proteasomes, and the processes of angiogenesis and metastasis.
Moreover, they are capable of regulating the metalloproteinase expression of the extracellular
matrix while, on the other hand, inducing apoptotic processes in tumor cells.®®%%

The results obtained in this study show that DU145, of the three lines tested, was the
one most affected by the aqueous extract. Curiously, this is a non-hormone-dependent line, a
fact that greatly hampers the treatment of individuals affected by this type of prostate cancer.
These experimental results appear to suggest that the substances present in the aqueous extract
of the aroeira leaf may perhaps reduce the survival capacity of the tumor cells and render

them more sensitive to conventional treatments.
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