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Abstract: Açai (Euterpe oleracea, Mart.) is fruit broadly consumed in the world. From its 
chemical matrix is possible that açai could has some cytotoxic effect against prostate 
cancer (PCa). To test this hypothesis using an in vitro PCa model DU145 cell. Additionally, 
potential synergism between açai and docetaxel (DO), a chemotherapic drug used to treat 
advanced PCa was also evaluated. Cells were exposed an açai hydro alcoholic extract 
at different concentrations (1 to 1000 μg/mL) and its effect on viability, apoptosis and 
cellular proliferation was determined by MTT assay, growth cell, clonogenic assays and cell 
cycle analysis by flow cytometry. Differential modulation of Bcl-2 and BAX genes was also 
determined by Pcr quantitative in real time (qRT-PCR) analysis. Açai at lower concentrations 
(1-10 μg/mL) presented significant cytotoxic and antiproliferative action against PCa cells 
decreasing frequency of S phase cycle. Probably, this effect was associated with its strong 
down-regulation of Bcl-2 gene. However, açai did not contribute to improve Docetaxel 
effect´s on PCa cells. Açai’s PCa antitumor effects could be related to elevate concentrations 
of orientin plus vitexin, p-coumaric acid, apigenin and catechins present its chemical matrix, 
which are molecules with antitumor effect previously described in the literature.
Keywords: Carcinogenesis. DU145 cells. Antiproliferative. Nutrigenomics. Gene modulation. 

1 INTRODUCTION

Prostate cancer (PCa) is the most incident in elderly men, however, its epidemiological 

distribution is heterogeneous, probably due environmental and genetic factors. In Brazil, 

Northern Region presents lower PCa prevalence than geographic regions.1 It is possible 
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that differential nutritional patterns based in pre- Colombian diet rich in habitual fruit and 

fish consumption could have some protective role against PCa.2-5 

A very popular fruit consumed in Northern region, as Amazonas State is açai 

(Euterpe oleracea, Mart.) that, nowadays is broadly consumed in other countries.6 This 

fruit has several bioactive molecules that could present PCa antitumoral property, such 

as epicatechin, quercetin and apigenin.7,8 From these evidences, we performed and in 

vitro assay to test potential açai effect against PCa cells and also its synergic effect with 

Docetaxel (DO) chemotherapic drug that is used to treat resistant PCa.9-11

2 MATERIAL AND METHODS 

2.1 PLANT MATERIAL, HYDRO ALCOHOLIC EXTRACT AND 
CHEMICAL CHARACTERIZATION

The present study is part a project that has previous authorization by Brazilian 

Ministry of Environmental (no 012300.785152/6584-19) to investigate native species 

with potential biological impact on human health. Açai hydro alcoholic extract used here 

was the same produced and previously chemically characterized by Machado et al.12 The 

extract was obtained from fresh fruit açai samples from Manaus city, Amazonas, Brazil 

(3.08oS, 60.01oW). 

The açai samples was used to produce the hydro alcoholic extract. The açai fruits 

were initially put in water during 24 h to become more soft and were crushed in a 70% 

ethanol solution with a concentration of 300 mg/mL. To protect from light and humidity, the 

material was stored in amber bottles for 21 days under manual daily stirring. After this period 

of extraction, the material was initially filtered to remove the bark and seed, evaporated by a 

rotatory evaporator, and lyophilized to complete solvent removal, lyophilized and stored at 

-200 C until to perform the chemical characterization and in vitro studies. 

Chemical characterization of 12 bioactive molecules was performed from açai 

extract by high performance liquid chromatography (HPLC) analysis using the Shimadzu 

Prominence Auto Sampler (SIL-20A) system (Shimadzu, Kyoto, Japan). The freezedried 
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hydroalcoholic extract was analyzed following the protocol reported by Klimaczewski et 

al.13 at 15mg/mL.

The analysis of bioactive molecules in açai extract tested here showed higher 

concentrations (mg/g) of orientin (8.05 ± 0.03) followed by apigenin (3.59±0.01), 

p-Coumaric acid (3.52 ± 0.01), cyanidyn-3-0-glucoside (2.62 ± 0.01), epicatechin (2.37 ± 

0.02), luteolin (2.57 ± 0.02) and vitexin (2.19 ± 0.01). Lower concentrations of caffeic acid 

(0.76 ± 0.01), catechin (0.75 ± 0.03), gallic acid (0.73 ± 0.01) and cholorogenic acid (0.41 ± 

0.01) were also found in the extract. 

2.2 CELL CULTURE TREATMENTS

The in vitro assays were performed using a DU-145 cell commercial line obtained 

from American Type Culture Collection (ATCC) and cultured in DMEM supplemented 10% 

FBS, and 1% penicillin/streptomycin, maintained in incubator at 37 °C and saturation of 

5% CO2. Cells were exposed to different açai log-distributed concentrations (1, 3, 10, 

30, 100, 1000 µg/mL). The 100 µM DO a chemotherapic drug, was used as a positive 

control in some tests.14 The synergism effect of açai extract and DO was also evaluated by 

concomitant treatment of cells with two components.

2.3 CYTOTOXIC AND ANTIPROLIFERATIVE AÇAI EFFECT

Açai cytotoxic effects was evaluated in 24 h cell cultures and its antiproliferative 

effects in 48 and 72 h cell cultures by MTT assay (3-(4,5-dimethylthiazol-2-yl)-2,5-

diphenyltetrazolium bromide) spectrophotometric assay.15 Cytotoxic effect was confirmed by 

complementary protocol that analyzed necrosis and apoptosis açai´s induction determined 

by flow cytometry using Annexin V: FITC Apoptosis Detection Kit obtained from Becton 

Dickinson-BD (East Rutherford, New Jersey, USA) as manufacturer´s instructions. 

The antiproliferative effect of açai against PCa cells was confirmed by three 

complementary tests. Cell cycle analysis evaluated by flow cytometry in 72 h cell cultures 

using propidium iodide (PI) reagent as described in Azzolin et al.16 Cellular growth curve 
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and clonogenic assays were performed as previously described by Cadoná et al.17 that use 

violet crystal dye to detect viable cells for 7 days. For the Clonogenic Assay were used 

cells/well in triplicate in the six well plates. The colonies were incubated until formatted 

50 cells for colony (approximately 10-15 days). Further, colonies were detected with violet 

crystal and the number of colonies was counted as described Cubillos-Ros et al.18 Cell cycle 

analysis also evaluated by flow cytometry after the cells were treated for 72 h with açai 

extracts at different concentrations using PI reagent.16

2.4 AÇAI EFFECTS ON GENES ASSOCIATED TO APOPTOSIS AND 
CELL PROLIFERATION

Potential açai modulation on BAX (bcl-2-like protein 4) and Bcl-2 genes involving 

with the control of apoptosis and cellular proliferation was evaluated by Pcr quantitative in 

real time (qRT-PCR) analysis using RNA samples extracted with Trizol reagent and a general 

protocol previously described in Barbisan et al.19 Beta-actin gene was used as housekeeping 

gene to normalize the expression of BAX and Bcl-2 genes. The relative expression was 

calculated using the comparative Ct and was expressed as the fold expression compared 

to the control. The primer pairs used were: BAX “FCCCTTTTCTACTTTGCCAGCAA”, “R 

CCCGGAGGAA GTCCAATGT”, Bcl-2 “FGAGGATTGTGGCCTTCTTTGAGT” and “R AGT 

CATCCACAGGGCGATGT”.

2.5 STATISTICAL ANALYSIS

Treatments were compared by One-way ANOVA analysis of variance, followed by 

post hoc Dunnet or Tukey test, employing Graphpad Prism 5 software. The results were 

expressed as mean ± standard deviation, with p < 0.05 indicating statistical significance.

3 RESULTS

Some chemical molecules presented in the açai extract matrix could to be 

contributing with the antiproliferative activity of açai against PCa cells. A synthesis of some 
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investigations that described antitumor effect of main bioactive molecules present in the 

açai extract tested here are presented in the Figure 1.

Molecules Main results

Orientin and vitexin* PCa antitumor effect by increase of BAX/Bcl-2 ratio and activation of caspases.20

p-Coumaric acid Strawberry and honey present p-Coumaric acid in their nutritional matrix present 
PCa antitumor effect.21

Apigenin
Molecule found in parsley, celery, peppermint, cloves and red wine trigger 
apoptosis in various PCa models22-24 and shows synergistic effect in combinatorial 
therapy of PCa resistant models and in the control of PCa stem cells.25

Catechins#
These molecules are present in some species such as green, black tea and guarana. 
Robust evidences are demonstrated that green tea catechins are effective for 
preventing PCa involving inhibition of Bcl-2 gene expression.25,26

Cyanidin

This molecule is able to presents anti-proliferative effects through activation of 
caspase-3 and induction of p21 protein expression. PCa treatment with cyanidin 
increased the levels of P75NGFR, a tumor suppressor molecule suggesting a 
possible role of this molecule in the induction of a normal-like prostate cell 
phenotype (differentiation induction).27

Luteolin

Molecule found in some foods, such as raw radicchio, chard, pumpkin, turnip and 
some spices including dried oregano, yellow and green hot chili peppers is able 
to inhibits cell proliferation of PCa cells.28 Molecule presents suppressive effect 
on DU145-III that presents great invasion potential.29 Luteolin is also induces 
apoptosis in PCa cells and inhibits cancer metastasis.30

Phenolic acids##

These molecules are found in large number of vegetable foods, such as citric fruits, 
apple, eggplant and food beverages as red wine and coffee. Cyclooxygenase-2 
(COX-2) expression is associated with increased cellular proliferation, prevents 
apoptosis and favors tumor invasion. Gallic acid, a phenolic acid molecule is 
able to inhibits COX-2 mRNA31 and induces apoptosis of PCa cells.32 Effect of 
caffeic acid inducing cell cycle arrestment and growth cell inhibition was also 
reported.33 Synthetic derivatives of caffeic acid are considered potent inhibitors 
of proliferation of androgen-dependent prostate cancer cells. These molecules 
also decrease of CPa cell variability.34 A study also reported that caffeic acid was 
able to enhance DO and paclitaxel cytotoxicity in PCa cells.35

Figure 1 – Description of some studies reporting antitumor effect against PCa of main bioactive molecules 
found in the açai hydro alcoholic extract

Note: * these molecules are flavonoids with similar chemical constitution; # molecules that belong to the flavan-
3-ols (or simply flavanols) that are part of the chemical family of flavonoids; ## phenolic acids constituted by 
gallic, caffeic and chlorogenic acids presented in the chemical matrix of açai hydro alcoholic extract studied here.

Açai at lower concentrations tested here (1, 3 10 μg/mL) was able to decrease PCa 

viability in comparison to control group (Figure 2 A, B). At contrary, highest açai concentrations 

> 100 μg/mL stimulated cells survival in 24 h cultures. All açai concentrations showed 

antiproliferative effect on PCa cells in 48 and 72 h cell cultures. However, this effect was 

more pronounced when cells were exposed to açai at 3 μg/mL concentration in 48 h cell 

cultures and at 1, 3 10 μg/mL concentrations in 72 h cell cultures. In general results did not 

showed a significant effect of açai and DO on apoptosis and necrosis events in the PCa 24 

h cell cultures (p=0.067).
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Figure 2 – (A) Comparison of antiproliferative effect on PCa cells in 24, 48 and 72 h cell cultures treated with açai 
(Euterpe oleraceae) hydro alcoholic extract. Different letters indicate statistical differences (p<0.05) 
among treatments analyzed by One-way analysis of variance followed by post hoc Tukey test. (B) 
Comparison of apoptosis events evaluated by flow cytometry using Annexin V and propidium 
iodide dyes in 24 h culture of PCa DU145 cells treated with açai (Euterpe oleraceae) at different 
concentrations without (A) and with (B) concomitant treatment with docetaxel (DO) chemotherapic 
drug (representative graphs). Blue = viable cells; green = live cells undergoing early apoptosis; red = 
dead apoptotic cells; black = necrotic cells.
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Cell cycle analysis (Figure 4) showed that DO exposure increased cells in the G2/M 

phase when compared to control group, whereas açai increased the frequency of S phase 

cells. Both situations indicated differential modulation of PCa cell cycle. When cells where 

concomitantly treated with açai and DO, just cells treated with DO plus 3 μg/mL açai 

presented increase of frequency in the G2/M phase.

Açai at 1, 3 and 10 μg/mL concentrations presented a strong and significant down 

regulation effect on Bcl-2 gene (p=0.001) and this result was similar to found in cells just 

treated with DO chemotherapic drug: DO = 0.0437 ± 0.02; açai 1 μg/mL = 0.0374 ± 

0.02; 3 μg/mL = 0.042 ± 0.03, 10 μg/mL= 00307 ± 0.02 gene expressions in relation to 

control group. Despite different açai concentrations present up regulation effect on BAX 

gene this effect was not so pronounced than observed in the Bcl-2 gene (p=0.01): DO = 

1.786 ± 0.254; açai 1 μg/mL = 1.230 ± 0.219; 3 μg/mL = 1.78 ± 0.219, 10 μg/mL= 1.51 ± 0.19 

gene expressions in relation to control group. BAX/Bcl-2 gene ratio was higher 10 in cells 

exposed to DO and all açai concentrations confirming that antiproliferative effect on PCa 

cells involved biochemical pathways related with these genes (Figure 5). These results were 

similar when cells were concomitantly treated with DO and açai extract. 
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Figure 4 – Comparison of cell cycle phases of PCa DU145 cells treated with açai (Euterpe oleraceae) hydro 
alcoholic extract at different concentrations. Different letters indicate statistical differences (p<0.05) 
among treatments analyzed by One-way analysis of variance followed by post hoc Tukey test.
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Figure 5 – Comparison of Bcl-2 and BAX gene expression of PCa DU145 cells treated with açai (Euterpe 
oleraceae) hydro alcoholic extract at different concentrations. Different colors indicate statistical 
differences (p<0.05) among treatments analyzed by One-way analysis of variance followed by post 
hoc Tukey test. Gene expression values are represent by 1 = similar to control; <0.6 = downregulation; 
> 1.5 = upregulation; > 20 = upregulation.

4 DISCUSSION

The present study investigated the potential antitumoral effect of an açai hydro 

alcoholic extract on PCa cells. In general results showed that açai at concentrations ranged 

among 1 until 10 μg/mL presented a clear cytotoxic and antiproliferative action on PCa 

cells, similar to observed in cells DO exposed. Moreover, whole of results indicated that 

concomitant exposure did not affect the DO antitumoral action on cells. However, the 

interaction between DO and açai did not present a strong synergetic effect of antitumoral 

action of this chemotherapy drug. Evidence suggests that the anticarcinogenic efficacy of 

many foods is directly associated with the presence of secondary compounds, especially 

polyphenols. These molecules have several potent activities, such as their anti-inflammatory 

and anti-inflammatory action, capable of modulating various cyto-histological functions, 

such as cell survival, proliferation, migration and differentiation, angiogenesis modulation, 

hormone response, detoxification and also the immune response.36

Gene expression analysis identify as mechanism that açai acts on PCa cells involves 

differential modulation of BAX and Bcl-2 genes similar that is triggered by DO. Despite 

methodological limitations related to in vitro protocols, for our best knowledgment this is 

the first study indicating potential antitumoral açai effects on PCa cells. 

Orientin was the molecule with higher concentration in açai hydro-alcoholic extract 

tested here. In fact, this molecule is similar to vitexin and is also a water-soluble flavonoid 
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C-glycoside of luteolin. These molecules are found in some spices and food beverages, 

such as black tea.21,37,38 Evidences has indicating that orientin has several biological 

properties39 including antitumor effect against human liver and esophageal cancer cells.38 

In another study, a decrease in proliferative tumor markers in guinea-pig rats was observed, 

as well as annulment of inflammatory mast cells and decreased expression of nF-κB and 

proinflammatory cytokines.40 However, we found few studies suggesting that vitexin could 

has antitumoral effect against PCa cells.20,40,41 Therefore, the present study helps elucidate 

the potential antitumor effect in cancer cells, mainly prostate cancer.

p-Coumaric acid was the second metabolite more concentrated in açai extract. 

This phenolic acid serves a precursor of other phenolic compounds been found in some 

foods, such as strawberry and honey that present antitumor activity against PCa cells and 

other cancer cells.42-45 

Undoubtedly, apigenin found in açai extract is the molecule that more number of 

studies suggest antitumor PCa effect.8 Studies related to causal mechanism associated 

with apigenin on PCa cells involve inhibition of androgen production.46 Other antitumoral 

mechanisms of apigenin in different cancer types include cellular arrestment by 

downregulation of telomerase activity and also suppressive effect of Bcl-2 protein 

expression.23,47 Therefore, apigenin found in açai extract probably had an important 

role in the antitumor activity observed in PCa cells. This antitumor effect also could be 

accentuated by catechins and luteolin also found in the açai extract and that present 

capacity to modulate differentially BAX and Bcl-2 genes.48 

5 CONCLUSION

In summary, despite methodological constrains related with in vitro studies, the 

results presented here suggest that açai extract has some antitumoral effect against PCa 

DU145 cells involving down-regulation of Bcl-2 gene. The synergism between açai and 

DO is not so effective, but it is not possible to discard that this interaction could to induce 

improvement in the DO cytotoxic property. The results presented here could considered 

novel and suggest that açai could be use nutritional supplement in order to prevent PCa or 

to progression of PCa disease. 
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