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Abstract.
BACKGROUND: Anthocyanins, flavonoids and organic acids widely occurring in extracts of the fruits of Aristotelia chilensis
(“Maqui”), concertedly acts on the expression of cyclooxygenase-2 (COX-2), NF-�B, HT-29 and Caco-2 colon cancer cell
growth inhibition and on the production of inflammatory mediators.
OBJECTIVE: To assess the anti-inflammatory effects of extracts from fruits of “Maqui Berry”, on the HT-29 and Caco-2
human colorectal cancer cell lines by measuring COX-2 and NF-�B as well as their antioxidant activities.
MATERIAL AND METHODS: Methanol/water extracts and its partitions (acetone and ethyl acetate) from three varieties of
“Maqui” were used to access their effects on growth of HT-29 and Caco-2 colon cancer cells, COX-2, NF-�B, NO formation,
oxidations by DPPH, TBARS, FRAP and ORAC.
RESULTS: Fractions rich in anthocyanins, exhibited potent chemoprotective abilities on decreasing growth of HT-29 and
Caco-2 colon cancer cells. The results indicated that the extracts suppressed the production of nitric oxide (NO), through
the down-regulation of inducible nitric oxide synthases (iNOS). The structural features of the extracts correlate with the
inhibition of NF-�B and COX-2 protein expressions and a potent antioxidant activity by assays of DPPH, FRAP, TBARS
and ORAC. The inhibition of cell growth and NO production by selected extracts was dose-dependent with significant effects
seen at concentration as low as 25.0 and 10.0 ppm, respectively.
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CONCLUSIONS: The phenolics (anthocyanins, flavonoids, and organic acids) that occur in extracts from Maqui berry
Aristotelia chilensis may provide therapeutic potential against colon cancer.
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1. Introduction

Antioxidants are substances that delay the oxidation process, inhibiting the polymerization chain initiated by
free radicals and other subsequent oxidizing reactions [1]. A growing body of literature points to the importance of
natural antioxidants from many plants, which may be used to reduce cellular oxidative damage, provide protection
against chronic diseases, including cancer, neurodegenerative, inflammation and cardiovascular diseases [2].
Occidental diets rich in saturated fatty acids, together with environmental pollution increase oxidative damage in
the body. Given this constant exposure to oxidants, antioxidants may be necessary to counteract chronic oxidative
effects, thereby improving the quality of life [3].

The increasing interest in the measurement of the antioxidant and chemoprotective activities of different plant
samples is derived from the substantial evidence of the importance of Reactive Oxygen Species (ROS) [4–8].
On the other hand, the use of traditional medicine is widespread, and plants still present a large source of novel
active biological compounds with interesting biological activities, in which the antioxidants may play a crucial
role in health promoting activities [9, 10].

The numerous beneficial effects attributed to phenolic product [11–13] has given rise to a new interest in finding
vegetal species with high phenolic content and relevant biological activity. Berries constitute a rich dietary
source of phenolic antioxidant and bioactive properties [13–15]. Chilean Maqui Berry (MB) –a blackberry-
Aristotelia chilensis (Mol) Stuntz (Elaeocarpaceae), an edible black-colored fruit, which reaches its ripeness
between December to March, has a popular and very high consumption during these months in Central and
South Chile and western of Argentina.

Previously, it has been reported the alkaloid composition of the leaves of A. chilensis [16–20]. On the other hand,
in the continuation of the general screening program of Chilean flora with biological activities [20], up-to-date
several studies report that fruit extracts of A. chilensis possess several biological activities including antioxidant,
cardioprotection, enzymes inhibition and as mediators in inflammation, among other activities [20–27]. It has
been enjoyed as an ethno-medicine for many years, it is also used as an anti-inflammatory agent on kidneys
pains, diverse digestive ailments (intestinal tumors and stomach ulcers), fever and cicatrization injuries, anti-
inflammatory effects, antioxidant properties, antiatherogenic, hypoglycemia, antihaemolytic, and inhibit LDL
oxidation [28–30].

Two important enzymes involved in activating the inflammatory response are inducible nitric oxide synthase
(iNOS) and cyclooxygenase-2 (COX-2). iNOS and COX-2 can catalyze the synthesis of nitric oxide (NO) and
prostaglandin E2 (PGE2), respectively, which in turn cause sepsis, sepsis shock, and systemic inflammatory
response syndrome [31]. Therefore, inhibition of the expression of these enzymes or of their products can help
to reduce inflammation and related conditions.

On the other hand, anthocyanins from many fruits showed a significant role in the cancer cell growth inhibitory
activity [32–35]. Anthocyanin-rich extracts from berries and vegetables have been reported to slow down the
growth of HT-29 colon cancer cells in vitro [32, 36]. Besides, several studies have shown that anthocyanin-rich
foods and anthocyanin pigments from food inhibited carcinogenesis in the colon [37–41].

In this study, we investigated the chemoprotective effects of extracts from fruits of A. chilensis by measuring
in vitro antioxidant capacity, enzymes inhibition, and grow inhibition of HT-29 and CaCo-2 cancer cells. The
anthocyanin, flavonoids and organic acids constituents have been previously characterized and evaluated for
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the ability to reduce antioxidant and anti-inflammatory activity [21–25]. The anti-inflammatory properties were
evaluated by investigating the NO and PGE2 production as well as iNOS and COX-2 expression [20].

2. Material and methods

2.1. Biological material

Fruits of Aristotelia chilensis (Mol) Stuntz (Elaeocarpaceae) were collected from fields near San Carlos City
(“Buli” wild variety, sample S1), Coihueco City (“Coihueco” domesticated variety, provided for Soc Inmob. “Las
Pataguas”, sample S2), and Victoria City (“Las Raices” wild variety, sample S3), Chile. The samples of plants
and fruits were identified botanically by Professor Dr. David S. Seigler (Plant Biology Department, University
of Illinois at Urbana-Champaign, USA) and voucher specimens were deposited at the Herbarium of University
of Illinois, (Ill, USA). The collected fruits were air-dried and kept frozen at –80◦C until use.

2.2. Sample preparation

For each sample fruits were separated in their main morphological parts (seed and pulp), the seeds were washed
with a mixture of distilled water/MeOH (1:1) and then this liquid was collected with the methanol/water extract
of pulp (containing 0.1% HCl using distilled water). Thus, extract (A) was obtained for each sample of fruit.
The methanol/water extract (A) was concentrated and re-dissolved in methanol: water (6:4), then partitioned
into acetone (B) and ethyl acetate (C), leaving a residue (D) (Fig. 1). The acetone partition (B) showed the best
antioxidant activity and it was used as leader for following experiments, furthermore extracts and fractions were
processed as it was reported previously [21, 23] and a complete metabolomic analyses of these samples will be
published in another paper.

2.3. Chemicals and solvents

All reagents used were either analytical grade or chromatographic grade, 2,2’-azobis (2-aminopropane) dihy-
drochloride (AAPH), 2,2-diphenyl-1-picryl-hydrazyl (2,2-Diphenyl-1-(2,4,6-Trinitrophenyl, DPPH), Butylated
Hydroxy Toluene (BHT; 2[3]-t-Butyl-4-hydroxytoluene), Trolox (6-hydroxy-2,5,7,8-tetramethylchroman-2-
carboxylic acid), quercetin, Folin-Ciocalteu reagent, (+)-Catechin, 2-thiobarbituric acid (TBA), 2,4,6-tripyridil-
s-triazine (TPTZ), ABTS (2,2-azino-bis(3-ethylbenzothyazolin-6-sulfonic ammonium) salt), dichlorofluorescein
diacetate, FeCl3 • 6H2O, hypoxanthine, xanthine oxidase, dihydroethydium (DHE), fluorescein dis-
odium (FL) (3’,6’-dihydroxy-spiro[isobenzofuran-1 [3H], 9[9H]-xanthen]-3-one, tetramethoxypropane (TMP),
1,1,3,3-tetraethoxypropane (TEP), MTT, Tris-hydrochloride buffer, phosphate buffered saline (PBS), phos-
phatidylcholine, FeSO4, trichloroacetic acid, Sulforhodamine B Solution 0.4% in 1% Acetic Acid, Trichloroacetic
Acid, 50%, Acetic Acid Solution, 10%, Tris Base Solution, were purchased from Sigma-Aldrich, St. Louis, MO
(now Merck). Methanol, CH2Cl2, CHCl3, NaCl, KCl, KH2PO4, NaHPO4, NaOH, KOH, HCl, sodium acetate
trihydrate, glacial acetic acid silica gel GF254 analytical chromatoplates, silica gel grade 60, (70–230, 60A◦) for
column chromatography, n-hexane, and ethyl acetate were purchased from Merck.

2.4. Reduction of the 2,2-Diphenyl-1-Picrylhydrazyl Radical

Extracts and partitions were chromatographed on TLC and examined for antioxidant effects by spraying the
TLC plates with DPPH reagent. Specifically, the plates were sprayed with 0.2% DPPH in methanol [42, 43].
Furthermore each fraction was analyzed with DPPH in microplates of 96 wells as follow: extracts, partitions
and fractions (50 �L) were added to 150 �L of DPPH (100 �M, final concentration) in methanol (The microtiter
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Fig. 1. Methods of obtaining extracts from three Maqui berry Aristotelia chilensis varieties. For the three varieties, same methodology was
used.

plate was immediately placed in an Biotek™ Model ELx808, Biotek Instruments, Inc., Winooski, VT) and their
absorbance read at 515 nm after 30 min [44, 45]. Quercetin and �-tocopherol were used as standards.

2.5. Oxygen radical absorbance capacity estimation

Oxygen Radical Absorbance Capacity measures antioxidant scavenging activity of a sample or standard
against peroxyl radicals generated from AAPH at 37◦C using FL, Trolox as the standard [46, 47]. The assay was
carried out in black-walled 96-well plates (Fischer Scientific, Hanover Park, IL), at 37◦C in 75 mM phosphate
buffer (pH 7.4). The following reactants were added in the following order: Sample or Trolox (20�L; 7 �M
final concentration) and fluorescein (120 �L; 70 nM final concentration). The mixture was preincubated for
15 min at 37◦C, after which AAPH (60 �L; 12 mM final concentration) was added (final volume 200 �L). The
microtiter plate was immediately placed in a Biotek™ Model FLx800 (Biotek Instruments, Inc., Winooski, VT)
fluorescence plate reader set, and the fluorescence was recorded every minute for 120 min, using an excitation
λ = 485/20 nm and emission λ = 582/20 nm, to reach a 95% loss of fluorescence. Results are expressed as
�mol Trolox equivalents (TE) per gram. All tests were conducted in triplicate.

2.6. Ferric reducing antioxidant power estimation

The FRAP assay was performed as previously described by Benzie and Strain [48]. Reagents were freshly
prepared and mixed in the proportion 10:1:1, for A:B:C, where A = 300 mM sodium acetate trihydrate/glacial
acetic acid buffer pH 3.6; B = 10 mM TPTZ in 40 mM HCl and C = 20 mM FeCl3. Catechin was used for a
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standard curve (5–40 �M final concentration) with all solutions, including samples, dissolved in sodium acetate
trihydrate/glacial acetic acid buffer. The assay was carried out in 96-well plates, at 37◦C at pH 3.6, using 10 �L
sample or standard plus 95 �L of the mixture of regents shown above. After 10 min incubation at RT, absorbance
was read at 593 nm. Results are expressed as �mol Catechin equivalents (CatE) per gram of sample. All tests
were conducted in triplicate.

2.7. Estimation of total polyphenol content

The total phenolic content of extracts was determined using the Folin-Ciocalteu reagent [49, 50]: 10 �L sample
or standard (10–100 �M Catechin) plus 150 �L diluted Folin-Ciocalteu reagent (1:4 reagent: water) was placed
in each well of a 96 well plate, and incubated at RT for 3 min. Following addition of 50 �L sodium carbonate
(2:3 saturated sodium carbonate: water) and a further incubation of 2 h at RT, absorbance was read at 725 nm.
Results are expressed as �mol Cat E per gram. All tests were conducted in triplicate (Fig. 4).

2.8. Estimation of lipid peroxidation using rat brain

As an index of lipid peroxidation, TBARS levels were measured using rat brain homogenates according to
the method described by Ng et al. [51], with some modifications. Adult male Wistar rats (200–250 g) were
provided by UBIPRO FES-Iztacala, UNAM, and their use was approved by the Animal Care and Use Committee
(PROJ.-NOM 087-ECOL-SSA 1-2000). Rats were maintained at 25◦C on a 12/12 h light-dark cycle with free
access to food and water and sacrificed under mild ether anesthesia. Cerebral tissue was rapidly dissected from
the whole brain and homogenized in phosphate-buffered saline (0.2 g KCl, 0.2 g KH2PO4, 8 g NaCl and 2.16 g
NaHPO4.7 H2O/L, pH 7.4) to produce a 1 in 10 homogenate, w/v [52]. The homogenate was centrifuged for
10 min at 3400 rpm, and the resulting pellet was discarded. Protein content of the supernatant was measured
by the method of Lowry [53], and samples were adjusted to 2.5 mg protein/mL with phosphate buffered saline
(PBS). The supernatant (400 �L, 1 mg protein) was pre-incubated with sample (50 �L) at 37◦C for 30 min, then
peroxidation was initiated by the addition of 50 �L freshly prepared FeSO4 solution (final concentration 10 �M)
and incubated at 37◦C for an additional 1 h [51].

The TBARS assay was determined as described by Ohkawa et al. [54] with the modification that 0.5 mL
TBA reagent (1 % thiobarbituric acid in 0.05 N NaOH and 30 % trichloroacetic acid, 1:1) was used, and that
the final solution was cooled on ice for 10 min, centrifuged at 10, 000 rpm for 5 min, and then heated at 95◦C
in a boiling water bath for 30 min. After cooling on ice, the absorbance was read at 532 nm in a Spectronic
Genesys 5 spectrophotometer. Quercetin and BHT were used as positive controls. Concentrations of TBARS
were calculated using a TMP standard curve [55]. Results are expressed as nmoles TBARS per mg of protein,
with percent inhibition after 30 min calculated as the inhibition ratio (IR).

IR(%) = (C-E)/C × 100%.

Where C = absorbance of the control and E = absorbance of the test sample. These values were plotted against
the log10 of the concentrations of individual extracts and fractions, and a decrease of 50% in peroxidation was
defined as the EC50.

2.9. Cell culture

Raw 264.7 murine macrophage cells were obtained from American Type Culture Collection (ATCC, Rockville,
MD, USA) and maintained in Dulbecco’s modified Eagles Medium (DMEM) containing 100 units/mL penicillin
G sodium, 100 units/mL streptomycin, supplemented with 10% heat inactivated FBS under endotoxin-free
conditions at 37◦C in a 5% CO2 atmosphere [56].
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2.10. Cell stimulation

Raw 264.7 cells were plated in T-25 tissue culture flasks (3.0 × 106 cells/flask). Cells were incubated in
DMEM for 24 h. The cells were replaced with new media DMEM 10% FBS with or without LPS (1�g/mL,
from Escherichia coli, serotype 0111:B4), plus the plant extracts, fractions, or pure compounds and incubated
for 12 h. Cells were then washed with PBS and lysed with NaCl 250 mM, HEPES 50 mM pH 7.9, EDTA 5 mM,
Nonidet p-40 0.1%, DTT 0.5 mM, PMSF 1 mM, Na-orthovanadate 0.5 mM, NaF 3 mM and Protease inhibitor
cocktail 1 � L by 1-3 X 107 cells. Protein was determined by the Bio-Rad method [56].

2.11. Western blotting analysis

Total protein (40 �g/lane) was loaded on a 7.5% SDS polyacrylamide gel under standard conditions and
electro-blotted to an NTT membrane in 15% methanol, 25 mM Tris and 192 mM glycine. The membrane was
blocked with nonfat milk in TTBS saline 1 h at 37◦C or overnight at 4◦C before incubation with primary antibody
(1:500 for iNOS, 1:1000 dilutions for COX-2) in 5% milk in TTBS for 1 h at 37◦C. After thoroughly washing,
the membrane was incubated with a secondary antibody radish peroxidase (1:25,000) for 1 h at 37◦C. The
immunoreactive bands were visualized using an enhanced chemoluminescence system Amersham [56].

2.12. Toxicity assay

3-(4,5-dimethylthiazole-2-yl)-2,5-diphenyl tetrazolium bromide (MTT). 80,000 cells/well were plated under
the same conditions as cell stimulation. After 12 h incubation, MTT (20 �L, 5 mg/ml in PBS) was added to each
well and incubated for 1.5 h in a CO2 incubator at 37◦C. The medium was removed and DMSO (200 �L) was
added to dissolve the absorbed MTT crystals. The plate (96 wells) was incubated for another 15 min before
measuring the absorbance at 550 nm (Biotek ELx800) [56].

2.13. Measurement of nitric oxide formation by iNOS activity in LPS- stimulated RAW 264.7 cells

Macrophage cells were maintained in DMEM supplemented with penicillin/streptomycin and 10% FBS at
37◦C, 5% CO2 in humidified air. For evaluating the inhibitory activity of extracts on iNOS, the cells in 10%
FBS /DMEM without extracts were plated in 96-well plates (500,000 cells/well), and then incubated for 24 h.

The cells were replaced with new media, and then incubated in the medium with 1 �g/mL of LPS and extracts.
After additional 12 h incubation, the media were removed and analyzed for nitrite accumulation as an indicator
of NO production by the Griess reaction. Briefly, 50 �L of Griess reagent (0.1% naphthylethylenediamine and
1% sulfanilamide in 5% H3PO4 solution) were added to 50 �L of each supernatant from LPS, or extract-treated
cells in triplicate. The plates (96 wells) were incubated for 5 min, and then were read at 570 nm against a standard
curve of sodium nitrite (Biotek ELx800) [56].

2.14. DCFH assay

80,000 cells/well were plated under the same conditions same as cell stimulation at room temperature. After
the 12 h incubation, 200 �L medium was added plus 100 �M DCFH per 30 min, the medium was removed and
the cells were washed and added with 200 �L PBS (pH 7.5) and the plate was placed in the reader and the
fluorescence recorded every minute for 120 min, using an excitation l = 485/20 and emission l = 582/20 (Biotek
FLx800) [56].
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2.15. HT-29 colon cancer cell line

HT-29 colon cancer cell line derived from human colorectal adenocarcinoma cells (HTB 38; American Type
Culture Collection, VA, USA) were grown at 37◦C in a NuaireTM IR Autoflow CO2 Water-Jacketed Incubator
at a modified atmosphere (5% CO2, 95% O2) in McCoy’s 5A Medium with L-glutamine (Fisher Scientific,
Florence, KY) and supplemented with 10% fetal bovine serum (FBS) (Invitrogen Corp., Carlsbad, CA). They
were seeded at a volume of 1 × 104 per well in a 96 well plate. Suspended cells were counted using a Nikon
Eclipse 50i Brightfield Microscope and a Reichert Bright-Line hemocytometer (Hausser Scientific; Horsham,
PA) to estimate total viable cell concentration. Cultures were split 1:5 when monolayers were 70–80% confluent
using Dulbecco’s Phosphate Buffered Saline solution (DPBS) and 2.5% trypsin (Lonza, Walkersville, MD).

Cultured cells were fed fresh media every 3 days. Growth of HT-29 cell line was determined by microscopic
examination. Using the 10x lens of the microscope, cells were counted on 5 primary squares of the hemocytometer
using a hand counter. To calculate HT-29 cell concentration, the following formula was used:

Cells/mL = (Total # cells counted)/(Number of primary squares counted) × 1 × 104. Cell cultures were main-
tained in 75 cm2 Flasks with canted necks (Fisher Scientific, Florence, KY). All cell culture experiments were
performed with the initial 20 passages.

HT-29 colon cancer cells were seeded at 104 cells/ml and allowed to grow for 24 hours. After 24 hours the
HT-29 colon cancer cells were treated with anthocyanin rich extract from Maqui berry samples (30, 15, 10, 5
and 1.0 �g/mL of media) for 48 hours [32].

HT-29 colon cancer cell growth inhibition was determined after 48 hours of incubation at the different antho-
cyanin concentrations by using the Sulforhodamine B assay (SRB) at 490 nm. Each treatment had 4 replicates
and every treatment was repeated at least 4 times. The percentage of growth inhibition is calculated as follows:

%Growth Inhibition = 100 – (Ttrt – T0) × 100/(Tctr – T0) (1)

Where T0: Time zero. The absorbance of sample at 490 nm after first 24 hours incubation period prior to
anthocyanin treatment. Ttrt: Absorbance of sample at 490 nm after anthocyanin treatment. Tctr: Absorbance of
sample at 490 nm after total incubation (72 hours) without anthocyanin treatment [56].

2.16. Antiproliferative studies

Caco-2 cells (ATCC#HTB-37) were cultured in DMEM medium supplemented with 10% FBS, 100 U/ml
penicillin, 100 U/mL streptomycin, and 2 mM L-glutamine, at 37◦C in an atmosphere with 5% CO2. The culture
medium was changed every 48–72 h and the cells were tripsinized when confluence reached approximately 80%.

To study the antiproliferative effect of the extracts, the cells were seeded in 96 microplates, using 5 × 104

cells/100 �L in each well. Cells were grown for 120 h (Caco-2). The culture medium was replaced by DMEM
containing different concentrations of A. chilensis Maqui berry extracts (100�g, 50 �g, 25 �g and 12.5 �g
cyanidin-3-glucoside equivalents/mL of media). Cells were incubated for 4 h at 37◦C in with 5% CO2. The
quantification of the antiproliferative effect was carried out using the MTT method described in Chen et al.
[57]. The absorbance of each well was compared to the control cells, without extract. IC50 represents the extract
concentration that causes 50% decrease in cell viability. This value was calculated from a regression curve in
which the cell viability was represented versus the extract concentration in each well. The values are the mean
of 4 times 8 replicates.

2.17. Cell viability assays

The cytotoxicity activities of A. chilensis extracts against Caco-2 cells were determined using Sulforhodamine
B (SRB) assay [58, 59]. The Caco-2 cells were seeded in 96 well tissue plates at a density of 8 × 105 cell/ml in
100 �l medium DMEM per well for 24 h in the CO2 incubator. After 8 h, various concentrations of Maqui berry
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extracts were added to the medium (100�g, 50 �g, 25 �g and 12.5 �g cyanidin-3-glucoside equivalents/mL of
media). After incubation for 48 h, the cell monolayers were washed with 100 �l phosphate buffered saline (PBS)
fixed with trichloroacetic acid and stained for 30 min with 0.4% (w/v) Sulforhodamine B (SRB-Sigma Chemical
Co., St. Louis, MO, USA) dissolved in 1% acetic acid. The dye was removed by four washes with 1% acetic acid.
Protein-bound dye was extracted with 10 mM unbuffered Tris-base solution [tris (hydroxymethyl)aminomethane]
for determining the sample’s optical density in a computer-interfaced, 96-well microtiter plate reader (BIO-
TEK®, ELX405, Winooski, VT, USA). Vehicle controls covering all the concentrations of the solvents were
performed. All standard compounds and solutions prepared were protected from light using amber vials and the
protection of plastic microtubes, as well as cell culture plates using aluminum foil.

2.18. Statistical analysis

Data were analyzed by one-way ANOVA followed by Dunnett’s test for comparisons against control. Values of
p ≤ 0.05 (*) and p ≤ 0.01 (**) were considered statistically significant and the significative differences between
means were identified by GLM Procedures. In addition, differences between treatment means were established
with a Student-Newman-Keuls (SNK) test. The IC50 values for each analysis were calculated by Probit analysis.
Complete statistical analyses were performed using the MicroCal Origin 8.5 statistical and graphs PC program.

3. Results and discussion

3.1. Antioxidant

Extracts were evaluated for oxygen radical absorption capacity (ORAC), ferric reducing antioxidant power
(FRAP), 2,2-diphenyl-1-picryl-hydrazil (DPPH) radical scavenging, and an estimation of lipid peroxidation in
rat brain and in liposomes through the inhibition of formation of thiobarbituric acid reactive species (TBARS).

Antioxidant activities were strongly correlated with phenolic content of the samples. The most active sample
were fractions BS1, BS2, BS3, AS1, AS2 and AS3 in all bioassays used and the four extract types (MeOH (A),
acetone (B), ethyl acetate (C) and residue (D) were compared for activity against butylated hydroxy toluene
(BHT), and tocopherol as positive control (Fig. 2 (A-D)). The samples AS1, AS3, BS1 and BS3 were found
to have IC50 values of 1.5, 3.6, 1.3, and 3.1 ppm, respectively, in DPPH assay and 2.3, 4.9, 3.6, and 5.6 ppm,
respectively, against TBARS formation on rat brain procedures (Table 1). Consistent with this finding, MeOH
(A) and acetone (B) extracts of wild extracts had the greatest ORAC and FRAP values shown in percentage of
activity (Table 2). The MeOH extract protects against stress oxidative reducing the concentration of the MDA
a lipid peroxidation index. As reported, A. chilensis protected animals from heart damage as it seems to be by
the incidence of reperfusion dysrhythmias, and the no-recovery of sinus rhythm [21]. On the other hand, MeOH
extract was able to prevent these harmful events in the animal’s heart by diminishing lipid oxidation. These
results show that Maqui berry could be useful as antioxidant and cardioprotective sources [21].

The DPPH radical scavenging assay was used first as a screen for antioxidant components within the primary
extracts [42, 43]. As shown in Fig. 2 and Table 1, the methanol and acetone partitions (A and B, respectively) had
higher inhibitory activity against DPPH radical formation compared to the other partitions (C and D). Almost
all these extracts exhibited a concentration-dependence in their DPPH radical scavenging activities, particularly
BS1, which showed the highest activity (95% inhibition) at a concentration of 15.1 ppm (Fig. 2B). This action
was greater than that of �-tocopherol, caused only 53.8% quenching at 31.6 ppm and it is very similar to ferulic
and p-coumaric acids with IC50 values of 5.1 and 7.8 ppm, respectively (data not shown).

The lower IC50 value for partition BS1 (1.3 ppm) than any of the extracts A and B, might be due to a synergistic
effect of the components (mainly organic acid derivatives, anthocyanins and flavonoids) within this extract, similar
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Fig. 2. Scavenging of DPPH radicals by extracts from three varieties of Maqui berry Aristotelia chilensis. (A) AS1, AS2, AS3, (B) BS1,
BS2, BS3, (C) CS1, CS2, CS3, (D) DS1, DS2, DS3. For explanation of the extracts and partitions, see Fig. 1.

to the reports for components of Vaccinium corymbosum and V. angustifolium fruits [60, 15], where the acetone
and MeOH partitions were the most active extracts.

Of the many biological macromolecules, including carbohydrates, lipids, proteins, and DNA, that can undergo
oxidative damage in the presence of ROS, membrane lipids are especially sensitive to oxidation from this phys-
iological process [61]. For this reason, brain homogenates were used for the investigation of lipid peroxidation
as an assessment of oxidative stress. The capacity of extracts to prevent lipid peroxidation was assayed using
malondialdehyde formation as an index of oxidative breakdown of membrane lipids, following incubation of rat
brain cortical homogenates with the oxidant chemical species Fe2+ . Ferrous ion both stimulates lipid peroxi-
dation and promotes decomposition of lipids peroxides once formed, generating highly reactive intermediates
such as hydroxyl radicals, perferryl and ferryl species [62]. Extract B was the most effective, C and D were least
effective, but none was as effective as A or B extracts, or quercetin and BHT in inhibiting lipid peroxidation.
Table 1 shows the tabulated data that provide IC50 values for DPPH and TBARS; extract A clearly showed
the greatest activity. Thus, extract A reduced lipid peroxidation in a dose-dependent manner, and proved to be
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Table 1

IC50 values of three varieties of Maqui berry Aristotelia chilensis for inhibition of oxidative damage5

Extracts1 DPPH2 TBARS3 TBARS4

AS1 1.5 ± 0.4b 2.3 ± 0.4b 5.4 ± 0.5b

AS2 6.1 ± 0.9c 11.3 ± 1.1c 19.1 ± 1.4c

AS3 3.6 ± 0.5b 4.9 ± 0.4b 9.9 ± 0.9d

BS1 1.3 ± 0.2a 3.6 ± 0.5a 4.4 ± 0.8a

BS2 11.2 ± 1.8c 34.2 ± 2.9d 8.7 ± 1.3d

BS3 3.1 ± 0.2d 5.6 ± 1.2e 4.8 ± 0.8a

CS1 9.0 ± 2.3e 10.9 ± 0.8c 31.2 ± 3.9e

CS2 15.9 ± 2.1f 20.4 ± 3.2f 47.8 ± 2.2f

CS3 10.6 ± 2.5e 15.7 ± 5.9g 21.8 ± 2.8g

1See Fig. 1 for an explanation of extracts and partitions. 2IC50 for inhibition of diphenyl picryl hydrazyl

radical formation. 3IC50 for inhibition of peroxidation of lipids, estimated as thiobarbituric acid reactive

substances for rat brain procedures. 4IC50 for inhibition of peroxidation of lipids, estimated as thio-

barbituric acid reactive substances for liposomes procedures. 5Values are expressed as �g/mL (ppm),

See Methods for details. Mean ± SD, n = 3. Different letters show significant differences at (P < 0.05),

using Duncan’s multiple-range test.

Table 2

Antioxidant capacity of three varieties of Maqui berry Aristotelia chilensis, measured by the ORAC and the FRAP assays

Samplea ORACb FRAPc

[�g/mL] �mol TE/g extract [�g/mL] �mol Cat E/g extract

AS1 10.0 30790.9 ± 120.2a 25.0 19973.9 ± 44.1a

AS2 10.0 26288.7 ± 535.9b 25.0 15664.9 ± 23.3b

AS3 10.0 28480.9 ± 185.8c 25.0 19199.4 ± 11.5a

BS1 10.0 27663.4 ± 559.3b 25.0 21200.1 ± 36.4c

BS2 10.0 19760.9 ± 197.1d 25.0 18100.9 ± 19.3a

BS3 10.0 22560.8 ± 190.1e 25.0 19939.9 ± 12.7a

CS1 10.0 13980.8 ± 129.7f 25.0 6798.1 ± 10.9d

CS2 10.0 11569.9 ± 123.6g 25.0 6682.4 ± 12.9d

CS3 10.0 15656.5 ± 131.8f 25.0 6998.2 ± 19.3d

aExtracts A (Methanol/water (1:1)), B (Acetone partition), C (Ethyl Acetate partition) from three varieties of Maqui berry Aristotelia chilensis.

For details, see Fig. 1, and Material and Methods. bExpressed as �mol TE/g extract, (�mol of Trolox Equivalents / gram extract). Mean ± SD,

n = 3. Different letters show significant differences at (P < 0.05), using Duncan’s multiple-range test. cExpressed as �mol CatE/g extract,

(�mol of Catequin Equivalents / gram extract). Mean ± SD, n = 3. Values with the same letter are not significantly different (P < 0.05).

an excellent antioxidant, evidenced by its low IC50 value when analyzed by both TBARS and DPPH (Figs. 2
and 3).

When the relative contribution of each extract to the total antioxidant activity was evaluated using DPPH and
TBARS (Figs. 2 and 3, respectively), all extracts except D fraction showed good protective effect, with IC50
values between 1.3 and 47.8 ppm for both assays (Table 1, Fig. 4). It is noteworthy that the value for BS1 and
AS1 is very low when it is compared with both values for flavonoids and anthocyanins in general, as well as for
morin or quercetin [63, 64]. Currently, we are carrying out qualitative and quantitative analysis on these extracts.

It has been reported that the antioxidant activity of many compounds of botanical origin is proportional to the
phenolic content [65], suggesting a causative relationship between total phenolic content and antioxidant activity
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Fig. 3. Effects of extracts from three varieties of Maqui berry Aristotelia chilensis on the production of TBARS in rat brain homogenate.
(A). AS1, AS2, AS3, (B). BS1, BS2, BS3, (C) CS1, CS2, CS3, (D) DS1, DS2, DS3. For explanation of the extracts and partitions, see Fig. 1.

[66]. Halliwell [1, 67] has defined antioxidants as substances that, when present at low concentrations comparing
with an oxidizable compound (e.g. DNA, protein, lipid, or carbohydrate), delay or prevent oxidative damage
due to the presence of ROS. These ROS can undergo a redox reaction with phenolics, such that oxidant activity
is inhibited in a concentration-dependent manner. In the presence of low concentrations of phenolics or other
antioxidants, the breaking of chain reactions is the predominant mechanism [68], and the presence of phenolics
has been suggested to be the most active substances from natural sources [44]. Thus, total phenolic content was
measured in each extract. Extracts AS1 and BS1 which had the greatest antioxidant activities (Tables 1 and 2),
had significantly greater phenolic contents than other extracts. These findings correlate well with methanol and
acetone extracts AS1 and BS1 having greatest activities against DPPH and TBARS. Because AS1 and BS1 had
one of the greatest activities against DPPH and TBARS formations, it is possible that this fraction has the active
components.
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Fig. 4. Total phenolic content of extracts from fruits of three varieties of Maqui berry Aristotelia chilensis. Expressed as �mol of catequin
equivalents per g of extract. For explanation of the extracts and partitions, see Fig. 1. 1: AS1, 2: AS2, 3: AS3, 4: BS1, 5: BS2, 6: BS3, 7:
CS1, 8: CS2, 9: CS3, 10: DS1, 11: DS2, 12: DS3. Values are the mean ± SE of three replicates (n = 3); different letters show significant
differences treatments in comparison to control at P < 0.01, using the Tukey test.

The capacity for a chemical species to scavenge peroxyl radicals generated by spontaneous decomposition
of AAPH was estimated by Trolox equivalents, using the ORAC assay [47]. A wide variety of different phy-
tochemicals from edible plants, purified or as an extract or fraction, have been found to be active in this assay,
including alkaloids, coumarins, flavonoids, phenylpropanoids, terpenoids and phenolic acids [51, 45]. Among
the extracts assayed, the values were found to be in the range of 11569.9 to 30790.9 �mol TE/g extract for ORAC
and from 6682.4 to 21200.1 �mol Cat E/g extract for the FRAP assay, respectively (Table 2). As with our earlier
measurements [20], acetone and methanol extracts had the highest activity in both assays, AS1, AS3, BS1 and
AS2 had values of 30790.9, 28480.9, 27663.4 and 26288.7 for ORAC and BS1, AS1, BS3 and AS3 had values
of 21200.1, 19973.9, 19939.9 and 19199.4 for FRAP assays, respectively. In a general scope, acetone extract
B showed a very good potency with values between 19760.9 to 27663.4 �mol TE/g for ORAC and between
18100.9 to 21200.1 �mol Cat E/g for FRAP assay, respectively. The other assayed extract (C) showed values
of intermediate potency in the ORAC and FRAP assays without significantly difference (P < 0.05), respectively
(Table 2).

At this point only extracts A and B showed substantial activity. Interestingly, extracts from wild varieties having
more phenolic content and they were the fractions had higher activities in both assays (ORAC and FRAP). One
possible explanation for the low values obtained for C samples, is that for these samples, the reaction of the
ferric-TPTZ complex was only partially completed within the 10 min reaction period which agrees with the
ORAC assay, [20].
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Antioxidant activities have a direct relationship with the phenolic content of the extracts and fractions. Same
as DPPH and TBARS assays, extracts A and B were most active in both ORAC and FRAP assays. These results
correlated very well with total polyphenolic composition of all extracts and partitions.

The phenolic characterization [23, 94, 95] suggests that the different phytochemicals in the active samples,
mainly anthocyanins, organic acids (cinnamic derivatives) and flavonoids, may be involved in the antioxidant
mechanism of action and the ORAC method gives us a direct measure of hydrophilic chain-breaking antioxidant
capacity against peroxyl radical of our extracts (Fig. 4). Thus, the highest ORAC numbers of our extracts and
fractions show an excellent antioxidant potential (Table 2). Besides, the ORAC numbers of extracts showed
a very high correlation with polyphenol content (R > 0.95) (data not show), the same level of correlation was
observed between the FRAP numbers and phenolic composition of the extracts and fractions (Table 2). In the
case of the extract A and B, there is a similar level of correlation (R > 0.98) between FRAP numbers and its
polyphenolic content. A complete phytochemical analysis of MB extracts was reported [20, 21, 23, 94, 95].

The polar extracts from fruits of MB significantly reduced the increased MDA values. These results suggest
that MB is important for the reduction of I/R-induced damage [21]. The mechanism by which MB extract prevents
heart injury is probably by blocking the free radical formation after ischemia-reperfusion even if I/R is a complex
phenomenon that involves other mechanisms such as intracellular calcium overloading and loss of membrane
phospholipids [21], which are not assayed in the current study.

Because heart ischemia-reperfusion causes free radical production and maqui berry polyphenols (MBP) are
effective free radical scavengers [21], that study was designed to test the hypothesis that MBP will block free
radical formation, thus preventing injury. Indeed, MBP and one of its major polyphenolic components, antho-
cyanins, significantly reduced liver injury after ischemia-reperfusion [21]. Protection by MBP and anthocyanins
was associated with decreased free radical formation [20]. Besides, MBP prevented NF-�B activation and proin-
flammatory cytokine formation [20, 21]. Consistent with these observations, a previous report showed that green
tea polyphenols blunted endotoxin that induced NF-�B activation and TNF-� production [69].

Based on these data, there is possibility that MBP inhibits NF-�B activation by nonantioxidant mechanism.
Nevertheless, a variety of structurally diverse antioxidants and antioxidative enzymes has been shown previously
to inhibit NF-�B mediated cytokine production stimulated by endotoxin, consistent with prooxidant stimulation
of NF-�B activation and cytokine synthesis [3, 20, 21, 67]. Therefore, MBP also likely inhibits NF-�B activation
by scavenging free radicals. Taken together, other studies demonstrate that MBP effectively decreases oxidative
stress [14, 20, 21, 23] and thus it might be useful in disease status where colon injury plays a role, there is no
report from epidemiological or clinical studies regarding this issue. Further studies will be needed to determine
whether the antioxidant effect of MBP increases or decreases the risk for sepsis and colonic and intestinal polyps.

3.2. Anti-inflammation

3.2.1. NO production and COX-2
In previous studies of NO production inhibitory activity by MBP, the most polar extracts from MB exhibited

excellent inhibitory activity against ROS and a strong anti-inflammatory activity against TPA-induced inflamma-
tion in mouse ear edema model in a dose dependent manner [20, 23, 24]. These data are consistent with inhibition
of the expression of the enzyme COX-2 and iNOS enzyme because it is known that the production of nitrite is
closely linked to the expression of COX-2. These effects have been reported previously for MBP, flavonoids and
anthocyanins [20, 25, 70–74, 97].

Cyclooxygenase (COX) is the rate-limiting enzyme in PG synthesis and exists as two isoforms: constitutive
(COX-1) and inducible (COX-2) [75]. Thus, like iNOS, COX-2 is an important enzyme that mediates inflam-
matory processes. Multiple lines of compelling evidence support that COX-2 plays a role in the development
of tumors [76]. Thus, aberrant or excessive expression of iNOS and COX-2 are implicated in inflammatory
disorders and the pathogenesis of cancer. In previous work [20, 21], it was reported that the most polar extracts
(MeOH and acetone) suppressed the LPS-induced COX-2 expression in a dose-dependent manner [20, 21, 23].
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Fig. 5. iNOS / COX 2 inhibition. Effects of 10.0 �g/mL of extracts from three varieties of Maqui berry Aristotelia chilensis on iNOS and
COX-2 protein expression in LPS-stimulated RAW 264.7 macrophages. 1: control. 2: LPS. Explanation of the extracts (AS1, AS2, AS3,
BS1, BS2, BS3, CS1, CS2 and CS3) and partitions, see Fig. 1. The results of extract D (residues) were not graphed because of their very
low effects. Values are the mean ± SE of three replicates (n = 3); different letters show significant differences treatments in comparison to
control at P < 0.01, using the Tukey test.

Pro-inflammatory genes transcribed by NF-�B include IL-1�, IL-6, tumor necrosis factor-� (TNF-�). IL-1�
and IL-6 induce the expression of COX-2 and iNOS, promoting the action of prostaglandin E2 (PGE2) and of
nitric oxide (NO), respectively. COX-2 provides many inflammatory processes and causes various carcinomas,
and a constitutive overexpression of COX-2 produces a high level of resistance to apoptosis [77–79].

Blackberry, blueberry, cranberry, grape, raspberry, elderberry, pomegranate, strawberry, and black raspberry
extracts have been shown to inhibit NF-�B activation [70–73, 80–82].

The inhibition of NF-�B by black raspberries results from the phosphorylation of I�B-� and from the inhibition
of the PI3K/Akt pathway [83]. Most berry extracts inhibit LPS-induced NF-�B activation and the subsequent
production of COX-2 and of pro-inflammatory prostaglandins [70, 73, 80, 81]. The inhibition of the transcriptional
activity of NF-�B by cranberry extracts has been shown to lead to the inhibition of COX-2 gene expression and
to a decrease in the production of the pro-inflammatory cytokines IL-1�, IL-6, IL-8, and TNF-� [84–86].

New extracts from diverse varieties of MB are assessed and results confirmed the findings reported in Cespedes
et al., 2017 [20]. Figure 5 showed the inhibition of iNOS and COX-2 protein expression for the most active
extracts, confirming the inhibitory activity of extracts A and B. Noteworthily, the only difference shown in this
study is the amount of total phenols measured in the three extracts evaluated. This showed that the wild variety
“Buli” had a greater amount of phenols and this correlated very well with the level of activity shown by extract
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Fig. 6. Effects of extracts from three varieties of Maqui berry Aristotelia chilensis on viability of macrophages RAW 264.7. 1. Control,
2: LPS, 3: AS1, 4: AS2, 5: AS3, 6: BS1, 7: BS2, 8: BS3, 9: CS1, 10: CS2, 11: CS3, 12: DS1. Data are expressed as the mean ± SE at
least of three independent experiments. For explanation of the extracts and partitions, see Fig. 1. *P < 0.05 represent a significant difference
compared with values obtained from control group.

A and B of this variety. On the other hand, the cytotoxicity of samples was evaluated throughout the viability of
macrophages RAW-264.7 treated with LPS with and without the assayed samples (Fig. 6).

3.2.2. Inhibition of growth of colon cancer cells
The effects of growth inhibition of HT-29 and Caco-2 colon cancer cells showed moderated variability accord-

ing to extracts and doses. The SRB and MTT assays showed the effects of MBP treatments on the proliferation
of HT-29 and Caco-2 colon cancer cells.

Cells were incubated with anthocyanin rich extract from MBP at concentrations of 1.0, 5.0, 10.0, 15.0, 30.0,
and 50 �g/mL for 48 hours. MB extract appeared to be cytotoxic to HT-29 and Caco-2 cells above 50 �g/mL. The
inhibition levels were over 100% when concentrations were greater than 50 �g/mL. The overall observed growth
inhibition of HT-29 and Caco-2 cells when treated with MB AS1, AS3, BS1 and BS3 extracts at concentrations
of 30, 50 and 100 �g/ml were between 70 to 100% (Fig. 7 (A-C), and the IC50 in Table 3).

When cells were incubated in medium with domestic variety “Coihueco”, the extract B with anthocyanin rich
extract, in contrast to the wild varieties’ extracts, this showed low HT-29 and Caco-2 cell inhibition at same
concentrations evaluated. However, the methanol extract of this variety showed greater than 50% inhibition at
concentrations higher than 50 �g/ml. The overall observed growth inhibitions of HT-29 and Caco-2 cells when
treated with A and B extracts at concentrations greater than 50 �g /ml were up to 90%. These data suggest
that extract B rich in anthocyanins, flavonoids and organic acids when used to treat HT-29 and Caco-2 cells at
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Fig. 7. Cytotoxic effects of extracts from three varieties of Maqui berry Aristotelia chilensis on HT-29 and Caco-2 cells. (A) AS1, (B) AS2,
(C) AS3, (D) BS1, (E) BS2, (F) BS3, (G) CS1, (H) CS2, (I) CS3. For explanation of the extracts and partitions, see Fig. 1. Each point is the
average of three independent experiments. Values are the mean ± SE of three replicates, (n = 3).

concentrations 50 �g/ml and below have a greater chemopreventive effect than those of C partitions and residue
D (Fig. 7).

Our data suggests that the observed anti-proliferative activity may be associated with anthocyanin contents
because the treatment of anthocyanin rich extracts B inhibited the normal HT-29 and Caco-2 cell growth pattern.
The proliferation of HT-29 and Caco-2 cells was inhibited by the anthocyanin rich extract Bs in a dose dependent
manner (Fig. 7).

The extracts used in this study contained different glycosylation and acylation patterns. MB contains antho-
cyanins, flavonoids, organic acid groups (cinnamic, gallic, ferulic, caffeic, among other) [23, 94, 95]. Organic
aliphatic acids donate electrons to the anthocyanin chemical structure and cause a bathochromic shift and a
hyperchromic effect [87, 88]. Acylation also contributes to the stabilization of the anthocyanin via intermolecu-
lar interaction [89]. Aliphatic acid acylation is an important structural character to consider when studying the
chemopreventive effects of anthocyanins [98].
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Table 3

IC50 values of cell growth inhibitory activity (cytotoxicity) on HT-29 and Caco-2 cells

by three varieties of Maqui berry Aristotelia chilensis

Samplea HT-29C (%) Caco-2 (%)

AS1 28.50 ± 2.81a 15.96 ± 2.50

AS2 30.15 ± 2.62 18.90 ± 2.51

AS3 30.65 ± 2.86 30.2 ± 2.71

BS1 31.64 ± 2.71 19.95 ± 2.65

BS2 34.30 ± 3.05 28.87 ± 2.25

BS3 30.67 ± 1.65 28.50 ± 1.95

CS1 42.69 ± 2.01 50.16 ± 2.49

CS2 49.65 ± 2.64 55.97 ± 2.89

CS3 39.27 ± 2.86 52.70 ± 2.59

aExtracts A (Methanol/water (1:1)), B (Acetone partition), C (Ethyl Acetate partition);

from three varieties of Maqui berry Aristotelia chilensis. For details, see Fig. 1, and

Material and Methods. Data for Extract D was not shown due to its very low effects.

Each value is the average of three independent experiments.

The results of this study showed that the growth of HT-29 and Caco-2 colon cancer cells were significantly
suppressed when treated with anthocyanins, organic acids and flavonoids of MBP extracts (A and B). The growth
inhibition of HT-29 and Caco-2 cells was greater than 100% when treated with MBP extracts at concentrations
greater than 50.0 �g/ml, which indicates that the extract exhibited a cytotoxic effect, the IC50 values shows that
effects (Table 3). The ethyl acetate (C) extract was a moderate/weak inhibitor; however, it did not necessarily
exhibit a cytotoxic effect. These findings have also been confirmed by the research of Pan et al. [33–35, 90–92],
where polyphenolic extracts rich in anthocyanins from Black Raspberries were found to exhibit a dose dependent
inhibitory effect on the growth of colonic cancer cells. The results suggest that an extract enriched in antho-
cyanin/flavonoid/organic acids can maintain or increase the cell growth inhibitory effect to levels comparable to
other extracts contain anthocyanin (Fig. 4) [33–35, 70, 80, 81, 90–93].

Anthocyanin-rich MBP extracts contain cinnamic acid (sinapic, ferulic, caffeic, p-coumaric, etc). Cinnamic
acids are known for their aromatic ring chemical structure. Previous research suggests that anthocyanin acylation
with cinnamic acids may negatively correlate to the inhibition of HT-29 colon cancer cell proliferation [32].

Preceding analysis of the extracts have shown the occurrence of non-acylated anthocyanins [23, 94, 95]. Thus,
HT-29 colon cancer cell growth inhibition was increased when treated with sample B rich in anthocyanins at a
concentration of 50 �g/ml. These findings suggest that organic acids in the extracts have an important impact on
the chemoprotective effect of anthocyanins. The saponification of acylated anthocyanins considerably increases
chemoprotection [96]; suggesting that both acylation and aglycone have a major impact on the chemoprevention
of anthocyanins. More specifically, a previous study compared the inhibition of HT-29 cell proliferation of
mono-glucosylated and try-glycosylated pelargonidin and cyanidin derivatives [32]. This study found that more
sugars attached to the molecule caused decreased growth inhibition in the HT-29 cell line. Anthocyanins in MB
have different glycosylation patterns [23, 94, 95]. The results of this work strongly support the hypothesis that
the presence of sugar substitutions significantly decrease anthocyanins’ chemoprotective properties. Comparing
to our anthocyanin sources and their chemical structures, it is also possible and likely that the position of the
glycosylation has an impact on the ability of the extracts to inhibit HT-29 colon cancer cell proliferation.

3.2.3. Concluding remarks
These extracts of MB exhibited substantial potency in scavenging DPPH-radical and inhibiting lipid peroxi-

dation. Two of the four extracts from MB, A and B, showed potency in scavenging against DPPH-radicals, as
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well as a strong inhibitory effect against lipid peroxidation. The antioxidant activities, total phenolic content and
ORAC and FRAP assays were all correlated. Acetone partition B showed the activity that suggests the phenolic
compounds are probably low or medium molecular weights, with relative high polarity. Phytochemical analysis
of these extract, partitions and fractions are in progress, and it is expected to identify chemical structures of
bioactive components that may have a role in human health maintenance.

Many cellular components are sensitive to oxidative damage, caused by the presence of nitrogen or oxygen
reactive species, including a myriad of different free radicals. Rat brain homogenates, rich in lipids such as
polyunsaturated fatty acids that can undergo peroxidation. Our findings showed that the extract A and acetone
partition B of MB containing antioxidants that can inhibit lipid peroxidation and they have a high phenolic
content. The relationship between total phenolics with ORAC and FRAP values in all extracts and fractions
was similar with those found in other methanol and ethyl acetate plant extracts from different known fruits and
vegetables such as prunes, raisins, blueberries, spinach and Broccoli [70, 73, 80, 81].

The results of this research provided evidence that chemical structure plays an important role in HT-29 and
Caco-2 colon cancer cell growth inhibition. The presence of organic (cinnamic/ferulic) acids in MB extracts
increased or maintained their chemoprotective abilities. Anthocyanins, cinnamic acids and flavonoids exhibited
different chemoprotective effects depending on the aglycone and glycosylation patterns.

Triglycosylated anthocyanins had a negative correlation in HT-29 colon cancer inhibition, as well as their
structural position. The in vitro activity of anthocyanins may be relevant to in vivo effects because when ingested
anthocyanins are in direct contact with the epithelial cell layer of the colon. However, further research is needed
to better understand the impact of glycosylation on anthocyanin for chemoprevention.

Other study reported that Maqui berry juice inhibits the expression of COX-2 [97]. However, apparently the
way is not going to inhibit NF-�B but through the NFAT [86]. So heart, kidney, blood vessels, the cardiovascular
system are protected as a whole. This confirmed the previous findings from our group that concentrated extracts
protected the heart from oxidative stress [20, 21].

These findings warrant the research of Maqui Berry concentrates for preventive use against colon cancer. The
metabolomic analysis can be used to elucidate the chemical structure of anthocyanins that occur in each variety
[98].
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