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Abstract

was evaluated by the MTT assay.

this concentration.

ceuticals with anticancer activity.

Background: Blue corn is a cereal rich in phenolic compounds used to make blue tortillas. Tortillas are an important
part of the Mexican diet. Blue corn and tortilla represent an important source of the natural antioxidants anthocya-
nins. However, studies on their biological activity on cancer cell lines are limited. The goal of this study was to evaluate
the antioxidant and antiproliferative activity of blue corn and tortilla on different cancer cell lines.

Methods: Total polyphenol content, monomeric anthocyanins, and antioxidant activity by the DPPH and TBARS
methods of blue corn and tortilla were determined. The anthocyanin profile of tortilla was obtained by means of
HPLC-ESI-MS. The antiproliferative activity of blue corn and tortilla extract on HepG2, H-460, Hela, MCF-7 and PC-3

Results: Blue corn had higher content of total polyphenols and monomeric anthocyanins as well as lower percent-
age of polymeric color than tortilla; however, both showed similar antioxidant activity by DPPH. In addition, although
a higher degradation of anthocyanins was observed on tortilla extract, both extracts inhibited lipid peroxidation
(IC50) at a similar concentration. The anthocyanin profile showed 28 compounds which are primarily derived from
cyanidin, including acylated anthocyanins and proanthocyanidins. Blue corn and tortilla extracts showed antiprolif-
erative effects against HepG2, H-460, MCF-7 and PC-3 cells at 1000 pug/mL, however Hela cells were more sensitive at

Conclusion: This is the first report to demonstrate anticancer properties in vitro of tortilla derived from blue corn,
suggesting that this product has beneficial health effects. In addition, blue corn could be a potential source of nutra-
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Background

Epidemiological studies from several countries point out
that consumption of fruits, vegetables and cereals reduce
the risk of chronic degenerative diseases due to the pres-
ence of bioactive compounds such as phenolic com-
pounds [1, 2]. In recent years, pigmented cereals such
as red, purple and black rice, black sorghum, and blue
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or purple maize have been the focus of scientific studies
since they are a potential source of anthocyanins [3].

Mexico is the center of origin and biodiversity of maize
(Zea mays L.). Species have an extensive genetic diversity,
with 59 different races described with different shapes
and colors ranging from white to yellow, red, purple
and blue [4]. Maize (Zea mays L.) is the most important
cereal in Mexico from which tortilla is produced. Tortil-
las are a staple food for Mexicans, consumed by 94% of
the Mexican population, with a 335 g/day consumption
per capita, equivalent to 122 kg/year [5].

In recent years, tortillas produced from blue maize
have been the focus of scientific studies due to their
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anthocyanin content [6, 7]. From the chemical stand-
point, anthocyanins are phenolic substances that belong
to the group of flavonoids derived from the 2-phenylben-
zopyrilic cation that is found in nature in a glycosylated
or acylated form [2]. Several studies indicate that antho-
cyanins have antioxidant and anticancer properties [8,
9]. However, their biological properties are affected by
food processing conditions. Nixtamalization, also known
as alkaline cooking, is the traditional process for mak-
ing corn dough used to prepare tortillas. From the nutri-
tional point of view, nixtamalization has several benefits:
increases calcium content, makes niacin available and
reduces the amount of mycotoxins present in maize [10].

On the other hand, nixtamalization causes degrada-
tion of anthocyanins. Several studies on the effect of nix-
tamalization on blue tortilla have been focused on the
changes of total content, profile, and antioxidant activity
of anthocyanins [11, 12]. However, the number of studies
related to the anticancer activity of blue corn and tortilla
is limited. Given the above, the aim of this study was to
determine the antioxidant properties and antiprolifera-
tive activities of blue corn and tortilla from native maize
on liver, lung, cervix, breast and prostate cancer cell lines.

Experimental

Plant material and chemicals

Blue corn from the Mixteco maize variety was collected
in the Mixteca region of Oaxaca, Mexico during 2012.
For the chemical and biological analysis, sodium ace-
tate, anhydrous sodium carbonate, potassium chloride,
dimethyl sulfoxide (DMSO), folin reagent, gallic acid,
ethanol, potassium acetate, quercetin, iron(III) chloride,
hydrochloric acid, trolox, 2,2-difenil-1-picril-hidrazil
(DPPH), amberlite XAD-7, acetic acid, 3-(4,5-dimethyl-
thiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT)
were obtained from Sigma-Aldrich. Trypsin, fetal bovine
serum (FBS), GlutaMAX (100x) were purchased from
Gibco. Dulbecco’s Modified Eagle’s medium (DMEM),
Roswell Park Memorial Institute Medium (RPMI-1640)
and phosphate buffer saline (PBS) tablet were supplied by
Lonza.

Tortilla preparation

Traditional nixtamalization was done by boiling blue
corn in a solution of 1% calcium hydroxide at 92°C for
35 min. After standing for 16 h, the cooked blue corn nix-
tamal was rinsed three times with 1 L of purified water.
Then it was grounded in a manual grinder to obtain
dough. A domestic press was used to make tortillas with
a thickness of 1 £+ 0.5 mm, 12 + 0.5 cm in diameter and
17.5 £ 0.5 g in weight. Discs of dough were put into a pan
at 240 £ 2 °C for 30 s on the side A, followed by 65 s on
side B, and 30 s again on the side A.
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Blue corn and tortilla extracts

Ground blue corn or tortilla (1:5 p:v) were homogenized
with ethanol acidified with citric acid 1M. This was per-
formed using an ultrasonic homogenizer (20 kHz, 750 W,
Cole-Palmer Instrument Company, VCX-750, USA).
The sample was placed under refrigeration for 24 h and
centrifuged at 4000 rpm for 15 min at a temperature of
5°C. The process was repeated twice and the extract was
concentrated using a rotary evaporator under vacuum.
Extensive extractions were performed in order to obtain
the highest content of polyphenols and anthocyanins.
The conditions of extraction have been included in a pat-
ent request, MX/A/20131011202.

Total phenolic content

The Folin—Ciocalteau method modified by Singleton and
Rossi [13], was used to evaluate the total polyphenol con-
tent. The absorbance was measured at 750 nm. The total
phenolic content was expressed as milligram equivalents
of gallic acid/100 g of fresh weight (mg GAE/100 g FW).

Total anthocyanin content

Monomeric anthocyanins were quantified using the pH
differential method previously described by Giusti and
Wrolstad [14]. Samples were diluted with 0.025 M potas-
sium chloride buffer solutions at pH 1 and 0.4 M sodium
acetate buffer at pH 4.5. A 400-700 nm sweep was done
by using a spectrophotometer (PerkinElmer model
Lambda 25 UV/VIS, USA). The monomeric anthocya-
nins content was expressed as mg of cyanidin-3-gluco-
side (C3G) per 100 g sample based on a molar extinction
coefficient of 26,900 L cm™ mg ™" and a molecular weight
0f449.2 g/L.

Antioxidant activity by DPPH

Antioxidant activity was determined by the DPPH
method [15]. A standard calibration curve was estab-
lished using trolox as the standard (100—-800 pM). The
radical DPPH (2.9 mL) was added to 0.1 mL of each
extract. The mixture was incubated for 30 min in total
darkness and the absorbance was read at 517 nm. The
results were expressed in pmol equivalents of trolox g~
of the sample (ET).

TBARS assay

The evaluation of lipid peroxidation was performed by
the TBARS method following the methodology described
by Ohkawa [16]. For this, 400 pL of homogenized rat
brain were mixed with 50 pL of extracts (500—1000 pg/
mL) and incubated for 30 min at 37 °C. Lipid peroxida-
tion with 50 uL of FeSO4 100 pM was induced, and after
1 h at 37° C, 500 pL of TBA reagent was added and the
absorbance at 540 nm was measured.
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Isolation and chromatography analysis

A 45 x 1.5 cm column was packed with amberlite XAD-7
pre-conditioned with acidified water (5% acetic acid)
[17]. The resin was washed with 200 ml of acidified water
(5% acetic acid) and 1 mL of the blue corn or tortilla
crude extract was added placed and washed with 100 mL
of acidified water; the polymer mixture was eluted with
200 mL of acidified ethanol (5% acetic acid). The elu-
ate was concentrated in a rotary evaporator (Heidolph
Digital Laborota pump 4011 coupled to V Pimo Vacum
Buchi 700) at 28 °C and stored at 4 °C until use. Separa-
tion of the compounds was performed using an HPLC
equipped with a C-18 ZORBAX eclipse plus column
(100 mm x 2.1 mm, 3.5 um) under isocratic elution with
methanol: water (2:8 v:v). The HPLC system was cou-
pled to a Briiker MicrOTOF II spectrometer operating
in negative ion mode, scan range: 50-3000 amu, capil-
lary voltage 3.8 kV, dry gas flow at 4.0 L min~"! and heated
capillary temperature of 180 °C. Under these conditions
an electrospray ionization-mass spectrometry (ESI-MS)
analysis of the isolated compounds was performed.

MTT assay

Hepatocellular carcinoma (HepG2), lung carcinoma
(H-460), cervix adenocarcinoma (Hela), breast adeno-
carcinoma (MCF-7), and androgen-independent prostate
adenocarcinoma (PC-3) human cancer cell lines were
obtained from the American Type Culture Collection,
United States of America (ATCC, U.S). PC-3 cells were
maintained in RPMI-1640 medium which contained
10% FBS, 1% Lr-glutamine and 0.1% piruvate. HepG2,
Hela, H460 and MCEF-7 cells were maintained in DMEM
medium which contained 10% FBS. The antiprolifera-
tive action of ethanolic extracts of tortilla and blue maize
of the Mixteco variety was evaluated in HepG2, H460,
Hela, MCF-7 and PC-3 cancer cell lines. For this, cells
in 96-well plates were grown to 80% confluency. The
cell count was performed using a Neubauer chamber,
5000 cells were seeded per well for PC-3 and 10,000 cells
per well for HepG2, H-460, Hela and MCF-7. The blue
corn and tortilla extracts were applied in concentrations
of 125, 250, 500 and 1000 pg/mL, 100 uL per well. Cell
culture in medium was used as a negative control, R (—),
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and quercetin 50 uM as a positive control, R (+). Extracts
and quercetin were solubilized in culture medium. Treat-
ments were allowed to incubate for 48 h. Post incubation
time cells were treated with 5 mg/mL of MTT (10 pL
per well) and incubated at 37 °C, 5% CO, for 2 h. Finally,
100 pL of DMSO were added, the absorbance was deter-
mined at 595 nm [18].

Statistical analysis

Data analysis was performed using the GraphPad Prism
6.0 statistics software. Analysis of variance (ANOVA) and
Tukey’s test comparison with a 95% confidence interval
were performed. The results of cell viability are presented
as mean * SD of independent experiments.

Results and discussion

Total content polyphenols, monomeric anthocyanins,
percent polymeric color and antioxidant activity in blue
corn and tortilla

In the present study, the content of total polyphenols,
monomeric anthocyanins and percent polymeric color
in the grain of blue corn and the tortilla derived from
it were evaluated, since it is relevant to know how the
tortilla preparation process affects the concentration of
phenolic compounds such as anthocyanins. The total
phenolics value for blue corn was of 287.3, and 70.3 mg
GAE/100 g for tortilla; while the monomeric anthocya-
nins content was 70.50 and 27.8 mg C3G/100 g in blue
corn and tortilla, respectively (Table 1). According to
literature data, a decrease in the concentration of poly-
phenols and anthocyanins in tortilla could be attributed
to the nixtamalization process, were high temperature
and alkaline conditions are applied [11, 12]. It has been
estimated that 40—-80% of anthocyanins may be lost dur-
ing the transformation of blue corn grain to tortilla [19].
However, research made on blue corn tortilla show that
the remaining amount of anthocyanins is enough to
maintain antioxidant properties [11].

In addition, higher percent polymeric color values were
observed for tortilla as compared to blue corn, which
suggests the formation of polymers during the process. A
study done by Lao and Giusti [20] suggests that percent
polymeric color can be used as indicator of the effect of

Table 1 Total polyphenol content, monomeric anthocyanins and antioxidant activity by DPPH and TBARS methods

of blue corn and tortilla

Sample’ Total polyphenols Monomeric anthocyanins Percent DPPH TBARS IC50
(mg EAG/100 g) (mg C3G/100 g) polymeric color (UM ET/qg) value (pg/mL)

Blue corn 287.340.03° 70.50 £ 1.3° 54,0 4 2.06° 492 40.18° 792 +64.4°

Blue tortilla 703 +£003° 278418° 66.1 +031° 451 +£022° 750 £ 5.61°

GAE gallic acid equivalentes, ET trolox equivalente, C3G cyanidin 3-glucoside

! The results are expressed as mean = SD. Different letters indicate that there are significant differences (p < 0.05)
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corn processing in anthocyanins. On the other hand, pre-
vious studies in thermally processed foods suggest that
an increase in anthocyanin polymers has a positive effect
on antioxidant activity [21].

On this regard, we used the DPPH and TBARS assays
to provide information on the antioxidant activity of blue
corn and tortilla extracts. The radical-scavenging activ-
ity by DPPH of these extracts is shown in Table 1. Inter-
estingly, although tortilla extract showed a decrease on
phenolics, it had slightly lower values of DPPH (45.1 uM
ET/g FW) than blue corn (49.2 uM ET/g FW). Similar
data were obtained by the TBARS assay (Table 1). The
concentration of blue corn extract required to inhibit
TBARS production by 50% (IC50) was slightly lower
(750 pg/mL) than the one recorded for tortilla extract
(792 pg/mL). These results suggest that changes in phe-
nolic compounds such as anthocyanins on blue corn due
to the nixtamalization process may improve its biological
properties.

HPLC-ESI-MS

The anthocyanin composition of blue tortilla (Fig. 1) was
estimated by HPLC coupled to mass spectrometry. A
total of 28 compounds derived from cyanidin were ten-
tatively identified in the blue tortilla extract (Table 2),
including cyanidin-3-glucoside, four acylated anthocya-
nins and fifteen proanthocyanidins. It has been reported
that during the process of nixtamalization, an alkaline
hydrolysis takes place liberating the acid part of acylated
anthocyanins, resulting in monoglycosylated forms of
anthocyanins such as cyanidin-3-glucoside [19]. Previous
studies point out that anthocyanins in blue maize grain
are mainly acylated, which are more stable to alkaline pH
and high temperatures [7, 22].

The data obtained by percent polymeric color reveal
that polymerized compounds are present in blue tortilla
(Table 2). Studies on chemical composition on blue tor-
tilla from different maize varieties mainly report mono-
meric and acylated anthocyanins [19], while the presence
of proanthocyanidins had not been observed. In this

Page 4 of 8

study, the number of anthocyanins detected and dis-
crepancies in their profile with previous reports could be
attributed to the maize variety, as well as to the nixtamal
process, where anthocyainins may be degraded or react
among themselves, or even polymerize at the given alka-
line and temperature conditions. The extraction method
may also have an impact on anthocyanin profile. For
better anthocyanin extraction, previous reports recom-
mend to use weak organic acids and low concentrations
of strong acids such as hydrochloric acid (< 1.0%) [23]. A
study done by Lao and Giusti [20] report that high con-
centration hydrochloric acid could break the glycosidic
bond of monomeric anthocyanins and hydrolyze poly-
meric pigments into smaller molecules. For this reason,
we used ethanol acidified with citric acid since organic
acids decrease the decomposition of anthocyanins dur-
ing the concentration of extracts [24, 25]. Furthermore,
it has been reported that acidic conditions allow a higher
extraction of proanthocyanidins by preventing autoxida-
tion and decreasing their polar interactions with the cell
wall [26]. On this regard, our research team has stud-
ied different samples of blue tortilla made from other
maize varieties, where proanthocyanidins have also been
detected (unpublished data). As far as we know, this is a
first report of proanthocyanidins on blue tortilla.

It is important to say that although the tortilla showed
a decrease in the content of anthocyanins as compared
to the grain (Table 1), the chemical changes due to the
tortilla preparation process may be beneficial from the
biological activity standpoint, as suggested by the anti-
oxidant activity assays that were made in the present
study. It could be attributed to the chemical composition
of anthocyanin profile of tortilla where the presence of
monomeric anthocyanins and proanthocyanidins were
detected.

Antiproliferative activity

In order to shed light on anticancer properties of blue
corn and tortilla extracts, we investigated their anti-
proliferative activity on different cancer cell lines:

Intens
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Fig. 1 Anthocyanin profile of blue tortilla obtained by means of HPLC-ESI-MS
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Table 2 Identification of anthocyanins in tortilla extract from blue Mixteco maize

Peak RT (min) [M]* (m/2) Fragments ions (m/z) Compound

1 1.7 611 449,287 Cyanidin-3,5-diglucoside

2 2.7 449 287 Cyanidin-3-glucoside

3 11.1 493 287 Unidentified

4 11.9 563 287 Cyanidin-3-(6-ethylmalonylglucoside)
5 12,6 565 287 Cyanidin-3-(malonyl)glucoside

6 13.1 735 460, 287 Unidentified

7 13.7 737 460, 292 Unidentified

8 143 490 287,162 Cyanidin-3-O-(6"-acetyl-galactoside)
9 14.7 520 287,162 Cyanidin-3-O-(6"-piruvoyl-glucoside)
10 153 725 287,162 Unidentified

" 16.1 615 510,287,162 Unidentified

12 174 789 589,303,152 Proanthocyanidin dimer

13 18.2 877 717,597,347 Unidentified

14 18.7 921 641,471,403, 303, 162 Proanthocyanidin dimer

15 19.3 843 685, 433,287,162 Proanthocyanidin dimer

16 19.9 903 729,463 Unidentified

17 209 817 757,617,463,287,162 Proanthocyanidin tetramer

18 213 861 801,669, 477,287,162 Proanthocyanidin trimer

19 226 871 801,671,606, 538,425, 287,162 Proanthocyanidin trimer

20 229 901 636, 538,287,176 Proanthocyanidin trimer

21 234 901 801, 666,463, 375,287,176 Proanthocyanidin trimer

22 237 901 801, 655,463, 287,162 Proanthocyanidin trimer

23 243 843 637,502,417,337,162 Proanthocyanidin trimer

24 252 871 637,467,287,176 Proanthocyanidin trimer

25 255 901 729,597,463,325,176 Proanthocyanidin trimer

26 258 901 843,627,463, 287,176 Proanthocyanidin trimer

27 269 901 729,635,439, 299,177 Proanthocyanidin trimer

28 276 885 725,339,154 Proanthocyanidin trimer

hepatocellular carcinoma (HepG2), lung carcinoma
(H-460), cervix adenocarcinoma (Hela), mammary ade-
nocarcinoma (MCF-7) and prostate cancer androgen
dependent (PC-3) as shown in Figs. 2, 3. These cell lines
were selected because they represent the types of cancer
with the highest incidence and mortality in Mexico [27].
For HepG2, H-460, MCF-7and PC-3 cancer cell lines,
the blue corn extract significantly inhibited cell prolif-
eration at 1000 pg/mL, (Figs. 2, 3). Interestingly, tortilla
extract inhibited cell growth of these cancer lines at a
lower concentration (250 and 500 pg/mL). However,
blue corn as well as tortilla extracts exhibited the highest
antiproliferative activity against HepG2, H-460, MCF-7
and PC-3 at 1000 pg/mL. It can be also observed that
for these cell lines both extracts showed similar anti-
proliferative activity at this concentration, suggesting
that the tortilla process is beneficial. These results are
consistent with the findings by TBARS assay (Table 1),
where the blue corn and tortilla extracts decreased lipid
peroxidation (IC50) at similar concentrations. These

data are clearly interesting, since they imply that pro-
cessing of blue corn into tortilla increases health ben-
efits. Previously, other studies reported anthocyanin
content, antioxidant activity and the profiles of these
compounds for blue corn and tortilla; however, special-
ized research on anticancer properties of blue corn and
tortilla are scarce.

On the other hand, among all the cancer cell lines
tested, blue corn and tortilla extract showed the high-
est antiproliferative activity in Hela. It is noteworthy
that tortilla extract (61.04 + 1.9%) showed slightly lower
cell viability than blue corn extract (68.69 £ 2.6%) for
the concentration of 1000 pug/mL. It could be attributed
to changes on anthocyanin profile during nixtamaliza-
tion, which probably favors the antiproliferative activ-
ity of tortilla extract in the cell line Hela. This evidence
highlights once again the importance of the traditional
nixtamalization process to make tortilla, particularly
its effect on anthocyanins, compounds with anticancer
properties.
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A study done by Bagchi et al. [28] found that grape
seed proanthocyanidins offered more protection against
free radical-induced lipid peroxidation compared to vita-
min C, E and B-carotene. Also, research into the effect of
strawberry extract enriched with ellagitannins and proan-
thocyanidins indicate that it was most cytotoxic against
tumourigenic clones and lymphocytes [29].

The proanthocyanidins are phenolic compounds that
have shown chemoprotective properties against oxygen
free radicals and oxidative stress; however, the mecha-
nisms behind their anti-cancer activity have not been
completely elucidated. Some authors suggest that the
complexity of proanthocyanidins allows them to interfere
in signaling systems [30].

Nevertheless, several molecules present in foods, such
as quercetin, can inhibit the growth of cancer cells [31].
Therefore, we compared the antiproliferative activity of

blue corn and tortilla extracts against quercetin 50 uM
in all studied cell lines. Our results provide evidence that
blue corn and tortilla extracts have similar antiproliferative
activity in HepG2, MCEF-7 and PC-3 or even better results
in Hela and H-460 cell lines than the ones given by querce-
tin 50 uM. These results are promising and provide new
information on anticancer properties of nixtamalization
products, specifically tortilla prepared from blue corn.

Conclusion

Our study is the first report showing that traditional
tortilla-making process from blue corn favors anti-
proliferative activity in several cancer cell lines. This
evidence highlights the importance of the traditional
nixtamalization process, particularly its effect on antho-
cyanins. The findings suggest that consumption of blue
corn and tortilla could have a positive effect on health.
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Further investigation is required to clarify the molecu-
lar mechanism(s) involved in the anticancer activity
observed in blue corn and tortilla from maize of the Mix-
teco race.
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