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ABSTRACT: Mediterranean diet (MD) is associated with a low
incidence of colorectal cancer, but the specific dietary constituents
involved and mechanisms related to these beneficial effects are still
sparse. Sofrito, a traditional MD preparation, is a mix of foods
characteristics of MD such as tomato, onion, garlic, and extra virgin
olive oil, which contains many bioactive phenolic compounds and
carotenoids. The aim of the present study was to determine the
action of these components of sofrito on reactive oxygen species
and eicosanoid production as well as the cell growth/cell cycle in
adenocarcinoma cell cultures. We observed that hydroxytyrosol,
naringenin, naringenin glucuronide, and to a lesser extent lycopene and β-carotene modulate these events in Caco-2 cell cultures.
Interestingly, we also found an additive action of these bioactive compounds that could explain these biological actions on
concentrations reached after the consumption of a traditional MD.

■ INTRODUCTION

Colorectal cancer (CRC) is the third most commonly
diagnosed cancer in developed countries and is the second
cause of world’s cancer-related deaths.1 The traditional
Mediterranean diet (MD) is one of the healthiest in the
world, and it is likely that the adoption of this diet would lead
to a marked impairment in the incidence of high-prevalence
chronic disorders.2 This metaanalysis of prospective cohort
studies considered that the MD is responsible for a significant
decrease of death that included the impairment of neoplastic
processes. In this sense, an updated report from a large cohort
such as the European Prospective Investigation into Cancer
and Nutrition (EPIC) has found a lower overall cancer risk
among individuals with higher adherence to MD,3 and similar
findings were reported in a large cohort belonging to the
National Institutes of Health.4 Recently, several clinical studies
reported a protective effect of MD adherence on CRC risk in
Mediterranean5−7 and non-Mediterranean population.8,9 Ben-
eficial effects that appear to be most attributable to fruit,
vegetable, and whole grain intake, through multiple mecha-
nisms.10

Much attention has been focused on the relationship
between tomatoes and/or lycopene intake and cancer risk
impairment. In 2004, Food and Drug Administration (FDA)
received two petitions for qualified health claims regarding this
above relationship. In response to both questions, FDA studied
evidence for associations between lycopene (as a food
component) and tomatoes (as food) and each type of cancer.

The FDA considered no credible evidence to support an
association between tomato consumption or lycopene
consumption and a reduced risk of several cancers including
CRC.11 Interestingly, Urquiza-Salvat et al. (2018)12 recently
reported that a high consumption of fruit, vegetables, and
cooked tomato sauce in Mediterranean style (sofrito) was
related to low prostate cancer aggressiveness.
Sofrito is prepared by mixing tomato, onion, garlic, and olive

oil, which contains many bioactive phenols and carotenoids.13

Naringenin is the main flavonoid in tomatoes and tomato-
based sauces,14 whereas lycopene and β-carotene are the main
characteristic carotenoids,13 and hydroxytyrosol is a represen-
tative phenol from olives and olive products that is presented
in sofrito and tomato sauces prepared with olive oil.13

Furthermore, sofrito has higher concentrations of bioactive
compounds than tomatoes. Thus, 120 g of sofrito added to
different dishes and culinary preparartions daily lead to a total
phenolic consumption of 15−25 and 5−10 mg of carote-
noids.13

An increased number of cycling cells leading to the
enhancement of the cell proliferation zone and increased
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crypt height as well as impaired apoptosis are risk factors to
CRC development and progression. Polyphenols could
modulate oxidative stress and eicosanoid synthesis,15 involved
in chronic processes with an important inflammatory
component such as cancer. Considering these aspects, we
aimed to study the effect of several polyphenols and
carotenoids representative of sofrito on reactive oxygen species
(ROS) and eicosanoid synthesis as well as the cell growth/cell
cycle in adenocarcinoma cell cultures. Furthermore, we
proposed to study the likely evidence of additive and/or
synergistic actions of bioactive compounds of sofrito.

■ RESULTS
Table 1 shows that hydroxytyrosol is the most effective
bioactive component present in the traditional cooked tomato

sauce sofrito as the ROS scavenger in vitro. It presented a
higher antioxidant and reducing power than trolox and
quercetin, used as controls, respectively. Naringenin and
lycopene show an antioxidant activity and reducing power
lower than these control compounds, and finally, β-carotene
shows a little antioxidant activity. These results are in
agreement with those of previous studies that analyzed the
antioxidant activity of these compounds.16−18 Naringenin is

mainly metabolized to 7- and/or 4′-glucuronides by UDP
glucuronosyltransferase by losing hydroxyl groups,19 and
consequently it is detected in plasma at low concentrations
as aglycon.20 The question is whether these changes modify its
antioxidant and other biological activities. Our results show
that naringenin 7-O-β-D-glucuronide shows a minor antiox-
idant activity than that of the aglycon (Table 1) as well as a
low capacity to modulate Caco-2 cells’ ROS production (Table
2). We also demonstrated an interesting additive antioxidant
effect of hydroxytyrosol, naringenin, and lycopene to prevent
2,2′’-azino-di-[3-ethylbenzthiazoline sulfonate] (ABTS) oxida-
tion and an increase in the reducing power (Table 1). These
findings were further corroborated by the modulation of ROS
production in Caco-2 cell cultures by hydroxytyrosol and to a
lesser extent by naringenin, naringenin 7-O-β-D-glucuronide,
and lycopene (Table 2).
ROS production is among the underlying pathophysiological

mechanisms involved in the development of cancer,21 and also
modulated cell-signaling pathways that regulate the cell cycle
and cell growth,22 and the activation of the arachidonic acid
(AA) cascade23 that controls Caco-2 cell growth.24−26 Thus,
we studied the effects of their representative compounds on
the cell growth/cell cycle and AA cascade using Caco-2 cells,
for better understanding the mechanisms underlying the
beneficial effects of sofrito consumption.
To study these effects, we incubated nondifferentiated Caco-

2 cells in media supplemented with FBS 10% and polyphenols
or carotenoids. As shown in Figure 1A, both polyphenols and
carotenoids inhibited Caco-2 cell growth in a concentration-
dependent manner. The sequence of potency was: hydrox-
ytyrosol > naringenin > lycopene > β-carotene. The effects of
these compounds on nondifferentiated Caco-2 cell DNA
synthesis were also studied. At 10 μM, naringenin and
hydroxytyrosol inhibited DNA synthesis around 40 and 80%,
respectively, whereas carotenoids only inhibited around 20%
after 48 h exposure (Figure 1B). Furthermore, we observed
that naringenin 7-O-β-glucuronide shows a similar effect on
Caco-2 cell growth and DNA synthesis to that of naringenin
(Figure 2). Interestingly, we also observed an additive effect of
these compounds on the impairment of Caco-2 cell growth
and DNA synthesis (Figure 3) using concentrations near to
physiological conditions, which can be related to their induced
changes in the Caco-2 cell cycle. Thus, we observed that
naringenin, naringenin 7-O-β-D-glucuronide, lycopene, and β-
carotene increased the percentage of cells in the G0/G1 phase,
whereas hydroxytyrosol enhanced the number of cells in the S

Table 1. Antioxidant Effect of Sofrito Componentsa

compound

antioxidant
activity

(equivalents μM
quercetin)

reducing power
(equivalents
μM trolox)

naringenin (100 μM) 43.5 ± 1.6 42.1 ± 3.6
naringenin (300 μM) 128.3 ± 11.2 139.3 ± 2.1
naringenin 7-O-β-D-gluc. (100 μM) 27.8 ± 2.4 34.1 ± 2.7
Naringenin 7-O-β-D-gluc. (300 μM) 56.1 ± 1.2 ND
hydroxytyrosol (10 μM) 57.2 ± 1.3 68.5 ± 2.1
hydroxytyrosol (50 μM) 148.2 ± 13.6 172.3 ± 6.8
hydroxytyrosol (100 μM) 412.6 ± 21.8 234.2 ± 4.9
lycopene (100 μM) 74.3 ± 3.5 ND
lycopene (300 μM) 125.2 ± 6.7 63.2 ± 3.7
β carotene (100 μM) 14.2 ± 1.3 ND
β carotene (300 μM) 28.7 ± 1.6 31.2 ± 2.1
naringenin
(100 μM) + hydroxytyrosol
(10 μM) +lycopene
(100 μM) + β carotene (100 μM)

228.1 ± 8.6 235.2 ± 3.7

aData are the mean ± SEM of three experiments performed in
duplicate. ND, not determined.

Table 2. Effects of Cooked Tomato Sauce (Sofrito) Bioactive Compounds on Caco-2 Cell ROS and Eicosanoid Productiona

DCF fluorescence (fluorescence units × 1000) PGE2 (ng/mL) 5-HETE (ng/mL) 12-HETE (ng/mL) 15-HETE (ng/mL)

control 0.053 ± 0.02a 0.33 ± 0.04a 2.38 ± 0.05a 2.78 ± 0.07a 2.98 ± 0.04a

FBS 2.456 ± 0.12b 1.89 ± 0.23b 7.45 ± 0.27b 5.13 ± 0.36b 9.78 ± 0.33b

FBS + naringenin 1.108 ± 0.09c 1.22 ± 0.11c 6.13 ± 0.12c 3.95 ± 0.11c 5.12 ± 0.07c

FBS + naringenin gluc 1.379 ± 0.11c 1.43 ± 0.15c 6.28 ± 0.11c 4.12 ± 0.09c 5.32 ± 0.05c

FBS + hydroxytyrosol 0.447 ± 0.07d 0.77 ± 0.03d 4.11 ± 0.16d 3.26 ± 0.03d 4.27 ± 0.06d

FBS + lycopene 0.854 ± 0.06e 0.95 ± 0.03e 5.23 ± 0.15e 3.68 ± 0.04e 4.78 ± 0.05e

FBS + β-carotene 2.021 ± 0.13b 1.62 ± 0.22b 7.27 ± 0.21b 5.02 ± 0.17b 8.54 ± 0.11b

FBS + mix components 0.231 ± 0.02f 0.54 ± 0.07f 3.63 ± 0.07f 3.01 ± 0.03f 3.37 ± 0.03f

aNondifferentiated Caco-2 cells were cultured with FBS (10%) in the presence of naringenin (10 μM), naringenin 7-O-β-D-glucuronide (10 μM),
hydroxytyrosol (10 μM), lycopene (25 μM), β-carotene (25 μM), or the mix of both polyphenols (10 μM) plus both carotenes (25 μM). Data are
the mean ± SEM of three experiments performed in duplicate. Values that do not share a common letter (a, b, c, d, e, and f) were significantly
different (p < 0.05).

ACS Omega http://pubs.acs.org/journal/acsodf Article

https://dx.doi.org/10.1021/acsomega.9b04329
ACS Omega 2020, 5, 17071−17077

17072

http://pubs.acs.org/journal/acsodf?ref=pdf
https://dx.doi.org/10.1021/acsomega.9b04329?ref=pdf


phase (Table 3). Interestingly, the mix of bioactive compounds
that inhibits Caco-2 cell growth did not change the cell cycle
distribution.
Ethidium bromide/acridine orange staining and the

morphological study revealed that these compounds did not
affect the cellular structure and cell viability at concentrations
used. Moreover, we did not observe a hypodiploid DNA peak,
characteristic of apoptosis, under our experimental conditions
(data not shown). To confirm these data, we measured DNA
fragmentation as an index of apoptosis. None of the bioactive
compounds at the concentrations assayed induced marked

DNA fragmentation under our experimental conditions (data
not shown).
Recently, we reported that Caco-2 cells can synthesize COX

and LOX pathway metabolites from AA such as prostaglandin
E2 (PGE2), 5-hydroxyeicosatetraenoic acid (5-HETE), 12-
HETE or 15-HETE,27 eicosanoids that play a central role in
the regulation of Caco-2 cell growth.24−26 Considering these
antecedents, we studied whether these eicosanoids are
involved, at least partly, in the modulation of Caco-2 cell
growth by sofrito compounds. Here, we observed, for the first
time in the same study that these polyphenols and carotenoids
were able to inhibit eicosanoid production (Table 2).
Interestingly, hydroxytyrosol was the more potent compound
on COX and LOX pathways and we detected an additive effect
of both polyphenols and carotenoids on eicosanoid biosyn-
thesis.

■ DISCUSSION
In human, nutritional food choices depend on a wide range of
factors such as personal preferences, culture, tradition, ethics,
consumption patterns, environment, and so forth. In recent
years, attention has been increasingly paid to the nutritional
characteristics of traditional dishes and culinary preparations,28

in order to provide dietary information and to accurately

Figure 1. Effects of bioactive compounds of Mediterranean cooked
tomato sauce (sofrito) on Caco-2 cell growth (A) and Caco-2 DNA
synthesis (B) in the presence of fetal bovine serum (FBS). Caco-2
cells were incubated with hydroxytyrosol (HTy, squares, 10 μM),
naringenin (Nar, rhombs, 10 μM), lycopene (Lyc, triangles, 10 μM),
and β-carotene (β Car, circles, 10 μM) in a medium containing 10%
FBS for 48 h and cells were then counted (n = 8−12). DNA synthesis
(n = 4−6) was assessed by measuring BrdU incorporation. Results are
expressed as mean ± SEM. * Significantly different with respect to
control (10% FBS) (p < 0.05).

Figure 2. Effect of naringenin and naringenin 7-O-β-D-glucuronide on
Caco-2 cell growth (A) and Caco-2 DNA synthesis (B) in the
presence of FBS. Caco-2 cells were incubated with naringenin and
naringenin glucuronide (10 and 50 μM) in a medium containing 10%
FBS for 48 h and cells were then counted (n = 9) and DNA synthesis
(n = 4−6) was assessed by measuring BrdU incorporation. Results are
expressed as mean ± SEM. * Significantly different with respect to
control (10% FBS) (p < 0.05).

Figure 3. Effect of bioactive compounds of Mediterranean cooked
tomato sauce (sofrito) on Caco-2 cell growth (A) and Caco-2 DNA
synthesis (B) in the presence of FBS. Caco-2 cells were incubated
with naringenin (1 μM) or naringenin (1 μM) plus hydroxytyrosol
(0.1 μM), lycopene (10 μM), and β-carotene (10 μM) for 48 h and
cells were then counted (n = 9) and DNA synthesis (n = 4−6) was
assessed by measuring BrdU incorporation. Results are expressed as
mean ± SEM. * Significantly different with respect to control (10%
FBS) (p < 0.05); ≠ significantly different with respect to naringenin
treatment (p < 0.05); ‡ significantly different with respect to
naringenin plus hydroxytyrosol treatment (p < 0.05).

Table 3. Effect of Cooked Tomato Sauce (Sofrito) Bioactive
Compounds on the Caco-2 Cell Cyclea

compound G0/G1 (%) S (%) G2/M (%)

control 70 ± 2 20 ± 2 10 ± 1
naringenin (10 μM) 78 ± 3 16 ± 2 6 ± 2
hydroxytyrosol (10 μM) 65 ± 2* 29 ± 2* 5 ± 1*
lycopene (25 μM) 77 ± 4 9 ± 1* 14 ± 2
β-carotene (25 μM) 75 ± 3 13 ± 2* 12 ± 3
mix of four compounds 68 ± 3 22 ± 3 10 ± 2

aMix of compounds contains naringenin (1 μM), hydroxytyrosol (0.1
μM), lycopene (10 μM), and β-carotene (10 μM). Data are the mean
± SEM of three experiments performed in duplicate. * Significantly
different with respect to control (p < 0.05).
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estimate dietary intake of the population, prevent diseases of
high prevalence such as cancer, and preserve some cultural
elements. Spain is famous for its extremely rich traditional
foods, dishes, and culinary preparations, which have been
transferred from generation to generation, playing a key role
within local culture. The interactions between single food
components and/or between ingredients of dishes play a
central role in understanding the “food synergy” concept,29

which can also be applied to the study of the beneficial effects
of polyphenols and polyphenol-rich recipes.30 Cooked foods
and composite dishes constitute the main part of diet, but
there is a significant gap in the composition information and
nutritional effects. Nutrient contents and energy values of the
selected dishes vary widely because of the nature, variety, and
composition of the preparations that defined different daily
nutrient intakes and their association with health effects. All
dishes prepared with plant origin ingredients exhibited
appreciable antioxidant properties, at least in part, related to
the total polyphenol and carotenoid content.
In this context, the study of antioxidant properties of the

components of a food or a culinary preparation and their
possible synergistic interactions could represent the first step in
the investigation of potential benefits of culinary preparations,
and as an indicator of playing a “possible beneficial role”,
sofrito is a good example to perform this evaluation.
Polyphenols’ health-promoting properties have been mainly

assayed in vitro, and the bioavailability of polyphenols is poor
because they are rapidly metabolized.30 Consequently, a great
controversy exists as to whether polyphenols are active
molecules in vivo. Considering that naringenin concentrations
may be too low to play an effective biological role has raised
the question whether naringenin metabolites are able to elicit
biological responses to the concentrations reached in plasma or
tissues. To help resolve this question, the present study
demonstrates that the main naringenin metabolite, naringenin
7-O-β-D-glucuronide, has a lower antioxidant capacity than the
aglycon. Probably, as consequence of the loss of hydroxyl. In
this way, we recently reported the role of hydroxyls in the
antioxidant action of polyphenols.31 These findings agree with
the previous results that demonstrated the biological effects of
resveratrol metabolites,32 but that unfortunately cannot explain
the beneficial effects of sofrito. However, the sofrito bioactive
compounds might have an additive/synergistic antioxidant
action. These results might be a consequence of the ROS-
scavenging capacity of these compounds as we reported here,
but also as a consequence of the stimulation of antioxidant
enzymatic systems that are pivotal elements of the redox
homeostasis as we previously reported using other bioactive
compounds such as β-sitosterol.33

The cellular redox state may act as a molecular switch that
controls the activity of many enzymes and genes. Thus, AA is
released from cellular phospholipids by phospholipases in
response to changes in the redox state23 together with the
modulation of AA cascade enzyme expression/activity,34,35 the
rate-limiting steps being the subsequent metabolism to
synthesize eicosanoids. Events that control Caco-2 cell
growth.24 Considering all together, we can relate the
modulation of the redox state by sofrito components, and
consequently their actions on eicosanoid biosynthesis and
Caco-2 cell growth. It is likely that the more interesting finding
of the present study is that we observed an additive effect of
polyphenol and carotenoid components of sofrito on the
biological actions studied. These findings are in agreement

with those of a recent study that demonstrated an additive
action of sofrito components on oxidative stress and
prostaglandin E2/leukotriene B4 biosynthesis by oxidized
low-density lipoprotein-stimulated macrophages.36 These
additive/synergistic effects have been previously observed in
the study of bioactive components of olive oil and wine.37

Considering that hydroxytyrosol from extra virgin olive oil is
the most potent bioactive compound of sofrito based on the
parameters studied here, we must remark the importance to
include olive oil, preferentially extra virgin olive oil (rich in
hydroxytyrosol) in sofrito recipes as it is prepared using the
traditional MD cooking procedures. Furthermore, we observed
that these sofrito bioactive compounds have different
mechanisms of action on Caco-2 cell growth. Thus,
hydroxytyrosol increases the percentage of S phase cells
whereas naringenin and both carotenoids elevate the
percentage of cells in the G0/G1 phase.

■ CONCLUSIONS

Our findings suggest a novel molecular mechanism by which
sofrito bioactive compounds might modulate the cellular redox
state, AA cascade, and cell growth/apoptosis of intestinal
epithelial cells, events involved in CRC development.
Furthermore, we demonstrated that naringenin metabolites
are active compounds, and that bioactive compounds of sofrito
studied present additive actions, which can explain their
beneficial effect at physiological concentrations. Thus, our
results provide knowledge of the nutrient profile of a Spanish
traditional dish. The availability of this new information will
also facilitate further nutrition-related studies and will likely
encourage the consumption of food products, dishes, and
culinary preparations rich in bioactive molecules.

■ EXPERIMENTAL SECTION

Materials. Dulbecco’s modified Eagle’s medium (DMEM),
trypsin/EDTA, penicillin, and streptomycin were supplied by
GIBCO. Acridine orange, β-carotene, Dulbecco’s PBS,
ethidium bromide, ferric chloride, FBS, hydroxytyrosol,
lycopene, naringenin, nonessential amino acids, potassium
ferricyanide, propidium iodide, quercetin, ribonuclease A from
bovine pancreas, and Triton X-100 were supplied by Sigma-
Aldrich (St. Louis, MO, USA). Naringenin 7-O-β-D-glucur-
onide, eicosanoids, and deuterated eicosanoid internal stand-
ards were from Cayman Chem. Co. (Ann Arbor, MI, USA).
Chloromethyl dichlorofluorescein diacetate (CM-H2DCF-DA)
was obtained from Invitrogen (Carlsbad, CA, USA). Tissue
culture supplies and sterile materials were supplied by Corning
(Corning, NY, USA), Nirco S.L. (Barcelona, Spain) and
Biosigma S.R.L. (Venice, Italy).

Total Antioxidant Activity and Reducing Power. We
assayed different concentrations of bioactive compounds and
used an Antioxidant Assay Kit (Cayman Chemical). This test
is based on the capacity of antioxidants in the sample
(products diluted in PBS) to decrease the oxidation of ABTS
to ABTS+ by metmyoglobin.38 The ability of the compounds
in the sample to reduce ABTS oxidation is compared with that
of trolox, to quantify the findings as molar trolox equivalents.
Total reducing power was measured according to the

method of Oyaizu (1986).39 First, 40 μL of the sample was
mixed with 200 μL of phosphate buffer (0.2 M, pH 6.6) and
200 μL of 1% potassium ferricyanide. The mixture was
incubated at 50 °C for 20 min, and 200 μL of 10%
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trichloroacetic acid was added. Finally, 60 μL of 0.167% ferric
chloride was added and incubated at room temperature for 50
min and changes in absorbance at 690 nm indicated an
increase in reducing power. These results were compared with
a quercetin standard curve.
Cell Culture. Caco-2 cells from a moderately well-

differentiated primary colon adenocarcinoma were supplied
by American Type Culture Collection (HTB-37) (Manassas,
VA, USA). Cells (passages 19−40) were grown in plastic flasks
(25 or 75 cm2) at a density of 2−2.5 × 104 cells/cm2 and
cultured in DMEM with 4.5 g/L D-glucose and 2 mM L-
glutamine, 1% (v/v) nonessential amino acids, 10% (v/v) heat-
inactivated FBS, 100 U/mL penicillin, and 100 μg/mL
streptomycin. Cell cultures were maintained at 37 °C under
a humidified atmosphere of 5% CO2 in air. Cell cultures were
released by trypsinization, and subcultured at a density of 1.5−
2 × 104 cells/cm2 in 12 mm diameter plastic clusters and in 60
mm diameter plastic dishes, and the growth medium was
replaced twice per week. The assays were performed in
cultures maintained for 3 days (preconfluent cultures). All
assayed bioactive compounds were diluted in DMSO (final
concentration of DMSO was lesser than 0.1%).
Cell Growth and DNA Synthesis Assays. Caco-2 cell

clusters in 24-well plates (1.5−2 × 104 cells/cm2) were
maintained for 96 h in the DMEM medium supplemented with
10% FBS. Then, cultures were incubated for 48 h in the
presence of sofrito bioactive compounds. Finally, cultures were
washed, trypsinized, and cells were microscopically counted
using ethidium bromide/acridine orange staining to also assess
cell viability.
DNA synthesis was determined by the measurement of

BrdU incorporation during DNA synthesis (Cell proliferation
ELISA, BrdU Kit, from Roche, Rotkreuz, Switzerland). Caco-2
cells were cultured at 1000−1500 cell/well in 96 well plates for
4 days in the DMEM medium supplemented with 10% FBS.
Then, cultures were washed and incubated for 48 h in DMEM
in the presence of the compounds, and cells were treated
following the manufacturer’s instructions and absorbance was
measured at 450 nM.
Flow Cytometry Cell Cycle Analysis. Caco-2 cells were

grown in 60 mm dishes (1.5−2 × 104 cells/cm2) and
maintained for 96 h. Cultures were then incubated for 48 h
in 10% FBS DMEM containing the bioactive compounds.
Cells were trypsinized, fixed with 70% ethanol, and stored at 4
°C for at least 2 h. Low-molecular-weight DNA was extracted
from cells, which were stained with 20 μg/mL propidium
iodide solution (in PBS containing 0.1% Triton X-100 and 0.2
mg/mL DNase-free RNase A) for 1 h at room temperature.
Finally, cells were counted on an Epics XL flow cytometer
(Coulter Corporation, Philadelphia, PA, USA) and DNA was
analyzed (ploidy analysis) on single fluorescence histograms
using Multicycle software (Phoenix Flow Systems).
TUNEL Assay. DNA degradation was assayed by the

TUNEL method using a MebStain Apoptosis Kit (MBL,
Woburn, MA, USA). Caco-2 cell cultures were maintained in
the 10% FBS DMEM medium containing compounds for 48 h.
Then, cells were fixed with 4% paraformaldehyde and
permeabilized using 70% ethanol. 3′-OH DNA ends generated
by DNA fragmentation were labeled with fluorescein-dUTP
using terminal deoxynucleotidyl transferase and were measured
on an Epics XL flow cytometer (Coulter Corporation).
Intracellular ROS Generation. Intracellular ROS concen-

tration was assayed by the rate of oxidation of 1 μM CM-

H2DCF-DA to a fluorescent dichlorofluorescein (DCF) in the
presence of sofrito compounds for 20 min at 37 °C. The
changes in the fluorescence intensity were determined using a
FUOstar OPTIMA fluorometer (BMG Labtech, Ortenburg,
Germany), with excitation at 495 nm and emission at 515 nm.
These experiments were performed in the presence of
superoxide dismutase and catalase to confirm that the CM-
H2DCF-DA probe can measure ROS.40

Liquid Chromatography/Tandem Mass Spectrometry
to Assay Eicosanoid Concentrations. Eicosanoids in the
cell culture medium were extracted using a solid-phase
method. Eicosanoids and deuterated internal standards were
separated using a liquid chromatograph Perkin Elmer Series
200 system (Norwalk, CT, USA) equipped with a quaternary
pump and a thermostatted autosampler. To identify and
quantify eicosanoids, we used a triple quadrupole API3000
mass spectrometer (ABSciex, Concord, Ontario, Canada)
equipped with a TurboIonSpray source operating in the
negative ion mode, as we described previously.27

Data Analysis. The results are expressed as the mean ±
standard error of the mean. Differences between groups were
tested using Student’s t-test or one-way ANOVA and the LSD
multiple comparison test for posthoc analysis. Differences of p
< 0.05 were considered significant. All statistical analyses were
performed using SPSS 12.0 software (SPSS, Inc., Chicago, IL,
USA).
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risk of prostate cańcer. Aging Male 2019, 22, 102.
(13) Vallverdu-́Queralt, A.; de Alvarenga, J. F. R.; Estruch, R.;
Lamuela-Raventos, R. M. Bioactive compounds present in the
Mediterranean sofrito. Food Chem. 2013, 141, 3365−3372.
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making process affect the bioaccessibility and bioavailability of tomato
phenolics: A pharmacokinetic study. Food Chem. 2015, 173, 864−872.
(15) Mitjavila, M. T.; Moreno, J. J. The effect of polyphenols on
oxidative stress and the arachidonic acid cascade. Implications for the
prevention/treatment of high prevalence diseases. Biochem. Pharma-
col. 2012, 84, 1113−1122.
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