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Abstract: The aim of this study was to evaluate the effects of tomato supplementation on the normal
rat heart and the role of oxidative stress in this scenario. Male Wistar rats were assigned to two
groups: a control group (C; n = 16), in which animals received a control diet + 0.5 mL of corn
oil/kg body weight/day, and a tomato group (T; n = 16), in which animals received a control
diet supplemented with tomato +0.5 mL of corn oil/kg body weight/day. After three months,
morphological, functional, and biochemical analyses were performed. Animals supplemented with
tomato had a smaller left atrium diameter and myocyte cross-sectional area (CSA) compared to the
control group (C group: 474 (415–539); T group: 273 (258–297) µm2; p = 0.004). Diastolic function was
improved in rats supplemented with tomato. In addition, lipid hydroperoxide was lower (C group:
267 ˘ 46.7; T group: 219 ˘ 23.0 nmol/g; p = 0.039) in the myocardium of rats supplemented
with tomato. Tomato intake was also associated with up-regulation of miR-107 and miR-486 and
down-regulation of miR-350 and miR-872. In conclusion, tomato supplementation induces changes
in miRNA expression and reduces oxidative stress. In addition, these alterations may be responsible
for CSA reduction and diastolic function improvement.
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1. Introduction

Cardiovascular disease (CVD) is the major cause of mortality in the United States (US).
According to the World Health Organization, in 2030, CVD will be responsible for almost 23.6 million
deaths worldwide [1]. A diet rich in fruits and vegetables is associated with a reduced cardiovascular
risk [2]. Modulation of oxidative stress, inflammation, immune response, endothelial function, blood
pressure, and lipid metabolism are mechanisms that could explain the beneficial effects of fruit and
vegetable consumption [2]. Thus, currently, dietary modification and food supplements are attractive
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methods for CVD prevention and management. Among these interventions, consumption of tomato
and tomato-based foods is associated not only with a lower risk of cancer, such as prostate cancer, but
also with a decrease in cardiovascular risk [3,4].

Tomato fruits (Lycopersicon esculentum) provide a number of essential nutrients and other
bioactive components to the diet. Annual fresh tomato consumption is 18 kg per capita in Europe
and 8 kg per capita in the US [5]. Among the many tomato components, lycopene is the most
investigated. Lycopene accounts for almost 90% of total carotenoids in tomatoes [6]. However,
tomatoes also contain β-carotene, folate, phenolic compounds, and vitamins C and E [5]. Lycopene
is a fat-soluble pigment that gives tomatoes their red color. This hydrocarbon carotenoid has the
strongest singlet oxygen-quenching activity of all carotenoids [7,8]. In addition, lycopene regulates
the activity of E2-related factor 2 (Nrf-2), a transcription factor that stimulates the transcription of
antioxidant enzymes, such as superoxide dismutase (SOD), catalase (CAT), and thioredoxin [7,8].

Several clinical trials have evaluated lycopene supplementation and tomato-based food
interventions on traditional and emerging CVD risk factors [9–11]. In healthy individuals or in
patients with cardiovascular risk factors, lycopene supplementation reduced oxidative damage and
blood pressure and improved the lipid profile [2,9–11]. Experimental studies have also shown that
in aggressive heart models, such as myocardial infarction, doxorubicin cardiotoxicity, and obesity,
lycopene and tomato supplementation attenuated cardiac dysfunction, inflammation, and oxidative
stress [12–15]. However, the direct effect of tomato supplementation and the regulation of microRNA
expression in the myocardium of normal rats have not yet been evaluated.

MicroRNAs are small, non-coding RNA molecules of approximately 22 nucleotides that act as
post-transcriptional regulators of gene expression. Currently, miRNAs are considered key regulators
that are involved in several cardiovascular diseases, such as left ventricular hypertrophy, heart
failure, hypertension, and ischemic heart diseases [16]. The study of miRNAs could help in the
understanding of the protective role of tomato and tomato based-foods on cardiovascular mortality.

Thus, the aim of this study was to evaluate the effects of tomato supplementation on the normal
rat heart and the role of oxidative stress in this scenario.

2. Experimental Section

All of the experiments and procedures were approved by the Animal Ethics Committee of
Botucatu Medical School and were performed in accordance with the National Institute of Health’s
Guide for the Care and Use of Laboratory Animals.

Male Wistar rats weighing 200–250 g were assigned to two groups: a control group (C; n = 16), in
which animals received a control diet + 0.5 mL of corn oil/kg body weight/day, and a tomato group
(T; n = 16), in which animals received a control diet supplemented with tomato + 0.5 mL of corn oil/kg
body weight/day. Tomato supplementation in the diet was equivalent to 1 mg of lycopene/kg body
weight/day [17,18]. Water was supplied ad libitum. The dietary intake was recorded daily. The rats
were observed for three months, after which morphological, functional, and biochemical analyses
were performed.

2.1. Diet Preparation

Fresh tomatoes were cooked for 5 min at 80 ˝C and placed in tap water. The tomato skin was
removed manually. Then, they were triturated and dried at 65 ˝C for 48 h. The lycopene content of the
tomato powder was analyzed by high-performance liquid chromatography (HPLC) according to the
method described by Riso and Yeum [19,20]. The lycopene concentration was 5.9 µg/mg of tomato
powder. For each kg of control chow that was added, 4.2 g of tomato powder was used to supply
the equivalent of 1 mg of lycopene/kg body weight/day. This amount is equivalent to 700 mg of
tomato/kg/day in humans, or approximately half of tomato/day in an adult who weighs 60 kg [21].
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2.2. Echocardiographic Analysis

After three months, all animals were weighed and evaluated by a transthoracic
echocardiographic exam (General Electric Medical Systems, Vivid S6, Tirat Carmel, Israel). All
of the measurements were taken by the same observer, according to the method recommended by
the American Society of Echocardiography [22]. The following structural variables were measured:
left atrium (LA) diameter, left ventricle (LV) diastolic and systolic dimensions (LVDD and LVSD,
respectively), and LV diastolic posterior wall thickness (PWT). The relative wall thickness (RWT)
was determined as (2 ˆ PWT)/LVDD. The velocities of transmitral diastolic flow (E and A velocities)
were obtained from the apical four-chamber view. The E/A ratio, the isovolumetric relaxation time,
and the isovolumetric relaxation time corrected by the heart rate (IRT/RR0.5) were used as indices of
LV diastolic function. Systolic function was assessed based on the endocardial fractional shortening
(FS) and posterior wall shortening velocity (PWSV).

2.3. Morphometric Analysis

After the echocardiographic analyses, the rats were euthanized and the right and left ventricles
(including the interventricular septum) were dissected, separated, and weighed. Transverse sections
of the LV were fixed in 10% buffered formalin and paraffin embedded. Five-micron-thick sections
were stained with hematoxylin and eosin (HE). The myocyte cross-sectional area (CSA) was
determined for a minimum of 50 myocytes per HE-stained cross section. The measurements were
obtained from digital images that were collected with a video camera attached to a Leica microscope;
the images were analyzed with the Image-Pro Plus 3.0 software program (Media Cybernetics;
Silver Spring, MD, USA). The CSA area was measured with a digital pad, and the selected cells were
transversely cut so that the nucleus was in the center of the myocyte [23].

2.4. Myocardial Lipid Hydroperoxide and Antioxidant Enzyme Analysis

Left ventricle samples (200 mg) were homogenized in 5 mL of 0.1 M cold sodium phosphate
buffer, pH 7.4, containing 1 mM ethylenediaminetetraacetic acid (EDTA). Tissue homogenates
were prepared with a motor-driven Teflon glass Potter Elvehjem tissue homogenizer (for 1 min at
100 rpm) immersed in ice water. The homogenate was centrifuged at 10,000 rpm for 15 min, and the
supernatant was used to determine the total protein concentration as described previously. Lipid
hydroperoxide was measured through hydroperoxide-mediated oxidation of Fe2+, as previously
published [24]. Glutathione peroxidase (GSH-Px), superoxide dismutase (SOD), and catalase (CAT)
were assessed as previously specified [24–26]. Enzyme activities were determined at 25 ˝C using a
micro-plate reader (lQuant-MQX 200 with Kjunior software connected to computer system control,
BioTec Instruments, Winooski, VT, USA). The spectrophotometric determinations were performed in
a Pharmacia Biotech spectrophotometer with a temperature-controlled cuvette chamber (UV/visible
Ultrospec 5000 with Swift II Applications software connected to a computer system control, 974213,
Cambridge, UK). All reagents were from Sigma (St. Louis, MO, USA) [24].

2.5. Nrf-2, Type I and III Collagen Analysis

Samples of LV were added to Tris-Triton buffer (10 mM Tris (pH 7.4), 100 mM NaCl, 1 mM
EDTA, 1 mM ethylene glycol tetraacetic acid (EGTA), 1% Triton X-100, 10% glycerol, 0.1% Sodium
dodecyl sulfate (SDS), 0.5% deoxycholate, 1 nM EDTA, 1 mM EGTA and a mixture of protease
inhibitors (1 mM sodium orthovanadate, 1 mM sodium fluoride and 1% leupeptin, aprotinin and
pepstatin)) to detect type I (rabbit polyclonal IgG, sc8784R, Santa Cruz Biotechnology, Inc., Dallas,
TX, USA) and III (mouse monoclonal IgG1, ab6310, Abcam, Inc., Cambridge, UK) collagen. Nuclear
protein extraction from the LV was performed with the NE-PER Nuclear Extraction Reagents kit
(Pierce Biotechnology, Rockford, IL, USA). Nuclear extracts were used to detect Nrf-2 (C-20, rabbit
polyclonal IgG, sc722, Santa Cruz Biotechnology, Inc.). Secondary antibodies were used according
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to the manufacturer's recommendations. GAPDH (GAPDH (6C5), mouse monoclonal IgG1, sc32233,
Santa Cruz Biotechnology, Inc.) was used for normalization [27].

2.6. Left Ventricular miRNA Expression

Six animals in each group were used for miRNA expression analyses. RNA was extracted
from LV samples with the Recover All Total Nucleic Acid Isolation Kit (Ambion/Life Technologies,
Carlsbad, CA, USA). The RNA quality and concentration were determined with a NanoDrop 8000
(Thermo Scientific, Waltham, MA, USA). Global miRNA expression analysis was determined using
TaqMan Array Rodent MicroRNA Cards (A + B card sets v3.0; Life Technologies), according to the
manufacturer’s instructions. Data analysis was performed using global normalization in RQ Manager
v1.2 software (Life Technologies) [28]. This method ensures that the most stable set of endogenous
control miRNAs are used for data normalization. miRNA data has been generated following the
MIQE guidelines [29]. In order to visualize whether expression of significantly deregulated miRNAs
(fold change > 2 for up- or down-regulation) was associated with sample clustering, data were
subjected to hierarchical clustering analysis using Eisen Cluster [30]. In this analysis, unsupervised
average linkage hierarchical clustering was applied to organize miRNAs and samples into groups.
Cluster of samples (dendogram) and cluster of miRNA expression was visualized by Tree View [30].

2.7. Statistical Analysis

Data are expressed as the mean ˘ SD or as the median (lower quartile-upper quartile).
Comparisons between groups were performed using Student’s t-test when data were normally
distributed and the Mann–Whitney test when the distributions were non-normal. Data analysis was
performed with SigmaStat for Windows v2.03 (SPSS Inc., Chicago, IL, USA). The significance level
was 5%.

3. Results

There was no difference in the mean daily dietary intake between the groups (C group:
21.6 (21.2–22.1) g; T group: 22.9 (21.2–23.3) g; p = 0.105). In addition, body weight (BW) was not
different between the groups. Morphological and functional echocardiographic data are presented in
Table 1. Animals supplemented with tomato had a lower LA and LA corrected by BW. There were no
differences in other morphological variables. Variables that evaluate systolic function were also not
different between the groups. However, IRT/RR0.5 was lower in the tomato group; the lower LA and
IRT/RR0.5 suggest an improvement in diastolic function in rats supplemented with tomato.

Morphological data are listed in Table 2. The tomato group had a lower right ventricular weight
and RV/BW compared to the control group. There was no difference in the LV weight between the
groups. There was also no difference in LV expression of type I and type III collagen (Figure 1).
Regarding the CSA, the tomato group had lower values compared to the control group (C group:
474 (415–539) µm2 (n = 6); T group: 273 (258–297) (n = 5) µm2; p = 0.004).

Table 1. Morphological and functional data evaluated by echocardiography.

Variable Control Group (n = 16) Tomato Group (n = 16) p Value

BW (g) 434 (419–444) 456 (422–486) 0.090
LVDD (mm) 7.87 ˘ 0.43 7.72 ˘ 0.38 0.305

LA (mm) 5.31 ˘ 0.30 5.05 ˘ 0.33 0.029
LVDD/BW (mm/kg) 18.2 ˘ 1.27 17.3 ˘ 1.9 0.154

LA/BW (mm/kg) 12.3 ˘ 0.84 11.3 ˘ 1.19 0.016
PWT (mm) 1.31 ˘ 0.07 1.31 ˘ 0.07 0.879

RWT 0.34 ˘ 0.02 0.34 ˘ 0.02 0.375
HR (bpm) 259 ˘ 25.0 265 ˘ 26.2 0.454

FS (%) 50.0 ˘ 4.71 47.9 ˘ 3.32 0.148
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Table 1. Cont.

Variable Control Group (n = 16) Tomato Group (n = 16) p Value

PWSV (mm/s) 36.9 ˘ 4.21 37.5 ˘ 4.48 0.730
E wave (ms) 77.1 ˘ 8.60 73.9 ˘ 5.00 0.219
A wave (ms) 48.4 ˘ 4.86 44.3 ˘ 6.72 0.071

E/A 1.61 ˘ 0.19 1.70 ˘ 0.25 0.243
EDT (ms) 46.9 ˘ 8.29 45.7 ˘ 8.13 0.685

IRT/RR0.5 (ms) 54.2 ˘ 5.91 48.8 ˘ 7.52 0.030

BW: body weight; HR: heart rate; LVDD: LV end-diastolic dimension; LA: left atrium; PWT: LV posterior wall
thickness; RWT: relative wall thickness; HR: heart rate; FS: endocardial fractional shortening; PWSV: posterior
wall shortening velocity; E/A: peak velocity of early ventricular filling/peak velocity of transmitral flow
during atrial contraction; EDT: E wave deceleration time; IRT/RR0.5: isovolumetric relaxation time adjusted
by heart rate. Data are expressed as the mean ˘ SD or as the median (lower quartile–upper quartile).

Table 2. Morphometrical analysis.

Variable Control Group (n = 15) Tomato Group (n = 8) p Value

RV (g) 0.25 (0.21–0.31) 0.17 (0.14–0.18) <0.001
RV/BW 0.06 (0.05–0.07) 0.04 (0.03–0.04) <0.001
LV (g) 0.96 (0.81–1.08) 0.90 (0.84–0.96) 0.540

LV/BW 0.22 (0.19–0.25) 0.20 (0.18–0.20) 0.129

RV: right ventricle; BW: body weight; LV: left ventricle. Data are expressed as the mean ˘ SD or as the median
(lower quartile–upper quartile).
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Figure 1. Left ventricle collagen type I and III expression.

The oxidative stress marker lipid hydroperoxide was also lower in the myocardium of rats
supplemented with tomato (Table 3). We observed higher CAT and GSH-Px activity and lower SOD
activity in the tomato group compared to the control group. However, cardiac expression of nuclear
Nrf-2 was similar between the groups (Figure 2).
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Table 3. Left ventricle oxidative stress.

Variable Control Group (n = 6) Tomato Group (n = 8) p Value

LH (nmol/g) 267 ˘ 46.7 219 ˘ 23.0 0.039
CAT (µmol/g) 72.8 ˘ 7.14 95.3 ˘ 18.3 0.015
SOD (nmol/g) 16.2 ˘ 2.19 12.8 ˘ 1.10 0.002

GSH-Px (nmol/g) 38.5 ˘ 6.25 91.3 ˘ 6.36 <0.001

LH: lipid hydroperoxide; CAT: catalase; SOD: superoxide dismutase; GSH-Px: glutathione peroxidase. Data
are expressed as the mean ˘ SD.
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Figure 2. Left ventricle Nrf-2 expression.

Clustering results showed that samples from the tomato group clustered separately from control
samples. Regarding LV miRNA expression, tomato intake was significantly associated with the
up-regulation of miR-107 (p = 0.043) and miR-486 (p = 0.001) and the down-regulation of miR-350
(p = 0.035) and miR-872 (p = 0.037) (Figure 3).
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4. Discussion

The objective of this study was to evaluate the effects of tomato supplementation on the normal
rat heart and the role of oxidative stress in this scenario. Our data showed that tomato induced
changes in miRNA expression and reduced oxidative stress. In addition, these alterations could be
responsible for the CSA reduction and the diastolic function improvement.

The reason for an improvement in cardiac health resulting from tomato consumption is not
yet understood. Although tomato supplementation influences oxidative stress, inflammation, blood
pressure, and the lipid profile, the direct effects of tomato in the myocardium had not yet been
studied [9–11]. It was important to observe such effects in our study; animals supplemented with
tomato had a lower CSA. Left ventricular mass and hypertrophy are associated with an increased risk
of sudden death and all-cause mortality [31,32]. Although left ventricular weight was lower in the
tomato group, the difference was not statistically significant. However, the myocyte CSA is another
important marker for evaluating cardiac hypertrophy. Thus, a reduction in the left ventricular mass
could be one of the preventative effects of tomato supplementation in the heart.

Left ventricular mass is also associated with diastolic function. In our study, the smaller CSA
values in the tomato group were accompanied by smaller LA diameters and IRT/RR0.5. In addition,
worse diastolic function leads to an increased LA diameter, increased pulmonary pressure, and RV
hypertrophy. Our rats supplemented with tomato also had lower RV weight compared to the control
group. Therefore, these alterations suggest that tomato supplementation improves diastolic function
in healthy animals, which is associated with a decreased RV mass.

The major effects of tomato supplementation are related to oxidative stress. Oxidative
stress occurs when there is an imbalance between reactive oxygen species (ROS) production and
antioxidant systems. It is well accepted that oxidative stress induces several deleterious cardiac
alterations including mitochondrial dysfunction, lipid peroxidation, DNA damage, calcium handling
modifications, cellular dysfunction, metalloproteinases activation, fibrosis, hypertrophy, and cell
death. However, the importance of ROS is not restricted to oxidative damage; at nanomolar
concentrations, they play an important role in transcription factor modulation and in signal
transduction pathways [33,34]. Lycopene in tomatoes has the strongest singlet oxygen-quenching
activity of all carotenoids. In addition, it regulates Nrf-2 activity and modulates the transcription of
antioxidant enzymes [7,8]. In our study, tomato supplementation decreased lipid hydroperoxide,
a biomarker of lipoperoxidation. In addition, the tomato group had higher CAT and GSH-Px
activity, suggesting an improvement in antioxidant defenses. However, left ventricular expression
of Nrf-2 was not different in the group with tomato supplementation. Our study only evaluated
the animals after three months of tomato supplementation; therefore, we cannot exclude that Nrf-2
was overexpressed during the experimental protocol. Thus, the antioxidant effect could be another
mechanism that explains the cardiac protection with tomato supplementation.

All of these alterations that were observed with tomato supplementation could be, at least
in part, due to changes in cardiac miRNA expression. Recent evidence suggests that miRNAs
play an important role in the progression of heart failure by targeting genes that govern diverse
functions in cardiac remodeling processes, such as myocyte hypertrophy, oxidative stress, and
myocardial fibrosis [35]. To the best of our knowledge, this is the first study to investigate the
association of tomato supplementation and miRNA expression in the LV. Few studies have evaluated
miRNA expression after tomato or lycopene supplementation. Ahn et al. showed that lycopene
inhibits hepatic steatosis by normalizing miR-21 expression, which was down-regulated in hepatic
steatosis [36]. In our study, tomato up-regulated the LV expression of miR-107 and miR-486, and
down-regulated the expression of miR-350 and miR-872.

To date, several miRNAs that modulate key components of myocyte hypertrophy pathways
have been identified. Specifically, miRNAs miR-1, 21, 23, 133, and 350 play important roles in
this scenario [35]. Ge et al. showed that miR-350 was up-regulated in rat hearts in response to
late-stage transverse aortic constriction and that miR-350 is a critical regulator of pathological cardiac
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hypertrophy and apoptosis in rats [37]. Thus, the down-regulation of miR-350 observed in the heart
of rats supplemented with tomato could be responsible for the decrease in the CSA that we showed in
this study. Moreover, miR-486 in skeletal muscle was linked to the mTOR pathway as a key pathway
in muscle mass regulation [38]. Its function in the myocardium has not yet been demonstrated.

miR-1, 133, and 872 also precipitate changes in cardiac oxidative stress. Interestingly, miR-872
contributes to the production of proinflammatory adipocytokines, oxidative damage, and apoptosis
by inhibiting heme oxygenase-1 [39]. Thus, the down-regulation of miR-872 could explain the
decrease in oxidative stress in the tomato group.

Meng et al. showed that miR-107 was up-regulated in hypoxia and prevented endothelial
progenitor cell differentiation via down-regulation of the transcription factor hypoxia-inducible
factor (HIF)-1β [40]. HIF-1α and HIF-1β form heterodimers and modulate the transcription of
genes associated with angiogenesis, inflammation, cell proliferation, and glucose metabolism. The
physiological mechanism of miR-107 in the heart has not yet been studied; however, by decreasing
HIF expression, it could be used as an anti-ischemic agent [40]. Thus, the overexpression of miR-107
could represent another potential molecular mechanism to explain our results.

5. Conclusions

In conclusion, tomato supplementation induces changes in miRNA expression and reduces
oxidative stress. In addition, these alterations could be responsible for the CSA reduction and
diastolic function improvement. Further studies should be performed to investigate the potential
targets of tomato and lycopene in cardiovascular disease prevention and management.

Acknowledgments: This study was funded by the State of São Paulo Research Foundation (FAPESP
2012/17414-0 and 2012/16471-0), the National Counsel of Technological and Scientific Development (CNPq)
and “Pró-reitoria de pesquisa” (Prope-UNESP).

Author Contributions: BLBP, FCOA—acquisition, analysis and interpretation of data, drafting the article PPR,
TFF, PPS, BPR, AFG, RTC, PSA, BFP, KO, AAHF—acquisition, analysis and interpretation of data; LAMZ, SARP,
MFM—study design, data interpretation, revising the manuscript. All the authors approved the final version of
the manuscript to be published. In addition, all persons designated as authors qualify for authorship, and all
those who qualify for authorship are listed.

Conflicts of interest: The authors declare no conflict of interest.

References

1. World Health Organization. Cardiovascular Diseases. Available online: http://www.who.int/mediacentre/
factsheets/fs317/en/ (accessed on 14 June 2015).

2. Burton-Freeman, B.M.; Sesso, H.D. Whole food versus supplement: Comparing the clinical evidence of
tomato intake and lycopene supplementation on cardiovascular risk factors. Adv. Nutr. 2014, 5, 457–485.
[CrossRef] [PubMed]

3. Arab, L.; Steck, S. Lycopene and cardiovascular disease. Am. J. Clin. Nutr. 2000, 71, 1691S–1695S. [PubMed]
4. Riso, P.; Visioli, F.; Grande, S.; Guarnieri, S.; Gardana, C.; Simonetti, P.; Porrini, M. Effects of a tomato-based

drink on markers of inflammation, immunomodulation, and oxidative stress. J. Agric. Food Chem. 2006, 54,
2563–2566. [CrossRef] [PubMed]

5. Raiola, A.; Rigano, M.M.; Calafiore, R.; Frusciante, L.; Barone, A. Enhancing the health-promoting effects of
tomato fruit for biofortified food. Mediat. Inflamm. 2014, 2014. [CrossRef] [PubMed]

6. Hsu, Y.M.; Lai, C.H.; Chang, C.Y.; Fan, C.T.; Chen, C.T.; Wu, C.H. Characterizing the lipid-lowering effects
and antioxidant mechanism of tomato paste. Biosci. Biotechnol. Biochem. 2008, 72, 677–685. [CrossRef]
[PubMed]

7. Böhm, V. Lycopene and heart health. Mol. Nutr. Food Res. 2012, 56, 296–303. [CrossRef] [PubMed]
8. Ben-Dor, A.; Steiner, M.; Gheber, L.; Danilenko, M.; Dubi, N.; Linnewiel, K.; Zick, A.; Sharoni, Y.; Levy, J.

Carotenoids activate the antioxidant response element transcription system. Mol. Cancer Ther. 2005, 4,
177–186. [PubMed]

9647

http://dx.doi.org/10.3945/an.114.005231
http://www.ncbi.nlm.nih.gov/pubmed/25469376
http://www.ncbi.nlm.nih.gov/pubmed/10837319
http://dx.doi.org/10.1021/jf053033c
http://www.ncbi.nlm.nih.gov/pubmed/16569044
http://dx.doi.org/10.1155/2014/139873
http://www.ncbi.nlm.nih.gov/pubmed/24744504
http://dx.doi.org/10.1271/bbb.70402
http://www.ncbi.nlm.nih.gov/pubmed/18323670
http://dx.doi.org/10.1002/mnfr.201100281
http://www.ncbi.nlm.nih.gov/pubmed/22419532
http://www.ncbi.nlm.nih.gov/pubmed/15657364


Nutrients 2015, 7, 9640–9649

9. Ghavipour, M.; Saedisomeolia, A.; Djalali, M.; Sotoudeh, G.; Eshraghyan, M.R.; Moghadam, A.M.;
Wood, L.G. Tomato juice consumption reduces systemic inflammation in overweight and obese females.
Br. J. Nutr. 2013, 109, 2031–2035. [CrossRef] [PubMed]

10. McEneny, J.; Wade, L.; Young, I.S.; Masson, L.; Duthie, G.; McGinty, A.; McMaster, C.; Thies, F.
Lycopene intervention reduces inflammation and improves HDL functionality in moderately overweight
middle-aged individuals. J. Nutr. Biochem. 2013, 24, 163–168. [CrossRef] [PubMed]

11. Xaplanteris, P.; Pietri, P.; Terentes-Printzios, D.; Kardara, D.; Alexopoulos, N.; Aznaouridis, K.; Miliou, A.;
Stefanadis, C. Tomato paste supplementation improves endotelial dynamics and reduces plasma total
oxidative status in healthy subjects. Nutr. Res. 2012, 32, 390–394. [CrossRef] [PubMed]

12. Ferreira, A.L.; Salvadori, D.M.; Nascimento, M.C.; Rocha, N.S.; Correa, C.R.; Pereira, E.J.; Matsubara, L.S.;
Matsubara, B.B.; Ladeira, M.S. Tomato-oleoresin supplement prevents doxorubicin-induced cardiac
myocyte oxidative DNA damage in rats. Mutat. Res. 2007, 631, 26–35. [CrossRef] [PubMed]

13. Mohamadin, A.M.; Elberry, A.A.; Mariee, A.D.; Morsy, G.M.; al-Abbasi, F.A. Lycopene attenuates oxidative
stress and heart lysosomal damage in isoproterenol induced cardiotoxicity in rats: A biochemical study.
Pathophysiology 2012, 19, 121–130. [CrossRef] [PubMed]

14. Upaganlawar, A.; Patel, V.; Balaraman, R. Tomato lycopene attenuates myocardil infarction induced by
isoproterenol: Electrocardiographic, biochemical and anti-apoptotic study. Asian Pac. J. Trop. Biomed. 2012,
2, 345–351. [CrossRef]

15. Luvizotto, R.; Nascimento, A.; Miranda, N.; Wang, X.D.; Ferreira, A. Lycopene-rich tomato oleoresin
modulates plasma adiponectin concentration and mRNA levels of adiponectin, SIRT1, and FoxO1 in
adipose tissue of obese rats. Hum. Exp. Toxicol. 2015, 34, 612–619. [CrossRef] [PubMed]

16. Romaine, S.P.; Tomaszewski, M.; Condorelli, G.; Samani, N.J. MicroRNAs in cardiovascular disease: An
introduction for clinicians. Heart 2015, 101, 921–928. [CrossRef] [PubMed]

17. Bansal, P.; Kumar, S.; Shreesh, G.; Ojha, K.; Nandave, M.; Mittal, R.; Kumari, S.; Arya, D.S. Cardioprotective
effect of lycopene in the experimental model of myocardial ischemia-reperfusion injury. Mol. Cell. Biochem.
2006, 289, 1–9. [CrossRef] [PubMed]

18. Breinholt, V.; Sùren, T. Dose-response effects of lycopene on selected drug-metabolizing and antioxidant
enzymes in the rat. Cancer Lett. 2000, 154, 201–210. [CrossRef]

19. Riso, P.; Porrini, M. Determination of carotenoids in vegetable foods and plasma. Int. J. Vitam. Nutr. Res.
1997, 67, 47–54. [PubMed]

20. Yeum, K.J.; Booth, S.L.; Sadowski, J.A.; Liu, C.; Tang, G.; Krinsky, N.I.; Russell, R.M. Human plasma
carotenoid response to the ingestion of controlled diets high in fruits and vegetables. Am. J. Clin. Nutr.
1996, 64, 594–602. [PubMed]

21. Reagan-Shaw, S.; Nihal, M.; Ahmad, N. Dose translation from animal to human studies revisited. FASEB J.
2007, 22, 659–661. [CrossRef] [PubMed]

22. Lang, R.M.; Bierig, M.; Devereux, R.B.; Flachskampf, F.A.; Foster, E.; Pellikka, P.A.; Picard, M.H.;
Roman, M.J.; Seward, J.; Shanewise, J.S.; et al. Recommendations for chamber quantification: A
report from the American Society of Echocardiography’s guidelines and standards committee and the
chamber quantification writing group, developed in conjunction with the European Association of
Echocardiography, a branch of the European Society of Cardiology. J. Am. Soc. Echocardiogr. 2005, 18,
1440–1463. [PubMed]

23. Minicucci, M.F.; Azevedo, P.S.; Oliveira, S.A., Jr.; Martinez, P.F.; Chiuso-Minicucci, F.; Polegato, B.F.;
Justulin, L.A.; Matsubara, L.S.; Matsubara, B.B.; Paiva, S.A.; et al. Tissue vitamin A insufficiency results
in adverse ventricular remodeling after experimental myocardial infarction. Cell Physiol. Biochem. 2010, 26,
523–530. [CrossRef] [PubMed]

24. Burneiko, R.C.M.; Diniz, Y.S.; Galhardi, C.M.; Rodrigues, H.G.; Ebaid, G.M.X.; Faine, L.A.; Padovani, C.R.;
Cicogna, A.C.; Novelli, E.L. Interaction of hypercaloric diet and physical exercise on lipid profile, oxidative
stress and antioxidant defenses. Food Chem. Toxicol. 2006, 44, 1167–1172. [CrossRef] [PubMed]

25. Nakamura, W.; Hosoda, S.; Hayashi, K. Purification and properties of rat liver glutathione peroxidase.
Biochem. Biophys. Acta 1974, 358, 251–261. [CrossRef]

26. Ewing, J.F.; Janero, D.R. Microplate superoxide dismutase assay employing a nonenzimatic superoxide
generator. Anal. Biochem. 1995, 232, 243–248. [CrossRef] [PubMed]

9648

http://dx.doi.org/10.1017/S0007114512004278
http://www.ncbi.nlm.nih.gov/pubmed/23069270
http://dx.doi.org/10.1016/j.jnutbio.2012.03.015
http://www.ncbi.nlm.nih.gov/pubmed/22819555
http://dx.doi.org/10.1016/j.nutres.2012.03.011
http://www.ncbi.nlm.nih.gov/pubmed/22652379
http://dx.doi.org/10.1016/j.mrgentox.2007.04.003
http://www.ncbi.nlm.nih.gov/pubmed/17499013
http://dx.doi.org/10.1016/j.pathophys.2012.04.005
http://www.ncbi.nlm.nih.gov/pubmed/22640723
http://dx.doi.org/10.1016/S2221-1691(12)60054-9
http://dx.doi.org/10.1177/0960327114551395
http://www.ncbi.nlm.nih.gov/pubmed/25632967
http://dx.doi.org/10.1136/heartjnl-2013-305402
http://www.ncbi.nlm.nih.gov/pubmed/25814653
http://dx.doi.org/10.1007/s11010-006-9141-7
http://www.ncbi.nlm.nih.gov/pubmed/16601921
http://dx.doi.org/10.1016/S0304-3835(00)00401-8
http://www.ncbi.nlm.nih.gov/pubmed/9119614
http://www.ncbi.nlm.nih.gov/pubmed/8839505
http://dx.doi.org/10.1096/fj.07-9574LSF
http://www.ncbi.nlm.nih.gov/pubmed/17942826
http://www.ncbi.nlm.nih.gov/pubmed/16376782
http://dx.doi.org/10.1159/000322320
http://www.ncbi.nlm.nih.gov/pubmed/21063090
http://dx.doi.org/10.1016/j.fct.2006.01.004
http://www.ncbi.nlm.nih.gov/pubmed/16516366
http://dx.doi.org/10.1016/0005-2744(74)90455-0
http://dx.doi.org/10.1006/abio.1995.0014
http://www.ncbi.nlm.nih.gov/pubmed/8747482


Nutrients 2015, 7, 9640–9649

27. Assalin, H.B.; Rafacho, B.P.; dos Santos, P.P.; Ardisson, L.P.; Roscani, M.G.; Chiuso-Minicucci, F.;
Barbisan, L.F.; Fernandes, A.A.; Azevedo, P.S.; Minicucci, M.F.; et al. Impact of the length of vitamin D
deficiency on cardiac remodeling. Circ. Heart Fail. 2013, 6, 809–816. [CrossRef] [PubMed]

28. Cervigne, N.K.; Reis, P.P.; Machado, J.; Sadikovic, B.; Bradley, G.; Galloni, N.N.; Pintilie, M.; Jurisica, I.;
Perez-Ordonez, B.; Gilbert, R.; et al. Identification of a microRNA signature associated with progression of
leukoplakia to oral carcinoma. Hum. Mol. Genet. 2009, 18, 4818–4829. [CrossRef] [PubMed]

29. Bustin, S.A.; Benes, V.; Garson, J.A.; Hellemans, J.; Huggett, J.; Kubista, M.; Mueller, R.; Nolan, T.;
Pfaffl, M.W.; Shipley, G.L.; et al. The MIQE guidelines: Minimum information for publication of quantitative
real-time PCR experiments. Clin. Chem. 2009, 55, 611–622. [CrossRef] [PubMed]

30. Eisen, M.B.; Spellman, P.T.; Brown, P.O.; Botstein, D. Cluster analysis and display of genome-wide
expression patterns. Proc. Natl. Acad. Sci. USA 1998, 95, 14863–14868. [CrossRef] [PubMed]

31. Turakhia, M.P.; Schiller, N.B.; Whooley, M.A. Prognostic significance of increased left ventricular mass index
to mortality and sudden death in patients with stable coronary heart disease (from the Heart and Soul
Study). Am. J. Cardiol. 2008, 102, 1131–1135. [CrossRef] [PubMed]

32. Bouzas-Mosquera, A.; Broullón, F.J.; Álvarez-García, N.; Peteiro, J.; Mosquera, V.X.; Castro-Beiras, A.
Association of left ventricular mass with all-cause mortality, myocardial infarction and stroke. PLoS ONE
2012, 7, e45570. [CrossRef] [PubMed]

33. Droge, W. Free radicals in the physiological control of cell function. Physiol. Rev. 2002, 82, 47–95. [CrossRef]
[PubMed]

34. Rafacho, B.P.; Azevedo, P.S.; Polegato, B.F.; Fernandes, A.A.; Bertoline, M.A.; Fernandes, D.C.;
Chiuso-Minicucci, F.; Roscani, M.G.; dos Santos, P.P.; Matsubara, L.S.; et al. Tobacco smoke induces
ventricular remodeling associated with an increase in NADPH oxidase activity. Cell Physiol. Biochem. 2011,
27, 305–312. [CrossRef] [PubMed]

35. Ahn, J.; Lee, H.; Jung, C.H.; Ha, T. Lycopene inhibits hepatic steatosis via microRNA-21-induced
downregulation of fatty acid-binding protein 7 in mice fed a high-fat diet. Mol. Nutr. Food Res. 2012,
56, 1665–1674. [CrossRef] [PubMed]

36. Topkara, V.K.; Mann, D.L. Role of microRNAs in cardiac remodeling and heart failure.
Cardiovac. Drugs Ther. 2011, 25, 171–182. [CrossRef] [PubMed]

37. Ge, Y.; Pan, S.; Guan, D.; Yin, H.; Fan, Y.; Liu, J.; Zhang, S.; Zhang, H.; Feng, L.; Wang, Y.; et al.
MicroRNA-350 induces pathological heart hypertrophy by repressing both p38 and JNK pathways.
Biochim. Biophys. Acta 2013, 1832, 1–10. [CrossRef] [PubMed]

38. Hitachi, K.; Nakatani, M.; Tsuchida, K. Myostatin signaling regulates Akt activity via the regulation of
miR-486 expression. Int. J. Biochem. Cell Biol. 2014, 47, 93–103. [CrossRef] [PubMed]

39. Hulsmans, M.; de Keyzer, D.; Holvoet, P. MicroRNAs regulating oxidative stress and inflammation in
relation to obesity and atherosclerosis. FASEB J. 2011, 25, 2515–2527. [CrossRef] [PubMed]

40. Meng, S.; Cao, J.T.; Wang, L.S.; Zhou, Q.; Li, Y.; Shen, C.; Zhang, X.; Wang, C. MicroRNA 107 partly inhibits
endothelial progenitor cells differentiation via HIF-1β. PLoS ONE 2012, 7, e40323. [CrossRef] [PubMed]

© 2015 by the authors; licensee MDPI, Basel, Switzerland. This article is an open
access article distributed under the terms and conditions of the Creative Commons by
Attribution (CC-BY) license (http://creativecommons.org/licenses/by/4.0/).

9649

http://dx.doi.org/10.1161/CIRCHEARTFAILURE.112.000298
http://www.ncbi.nlm.nih.gov/pubmed/23709660
http://dx.doi.org/10.1093/hmg/ddp446
http://www.ncbi.nlm.nih.gov/pubmed/19776030
http://dx.doi.org/10.1373/clinchem.2008.112797
http://www.ncbi.nlm.nih.gov/pubmed/19246619
http://dx.doi.org/10.1073/pnas.95.25.14863
http://www.ncbi.nlm.nih.gov/pubmed/9843981
http://dx.doi.org/10.1016/j.amjcard.2008.06.036
http://www.ncbi.nlm.nih.gov/pubmed/18940278
http://dx.doi.org/10.1371/journal.pone.0045570
http://www.ncbi.nlm.nih.gov/pubmed/23049815
http://dx.doi.org/10.1152/physrev.00018.2001
http://www.ncbi.nlm.nih.gov/pubmed/11773609
http://dx.doi.org/10.1159/000327957
http://www.ncbi.nlm.nih.gov/pubmed/21471720
http://dx.doi.org/10.1002/mnfr.201200182
http://www.ncbi.nlm.nih.gov/pubmed/22968990
http://dx.doi.org/10.1007/s10557-011-6289-5
http://www.ncbi.nlm.nih.gov/pubmed/21431305
http://dx.doi.org/10.1016/j.bbadis.2012.09.004
http://www.ncbi.nlm.nih.gov/pubmed/23000971
http://dx.doi.org/10.1016/j.biocel.2013.12.003
http://www.ncbi.nlm.nih.gov/pubmed/24342526
http://dx.doi.org/10.1096/fj.11-181149
http://www.ncbi.nlm.nih.gov/pubmed/21507901
http://dx.doi.org/10.1371/journal.pone.0040323
http://www.ncbi.nlm.nih.gov/pubmed/22792280

	Introduction 
	Experimental Section 
	Diet Preparation 
	Echocardiographic Analysis 
	Morphometric Analysis 
	Myocardial Lipid Hydroperoxide and Antioxidant Enzyme Analysis 
	Nrf-2, Type I and III Collagen Analysis 
	Left Ventricular miRNA Expression 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 

