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Protective Effect of Tomato-Oleoresin

Supplementation on Oxidative Injury Recoveries
Cardiac Function by Improving 3-Adrenergic
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Abstract: The system redox imbalance is one of the pathways related to obesity-related cardiac
dysfunction. Lycopene is considered one of the best antioxidants. The aim of this study was to test if
the tomato-oleoresin would be able to recovery cardiac function by improving 3-adrenergic response
due its antioxidant effect. A total of 40 animals were randomly divided into two experimental
groups to receive either the control diet (Control, n = 20) or a high sugar-fat diet (HSF, n = 20) for
20 weeks. Once cardiac dysfunction was detected by echocardiogram in the HSF group, animals
were re- divided to begin the treatment with Tomato-oleoresin or vehicle, performing four groups:
Control (n = 6); (Control + Ly, n = 6); HSF (n = 6) and (HSF + Ly, n = 6). Tomato oleoresin (10 mg
lycopene/kg body weight (BW) per day) was given orally every morning for a 10-week period. The
analysis included nutritional and plasma biochemical parameters, systolic blood pressure, oxidative
parameters in plasma, heart, and cardiac analyses in vivo and in vitro. A comparison among the
groups was performed by two-way analysis of variance (ANOVA). Results: The HSF diet was able
to induce obesity, insulin-resistance, cardiac dysfunction, and oxidative damage. However, the
tomato-oleoresin supplementation improved insulin-resistance, cardiac remodeling, and dysfunction
by improving the 3-adrenergic response. It is possible to conclude that tomato-oleoresin is able to
reduce the oxidative damage by improving the system’s 3-adrenergic response, thus recovering
cardiac function.

Keywords: high sugar-fat diet; obesity; (3-adrenergic system; cardiac dysfunction; lycopene;
tomato-oleoresin

1. Introduction

Clinical studies show that the excessive body fat leads to many cardiac abnormalities, among them,
morphologic and functional changes [1,2]. Animal studies have demonstrated myocardial dysfunction
in obese rodents fed with hypercaloric diets [3-7]. Although it is evident that many cardiac changes
and/or impairments in performance occur due to adipose tissue accumulation [3,8], the responsible
mechanisms by which these changes are not clarified. The system redox unbalance, characterized
by a high production of reactive species and inefficient antioxidant activity, is one of the pathways
associated with the obesity-related cardiac dysfunction [9].
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The -adrenergic system is one of the most important mechanisms responsible for myocardial
contraction and relaxation [10-12]. However, chronic expositions to reactive species are associated
with sustained adrenergic stimulation, resulting in arrhythmias and heart failure [13]. Considering the
redox system’s role in the pathogenesis of obesity and cardiac disorders, the use of antioxidants as
therapeutic strategies has been tested [14,15].

Lycopene is a carotenoid present in tomato and red fruits and considered a potent antioxidant [16-18].
The tomato, and tomato product consumption are one of the Mediterranean diet’s characteristics,
which is associated with health benefits [18]. However, there is a lack of studies regarding lycopene
dose ingestion in countries with a Mediterranean diet. Moreover, the few studies which bring
information about lycopene consumption have a big variability [19] among the results (for example:
in Italy the average intake is 7.4 mg per day while in Spain is 1.6mg per day [18]). The effect of
lycopene on cardiovascular disease has been evaluated in clinical [20,21] and experimental studies [22].
Although obesity and oxidative stress are able to lead to cardiac dysfunction, no studies have evaluated
the cardiac modulation by lycopene due the antioxidant effect. So, this study aimed to test if the
tomato-oleoresin would be able to recovery the cardiac function by improving 3-adrenergic response
due its antioxidant effect.

2. Materials and Methods

2.1. Animals and Experimental Protocol

In the present study, male Wistar rats (+187 g) were initially divided into two experimental
groups to receive control diet (Control, n = 20) or high sugar-fat diet (HSF, n = 20) for 20 weeks. The
diets and water were provided ad libitum. The diet composition has been described in our previous
studies [15,23]. All the animals were housed in an environmental controlled room (22 °C + 3 °C,
12 h light-dark cycle and relative humidity of 60 + 5%). All of the experiments were performed in
accordance with the National Institute of Health’s Guide for the Care and Use of Laboratory Animals
and the procedures were approved by the Animal Ethics Committee of Botucatu Medical School
(1196/2016).

At week 20 of this study, the cardiac dysfunction was detected by echocardiogram in the HSF
group. Thus, the animals were casually divided to begin the treatment with tomato-oleoresin or vehicle,
performing four groups: Control (n = 6); Control supplemented with lycopene- tomato oleoresin
(Control + Ly, n = 6); HSF (n = 6) and HSF supplemented with lycopene- tomato oleoresin (HSF + Ly,
n = 6). Tomato oleoresin was mixed with corn oil correspondent to 10 mg lycopene/kg of body weight
(BW) per day and given orally every day, in the morning, for a 10-week period [24,25]. To avoid
differences in the energy provided, all the groups received the same corn oil amount (about 2 ml/kg
BW per day). The supplementation time and dose were chosen based in previous studies from our
research group and others from the literature [24-26].

2.2. Tomato-Oleoresin Preparation

The tomato-oleoresin (Lyc-O-Mato 6% dewaxed; LycoRed Natural Products Industries, Beersheba,
Israel) was mixed with corn oil and kept in the dark, at 4 °C, until the moment to be used [27]. The
tomato oleoresin-corn oil mixture stayed for 20 min in a water-bath at 54 °C before the animals receive.
The total amount of lycopene in each solution was 5mg/ml. Lycopene stability was confirmed by
diode-array spectra at 450 nm, as previously described [28].

2.3. Nutritional Evaluation

Nutritional evaluation included: feed consumption (FC)-daily consumed amount in grams of
chow feed; final body weight (BW); caloric intake (CI), calculating according to the following formula
for the control group: caloric intake (kcal/day) = feed consumption (g) x dietary energy (3.59 kcal/g).
For the HSF group, the caloric intake was calculated as following: water volume consumed (mL) x
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0.25 (equivalent to 25% fructose) X 4 (calories per gram of carbohydrate) + caloric intake providing by
the chow (feed consumption (g) X dietary energy (4.35 kcal/g).

Feed efficiency (FE) is defined as the ability to convert the caloric intake to body weight. It was
calculated according to the formula: FE (%) = BW gain (g)/total caloric intake (kcal) x 100 [15,23]. The
adiposity index, considered an obesity marker, was calculated as follow: adiposity index = (total body
fat (BF)/final body weight) x 100. BF was evaluated considering the sum of the individual fat pad
weights: BF = epididymal fat + retroperitoneal fat + visceral fat.

2.4. Metabolic and Hormonal Analysis

The plasma used for the biochemical analysis was collected after 12 h of fasting. The glucose levels
were evaluated by a glucometer (Accu-Chek Performa; Roche Diagnostics, Indianapolis, IN, USA). The
insulin levels were analyzed by ELISA assay with commercial kits (Millipore) [23]. The HOMA-IR
(homeostatic model of insulin resistance), considered an insulin resistance index, was calculated by the
following formula: HOMA-IR = [fasting glucose (mmol/L) X fasting insulin (uU/mL)]/22.5 [15].

2.5. Systolic Blood Pressure (SBP)

SBP was evaluated by a non-invasive tail-cuff method with a NarcoBioSystems®
Electro-Sphygmomanometer (International Biomedical, Austin, TX, USA) with the conscious rats. For
this, the animals were heat during 4-5min in a wooden box (50 x 40 cm), with two incandescent lamps
and temperature between 38—40 °C, to induce arterial vasodilation in the tail. Then, the rats were
transferred to an iron cylindrical support specially made to allow the total exposure of the animal’s
tail [29]. After this procedure, a cuff with a pneumatic pulse sensor was attached to the tail and inflated
to 200 mmHg pressure and successively deflated. Blood pressure values were documented on a Gould
RS 3200 polygraph (Gould Instrumental Valley View, Cleveland, OH, USA). The final SBP of each
animal considered the average of three pressure readings.

2.6. Lycopene Bioavailability Evaluation

The presence of lycopene was determined in plasma and cardiac tissue homogenate. To extract
the carotenoids, samples were incubated with internal standard (equinenone), chloroform/methanol
CHCls/CH30H (3 mL, 2:1, v/v) and 500 mL of saline 8.5 g/L. Then the samples were centrifuged
at 2000x g for 10 min and the supernatant was collected and hexane was added. The chloroform
and hexane layers were evaporated under nitrogen and the residue was resuspended in 150 mL
of ethanol and sonicated for 30 s. 50 pL of this aliquot was injected into the HPLC. The HPLC
system was a Waters Alliance 2695 (Waters, Wilmington, MA, USA) and consisted of pump and
chromatography bound to a 2996 programmable photodiode array detector, a C30 carotenoid column
(5 pm, 150 X 4.6 mm, YMC-Yamamura Chemical Research, Wilmington, NC, USA), and Empower
software (Empower 3, chromatographic data software Milford, MA, USA). The HPLC system
programmable photodiode array detector was set at 450 nm for carotenoids. The mobile phase
consisted of ethanol/methanol/methyl-tert-butyl ether/water (83:15:2, v/v/v, 15 g/L with ammonium
acetate in water, solvent A) and methanol/methyl-tert-butyl ether/water (8:90:2, v/t/v, 10 g/L with
ammonium acetate in water, solvent B). The gradient procedure, at a flow rate of 1 mL/min (16 °C),
was as follows: (1) 100% solvent A was used for 2 min followed by a 6 min linear gradient to 70%
solvent A; (2) a 3 min hold followed by a 10 min linear gradient to 45% solvent A; (3) a 2 min hold,
then a 10 min linear gradient to 5% solvent A; (4) a 4 min hold, then a 2 min linear gradient back to
100% solvent A. For the quantification of the chromatograms, a comparison was made between the
area ratio of the substance and area of the internal standard obtained in the analysis [30].
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2.7. Cardiac Malondialdehyde (MDA) Levels

MDA is the main lipid peroxidation marker. It is considered an oxidative stress index [31] and
associated with cardiovascular diseases [32]. Thus, MDA levels were used to evaluate the cardiac lipid
oxidation as follow:

Cardiac tissue (+150 mg) was homogenized (ULTRA-TURRAX®T25 basic IKA® Werke
Staufen/Germany) with 1.0 mL of cold phosphate buffered saline (PBS) pH 7.4, and centrifuged
at 800 g at 4 °C for 10 min. Then, 100 pL from the supernatant was mixed with 700 uL of 1%
orthophosphoric acid and 200 pL of thiobarbituric acid (42 mM). After this, the samples were kept at
100 °C for 60 min in a water bath, and immediately cooled on ice. In a 2 mL tube, 200 uL was mixed
with 200 pL sodium hydroxide/methanol (1:12 v/v). After vortex, the samples were centrifuged for
3 min at 13,000 g. 200 pL from the supernatant was transferred to a glass vial and 50uL was injected into
the column. The HPLC used was a Shimadzu LC-10AD system (Kyoto, Japan) with a C18 Luna column
(5 um, 150 x 4.60 mm, Phenomenex Inc., Torrance, CA, USA), and a Shimadzu RF-535 fluorescence
detector (excitation 525 nm, emission 551 nm), and 0.5mL/min phosphate buffer flow (KH2PO4 1mM,
pH 6.8) [25]. The MDA levels considered the peak area determination in the chromatograms relative to
the standard curve of known concentrations.

2.8. Circulating Advanced Oxidation Protein Products

Advanced oxidation protein products (AOPPs) are oxidized plasma proteins resulting from the
exposure to oxidation products and are transported by albumin in the circulation [33]. The literature
reports that high AOPP circulating levels contribute to cardiac diseases [34].

AOPP determination was based on spectrophotometric detection according to Kalousova et al. [35].
Plasma samples (200 pL) were diluted 1:5 with PBS. It was also used 200 pL of chloramin T (0-100 pmol/L)
for calibration curve and the blank was only PBS (200 uL). All the samples were put on a microtiter
plate and mixed with 10 pL of KI 1.16 M and 20 pL of acetic acid. The absorbance was measured
immediately at 340 nm (spectrophotometer Multiskan Ascent, Labsystems, Vantaa, Finland). The final
AOPP concentration is expressed in chloramine units (umol/L).

2.9. Circulating Carboxymethyl Lysine

Advanced glycation end products (AGEs) are a group of several molecules generated by both
non-enzymatic glycation and protein, lipids and nucleic acids oxidation, able to modify tissue function
and mechanical properties [36]. In vivo, CML is the main AGE associated with cardiac pathologies [37].
The plasmatic carboxymethyl lysine (CML) levels were evaluated using an ELISA commercial kit
(OxiSelect™ CML, Cell Biolabs Inc., San Diego, CA, USA) following the manufacturer’s instructions.

2.10. Echocardiographic Study

The analyze was performed in the live animals by transthoracic echocardiography, with a Vivid S6
system equipped with multifrequency ultrasonic transducer 5.0 to 11.5 MHz (General Electric Medical
Systems, Tirat Carmel, Israel). The animals were lightly anesthetized by intraperitoneal injection
with a mixture of ketamine (50 mg/kg) and xylazine (1 mg/kg), put in left decubitus position and
only one examiner made all the exams. The heart image structural measurements were obtained in
one-dimensional mode (M-mode) guided by the images in two-dimensional mode with the transducer
in the parasternal position, minor axis. Left ventricular (LV) evaluation was performed with the cursor
M-mode just below the mitral valve plane at the level of the papillary muscles. The aorta and left
atrium images were obtained by positioning the M-mode course to plan the aortic valve level [23].

The following cardiac structures were evaluated: diastolic diameter (LVDD); systolic (LVSD) LV;
left ventricle diastolic thickness posterior wall (LVPWD); aorta diameter (AD); left atrium (LA). The
LV diastolic function was assessed by the transmitral flow early peak velocity (E). The LV systolic
function was evaluated by ejection fraction and posterior wall shortening velocity (PWSV). The
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joint assessment of diastolic and systolic LV function was performed using the Tei index (sum of
isovolumetric contraction and IRT time, divided by the left ventricular ejection time). The study was
complemented by tissue Doppler evaluation, considering early diastolic (E’), and late (A’) of the mitral
annulus (arithmetic average travel speeds of lateral and septal walls), and the ratio by the waves E and
E’ (E/E).

2.11. Myocardial Function by Isolated Papillary Muscle Study

Besides echocardiographic analysis, myocardial function was also assessed by LV isolated
papillary muscles. This procedure has been used by several authors [6,7,29]]. Conventional
mechanical parameters at Lmax were calculated from isometric contraction: maximum developed
tension normalized per cross-sectional area (DT [g/mm?]), resting tension normalized per cross-sectional
area (RT [g/mmz]), positive (+dT/d¢ [g/mmz/s]) and negative (—dT/dt [g/mmz/s]) tension derivative
normalized per cross-sectional area of papillary muscle (CSA).

2.12. B-Adrenergic System Study

[3-adrenergic receptors (3AR) are important to regulate cardiac function in both normal and
pathologic conditions [11]. The receptors activity was assessed by the dose-response relationship
between the isoproterenol and conventional mechanical parameters of papillary muscle at Lmax. After
baseline values determination, the isoproterenol was added to the vat in the presence of 1.0 mM [Ca®*]
to increase progressively the concentrations for 108, 1077 and 10~° mol/L.

The stabilization of contractile response occurs nearly 3-5min after adding each isoproterenol dose.
Data were sampled and expressed as the stimulation mean percent (%) [29]. At the end of the study,
length (mm), weight (mg), and CSA (mm?) [38] were measured for papillary muscle characterization.
The CSA was calculated from papillary muscle length and weight, assuming uniformity and a specific
gravity of 1.0. The muscle length at Lmax was measured with a cathetometer (Gartner Scientific
Corporation, Chicago, IL, USA), and the muscle between the two clips was blotted dry and weighed.

2.13. Statistical Analysis

The results are expressed in mean + standard deviation (SD). Two-way analysis of variance
(ANOVA) for independent samples was used to determine the differences among the groups.
In order to evaluate the positive and negative inotropic effects on myocardial function, it was
used a repeated-measures two-way ANOVA. Once detected significant differences (p < 0.05), the Tukey
post hoc test for multiple comparisons were carried out. All the statistical analyses were performed
using SigmaStat for Windows (Version 3.5, San Jose, CA, USA).

3. Results

The lycopene bioavailability is presented in the Table 1. It is possible to verify the presence of
lycopene in both groups, which were supplemented (Control + Ly and HSF + Ly).

The HSF group presented increased caloric intake (kcal/d), final body weight (g), adiposity index,
glucose levels, HOMA-IR and systolic blood pressure values compared to the control group. The
HSF + Ly showed the same changes observed in HSF group when compared to control + Ly, except
for HOMA-IR. Tomato-oleoresin suppressed the insulin resistance in HSF + Ly compared to HSF
(Figure 1). No effect was observed of tomato-oleoresin on the other parameters.

Table 1. Lycopene Bioavailability.

Lycopene Concentration Groups
Control Control + Ly HSF HSF + Ly
Plasma (ug/mL) ND 3.61 +0.68 ND 3.59 +2.31
Heart (ug/g of tissue) ND 4.83 +237 ND 2.41+0.36

Data are expressed in mean + standard deviation (1 = 4 animals/group). ND: Not detectable.
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Figure 1. Nutritional and cardio- metabolic parameters. A—caloric intake (kcal/day); B—adiposity
index (%); C—final body weight (g); D—glucose (mg/dL); E—HOMA-IR; F—systolic blood pressure
(mmHg). Data are expressed in mean + standard deviation (1# = 6 animals/group). Comparison by
Two-way ANOVA with Tukey post-hoc (p < 0.05): * HSF vs Control; * HSF vs HSF + Ly; ® HSF + Ly vs

Control + Ly.

The HSF group presented cardiac remodeling (increased LVDS, LVPWD and reduced LVDD), and
deterioration of both systolic (decreased ejection fraction, Tei-a and Tei-b) and diastolic (increased E/E’
and decreased Tei-a and Tei-b) functions compared to control group. Regarding the tomato-oleoresin
supplementation effect, HSF + Ly group showed improvement in some remodeling, systolic and
diastolic parameters compared to HSF (Table 2).

Table 2. Echocardiographic study.

Variables Groups Effect
Control Control + Ly HSF HSF + Ly Diet Ly Interaction

LVDD (mm) 7.15+0.11 7.02£0.11 6.70 £0.12% 6.92+0.11 0.019 0.665 0.123
LVDS (mm) 2.83 £0.10 2.74+£0.10 317 +£0.11*% 291 +£0.10 0.016 0.098 0.417
LVPWD (mm) 1.63 +0.04 1.53 +0.04 1.73 £0.04 * 1.62 +0.04 % 0.031 0.014 0.932
AD (mm) 3.91 +0.06 3.86 + 0.06 3.89 +0.07 3.88 +0.06 0.999 0.682 0.740
LA (mm) 4.86+0.11 4.85+0.11 5.02 +0.11 488 +0.11 0.388 0.483 0.536
HR (bpm) 254 + 14 265 + 14 262+ 15 262 + 14 0.871 0.716 0.713
E (cm/s) 73.6£2.1 732+218 76.1+21 751+23 0.351 0.742 0.895
PWSYV (cm/s) 58.6+1.3 61.1+£13 56.1+£1.3 598 +14 0.181 0.028 0.622
Dec. time (ms) 472+13 421+13 50.6 +1.3 427+14 0.128 <0.001 0.322
Tei-a (ms) 116.1+2.5 116.8 +2.5 99.1£25% 111.7 £2.6* <0.001 0.012 0.024
Tei-b (ms) 86.6 2.9 926 +£29 777 £29% 855+3.1% 0.012 0.028 0.761
EF (%) 0.93 + 0.008 0.93 + 0.008 0.88 + 0.008 * 0.93 + 0.008 * <0.001 0.006 0.008
E/E’ 13.3+0.4 12.7 £ 0.4 153 +£04* 13.9+0.50* 0.002 0.049 0.439

Data are expressed in mean + standard deviation (1 = 6 animals/group). Comparison by Two-way ANOVA with
Tukey post-hoc (p < 0.05): * HSF vs Control; * HSF vs HSF+Ly. LVDD, left ventricular diastolic diameter; LVSD, left
ventricular systolic diameter; LVPWD, diastolic thickness posterior wall of the left ventricle; AD, aorta diameter; LA,
left atrium diameter during ventricular systole; HR, heart rate; E, E-wave peak transmitral early diastolic inflow
velocity; PWSV, posterior wall shortening velocity; Dec. time, deceleration time; Transmitral flow, Tei-a and Tei-b;

EF, ejection fraction; E/E’.
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The myocardial papillary muscle study at baseline condition with 2.5 mM Ca?" is presented in the
Table 3. HSF group showed functional impairment in the maximum developed tension (DT) compared
to control group. Tomato-oleoresin supplementation was effective to recovery the DT capacity in HSF
+ Ly group compared to HSF (Table 3).

Table 3. Isolated papillary muscle at baseline condition (2.5 mM CaZ*).
Variables Groups Effect
Control Con{;ol + HSF HSF + Ly Diet Ly Interaction

DT(g/mm?) 596+125 629+165 441+111* 6.05+119* 0.066 0.046 0.173
RT(g/mm?) 0.65+0.11 0.61+£0.11 0.63 + 0.08 0.57 £ 0.11 0.512 0.202 0.844
+dT/dt(g/mm?/s) 619+101 635+184  60.8+11.7 65.5+19.7 0.934 0.573 0.773
—dT/dt(g/mm?/s) 16.8 £2.4 175+£29 155+ 3.3 16.1£29 0.193 0.569 0.933
CSA(mm?) 1.11+£012 1.10+0.23 1.25+£0.27 1.17 £ 0.3 0.181 0.801 0.912

Data are expressed in mean + standard deviation (1 = 6 animals/group). Comparison by Two-way ANOVA with
Tukey post-hoc (p < 0.05): * HSF vs Control; # HSF vs HSF+Ly. DT, Maximum developed tension normalized per
cross-sectional area of the papillary muscle; RT, Resting tension normalized per cross-sectional area of the papillary
muscle; peak of the positive, +dT/dt and negative, —~dT/dt tension derivatives normalized per cross-sectional area of
the papillary muscle; CSA, cross-sectional area.

Figure 2 shows the 3-adrenergic stimulation on the papillary muscle function. The isoproterenol
stimulation demonstrated that the HSF group presented functional impairment in DT (107® M) and
—dT/dt (1077 and 107® M) compared to control group. Tomato-oleoresin supplementation was effective
to recover the —dT/dt (1077 and 10~® M) capacity in HSF + Ly group compared to HSF.

A B C

104 100+ 50

DT[ngm:]
+dT/dt(g/mm?/s)
==
—
—

-dT/dt(g/mm?/s

]

Basal 10- 10- 10-*
Isoproterenol (M)

Basal 10 10- 10-

Isoproterenol (M)

Iiasm | 10 10

Isoproterenol (M)
Figure 2. -adrenergic stimulation in papillary muscles. Data are expressed in mean + standard
deviation (n = 6 animals/group). Baseline calcium concentration (1.0 mM) is presented as 100%. A,
Maximum developed tension normalized per cross-sectional area [DT, g/mmz]. B, positive [+dT/dt,
g/mm?/s] and C, negative [-dT/dt, g/mm?/s] tension derivative normalized per cross-sectional area of
the papillary muscle. Two-way ANOVA repeated-measures with Tukey post-hoc was used to compare
the groups (p < 0.05); * HSF vs Control; * HSF vs HSF + Ly.

Figure 3 shows the oxidative stress parameters in plasma and cardiac tissue. All the parameters
increased in HSF group compared to control group. By contrast, it is possible to note that CML, AOPP
and cardiac MDA plasma levels reduced in HSF + Ly group in respect to HSF to demonstrate a positive
effect of tomato-oleoresin.
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Figure 3. Plasma and cardiac tissue redox state parameters. A—Carboxymethyl lysine (CML-pg/mg
protein); B—Cholaramine T equivalents %; C—Malondyhaldeide (MDA-nmol/ug protein). Data are
expressed in mean + standard deviation (n = 6 animals/group). Comparison by Two-way ANOVA
with Tukey post-hoc (p < 0.05), * HSF vs Control; # HSF vs HSF + Ly.

4. Discussion

This study aimed to test if the tomato-oleoresin would be able to recovery the cardiac function
by improving f-adrenergic response due its antioxidant effect. The results show that the HSF groups
presented with obesity, characterized by the higher values of body weight and adiposity index, and
metabolic syndrome, with insulin resistance, dyslipidemia, and hypertension, all diseases usually
associated with obesity [39]. These findings confirm that the diet model used in this study was
efficient to lead obesity and related disorders, corroborating the literature [6,7,15,23]. Regarding the
lycopene effect on obesity and related disorders, it was observed a positive action only on insulin
resistance in the HSF + Ly group, represented by the reduction in HOMA-IR. The literature attributes
the tomato-oleoresin benefic effects on diabetes to the lycopene antioxidant potential [40]. Another
explanation for this amelioration is the anti-inflammatory effect of tomato-oleoresin. Since insulin
resistance and type 2 diabetes are conditions closely related with inflammation and studies already
showed that tomato-oleoresin ameliorates the inflammation, this property may explain the beneficial
effect on glucose metabolism [41]. The antioxidant and anti-inflammatory effect of lycopene can
also be explained by considering its well-established ability, through electrophilic metabolites, to
activate Nrf2 pathway thus inducing phase II detoxifying/antioxidant enzymes and inhibiting NF-«B
activation [42-44].

Obesity is also associated with cardiac abnormalities, among them morphological, hemodynamic
and functional alterations [1,8,23]. Considering the lycopene absence effect on obesity and
hypertension in the HSF + Ly group, should both HSF groups present cardiac damage. However, the
echocardiographic analysis showed cardiac remodeling and impairment in ventricular systolic and
diastolic function only in HSF group after 30 weeks. In opposition, the HSF group supplemented with
tomato-oleoresin showed a cardiac remodeling and function recovery.
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Several mechanisms could explain the obesity-induced cardiac dysfunction, among them is the
-adrenergic system responsiveness. The myocardial 3-adrenergic mechanism is the main responsible
by regulating the cardiac performance, especially by intracellular Ca?* handling [6,7]. Although
functional studies using isolated papillary muscle have showed that obesity is able to lead to impairment
in cardiac contractile [3,5,7], a small number of studies have evaluated the 3-adrenergic response in
high sugar-fat diet obesity-induced experimental models [29,45-49]. Our results demonstrated that
the isoproterenol stimulation leaded to negative responses in both systolic (DT) and diastolic (—dT/dt)
response in the HSF group while the HSF + Ly group showed an improvement in the 3-adrenergic
response. However, it is still unclear how the high sugar-fat diet obesity-induced leads to a reduction
in the 3-adrenergic response.

One hypothesis for the -adrenergic response impairment is the chronic exposition to reactive
oxygen species (ROS) promoted by obesity [9,50]. The literature reports that the direct contact with
ROS exerts the same action of isoproterenol on 3-adrenergic response, increasing the calcium transient
amplitude, therefore, exerting a modulator role in the myocardial contractility [13]. However, this
continues exposition to ROS may result in deleterious effects and contribute the development of cardiac
arrhythmias and failure [9]. Considering the lycopene antioxidant effect, the amelioration in the
-adrenergic responsiveness of the HSF + Ly group can be attributed to this carotenoid property [14].

Another hypothesis is that the redox system imbalance in obesity conditions may lead to
damage to lipids and proteins, generating such biomarkers as MDA, CML and AOPP, which were
evaluated in this study [33,51-53]. These oxidative products can damage directly the cardiac tissue
by altering its geometry and functionality, or indirectly by the carbonylation of proteins involved
in the myocardial contractility regulatory response, as the f-adrenergic pathway [13,54,55]. While
the HSF group presented higher levels of MDA, CML and AOPP and cardiac function deterioration,
the tomato-oleoresin antioxidant effect is confirmed by reduced levels of these markers and cardiac
function recovery in the HSF + Ly group.

5. Conclusions

In summary, this study found that the HSF diet induced obesity-related cardiac dysfunction and
the tomato-oleoresin was able to attenuate this condition. Therefore, it is possible to conclude that
tomato-oleoresin is able to reduce oxidative damage, thereby improving the system’s 3-adrenergic
response and recovering cardiac function.

Author Contributions: Conceptualization, A.J.T.F, EVE-E, G.A,, EM. and A.L.AF; methodology, A.J.T.E,
FVE-E,JLG,LG,SGZB., KAHK,CCVdAS,;DHS.d.C. and A.A,; data curation, AJ.T.E, EVE-E,S.G.Z.B.,
and A.A.; writing—original draft preparation, A.].T.E; EVE-F; CR.C,; AL.AF,; writing—review and editing,
EVE-F,G.A., EM. and A.L.A.F; supervision, A.L.A.F; project administration, A.].T.F.

Funding: This work was funded by Conselho Nacional de Desenvolvimento Cientifico e Tecnologico CNPq
(424209/2016-0) and Fundacao de Amparo a Pesquisa do Estado de Sao Paulo FAPESP and Universidade Estadual
Paulista “Julio de Mesquita Filho”.

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

References

1. Alpert, M.A.; Lambert, C.R.; Panayiotou, H.; Terry, B.E.; Cohen, M.V.; Massey, C.V.; Hashimi, M.W.; Mukerji, V.
Relation of duration of morbid obesity to left ventricular mass, systolic function, and diastolic filling, and
effect of weight loss. Am. J. Cardiol. 1995, 76, 1194-1197. [CrossRef]

2. Scaglione, R.; Dichiara, M.A.; Indovina, A,; Lipari, R.; Ganguzza, A.; Parrinello, G.; Capuana, G.; Merlino, G.;
Licata, G. Left ventricular diastolic and systolic function in normotensive obese subjects: Influence of degree
and duration of obesity. Eur. Heart ]. 1992, 13, 738-742. [CrossRef] [PubMed]

3. Relling, D.P.; Esberg, L.B.; Fang, C.X.; Johnson, W.T.; Murphy, E.J.; Carlson, E.C.; Saari, ].T.; Ren, J. High-fat
diet-induced juvenile obesity leads to cardiomyocyte dysfunction and upregulation of Foxo3a transcription
factor independent of lipotoxicity and apoptosis. J. Hypertens. 2006, 24, 549-561. [CrossRef] [PubMed]


http://dx.doi.org/10.1016/S0002-9149(99)80338-5
http://dx.doi.org/10.1093/oxfordjournals.eurheartj.a060249
http://www.ncbi.nlm.nih.gov/pubmed/1623860
http://dx.doi.org/10.1097/01.hjh.0000203846.34314.94
http://www.ncbi.nlm.nih.gov/pubmed/16467659

Antioxidants 2019, 8, 368 10 of 12

10.

11.

12.

13.

14.

15.

16.

17.
18.

19.

20.

21.

22.

23.

du Toit, E.F; Nabben, M.; Lochner, A. A potential role for angiotensin II in obesity induced cardiac
hypertrophy and ischaemic/reperfusion injury. Basic Res. Cardiol. 2005, 100, 346-354. [CrossRef] [PubMed]
Ren, J.; Zhu, B.-H.; Relling, D.P.; Esberg, L.B.; Ceylan-Isik, A.F. High-fat diet-induced obesity leads to
resistance to leptin-induced cardiomyocyte contractile response. Obesity 2008, 16, 2417-2423. [CrossRef]
[PubMed]

Leopoldo, A.S.; Sugizaki, M.M.; Lima-Leopoldo, A.P.;; do Nascimento, A.F; Luvizotto, RD.AM.; de
Campos, D.H.S.; Okoshi, K.; Pai-Silva, M.D.; Padovani, C.R.; Cicogna, A.C. Cardiac remodeling in a rat
model of diet-induced obesity. Can. ]. Cardiol. 2010, 26, 423-429. [CrossRef]

Leopoldo, A.S.; Lima-Leopoldo, A.P; Sugizaki, M.M.; Nascimento, A.FED.; de Campos, D.H.S,;
Luvizotto, RD.A.M.; Castardeli, E.; Alves, C.A.B.; Brum, P.C.; Cicogna, A.C. Involvement of L-type
calcium channel and serca2a in myocardial dysfunction induced by obesity. . Cell. Physiol. 2011, 226,
2934-2942. [CrossRef]

Panchal, S.K,; Poudyal, H,; Iyer, A.; Nazer, R.; Alam, A.; Diwan, V.; Kauter, K.; Sernia, C.; Campbell, F.;
Ward, L.; et al. High-carbohydrate, high-fat diet-induced metabolic syndrome and cardiovascular remodeling
in rats. J. Cardiovasc. Pharmacol. 2011, 57, 611-624. [CrossRef]

Tsutsui, H.; Kinugawa, S.; Matsushima, S. Oxidative Stress and Heart Failure. Am. J. Physiol. Heart Circ.
Physiol. 2011, 301, H2181-H2190. [CrossRef]

Opie, L. The Heart. Physiology from Cell to Circulation; Lippincott Williams & Wilkins: Philadelphia, PA,
USA, 1998.

Bers, D.M. Cardiac excitation-contraction coupling. Nature 2002, 415, 198-415. [CrossRef]

Carvajal, K.; Balderas-Villalobos, J.; Bello-Sanchez, M.D.; Phillips-Farfan, B.; Molina-Munoz, T,
Aldana-Quintero, H.; Gémez-Viquez, N.L. Ca?* mishandling and cardiac dysfunction in obesity and
insulin resistance: Role of oxidative stress. Cell Calcium 2014, 56, 408-415. [CrossRef] [PubMed]
Andersson, D.C.; Fauconnier, J.; Yamada, T.; Lacampagne, A.; Zhang, S.J.; Katz, A.; Westerblad, H.
Mitochondrial production of reactive oxygen species contributes to the 3-adrenergic stimulation of mouse
cardiomyecytes. J. Physiol. 2011, 589, 1791-1801. [CrossRef] [PubMed]

Pereira, B.L.; Reis, PP; Severino, EE.; Felix, T.F; Braz, M.G.; Nogueira, FR; Silva, R. A.C.; Cardoso, A.C;
Lourenco, M.A.M.; Figueiredo, A.M.; et al. Tomato (Lycopersicon esculentum) or lycopene supplementation
attenuates ventricular remodeling after myocardial infarction through different mechanistic pathways. J.
Nutr. Biochem. 2017, 46, 117-124. [CrossRef] [PubMed]

Francisqueti, F; Minatel, I.; Ferron, A.; Bazan, S.; Silva, V.; Garcia, J.; De Campos, D.; Ferreira, A.; Moreto, F.;
Cicogna, A.; et al. Effect of Gamma-Oryzanol as Therapeutic Agent to Prevent Cardiorenal Metabolic
Syndrome in Animals Submitted to High Sugar-Fat Diet. Nutrients 2017, 9, 1299. [CrossRef] [PubMed]

Di Mascio, P.; Kaiser, S.; Sies, H. Lycopene as the most efficient biological carotenoid singlet oxygen quencher.
Arch. Biochem. Biophys. 1989, 274, 532-538. [CrossRef]

Stahl, W.; Sies, H. Antioxidant activity of carotenoids. Mol. Asp. Med. 2003, 24, 345-351. [CrossRef]

Story, E.N.; Kopec, R.E.; Schwartz, S.J.; Harris, G.K. An Update on the Health Effects of Tomato Lycopene.
Annu. Rev. Food Sci. Technol. 2010, 1, 189-210. [CrossRef]

Porrini, M.; Riso, P. What are Typical Lycopene Intakes? |. Nutr. 2005, 135, 2042-2045. [CrossRef]

Araujo, EB.; Barbosa, D.S.; Hsin, C.Y.,; Maranhao, R.C.; Abdalla, D.S.P. Evaluation of oxidative stress in
patients with hyperlipidemia. Atherosclerosis 1995, 117, 61-71. [CrossRef]

Engelhard, Y.N.; Gazer, B.; Paran, E. Natural antioxidants from tomato extract reduce blood pressure in
patients with grade-1 hypertension: A double-blind, placebo-controlled pilot study. Am. Heart ]. 2006, 151.
[CrossRef]

Bansal, P; Gupta, S.K.; Ojha, S.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]

Ferron, A.; Francisqueti, F.; Minatel, I.; Silva, C.; Bazan, S.; Kitawara, K.; Garcia, J.; Corréa, C.; Moreto, F.;
Ferreira, A. Association between Cardiac Remodeling and Metabolic Alteration in an Experimental Model of
Obesity Induced by Western Diet. Nutrients 2018, 10, 1675. [CrossRef] [PubMed]


http://dx.doi.org/10.1007/s00395-005-0528-5
http://www.ncbi.nlm.nih.gov/pubmed/15821998
http://dx.doi.org/10.1038/oby.2008.381
http://www.ncbi.nlm.nih.gov/pubmed/18719678
http://dx.doi.org/10.1016/S0828-282X(10)70440-2
http://dx.doi.org/10.1002/jcp.22643
http://dx.doi.org/10.1097/FJC.0b013e3181feb90a
http://dx.doi.org/10.1152/ajpheart.00554.2011
http://dx.doi.org/10.1038/415198a
http://dx.doi.org/10.1016/j.ceca.2014.08.003
http://www.ncbi.nlm.nih.gov/pubmed/25168907
http://dx.doi.org/10.1113/jphysiol.2010.202838
http://www.ncbi.nlm.nih.gov/pubmed/21486840
http://dx.doi.org/10.1016/j.jnutbio.2017.05.010
http://www.ncbi.nlm.nih.gov/pubmed/28599197
http://dx.doi.org/10.3390/nu9121299
http://www.ncbi.nlm.nih.gov/pubmed/29186059
http://dx.doi.org/10.1016/0003-9861(89)90467-0
http://dx.doi.org/10.1016/S0098-2997(03)00030-X
http://dx.doi.org/10.1146/annurev.food.102308.124120
http://dx.doi.org/10.1093/jn/135.8.2042S
http://dx.doi.org/10.1016/0021-9150(94)05558-Z
http://dx.doi.org/10.1016/j.ahj.2005.05.008
http://dx.doi.org/10.1007/s11010-006-9141-7
http://www.ncbi.nlm.nih.gov/pubmed/16601921
http://dx.doi.org/10.3390/nu10111675
http://www.ncbi.nlm.nih.gov/pubmed/30400581

Antioxidants 2019, 8, 368 11 of 12

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Luvizotto, R.D.A.M.; Nascimento, A.E; Imaizumi, E.; Pierine, D.T.; Conde, S.J.; Correa, C.R.; Yeum, K.-].;
Ferreira, A.L.A. Lycopene supplementation modulates plasma concentrations and epididymal adipose tissue
mRNA of leptin, resistin and IL-6 in diet-induced obese rats. Br. . Nutr. 2013, 110, 1803-1809. [CrossRef]
[PubMed]

Pierine, D.T.; Navarro, M.E.L.; Minatel, 1.O.; Luvizotto, R.A.M.; Nascimento, A.E; Ferreira, A.L.A.; Yeum, K.-J.;
Corréa, C.R. Lycopene supplementation reduces TNF-o via RAGE in the kidney of obese rats. Nutr. Diabetes
2014, 4, e142. [CrossRef] [PubMed]

Rao, A.V,; Shen, H. Effect of low dose lycopene intake on lycopene bioavailability and oxidative stress. Nutr.
Res. 2002, 22, 1125-1131. [CrossRef]

Anjos Ferreira, A.L.; Russell, RM.; Rocha, N.; Placido Ladeira, M.S.; Favero Salvadori, D.M.; Oliveira
Nascimento, M.C.M.; Matsui, M.; Carvalho, FA.; Tang, G.; Matsubara, L.S.; et al. Effect of lycopene on
doxorubicin-induced cardiotoxicity: An echocardiographic, histological and morphometrical assessment.
Basic Clin. Pharmacol. Toxicol. 2007, 101, 16-24. [CrossRef] [PubMed]

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]

Ferron, A.J.T.; Jacobsen, B.B.; Grippa, P.; Ana, S. Cardiac Dysfunction Induced by Obesity Is Not Related
to 3 -Adrenergic System Impairment at the Receptor-Signalling Pathway. PLoS ONE 2015, 10. [CrossRef]
[PubMed]

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

Yagi, K. Simple Assay for the Level of Total Lipid Peroxides in Serum or Plasma. Free Radic. Antioxid. Protoc.
1998, 108, 101-106.

Lee, R.; Margaritis, M.; Channon, K.M.; Antoniades, C. Evaluating oxidative stress in human cardiovascular
disease: Methodological aspects and considerations. Curr. Med. Chem. 2012, 19, 2504-2520. [CrossRef]
[PubMed]

Feng, W.; Zhang, K.; Liu, Y.; Chen, J.; Cai, Q.; He, W.; Zhang, Y.; Wang, M.-H.; Wang, ].; Huang, H. Advanced
oxidation protein products aggravate cardiac remodeling via cardiomyocyte apoptosis in chronic kidney
disease. Am. J. Physiol. Circ. Physiol. 2017, 314, H475-H483. [CrossRef] [PubMed]

Zuwala-Jagiello, J.; Murawska-Cialowicz, E.; Pazgan-Simon, M. Increased Circulating Advanced Oxidation
Protein Products and High-Sensitive Troponin T in Cirrhotic Patients with Chronic Hepatitis C: A Preliminary
Report. Biomed. Res. Int. 2015, 2015. [CrossRef] [PubMed]

Kalousova, M.; Skrha, J.; Zima, T. Advanced glycation end-products and advanced oxidation protein products
in patients with insulin dependent diabetes melli.us. Med. J. Bakirkoy 2011, 7, 130-135.

Hegab, Z.; Gibbons, S.; Neyses, L.; Mamas, M.A. Role of advanced glycation end products in cardiovascular
disease. World |. Cardiol. 2012, 4, 90. [CrossRef] [PubMed]

Fishman, S.L.; Sonmez, H.; Basman, C.; Singh, V.; Poretsky, L. The role of advanced glycation end-products
in the development of coronary artery disease in patients with and without diabetes mellitus: A review. Mol.
Med. 2018, 24, 59. [CrossRef] [PubMed]

Lima-Leopoldo, A.P,; Leopoldo, A.S.; Sugizaki, M.M.; Bruno, A.; Nascimento, A.F.; Luvizotto, R.A.; de
Oliveira Junior, S.A.; Castardeli, E.; Padovani, C.R.; Cicogna, A.C. Myocardial Dysfunction and Abnormalities
in Intracellular Calcium Handling in Obese Rats. Arq. Bras. Cardiol. 2011, 97, 232-240. [CrossRef] [PubMed]
Maioli, T.U.; Gongalves, ]J.L.; Miranda, M.C.G.; Martins, V.D.; Horta, L.S.; Moreira, T.G.; Godard, A.L.B.;
Santiago, A.F.; Faria, A.M.C. High sugar and butter (HSB) diet induces obesity and metabolic syndrome with
decrease in regulatory T cells in adipose tissue of mice. Inflamm. Res. 2016, 65, 169-178. [CrossRef] [PubMed]
Assis, R.; Arcaro, C.; Gutierres, V.; Oliveira, ].; Costa, P.; Baviera, A.; Brunetti, I. Combined effects of curcumin
and lycopene or bixin in yoghurt on inhibition of LDL oxidation and increases in HDL and paraoxonase
levels in streptozotocin-diabetic rats. Int. J. Mol. Sci. 2017, 18, 332. [CrossRef] [PubMed]

Zeng, Z.; He, W, Jia, Z.; Hao, S. Lycopene Improves Insulin Sensitivity through Inhibition of
STAT3/Srebp-1lc-Mediated Lipid Accumulation and Inflammation in Mice fed a High-Fat Diet. Exp.
Clin. Endocrinol. Diabetes 2017, 125, 610-617. [CrossRef]


http://dx.doi.org/10.1017/S0007114513001256
http://www.ncbi.nlm.nih.gov/pubmed/23632237
http://dx.doi.org/10.1038/nutd.2014.39
http://www.ncbi.nlm.nih.gov/pubmed/25383746
http://dx.doi.org/10.1016/S0271-5317(02)00430-X
http://dx.doi.org/10.1111/j.1742-7843.2007.00070.x
http://www.ncbi.nlm.nih.gov/pubmed/17577311
http://dx.doi.org/10.1177/0960327114551395
http://www.ncbi.nlm.nih.gov/pubmed/25632967
http://dx.doi.org/10.1371/journal.pone.0138605
http://www.ncbi.nlm.nih.gov/pubmed/26390297
http://dx.doi.org/10.1016/j.mrgentox.2007.04.003
http://dx.doi.org/10.2174/092986712800493057
http://www.ncbi.nlm.nih.gov/pubmed/22489713
http://dx.doi.org/10.1152/ajpheart.00628.2016
http://www.ncbi.nlm.nih.gov/pubmed/29101185
http://dx.doi.org/10.1155/2015/786570
http://www.ncbi.nlm.nih.gov/pubmed/26665009
http://dx.doi.org/10.4330/wjc.v4.i4.90
http://www.ncbi.nlm.nih.gov/pubmed/22558488
http://dx.doi.org/10.1186/s10020-018-0060-3
http://www.ncbi.nlm.nih.gov/pubmed/30470170
http://dx.doi.org/10.1590/S0066-782X2011005000061
http://www.ncbi.nlm.nih.gov/pubmed/21584481
http://dx.doi.org/10.1007/s00011-015-0902-1
http://www.ncbi.nlm.nih.gov/pubmed/26650032
http://dx.doi.org/10.3390/ijms18040332
http://www.ncbi.nlm.nih.gov/pubmed/28333071
http://dx.doi.org/10.1055/s-0043-101919

Antioxidants 2019, 8, 368 12 of 12

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

Kawata, A.; Murakami, Y.; Suzuki, S.; Fujisawa, S. Anti-inflammatory activity of 3-carotene, lycopene and
tri-n-butylborane, a scavenger of reactive oxygen species. In Vivo 2018, 32, 255-264. [PubMed]

Yang, PM.; Chen, H.Z.; Huang, Y.T.; Hsieh, C.W.; Wung, B.S. Lycopene inhibits NF-«B activation and
adhesion molecule expression through Nrf2-mediated heme oxygenase-1 in endothelial cells. Int. J. Mol.
Med. 2017, 39, 1533-1540. [CrossRef] [PubMed]

Barros, M.P; Rodrigo, M.].; Zacarias, L. Dietary Carotenoid Roles in Redox Homeostasis and Human Health.
J. Agric. Food Chem. 2018, 66, 5733-5740. [CrossRef] [PubMed]

Carroll, ].F.; Kyser, C.K.; Martin, M.M. beta-Adrenoceptor density and adenylyl cyclase activity in obese
rabbit hearts. Int. J. Obes. Relat. Metab. Disord. 2002, 26, 627-632. [CrossRef] [PubMed]

Carroll, J.E; Jones, A.E.; Hester, R.L.; Reinhart, G.A.; Cockrell, K.; Mizelle, H.L. Reduced cardiac contractile
responsiveness to isoproterenol in obese rabbits. Hypertension 1997, 30, 1376-1381. [CrossRef] [PubMed]
Lima-Leopoldo, A.P.,; Sugizaki, M.M.; Leopoldo, A.S.; Carvalho, R.F,; Nogueira, C.R.; Nascimento, A.F.;
Martinez, P.F; Luvizotto, R.A.M.; Padovani, C.R.; Cicogna, A.C. Obesity induces upregulation of genes
involved in myocardial Ca?* handling. Braz. . Med. Biol. Res. 2008, 41. [CrossRef] [PubMed]

Dincer, U.D. Cardiac -adrenoceptor expression is markedly depressed in Ossabaw swine model of
cardiometabolic risk. Int. J. Gen. Med. 2011, 4, 493-499. [CrossRef] [PubMed]

Pinotti, M.F,; Silva, M.D.P,; Sugizaki, M.M.; Novelli, Y.5.D.; Sant’ana, L.S.; Aragon, FF.,; Padovani, C.R;;
Novelli, E.L.B.; Cicogna, A.C. Artigo Original Influéncias de Dietas Ricas em Acidos Graxos Saturados e
Insaturados sobre o Miocdrdio de Ratos. Arg. Bras. Cardiol. 2007, 88, 346-353. [CrossRef]

de Lucia, C.; Eguchi, A.; Koch, W.J. New insights in cardiac 3-Adrenergic signaling during heart failure and
aging. Front. Pharmacol. 2018, 9, 904. [CrossRef]

Wu, L; Shiesh, A.S.; Kuo, P; Lin, X. High Oxidative Stress Is Correlated with Frailty in Elderly Chinese. J.
Am. Geriatr. Soc. 2009, 57, 1666-1671. [CrossRef]

Zhang, G.X.; Kimura, S.; Nishiyama, A.; Shokoji, T.; Rahman, M.; Yao, L.; Nagai, Y.; Fujisawa, Y.; Miyatake, A.;
Abe, Y. Cardiac oxidative stress in acute and chronic isoproterenol-infused rats. Cardiovasc. Res. 2005, 65,
230-238. [CrossRef] [PubMed]

Ojha, S.; Goyal, S.; Sharma, C.; Arora, S.; Kumari, S.; Arya, D.S. Cardioprotective effect of lycopene against
isoproterenol-induced myocardial infarction in rats. Hum. Exp. Toxicol. 2013, 32, 492-503. [CrossRef]
[PubMed]

Yilmaz, S.; Atessahin, A.; Sahna, E.; Karahan, I.; Ozer, S. Protective effect of lycopene on adriamycin-induced
cardiotoxicity and nephrotoxicity. Toxicology 2006, 218, 164-171. [CrossRef] [PubMed]

Folden, D.V,; Gupta, A.; Sharma, A.C.; Li, S.Y,; Saari, ].T; Ren, ]. Malondialdehyde inhibits cardiac contractile
function in ventricular myocytes via a p38 mitogen-activated protein kinase-dependent mechanism. Br. .
Pharmacol. 2003, 139, 1310-1316. [CrossRef] [PubMed]

@ © 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).


http://www.ncbi.nlm.nih.gov/pubmed/29475907
http://dx.doi.org/10.3892/ijmm.2017.2960
http://www.ncbi.nlm.nih.gov/pubmed/28440398
http://dx.doi.org/10.1021/acs.jafc.8b00866
http://www.ncbi.nlm.nih.gov/pubmed/29785849
http://dx.doi.org/10.1038/sj.ijo.0801957
http://www.ncbi.nlm.nih.gov/pubmed/12032745
http://dx.doi.org/10.1161/01.HYP.30.6.1376
http://www.ncbi.nlm.nih.gov/pubmed/9403556
http://dx.doi.org/10.1590/S0100-879X2008000700011
http://www.ncbi.nlm.nih.gov/pubmed/18719744
http://dx.doi.org/10.2147/IJGM.S18175
http://www.ncbi.nlm.nih.gov/pubmed/21760751
http://dx.doi.org/10.1590/S0066-782X2007000300015
http://dx.doi.org/10.3389/fphar.2018.00904
http://dx.doi.org/10.1111/j.1532-5415.2009.02392.x
http://dx.doi.org/10.1016/j.cardiores.2004.08.013
http://www.ncbi.nlm.nih.gov/pubmed/15621051
http://dx.doi.org/10.1177/0960327112454890
http://www.ncbi.nlm.nih.gov/pubmed/23060410
http://dx.doi.org/10.1016/j.tox.2005.10.015
http://www.ncbi.nlm.nih.gov/pubmed/16325981
http://dx.doi.org/10.1038/sj.bjp.0705384
http://www.ncbi.nlm.nih.gov/pubmed/12890710
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Animals and Experimental Protocol 
	Tomato-Oleoresin Preparation 
	Nutritional Evaluation 
	Metabolic and Hormonal Analysis 
	Systolic Blood Pressure (SBP) 
	Lycopene Bioavailability Evaluation 
	Cardiac Malondialdehyde (MDA) Levels 
	Circulating Advanced Oxidation Protein Products 
	Circulating Carboxymethyl Lysine 
	Echocardiographic Study 
	Myocardial Function by Isolated Papillary Muscle Study 
	-Adrenergic System Study 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

