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Abstract

Objective

We evaluated the effects of grape juice (Vitis labrusca L.) on dyslipidemia, resistance to
insulin, and left ventricular hypertrophy (LVH) in mice homozygous for the absence of the
LDL receptor gene (LDLr -/-) under a hyperlipidemic diet.

Methodology

We divided 30 male mice (3 months old) into three groups (n = 10); the HL group was fed a
high-fat diet, the HLU group received a high-fat diet and 2 g/kg/day of grape juice, and the
HLS group was fed a high-fat diet and simvastatin (20 mg/kg/day). We assessed the blood
pressure profile of the mice. We also determined the levels of C-reactive protein (CRP) and
lipid profile, glycemic and insulinemic profiles, and calculated the HOMA-IR. Cardiomyocyte
hypertrophy, interstitial collagen deposit, and the expression of CD40 ligand (CD40L) and
metalloproteinases 2 and 9 were assessed immunohistologically.

Results

After 60 days, the mice treated with grape juice showed similar results as those of the group
treated with simvastatin. The use of grape fruit attenuated dyslipidemia and insulin resis-
tance and significantly increased the levels of high cholesterol density lipoproteins (HDLc).
The antioxidant potential of phenolic compounds associated with the increase in HDLc lev-
els in the mice of the HLU group prevented the development of LVH and arterial hyperten-
sion since it inhibited the inflammatory response induced by the CD40 pathway and its
ligand CD40L. Consequently, there was a lower expression of MMP-2 and MMP-9 and
lower serum levels of CRP.
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Conclusion

Grape juice has a hypolipidemic and cardiac protective potential, presenting a similar effect
as that of simvastatin through a direct antioxidant action of phenolic compounds, or indi-
rectly, via antioxidant action and anti-inflammatory activity of the HDLc. These results sug-
gest that grape juice is a functional food possessing a high potential to prevent
cardiovascular diseases.

Introduction

Cardiovascular diseases (CVD) represent 30% of all causes of death worldwide [1]. Dyslipide-
mia is a significant risk factor for CVD and its development is directly related to serum levels
of low-density lipoprotein cholesterol (LDLc) and triglycerides (TG) and, inversely associated
with serum levels of high-density lipoprotein cholesterol (HDLc) [2]. In addition, oxidative
stress generated by dyslipidemia has been associated with the appearance of insulin resistance,
increased cardiovascular inflammatory markers and left ventricular hypertrophy (LVH) with
remodeling involving collagen deposit and expression of metalloproteinases [3,4].

The Inhibitors of hydroxymethyl glutaryl-coenzyme-A reductase (HMG-CoA reductase),
better known as statins, are the most validated clinically therapy to reduce cardiovascular
events by lowering plasma levels of LDLc, very-low-density lipoprotein cholesterol (VLDLc),
inflammatory markers and increase the levels of nitric oxide [5]. However, long-term treat-
ment with statins is associated with muscle complaints, renal and hepatic impairment, hypo-
thyroidism, diabetes, polyneuropathy, and other side effects [6].

The lipid metabolism regulation through diet is an essential target for therapeutic interven-
tion in order to reduce the risk of CVD [7]. The consumption of grape products such as red
wine and red grape juice has been shown to have positive effects on human health by increas-
ing the antioxidant capacity [8], reducing the cholesterol levels and proinflammatory markers.

Grapes (Vitis labrusca L.) are rich in phenolic compounds and, according to Ramsay (Ram-
say et al., 2017), about 46% are anthocyanins. Anthocyanins have great health benefits due to
their biological activities, which include antioxidant, anti-inflammatory properties, inhibition
of LDLc oxidation, reduction of CVD, and cancer risks [9].

Studies with LDL receptor-deficient mice (LDLr—/ -) showed that when these animals are
fed with a hyperlipidic diet, they became susceptible to neointimal lesions [10], with increased
arterial oxidative stress with development of atherosclerosis plaque [11]. It also causes LVH
with a larger immunoreactive area for CD40L, severe mixed dyslipidemia with reduction of
serum levels of HDLc, and insulin resistance [12]. In the present study, the effects of grape
juice on dyslipidemia, insulin resistance, and LVH in LDLr -/- mice submitted to a hyperlipi-
demic diet were evaluated.

Material and methods
Grape juice (Vitis labrusca L.)

To prepare the juice we used red table grapes from Isabel cultivar (Vitis labrusca L.), harvested
in the Federal Institute of Education, Science and Technology of South Minas Gerais (IFSUL-
DEMINAYS), in the Muzambinho Campus. The juice was developed by the sector of Agroin-
dustry Vegetables of the same institution, using a steam drag juice extractor, without the
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addition of any solute, preservative, and/or water. The juice was kept in a ambar glas vessel
under 5°C during all he experiment.

Physicochemical analyzes were carried out in the grape juice to analyze the moisture con-
tent, the presence of ashes or mineral material, the amount of total lipids, crude protein, pH
and soluble solids. The moisture content was obtained by direct drying in an oven at 105 °C;
the percentage of ash was obtained by heating to 550 °C; the amount of crude protein was cal-
culated by the Kjeldahl method adopting the correction factor of 6.25; the pH analysis was per-
formed using pHmeter and the content of soluble solids (°Brix) was obtained by reading a
benchtop refractometer with automatic temperature correction. All the analyses were per-
formed according to the methodology described by Pregnolatto and Pascuet (1985) [13].

To analyse the total lipids content we used the Bligh and Dyer techinique [14]. The analysis
of total phenolic content was carried out at in the Agricultural Research Company of Minas
Gerais (EPAMIG) in Caldas/MG, using the Folin Ciocalteau method with gallic acid as the ref-
erence standard [15]. All the analysis were conducted in triplicate.

Animal protocol

A total of 30 male mice (3 months old), which were homozygous for the absence of the LDL
receptor gene (LDLr -/-) generated in background C57BL6 and weighing 22 + 2g, were stud-
ied. The animals were purchased at the Jackson Laboratory (USA) and maintained at the José
do Rosario Vellano University (UNIFENAS), Alfenas/MG, with temperature control and
light/dark cycle (12h).

The mice were divided into three experimental groups (n = 10); Group HL: The mice
received hyperlipid feed with 20% total fat, 1.25% cholesterol, and 0.5% cholic acid; Group
HLU: The mice received hyperlipid feed with 20% total fat, 1.25% cholesterol, 0.5% cholic
acid, and treated with grape juice at a dosage of 2 g/kg administered via gavage once a day.
HLS Group: The mice received hyperlipidemic feed with 20% total fat, 1.25% cholesterol, 0.5%
cholic acid and treatment with simvastatin (commercially available) at a dose of 20 mg/kg
administered via gavage once a day.

All animals received their respective diets and were treated with water ad libitum. After 60
days of the experiment, all the animals were anaesthetized intraperitoneally using Xylazine/
Ketamine (Bayer AS and Parke-Davis™), respectively, at the concentration of 10-100 mg/kg.
After anaesthesia, blood samples were collected via retro-orbital, using heparinized capillaries,
and analyzed for glucose, insulin, C-reactive protein (CRP), TG, total cholesterol (TC) and its
fractions.

After the thoracotomy, the left ventricle (LV) was removed and freshly weighed to perform
the calculation of ventricular weight (mg) by the animal weight (g) [3]. The experimental pro-
cedures were performed in accordance with the guidelines established by the National Council
for Animal Experiments Control (CONCEA) and were approved by the Animals Ethics Com-
mittee of the Instituto Federal do Sul de Minas Gerais (N°. 03A/2014).

Resting blood pressure and heart rate measurements

Tail-cuft blood pressure and heart rate were measured in conscious mice before treatment
between 10 AM and 12 AM, using a computerized tail-cuff Kent Scientific (XBP 1000) system.
The first 6 days of measurements were mostly for training purposes. Data collected during
these days were not used for calculations but to assess whether reliable flow waveforms could
be obtained in each mouse. On the day of the recordings, sets of 30 measurements were
recorded. On average, 20 to 30 blood pressure value measurements were computed for each
mouse [16].
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Serum analysis

Serum levels were obtained by blood sample centrifugation and serum glucose concentration
was measured by the enzymatic colourimetric method, according to the technique proposed
by Trinder [17]. The concentration of insulin was measured using a commercial ELISA
(Enzyme-Linked Immunosorbent Assay) kit. The Homa index (HOMAIir) to determine the
insulin resistance was calculated by the formula: {HOMAir = fasting insulinemia (mU/L) x
fasting blood glucose (mmol/L)] /22.5}. For the measurement of serum lipids (TG, TC, and
HDLc), an enzymatic assay was used according to Hedrick et al. (2001) [18]. The levels of
LDLc were determined by the formula proposed by Friedewald et al. (1972) [19]. The quantita-
tive determination of CRP was done by turbidimetry and photometry (Humastar 300 appa-
ratus) and the results were expressed in mg/dL.

Morphometric and histological analysis

The left ventricle (LV) was fixed for 48 hours in formalin (10%) and histologically processed
according to Junqueira et al. (1979) [20]. The ventricles histological sections were treated with
3% hydrogen peroxide to block endogenous peroxidase activity. The samples were incubated
for 12 hours with polyclonal antibody produced in rabbit anti-CD40L (Santa Cruz® 1:50) in a
humid chamber. After incubation with the primary antibody, a second incubation with bioti-
nylated secondary antibody (Dako™ LSAB kit) was performed for 1 hour at 37 °C. In order to
demonstrate the immunoreactive areas, the sections were incubated with peroxidase-conju-
gated complex (Dako™ LSAB kit) for 45 minutes at 37 °C and placed in chromogen solution
(50 mg DAB in 50 mL PBS with 3 mL of 10% hydrogen peroxide) for 3 minutes. After counter-
staining with Harris hematoxylin (Sigma™) for 25 seconds, the blades were mounted and ana-
lyzed under an optical microscope and the fractional percentages of the immunoreactive area
for LV CD40L were acquired [11].

The ventricles histological sections were stained with Picrosirius red to evaluate and quan-
tify the collagen of cardiac tissue by means of polarized light and with HE (hematoxylin/eosin)
for morphometric analysis of cardiomyocytes.

Protein analysis immunoblotting

LV tissues from mice were pulverized at -80C using a stainless steel pestle and mortar and
were resuspended in homogenization buffer of the following composition: 0.1 mM Pipes, 5
mM MgCl2, 5 mM EDTA, 0.5% Triton 3100 (vol/vol), 20% glycerol (vol/vol), and protease
inhibitor mixture (Complete, Roche Applied Science). Samples were centrifuged, and the
supernatant was collected and assayed for total protein concentration using the Bradford
method (BioRad). Equal amounts of protein (200 mg/lane) from 3 left ventricles of each group
were resolved by 7.5% (wt/vol) SDS polyacrylamide minigels (Mini-Protean III, Bio-Rad) and
transferred onto the nitrocellulose membrane (Amersham Biosciences). The blots were
blocked with 5% (wt/vol) nonfat milk (marvel) in buffer containing 10 mM Tris-HCI (pH 7.6),
10 mM NaCl, and Tween 20 (20%, wt/vol) and incubated overnight with rabbit antibodies
against CD40L, MMP-2 and MMP-9 antibodies (1:1000 dilutions). Then, appropriate staining
controls (GAPDH) were processed. Blots were exposed to horseradish peroxidase—conjugated
anti-rabbit IgG secondary antibody (1:2000, Santa Cruz Biotechnology), and immunoreactiv-
ity was visualized using an autoradiograph film.11,28 Band intensities were quantified by opti-
cal densitometry of the developed autoradiographs.
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Statistical analysis

The obtained data were expressed as the mean + standard error of the mean (SEM). The analy-
ses of variance (ANOVA), followed by the Tukey test, were used to compare the average
between the different groups. The differences were considered significant when p<0.05. All
statistical treatments were performed using GraphPad Instat statistical software, version 3.05,
for Windows (GraphPad InstatTM, San Diego, CA, USA).

Results

In the present study, the grape juice presented an average of total phenolic concentration of
1029 + 24 mg/L. The pH average found was 2.96 and the average of soluble solids was 11.7°
Brix. The percentages of moisture, ash, lipids and proteins found were 89.88; 0.16; 0.38 and
0.58, respectively. In the present study, the grape juice presented an average of total phenolic
concentration of 1029 + 24 mg/L. The pH average found was 2.96 and the average of soluble
solids was 11.7° Brix. The percentages of moisture, ash, lipids and proteins found were 89.88;
0.16; 0.38 and 0.58, respectively.

In the analysis of the lipid profile, grape juice prevented the increase of TC, LDLc and TG
in 42, 46, 31% respectively, in the HLU group, when compared to the HL group. In addition,
its use promoted a significant rise in HDLc levels. Similar results were found in the mice in the
simvastatin-treated group (HLS) (Table 1). The serum levels of TC and LDLc in the HLS
group were lower when compared with the HLU group.

Regarding the glucose levels of the studied groups HL, HLU and HLS do not show statistical
differences. However, the animals in the HL group showed insulin and Homair concentration
in the blood legs, characterizing insulin resistance. The HLU and HLS groups showed low vari-
ations in these parameters when compared with the HL group, however, they did not show sta-
tistical differences between them. The concentration of C-reactive protein (CRP) was more

Table 1. Comparison of serum levels of lipids, glucose, insulin, Homa index (Homair), CRP and systolic blood pressure (SAP), diastolic blood pressure (DAP),
mean arterial pressure (MAP) and LDLr -/- heart rate mice from the HL, HLU and HLS groups.

Group HL HLU HLS
TC (mg/dL) 681 + 38.2° 398 + 15.0° 330 + 8.0°
HDLc (mg/dL) 27 +2.7° 37 +52° 36 +1.9°
LDLc (mg/dL) 608 + 32.0° 329 +13.3° 264 +23.1°
TG (mg/dL) 230 +5.7° 159 + 8.0° 158 + 6.3°
Glucose (mMol/L) 5.6 +0.2% 53+0.1% 53+0.2%
Insulin (pg/dL) 6.3+0.6° 3.6+£02° 32+04°
Homa;, 1.6+0.2° 0.8 £ 0.05" 0.7 + 0.06°
CRP (mg/dL) 15.2 + 1.0° 63+ 1.5° 52+12°
SAP (mmHg) 146+1° 140+1° 138+1°
DAP (mmHg) 130+2° 120+3° 122+2°
MAP (mmHg) 135+3° 127+2° 128+3"
Heart Rate 530+11% 527+9% 520+3%

Values expressed as mean =+ standard error of the mean. Different letters indicate significant differences between groups for each variable (p <0.05). Total cholesterol
(TC); high density lipoprotein cholesterol (HDLc); low density lipoprotein cholesterol (LDLc); triglycerides (TG) and C-reactive protein (CRP). HL Group: The mice
received a high fat diet with 20% total fat, 1.25% cholesterol and 0.5% cholic acid; HLU Group: The mice received a high fat diet with 20% total fat, 1.25% cholesterol,
0.5% cholic acid and treated with grape juice; HLS Group: The mice received a hyperlipidemic diet with 20% total fat, 1.25% cholesterol, 0.5% cholic acid and treatment

with simvastatin.

https://doi.org/10.1371/journal.pone.0238163.t001
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Table 2. Comparison of left ventricular weight (mg) by animal weight (g), cardiomyocyte diameter (um), percentage of collagen composition in the LV immunore-
active area (%) and CD40L in the LV (%) in LDLr mice -/- fed a high fat diet; PA group: Received high fat diet; HLU Group: Received high fat food and grape juice;
HLS Group: Received high fat food and simvastatin.

HL HLU HLS
Proportion of LV weight (mg)/ animal weight (g) 4.2+0.08" 3.6+0.01° 3.1+0.09°
Cardiomyocyte diameter (um) 25.0+0.8° 225+ 1.0 19.0 + 1.0°
LV Collagen deposition (%) 9.8+1.2° 42+1.0° 41+1.1°
LV CD40 immunoreactive area (%) 7.0 +0.5° 3.0+03° 2.6 +1.0°

Values expressed as mean =+ standard error of the mean. Different letters indicate significant differences between groups for each variable (p <0.05).

https:/doi.org/10.1371/journal.pone.0238163.t002

pronounced in the HL group, when compared to the HLU and HLS groups, without statistical
differences (Table 1).

The present study also demonstrated differences in the blood pressure profile of the ani-
mals. The mice in the HL group showed increased systolic blood pressure (SBP), mean arterial
pressure (MAP) and diastolic blood pressure (DBP) when compared with the HLU and HLS
groups (Table 1).

Regarding the weight of the left ventricle (mg) by the weight of the animal (g), the HL
group showed an increase in this proportion, followed by an increase in the diameter of the
cardiomyocytes, deposition of tissue collagen and immunoreactive area CD40L in the LV
when compared to the HLS groups and HLU (Table 2 and Fig 1). The use of grape juice and
treatment with simvastatin prevented LVH, demonstrating an anti-inflammatory effect
(Table 2 and Fig 1).

Immunoblotting analyzes showed high expression of the CD40L protein in the left ventricle
of mice in the HL group, when compared with the HLU and HLS groups, and there was no dif-
ference between these two groups (Fig 2).

It was observed by immunoblotting analysis that the expression of metalloproteinase 2
(MMP-2) and 9 (MMP-9) showed modulation in their expression in the HLU and HLS
groups, showing less expression when compared with the HL group. In addition, the

| CD4oL
immunoreactive
area

HE

PR

HL HLU HLS

Fig 1. Photomicrograph of transverse histological sections of the left ventricle of mice showing the
immunoreactive area for CD40L, cardiomyocyte diameter, and collagen deposition (marked in red). Group HL:
received hyperlipid ration; Group HLU: received hyperlipid feed and grape juice; Group HLS: received hyperlipidic
ration and simvastatin.

https://doi.org/10.1371/journal.pone.0238163.g001
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Fig 2. Western Blot analysis of the expression of the CD40 ligand protein (CD40L) LDLr -/- fed a high fat diet
(HL), LDLr -/- mice fed a high fat diet and treated with grape juice (HLU), LDLr mice -/- fed a high-fat diet
treated with simvastatin (HLS). Values expressed as mean + standard error of the mean. (ANOVA + Tukey test).

https://doi.org/10.1371/journal.pone.0238163.9002

expression of B-actin showed normality in the levels of proteins detected, confirming that the
protein loading is the same in the gel (Fig 3).

Discussion

Studies have indicated that LDLr -/- mice fed a standard diet showed lower arterial oxidative
stress [11], higher resistance to the development of arterial lesions [10], and smaller immuno-
reactive area for CD40L [12] compared to LDLr -/- mice fed a high-fat diet. In the present
study, LDLr -/- mice fed a high-fat diet (HL group) exhibited severe mixed dyslipidemia, with
reduced HDLc levels, insulin resistance with hyperinsulinemia, LVH, and increased collagen
deposit in the extracellular matrix with increased expression of metalloproteinases 2 (MMP-2)
and 9 (MMP-9), associated with the activation of the CD40L pathway in the myocardium and
arterial hypertension.

CDA40L is a transmembrane protein that has a pro-oxidant effect [21]. Interaction with its
CDA40 receptor induces the production of several potent proinflammatory cytokines, such as
IL-1, IL-6, and IL-8 [22], thereby facilitating the development of acute coronary syndrome
[21], activation of the NF-kappa B pathway [23], and phosphorylation of KKI (Kappa f kinase
inhibitor), which in turn trigger the genes involved in cardiac inflammation and hypertrophy
[3]. We observed LVH and an increase in serum levels of CRP, a circulating inflammatory
marker, in the mice from the HL group. Furthermore, the activation of the CD40/CD40L path-
way in these mice induced an increase in the expression of MMP-2 and MMP-9 in the myocar-
dium, as observed by Horton et al. (2001) in arterial smooth muscle and endothelial cells [24].
Activation of the CD40L pathway also facilitates the uptake of cellular lipids [22], which alter
the function and expression of sensitive KATP channels in the myocardium [25], causing car-
diac hypertrophy. Hyperinsulinemia is also involved in stimulating LVH in HL mice,
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Fig 3. Western Blot analysis of the expression of metalloproteins 2 (MMP-2) and 9 (MMP-9) and B-actin protein
in LDLr -/- mice fed a high fat diet (HL), LDLr -/- mice fed with a hyperlipidic diet defined with grape juice
(HLU), LDLr -/- mice fed an open hyperlipidic diet with simvastatin (HLS). Values expressed as mean * standard
error of the mean. (ANOVA + Tukey test).

https://doi.org/10.1371/journal.pone.0238163.g003

including the activation of the ERK/MAPK pathway [26] or the increase of mRNA expression
of AT?2 receptors [27], as well as the activation of the sympathetic nervous system [28]. There-
fore, these effects are, directly or indirectly, related to dyslipidemia, and consequently to the
LVH developed in the mice from the HL group.

Metalloproteinases are an essential family of enzymes present in the extracellular matrix
and are expressed in cardiovascular cells, such as myocytes, fibroblasts, endothelial cells,
smooth muscle cells, and macrophages [29]. Studies suggest that specific MMPs, such as
MMP-2 and MMP-9, play a fundamental role in cardiac remodeling and degradation of the
extracellular matrix in individuals with dyslipidemia [30,31]. Polyakova et al. (2010) demon-
strated that high expression of MMP-2 and MMP-9 is associated with the maturation of colla-
gen in heart failure, indicating an essential role of these enzymes in fibrosis through the
activation, deposition, and configuration of collagen. The left ventricular remodeling with col-
lagen deposit observed in the LVH of mice in from the LH group, in the present study, was
mediated by an inflammatory process with increased expression of the enzymes MMP-2 and
MMP-9, as well as proliferation of cardiac fibroblasts [32].

Grapes are considered to be one of the primary sources of phenolic compounds compared
to other fruits and vegetables [33]. The total phenolic content of grape juice varies on average
from 400 to 3000 mg/L and depends upon its stage of maturation as well as on the variety of
the grape used, geographical origin, type of soil in which they are grown, amount of exposure
to sunlight, and juice processing technology [34]. The grape juice used in this study had a simi-
lar average of total phenolic content as that found in juices of other varieties of grapes [35,36].
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In the present study, treatment with grape juice prevented mixed dyslipidemia and reduced
serum levels of HDLc in the mice of the HLU group than of the HL group. Moreover, it hin-
dered insulin resistance, LVH, and ventricular inflammatory process, as indicated by the lower
expression of CD40L and lower serum CRP levels. It also led to less collagen deposition in the
ventricular tissue followed by lower expression of MMP-2 and MMP-9, and prevented hyper-
tension. These effects are correlated with the content of phenolic compounds present in the
grape juice and its antioxidant capacity, thus leading to disease prevention [37].

The hypolipidemic effect of grape juice in the mice of the HLU group may have occurred
due to the presence of phenolic compounds, which may have reduced the absorption of choles-
terol due to the ability of these compounds to bind to cholesterol, preventing its absorption
and causing higher fecal excretion along with bile acids, and other dietary fats [38]. Further-
more, phenolic compounds increased the activity of lipoprotein lipase (LPL), thereby promot-
ing hydrolysis of TG molecules found in lipoprotein particles that resulted in a more
significant plasma removal [39]; consequently, reducing TG levels in the HLU group. By con-
trast, the use of simvastatin in the HLS group prevented the endogenous production of lipids,
inhibiting the functioning of the enzyme HMG-CoA reductase [40] to reduce serum lipids lev-
els in this group.

The primary phenol molecules present in grapes are flavonoids (anthocyanins and flavo-
nols), stilbenes (resveratrol), phenolic acids (derived from cinnamic and benzoic acids) and a
wide variety of tannins [41]. Several studies have shown that these phenolic compounds can
promote health benefits, such as high antioxidant capacity and inhibition of cell proliferation
[42,43], in addition to reducing the oxidation of LDLc and platelet aggregation, thus contribut-
ing to the reduction of progression of atherosclerotic lesions [44]. In the present study, the
phenolic compounds present in grape juice prevented the decrease in serum levels of HDLc
and its oxidation, which consequently decreased its hepatic removal [45]. Thus, the use of
grape juice in the model studied balanced the relationship between LDLc and HDLc, protect-
ing the heart tissue.

The LDLc/HDLc balance associated with the antioxidant effect of phenolic compounds in
grape juice prevented the ventricular inflammatory process, as recorded in the HLU group.
These effects may have been due to the antioxidant action of polyphenols (catechin, epicate-
chin, quercetin, and resveratrol) on reactive oxygen (ROS) and reactive nitrogen (RNA) spe-
cies [46], thereby decreasing the inflammatory process via a mechanism to reduce the
secretion of adhesion molecules (VCAM-1 and ICAM-1). Furthermore, reduction in the pro-
duction and activity of matrix metalloproteinases and inhibition of CD40-induced JNK and
p38 activation may be implicated in beneficial effects of such compounds. Furthermore, grape
juice prevented the increased expression of the CD40L protein in the HLU group, which may
have prevented an increase in the production of free radicals and expression of proinflamma-
tory cytokines as described in a study by Albers et al. (2004) in individuals with coronary dis-
ease [47]. This anti-inflammatory and antioxidant potential demonstrated by the polyphenols
present in grape juice were able to prevent LVH in the HLU group, hindering the increase in
serum levels of CRP and the inflammatory process with a lower expression of CD40L, MMP-2,
and MMP-9. Avellone et al.(2006), who studied healthy men and women, and Estruch et al.
(2004) found that grape juice reduced LDL-c and CRP levels and significantly increased HDLc
concentrations; these results were similar to those observed in this study [48,49].

A similar cardioprotective potential of grape juice was also observed in the HLS group. In
addition to exhibiting hypolipidemic effects, statins decrease oxidative stress [50] by regulating
the molecular pathways of NADPH oxidase and nitric oxide synthase [51]. As anti-inflamma-
tory agents, statins cause downregulation of inflammatory cytokines [52] and reduce the con-
centrations of C-reactive protein (CRP) in hypercholesterolemia [53], as observed in the mice
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from the HLS group in this study. Kagami et al. (2008) demonstrated that simvastatin
decreases the expression of TNFo and IL-6 mRNA in mast cells, thereby attenuating the
inflammatory process by reducing IL-1B [54] and the secretion of MCP-1 and MMPs in mice
deficient in the Apolipoprotein E (APOE) gene [55] as observed from the expression of MMP-
2 and MMP-9 in the mice of the HLS group. Furthermore, statins decrease the expression of
CD40 and the activation of vascular cells related to CD40 [56]. However, in the present study,
we observed that simvastatin also decreased the expression of CD40L in the myocardium of
dyslipidemic mice. Therefore, it can be concluded that statins block the CD40/CD40L pathway
in the myocardium, protecting it against oxidative and inflammatory stress.

The prevention of the inflammatory process and oxidative stress observed in the HLU and
HLS groups reduced HDL oxidation and its hepatic removal. Thus, we found no reduction in
the serum levels of HDLc in the mice of these groups. This is crucial in cardiac protection
since, in addition to the reverse cholesterol transport function, it has an antioxidant effect [12]
due to its ability to destroy the lipid hydroperoxides that oxidize LDLc phospholipids through
the action of paraoxonase-1 and paraoxonase-3 [57]. The HLU and HLS groups showed high
levels of HDLc and low serum levels of PCR. In addition to the direct anti-inflammatory effect
of the phenolic compounds in grape juice and simvastatin, this increase in HDLc levels also
had an anti-inflammatory effect in these animals [58], thus preventing oxidative stress,
improving vasorelaxation via nitric oxide, and preventing an increase in blood pressure in the
mice of the HLU and HLS groups, which probably reduced the afterload in these mice to pre-
vent LVH.

The HL group showed an increase in serum insulin levels and insulin resistance. Insulin
causes tyrosine phosphorylation of the insulin receptor substrate (IRS-1). However, insulin-
inducing agents, such as free fatty acids, oxidative stress, and inflammation, activate serine
IRS-1 phosphorylation kinases, which inhibited their function [59]. The mice in the HL group
showed no hyperglycemia. Insulin resistance in the absence of hyperglycemia found in the HL
group in this study may have occurred due to the ability of IRS-2 to partially compensate for
the absence of IRS-1 [60].

The HLU and HLS groups displayed high HDLc levels and did not show an increase in
insulin levels and insulin resistance compared to the HL group. In addition to the antioxidant
action of HDLc molecules in the HLU group, phenolic compounds, especially the anthocya-
nins present in grape juice, may also have played an important antioxidant role, since anthocy-
anins can attenuate oxidative stress. This can occur due to the inhibition of LDLc oxidation
due to its chemical structure, such as the degree of glycosylation and the number of hydroxyl
groups [61]. The mice in the HLU and HLS groups did not exhibit insulin resistance associated
with hyperinsulinemia, suggesting that the antioxidant/anti-inflammatory effect of HDLc and
phenolic compounds present in grape juice prevented the oxidation of insulin receptor
substrates.

In conclusion, grape juice (Vitis labrusca L.) possesses potential hypolipidemic and cardiac
protective activities similar to those of simvastatin, which prevent insulin resistance by a direct
antioxidant action of phenolic compounds, or indirectly by antioxidant and anti-inflammatory
activities of HDLc, thus demonstrating that grape juice is a functional food having a great
potential to prevent cardiovascular diseases.

Supporting information

S1 File.
(PDF)

PLOS ONE | https://doi.org/10.1371/journal.pone.0238163  September 3, 2020 10/14


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0238163.s001
https://doi.org/10.1371/journal.pone.0238163

PLOS ONE

Grape: Hipolipemiant and cardiac protector

Author Contributions

Conceptualization: Angela Maria Martins, Danielle Aparecida Quintino Silva Sarto, Karine
de Paula Caproni, Janaina Silva, Jaqueline Silva, Paulo Sérgio Souza, Leandro dos Santos,
Marcos Javier Espino Urefia, Maria das Gragas de Souza Carvalho, Brigida Monteiro Vilas
Boas, Lidiane Paula Ardisson Miranda, José Antonio Dias Garcia.

Data curation: Janaina Silva, Brigida Monteiro Vilas Boas.

Formal analysis: Angela Maria Martins, Danielle Aparecida Quintino Silva Sarto, Karine de
Paula Caproni, Jaqueline Silva, Marcos Javier Espino Urefla, Maria das Gragas de Souza
Carvalho, Brigida Monteiro Vilas Boas, José Antonio Dias Garcia.

Funding acquisition: José Antonio Dias Garcia.

Investigation: Angela Maria Martins, Danielle Aparecida Quintino Silva Sarto, Karine de
Paula Caproni, Marcos Javier Espino Urefia, José Antonio Dias Garcia.

Methodology: Janaina Silva, Jaqueline Silva, Paulo Sérgio Souza, Leandro dos Santos, Marcos
Javier Espino Urefia, Brigida Monteiro Vilas Boas, José Antonio Dias Garcia.

Project administration: Angela Maria Martins, José Antonio Dias Garcia.
Resources: José Antonio Dias Garcia.

Software: Leandro dos Santos, José Antonio Dias Garcia.

Supervision: Brigida Monteiro Vilas Boas.

Validation: Angela Maria Martins, Janaina Silva, Jaqueline Silva, Paulo Sérgio Souza, Leandro
dos Santos, Marcos Javier Espino Urena, Brigida Monteiro Vilas Boas, Lidiane Paula Ardis-
son Miranda, José Antonio Dias Garcia.

Visualization: Angela Maria Martins, Danielle Aparecida Quintino Silva Sarto, Karine de
Paula Caproni, Janaina Silva, Jaqueline Silva, Paulo Sérgio Souza, Leandro dos Santos, Mar-
cos Javier Espino Urefia, Maria das Gragas de Souza Carvalho, Brigida Monteiro Vilas
Boas, Lidiane Paula Ardisson Miranda, José Antonio Dias Garcia.

Writing - original draft: Angela Maria Martins, Danielle Aparecida Quintino Silva Sarto,
Karine de Paula Caproni, Janaina Silva, Jaqueline Silva, Paulo Sérgio Souza, Leandro dos
Santos, Marcos Javier Espino Urefia, Maria das Gragas de Souza Carvalho, Brigida Mon-
teiro Vilas Boas, Lidiane Paula Ardisson Miranda, José Antonio Dias Garcia.

Writing - review & editing: Angela Maria Martins, Danielle Aparecida Quintino Silva Sarto,
Karine de Paula Caproni, Janaina Silva, Jaqueline Silva, Paulo Sérgio Souza, Leandro dos
Santos, Marcos Javier Espino Ureiia, Maria das Gragas de Souza Carvalho, Brigida Mon-
teiro Vilas Boas, Lidiane Paula Ardisson Miranda, José Antonio Dias Garcia.

References

1. Giehl MR, Bosco SMD, Laflor CM, Weber B. Efficacy of grape, red wine, and grape juice flavonoids in
the prevention and secondary treatment of atherosclerosis. Sci Med. 2007; 17(3): 145—-155.

2. Libby P, Ridker P, Maseri A. Inflamation and atherosclerosis. Circulation. 2002; 105(9): 1135-1143.
https://doi.org/10.1161/hc0902.104353

3. Garcia JAD, dos Santos L, Moura AL, Ricardo KF, Wanschel AC, Shishido SM, et al. S-Nitroso-N-Acet-
ylcysteine (SNAC) Prevents Myocardial Alterations in Hypercholesterolemic LDL Receptor Knockout
Mice by Antiinflammatory Action. J Cardiovasc Pharmacol. 2008; 51(1): 78—-85. https://doi.org/10.
1097/FJC.0b013e31815¢c39d4 PMID: 18209572

PLOS ONE | https://doi.org/10.1371/journal.pone.0238163  September 3, 2020 11/14


https://doi.org/10.1161/hc0902.104353
https://doi.org/10.1097/FJC.0b013e31815c39d4
https://doi.org/10.1097/FJC.0b013e31815c39d4
http://www.ncbi.nlm.nih.gov/pubmed/18209572
https://doi.org/10.1371/journal.pone.0238163

PLOS ONE

Grape: Hipolipemiant and cardiac protector

10.

11.

12

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

Spinale FG. Matrix metalloproteinases: regulation and dysregulation in the failing heart. Circ Res. 2002;
90(5):520-30. https://doi.org/10.1161/01.res.0000013290.12884.a3 PMID: 11909815

Xavier HT, Izar MC, Faria Neto JR, Assad MH, Rocha VZ, Sposito AC, et al. Sociedade Brasileira de
Cardiologia: V Diretriz Brasileira de Dislipidemias e Prevencéo da Aterosclerose. Arq Bras Cardiol.
2013; 101(4): 1-36.

Thompson PD, Clarkson P, Karas RH. Statin-associated myopathy. JAMA. 2003; 2(13): 1681-1690.
Schaefer EJ. Lipoproteins, nutrition, and heart disease. Am J Clin Nutr. 2000; 75(2): 191-212.

Ramsay CFH, Stuart RC, Okello EJ, Watson AW. Cognitive and mood improvements following acute
supplementation with purple grape juice in healthy young adults. Eur J Nutr. 2017; 56(8): 2621-2631.
https://doi.org/10.1007/s00394-017-1454-7 PMID: 28429081

Cardoso LM, Leite JPV, Peluzio MCG. Biological effects of anthocyanins on the atherosclerotic pro-
cess. Rev Colomb Cienc Quim Farm. 2011; 40(1): 116-138.

Tian J, Pei H, Sanders JM, Angle JF, Sarembock IJ, Matsumoto AH, et al. Hyperlipidemia is a major
determinant of neointimal formation in LDL receptordeficient mice. Biochem Biophys Res Commun.
2006; 345(3): 1004—1009. https://doi.org/10.1016/j.bbrc.2006.04.180

Krieger MH, Santos KFR, Shishido SM, Wanschela ACBA, Estrela HFG, Santosa L, et al. Antiathero-
genic effects of S-nitroso-N-acetylcysteine in hypercholesterolemic LDL receptor knockout mice. Nitric
Oxide, 2006; 14(1): 12—20. https://doi.org/10.1016/j.niox.2005.07.011 PMID: 16198610

Garcia JAD, Lima CC, Messora LB, Cruz AF, Marques APS, Sim&o TP, et al. Efeito anti-inflamatério da
lipoproteina de alta densidade no sistema cardiovascular de camundongos hiperlipidémicos (Anti-
inflammatory effect of high density lipoprotein on the cardiovascular system of hyperlipidemic mice).
Rev Port Cardiol. 2011; 30(10): 763-769. https://doi.org/10.1016/S0870-2551(11)70024-5

Pregnolatto W, Pascuet NS. Métodos fisico-quimicos para analise de alimentos. 3. ed. Sao Paulo:
Instituto Adolfo Lutz; 1985.

Bligh EG, Dyer WJ. A rapid method of total lipid extraction and purification. Can J Biochem Physiol.
1959; 37(8): 911-917. https://doi.org/10.1139/059-099 PMID: 13671378

Lowry OH, Rosebrough NJ, Farr AL, Randall RJ. Protein measurement with the folin phenol reagent. J
Biol Chem. 1951; 193(1): 265-275. PMID: 14907713

Krege JH, Hodgin JB, Hagaman JR, Smithies O. A noninvasive computerized tail-cuff system for mea-
suring blood pressure in mice. Hypertension. 1995; 25 (5): 1111-1115. https://doi.org/10.1161/01.hyp.
25.5.1111 PMID: 7737724

Trinder P. Determination of glucose in blood using glucose oxidase with an alternative oxygen acceptor.
Ann Clin Biochem. 1969; 6: 24-27.

Hedrick CC, Castellani LW, Wong H, Lusis AJ. In vivo interactions of apoA-Il, apoA-l, and hepatic lipase
contributing to HDL structure and antiatherogenic functions. J Lipid Res. 2001; 42(4): 563-570. PMID:
11290828

Friedewald WT, Levy RI, Fredrickson DS. Estimation of the concentration of low-density lipoprotein cho-
lesterol in plasma, without the use of preparatory ultracentrifugation. Clin Chem. 1972; 18(6): 499-502.

Junqueira LCU, Bignolas G, Brentani RR. Picrosirius staining plus polarization microscopy, a specific
method for collagen detection in tissue sections. Histochem J. 1979; 11(4): 447-455. https://doi.org/10.
1007/BF01002772 PMID: 91593

Vishnevetsky D, Kiyanista VA, Gandhi P. CD40 ligand: a novel target in the fight against cardiovascular
disease. Ann Pharmacother. 2004; 38(9): 1500—1508. https://doi.org/10.1345/aph.1D611 PMID:
15280513

Philipps RP. Atherosclerosis: the emerging role of inflammation and the CD40-CD40L system. Proc
Natl Acad Sci USA. 2000; 97:6930-6932. https://doi.org/10.1073/pnas.97.13.6930

Gelbmann CM, Leeb SN, Vogl D, Maendel M, Herfarth H, Schélmerich J, et al. Inducible CD40 expres-
sion mediates NFk 8 activation and cytokine secretion in human colonic fibroblasts. Gut. 2003; 52(10):
1448-1456 https://doi.org/10.1136/gut.52.10.1448

Horton DB, Libby P, Schonbeck U. Ligation of CD40 on vascular smooth muscle cells mediates loss of
interstitial collagen via matrix metalloproteinase activity. Ann N'Y Acad Scie. 2001; 947:239-336.

Genda S, Miura T, Miki T, Ichikawa Y, Shimamoto K. K(ATP) channel opening is an endogenous mech-
anism of protection against the no-reflow phenomenon but its function is compromised by hypercholes-
terolemia. J Am Coll Cardiol. 2002; 40 (7): 1339—46. https://doi.org/10.1016/s0735-1097(02)02156-3
PMID: 12383584

Brownsey RW, Boone AN, Allard MF. Actions of insulin on the mammalian heart: metabolism, pathol-
ogy and biochemical mechanisms. Cardiovasc Res. 1997; 34: 3—24. https://doi.org/10.1016/s0008-
6363(97)00051-5 PMID: 9217868

PLOS ONE | https://doi.org/10.1371/journal.pone.0238163  September 3, 2020 12/14


https://doi.org/10.1161/01.res.0000013290.12884.a3
http://www.ncbi.nlm.nih.gov/pubmed/11909815
https://doi.org/10.1007/s00394-017-1454-7
http://www.ncbi.nlm.nih.gov/pubmed/28429081
https://doi.org/10.1016/j.bbrc.2006.04.180
https://doi.org/10.1016/j.niox.2005.07.011
http://www.ncbi.nlm.nih.gov/pubmed/16198610
https://doi.org/10.1016/S0870-2551(11)70024-5
https://doi.org/10.1139/o59-099
http://www.ncbi.nlm.nih.gov/pubmed/13671378
http://www.ncbi.nlm.nih.gov/pubmed/14907713
https://doi.org/10.1161/01.hyp.25.5.1111
https://doi.org/10.1161/01.hyp.25.5.1111
http://www.ncbi.nlm.nih.gov/pubmed/7737724
http://www.ncbi.nlm.nih.gov/pubmed/11290828
https://doi.org/10.1007/BF01002772
https://doi.org/10.1007/BF01002772
http://www.ncbi.nlm.nih.gov/pubmed/91593
https://doi.org/10.1345/aph.1D611
http://www.ncbi.nlm.nih.gov/pubmed/15280513
https://doi.org/10.1073/pnas.97.13.6930
https://doi.org/10.1136/gut.52.10.1448
https://doi.org/10.1016/s0735-1097(02)02156-3
http://www.ncbi.nlm.nih.gov/pubmed/12383584
https://doi.org/10.1016/s0008-6363(97)00051-5
https://doi.org/10.1016/s0008-6363(97)00051-5
http://www.ncbi.nlm.nih.gov/pubmed/9217868
https://doi.org/10.1371/journal.pone.0238163

PLOS ONE

Grape: Hipolipemiant and cardiac protector

27.

28.

29.

30.

31.

32.

33.
34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44.

45.

46.

47.

Samuelsson AM, Bollano E, Mobini R, Larsson BM, Omerovic E, Fu M, et al. Hyperinsulinemia: effect
on cardiac mass/function, angiotensin |l receptor expression, and insulin signaling pathways. Am J Phy-
siol Heart Circ Physiol. 2006; 291: H787—H796. https://doi.org/10.1152/ajpheart.00974.2005 PMID:
16565309

Hunter JJ, Chien KR. Signaling pathways for cardiac hypertrophy and failure. N Engl J Med. 1999; 341:
1276-83. https://doi.org/10.1056/NEJM199910213411706 PMID: 10528039

Cogni AL, Farah E, Minicucci MF, Azevedo PS, Okoshi K, Matsubara BB, et al. Metaloproteinases 2 e 9
sao preditoras de remodelagao ventricular esquerda ap6s o infarto do miocardio. Arq. Bras. Cardiol.
2013; 100(4): 315-321.

Spinale FG. Myocardial matrix remodeling and the matrix metalloproteinases: influence on cardiac form
and function. Physiol Rev. 2007; 87(4):1285-342. https://doi.org/10.1152/physrev.00012.2007 PMID:
17928585

LiYY, McTiernan CF, Feldman AM. Interplay of matrix metalloproteinases, tissue inhibitors of metallo-
proteinases and their regulators in cardiac matrix remodeling. Cardiovascular Research, 46;214-224,
2000. https://doi.org/10.1016/s0008-6363(00)00003-1 PMID: 10773225

Polvakova V, Loeffler I, Hein S, Mivagawa S, Piotriwska |, Risteli J, et al. Fibrosis in endstage human
heart failure: severe changes in colagens metabolismo and MMO/TIMP profiles. Int. J. Cardiol. 2010;
151:18-33. https://doi.org/10.1016/j.ijicard.2010.04.053

Macheix JJ, Fleuriet A, Billot J. The Main Phenolics of Fruit. Boca Raton: CRC Press; 1990

Cosme F, Pinto T, Vilela A. Phenolic compounds and antioxidant activity in grape juices: A chemical
and sensory view. Beverages. 2018; 22(4): 22-26.

Sautter CK, Denardin S, Alves AO, Mallmann CA, Penna NG, Hecktheuer LH. Determination of Resver-
atrol in grape juice produced in Brazil. Ciénc Tecnol Aliment. 2005; 25(3): 437—442.

Gurak PD, Silva MC, Matta VM, Rocha-Ledo MH, Cabral LMC. Physical-chemical evaluation of grape
juices, grape nectars and light grape nectars. Rev Ciénc Exatas. 2008; 27:1-15.

Vaccari NFS, Soccol MCH, Ide GM. Compostos fendlicos em vinhos e seus efeitos antioxidantes na
prevencao de doencgas (Phenolic compounds in wines and their antioxidant effects in disease preven-
tion). Rev Ciénc Agrovet. 2009; 8(1): 71-83.

Napoli C, Balestrieri ML, Sica V, Lerman LO, Crimi E, De Rosa G, et al. Beneficial effects of low doses
of red wine consumption on perturbed shear stress-induced atherogenesis. Heart Vessels. 2008; 23
(2): 124—1383. https://doi.org/10.1007/s00380-007-1015-8 PMID: 18389338

Woo M, Bok S, Choi M. Hypolipidemic and body fat-lowering effects of Fatclean in rats fed a high-fat
diet. Food Chem Toxicol. 2009; 47(8): 2076—2082. https://doi.org/10.1016/j.fct.2009.05.041 PMID:
19500640

Kastelein JJP, Kastelein MD, Fatima MD, Stroes ESG, D., Zwinderman AH, Bots ML, et al. Simvastatin
with or without Ezetimibe in Familial Hypercholesterolemia. N Engl J Med. 2008; 358(14): 1431—1443.
https://doi.org/10.1056/NEJM0a0800742 PMID: 18376000

Francis FJ. Anthocyanins and betalains: composition and applications. Cereal Foods World. 2000; 45
(5): 208—-213.

Faria A, Calhau C, de Freitas V, Mateus N. Procyanidins as antioxidants and tumor cell growth modula-
tors. J Agric Food Chem. 2006; 54(6): 2392-2397. https:/doi.org/10.1021/jf0526487 PMID: 16536624

Mitjans M, Del Campo J, Abajo C, Martinez V, Selga A, Lozano C, et al. Immunomodulatory activity of a
new family of antioxidants obtained from grape plyphenols. J Agric Food Chem. 2004; 52(24): 7297—
7299. https://doi.org/10.1021/jf049403z

Hayek T, Fuhrman B, Vaya J, Rosenblat M, Belinky P, Coleman R, et al. Reduced Progression of Ath-
erosclerosis in Apoliprotein E-Deficient Mice Following Consumption of Red Wine, or Its Polyphenols
Quercetin or Catechin, Is associated with reduced susceptibility of LDL to oxidation and aggregation.
Arterioscler Thromb Vasc Biol. 1997; 17(11): 2744-2752. https://doi.org/10.1161/01.atv.17.11.2744

Christison J, Karjalainen A, Brauman J, Bygrave F, Stocker R. Rapid reduction and removal of HDL- but
not LDL- associated chocolesteryl ester hydroperoxides by rat liver perfused in situ. Biochem J. 1996;
314(3): 739-742.

Ciz M, Pavelkova M, Gallova L, Kralova L, Kubala L, Lojek U. The influence of wine polyphenols on
reactive oxygen and nitrogen species production by murine macrophages RAW 264.7. Physiol Res.
2008; 57(3):393—402. PMID: 17465695

Albers Ar, Varghese S, Vitseva O, Vita JA, Freedmant JE. The Antiinflammatory Effects of Purple
Grape Juice Consumption in Subjects with Stable Coronary Artery Disease. Arterioscler. Thromb. vasc.
Biol. 2004; 24:179-180.

PLOS ONE | https://doi.org/10.1371/journal.pone.0238163  September 3, 2020 13/14


https://doi.org/10.1152/ajpheart.00974.2005
http://www.ncbi.nlm.nih.gov/pubmed/16565309
https://doi.org/10.1056/NEJM199910213411706
http://www.ncbi.nlm.nih.gov/pubmed/10528039
https://doi.org/10.1152/physrev.00012.2007
http://www.ncbi.nlm.nih.gov/pubmed/17928585
https://doi.org/10.1016/s0008-6363(00)00003-1
http://www.ncbi.nlm.nih.gov/pubmed/10773225
https://doi.org/10.1016/j.ijcard.2010.04.053
https://doi.org/10.1007/s00380-007-1015-8
http://www.ncbi.nlm.nih.gov/pubmed/18389338
https://doi.org/10.1016/j.fct.2009.05.041
http://www.ncbi.nlm.nih.gov/pubmed/19500640
https://doi.org/10.1056/NEJMoa0800742
http://www.ncbi.nlm.nih.gov/pubmed/18376000
https://doi.org/10.1021/jf0526487
http://www.ncbi.nlm.nih.gov/pubmed/16536624
https://doi.org/10.1021/jf049403z
https://doi.org/10.1161/01.atv.17.11.2744
http://www.ncbi.nlm.nih.gov/pubmed/17465695
https://doi.org/10.1371/journal.pone.0238163

PLOS ONE

Grape: Hipolipemiant and cardiac protector

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

Avellone G, Di Garbo V, Campisi D, Simone R, Raneli L, Scaglione R, et al. Effects of moderate Sicilian
red wine consumption on inflammatory biomarkers of atherosclerosis. Eur J Clin Nutr. 2006; 60(1):41—
7. https://doi.org/10.1038/sj.ejcn.1602265 PMID: 16132058

Estruch R, Sacanella E, Badia E, Antunez E, Nicolas JM, Solpa JF, et al. Different effects of red wine
and gin consumption on inflammatory biomarkers of atherosclerosis: a prospective randomized cross-
over trial: Effects of wine on inflammatory markers. Atherosclerosis. 2004; 175(1):117—123. https://doi.
org/10.1016/j.atherosclerosis.2004.03.006

Wang S, Cai R, Yuan Y, Varghese Z, Moorhead J, Ruan XZ. Association between reductions in low-
density lipoprotein cholesterol with statin therapy and the risk of new-onset diabetes: a meta-analysis.
Sci Rep. 2017; 7: 39982. hitps://doi.org/10.1038/srep39982 PMID: 28071756

Antonopoulos AS, Margaritis M, Shirodaria C, Antoniades C. Translating the effects of statins: from
redox regulation to suppression of vascular wall inflammation. Thromb. Haemost. 2012; 108:840-848.
https://doi.org/10.1160/TH12-05-0337 PMID: 22872079

Campo VI, Carvalho |. Estatisticas hipolipémicas e novas tendéncias terapéuticas. Quim. Nova. 2007;
30(2):425-430.

Epstein M, Campese VM. Pleiotropic effects of 3-hydroxy-3-methylgutaryl coenzyme A reductase inhib-
itors on renal function. Am J Kidney Dis. 2005; 45 (1): 2—14. https://doi.org/10.1053/j.ajkd.2004.08.040

Kagami S, Hiroko K, Akira S, Fujiwara M, lkeda K, Hirose K, et al. HMG-CoA reductase inhibitor simva-
statin inhibits proinflammatory cytokine production from murine mast cells. Int Arch Allergy Immunol.
2008; 146 (1):61-6.

Zhang Y, Naggar JC, Welzig MC, Beasley D, Mouton KS, Park H, et al. Simvastatin Inhibits Angiotensin
II-Induced Abdominal Aortic Aneurysm Formation in Apolipoprotein E Knockout Mice: possible role of
ERK. Arterioscler Thromb Vasc Biol. 2009; 29(11): 1764—1771. https://doi.org/10.1161/ATVBAHA.
109.192609

Mulhaupt F, Matter CM, Kwak BR, Pelli G, Veillard NR, Burger F, et al. Human paraoxonase-3 is an
HDL-associated enzyme with biological activity similar to paraoxonase-1 protein but is not regulated by
oxidized lipids. Arterioscler Thromb Vasc Biol. 2001; 21(4): 542-547. https://doi.org/10.1161/01.atv.21.
4.542 PMID: 11304470

Navab M, Ananthramaiah GM, Reddy ST, Van Lenten BJ, Ansell BJ, Fonarow GC, et al. The oxidation
hypothesis os atherogenesis: the role of oxidized phospholipids and HDL. J Lipid Res. 2004; 45(6):
993-1007.

Sykiotis GP, Papavassiliou AG. Serine phosphorylation of insulin receptor substrate-1: a novel target
for the reversal of insulin resistence. Molec Endocrinol. 2001; 15(11): 1864—1869.

Araki E, Lipes MA, Patti ME, Briining JC, Haag B, Johnson RS, et al. Alternative pathway of insulin sig-
naling in mice with targeted disruption of the IRS-1 gene. Nature. 1994; 372(6502): 186—190. https://
doi.org/10.1038/372186a0

Fontenelle LC, Monte FM, Silva JBM, Soares SJ, Coelho FTE, Batista BJ, et al. O papel do selénio na
resisténcia a insulina. Braz. J. Pharm. Sci. 2018; 54 (1): e00139.

Chang YC, Huang KX, Huang AC, Ho YC, Wang CJ. Hibiscus anthocyanins-rich extract inhibited LDL
oxidation and oxLDL-mediated macrophages apoptosis. Food Chem Toxicol. 2006; 44(7): 1015—1023.
https://doi.org/10.1016/j.fct.2005.12.006 PMID: 16473450

PLOS ONE | https://doi.org/10.1371/journal.pone.0238163  September 3, 2020 14/14


https://doi.org/10.1038/sj.ejcn.1602265
http://www.ncbi.nlm.nih.gov/pubmed/16132058
https://doi.org/10.1016/j.atherosclerosis.2004.03.006
https://doi.org/10.1016/j.atherosclerosis.2004.03.006
https://doi.org/10.1038/srep39982
http://www.ncbi.nlm.nih.gov/pubmed/28071756
https://doi.org/10.1160/TH12-05-0337
http://www.ncbi.nlm.nih.gov/pubmed/22872079
https://doi.org/10.1053/j.ajkd.2004.08.040
https://doi.org/10.1161/ATVBAHA.109.192609
https://doi.org/10.1161/ATVBAHA.109.192609
https://doi.org/10.1161/01.atv.21.4.542
https://doi.org/10.1161/01.atv.21.4.542
http://www.ncbi.nlm.nih.gov/pubmed/11304470
https://doi.org/10.1038/372186a0
https://doi.org/10.1038/372186a0
https://doi.org/10.1016/j.fct.2005.12.006
http://www.ncbi.nlm.nih.gov/pubmed/16473450
https://doi.org/10.1371/journal.pone.0238163

