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ABSTRACT

Dyslipidemia is considered a risk factor for the development of insulin resistance and cardiovascular 
diseases, such as left ventricular hypertrophy and remodeling of the arterial wall. Resveratrol, present 
in grapes, has been studied as a possible mediator of cardiovascular protection. The present study 
aimed to evaluate the effect of red wine from the Merlot grape (Vitis vinifera L.) on dyslipidemia and its 
involvement in male mice, knockout for the LDL receptor gene (LDLR-/-). The mice were divided into 
4 experimental groups: Group S received standard rodent food; Group SV received standard feed for 
rodents and wine; Group HL received high fat diet; Group HLV received hyperlipidic food and wine orally 
for 60 days. All animals received water and food ad libitum during this period. After this period, they 
remained fasting and were then anesthetized. Blood was collected for serum analysis of triglycerides, 
total cholesterol, and its fractions (HDL and VLDL), C-reactive protein, glucose, and insulin to compare 
the data. Morphometric and histological analyzes of the left ventricle and abdominal aorta were also 
performed. It was found that Merlot red wine has antidyslipidemic effects on genetic dyslipidemia, 
associated with food, partially preventing insulin resistance, hyperinsulinemia and increased CRP; as 
well as cardiovascular effect, partially preventing LVH and arterial remodeling.
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RESUMO

A dislipidemia é considerada um fator de risco para o desenvolvimento de resistência insulínica e de 
doenças cardiovasculares, como a hipertrofia ventricular esquerda e o remodelamento da parede 
arterial. O resveratrol, presente nas uvas, tem sido estudado como um possível mediador de proteção 
cardiovascular. O presente estudo teve como objetivo avaliar o efeito do vinho tinto da uva Merlot (Vitis 
vinifera L.) na dislipidemia e seus acometimentos em camundongos machos, knockout para o gene 
do receptor de LDL (LDLR-/-). Os camundongos foram divididos em 4 grupos experimentais: Grupo S 
recebeu ração padrão para roedores; Grupo SV recebeu ração padrão para roedores e vinho; Grupo HL 
recebeu ração hiperlipídica; Grupo HLV recebeu ração hiperlipídica e vinho, via oral, durante 60 dias. 
Todos os animais receberam água e ração ad libitum nesse período. Após este, permaneceram em 
jejum e, em seguida, foram anestesiados. O sangue foi coletado para análise sérica dos triglicérides, do 
colesterol total e suas frações (HDL e VLDL), da proteína C-reativa, glicose e insulina para comparação 
dos dados. Também foram realizadas análises morfométricas e histológicas do ventrículo esquerdo 
e da aorta abdominal. Constatou-se que o vinho tinto Merlot apresenta efeitos antidislipidêmicos 
na dislipidemia genética, associada a alimentar, prevenindo, parcialmente, a resistência insulínica, 
hiperinsulinemia e o aumento da PCR, assim como efeito cardiovascular, prevenindo, parcialmente, a 
HVE e o remodelamento arterial.

Palavras-Chave: Alimentos funcionais; Resveratrol; Doenças cardiovasculares; Insulina; Colesterol; 
Dislipidemia

1 INTRODUCTION

Elevated plasma levels of low-density lipoprotein cholesterol (LDLc) 

(hypercholesterolemia), reduced levels of high-density lipoprotein cholesterol (HDLc) 

and/or increased triglycerides (TG) (hypertriglyceridemia) characterize the clinical 

condition called dyslipidemia (Ferreira 2019). This is considered a risk factor for the 

development of cardiovascular diseases such as atherosclerosis (Hosvsepian et al., 

2015), left ventricular hypertrophy (LVH) (Martins et al., 2020; Sarto et al., 2018; Garcia 

& Incerpi 2008), remodeling of arterial wall cells (Silva et al., 2015) and insulin resistance 

(Sarto et al., 2018).

It is known that the predominance of insulin resistance in patients with 

established cardiovascular disease is high (Marcadanti et al., 2013). Insulin resistance 

conditions have been increasingly studied, and the concern on this issue has been the 

subject of several studies (Oliveira et al., 2020; Valença et al., 2018; Bischoff 2017). 
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In this second decade of the 21st century, several strategies for the control of 

dyslipidemias have been described by several authors (Martins et al., 2020; Vileigas et 

al., 2019; Sarto et al., 2018; Silva et al., 2015; Calderon et al., 2011), a period in which 

Statin established itself as the most widely used pharmaceutical drug for its treatment 

(Veloso 2019). However, the continuous and long-term use of statins tends to cause 

serious side effects (Gois 2019), such as muscular, cognitive, sexual, memory, pain, or 

numbness problems in the extremities (Rodrigues et al., 2019).

Studies with functional foods and their medicinal properties have been growing 

as alternative treatments in the control of dyslipidemia (Martins et al., 2020; Vileigas et 

al., 2019; Sarto et al., 2018; Braga and Barleta, 2017; Silva et al., 2015; Calderon et al., 

2011). The main active compounds referenced are carotenoids and polyphenols, such 

as isoflavones and flavonoids (Braga & Barleta, 2017).

Some researchers have demonstrated that wine is beneficial for health with 

protective effects on different target organs (Rosa et al., 2017; Anastácio 2012; Penna & 

Hecktheuer 2004). Red wine, if consumed in moderation, has the most benefits. In their 

manufacturing process, husks and seeds are used, increasing the concentration levels 

of antioxidants, among them, resveratrol, and flavonoids (Mamede & Pastore 2004). 

It has a beneficial action in controlling cholesterol and blood pressure, rejuvenation, 

preventing some types of cancer and reducing the incidence of inflammatory diseases 

(Bontempo 2019; Vaccari et al., 2009).

Considering the increase in the applicability of red wine as a functional food, 

there is a need for research that elucidates the beneficial and harmful effects of 

consuming this beverage. Moreover, there are only a few reports in the literature 

on the effects generated by red wine from the Merlot grape (Vitis vinifera L.). Thus, 

the present study aimed to evaluate its effect in the prevention of dyslipidemia, left 

ventricular hypertrophy (LVH), remodeling of the abdominal aortic wall and insulin 

resistance in dyslipidemic mice fed a high-fat diet.
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2 MATERIAL AND METHODS

2.1 Analysis of red wine polyphenols

The wine used in the present study was the Reservado red Merlot (2019 

batch) 750 ml, which was evaluated for the Total Polyphenols Index (TPI) using the 

absorbance method at 280nm (A280). The analysis was performed in a Multiskan 

Sky spectrophotometer, a 7 ml quartz cuvette was filled with wine and placed in the 

equipment to measure phenolics by quantifying the UV light absorption at 280nm by 

compounds with aromatic rings present in the sample, as previously described by 

Habertson and Spayd (2006). The analysis was performed at the Enolab Laboratory, 

located in Flores da Cunha, RS.

2.2 Animal protocol

The experiments were conducted with 40 male mice, homozygous for the LDL 

receptor gene (LDLR- / -), aged four months and weighing 25 ± 3 g, divided into groups 

of ten animals each (Table 1). The animals were kept under controlled temperature (25 

± 1 ºC) and a 12-hour light/dark cycle.

Table 1– Experimental groups and respective protocols  

Group Experimental Protocol Denomination

1
LDLR - / - mice received standard rodent food (NuvitalTM, Nuvilab, 

Colombo, Brazil) for 60 days.
S

2
LDLR - / - mice received standard rodent food (NuvitalTM, Nuvilab, 

Colombo, Brazil) and 4.3mL/kg/day of red Merlot wine (Vitis vinifera L.) 
orally for 60 days.

SV

3
LDLR - / - mice received high fat food with 20% total fat, 1.25% cholesterol 

and 0.5% cholic acid; a total of 2.89 kcal/g (Instituto Tecnológico de 
Alimentos, Campinas, Brazil) for 60 days.

HL

4

LDLR - / - mice received high fat food with 20% total fat, 1.25% cholesterol 
and 0.5% cholic acid; a total of 2.89 kcal/g (Instituto Tecnológico de 

Alimentos, Campinas, Brazil) and 4.3mL/kg/day of red Merlot wine (Vitis 
vinifera L.) orally for 60 days.

HLV

Source: Authors (2022)
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All animals received water and food ad libitum. The wine used was the Reserved 

red Merlot (2019’s batch) 750mL, obtained commercially. 4.3 mL/kg/day were 

administered, by gavage, this volume corresponds to two glasses of wine ingested 

by an adult human being (Vaccari et al., 2009). The experimental procedures were 

conducted according to guidelines established by the National Council for the Control 

of Animal Experiences (CONCEA, in portuguese) and approved by the Animal Ethics 

Committee of the José do Rosário Vellano University (UNIFENAS, in portuguese), 

Alfenas-MG, Brazil (nº 35A/2015).

After 60 days of experiment, the rats were fasted for 8 hours and subsequently 

anesthetized intraperitoneally using xylazine (Bayer AG) and ketamine (Parke-Davis®), 

in concentrations of 6 and 40 mg/kg, respectively. Blood samples were collected by 

puncturing the retro-orbital venous plexus, using heparinized capillary tubes for 

serum analysis of triglycerides (TG), total cholesterol (CT), high density lipoprotein 

(HDL), C-reactive protein (CRP), glucose and insulin, which were performed at the H. 

Pardini laboratory (Belo Horizonte-MG, Brazil).

2.3 Serum analyzes

2.3.1 Blood serum

The serum was obtained by centrifuging the blood (1200g, 4ºC, 10 minutes). 

TG, CT and HDLc were measured using the colorimetric enzymatic methods, using 

protocols described in commercial kits (In Vitro®) by automation (Hedrick et al., 2001).

2.3.2 Serum analyzes of triglycerides

Triglycerolemia was determined by the colorimetric enzymatic method that 

uses four enzymes, according to Labtest’s GPO-ANA triacylglycerol kit. The glycerol 

released by the hydrolysis of the triacylglycerol contained in the serum, catalyzed 

by the lipoprotein lipase, is converted by the action of glycerolkinase into glycerol-
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3-phosphate, which is oxidized to dihydroxyacetone and hydrogen peroxide in the 

presence of glycerol phosphate oxidase. The coupling reaction between hydrogen 

peroxide, 4-aminoantipyrine and ESPAS is catalyzed by peroxidase, producing 

quinoneimine, which has a maximum absorbance of 540nm (Trinder, 1969). The 

Kit is composed of: 50mmol/L buffer solution, pH 6.5; Mg acetate 5mmol/L, ESPAS 

1 mmol/L, 4-aminoantipyrine 0.7 mmol/L, ATP 0.3 mmol/L, glycerolkinase ≥ 800U/L, 

glycerolphosphate ≥2500U/L, lipoprotein lipase ≥100KU/L, peroxidase ≥ 350U/L, 

sodium azide 1.54mmol/L. The samples were prepared according to the manufacturer’s 

instructions, and, after reading the absorbance at 540nm, the triglyceride concentration 

was calculated in mg/dL.

2.3.4 Serum analysis of total cholesterol

Cholesterolemia was determined by the enzymatic method, according to the 

Labtest Liquiform cholesterol kit, using an association of the oxidation reaction catalyzed 

by cholesterol oxidase, after hydrolysis of cholesterol esters, with an absorbance 

reading at 500 nm (Trinder, 1969). The dosage kit is composed of: 50 mmol/L buffer 

containing 0.01g/dL, pH 7.0, cholesterol esterase (> 150U/L), cholesterol oxidase (> 

175U/L), peroxidase (> 1000U/L), 4-aminoantipyrine 0.5nmol/L, phenol 2.4mmol/L, 

standard solution 200mg/dL, and food preservatives. The samples were prepared 

according to the kit manufacturer’s instructions, and after reading the absorbance at 

500 nm, the cholesterol concentration in mg/dL was calculated.

2.3.5 Serum HDL analysis

Labtest’s HDL cholesterol kit enzyme system was used for precipitation of low- 

and high-density lipoproteins (LDL and VLDL) and determination of HDL cholesterol in 

the supernatant after centrifugation (Warnick et al., 2001). The kit contains: precipitant 

with phosphotungstic acid 1,5nmol/L and magnesium chloride 54 mmol/L, 20mg/dL HDL 

standard solution and color reagent - cholesterol Liquiform Labtest. After measuring 
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the absorbance of the samples at 500nm, the concentration of HDL cholesterol in mg/

dL was calculated.

2.3.6 C-reactive protein

CRP levels were measured by commercially available turbidimetric method. The 

turbidimetric method (Biotécnica Indústria e Comércio, Varginha, MG, Brazil) assesses 

agglutination of latex particles coated with antibody against CRP by quantifying the 

absorbed light (Sung et al., 2002) (detection limit> 0.4mg / dL).

2.6.7 Glucose

Blood samples were placed in Vacutainer® tubes and centrifuged at 3,300 rpm 

(1,950 G) for 10 minutes. The plasma obtained was kept refrigerated (4 ° C) until it was 

used to measure the plasma glucose concentration by the enzymatic glucose oxidase 

method, with a commercial colorimetric kit (Doles®). For each test performed, 1 ml of 

the enzyme reagent was used in a test tube for 0.01 ml of the analyzed serum sample, 

in duplicate, which after homogenization were placed in a water bath at 37 º C for 10 

minutes. After this time, the absorbance was read on a spectrophotometer at 505 

nm. The glucose value, in mg/dL, was calculated in relation to the standard glucose 

solution provided by the kit (100 mg/dL).

2.3.8 Insulin

To determine the serum insulin concentration, the commercial kit “Rat/Mouse 

Insulin ELISA kit” (Merck Millipore, USA) was used. This kit is sensitive for insulin 

determination, using the “sandwich ELISA” method (Enzyme-Linked Immunoabsorbent 

Assay). Briefly, in this technique, the antibody (anti-insulin) was immobilized on the 

microplate. The sample (10 μL) containing the insulin was added, reacting with the 

immobilized anti-insulin antibody. After washing the wells, a second anti-insulin 

antibody linked to a peroxidase was added, allowing the reaction with the antibody/
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insulin complex present in the microplate. After the second free antibody was washed 

away, the 3,3 ‘, 5,5’-tetramethylbenzidine (TMB) substrate was added, and the colored 

reaction product was measured in the microplate reader at 450 and 590nm.

2.3.9 Evaluation of the homeostasis model (HOMA-IR)

The Homa index (HOMA-IR) was calculated using the formula: {Homa-ir = [rapid 

insulinemia (mU/L) x rapid glycemia (mmol/L)]/22.5} to determine insulin resistance.

2.4 Morphometric and histological analyzes

After a thoracotomy, the heart was removed, dissected and the left ventricle was 

weighed (mg). The LVH index was calculated by the proportion of left ventricular weight 

(mg) and body weight (g). The left ventricle was fixed for 24 hours in 10% formalin. Then, 

it was included in paraffin for histological sections of four micrometers thick, according to 

Junqueira et al. (1979). The histological sections were stained with picrosirius red (PR) and 

with hematoxylin/eosin (HE) for quantitative analysis of collagen and for morphometric 

analysis of cardiomyocytes, respectively. The sections stained with PR were analyzed with 

polarized light. Each micrograph was analyzed using the LGMC-IMAGE version 1.0 software, 

through which fractional collagen percentages for the areas marked in red were obtained 

(Shirani et al., 2000). From the HE-stained histological sections, four photomicrographs 

(400x) were obtained from the same pre-fixed point of the cross sections of the ventricle 

of each mouse, using the digital camera coupled to the Leica IM50 program (version 1.20). 

The diameters of 8 to 12 cardiomyocytes from each histological section were measured, 

totaling 12 sections in each animal (Armstrong et al., 1998).

The abdominal aorta was fixed together with the ventricles, both included in paraffin, 

histological sections of the aorta were stained with PR. The measurement of the luminal, 

medium and intimate areas was performed using the LGMC-IMAGE version 1.0 software. 

The average area is that between the external and internal elastic lamina. The intima area 

is the one between the inner face of the inner elastic lamina and the endothelial surface 

of the lumen.
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Histological sections of the aorta artery stained with PR were also used for 

quantitative analysis of collagen. Four photomicrographs were obtained from the 

same pre-fixed point of the cross sections of the aortas of each animal using the digital 

camera coupled to the Leica IM50 program (version 1.20). The sections stained with 

PR were analyzed with polarized light. Each photomicrograph was analyzed using the 

LGMC-IMAGE version 1.0 software, through which fractional collagen percentages 

were acquired (Armstrong et al., 1998), referring to the areas marked in red by the 

PR. The percentages of collagen were quantified in the middle and intima areas of 

the artery wall. In the quantification of the total area, the adventitial area is included.

All histological analyzes were performed by a single examiner, using the 

double-blind method.

2.5 Statistical analysis

The data were expressed as mean ± standard error of the mean (SEM). The 

analysis of variance (ANOVA) was followed by the Tukey test to compare the means 

between the different groups. The differences were considered significant at p <0.05. 

All statistical treatments were performed using the Graphpad Instat TM statistical 

software, version 3.05 for Windows (San Diego, CA, USA).

3 RESULTS

In the analysis of the TPI of the wine used in the experiment, an average index 

of 39.23 nm was observed. LDLR - / - mice that were fed with a high-fat diet (HL group) 

developed severe mixed dyslipidemia followed by a reduction in serum HDLc levels. In 

the lipidemic profile, it was observed that Merlot wine partially prevents the increase in 

triglycerides, total cholesterol, and the decrease in HDLc in the HLV Group compared 

to the HL and S groups (Table 2).
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The hyperlipidic diet in LDLR - / - mice (HL group), in addition to inducing severe 

mixed dyslipidemia, generated insulin resistance with hyperinsulinemia and increased 

serum CRP levels (Table 2) when compared with Groups S and SV. However, Merlot 

wine partially prevented insulin resistance and increased serum levels of CRP without 

altering the serum glucose level in mice in the HLV group when compared with the HL 

and S groups (Table 2).

Table 2 – Serum profile of triglycerides (TG), total cholesterol (TC), HDL cholesterol 

(HDLc), C-reactive protein (CRP), glucose, insulin and HOMA Index (HOMA-IR)

Groups  S SV  HL  HLV

N 7 9 6 8

TG (mg/dL) 165±10c 146±12c 297±24a 206±9b 

TC (mg/dL) 263±8c 163±15c 870±15a 403±21b

HDLc (mg/dL) 68±3a 59±3a 20±1c 39±1b

CRP (mg/dL) 6±0,9c 5,9±0,6c 14±1a 9,7±1b

Glucose (mMol/L) 5,6±0,2a 5,8±0,3a 6,0±0,3 a 5,9±0,5a

Insulin (mU/L) 2,7±0,2c 2,5±0,2c 6,1±0,8a 4,5±0,4b

Homair 0,7±0,07c 0,6±0,03c 1,6±0,03a 1,2±0,1b

Values were expressed as mean ± SEM. Different letters indicate significant differences between groups 
(p <0.05 - Tukey’s test). S - standard food; SV - standard food and wine; HL - hyperlipidic diet; HLV - 
hyperlipidic food and wine; mg/dL - milligrams per deciliter; mMol/L - millimol per liter; mU/L - milliunits 
per liter.
Source: Authors (2022)

The hyperlipidic diet, associated with genetic dyslipidemia, also triggered LVH in 

mice in the LH Group, determined by the increase in the proportion of left ventricular 

weight (mg) by mouse weight (g), characterized by an increase in the diameter 

of cardiomyocytes and the percentage of interstitial collagen in the ventricular 

myocardium. The ingestion of Merlot wine had a beneficial effect, partially preventing 

the establishment and evolution of LVH in the left ventricular morpho-histological 

parameters in the HLV group when compared with the HL group (Table 3, Figure 1).



Ci e Nat., Santa Maria, v. 45, e13,  2023

11
Anjos, J. A. dos, Silva, L. A. H. da, Marinho, R. P., Oliveira, W. R. M., Santos, G. B., Carvalho, M. das G. de S., 

Vilas Boas, B. M., Nachtigall, A. M., Peregrino, I., Pereira, F. H., Garcia, J. A. D., & Nunes, J. L. S. da S.|

Table 3 – Morphological histological parameters of the left ventricle and abdominal aorta

Groups  S SV  HL  HLV
N 7 9 6 8

Le
ft

 v
en

tr
ic

le

Diameter of cardiomyocytes 
(um)

18±1,3c 18±1,8c 24±2,2a 21±1,1b

Ratio of LV weight (mg)/
mouse weight (g)

3,4±0,08b 3,3±0,07b 4,9±0,09a 4,0±0,06a,b

% of interstitial collagen in 
the ventricular myocardium

3,3±0,3c 3,2±0,4c 8,0±1,0a 5,6±1,0b

Ab
do

m
in

al
 

ao
rt

a

Medium area µm2 72840±1831c 73422±1024c 90564±1618a 81433±1799b

Intimal area µm2 6323±630c 6429±798c 11839±1022a 9024±832b

% of collagen in the aortic 
wall

12,7±0,9c 11,9±1,0c 20,9±1,2a 15±1,8b

Values were expressed as mean ± SEM. Different letters indicate significant differences between groups 
(p <0.05 - Tukey’s test). S - standard food; SV - standard food and wine; HL - hyperlipidic diet; HLV 
- hyperlipidic food and wine; VE - Left ventricle; one - micrometer; µm2 - square micrometers, mg - 
milligram; g - gram.

Source: Authors (2022)

Figure 1 – Photomicrographs of histological slides from the left ventricular myocardium 
of LDLR - / - mice stained with hematoxylin and eosin (HE), showing the diameter of 
the cardiomyocytes (upper panel) and picrosirius red (PR), showing the perivascular 
collagen deposit in red (middle panel) and interstitial (bottom panel)

Source: Elaborated by the author (2022)
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In the morphometric and histological analysis of the abdominal aorta of mice 

in Group HL, an arterial remodeling was observed, characterized by an increase in 

the intima and middle areas with a greater collagen deposit in the arterial wall when 

compared with Group S (Table 2, Figure 2). Arterial remodeling in the aortic wall of S and 

SV mice did not differ. Merlot wine partially prevented arterial remodeling, preventing 

the increase in the intima and middle areas and the deposit of collagen in the arterial 

wall when compared to the HL Group mice (Table 3, Figure 2). It was also observed 

that the mice in Group SV showed a better organization of elastic fibers than the other 

groups studied (Figure 2).

Figure 2 – Photomicrographs of histological slides from the abdominal aorta wall of 

LDLR - / - mice stained with red picrosirius red, showing the organization of collagen 

fibers and collagen deposit in red

Source: Elaborated by the author (2022)

Our results showed that all animals experienced weight gain (dados não 

mostrados). Besides, we noted that fluid and solid food intake remained within the 

expected standard patterns.
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4 DISCUSSION

Grapes are considered to be one of the greatest sources of phenolic compounds 

when compared to other fruits and vegetables (Freire et al., 2020). The TPI, observed 

in the red wine of the Merlot grape (Vitis vinifera L.) in our study, presented an average 

index of 39.23 nm, which corresponds to the average found in the wines evaluated in 

the study by Fogaça et al. (2012). The TPI of wine depends a lot on the grape variety, its 

ripeness, geographic origin, soil type and sun exposure, in addition to the technology 

applied in production such as storage (Capella 2017; Fogaça et al., 2012; Oliveira 2016).

In the present study, it was observed that LDLR - / - mice fed a high-fat diet had 

severe mixed dyslipidemia with decreased HDLc and increased serum levels of CRP, 

followed by insulin resistance, which is characterized by increased serum levels of insulin 

and HOMA-IR in the HL group in relation to the other studied groups. In addition, mice 

in this group showed cardiovascular structural changes such as LVH and remodeling 

in the abdominal aorta wall. In LDLR - / - mice fed with high-fat food associated with 

the ingestion of Merlot wine, group HLV, it partially prevented dyslipidemia, decreased 

HDLc and insulin resistance, increased serum CRP levels and cardiovascular changes.

Studies have shown that high-fat foods in LDLR - / - mice results in the 

development of severe dyslipidemia with decreased HDLc followed by LVH (Martins et 

al., 2020; Sarto et al., 2018; Garcia et al., 2008) and atherosclerosis (Silva et al., 2015), 

due to the inflammatory process caused by severe dyslipidemia, associated with 

decreased nitric oxide bioavailability and serum HDLc levels with decreased antioxidant 

and anti-inflammatory functions (Garcia et al., 2008). In addition, LDLR - / - mice fed 

with high-fat food (HL group) in the present study developed insulin resistance with 

hyperinsulinemia and a remodeling of the abdominal aorta wall.

Dyslipidemia is a determinant of oxidative stress (Sarto et al., 2018) and, 

consequently, there is a decrease in HDLc levels (Dornas et al., 2009) due to increased 

hepatic removal of oxidized HDLc. Thus, oxidative stress generated by dyslipidemia in 
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mice of the HL group may have oxidized insulin receptors, generating insulin resistance, 

determined by the increase in HOMA-IR. Dyslipidemia and hyperinsulinemia are essential 

factors for the development of LVH (Garcia & Incerpi, 2008). Hypercholesterolemia can 

act in the myocardial K ATP channels, changing its function and expression, presenting 

itself as a trigger for cardiac hypertrophy (Genda et al., 2002). Hyperinsulinemia can 

cause myocardial protein biosynthesis and, directly or indirectly, cardiac hypertrophy 

(Samuelsson et al., 2006). The decrease in serum HDLc levels associated with severe 

mixed dyslipidemia and the inflammatory process, characterized in the present study 

by the increase in CRP, are the common denominators of arterial remodeling in 

atherogenesis. Changes in the lipid profile of mice in the HL group associated with 

insulin resistance and the inflammatory process support LVH and arterial remodeling 

to accommodate the atheroma plaque in the present study.

Mice that received high-fat food associated with red wine from the Merlot 

grape (Vitis vinifera L.), Group HLV, when compared to Group HL, showed an increase 

in HDLc levels and a decrease in TG and insulin, predictive factors for the metabolic 

syndrome (Jama 2001; Alberti & Zimmet, 1998). Therefore, the decrease in HDLc and 

triglycerides, associated with the fall in insulin levels contributed to the prevention of 

insulin resistance and cardiovascular diseases in mice of the HLV Group. A reduction 

in CRP, a biomarker of inflammation commonly found at high levels in metabolic 

syndrome, was also observed (Ridker 2000), contributing to the reduction of the risk 

of cardiovascular diseases such as LVH and remodeling of the abdominal aorta wall.

The prevention of LVH and remodeling of the abdominal aorta wall in mice of 

the HLV Group can be attributed to the polyphenols present in the red wine of the 

Merlot grape (Vitis vinifera L.), among them the flavonoid resveratrol. This flavonoid is 

a mediator of cardiovascular protection independent of alcohol (Pinto 2019), acting as 

an inhibitor of lipoprotein oxidation, anti-inflammatory, platelet aggregation, synthesis 

of pro-atherogenic ecosystems, cell proliferation, also causing vasorelaxation and 

suppression of pro-coagulant tissue factor induction (Turner et al., 1999). Thus, the 
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antioxidant activity of resveratrol contributed to the reduction of oxidative stress 

markers in the HLV Group. The lower occurrence of oxidative stress prevented HDLc 

oxidation and its hepatic removal, with a consequent increase in HDLc levels, which has 

antioxidant and anti-inflammatory functions (Holvoet, 2008; Christison et al., 1996).

Procházková et al. (2011) demonstrated that flavonoids have antioxidant activity 

by eliminating free radicals, using the metal chelating property, suppressing the 

enzymes involved in the synthesis of free radicals and stimulating antioxidant enzymes, 

mechanisms that may have prevented the reduction of nitric oxide bioavailability and, 

consequently, prevented the left ventricular and aorta remodeling in the mice of the 

HLV Group in this study.

The antioxidant and anti-inflammatory effect of resveratrol (Matos et al., 2012), 

associated with the prevention of decreased HDLc levels was also decisive in preventing 

insulin resistance in mice of the HLV Group. The red wine of the Merlot grape (Vitis 

vinifera L.) showed an anti-lipid-lowering effect, avoiding an increase in TG, TC, HOMA-

IR and a decrease in HDLc, partially preventing insulin resistance, oxidative stress, and 

increased CRP, and consequently, LVH and arterial remodeling.

In conclusion, red Merlot wine can be used as an alternative in the prevention 

of dyslipidemia, insulin resistance and cardiovascular changes within the experimental 

protocol and the animal model of this study. We suggest further studies with red Merlot 

wine in other models of dyslipidemia and in other species, as well as the association 

with other anti-lipidic products

ACKNOWLEDGEMENTS

We thank the Federal Institute of Education, Science and Technology of South 

of Minas (IFSULDEMINAS), Machado-MG, Brazil; the José do Rosário Vellano University 

(UNIFENAS), Alfenas-MG, Brazil; the Coordination for the Improvement of Higher 

Education Personnel (CAPES, in portuguese), Brasília-DF, Brazil; Minas Gerais State 

Research Support Foundation (FAPEMIG, in portuguese), Belo Horizonte-MG, Brazil; 



Ci. e Nat., Santa Maria, v. 45, e13, 2023

 | Merlot Wine and the metabolic and cardiovascular changes is LDLR -/- mice16

and to the National Council for Scientific and Technological Development (CNPq, in 

portuguese), Lago Sul-DF, Brazil, for their support.

REFERENCES

Alberti, F. G. M. M., Zimmet, P. Z. (1998). Para a Consulta da OMS. Definição, diagnóstico e 
classificação do diabetes mellitus e suas complicações. Parte 1: Diagnóstico e 
classificação de diabetes mellitus, relatório provisório de uma consulta da OMS. 
Diabet Med, 15(7), 539-553.

Anastácio, J. B. R. (2012). Efeito Neuroprotetor do Resveratrol no modelo de demência por 
hipoperfusão encefálica crônica em ratos Mestrado em Neurociências). Instituto de 
Ciências Básicas da Saúde, Universidade Federal do Rio Grande do Sul, Porto Alegre. 
Retrieved from https://www.lume.ufrgs.br/handle/10183/77994. 

Armstrong, A. T.; Binkley, P. F.; Baker, P. B.; Myerowitz, P. D.; & Leier, C. V. (1998). 
Quantitativeinvestigation of cardiomyocyte hypertrophy and myocardial fibrosis 
over 6 years after cardiac transplantation. Journal of the American College of 
Cardiology, 32 (3), 704-710.

Bischoff, L. (2017). Resistência à insulina. Brasília: 2017. E-book.  Retrieved fromhttps://docplayer.
com.br/80494296-Resistencia-a-insulina.html. 

Bontempo, M. (2019). A saúde da água para o vinho: O vinho, seu mundo e suas propriedades 
medicinais. Rio de Janeiro: Livros Ilimitados.

Braga, A. D. A.; Barleta, V. C. N. (2017). Alimento funcional: uma nova abordagem terapêutica 
das dislipidemias como prevenção da doença aterosclerótica. Cadernos UniFOA, 2( 
3), 100-120.

Calderon, H. L.; Carvalho, A. J. P.; Oliveira, I. C. R.; Soares, E. A.; Loyola, Y. C. S.; Santos, L.; 
Messora, L.B.; Pereira, J.E.G.; Incerpi, E.K.; Lobão, P.H.O.A.; & Garcia, J. A. D. (2011). 
Efeito da Lecitina de Soja sobre os Lipídeos e Proteína C reativa e na prevenção 
da Hipertrofia Ventricular Esquerda de Camundongos Hiperlipidêmicos. Revista de 
Ciências Farmacêuticas Básica e Aplicada, 32(3), 389-393. 

Capella, Y. N. C. Vinhos Comerciais do Vale do São Francisco: efeitos das condições de armazenamento 
sobre a estabilidade fenólica e cromática [Dissertação de estrado em Ciência e 
Tecnologia de Alimentos. Universidade Rural de Pernambuco]. Retrieved from 
http://www.tede2.ufrpe.br:8080/tede2/bitstream/tede2/7356/2/Yasodhara%20
Nazareth%20Chaves%20Capella.pdf. 

Christison, J.; Karjalainen, A.; Brauman, J.; Bygrave, F.; Stocker, R. (1996). Rápida redução e 
remoção de HDL- mas não de hidroperóxidos de éster de colesterol associados a 
LDL por fígado de rato perfundido in situ. Biochem J, 314(3), 739-742.

Dornas, W. C.; Oliveira, T. T. D.; Dores, R. G.; Fabres, M. H. A.; & Nagem, T. J. (2009). Efeitos 
antidiabéticos das plantas medicinais. Revista Brasileira de Farmacognosia, 19(2),488-
500.



Ci e Nat., Santa Maria, v. 45, e13,  2023

17
Anjos, J. A. dos, Silva, L. A. H. da, Marinho, R. P., Oliveira, W. R. M., Santos, G. B., Carvalho, M. das G. de S., 

Vilas Boas, B. M., Nachtigall, A. M., Peregrino, I., Pereira, F. H., Garcia, J. A. D., & Nunes, J. L. S. da S.|

Ferreira, B. F. G. (2019). Medicina personalizada no tratamento com estatinas.  [Dissertação 
Mestrado em Ciências FarmacêuticasInstituto Universitário Egas Moniz]. Retrieved 
https://comum.rcaap.pt/bitstream/10400.26/30993/1/Ferreira_Bruno_Filipe_
Gameiro.pdf. 

Fogaça, A. O. (2012). Compostos fenólicos em uvas e vinhos da variedade Merlot. 2012. [Tese de 
Doutorado Universidade Federal de Santa Maria]. Repositório Institucional da UFSM. 
Retrieved https://repositorio.ufsm.br/bitstream/handle/1/3386/FOGACA%2c%20
ALINE%20DE%20OLIVEIRA.pdf?sequence=1&isAllowed=y.

Freire, G. A. S.; da Costa Silva, L.; dos Santos, M. S. A.; da Silva Araújo, Í. B.; & Mangolim, C. S. (2020). 
Teor de antocianinas, cor, textura, características físico-químicas e microbiológicas 
de leite fermentado adicionado de extrato rico em antocianinas obtido a partir de 
uvas tintas. Brazilian Journal of Development, 6(8), 56192-562052020.

Garcia, J. A. D; Incerpi, E. K. (2008). Factors and Mechanisms Involved in Left Ventricular 
Hypertrophy and the Anti-Hypertrophic Role of Nitric Oxide. Arq. Bras. Cardiol,  90(6),  
443-450.

Garcia, J. A. D.; Santos, L.; Moura, A. L.; Ricardo, K. F. S.; Wanschel, A. C. B. A.; Shishido, S. 
M. et al. (2008). S-Nitroso-NAcetilcisteína (SNAC) Previne Alterações Miocárdicas 
em Camundongos Knockout do Receptor LDL Hipercolesterolêmico por Ação 
Antiinflamatória. Journal Cardiovasc Pharmacol,51(1), 78-85.

Genda, S.; Miura, T.; Miki, T.; Ichikawa, Y.; & Shimamoto, K. (2002). A abertura do canal KATP 
é um mecanismo endógeno de proteção contra o fenômeno de no-reflow, mas sua 
função é comprometida pela hipercolesterolemia. Journal of the American College of 
Cardiology, 40 (7), 1339-1346.

Gois, M. M. S. (2019). Análise do uso das Estatinas aliado à prática de exercícios como prevenção 
e tratamento da sarcopenia: uma revisão de literatura. [Trabalho de Conclusão 
de Curso Graduação em Educação Física, Universidade Federal de Ouro Preto]. 
Retrieved https://monografias.ufop.br/bitstream/35400000/2229/6/MONOGRAFIA_
An%c3%a1liseUsoEstatinas.pdf. 

Harbertson, J. F.; Spayd, S. (2006). Measuring phenolics in the winery. American Journal of 
Enology and Viticulture, 57(3), 280-2882006.

Hedrick, C. C.; Castellani, L. W.; Wong, H.; & Lusis, A. J. (2001). Interações in vivo de apoA-II, apoA-I 
e lipase hepática contribuindo para a estrutura de HDL e funções antiaterogênicas. 
Journal of Lipid Research, 42(4),563-570.

Holvoet, P. (2008). Relations between metabolic syndrome, oxidative stress and inflammation 
and cardiovascular disease. Verh K Acad Geneeskd Belg, 70(3),193-219.

Hovsepian, S.; Kelishadi, R.; Djalalinia, S.; Farzadfar, F.; Naderimagham, S.; & Qorbani, M. 
(2015). Prevalence of dyslipidemia in Iranian children and adolescents: A systematic 
review. Journal of research in medical sciences, 20(5),503.



Ci. e Nat., Santa Maria, v. 45, e13, 2023

 | Merlot Wine and the metabolic and cardiovascular changes is LDLR -/- mice18

JAMA. (2001). Painel de especialistas em detecção, avaliação e tratamento do colesterol 
alto no sangue em adultos. Resumo executivo do Terceiro Relatório do Painel de 
Especialistas do National Cholesterol Education Program (NCEP) sobre Detecção, 
Avaliação e Tratamento do Colesterol Alto. JAMA,285(19), 2486-2497.

Junqueira, L. C. U.; Bignolas, G.; Brentani, R. R. (1979). Coloração com picrosírius mais 
microscopia de polarização, um método específico para detecção de colágeno em 
cortes de tecidos. The Histochemical journal, 11 (4), 447-455.

Mamede, M. E. O.; Pastore, G. M. (2004). Compostos fenólicos do vinho: estrutura e ação 
antioxidante. Boletim do Centro de Pesquisa de Processamento de Alimentos, 22(2).

Marcadenti, A; Oliveira, V.G; Bertoni, V.M; Wittke, E. Dourado, L.P; Souza R.B; Pinto, T.M; 
Pimentel Filho, P.; & Leivas J.A.S.L (2013). Resistência à insulina e indicadores 
antropométricos em pacientes com síndrome coronariana aguda. Rev Bras Cardiol, 
26(4), 259-66.

Martins, Â. M.; Sarto, D.A.Q.S.; Caproni, K.P.; Silva, J.; Silva, J.; Souza, P.S; Santos, L.; Ureña, 
M.J.E.; Carvalho, M.G.S.; Boas, B.M.V.; Miranda, L.P.A.; & Garcia, J.A.D. (2020). Grape 
juice attenuates left ventricular hypertrophy in dyslipidemic mice. Plos one,15(9), 
e0238163.

Matos, R. S.; Baroncini, L. A. V.; Précoma, L. B.; Winter, G.; Lambach, P. H.; Kaiber, F.; & Précoma, 
D. B. (2012). Resveratrol provoca efeitos antiaterogênicos em um modelo animal de 
aterosclerose. Arq Bras Cardiol, 98(2)136-142.

Oliveira, A. C. S. (2016). Determinação de polifenóis totais em vinhos por espectrofluorimetria, 
[Trabalho de Conclusão de Curso Graduação em Química Industrial, Universidade 
Federal Fluminense]. Retrieved https://app.uff.br/riuff/bitstream/handle/1/6484/
Monografia_Ana_Christina_Oliveira_20.01.17.pdf?sequence=1&isAllowed=y.

Oliveira, V. P.; de Sousa Carvalho, L.; Da Paz, S. M. R. S.; & dos Santos, M. M. (2020). Reflexões sobre 
a relação entre resistência à insulina, diabetes mellitus e obesidade na adolescência 
à luz da literatura. Revista Eletrônica Acervo Saúde, volume (41), e2105-e2105.

Penna, N. G.; Hecktheuer, L. H. R. (2004). Vinho e saúde: uma revisão. Infarma, 16(1-2), 64-
7.

Pinto, A. B. M. (2019). Impact of dietary supplements on reproductive function: Curcumin and 
Resveratrol. Dissertação (Mestrado em Biologia Molecular e Genética) – Universidade 
de Lisboa, Faculdade de Ciências, 2019. Retrieved https://repositorio.ul.pt/
bitstream/10451/40150/1/ulfc125106_tm_Adriana_Pinto.pdf

PRocházková, D.; BOusová, I.; Wilhelmová, N. (2011). Antioxidant and prooxidant properties of 
flavonoides. Fitoterapia,82(4), 513-523.

RIdker, P. M.; Hennekens, C. H.; Buring, J. E.; & Rifai, N. (2000). Proteína C reativa e outros 
marcadores de inflamação na previsão de doenças cardiovasculares em mulheres. 
Jornal de medicina da Nova Inglaterra,342(12), 836-843.



Ci e Nat., Santa Maria, v. 45, e13,  2023

19
Anjos, J. A. dos, Silva, L. A. H. da, Marinho, R. P., Oliveira, W. R. M., Santos, G. B., Carvalho, M. das G. de S., 

Vilas Boas, B. M., Nachtigall, A. M., Peregrino, I., Pereira, F. H., Garcia, J. A. D., & Nunes, J. L. S. da S.|

Rodrigues, L. S. G. (2019). Estatinas e Diabetes: “friends or foes”. Dissertação (Mestrado em 
Ciências Farmacêuticas) – Universidade de Coimbra, Coimbra, 2019. Retrieved 
https://eg.uc.pt/bitstream/10316/88380/1/DOC%20%c3%9aNICO%20LARA%20
RODRIGUES.pdf. 

Rosa, M. de O. M.; de Souza Machado, F.; Frusciante, M. R.; Gutierrez, L. L. P.; & Funchal, C. 
(2017). Efeito protetor do resveratrol na doença de Alzheimer. Revista Brasileira 
Multidisciplinar, 20(1), 174-193.

Sarto, D. A. Q. S.; Siqueira, A. H. D.; Magalhaes, F. M. D. A.; Caproni, K. D. P., Martins, Â. 
M.; Santos, G. B., Silva, D.B.; Boas, B.M.V. & Garcia, J. A. D. (2018). Dry Extract of 
Passiflora incarnata L. leaves as a Cardiac and Hepatic Oxidative Stress Protector 
in LDLr-/-Mice Fed High-Fat Diet. Brazilian Archives of Biology and Technology, v. 061: 
e181801470.

Shirani, J.; Pick, R.; Roberts, W. C.; Maron, B. J. (2000). Morfologia e significado da rede de 
colágeno ventricular esquerdo em pacientes jovens com cardiomiopatia hipertrófica 
e morte cardíaca súbita. Cartão J Am Coll, 35(1),36-44.

Silva, D. B.; Silva, D. B.; Miranda, A. P.; DAngelo, L. R. B.; Rosa, B. B.; Soares, E. A.; Ramalho, J. G. D. 
C.; Boriollo, M.F.G.; & Garcia, J. A. D. (2015). Propolis and swimming in the prevention 
of atherogenesis and left ventricular hypertrophy in hypercholesterolemic mice. 
Brazilian Journal of Biology,75(2), 414-422.

Sung, H.; Kim, J.; Park, R.; Lee, K.; & Kwon, O. (2002). Evaluation of Denka-Seiken Turbidimetric 
High-Sensitivity C-Reactive Protein Assay., 40(8), 840-845. Retrieved https://doi.
org/10.1515/CCLM.2002.146

Trinder, P. (1969). Determination of glucose in blood using glucose oxidase with an alternative 
oxygen acceptor. Annals of clinical Biochemistry,6(1), 24-27.

Turner, R. T.; Evans, G. L.; Zhang, M.; Maran, A.; & Sibonga, J. D. (1999). Is resveratrol an estrogen 
agonist in growing rats? Endocrinology, 140(1), 50-54.

Vaccari, N. F. de S., Soccol, M. C. H., Ide, G. M. (2009). Compostos fenólicos em vinhos e seus 
efeitos antioxidantes na prevenção de doenças. Revista de ciências agroveterinárias, 
8(1), 71-83.

Valença, T. V. R.; Sangiovo, A.; Pereira, F.; Vincensi, C.; Lissarassa, Y. P. S.; Zimmermann, C. E.; 
Comparsi, B.; Casalini, C.E.C.; Viera, E.K.; & Frizzo, M. N. (2018). Obesidade, diabetes 
e hipertensão associados a dislipidemia e dano hepático. Revista Saúde Integrada, 
11(22), 2-18.

Veloso, R. C. S. G. (2019). Perfil de utilização de estatinas e adesão ao tratamento em pacientes com 
doença arterial coronariana de um ambulatório de cardiologia de um hospital de ensino. 
[Dissertação de Mestrado em Medicamentos e Assistência Farmacêutica, Faculdade 
de Farmácia, Universidade Federal de Minas Gerais. Retrieved https://repositorio.
ufmg.br/bitstream/1843/30095/1/DISSERTACAO%20MESTRADO%20RONARA%20
POS%20DEFESA%2007.08.2019%20FINAL.pdf. 



Ci. e Nat., Santa Maria, v. 45, e13, 2023

 | Merlot Wine and the metabolic and cardiovascular changes is LDLR -/- mice20

Vileigas, D. F.; Pegoretti, C.; Barim, E. M.; Corrente, J. E.; & Dias, L. C. G. D. (2019). Evolução 
de pacientes dislipidêmicos em atividade educativa em grupo sobre alimentação e 
nutrição na atenção primária à saúde. Revista Ciência em Extensão, 15(3), 62-74.

Warnick, G.R.; Nauck, M.; Rifai, N. (2001). Evolution of methods for measurement of HDL- 
cholesterol: from ultracentrifugation to homogeneous assays. Clin Chem, 47(9), 
1579-1596.

Authorship contributions

1 – Jander Alves dos Anjos  

Veterinarian, Master’s in Food Science and Technology
https://orcid.org/0000-0002-3442-0893 • ja.qualidade@gmail.com
Contribution: Conceptualization, Data curation, Formal Analysis, Investigation, Methodology, 
Project administration, Supervision, Validation, Visualization, Writing – original draft, Writing – 
review & editing.

2 – Letícia Albano Hipólito da Silva 

Academic of the Medicine course 
https://orcid.org/0000-0003-0411-7962 • leticiaalbsilva@hotmail.com
Contribution: Data curation, Formal Analysis, Investigation.

3 - Rafael Pereira Marinho

Academic of the Medicine course
https://orcid.org/0000-0003-1768-531X • rafa.marinho2@gmail.com
Contribution: Data curation, Formal Analysis, Investigation.

4 - Wilson Roberto Mesquita Oliveira

Biologist, Master’s degree in Morphological Sciences (Embryology and Histology)
https://orcid.org/0000-0002-5564-4757 • wilson.oliveira@unifenas.br
Contribution: Conceptualization, Data curation, Formal Analysis, Visualization, Writing – 

original draft.

5 - Gersika Bitencourt Santos

Pharmaceutical, PhD in Pharmaceutical Sciences
https://orcid.org/000-0003-0849-2786 • gersika.santos@unifenas.br
Contribution: Data curation, Formal Analysis, Investigation.

https://orcid.org/0000-0002-3442-0893
https://orcid.org/0000-0003-0411-7962
https://orcid.org/0000-0003-1768-531X
https://orcid.org/0000-0002-5564-4757
mailto:wilson.oliveira@unifenas.br
https://orcid.org/000-0003-0849-2786
mailto:gersika.santos@unifenas.br


Ci e Nat., Santa Maria, v. 45, e13,  2023

21
Anjos, J. A. dos, Silva, L. A. H. da, Marinho, R. P., Oliveira, W. R. M., Santos, G. B., Carvalho, M. das G. de S., 

Vilas Boas, B. M., Nachtigall, A. M., Peregrino, I., Pereira, F. H., Garcia, J. A. D., & Nunes, J. L. S. da S.|

6- Maria das Graças de Souza Carvalho

Biologist, Master in Animal Reproduction, Health and Welfare
https://orcid.org/0000-0001-8726-6327 • mariasc9292@gmail.com
Contribution: Conceptualization, Data curation, Methodology, Validation, Writing – original 
draft, Writing – review & editing.

7 - Brígida Monteiro Vilas Boas

Agronomist, Post-doctoral Food Science
https://orcid.org/0000-0001-9010-2972 • brigida.monteiro@ifsuldeminas.edu.br
Contribution: Conceptualization, Data curation, Methodology, Validation, Writing – original 
draft, Writing – review & editing.

8 - Aline Manke Nachtigall

Food chemistry, PhD in Food Science and Technology
https://orcid.org/0000-0002-9691-0361 • aline.manke@ifsuldeminas.edu.br
Contribution: Conceptualization, Data curation, Methodology, Validation, Writing – original 
draft, Writing – review & editing.

9 - Isabela Peregrino

Pharmaceuticals and biochemistry, Master in Food
https://orcid.org/0000-0002-8588-0670 • isabela.peregrino@epamig.br
Contribution: Investigation, Methodology.

10 - Jefferson Luís Sancineto da Silva Nunes

Technical manager of the Enolab laboratory
https://orcid.org/0000-0002-0783-7263 • enolab@enolab.com.br
Contribution: Investigation.

11 - Flávia Helena Pereira

Nurse, PhD in Health Sciences
https://orcid.org/0000-0001-9331-7020 • flavia.pereira@ifsuldeminas.edu.br
Contribution: Conceptualization, Data curation, Methodology, Validation, Writing – original 
draft, Writing – review & editing.

12 - José Antônio Dias Garcia

Veterinarian, PhD in Functional and Molecular Biology
https://orcid.org/0000-0002-4024-3045 • jose.garcia@ifsuldeminas.edu.br
Contribution: Conceptualization, Data curation, Formal Analysis, Investigation, Methodology, 
Project administration, Supervision, Validation, Visualization, Writing – original draft, Writing – 
review & editing.

https://orcid.org/0000-0001-8726-6327
mailto:mariasc9292@gmail.com
https://orcid.org/0000-0001-9010-2972
mailto:brigida.monteiro@ifsuldeminas.edu.br
https://orcid.org/0000-0002-9691-0361
mailto:aline.manke@ifsuldeminas.edu.br
https://orcid.org/0000-0002-8588-0670
mailto:isabela.peregrino@epamig.br
https://orcid.org/0000-0002-0783-7263
mailto:enolab@enolab.com.br
https://orcid.org/0000-0001-9331-7020
mailto:flavia.pereira@ifsuldeminas.edu.br
https://orcid.org/0000-0002-4024-3045
mailto:jose.garcia@ifsuldeminas.edu.br


Ci. e Nat., Santa Maria, v. 45, e13, 2023

 | Merlot Wine and the metabolic and cardiovascular changes is LDLR -/- mice22

How to quote this article

Anjos, J. A. dos, Silva, L. A. H. da, Marinho, R. P., Oliveira, W. R. M., Santos, G. B., Carvalho, M. das 
G. de S., Vilas Boas, B. M., Nachtigall, A. M., Peregrino, I., Pereira, F. H., Garcia, J. A. D., & Nunes, 
J. L. S. da S. Vinho merlot e as alterações metabólicas e cardiovasculares em camundongos 
LDLR -/-. Ciência e Natura, 45, e13. Retrieved from https://periodicos.ufsm.br/cienciaenatura/
article/view/68358/version/57605. doi: 10.5902/2179460X68358


