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ABSTRACT

Consumption of saturated fat causes deleterious effects on health, which could be minimized
through physical activity and foods with functional characteristics consumption. The aim of the
study was to evaluate the beverage rich in resveratrol consumption and physical exercise in gut
microbiota, body composition, lipid peroxidation, interleukin-6 (IL6) concentration and systolic
blood pressure (SBP) of rats to the high-fat diet. Wistar rats were fed with control diet, high-fat diet
(HFD), HFD and 15 mL solution of resveratrol, HFD and 15 mL of grape juice, HFD and 10 mL of red
wine. All animals performed the physical training protocol five days a week. Grape juice and red
wine composition were analyzed, SBP, body mass, consumption, adiposity and body composition,
gut microbiota, lipid peroxidation and inflammation were evaluated. The grape juice
(114.8+22.5mmHG) and red wine (129 +15.8 mmHg) groups showed lower SBP when compared
to HFD (216.8 +20.6 mmHg) (p < 0.0001). The grape juice group (GJG) (39.1+7) had a higher num-
ber of microbiota bands DNA when compared to the other groups (p=0.002). The GJG
(33.7+6.7pg/mL) presented lower concentration IL6 when compared to high-fat group
(47.3+£16pg/mL) (p=0.003). GJG (4.7+1.2nmol/L) presented a lower concentration of TBARS
when compared to control group (6.1+ 1.4 nmol/L) and resveratrol group (6.6 +0.9 nmol/L), and the
red wine group (7.4+1.2nmol/L) had a higher concentration of TBARS when compared to control
group and GJG (p=0.0001). The consumption of these beverages, especially grape juice, together
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with physical exercise, was able to promote beneficial changes even in the presence of a HFD.

Introduction

In recent decades, changes in lifestyle have led to changes in
western population dietary pattern, characterized by a diet
with high energy density and rich in lipids. The diet con-
sumed nowadays is rich in vegetable oils, such as soy and
sunflower oil (rich in omega-6), and in processed foods are
rich in saturated fatty acids (1).

Omega-6 is a polyunsaturated fatty acid that, although it
plays an essential role for many physiological functions. Its
excessive consumption can trigger eicosanoids synthesis with
pro-inflammatory characteristics, contributing to oxidative
stress and lipid peroxidation (2). In relation to saturated
fatty acids, present in processed foods, it is elucidated in the
literature their excessive consumption is considered harmful,
since it has a pro-inflammatory and pro-oxidative effect. In
addition, processed foods have trans fatty acids (created

through industrial processes) which are associated with oxi-
dative stress and inflammation (3, 4).

Therefore, the exacerbated consumption of high saturated
fat along a sedentary lifestyle leads to the development of sev-
eral non-transmissible chronic diseases, mainly obesity, char-
acterized by the excessive accumulation of white adipose
tissue, associated with several comorbidities such as hyperten-
sion, diabetes and cardiovascular diseases (CVD), in addition
contributing to increment in abdominal obesity, oxidative
stress, intestinal dysbiosis and systemic inflammation (5, 6).

The increase in visceral adiposity is associated with low-
grade systemic inflammatory state and decreased insulin
sensitivity. In addition, there is evidence that part of the
inflammatory process associated with obesity originates
from the gastrointestinal tract, since the diet rich in satu-
rated fat causes dysbiosis and gut epithelial barrier integrity
impairment, which could lead to the translocation of pro-
inflammatory factors to blood circulation (7, 8).
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Figure 1. Experimental protocol.
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Diets and beverages were administered during a period of 60 days. Day 0: Division of groups and start of the experimental protocol; Day 60: Last day of the experi-

mental protocol; *diets and water offered ad libitum.

Therefore, there is a growing interest in non-pharmaco-
logical strategies that could affect or reverse the deleterious
effects of dietary high-fat consumption and obesity, through
changes in diet and lifestyle. Currently, food with functional
properties consumption is widely used as a nutritional treat-
ment due to its beneficial health effects, low cost and easy
access to the population (9, 10).

Grapes and their derivatives are rich in several polyphe-
nols, among them catechin, epicatechin, quercetin, anthocya-
nins and procyanidins and its main bioactive compound,
resveratrol. Resveratrol (RSV) is a polyphenol present in
grape bark and abundant in grape juice and red wine. It has
received considerable attention due to its antioxidant, anti-
inflammatory and thermogenic effects (11, 12). It has posi-
tive effects on obesity through decreased white adipose tis-
sue mass and resistance to weight gain (12). In addition, it
has also been found resveratrol consumption modulating
gut microbiota and its antioxidant properties reducing oxi-
dative stress, as well as protecting tissues against oxidative
lesions caused by numerous factors such as environmental
aggression, stress and poor diet (13).

Thus, the objective of this study was to evaluate the
effects of consumption of beverages rich in resveratrol and
physical exercise in the gut microbiota profile, body com-
position, lipid peroxidation, IL-6 concentration and blood
pressure of Wistar rats to the high-fat diet.

Materials and methods
Animals

Rattus novergicus, albinus, Wistar, females, 90 days, initially
weighting around 230g, were used from UFF. The animals
were kept in individual polypropylene cages, in a room with
controlled temperature (23+2°C) and humidity-controlled

(60+10%) room, with artificial dark-light cycle (lights on at
07.00 am and lights off at 07.00 pm).

The biological assay was carried out in the Laboratério de
Nutricao Experimental da Faculdade de Nutricao Emilia de
Jesus Ferreiro na Universidade Federal Fluminense (UFF).
This study was approved by the Ethics Committee respon-
sible for research in laboratory animals of the UFF and has
been approved, protocol number 473/2013. All animals were
handled in accordance with the ethical principles adopted by
the Brazilian Society of Science in Laboratory Animals
(SBCAL) and all efforts were made to minimize ani-
mal suffering.

Experimental protocol

The animals were divided in 5 groups (n = 6/group), with diets
based on casein and water offered ad libitum: Control Group
(CG), receiving balanced diet; High-fat group (HFG), receiving
High Fat Diet containing 42.6% of total energy value in fat
(HFD); Resveratrol group (RG) receiving HFD and 4% resver-
atrol solution (15mL/day); Grape juice group (GJG) receiving
HFD and whole red grape juice (15mL/day); Red wine group
(RWG) receiving HFD and red wine (10 mL/day). Animals
were subjected to 60days of treatment and physical training.
The experimental protocol is outlined in Figure 1.

Physical training

All animals groups were submitted to adaptation on a tread-
mill for small animals with 6 bays and activated by a 12V
motor, the adaptation period began two weeks before the
beginning of the experiment. During the adaptation period,
animals were placed on the treadmill three days a week on
alternate days and each training day was increased one



minute starting with three minutes and increasing one minute
a day until reaching eight minutes, speeds varied: 0.3 m/min,
0.4m/min, 0.6m/min, 0.8m/min and 09m/min. In the
beginning of the experiment, after animals completed 90 days
of life, the five animals groups executed the running protocol
at a speed of 1.0m/min for the slip of the canvas and, conse-
quently, induced movement of the animal under study.
Training sessions lasted 10minutes, performed for 60 days,
five days a week until the end of the experiment (14).

Experimental diets and beverages rich in polyphenols

Control and HFD diets formulations (Charts 1 and 2) were
based on American Institute of Nutrition (AIN, 1993 M)
recommendations for Rattus norvegicus and manipulated at
Laboratorio de Nutricao Experimental 12. The HFD presents
has lard in its composition in substitution of soybean oil.
Lard, juice and wine were purchased from local market and
resveratrol purchased from a manipulation pharmacy. The
grape juice used was Aurora® brand of red grapes, obtained
from American grapes, Bordo and Jacquez, produced in Rio
Grande do Sul - Brazil. The red wine came from the Goés®”
Winery, Goés Tempos Carbenet Sauvignon Demi-Sec line,
obtained from 100% Cabernet Sauvignon grapes, produced
in Sao Paulo - Brazil (Chart 3).

Grape juice and red wine antioxidant capacity, total
polyphenols and anthocyanin content concentrations

Samples of the first batch used for each drink were analyzed,
from the same bottles offered to the animals. For the differ-
ent analyzes, the samples were homogenized and separated
in aliquots. The analyzes were performed in triplicate.

Chart 1. Control and high-fat diets composition used in the experiment.

Ingredients (g/100g) Control High-fat
Protein 11.62 11.946
Carbohydrate 61.59 48.742
Lipids 4,182 20.599
Casein’ 14 14
Starch? 62.07 46.07
Sugar® 10 10
Mist. of Minerals’ 35 3.5
Mist. of Vitamins' 1 1
Soya Oil* 4 -
Lard* - 20
Cellulose® 5 5
B-choline® 0.25 0.25
L-cystine® 0.18 0.18
B HT 0.008 0.008
TOTAL 100.01 100.01
Energy (keal) 329.96 42256

Balanced according to the recommendations of AIN 93M (9). M. Cassab
Comércio e IndUstria Ltda, 2Maisena - Unilever Bestfoods Brasil Ltda, >Uniao,
“Liza Cargill Agricultura Ltda, *Macrocel - BlanverlLtda, *Comércio e Inddstria
Farmos Ltda.

Chart 2. Macronutrient composition of the diets used in the experimented.

Macronutrient (%/100g) Control diet High-fat diet
Protein 14.42 11.26
Carbohydrate 74.66 46.13
Lipids 10.92 42.61
Energy 100 100
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Chart 3. Nutritional information on the resveratrol solution, the whole red
grape juice and the red wine used in the experiment (in 100 mL).

Resveratrol solution ~ Whole grape juice*  Red wine*
Carbohydrates(g) - 15 2
Protein(g) - Traces -
Total fat(g) - - -
Dietary fiber(g) - - -
Sodium (mg) - - -
Alcohol (%Vol) - - 1
Energy (kcal) - 120 86
Resveratrol (mg)** 0.153 0.0381 0,132

“Information obtained on Aurora® red grape juice and Goes Tempos® red
. Wine labels.
Data according to Bedé et al. (2015) 18.

Antioxidant capacity

For this analysis it was used extractable and hydrolyzable
extracts of investigated samples using, 2,2-diphenyl-1-picryl-
hydrazil (DPPH), outlined by Brand-Williams (1995). From
this procedure, the percentage of DPPH remaining in the
reaction medium was determined were the antioxidant
activity corresponds to the amount of DPPH consumed by
the antioxidant.

In test tubes, a 100 uL aliquot of the sample was placed
with 49 mL of DPPH. Then the tubes were vortexed and
after 30 minutes of rest 300 uL were added to the plate for
the test and the absorbance was measured on an Elisa reader
at a wavelength of 515nm (15).

Total polyphenols concentration

The phenolic compounds was determined by the Folin-
Ciocalteu method, where 100 uL of the sample was placed in
a test tube with 500 pL of the extraction solution, vortexed
for 30seconds and taken to the water bath at 90°C for
3hours. Afterwards, the total volume was made up with
methanol up to 1000 uL (addition of 400 uL) then the sam-
ples were centrifuged for 5minutes at 6103 RCF. The super-
natants were separated for the analysis of polyphenol
concentrations by the Folin-Ciocalteau solution.

In a plate, 30puL were pipetted, in triplicate, of each
extract (the supernatants) together with 75 pL of the Folin-
Ciocalteau solution. After 5minutes, 120 pL of water and
75uL of sodium carbonate solution (20%) were added to
each well. After 30 minutes of adding the Folin-Ciocalteau
solution, the plate was taken for reading on the spectropho-
tometer at 750 nm.

The phenolic compounds content in the sample was cal-
culated and, based on the obtained concentration, the final
polyphenol content was calculated Singleton (16).

Total anthocyanins quantification

Anthocyanins concentration calculus was based on the
molar extinction coefficient of cyanidin-3-glucoside 26,900
and a molecular mass of 449.2g/mol. The results were
expressed in milligrams of cyanidin-3-glucoside equivalents
per 100 g of dry weight base (17).
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Consumption and body mass

Daily feed intake in grams and energy and body weight
were measured weekly, twice a week, throughout the experi-
mental period.

Blood pressure

Systolic blood pressure (SBP) was measured by tail plethys-
mography (Tail Plethysmograph 1.10 - Insight). The animals
were packed in cylindrical tubes with tail opening for 5 con-
secutive days for 10 minutes for adaptation. After adaptation,
the SBP protocol started, where the sensor cuff coupled to
the tail of the animals captured the signals to be recorded
on the computer by the manufacturer’s software (Insight,
Sao Paulo). The measurements were performed in the morn-
ing, with the animals awake, considering only the values
obtained in the absence of spontaneous movement of the
tail of the animal. SBP was measured at the beginning and
at the end of the 60 day experiment (18).

Body composition

At the end of 60days of treatment, the animals were anes-
thetized with Thiopentax® (thiopental sodium, 0.1 mg/100g).
The length (in cm, measured as the distance from the tip of
the nose to the tip of the tail) was evaluated and the animals
were then submitted to Dual-energy X-ray Absorptiometry
(DXA) using a GE Lunar iDXA 200,368 instrument (Lunar,
Wisconsin, USA), with specific software (Bis 2008 Version
1220 GE Healthcare). The evaluation was carried out
blindly, since the apparatus technician did not know the
experimental protocol (19).

Gut microbiota

Animals feces samples were collected and transferred to
eppendorf microtubes and stored in a freezer (-80° C) for
further analysis. DNA from fecal samples was extracted
through the Xpedition ™ Soil/Fecal Kit. DNA MiniPrep
(Zymo, Irvine, California, USA) according to the man-
ufacturer’s instructions. Extracted DNA integrity and quality
were analyzed by gel electrophoresis in 0.8% agarose with
0.5 TBE buffer (45mM Tris- borate, 1 mM EDTA, pH 8.0).
Denaturing gradient gel electrophoresis (DGGE) of the
amplified extracted, DNA was performed using a DCode sys-
tem universal mutation detection system Bio-Rad® (VA,
USA). The products were analyzed to be applied directly to
the gel containing 6% (w/v) polyacrylamide and 0.5 x TAE
(20mM Tris-acetate [pH 7.4], 10 mM sodium acetate, 0.5 mM
EDTA). The gel contained 6% acrylamide with a gradient of
45-65% denaturant (urea and formamide). The electrophor-
esis time was 16h at 60°C and 75V. After electrophoresis,
the gel was stained for 40 min with SYBR Gold I (Molecular
Probes, Inc., OR, USA) and scanned in image capture system
STORM™ 860 Imaging System (GE Healthcare, USA).
Results were presented as dendrograms constructed after
image capture and analysis by Pearson correlation coefficients

(r). Cluster analysis was performed by the unweighted pair
group method with average linkages (UPGMA) using
BioNumerics Software (Applied Math, Belgium) (20).

Collection of blood and adipose tissue

For blood collection, the animals were fasted for 6hours
and after body composition analyzes, still anesthetized, were
submitted to the meto-pubic incision with subsequent open-
ing of the thoracic and abdominal cavities. After, the blood
was collected by cardiac puncture until total exsanguination
in tubes without anticoagulant and centrifuged at 1831 g for
20 minutes to obtain the serum, the centrifuge used was
SIGMA® brand.

Adipose tissue: retroperitoneal, mesenteric and gonadal
were excised and weighed (g) using an analytical balance
Sartorius TE214S, Chicago, USA. The weight will be cor-
rected per 100 g/body weight.

Interleukin 6 (IL-6)

Serum IL-6 concentration was performed by the Enzyme
Linked Immuno Sorbent Assay (ELISA) method using the
Rat IL-6 ELISA kit (Catalog number BMS625). In this meth-
odology, 50 LL of Matrix C are added to each well contain-
ing the standard dilutions and 50 pL of the Test Buffer to
each well containing samples. Afterwards, 50 pL of diluted
serum samples were added to the wells containing the Assay
Buffer. After incubation at room temperature for 2hours
while shaking at 1221 RCF, 100pL of IL-6 rat detection
antibody solution was added to each well. 100 pL of Avidin-
HRP A solution was added to each well, then 100 pL of
Substrate Solution F was added to each well and incubated
for 10 minutes in the dark. The wells containing rat IL-6
were blue in color with an intensity proportional to their
concentration. The reaction is stopped when adding 100 pL
of Stop Solution to each well. Solution color changed from
blue to yellow. At the end, the absorbance was read in a
microplate reader (Synergy H1 Hybrid Reader - Biotek) at
450 nm within 30 minutes.

Lipid peroxidation

Malondialdehyde (MDA) analysis was performed by the thio-
barbituric acid method (TBARS) measured according to the
method described by Ohkawa et al., where 35 L of 8.1% SDS,
385ul of 1% phosphoric acid, 210 pL of TBARS 0.6% and
70 pl serum. The tubes were capped, vortexed and placed in a
95° C dry water bath for 1hour. After this period, it was cen-
trifuged for 15minutes at 400rpm. After the centrifugation,
200 pl of the supernatant was passed to one well of the plate
(duplicate) and absorbance was measured on a microplate
reader (Synergy H1 Hybrid Reader - Biotek) at wavelength of
532nm. The standard curve was performed and the MDA
quantification present in the sample was obtained by interpol-
ation of the standard curve. The level of lipid peroxidation was
expressed in nmol of MDA/ml of serum of the animals (21).
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Table 1. Grape juice and red wine antioxidant capacity, concentration, total polyphenols and anthocyanin content.

Grape juice Red wine p
Antioxidant capacity (mgGAE/100gFW) 88.41 +£0.4492* 85.53+0.4492 0.0014
Concentration of total polyphenols (mg/mL) 0.0280 + 0.0004* 0.0177 £0.0014 0.0003
Anthocyanin contente (mg/100g-1) 7.025 +1.009* 4,965 +0.939 0.0044

*Results presented by mean + standard deviation;.
Considered significant when p < 0.05; Unipaired t test.

A B s
= 251 80+ *
é 204 § —
5 :
;é_ 154 %
g 10 = :
S @ =
(3] 5_ 8
§ S
'8 04 I.I8. T T
00 Qge Q_C‘) 0§7

Figure 2. Daily food intake in grams/day (A) and energy/day (B) of the animals followed by 60 days of experiment (n = 6/group).

Control Group, fed diet control (CG); high-fat group fed with high-fat diet (HFG); resveratrol group, fed with high-fat diet and receiving 15mL/day of resveratrol solu-
tion 4% (RG); grape juice group , fed with high-fat diet and receiving 15mL / day of red grape juice (GJG); group, fed with high-fat diet and receiving 10mL / day of
red wine (RWG). Considered significant when p <0.05. (*) when compared to the CG. ANOVA one-way, Tukey as post-test.

Table 2. Animals initial and final body mass before and after 60 days of experiment.

G HFG RG GJG RWG p
Body mass initial (g) 234+97 2303+6.3 2244+83 236+6.3 2326+53 0.07
Body mass last (g) 289.5+ 15 286.3+4.9 289.2+14 284.2+13.9 286.314.7 0.95

Control Group, fed diet control (CG); high-fat group fed with high-fat diet (HFG); resveratrol group, fed with high-fat diet and receiving
15 mL/day of resveratrol solution 4% (RG); grape juice group, fed with high-fat diet and receiving 15 mL/day of grape juice (GJG); red
wine group, fed with high-fat diet and receiving 10 mL/day of red wine (RWG). Results presented by mean +standard deviation (SD).

ANOVA one-way, Tukey as post-test.

Table 5. Animals abdominal fat mass (corrected per 100 g/body weight) after 60 days of experiment.

CG HFG RG GJG RWG p
Peritoneal adipose tissue (g) 0.85+0.17 1.17£05 1.24+045 0.85+1.26 0.79+0.4 0.4
Mesenteric adipose tissue (g) 1.09+0.42 1.15+0.33 1.35+0.33 1.06+0.19 1.03+0.26 0.48
Gonadal adipose tissue (g) 1.8+0.63 2.23+0.88 2.53+0.95 1.94 +0.45 2.5+1.08 0.46
Total abdominal adipose tissue (g) 3.93+1.45 4.55+1.62 5.12+1.62 3.86+0.57 5.06+2.48 0.5

Control Group, fed diet control (CG); high-fat group fed with high-fat diet (HFG); resveratrol group, fed with high-fat diet and receiving 15 mL/
day of resveratrol solution 4% (RG); grape juice group, fed with high-fat diet and receiving 15 mL/day of grape juice (GJG); red wine group,
fed with high-fat diet and receiving 10 mL/day of red wine (RWG). Results presented by mean + standard deviation (SD). ANOVA one-way,

Tukey as post-test.

Statistical analysis

The results were expressed through descriptive statistics as
mean and standard deviation (SD). The data were evaluated
for their normality using the Shapiro-Wilk test. For the ana-
lysis of the drinks used in the experiment, unpaired t test
was used. For comparison among groups the Kruskal-Wallis
test with Dunn’s post test or ANOVA one-way with Tukey
post test weres used when apropriate. The results presenting
p <0.05 were considered significant. GraphPadPrims version
5.0 software was used for these analyzes.

Results

From grape juice and red wine analysis used in the experi-
ment, it was possible to observe grape juice with a higher

antioxidant capacity (p=0.001), as well as higher levels of
total polyphenols (p=0.0003) and (p=0.004) when com-
pared to red wine (Table 1).

Concerning daily food intake, the groups receiving the
HFD (HFG, RG, GJG and RWG) had the highest food
intake when compared to control group (CG) (p=0.0002)
(Figure 2). There were no body mass differences among
groups before (p=0.07) and after 60days of experiment
(p=0.95) (Table 2).

There was no significant difference in SBP obtained at the
beginning of the experiment. According to SBP values meas-
ured at the end of the 60days, the GJG and RWG groups
had the lowest when compared to the HFG (Table 3).

These results demonstrate no significant difference in
animals body composition analyzed by DXA after 60 days of
experiment (Table 4). Table 5 shows animals abdominal fat
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Table 4. Animal body composition after 60 days of experiment.

CG HFG RG GJG RWG p
Length (cm) 47.83+2.13 48.67 +2.58 47.67 £3.01 46.67 +£3.07 46.5+2.73 0.63
Body mass (g) 277.5+14.92 271.2+£5.03 274.5+9.52 271+£13.54 274.2+14.82 0.87
Fatty mass (g) 49.83 +18.87 64.67 +£19.67 64.00 +£20.27 53.17+£7.62 52.8+7.19 0.1
% body fat 18.35+5.89 24.55+7.43 23.98+7.01 20.17 £3.04 2330+7.84 0.39
Lean mass (g) 219.0+£9.98 198.2+19.4 202.2+17.03 2103+ 14.73 203.2+16.6 0.2
Fatty mass trunk (g) 22.75+0.95 41+17.3 36.33+16.37 34.67+11.36 29.40+4.39 0.25
% fat torso 17.22+5.63 23.7+£743 23.38+£6.06 19.32+3.26 22.03+7.5 0.32
Lean lean mass (g) 136.5+13.91 120.6 £10.5 121.8+9.44 141.0 £20.45 121.8+11.8 0.05
Body BMD (g / cm?) 0.17£0.01 0.175+0.007 0.17£0.012 0.17 £0.004 0.18£0.008 0.57
Body CMO (g) 8.3+2.13 8.53+0.37 8.43+0.55 8.26 £ 0.45 8.5+0.31 0.73
Body bone area (cm?) 47.83+ 48.67 +2.58 47.67 +3.01 46.67 +3.07 46.50+2.73 0.63

Control Group, fed diet control (CG); high-fat group fed with high-fat diet (HFG); resveratrol group, fed with high-fat diet and receiving 15 mL/day of resveratrol
solution 4% (RG); grape juice group, fed with high-fat diet and receiving 15 mL/day of grape juice (GJG); red wine group, fed with high-fat diet and receiving
10 mL/day of red wine (RWG). Results presented by mean + standard deviation (SD). ANOVA one-way, Tukey as post-test.

Table 3. Animals SBP values before and after 60 days of experiment.

G HFG RG GJG RWG p
SBP initial (mmHg) 142.4+235 133.4+31.7 136.7 £27 143.5+34.1 149.1+£219 0.66
SBP last 162.8 £47.1 216.8+20.6 145.5+20.4 114.8 +22.5% 129+15.8 p < 0.0001
(mmHg)

Control Group, fed diet control (CG); high-fat group fed with high-fat diet (HFG); resveratrol group, fed with high-fat diet and receiving 15 mL/
day of resveratrol solution 4% (RG); grape juice group, fed with high-fat diet and receiving 15 mL/day of grape juice (GJG); red wine group, fed
with high-fat diet and receiving 10 mL/day of red wine (RWG). Results presented by mean +standard deviation (SD). Considered significant
when p <0.05. (¥) when compared to the HFG. Kruskal-Wallis, Dunn’s as post-test.
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Figure 3. Animals mean band number evaluated from the DGGE (A) and Dendrogram per DGGE (B) after 60 days of experiment (n = 6/group).

Control Group, fed diet control (CG); high-fat group fed with high-fat diet (HFG); resveratrol group, fed with high-fat diet and receiving 15mL/day of resveratrol solu-
tion 4% (RG); grape juice group, fed with high-fat diet and receiving 15mL/day of grape juice (GJG); red wine group, fed with high-fat diet and receiving 10mL/day
of red wine (RWG). Considered significant when p < 0.05. (*) when compared to the other groups. ANOVA one-way, Tukey as post-test.

mass after 60days of experiment. No significant differences
were observed in these results.

The mean number of bands (Figure 3A), indicative of
bacterial profile, was different only in the GJG when com-
pared to the other groups (p=0.002). According the coefti-
cient of similarity, it was observed no gut microbiota
similarity profile (Figure 3B).

Regarding IL-6, the GJG presented lower concentration
when compared to the HFG (p =0.003) (Figure 4).

When evaluating lipid peroxidation, it was observed GJG
had a lower TBARS concentration compared to the HFG
and the RWG had a higher concentration when compared
to the CG, RG and GJG (p=0.0001) (Figure 5).

Discussion

The present study indicates the exposure of Wistar rats to a
high-fat diet causes increased blood pressure, inflammation
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Figure 4. Animals interleukin-6 concentration after 60days of experiment
(n=#6/group).

Control Group, fed diet control (CG); high-fat group fed with high-fat diet
(HFG); resveratrol group, fed with high-fat diet and receiving 15mL/day of
resveratrol solution 4% (RG); grape juice group, fed with high-fat diet and
receiving 15mL/day of grape juice (GJG); red wine group, fed with high-fat diet
and receiving 10mL/day of red wine (RWG). Considered significant when
p <0.05. (*) when compared to the HFG. ANOVA one-way, Tukey as post-test.
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Figure 5. Animals TBARS after 60days of experiment

(n=6/group).

Control Group, fed diet control (CG); high-fat group fed with high-fat diet
(HFG); resveratrol group, fed with high-fat diet and receiving 15mL/day of
resveratrol solution 4% (RG); grape juice group, fed with high-fat diet and
receiving 15mL/day of grape juice (GJG); red wine group, fed with high-fat diet
and receiving 10mL/day of red wine (RWG). Considered significant when
p <0.05. (*) when compared to the HFG; (**)when compared to the CG, RG
and GJG. Kruskal-Wallis, Dunn's as post-test.

and lipid peroxidation. However, the intervention with grape
juice and physical exercise was able to improve this condi-
tion and also indicating beneficial effects on gut microbiota.

Grapes polyphenol content is susceptible to factors such
as grape variety used in the drink manufacture, vine loca-
tion, soil, growing conditions, climatic conditions and food
production process. The content of resveratrol in grape juice
is less than the content found in red wine and in the resver-
atrol solution, however, it is in accordance with the concen-
tration found in grape juices produced in Brazil (22).

It was possible to observe a higher antioxidant capacity,
total polyphenols and anthocyanins concentration the grape
juice used when compared to red wine. The juice and wine
samples studied were produced in different regions of Brazil
and come from different grape species, thus, one can attri-
bute the differences found between antioxidant capacity and
polyphenol content to this factor.

In Brazil, grape juices are produced with Vitis labrusca
L.grapes species, among them the varieties Isabel, Concord
and Bordo (11). Rockenbach et al. (2011) analyzed antho-
cyanins and polyphenol content concentrations in grapes
from different winemakers in Brazil and found a greater
amount of anthocyanins in the burgundy variety, although
the grapes of the cabernet sauvignon variety showed greater
antioxidant capacity (23). The juice used in the present
study came from Bordeaux and Jacques variety, thus, the
higher concentration of anthocyanins in this drink can be
attributed to this fact, since the red wine comes from a dif-
ferent grape variety, the cabernet sauvignon (23).

According to these results, it was observed a higher
food intake on groups receiving HFD when compared to
the animals receiving control diet. However, animals
body mass at the end of the experiment remained similar,
in addition to not influencing body mass, HFD intake
was not able to change body composition and adipose tis-
sue mass. Cardoso et al. (2018) observed physical exercise
contributing to body mass maintenance, even in a HFD
intake situation. This finding corroborates the results
found in the present study, since all animals started the
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study with similar body mass and performed a treadmill
running protocol, and even the groups consuming HFD
did not present a greater body mass when compared to
the group consuming control diet (14).

In the present study, the intervention period was not
enough to induce the condition in animals, but it is possible
to observe saturated fat intake inducing metabolic changes
preceding obesity.

In this study, SBP results showed animals that consumed
grape juice and red wine had lower blood pressure when
compared to HFD. Oishi et al. (2018) observed Wistar rats
feeding a high- fat diet after 12, 18 and 24 weeks with sig-
nificant increase in systolic blood pressure (SBP) when com-
pared to those feeding a control diet, corroborating to the
present findings (24). In humans, Schiiler et al. (2017) dem-
onstrated that a diet rich in saturated fat (45% of total
energy value lipids) consumption for 6weeks in healthy
adults, increased circulating concentrations of angiotensin
converting enzyme (ACE) regardless of body weight gain.
ACE is related to vasoconstriction and the consequent
increase in blood pressure (25).

Grapes and their derivatives are able to reverse this nega-
tive effect of HFD on blood pressure, demonstrating antihy-
pertensive activities due to its ACE inhibitory effect (26).
Bedé et al. (2015) evaluated liquids rich in polyphenols
intake in the blood pressure of rats fed a high-fat diet and
observed the grape juice consumption was able to reduce
blood pressure when compared to the other groups, similar
to the result found in the present study (18).

Regarding red wine effect, Del Pino-Garcia et al. (2017)
observed that the short-term polyphenol-rich powdered red
wine pomace supplementation over four weeks, progressively
decreased the blood pressure of spontaneously hypertensive
rats (SHR) when compared to normotensive rats (19).
Another study demonstrated that another benefit of the
grape is its ability to act on the endothelium, which is cap-
tured by nitric oxide and preserving an endothelium-
dependent vasodilation due to its antioxidant role (27).

A diet rich in saturated fat consumption is directly
related to risk factors for obesity and CVD, as it increases
plasma lipid levels, oxidative stress, blood pressure, endothe-
lial dysfunction and inflammation (24, 28). Inflammation is
mainly caused by oxidative stress, resulting in proinflamma-
tory cytokines increased production such as TNF-« and IL-
6. This increase occurs, since reactive oxygen species (ROS)
activate some transcription factors participating in inflam-
matory response and increase oxidative stress (24).

Resveratrol and polyphenols of grapes antioxidant prop-
erties could reduce oxidative stress by activating body’s anti-
oxidant system, preventing free radicals action and
consequently reducing inflammatory cytokines expression. It
was observed grape juice consumption associated to reduced
inflammatory profile as well as lipid peroxidation, reducing
IL-6 and TBARS levels.

A study carried out with lactating rats observed that
grape juice consumption increased antioxidant capacity and
reduced blood level of IL-6 due to its high content of poly-
phenols and Dbioactive compounds conferring anti-
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inflammatory protection to grape juice (22). In relation to
lipid peroxidation, Lacerda et al. (2018) divided male rats
into four groups to receive a standard diet or HFD and/or
conventional or organic grape juice for three months. The
authors observed that HFD increased the lipid peroxidation
in the rats serum and grape juice, both conventional and
organic, prevented this increase (28).

Already the consumption of red wine led to the increase
in TBARS concentration, and it could be explained from
Vinson et al. (2001) findings, where Hamsters receiving a
diet rich in saturated fat associated with red wine, nonalco-
holic red wine and grape juice presented significant benefit
mostly in the group consuming grape juice in a lower dose
of polyphenols than wine. In another finding, the red wine
consumption led to an increase in lipid peroxidation when
compared to red wine without alcohol, due to alcohol effects
in ROS elevation during its metabolization (29). In addition,
the wine used in the present study has added sugar during
its manufacture which may have contributed to the increase
in TBARS concentration, since sucrose stimulates ROS pro-
duction and leading to lipid peroxidation (30).

The present findings regarding wine may be related to
the presence of alcohol, which even containing polyphenols
with good availability, were not able to reduce TBARS as
observed in the GJG, showing wine inability to prevent
inflammation caused by saturated fat excess consumption.
Differently GJG, under the same conditions, induced TBARS
decrease suggesting the juice polyphenols could reduce the
inflammatory effect caused by the excessive saturated fat
consumption. In addition, no changes were observed in this
parameter in the RG, showing inability of the bioactive com-
pound alone in reduction or prevention of the inflammatory
process and ROS production.

It is found in the literature that diet rich in saturated fat
consumption induces changes in gut microbiota and inflam-
mation development associated with hyperphagia and obese
phenotype. HFD is association to local lipopolysaccharide
(LPS) production by gram-negative bacteria residing in
intestine lumen, causing intestinal permeability, with the
occurrence of extravasation of LPS into circulation, causing
systemic inflammation through cytokines production such
as tumor necrosis alpha (TNF-o) and IL-6 (31). In the pre-
sent study, similarities were not identified in gut microbiota
profile considering the use of the DGGE technique, how-
ever, the average number of bands in the group consuming
the grape juice was significantly higher when compared to
the other groups, suggesting juice consumption ability to
beneficially modulate these animals gut microbiota.

According to Zhao et al. (2017), the consumption of
resveratrol and quercetin in male Wistar rats using a diet
consisting of lard, led to a reduction in Firmicutes and
increases in bacterioids, that act in a beneficial manner in
the body, through modulation in body fat and the induced
intestinal microbiota disorder by high fat diet (32). In the
study of Van Hul et al. (2017), to evaluate the effects of con-
sumption of extracts containing cinnamon bark polyphenol
and grape marc in C57BL/6] mice fed a high-fat diet for
8weeks observed that grape marc extract was able to

decrease fat mass gain, adipose tissue and inflammation in
rats fed with an HFD without reducing food intake, also
observed a beneficial effect on glucose homeostasis (33).
These improvements were related to a significant impact on
microbiota composition, on intestinal mucosa recovery and
colon barrier integrity (33).

In another study by Colins et al. (2015), it was observed
that consuming an extractable or nonextractable fraction of
table grapes reduced the metabolic consequences of high-fat
consumption, American-type diet in C57BL/6] mice for
16 weeks. The animals that consumed the extracts containing
grape powder showed lower percentages of body fat and
amounts of white adipose tissue, improved glucose tolerance
and reduced expression of inflammatory genes. Several of
these treatment effects have been associated with beneficial
changes in intestinal bacterial community structure (34).

In the present study, the juice and wine were produced
in different regions of Brazil and came from different grape
species. Rockenbach et al. (2011) analyzed the anthocyanins
and polyphenol concentrations in grapes from different
wine-growing regions of Brazil and found a greater amount
of anthocyanins in grapes of the bresta variety, although the
grapes of the cabernet sauvignon variety had a higher anti-
oxidant capacity (23). The juice used in the present study
was derived from grapes of the variety Bordo and Jacques,
thus, the effects of juice when compared to wine can be
attributed to this fact, since red wine comes from a different
grape variety, cabernet sauvignon .

According to the present study results, the beneficial effects
to the organism promoted by grape juice consumption are
superior compared to red wine and resveratrol. In addition to
resveratrol, grape juice and red wine have anthocyanins and
other polyphenols contributing to its beneficial effects.

In the present study, beverages composition influenced
the physiological responses to the high-fat diet. Although
the resveratrol solution has a higher trans-resveratrol con-
tent than grape juice and red wine, the GR did not show
better physiological results when compared to the other
groups. It can be explained by the presence of other phen-
olic compounds as well as resveratrol bioavailability.

Resveratrol is metabolized and rapidly eliminated and,
therefore, shows a low bioavailability. After oral administra-
tion, resveratrol is absorbed at the intestinal level where it
undergoes a pre-systemic metabolism, after, or resveratrol
and its metabolites are metabolized in the liver (35). The
hepatic and duodenal sulfations that occur during the
metabolism of resveratrol decrease its bioavailability, how-
ever, a quercetin is able to inhibit these sulfations. Thus, if a
quercetin and resveratrol are the main consumed together,
such as grape juice and red wine, quercetin is able to
increase the bioavailability of resveratrol (36).

In addition, Gomes et al. (2019) observed the majority of
phenolic compounds in grapes reaching the intestinal phase
and became available for systemic absorption from the food
matrix, where grapes constituent and variety are the main
factors influencing this food bioactive properties, as well as
well as its beneficial health effects after food intake (37).
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Figure 6. Schematic representation of the possible implicit biochemical mechanisms effects observed in the present study.

Schematic representation where the green boxes represent results found in the study and the red boxes represent possible implicit biochemical mechanisms. A:
Food intake was higher in all groups receiving the high-fat diet, however, due to physical training and the intervention period, there were no changes in body com-
position and adiposity; B: Systolic blood pressure was lower in the groups receiving grape juice and red wine. Thus, it is suggested that polyphenols present in
these drinks are able to increase nitric oxide synthesis and inhibit the angiotensin-converting enzyme; C: The serum concentrations of IL-6 and TBARS were lower in
the group receiving grape juice. Thus, it is suggested that polyphenols and bioactive compounds present in grape juice promote an increase in NRF2 and reduce
NF-kB and inflammatory cytokines, promoting an increase in antioxidant system, reducing oxidative stress, inhibiting lipid peroxidation and preventing oxidative
damage to DNA; D: DNA bands number in gut microbiota was higher in group receiving grape juice. Thus, it is suggested that grape juice polyphenols and bio-
active content present in beneficially modulate the gut microbiota, promoting of intestinal barrier integrity and inhibiting the inflammatory process.

HFG: high-fat group; RG: resveratrol group; GJG: grape juice group; RWG: red wine group; IL-6: interleukin-6; TBARS: thiobarbituric acid; ACE: angiotensin converting

enzyme; NRF2: nuclear factor erythroid 2-related factor 2; TNF-o: tumor necrosis fator alfa; NF-kB: Nuclear factor-xB; ROS: oxigen reactive species.

Hence the consumption of polyphenols in its natural
matrix of whole foods, such as grape juice, is a promising
prospect for health promotion and its nutraceutical applica-
tion. Below is a schematic representation of the possible
implicit biochemical effects that were observed in the pre-
sent study (Figure 6).

There are some limitations to this study that deserve con-
sideration. Although it was showed that drinking beverages
rich in resveratrol and engaging in physical activity are cap-
able of promoting metabolic improvements in association
with gut microbiota modulation, it would be necessary to
assess gut microbiota composition and other inflammatory
markers and oxidative stress

Conclusion

Although there were no significant differences in body com-
position, it can be concluded polyphenol-rich beverages con-
sumption, especially whole red grape juice, together with
physical exercise, has the ability to reduce blood pressure,
lipid peroxidation and concentration of IL-6, and promotes
changes in the microbiota, even in the presence of HFD.
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