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Abstract: High-fat diet contributes to reduction of bone mineral density and development of cardiovascular diseases. Highfat diet promotes the release substrate for formation of atheromatous plaques as well as increase production of cytokines and
prostaglandins, interfering negatively in the concentration of osteoprotegerin - responsible for inhibiting the osteoclastogenesis.
The interest by functional foods and their effects on diseases prevention is growing. This study evaluated the effect of whole
grape juice consumption and red wine in the osteoprotegerin level and blood pressure in rats fed fat diet. They were used 40
rats Wistar Albino, adult, divided in groups: control - balanced diet; hiperlipydic – high-fat diet; wine - red wine + high-fat
diet; juice - grape juice + high-fat diet. Water and ration were offered ad libitum and grape juice and red wine daily, during 60
days. Blood pressure was measured by a tail plestimograph and interleukin 6 (IL-6) and osteoprotegerin by ELISA. Results are
expressed as mean and standard deviation. For comparison it was used ANOVA and Tukey as post-test, considering p<0.05.
Systolic blood pressure (mmHg) was lower in grape juice group than hiperlipydic and red wine groups and similar to control
group. IL-6 level (pg/mL) was lower in grape juice group than wine group, but it was similar to control and hiperlipydic
groups. Hiperlipydic and wine groups showed lower osteoprotegerin level (pg/mL) than control and juice groups. Daily
consumption of grape juice seems minimize the effects of high-fat diet in cardiovascular diseases risk and bone
demineralization, by maintaining adequate concentration of osteoprotegerin and the systolic blood pressure in animals.
Keywords: Polyphenols, Grape Juice, Red Wine, High - Fat Diet, Blood Pressure, Interleucin 6, Osteoprotegerin,
Wistar Rats

1. Introduction
The diet quality has important implications for the human
health. High-fat diet increases the risk of overweight / obesity
and is associated with risk factors for chronic noncommunicable diseases (NCDs) such as cardiovascular
disease (CVD) and bone disease [1].
The high-fat content in the diet triggers inflammatory
processes, increases the production of prostaglandins and
interleukins such as interleukin 6 (IL-6) and prostaglandin E2

(PGE2). Moreover, this type of diet induces the oxidative
stress with increased production of reactive oxygen species
(ROS), and increases the serum lipids level [2, 3, 4, 5]. These
physiological changes may promote increased blood pressure
since that inflammatory cytokines and ROS can affect the
renin-angiotensin system, and the high level of serum lipids
can be oxidized and used as substrates for the formation of
atherosclerotic plaques, directly interfering in the structure
and functionality of the blood vessels [2, 3, 6, 7].
High-fat diets, particularly in saturated fat, also reduce
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bone mineral density. It can lead to the alteration of
morphogenesis and affect the remodeling of bone due to the
inflammatory factors, directly related to the osteoprotegerin
level (OPG) [2, 3, 4, 5]. Bone homeostasis is a process
controlled by the balance of activity between osteoblasts and
osteoclasts. Osteoblasts are the cells responsible for the
production and mineralization of bone matrix [8, 9], while
osteoclasts promote bone resorption. OPG is produced by
osteoblasts a protein that acts inhibiting the maturation and
activation of osteoclasts and prevents bone resorption.
However, the secretion of OPG is decreased by inflammatory
markers. The level of IL-6 and PGE2 is increased by the
consumption of a high-fat diet and it is stimulate the preosteoclast recruitment and the higher bone resorption [10].
Nowaday, with the high mortality rate from NCDs has
been an increase in the number of studies on the functional
properties of food and about bioactive compounds that may
promote health and prevent diseases. Among these
compounds are the polyphenols, which have many benefits
described in the literature as a potent antioxidant and antiinflammatory action. Polyphenols are found in grapes and
their by-products such as grape juice and red wine [11, 12].
In recent years, the association between osteoporosis and
cardiovascular disease has been described and shows the
epidemiological and physiopathological similarities. It
highlights the relationship of dietary habits in the
development and prevention of these diseases, such as
excessive consumption of saturated fat acid and the intake of
bioactive compounds, respectively [13]. Therefore, it is
relevant to study the consumption of food with functional
properties as a protective factor against diseases caused or
aggravated by high-fat diet. In view of this, this study aims to
evaluate the effect in whole red grape juice consumption and
red wine on the systolic blood pressure, IL-6 and OPG serum
level, of rats fed high-fat diet.

2. Materials and Methods
2.1. Study Design
The research protocol was approved by the Ethics
Committee on Animal Use at the Fluminense Federal
University (UFF), Niteroi, Brazil, under hearing number
00216/10. All procedures were in accordance with Brazilian
School of Animal Experimentation – National Council for
Animal Experiments Control (CONCEA).
The experiment was performed at the Laboratory of
Experimental Nutrition (LabNE), Emilia de Jesus Ferreiro
Nutrition School, UFF. Forty female Wistar rats, with ninety
days, were obtained from the colony kept by the LabNE and
were divided into four groups: control group (CG) was fed a
balanced diet casein-based; Hiperlipydic group (HG) was fed
high-fat diet; Whole red grape juice group (JG) was fed highfat diet and whole red grape juice (15 mL / day); Red wine
group (WG) - was fed high-fat diet and red wine (10 mL/day).
All animals were kept in an individual’s cages with
controlled temperature (21-23°C) and light-dark cycle (12/12
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h). Water and diets were offered ad libitum and red wine and
whole red grape juice were offered daily.
Body mass and feed intake of all animals were recorded
weekly using precision scales (BioPrecisa® JY 50001,
precision 0.01 g) and beverage consumption (water, whole
red grape juice and red wine) were recorded daily for
graduate beaker.
2.2. Diets and Beverages
Red wine (Cabernet Sauvignon) and whole red grape juice
were obtained from local trade. Diets (balanced and high-fat)
were prepared at the place of experimentation by members of
the research and the chemical composition of the diets used is
described in Table 1. The balanced diet was prepared
according to the recommendations of the American Institute
of Nutrition - 93M – for the maintenance of the nutritional
needs of adult animals. The balanced diet contained 4% of
lipid (soy oil) and the high-fat diet contained 20% of
saturated fat (lard).
Table 1. Chemical composition of the balanced diet and high-fat diet used in
the experiment.

Carbohydrate
Protein
Lipid
Total

Balanced diet
%/100g
kcal/100g
ration
ration
77,1
308,4
12,95
51,8
4
36
94,05
396,2

High-fat diet
%/100g
kcal/100g
ration
ration
61,07
224,28
12,95
51,8
20
180
94,02
456,08

(kcal) kilocalories

2.3. Measurement of Blood Pressure
Arterial blood pressure was measured by tail
plethysmography (Insight®) as previously described by Ni et
al., 1998 [14]. Rats were preheated in a chamber at 40°C for
10 minutes, then placed in plastic restrainers. A cuff with a
pneumatic pulse sensor was attached to the tail. Rats were
allowed to habituate to this procedure for 7 days before
experiments were performed. Blood pressure values were
recorded, at least in three consecutives readings, obtained
from each rat. The procedure was performed in a climatecontrolled room.
2.4. Sacrifice and Biochemical Tests
At the end of the experiment, the animals were submitted
to vaginal wash procedure for determining the estrus cycle
phase. Rats in the “estrus” phase were separated for sacrifice
after six hours of fasting.
The animals were anesthetized with an intraperitoneal
injection of xylazine hydrochloride: ketamine (1: 1) at a dose
of 0.1 mL / 200 g body weight. Blood samples were collected
via cardiac puncture, aliquoted, centrifuged at 3000 rpm,
during 20 minutes, for obtaining plasma and serum. Serum
samples were used to determine the OPG and IL-6
concentration, by Enzyme-Linked Immunosorbent Assay
(ELISA).
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2.5. Statistical Analysis
The results were presented using descriptive statistics such
as mean and standard deviation. One-way ANOVA was used
to compare means among groups and Tukey test was used as
post-test. Significance level of 5% was adopted using the
GraphPad InStat software (version 3.10, 2009) to perform the
analyses.

3. Results

The blood pressure of animals of the JG (117.80 ±
0.24mmHg) showed lower (p<0.05) systolic blood pressure
compared to HG (181.37 ± 12.86 mmHg) and WG (172.55 ±
15.24 mmHg), but similar to the CG (152.53 ± 10.30 mmHg)
- Figure 1.
Concentration of IL-6 (pg/mL) was lower (p<0.05) in JG
(39.37±5.25 pg/mL) than in the WG (51.49±7.17 pg/mL), but
it was similar to CG (42.73±6.85 pg/mL) and HG
(43.42±7.10 pg/mL) - Figure 2.

At the end of the experiment, it was observed that water
intake was similar in all groups, the ingestion of beverages
rich in polyphenols was higher (p <0.05) in JG than WG and
in the groups that received the high-fat diet was observed a
trend of lower feed intake than in CG. However, there was no
difference in the total energy consumed daily by the animals,
neither with regards to the increase of body weight,
throughout the study "Table 2".
Table 2. Beverage consumption, feed intake, total energy consumed and body
weight gain of the different study groups.
Beverage
consumption
rich of
polyphenols
(mL/100gBM)

Feed intake
(g/100gBM)

CG

-

6.01±1.34

22.59

77.93±47.75

HG

-

5.15±1.16

23.48

86.37±51.79

JG

3.74±1.66

b

4.84±1.29

24.31

76.79±54.15

WG

1.95±0.32a

4.67±1.61

22.96

80.02±61.28

Total energy
consumed
(kcal/100gBM)

Body
weight
variation
(g)

Different superscript letters represent significant differences between the
groups (p<0.05); Control group (CG) - the balanced feed; Hyperlipidic group
(HG) – high-fat diet; Whole red grape juice group (JG) – high-fat diet +
whole red grape juice, Red wine group (WG) – high-fat diet + red wine.
Total energy consumed - equivalent to kilocalories offered by diet added to
drinks. mL – milliliter; g – grams; BM - body mass; kcal – kilocalories; p
value* within same column. Statistical analysis: one-way ANOVA and
Tukey for mean comparison between groups.

Figure 1. Systolic blood pressure (mmHg) of different study groups.
Different superscript letters represent significant differences between the
groups (p<0.05); Control group (CG) - the balanced feed; Hyperlipidic group
(HG) – high-fat diet; Whole red grape juice group (JG) – high-fat diet +
whole red grape juice, Red wine group (WG) – high-fat diet + red wine.
Statistical analysis: one-way ANOVA and Tukey for mean comparison
between groups.

Figure 2. Seric interleukin 6 level (pg/mL) of the differents studied groups.
Different superscript letters represent significant differences between the
groups (p<0.05); Control group (CG) - the balanced feed; Hyperlipidic group
(HG) – high-fat diet; Whole red grape juice group (JG) – high-fat diet +
whole red grape juice, Red wine group (WG) – high-fat diet + red wine.
Statistical analysis: one-way ANOVA and Tukey for mean comparison
between groups.

Regarding OPG (pg/mL), the HG (198.0±40.47pg/mL) and
WG (264.4±34.39 pg/mL) showed lower OPG level
(p<0.05pg/mL) than CG (481.66±240.67pg/mL) and JG
(407.33±132.08pg/mL) - Figure 3.

Figure 3. Seric osteoprotegerin level (pg/mL) of the different groups studied.
Different superscript letters represent significant differences between the
groups (p<0.05); Control group (CG) - the balanced feed; Hyperlipidic group
(HG) – high-fat diet; Whole red grape juice group (JG) – high-fat diet +
whole red grape juice, Red wine group (WG) – high-fat diet + red wine.
Statistical analysis: one-way ANOVA and Tukey for mean comparison
between groups.
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4. Discussion
Several studies have linked the consumption of high-fat
diet with risk factors for cardiovascular and bone disease [2,
3, 4, 5]. The excess of dietary fat has been associated with
atherogenic processes and osteoporosis triggered by different
factors that can be caused by changes in serum lipid levels
and inflammatory markers [5, 10].
In addition, high-fat diets are also related to the body
weight gain [15, 16]. However, throughout the experiment
there was no difference in food consumption and body mass
gain of the animals, but there was a trend of lower feed intake
in the groups that received the high-fat diet. It is suggested
that the animals are able to regulate their feed intake by the
total consumed energy [16, 17, 18]. The same was observed
in the study by [19], they observed lower dietary intake in the
group that received diet rich in fat compared to the group that
consumed balanced diet. In the present study, we observed
lower feed intake of animals from JG and WG. These results
are probably related to the intake of grape juice and red wine,
respectively. It can be explained due to the fact that these
beverages are additional source of energy and may have
contributed to the satiety of animals.
There are reports that the bioactive compounds in the
grape juice are cardioprotective, primarily for its
antioxidant and anti-inflammatory activity [20, 21, 22, 23].
A study [24] showed that rats fed with high-fat diet for 12
weeks leaded to a significant increase in systolic blood
pressure. Similar results were found in this study, where the
consumption of grape juice seems to minimize the effect of
the high- fat diet on systolic blood pressure in animals that
received grape juice daily. Studies indicate that the greatest
benefit of the grape juice is its ability to act on the
endothelium, increasing nitric oxide synthesis and
preserving the endothelium-dependent vasodilation, due to
the antioxidant capacity of the drink [22]. Moreover, other
authors assert that polyphenols of grape juice can minimize
the increase in the low density lipoprotein level (LDL) and
prevent oxidation, while reduces the formation of
atherosclerotic plaques in blood vessels, preventing platelet
aggregation and oxidative damage [25, 26]. These
hypotheses help explain the results found in the JG.
Animals fed during weeks with high-fat diet showed
inflammatory changes such as increased levels of PGE2,
ROS [2] and increase in serum pro-inflammatory cytokines
(IL-1 - interleukin 1, TNF - tumor necrosis factor, IL-6) [3].
However studies have shown that polyphenols present in the
grape juice and red wine are protective to the organism,
inhibiting pro-inflammatory pathways, and reducing the
expression and synthesis of TNF, IL-1 and IL-6 released
from monocytes [27]. Corroborating these finds, [28] found
lower values of IL-6 in the group receiving high fat diet
supplemented with resveratrol, compared to the control
group. The findings of the present study are in accordance
with the literature [28], where was observed a trend of lower
IL-6 level, probably due to anti-inflammatory effect of the
polyphenols present of the grape juice. It can be emphasized
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that these effect was not observed in animals that received
red wine, suggesting that the alcohol content of the wine can
inhibit the anti-inflammatory effect of the polyphenols.
In relation to OPG, it is suggested that the high level of IL-6
in the HG and WG may have acted suppressing the expression
and release of OPG. The OPG acts on bone physiology and it
is responsible for inhibiting osteoclast activity in bone
resorption. The lower level of OPG enables greater bone
resorption, with increased serum concentrations of calcium and
risk of vascular calcification in the arteries, promoting and / or
exacerbating the atherosclerosis process which can be
triggered by high-fat diets. As a result of physiological
changes, blood vessels lose elasticity, an increase cardiac work,
increased blood pressure and increased mortality from
cardiovascular and bone disease [4, 5].

5. Conclusion
The consumption of whole red grape juice seems to be
able to minimize the effects of the high fat diet on the
cardiovascular risk and in the bone desmineralization,
maintaining proper systolic blood pressure and the adequate
level of IL-6 and osteoprotegerin in the animals. It can be
emphasize that the results of this study suggest that the
consumption of red wine did not show any benefit to the
animals.
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