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ABSTRACT

Background: Emerging evidences have been pointed
out that exercise in combination with dietary factors
is able to affect molecular events related to synaptic
plasticity and cognitive improvement. Therefore, this
study sought to verify the impact of grape juice con-
sumption and/or exercise in plasma neurotrophic fac-
tor (BDNF) levels and memory performance in elder-
ly women. Methods: Nineteen healthy elderly women
were randomly distributed in two groups: Grape Juice
Group (GJG, n=9) and Grape Juice + Exercise Group
(GJEG, n=10). The GJG was instructed to drunk dai-
ly the grape juice (400 ml) for 30 days, while the
GJEG was also submitted to a physical exercise inter-
vention (twice a week, 60 min/session). Memory
function was assessed via the MoCA (Montreal Cog-
nitive Assessment) and blood sampling was taken for
BDNF analysis pre/post intervention in both groups.
Results: It was observed a significant increase on
BDNF levels in GJG (p=0.000) and GJEG (p=0.041)

after intervention, while the memory improvement
was verified only in GJEG (p=0.024). No differences
between groups were found in the variables. Conclu-
sion: In conclusion, the grape juice consumption per
se is capable to modulates/increases BDNF levels,
response that was not potentiated by exercise prac-
tice. On the other hand, the memory performance was
improved only when grape juice consumption is com-
bined to exercise intervention in healthy elderly
women.

Keywords: BDNF, cognition; elderly women, exer-
cise, grape juice, memory.

INTRODUCTION

According to the World Health Organization (WHO),
the current scenario is characterized by a progressive
increase in the elderly population [1]. This is a chal-
lenge that requires attention since the aging process is
characterized by a remarkable decrease in cellular
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and molecular functions that can lead to body homeo-
stasis imbalance which might be linked to the inci-
dence of several diseases and cognitive decline [2]. In
this context, decreased levels of brain-derived neu-
rotrophic factor (BDNF) have been pointed out as a
pivotal hallmark widely linked to the aging-related
cognitive impairment as well is a primary mechanism
that contributes to neurodegeneration [3.4].

The BDNF is a member of the neurotrophin fami-
ly of proteins that plays an important role in neuro-
plasticity [5,6], essential in promoting axonal guid-
ance, synaptic plasticity, neuronal growth and devel-
opment and is also involved with learning/memory
processes [4,7]. Importantly, BDNF can cross the
blood-brain barrier in a bidirectional manner, as well
it was also reported that the peripheral levels of this
neurotrophin seem to present a strong correlation
with cerebrospinal fluid levels [8]. Therefore, plasma
BDNF levels have been used as a biomarker in sever-
al clinical studies [9-11]. In view of all these consid-
erations, strategies that modulate peripheral levels of
BDNF should be consider important tools among el-
derly.

In this sense, Shephard and colleagues (1999) re-
ported the importance of the regular practice of physi-
cal exercise against aging-associated health problems
[12]. In fact, some research groups have been high-
lighting BDNF upregulation in peripheral blood of
elderly women in response to different exercise pro-
tocols [13,14]. Moreover, it was showed that increas-
ing BDNF levels through exercise can positively af-
fect brain function [13] and induce neurogenesis in
hippocampus [15]. Recently, Kim and colleagues
(2018) showed that a single bout of exercise session
can enhances BDNF levels and improves memory
performance in middle-aged women [13]. Similarly,
it was also reported that chronic exercise interven-
tions-induced BDNF increase and memory improve-
ment in elderly [16].

In addition to the regular physical exercise prac-
tice, some dietary components have been also be-
lieved to promote brain benefits in elderly. Specifical-
ly, it was reported that the oral administration of
resveratrol enhanced BDNF levels in rat hippocam-
pus, suggesting that the neuroprotective effects of this
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compound is related, at least in part, to increased lev-
els of this neurotrophin [17]. In addition, the con-
sumption of grape juice, a very rich source of resvera-
trol, it was capable to reverse the course of neuronal
and behavioural aging [18] and increase BDNF levels
in frontal cortex of aged Wistar rats [19]. In humans,
the grape juice consumption demonstrated to improve
memory and cognitive functions in older adults with
early memory decline [20] and mild memory decline
[21]. Despite these findings, clinical studies regarding
the impact of grape juice on BDNF modulation and
the link between memory performance in elderly are
scarce.

Interestingly, emerging experimental and clinical
findings have been providing evidence for improved
physical endurance in response to resveratrol and
grape juice consumption [22,23]. Specifically, it was
demonstrated that aged mice that received resveratrol
(15 mg/kg/day) in combination to 4 weeks of exercise
training showed significant longer time to exhaustion
when compared to the group that only was submitted
to the exercise intervention [23]. Furthermore, Tosca-
no and colleagues (2015) also showed an ergogenic
effect of grape juice consumption (10 mL/kg/min for
28 days) in young recreational runners by promoting
increased time to exhaustion [22]. Although, the mo-
lecular mechanisms related to these responses are not
elucidated.

Therefore, the current study aimed to investigate
the effect of grape juice consumption and/or exercise
in the modulation of BDNF levels and memory per-
formance in healthy elderly women.

MATERIALS & METHODS
Subjects

This study was approved by The Research Ethics
Committee of the Centro Universitario Metodista—
IPA (2.533.844) and performed in accordance with
the principles laid down in the Declaration of Helsin-
ki. Written informed consent was obtained from all
participants before enrolment in the study.

Nineteen healthy elderly women were randomly
(www.randomizer.org) distributed in two groups:
Grape Juice Group (GJG, n=9) and Grape Juice +
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Exercise Group (GJEG, n=10). It was included in the
study women over 59 years of age who were able to
walk without using orthoses. The presence of neuro-
logical, cardiac and musculoskeletal diseases that
made it impossible to carry out physical exercise, the
inability of verbal communication with the investiga-
tors and the risk of deep vein thrombosis were consid-
ered exclusion criteria.

Grape juice

The grape juice (Vitis labrusca L. variety Bordo) was
kindly provided by Nova Alianca Winery, Flores da
Cunha, RS, Brazil and was from the harvest of 2015
and all from the same lot. The juice was in tetra-
pack® packed in a 200mL presentation.

Determination of Total Phenolic Content and Major
Compounds

Total phenolic content of the extract was measured by
using the Folin—Ciocalteu colorimetric method, ac-
cording to Singleton and colleagues (1999) [24]. Phe-
nolic content of the grape juice was expressedas mg
of gallic acid equivalents (GAE) /L. Flavonoids were
monitored by UV absorbance at 350 nm. All chroma-
tographic procedures were performed at 25 °C. To
quantify the main tannins, the extract was eluted at 1
mL/min (20 pL injection volume) using an isocratic
mobile phase 90% acidic water (5% acetic acid) and
10% acidic methanol (5% acetic acid). The values
were expressed in mg of quercetin equivalents (g EQ/
L) [25]. Identification and quantification of the major
compounds in the beverages was performed by
HPLCanalysis, using an HP 1100 system equipped
with a UV/VIS detector (Santa Clara, CA, USA).
Compound separation was performed with a 5 pm Li-
Chrospher RP18 column (250 mm x 4 mm) at a flow
rate of 1 mL/min. The beverages were filtered on a
Millipore membrane (0.45 pm) and 20 pL injected
into the device. Analysis of flavonoids was performed
using a binary solvent system consisting of methanol
(solvent A) and a water/acetic acid mixture (100/2)
(solvent B) as the mobile phase unit. Gradient condi-
tions were: 15% solvent A and 85% B (0-30 min),
40% solvent A and 60% B (30—40 min), 75% solvent
A and 25% B (4045 min), and 85% solvent A and
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15% B (45-50 min). All the isolated polyphenols
content was expressed in pg/mL of juice.

Experimental Design

Firstly, all participants were tested in the morning to
avoid potential circadian variations. They were sub-
mitted to a physical examination, the evaluation of
physical activity assessed by the International Physi-
cal Activity Questionnaire (IPAQ) and a rest blood
sampling was taken from antecubital vein of the indi-
viduals (15 mL) for BDNF analysis. They were in-
structed to avoid strenuous physical exertion and al-
cohol or caffeine in a 24-hour period prior to the
blood collection. Subsequently, the volunteers re-
ceived all the required amount of juice for the thirty
days, consuming 400ml of grape juice daily. The GJG
only drunk the juice during this period, while the
GJEG was submitted to a physical exercise interven-
tion. E-mails, text messages, and phone calls were
made in order to remind the participants about the
consumption requirements. After 30 days, the partici-
pants were submitted to a new physical examination
and blood collection while the first evaluation.
Memory function was assessed via the MoCA
(Montreal Cognitive Assessment) at baseline and post
intervention in both groups.

Exercise protocol

The GJEG was submitted to a concurrent exercise
protocol, i.e. the combination of aerobic and re-
sistance training, carried out in the gymnasium of the
Centro Universitario Metodista — IPA. The interven-
tion was done in group, for 30 days, twice a week, in
the morning period (10:30 a.m. to 11:30 a.m.). Brief-
ly, the meetings of the session were divided into three
moments: Firstly, heating and stretching (10 min),
followed by exercises of strengthening, balance, func-
tional capacity, motor coordination, cognition (40
min). In these circuits were used exercises of dynamic
and static balance and postural control in different
positions and in different surfaces and planes. Weight
transfers, trunk rotations, walking in a straight line
and 1in circuits with tasks and associated tasks, and /
or motor, resisted exercises for the upper sessions,
squatting associated with the resistance motor task,
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among other variations. Finally, stretching and relax-
ation exercises were performed (10 min). Throughout
the intervention, the progression of the exercises was
applied through the acceptance of participants. Ad-
herence/frequency to the intervention was measured
by attendance in each session (adapted from Tanaka
and colleagues, 2016) [26].

Sample preparation and determination of BDNF
levels

Blood samples (approximately 15 ml) were taken in
the antecubital vein of individuals before and after
intervention. Histopaque® (Sigma-Aldrich 1077) was
added into the collected sample in a 1:1 proportion in
a conical tube and then centrifugation was held at
1500 rpm for 30 minutes at room temperature. After-
wards, the “buffer coat” was removed from the por-
tion between plasma and Histopaque®. The plasma
was collected and stored in conical tubes of 1.5 ml, at
-80°C, for later determination of BDNF levels. Plas-
ma BDNF levels were determined with the ELISA
method, from Sigma-Aldrich commercial kit (catalog
number RAB0026) according to the manufacturer’s
instructions. Briefly, the sample and BDNF specific
standards were added to ELISA microplate and incu-
bated for 2.5 hours at room temperature. Subsequent-
ly, the solutions were discarded, and the same plate
was washed 4 times with wash buffer (PBS, Tween
20 0.01%). After washing, the secondary antibody
bound to biotin was added and incubated for 1 hour
at room temperature with gentle agitation. The plate
was again washed with wash buffer and streptavidin
solution was added and the plate was incubated at
room temperature for 45 minutes with gentle agita-
tion. The solution was discarded, and the plate put
through the washing process. Tetramethylbenzidine
(TMB) was added, and then it was incubated for 30
minutes at room temperature, in light deprivation,
with gentle agitation. The stop solution was added,
and the plate was read in a spectrophotometer at a
wavelength of 450nm. The plasma BDNF levels were
expressed as ng/ml.
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Memory performance assessment

The memory was evaluated by The Montreal Cogni-
tive Assessment (MoCA), a screening tool developed
to detect cognitive impairment by assessing various
domains of cognition including attention, executive
function, memory, language, visuospatial skills, con-
ceptualization, calculation, and orientation. It is a
simple 10-min paper-and-pencil test that takes only
approximately 10 minutes to complete. The maxi-
mum MoCA score is 30 and total scores of less than
26 points may be indicative of cognitive impairment
[27,28].

Evaluation of physical activity

The International Physical Activity Questionnaire
(IPAQ - short version) was used to assess the level of
physical activity, addressing activities performed at
work and at home, such as going from one place to
another, leisure or sports, and activities at home such
as caring of the garden, differentiating them in vigor-
ous or moderate. The short form of evaluation is
composed of four questions, each of these questions
separated into "a" and "b", in which the individual
must answer how many hours a day or per week per-
forms the activity described. According Matsudo and
colleagues (2001) the classification is made by 5 cat-
egories: 1) Very active: The subject must have per-
formed vigorous activities for > 5 days / wk and > 30
minutes per session or > 3 days / wk and > 20
minutes per session plus moderate activities and / or
walk for > 5 days / wk > 30 minutes per session. 2)
Active: To be considered active, activities should add
up to > 150 minutes / day between walking, moderate
and vigorous activity. 3) 3.1) Irregularly active A: In
this category, the individual must have performed
activities with a frequency of 5 days / week or with a
sum of 150min / week. 3.2) Irregularly active B: This
individual is classified because it did not reach the
criteria of frequency and duration, but that carries out
physical activity. 4) Sedentary: To be considered sed-
entary the individual did not perform more than
10min / without continuous physical activity [29].
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Statistical analysis

The differences in BNDF levels and MoCA score
between groups and the moments (before and after)
were performed by generalized estimating equation
(GEE). The data were expressed as mean + S.EM
and p < 0.05 indicates significant difference. All anal-
yses were carried out using IBM SPSS 22.0.

RESULTS

The total phenolic compounds observed in grape juice
was 2.08 + 0.019 g EAG/L, the flavonoids content
was 0.258+ 0.049g EAG/L. The majority polyphenols
were: galic acid (4.92+ 0.11 pg/mL), epigalocatechin
(0.33 + 0.005 pg/mL), epicatechin (3.08 = 0.06 pg/
mL), catechin (15.41+ 0.59 pg/mL) and epigallocate-
chin gallate (4.13+ 0.05 pg/mL).

During the program, no participants withdrew, and
mean attendance to the exercise sessions was highly
consistent (~97%). The groups proved to be homoge-
nous in all basal characteristics, as described in Table
1.

Table 1. Sample characteristics

Group Before After

GJG (n=9) Age (years) 69.2+8.2

IPAQ (score) 3.2+0.4

Prevalence of smoking/diseases

Smoking 1(11.1%)

Hypertension 3(33.3%)

Anthropometric

data

Body mass (kg) 61.83£12.17 63.03£11.71

BMI (kg/m?) 24.62+3.87 25.65+4.55
GJEG (n=10)  Age (years) 68.0+8.2

IPAQ (score) 3.2+¢0.9

Prevalence of smoking/diseases

Smoking 0 (0.0%)

Hypertension 4 (40.0%)

Anthropometric

data

Body mass (kg) 68.40+11.10 68.31+10.80

BMI (kg/m?) 28.27+4.45 28.23+4.33
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It was observed a significant increase on BDNF levels
in both groups after intervention, as described in Fig-
ure 1 (GJG, p=0.00; GJEG, p=0.041). However, as
highlighted in Figure 2, the memory improvement
was verified only in GJEG (p=0.024). No differences
between groups were found in BDNF analysis and
memory performance.
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Figure 1. The impact of exercise and/or grape juice
consumption on plasma BDNF levels of elderly wom-
en. *p<0.05 determined by Generalized Estimating
Equations (GEEs).

*
30 — a6
I GIEG
204
<
2
=
104
0 T T
@ L & A Y
K ¥ F T

Figure 2. The impact of exercise and/or grape juice
consumption on memory performance of elderly
women. *p<0.05 determined by Generalized Estimat-
ing Equations (GEEs).

DISCUSSION

It is widely known that a healthy diet and the regular
exercise practice are linked with a reduced risk of
cognitive decline and this response is related, at least
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in part, to BDNF upregulation [30]. In view of these
considerations, the current study sought to investigate
the impact of grape juice consumption and/or exer-
cise on BDNF modulation and memory performance
in healthy elderly women.

Interestingly, a significant BDNF enhancement
after intervention was observed in GJG and GJEG
women. These data could be partially related to ex-
perimental findings obtained by Dani and colleagues
(2017) showing that 30 days of grape juice consump-
tion was able to increase BDNF levels in frontal cor-
tex and hippocampus from Wistar rats, suggesting
that this period of consumption is enough to induce
neuroplasticity [19]. In this study the authors showed
that the flavonols content (mainly epicatechin) could
provoke a significant increase in BDNF levels. Ana-
lysing the phenolic content in our study, we observed
that the total phenolic content is like observed in oth-
er studying with Brazilian grape juices [31]. Howev-
er, when we analyse de catechins levels, it was found
that the catechin content is the majority, the values
are higher than observed by Dani and colleagues
(2017) [19] but lower than Toaldo and colleagues
(2015) [31]. Some studies are showing that the poly-
phenols could exerted an important effect in neuro-
trophin levels, promoting anxiolytic and antidepres-
sive effect in different models [32,33]. Flavonoids, a
large part of polyphenols obtained from plants, are
speculated to be effective in the treatment of several
CNS disorders such as depression [34,35]. Altogeth-
er, these data support the idea previously suggested
that natural products rich in flavonoids, which in-
crease the BDNF levels, are promising [19].

To the best of our knowledge, this is the first clin-
ical evidence demonstrating the impact of a com-
bined intervention of exercise training and grape
juice consumption on BDNF modulation. Although it
was previously described in animal studies that exer-
cise can potentially overcome the impact of the diet
[36] as well could increase hippocampal BDNF lev-
els in rats with diet induced cognitive decline [37],
we did not observe differences between the evaluated
groups in the present study. Van Praag et al. (2007)
analysed the effect of 6 weeks of daily (—)-
epicatechin consumption with or without running, in
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genes expression in hippocampal tissue. They ob-
served that only the flavonol consumption, without
running, increased the genes associated with learning,
synaptic plasticity, and angiogenesis and the genes
relevant to learning deficits and neurodegeneration
were decreased. When they associated the (—)-
epicatechin treatment with running they did not ob-
serve this modification [38]. Taken together, these
findings reinforce the neuroprotective effects of
chronic grape juice consumption per se.

It is important to note that the GJEG women were
submitted to a 4-week exercise program intervention.
Considering that it has been proposed that the magni-
tude of exercise effects on BDNF modulation possi-
bly increases over time, with higher enhancements of
this neurotrophin in response to larger volumes of
training [39,40], we might suggest that the exposure
time of our exercise protocol was insufficient to po-
tentiate the effect of grape juice consumption on neu-
roplasticity in elderly women. Thus, it is recommend-
ed that future investigation with longer periods of
physical exercise should be done in order to elucidate
this issue.

Several animal trials have been demonstrating the
beneficial effects of daily supplementation with grape
juice on brain function during the aging process,
what is able to reverse the learning impairment and
improve the cognitive performance [18,41]. Similar-
ly, these responses have been also observed in hu-
mans. For instance, after 12 weeks of grape juice
supplementation [21], a significant improvement on
cognitive performance in healthy middle-aged indi-
viduals without effect on depressive symptoms was
found. In accordance, healthy adult women also
showed important improvements in immediate spatial
memory following 12 weeks of daily grape juice con-
sumption [42]. Contrarily to these findings, in our
study, the memory performance was not improved in
the GJG. A possible factor that could justify this re-
sponse is the protocol duration that we used. Our data
could be related to those reported by Haskell-Ramsay
who recently showed that the acute grape juice con-
sumption did not influence the memory performance
in healthy young adults [43]. These findings led us to
hypothesize that repeated/chronic consumption of
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grape juice is required to induce improvements in
memory performance.

Another aspect that should be considered is the
age of participants cited in the studies. Although
there is no evidence in the literature demonstrating
the effects of age in response to grape juice consump-
tion on memory and other clinical-functional out-
comes, it has been reported in experimental findings
that the consumption of polyphenols acts in an age-
dependent manner in some biomarkers, which could
affect some clinical data [44]. Then, these results led
us to infer that the age and time of grape juice con-
sumption might be strictly related to its impact on
memory performance.

A remarkable point to discuss is that, different
from GJG, a significant improvement in memory per-
formance was found in GJEG. Our data can be par-
tially related to those recently obtained by Dahlgren
and co-workers (2018) who showed in a case study
that a high intensity interval training during 12 weeks
in combination to a ketogenic nutrition protocol dur-
ing were able to improve the memory performance
assessed by MoCA in a 57 year old female [45]. The
ketogenic diets, characterized to be high in fat and
have low levels or no carbohydrate and low or nor-
mal levels of protein [46], seem to promote cell
growth and regeneration in the brain and have been
widely used for treating brain disorders including
Parkinson's disease [47], Alzheimer's disease [48],
amyotrophic lateral sclerosis [49] and brain ischemia
[50]. In this context, it is important to note that
BDNF enhancement has been linked to the neuropro-
tective effects of ketogenic diet [51]. Although it is
impossible to establish at this moment the exact clini-
cal relevance of our data, these findings may suggest
that nutritional components that act as a powerful
BDNF modulator, such as grape juice, may be con-
sidered important allies to improve memory abilities
in elderly.

CONCLUSION

Summarizing, our data presents a first attempt to
bridge the gap between grape juice consumption and/
or exercise-induced neuroplasticity and cognitive
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improvement in healthy elderly women. When com-
bining this data, it appears entirely possible that the
grape juice consumption per se is capable to increas-
es BDNF levels, response that was not potentiated by
exercise practice. On the other hand, the memory
performance was only improved in the GJEG, sug-
gesting that exercise practice in combination to
grape juice consumption might be consider a non-
invasive and effective strategy to improve this func-
tional clinical outcome in healthy elderly women.
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