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Abstract

Cardiovascular disease (CVD) is currently the leading cause
of death in Brazil and worldwide. In 2016, CVD accounted
for more than 17 million deaths, representing 31% of all
deaths globally. Molecular and genetic mechanisms may be
involved in vascular protection and should be considered in
new therapeutic approaches. In this sense, recent studies have
reported that brain-derived neurotrophic factor (BDNF) is
reduced in individuals predisposed to develop CVD, and that
aerobic physical training increases the amounts of circulating
BDNF. BDNF is a neurotrophin found at high concentrations
in the hippocampus and cerebral cortex and is considered a
key molecule for the maintenance of synaptic plasticity and
survival of neuronal cells. In addition to neuronal plasticity,
BDNF is also important in vascular function, promoting
angiogenesis through the regulation of reactive oxygen species
(ROS). However, a variant of the BDNF gene in humans,
the Val66Met polymorphism (substitution of the amino
acid valine for a methionine at position 66 of the codon),
occurring in 20-30% of the Caucasian population, may affect
plasma BDNF concentrations and its activity in all peripheral
tissues containing tyrosine kinase B receptors (TrkB), such as
the endothelium. Thus, we will present a discussion about
the role of serum BDNF levels in cardiovascular protection,
Val66Met genetic variant in vascular reactivity and the effect
of physical exercise.

Introduction

The main causes of death from noncommunicable
diseases are cardiovascular diseases (CVD). Across the
world, CVD deaths increased 12.5% between 2005 and
2015, reaching 17.9 million deaths.” In Brazil, CVD
mortality accounted for 28% of all deaths in the last five
years, accounting for 38% of all deaths in the productive
age range (18 to 65 years).’

Keywords

Cardiovascular Diseases/mortality; BDNF; Brain-Derived
Neurotrophic Factor; Endothelium Vascular; Nerve Growth
Factors; Neuronal Plasticity; Polymorphism; Exercise.

Mailing Address: Ivani Credidio Trombetta *

Universidade Nove de Julho (UNINOVE) - Rua Vergueiro, 235/249.

Postal Code 01504-001, Sao Paulo, SP — Brazil

E-mail: ivani.trombetta@gmail.com, ivani.trombetta@uni9.pro.br
Manuscript received June 07, 2019, revised manuscript February 03, 2020,
accepted March 16, 2020

DOI: https://doi.org/10.36660/abc.20190368

The most relevant CVD in terms of public health are heart
(coronary artery disease and heart failure) and cerebrovascular
diseases. Risk factors for CVD are well known (among them,
obesity, dyslipidemia, diabetes and sedentary lifestyle).
However, its molecular basis is complex and is linked to a
wide range of biological pathways, including lipid and glucose
metabolism, inflammation, vascular repair and angiogenesis.

The main etiology of CVD is atherosclerosis, a complex
chronic inflammatory process of the arterial wall that involves
the recruitment and activation of cells in the lesion of the
intima layer. This endothelial cell activation by inflammatory
cytokines and oxidized lipoproteins, followed by increased
adhesion of circulating blood monocytes to the endothelium
and migration of vascular smooth muscle cells into the
developing neointimal layer, leads to the development of the
atherosclerotic plaque, progressively obstructing the vascular
lumen and reducing blood flow.* In addition, atherosclerosis
occurs in endothelial dysfunction, characterized by reduced
bioavailability of nitric oxide (NO) on the wall of blood vessels.*

Endothelial dysfunction is a marker of cardiovascular
risk and is present in CVD such as hypertension, coronary
artery disease and chronic heart failure.” Several factors have
been associated with the endothelium-dependent blood
flow modulation, such as the bioavailability of L-arginine,
tetrahydrobiopterin (BH4), LDL-cholesterol and vascular
endothelial growth factor (VECF) levels, among others.*

Although the brain-derived neurotrophic factor (BDNF)
is directly related to the health of neurons,® translational
and clinical experimental studies have demonstrated their
strong association with the vascular system. In fact, initially
neurotrophins had their actions identified basically in the
development and maturation of the nervous system. However,
since the late 1990s, strong evidence has emerged in the
literature that neurotrophins are implicated in important
cardiovascular functions.” More recently, an important study
has demonstrated the association of circulating BDNF to
the vascular system, specifically angiogenesis, through the
regulation of reactive oxygen species (ROS).® Thus, in addition
to the nervous system function, accumulated evidence suggests
that BDNF is also important for the cardiovascular system.

Because of the association between BDNF and angiogenesis,
increased vasodilation and tissue perfusion, this neurotrophin
is another important link between lifestyle and vascular health,
with repercussions on brain structure and cognitive function in
older adults.” A lifestyle that includes cognitive engagement,
regular exercise, and a healthy diet is a key strategy to maintain
brain health during the aging process.’

In this context, several studies have shown that exercise is
one of the main factors in increasing serum BDNF levels'-'2
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and that increasing BDNF levels is the key element that links
exercise to cognitive benefits.'> However, variations in the
levels of circulating BDNF, including its increase in response
to physical training,'? can be explained by a genetic variant
of BDNF, a functional single-nucleotide polymorphism (SNP),
responsible for the substitution of the amino acid Valine
to Methionine at position 66 of the codon. The Val66Met
polymorphism, a condition that occurs in 20-30% of the
Caucasian population,''® impairs both regulated secretion
and intracellular traffic of BDNE'#'7 These new findings
have opened a new field of research in cardiovascular and
therapeutic medicine.

Brain-Derived Neurotrophic Factor (BDNF)

BDNF is the most expressed neurotrophin in the central
nervous system, found at high concentrations in the
hippocampus and cerebral cortex. Itis a key molecule involved
in the maintenance of synaptic plasticity and synaptogenesis
of the hippocampus, a site of memory acquisition and
consolidation.'®' The altered production and secretion of
BDNF have been demonstrated in several neurodegenerative
disorders , such as Alzheimer’s and Parkinson’s disease.?0-?
In cognitively normal individuals, the concentration of BDNF
in the cerebrospinal fluid decreases throughout life in the
absence of dementia, and a lower concentration of BDNF in
the cerebrospinal fluid was strongly associated with impaired
memory and lower executive function.? Current knowledge
points to the fact that abnormal cognition is associated with
BDNF decrease in the hippocampus, which is a determining
factor in the impairment of factors such as learning skills,
depression, mood, anxiety disorders and schizophrenia.?*

While BDNF promotes neuronal survival and enhances
synaptic plasticity by activating its tyrosine kinase receptor B
(TrkB), its precursor, proBDNF, acts antagonistically, resulting
in cell apoptosis when interacting with the p75 receptor of
neurotrophins (p75NTR). This important function demonstrates
that both are involved in different physiological functions.?2¢

The BDNF is produced presynaptically in the cell bodies
of the sensory neurons projected in the dorsal horn, whereas
in the hippocampus it is produced predominantly by the
postsynaptic dendrites.?>?72% Peripherally, serum BDNF is
found in blood plasma platelets and consists of vascular
endothelial cells and peripheral mononuclear blood cells.?*3°
Its therapeutic potential is characterized by its ability to freely
cross the blood-brain barrier in both directions via high
saturation capacity of the carrier system.?22%3" |n the peripheral
nervous system, BDNF still plays an additional role, acting on
axonal regeneration. It is worth mentioning that the BDNF
gene and its TrkB receptor are expressed not only in the brain,
butalso in other parts of the body, such as the heart, lungs and
endothelial tissue, 203233 demonstrating its function in other
organs and tissues of the body.

The BDNF gene is located on the short arm (p) of
chromosome 11 (11p13) and comprises 11 exons and 9
functional promoters.*

A naturally-occurring functional polymorphism in the
human BDNF gene at nucleotide 196 (G/A) encodes a
substitution of amino acid valine to methionine at position
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66 (Valo6Met or Met66Met), which besides resulting in lower
production and circulating amounts of BDNF'* has been
associated with greater susceptibility to neurodegenerative
disorders. Functionally, the Met66Met and Val66Met
polymorphisms cause impairments in the intracellular traffic
and in regulated secretion in neurons.’*'”

In fact, the inheritance of this polymorphism has been
associated with poor cognitive performance in healthy
elderly individuals®* and memory impairment of individuals."*
Additionally, the Val66Met polymorphism leads to 4 to 11%
lower hippocampal volume observed by magnetic resonance
imaging in healthy adults.?

BNDF and Cardiovascular Function

The link between heart disease and cognitive impairment
has been reported in the literature.***” Some authors believe
that the mechanism of “cardiogenic dementia” involves
chronic cerebral hypoperfusion caused by the reduction in
cardiac output due to various cardiovascular diseases.*
Although the association between cognitive disorders and
cardiovascular risk factors is a complex one and possibly
mediated by different mechanisms, the presence of clinically
manifest or silent cerebral microvascular changes are
involved. In addition, a recent study?** provided new insights
into the potential molecular mechanism by which heart
disease induces brain dysfunction. These authors, studying
a transgenic mouse model that has specific microRNA-1-2
(miR-1-2) cardiac overexpression, have observed that cardiac
overexpression of miR-1 also induced behavioral abnormalities
that are associated with the negative regulation of BDNF
expression in the hippocampus. A broader understanding of
how heart disease affects cognitive function may lead to new
therapeutic strategies.

The importance of circulating levels of BDNF in
cardiovascular protection was evident in the prospective
cohort study of the Framingham Heart Study (FHS).* To
evaluate a potentially causal association between the levels
of BDNF and CVD, a Mendelian randomization analysis was
performed using the goals of the CARDIoGRAM (Coronary
Artery Disease Genome-Wide Replication and Meta-Analysis)
study. In this study, conducted with a large community-based
sample, the researchers observed that higher levels of BDNF
are associated with a lower risk of cardiovascular events and
death, regardless of the standard risk factors, including low-
grade inflammation markers, body mass index (BMI), physical
activity and depression.*

In fact, an important role of BDNF in the cardiovascular
system is the promotion of vascular angiogenesis and increase
in capillary density.*" Studies have shown that BDNF acts on
endothelial cells promoting neovascularization in response to
hypoxic stimuli via the Akt pathway.*?-

The first evidence of BDNF involvement in the angiogenesis
process came from the study by Donovan et al.** about the
development of the embryonic myocardium, in which it was
shown that the overexpression of BDNF is associated with an
increase in capillary density. Recently, an elegant experimental
study demonstrated for the first time that BDNF promotes the
formation of angiogenic tubes through the generation of ROS
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derived from NADPH oxidase (NOX) by TrkB receptor signal
transduction, probably via Akt activation , resulting in the
migration of endothelial cells.® The study suggests that: TrkB
= NADPH oxidase 2 (Nox2) = ROS = Phosphoinositide
3-kinase (PI3K)/Akt. ®

In fact, BDNF has been consistently implicated in the
angiogenesis and maintenance of vascular integrity. Specifically
in the endothelium, besides the binding of BDNF to its high
affinity receptor TrkB,*#® there is also the expression of the
p75 receptor, of which binding to the pro-BDNF has been
related to vascular smooth muscle apoptosis.**® Considering
the conjugated localization of BDNF-TrkB and pro-BDNF-p75
in the endothelium and due to the antagonistic physiological
action between BDNF and pro-BDNF, itis important to take into
account the balance between plasticity/survival and apoptosis
in peripheral blood flow through the BDNF/pro-BDNF ratio.

More recently, the link between this neurotrophic and
cardiovascular protection was evidenced in the study by
Okada et al,** conducted with conditional BDNF-knockout
mice, in which BDNF expression was systemically reduced.
In this study, the authors demonstrated that a mechanism
mediated by the Central Nervous System is involved in the
regulation of cardiac function after myocardial infarction.
Ischemic insults are transmitted from the heart to the Central
Nervous System through afferent cardiac fibers after the
myocardial infarction, thereby increasing BDNF neuronal
expression. An increase in circulating BDNF promotes the
survival of cardiomyocytes and is associated with increased
expression of pro-angiogenic factors. Comparatively, knockout
animals had greater myocardial damage after the experimental
infarction compared to wild-type mice.*’

In this context, the Val66Met polymorphism can affect
serum concentrations of BDNF and, consequently, influence
the activity of tissues containing TrkB receptors, be they neurons
or even peripheral tissues, such as vascular endothelial cells.

BDNF and Coghnitive Effects of Exercise

There is much evidence that physical exercise, especially
aerobic exercise, has a beneficial effect on cognitive domains,
particularly on executive and memory functions and reduces
hippocampal atrophy in late adulthood, with BDNF being
heavily involved."*0-57

Epidemiological and intervention studies reinforce the
idea of using physical activity as a strategy to increase
neuroplasticity in pathological conditions.*® Several
studies have shown that exercise not only causes structural
changes in the brain, but also protects against aging-related
cognitive decline.*”*

Physical exercise activates molecular and cellular cascades
that promote neuronal plasticity and neurogenesis, inducing
expression of the gene encoding BDNFE.'*¢" Peripheral
concentrations of BDNF increase in both acute and chronic
aerobic exercise, and the magnitude of this increase seems
to be dependent on exercise intensity.*'

In addition, greater cognitive benefits are obtained when
the duration of the program and the exercise session are
longer, individuals are older, with greater benefits for women
than for men.*® The difference between genders regarding

BDNF levels in cerebrospinal fluid in favor of women may
be due to hormonal effects,? since estrogen receptors are
located in cells expressing BDNF and its TrkB receptor, so that
estrogen regulates the expression of BDNFE*

Interestingly, this benefit of exercise occurs even in
young adult men. This was evidenced in a cohort study of
young Swedish men enlisted in military service at age 18
(n=1,221,727),°° in which a significant positive association
was found between cardiovascular fitness and cognitive
performance after adjusting for relevant confounders.

Largely, the benefits of exercise on the production of BDNF
and neuronal plasticity are related to increased cerebral and
muscle vascularization. In fact, in a recent review®? the authors
have shown that the cognitive benefits of good cardiovascular
fitness are related to increased cerebral circulation and
angiogenesis. This important adaptation allows increased flow
and upregulation of neurotrophins in the neurogenic niche
of the hippocampus, a phenomenon that occurs even after
acute exercise sessions.®

Specifically, studies on the acute and chronic effects of
exercise on serum BDNF concentration still yield controversial
results. For example, in a study comparing the chronic and
acute effects of physical exercise on the serum concentrations
of BDNF, it was demonstrated that a single exercise session was
able to induce a transient increase in BDNF levels, but the same
results were not achieved after a longer period of training.*
On the other hand, in another study where the sample was
submitted to 6 months of training, a trend in an increase
in serum BDNF concentration was found, in addition to an
improvement in cognitive function.® A similar result was found
in a longitudinal study with the elderly, which resulted in an
increase in the volume of hippocampal parts and, according to
the authors, this fact is related to the increase in BDNF levels.*!

These apparently controversial results may be dependent
on the duration of the exercise benefits, specifically on post-
exercise BDNF plasma levels, i.e., whether they occur soon
after a single session of acute exercise, after a session of a
regular exercise program (showing changes in BDNF release
after repeated exercise sessions) or changes in resting BDNF
levels after a regular exercise program.® Indeed, this was
evidenced in the recent meta-analysis on the effects of exercise
on serum BDNFE® which concluded that regular exercise
intensified the effect of an exercise session on BDNF levels
(Hedges’ g =0.59; P=0.02). However, the results indicated
a lower effect of regular exercise on resting BDNF levels
(Hedges’ g =0.27; P=0.005). There is reliable evidence from
human studies indicating that each exercise episode results in
a BDNF dose response and that the magnitude of this response
can be increased over time through regular exercise.*

There is a large body of evidence that demonstrates that
exercise works on several powerful neuroprotective pathways
that can converge to promote continued brain health into
senescence. These benefits occur either in response to acute
activities or in regular practice and occur both in response
to high-intensity exercises and in moderate-intensity aerobic
exercises, increasing levels of circulating neurotrophic factors
and neurotransmission, exerting beneficial effects on mood
and cognitive functions in individuals of all ages.
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BDNF and Cardiovascular Effects of Exercise

In the cardiovascular system, BDNF is involved, at least
in part, in vascular endothelial benefits. In addition, a recent
study found that active older men have significantly higher
plasma BDNF levels compared to their inactive peers.
In this study, BDNF correlated with VO,max (R=0.765,
p<0.001). Additionally, there was an inverse correlation
between BDNF and the atherogenic index (TC / HDL),
hsCRP and oxLDL. These findings demonstrate that a higher
level of cardiorespiratory fitness is associated with a higher
level of circulating BDNF, which in turn is related to lower
cardiovascular risk.®”

However, it is possible that polymorphisms may influence
the beneficial effects of exercise. We have recently observed
that peripheral vascular reactivity and serum BDNF responses
to physical training are impaired by the BDNF Val66Met
polymorphism, a responsiveness that is associated with serum
BDNF concentrations in healthy individuals."

Considering all of the above, the importance of physical
exercise in promoting brain and cardiovascular health is
gaining recognition, whether in the physiological condition
of the brain aging process or in individuals affected by
the early stages of neurodegeneration. In fact, the various
animal and human studies suggest that physical activity
may reduce the risk of cognitive decline, and therefore,
an active lifestyle may be considered a preventive strategy

for brain health deterioration, just as it occurs with
cardiovascular dysfunction.

Undoubtedly, with increasing longevity, long-term
preventive approaches, with an emphasis on promoting
positive health habits that delay cognitive decline and
its progression, are increasingly important. It is worth
remembering that in addition to modulating the internal brain
environment, the regular practice of physical exercise acts
directly on the cardiovascular, immune and metabolic systems,
playing an essential role in a healthy lifestyle.

Acknowledgements

ICT is supported by the Conselho Nacional de Pesquisa
(CNPq#302809/2018-0) and FXC was supported by the
Fundagao de Amparo a Pesquisa do Estado de Sao Paulo
(FAPESP#2015/03274-0 and #2016/16831-7) and by the
Coordenacdo de Aconselhamento de Pessoal do Nivel
Superior (CAPES).

Author Contributions

Conception and design of the research: Trombetta IC,
Lemos Jr. JR; Writing of the manuscript: Trombetta IC,
DeMoura JR, Alves CR, Carbonari-Brito R, Cepeda FX, Lemos
Jr. JR; Critical revision of the manuscript for intellectual
content: Trombetta IC, Lemos Jr. JR.

Exercise

TCirculating BDNF

TBlood flow

PShear stress in vascular wall
THypoxemia

TPermeability of the blood-brain barrier
TVEGF

Chronic effect

T eNOS

Cumulative effect
TVEGF

—

T Cardiovascular capacity

Tv O,max

T Angiogenesis

T Circulationand volume of cerebral blood

T Endothelial progenitor cells
JVInflamation
1) Expression of BDNF in the hippocampus

Figure 1 - Acute and chronic effect of physical exercise on cardiovascular aspects related to BDNF (Adapted from Stimpson et al, 2018).

Arq Bras Cardiol. 2020; 115(2):263-269



Trombetta et al.
BDNF in cardiovascular protection and exercise

Review Atrticle

Potential Conflict of Interest
No potential conflict of interest relevant to this article

was reported.

Sources of Funding

There were no external funding sources for this study.

References

GBD 2015 Mortality and causes of death collaborators. Global, regional, and
national life expectancy, all-cause mortality, and cause-specific mortality for
249 causes of death, 1980-2015: a systematic analysis for the Global Burden
of Disease Study 2015. Lancet. 2016;388(10053):1459-544.

Siqueira ASE, Siqueira-Filho AG, Land MGP. Analysis of the Economic Impact
of Cardiovascular Diseases in the Last Five Years in Brazil. Arq Bras Cardiol.
2017;109(1):39-46.

Caporali A, Emanueli C. Cardiovascular actions of neurotrophins. Physiol
Rev. 2009;89(1): 279-308.

Da Luz PL, Favarato D. A disfuncao endotelial como indice prognéstico e
alvo terapéutico. In: Da Luz PL, Laurindo FRM, Chagas ACP. Endotélio e
doengas cardiovasculares. Sao Paulo: Ed. Atheneu; 2003. p. 203-20.

Rajendran P, Rengarajan T, Thangavel ), Nishigaki Y, Sakthisekaran D, Sethi
G, et al. The vascular endothelium and human diseases. Int ] Biol Sci.
2013;9(10):1057-69.

Hempstead BL. Dissecting the diverse actions of pro- and mature
neurotrophins. Curr Alzheimer Res. 2006;3(1):19-24.

leda M, Kanazawa H, leda Y, Kimura K, Matsumura K, Tomita Y, et al.
Nerve growth factor is critical for cardiac sensory innervation and rescues
neuropathy in diabetic hearts. Circulation. 2006;114(22):2351-63.

Usui T, Naruo A, Okada M, Hayabe Y, Yamawaki H. Brain-derived
neurotrophic factor promotes angiogenic tube formation through generation
of oxidative stress in human vascular endothelial cells. Acta Physiol.
2014;211(2):385-94.

Phillips C. Lifestyle modulators of neuroplasticity: how physical activity,
mental engagement, and diet promote cognitive health during aging. Neural
Plast. 2017;2017:3589271.

Cotman CW, Berchtold NC. Exercise: a behavioral intervention to enhance
brain health and plasticity. Trends Neurosci. 2002;25(6):295-301.

. Ferris LT, Williams JS, Shen CL. The effect of acute exercise on serum brain-

derived neurotrophic factor levels and cognitive function. Med Sci Sports
Exerc. 2007;39(4):728-34.

Lemos JR]r, Alves CR, de Souza SB, Marsiglia JD, Silva MS, Pereira AC, etal.
Peripheral vascular reactivity and serum BDNF responses to aerobic training
are impaired by the BDNF Val66Met polymorphism. Physiol Genomics.
2016;48(2):116-2

Seifert T, Brassard P, Wissenberg M, Rasmussen P, Nordby P, Stallknecht B, et
al. Endurance training enhances BDNF release from the human brain. Am
Physiol Regul Integr Comp Physiol. 2010;298(2):R372-7.

Egan MF, Kojima M, Callicott JH, Goldberg TE, Kolachana BS, Bertolino
A, et al. The BDNF Val66Met polymorphism affects activity-dependent
secretion of BDNF and human memory and hippocampal function. Cell.
2003;112(2):257-69.

Shimizu E, Hashimoto K, lyo M. Ethnic differences of the BDNF 196 G/A
(Val66Met) polymorphism frequencies: the possibility to explain ethnic
metal traits. Am ) Med Genet B Neuropsychiatr. 2004;126B(1):122-3.

Pivac N, Kim B, Nedi¢ G, Joo YH, Kozari¢-Kovaci¢ D, Hong P, et al. Ethnic
differences in brain-derived neurotrophic factor Val66Met polymorphism
in croatian and korean healthy participants. Genomics. 2009;50(1):43-8.

Study Association
This study is not associated with any thesis or

dissertation work.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Chen ZY, Patel PD, Sant G, Meng CX, Teng KK, Hempstead BL, etal. Variant
brain-derived neurotrophic factor (BDNF) (Met66) alters the intracellular
trafficking and activity-dependent secretion of wild-type BDNF in
neurosecretory cells and cortical neurons. | Neurosci. 2004;24(18):4401-11.

Tang SW, Chu E, Hui T, Helmeste D, Law C. Influence of exercise on serum
brain-derived neurotrophic factor concentrations in healthy human subjects.
Neurosci Lett. 2008;431(1):62-5.

Erickson KI, Miller DL, Roecklein KA. The aging hippocampus: interactions
between exercise, depression, and BDNF. Neuroscientist. 2012;18(1):82-97.

Howells DW, Porritt M), Wong JY, Batchelor PE, Kalnins R, Hughes AJ, et al.
Reduced BDNF mRNA expression in the Parkinson’s disease substantia nigra.
Exp Neurol. 2000;166(1):127-35.

Michalski B, Fahnestock M. Pro-brain-derived neurotrophic factor is
decreased in parietal cortex in Alzheimer’s disease. Brain Res Mol Brain
Res. 2003;111(1/2):148-54.

Zhao WQ), Cheng H, Quon M, Alkon DL. Insulin and the insulin receptor in
experimental models of learning and memory. Eur) Pharmacol. 2005:490(1-
3):71-81.

Li G, Peskind ER, Millard SP, Chi P, Sokal I, Yu CE, et al. Cerebrospinal fluid
concentration of brain-derived neurotrophic factor and cognitive function
in non-demented subjects. PLoS One. 2009;4(5):e 5424.

Ma JC, Duan MJ, Sun LL, Yan ML, Liu T, Wang Q, et al. Cardiac over-
expression of microRNA-1 induces impairment of cognition in mice.
Neuroscience. 2015;299:66-78.

Hashimoto K, Shimizu E, lyo M. Critical role of brain-derived neurotrophic
factor in mood disorders. Brain Res Rev. 2004;45(2):104-14.

Zoladz JA, Pilc A. The effect of physical activity on the brain derived
neurotrophic factor: from animal to human studies. ] Physiol Pharmacol.
2010;61(5):533-41.

Ernfors P, Ibanez CF, Ebendal T, Olson L, Persson H. Molecular cloning and
neurotrophic activities of a protein with structural similarities to nerve growth
factor: developmental and topographical expression in the brain. Proc Natl
Acad Sci USA.1990;87(14):5454-8.

Malcangio M, Lessmann V. Acommon thread for pain and memory synapses?
Brain-derived neurotrophic factor and trkB receptors. Trends Pharmacol Sci.
2003;24(3):116-21.

Donovan MJ, Miranda RC, Kraemer R, McCaffrey TA, Tessarollo L, Mahadeo
D, et al. Neurotrophin and neurotrophin receptors in vascular smooth
muscle cells. Regulation of expression in response to injury. Am J Pathol.
1995;147(2):309-24.

Lommatzsch M, Zingler D, Schuhbaeck K, Schloetcke K, Zingler C, Schuff-
Werner P, et al. The impact of age, weight and gender on BDNF levels in
human platelets and plasma. Neurobiol Aging. 2005;26(1):115-23.

Pan W, Banks WA, Fasold MB, Bluth J, Kastin AJ. Transport of brain-derived
neurotrophic factor across the blood-brain barrier. Neuropharmacology.
1998;37(12):1553-61.

Fujimura H, Altar CA, Chen R, Nakamura T, Nakahashi T, KambayashiJI, et al.
Brain-derived neurotrophic factor is stored in human platelets and released
by agonist stimulation. Thromb Haemost. 2002;87(4):728-34.

Arq Bras Cardiol. 2020; 115(2):263-269

267


https://www.ncbi.nlm.nih.gov/pubmed/27733281
https://www.ncbi.nlm.nih.gov/pubmed/27733281
https://www.ncbi.nlm.nih.gov/pubmed/27733281
https://www.ncbi.nlm.nih.gov/pubmed/27733281
https://www.ncbi.nlm.nih.gov/pubmed/?term=Siqueira ASE%5BAuthor%5D&cauthor=true&cauthor_uid=28591251
https://www.ncbi.nlm.nih.gov/pubmed/?term=Siqueira-Filho AG%5BAuthor%5D&cauthor=true&cauthor_uid=28591251
https://www.ncbi.nlm.nih.gov/pubmed/?term=Land MGP%5BAuthor%5D&cauthor=true&cauthor_uid=28591251
https://www.ncbi.nlm.nih.gov/pubmed/?term=10.5935%2Fabc.20170068
https://www.ncbi.nlm.nih.gov/pubmed/24250251
https://www.ncbi.nlm.nih.gov/pubmed/?term=Phillips C%5BAuthor%5D&cauthor=true&cauthor_uid=28695017
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lifestyle+Modulators+of+Neuroplasticity%3A+How+Physical+Activity%2C+Mental+Engagement%2C+and+Diet+Promote+Cognitive+Health+during+Aging
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lifestyle+Modulators+of+Neuroplasticity%3A+How+Physical+Activity%2C+Mental+Engagement%2C+and+Diet+Promote+Cognitive+Health+during+Aging
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ferris LT%5BAuthor%5D&cauthor=true&cauthor_uid=17414812
https://www.ncbi.nlm.nih.gov/pubmed/?term=Williams JS%5BAuthor%5D&cauthor=true&cauthor_uid=17414812
https://www.ncbi.nlm.nih.gov/pubmed/?term=Shen CL%5BAuthor%5D&cauthor=true&cauthor_uid=17414812
https://www.ncbi.nlm.nih.gov/pubmed/17414812
https://www.ncbi.nlm.nih.gov/pubmed/17414812
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lemos JR Jr%5BAuthor%5D&cauthor=true&cauthor_uid=26603150
https://www.ncbi.nlm.nih.gov/pubmed/?term=Alves CR%5BAuthor%5D&cauthor=true&cauthor_uid=26603150
https://www.ncbi.nlm.nih.gov/pubmed/?term=de Souza SB%5BAuthor%5D&cauthor=true&cauthor_uid=26603150
https://www.ncbi.nlm.nih.gov/pubmed/?term=Marsiglia JD%5BAuthor%5D&cauthor=true&cauthor_uid=26603150
https://www.ncbi.nlm.nih.gov/pubmed/?term=Silva MS%5BAuthor%5D&cauthor=true&cauthor_uid=26603150
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pereira AC%5BAuthor%5D&cauthor=true&cauthor_uid=26603150
https://www.ncbi.nlm.nih.gov/pubmed/26603150
https://www.ncbi.nlm.nih.gov/pubmed/?term=Seifert T%5BAuthor%5D&cauthor=true&cauthor_uid=19923361
https://www.ncbi.nlm.nih.gov/pubmed/?term=Brassard P%5BAuthor%5D&cauthor=true&cauthor_uid=19923361
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wissenberg M%5BAuthor%5D&cauthor=true&cauthor_uid=19923361
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rasmussen P%5BAuthor%5D&cauthor=true&cauthor_uid=19923361
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nordby P%5BAuthor%5D&cauthor=true&cauthor_uid=19923361
https://www.ncbi.nlm.nih.gov/pubmed/?term=Stallknecht B%5BAuthor%5D&cauthor=true&cauthor_uid=19923361
https://www.ncbi.nlm.nih.gov/pubmed/19923361
https://www.ncbi.nlm.nih.gov/pubmed/19923361
https://www.ncbi.nlm.nih.gov/pubmed/?term=Erickson KI%5BAuthor%5D&cauthor=true&cauthor_uid=21531985
https://www.ncbi.nlm.nih.gov/pubmed/?term=Miller DL%5BAuthor%5D&cauthor=true&cauthor_uid=21531985
https://www.ncbi.nlm.nih.gov/pubmed/?term=Roecklein KA%5BAuthor%5D&cauthor=true&cauthor_uid=21531985
https://www.ncbi.nlm.nih.gov/pubmed/21531985
https://www.ncbi.nlm.nih.gov/pubmed/19412541
https://www.ncbi.nlm.nih.gov/pubmed/19412541
https://www.ncbi.nlm.nih.gov/pubmed/19412541
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ma JC%5BAuthor%5D&cauthor=true&cauthor_uid=25943483
https://www.ncbi.nlm.nih.gov/pubmed/?term=Duan MJ%5BAuthor%5D&cauthor=true&cauthor_uid=25943483
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sun LL%5BAuthor%5D&cauthor=true&cauthor_uid=25943483
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yan ML%5BAuthor%5D&cauthor=true&cauthor_uid=25943483
https://www.ncbi.nlm.nih.gov/pubmed/?term=Liu T%5BAuthor%5D&cauthor=true&cauthor_uid=25943483
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wang Q%5BAuthor%5D&cauthor=true&cauthor_uid=25943483
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cardiac+over-expression+of+microRNA-1+induces+impairment+of+cognition+in+mice.
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pan W%5BAuthor%5D&cauthor=true&cauthor_uid=9886678
https://www.ncbi.nlm.nih.gov/pubmed/?term=Banks WA%5BAuthor%5D&cauthor=true&cauthor_uid=9886678
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fasold MB%5BAuthor%5D&cauthor=true&cauthor_uid=9886678
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bluth J%5BAuthor%5D&cauthor=true&cauthor_uid=9886678
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kastin AJ%5BAuthor%5D&cauthor=true&cauthor_uid=9886678
https://www.ncbi.nlm.nih.gov/pubmed/9886678

268

Trombetta et al.
BDNF in cardiovascular protection and exercise

Review Article

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

Nakahashi T, Fujimura H, Altar CA, Li J, Kambayashi J, Tandon NN, et al.
Vascular endothelial cells synthesize and secrete brain-derived neurotrophic
factor. FEBS Lett. 2000;470(2):113-7.

Shen T, You Y, Joseph C, Mirzaei M, Klistorner A, Graham SL, Gupta V.
BDNF polymorphism: a review of its diagnostic and clinical relevance in
neurodegenerative disorders. Aging Dis. 2018; 9(3):523-536.

Miyajima F, Ollier W, Mayes A, Jackson A, Thacker N, et al. Brain derived
neurotrophic factor polymorphism Val66Met influences cognitive abilities
in the elderly. Genes Brain Behav. 2008;7(4):411-7.

de Toledo Ferraz Alves TC, Ferreira LK, Busatto GF. Vascular diseases and
old age mental disorders: an update of neuroimaging findings. Curr Opin
Psychiatry. 2010;23(6):491-7.

Alagiakrishnan K, Mah D, DyckJR, Senthilselvan A, Ezekowitz ). Comparison
of two commonly used clinical cognitive screening tests to diagnose mild
cognitive impairment in heart failure with the golden standard European
Consortium Criteria. Int ] Cardiol. 2017;228:558-62.

Jefferson AL. Cardiac output as a potential risk factor for abnormal brain
aging. J Alzheimers Dis. 2010;20(3):813-21.

de la Torre JC. Cardiovascular risk factors promote brain hypoperfusion
leading to cognitive decline and dementia. Cardiovasc Psychiatry Neurol.
2012;2012:367516.

Kaess BM, Preis SR, Lieb W, Beiser AS, Yang Q, Chen TC, et al.
Circulating brain-derived neurotrophic factor concentrations and the
risk of cardiovascular disease in the community. ] Am Heart Assoc.
2015;4(3):e001544.

Deindl E. Mechanistic insights into the functional role of vascular endothelial
growth factor and its signalling partner brain-derived neurotrophic factor in
angiogenic tube formation. Acta Physiol (Oxf). 2014;211(2):268-70.

DeSouza CA, Shapiro LF, Clevenger CM, Dinenno FA, Monahan KD, Tanaka
H, etal. Regular aerobic exercise prevents and restores age-related declines
in endothelium-dependent vasodilation in healthy men. Circulation.
2000;102(12):1351-7.

Kim H, Li Q, Hempstead BL, Madri JA. Paracrine and autocrine functions of
brain-derived neurotrophic factor (BDNF) and nerve growth factor (NGF)
in brain-derived endothelial cells. ) Biol Chem. 2004;279(32):33538-46.

Nakamura K, Martin KC, Jackson JK, Beppu K, Woo CW, Thiele CJ.
Brain-derived neurotrophic factor activation of TrkB induces vascular
endothelial growth factor expression via hypoxia-inducible factor-1alpha
in neuroblastoma cells. Cancer Res. 2006;66(8):4249-55.

Donovan MJ, Lin MI, Wiegn P, Ringstedt T, Kraemer R, Hahn R, Wang
S, Ibafez CF, Rafii S, Hempstead BL. Brain derived neurotrophic factor
is an endothelial cell survival factor required for intramyocardial vessel
stabilization. Development. 2000;127(21):4531-40.

Lin CY, HungSY, Chen HT, Tsou HK, Fong YC, Wang SW, et al. Brain-derived
neurotrophic factor increases vascular endothelial growth factor expression
and enhances angiogenesis in human chondrosarcoma cells. Biochem
Pharmacol. 2014;91(4):522-33.

Wang S, Bray P McCaffrey T, March K, Hempstead BL, Kraemer R. p75NTR
mediates neurotrophin-induced apoptosis of vascular smooth muscle cells.
Am J Pathol. 2000;157(4):1247-58.

Teng HK, Teng KK, Lee R, Wright S, Tevar S, Almeida RD, et al. ProBDNF
induces neuronal apoptosis via activation of a receptor complex of p75NTR
and sortilin. ] Neurosci. 2005;25(22):5455-63.

Okada S, Yokoyama M, Toko H, Tateno K, Moriya J, Shimizu |, et al. Brain-
derived neurotrophic factor protects against cardiac dysfunction after
myocardial infarction via a central nervous system-mediated pathway.
Arterioscler Thromb Vasc Biol. 2012;32(8):1902-9.

Arq Bras Cardiol. 2020; 115(2):263-269

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

Aberg MA, Pedersen NL, Toren K, Svartengren M, Backstrand B, Johnsson
T, et al. Cardiovascular fitness is associated with cognition in young
adulthood. Proc Natl Acad Sci U S A. 2009:106(49): 20906-11.

Erickson KI, Voss MW, Prakash RS, Basak C, Szabo A, Chaddock L, et al.
Exercise trainingincreases size of hippocampus and improves memory. Proc
Natl Acad Sci U SA. 2011:108(7):3017-22.

Chang YK, Labban JD, Gapin JI, & Etnier JL. The effects of acute
exercise on cognitive performance: a meta-analysis. Brain Res.
2012;1453(250):87-101.

Babaei P Azali AK, Soltani TB, & Damirchi A, Effect of six weeks of endurance
exercise and following detraining on serum brain derived neurotrophic factor
and memory performance in middle aged males with metabolic syndrome.
J. Sports Med. Phys. Fitness. 2013;53(4):437-43.

Best, JR Nagamatsu LS, & Liu-Ambrose T. Improvements to executive
function during exercise training predict maintenance of physical activity
over the following year. Front. Hum. Neurosci. 2014;8:353.

Dupuy O, Gauthier CJ, Fraser SA, Desjardins-Crépeau L, Desjardins M,
Mekary S, et al. Higher levels of cardiovascular fitness are associated with
better executive function and prefrontal oxygenation in younger and older
women. Front. Hum. Neurosci. 2015;9:66.

Kramer AF, Colcombe S. Fitness effects on the cognitive function of
older adults: a meta-analytic study-revisited. Perspect Psychol Sci.
2018;13(2):213-7.

Voss, M. W., Heo, S., Prakash, R. S., Erickson, K. I., Alves, H., Chaddock, L.,
etal. The influence of aerobic fitness on cerebral white matter integrity and
cognitive function in older adults: results of a one-year exercise intervention.
Hum. Brain Mapp. 2013;34(11), 2972-2985. doi: 10.1002/hbm.22119

Gregory SM, Parker B, Thompson PD. Physical activity, cognitive function,
and brain health: what is the role of exercise training in the prevention
of dementia?. Brain Sci. 2012;2(4):684-708. Published 2012 Nov 29.
doi:10.3390/brainsci2040684

Duzel E, van Praag H, Sendtner M. Can physical exercise in old age improve
memory and hippocampal function?. Brain. 2016;139(Pt 3):662-673.
doi:10.1093/brain/awv407

Neeper SA, Gémez-Pinilla F, Choi ], Cotman CW. Physical activity increases
mRNA for brain-derived neurotrophic factor and nerve growth factor in rat
brain. Brain Res. 1996;726(1-2):49-56.

HuangT, Larsen KT, Ried-Larsen M, Mgller NC, Andersen LB. The effects of
physical activity and exercise on brain-derived neurotrophic factor in healthy
humans: A review. Scand ] Med Sci Sports. 2014;24(1):1-10.

Sohrabji F, Lewis DK. Estrogen-BDNF interactions: implications for
neurodegenerative diseases. Front Neuroendocrinol. 2006;27(4):404-14.

Stimpson NJ, Davison G, Javadi AH. Joggin’ the noggin: towards a
physiological understanding of exercise-induced cognitive benefits.
Neurosci Biobehav Rev. 2018;88:177-86.

Griffin EW, Mullally S, Foley C, Warmington SA, O’Mara SM, Kelly AM.
Aerobic exercise improves hippocampal function and increases BDNF in
the serum of young adult males. Physiol Behav. 2011;104(5):934-41.

Ruscheweyh R, Willemer C, Kriiger K, Duning T, Warnecke T, Sommer J, et al.
Physical activity and memory functions: an interventional study. Neurobiol
Aging. 2011;32(7):1304-19.

Szuhany KL, Bugatti M, Otto MW. A meta-analytic review of the effects of
exercise on brain-derived neurotrophic factor. ] Psychiatr Res. 2015;60:56—
64. doi:10.1016/j.jpsychires.2014.10.003

Zembron-Lacny A, Dziubek W, Rynkiewicz M, Morawin B, Wozniewski M.
Peripheral brain-derived neurotrophic factoris related to cardiovascular risk factors
in active and inactive elderly men, Braz ) Med Biol Res. 2016; 49(7): €5253.


https://www.ncbi.nlm.nih.gov/pubmed/?term=Shen T%5BAuthor%5D&cauthor=true&cauthor_uid=29896439
https://www.ncbi.nlm.nih.gov/pubmed/?term=You Y%5BAuthor%5D&cauthor=true&cauthor_uid=29896439
https://www.ncbi.nlm.nih.gov/pubmed/?term=Joseph C%5BAuthor%5D&cauthor=true&cauthor_uid=29896439
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mirzaei M%5BAuthor%5D&cauthor=true&cauthor_uid=29896439
https://www.ncbi.nlm.nih.gov/pubmed/?term=Klistorner A%5BAuthor%5D&cauthor=true&cauthor_uid=29896439
https://www.ncbi.nlm.nih.gov/pubmed/?term=Graham SL%5BAuthor%5D&cauthor=true&cauthor_uid=29896439
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gupta V%5BAuthor%5D&cauthor=true&cauthor_uid=29896439
https://www.ncbi.nlm.nih.gov/pubmed/29896439
https://www.ncbi.nlm.nih.gov/pubmed/20733494
https://www.ncbi.nlm.nih.gov/pubmed/20733494
https://www.ncbi.nlm.nih.gov/pubmed/?term=Alagiakrishnan K%5BAuthor%5D&cauthor=true&cauthor_uid=27875734
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mah D%5BAuthor%5D&cauthor=true&cauthor_uid=27875734
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dyck JR%5BAuthor%5D&cauthor=true&cauthor_uid=27875734
https://www.ncbi.nlm.nih.gov/pubmed/?term=Senthilselvan A%5BAuthor%5D&cauthor=true&cauthor_uid=27875734
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ezekowitz J%5BAuthor%5D&cauthor=true&cauthor_uid=27875734
https://www.ncbi.nlm.nih.gov/pubmed/?term=Comparison+of+Two+Commonly+Used+Clinical+Cognitive+Screening+Tests+to+Diagnose+Mild+Cognitive+Impairment+in+Heart+Failure+with+the+Golden+Standard+European+Consortium+Criteria
https://www.ncbi.nlm.nih.gov/pubmed/25762803
https://www.ncbi.nlm.nih.gov/pubmed/25762803
https://www.ncbi.nlm.nih.gov/pubmed/?term=Donovan MJ%5BAuthor%5D&cauthor=true&cauthor_uid=11023857
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lin MI%5BAuthor%5D&cauthor=true&cauthor_uid=11023857
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wiegn P%5BAuthor%5D&cauthor=true&cauthor_uid=11023857
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ringstedt T%5BAuthor%5D&cauthor=true&cauthor_uid=11023857
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kraemer R%5BAuthor%5D&cauthor=true&cauthor_uid=11023857
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hahn R%5BAuthor%5D&cauthor=true&cauthor_uid=11023857
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wang S%5BAuthor%5D&cauthor=true&cauthor_uid=11023857
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wang S%5BAuthor%5D&cauthor=true&cauthor_uid=11023857
https://www.ncbi.nlm.nih.gov/pubmed/?term=Iba%C3%B1ez CF%5BAuthor%5D&cauthor=true&cauthor_uid=11023857
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rafii S%5BAuthor%5D&cauthor=true&cauthor_uid=11023857
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hempstead BL%5BAuthor%5D&cauthor=true&cauthor_uid=11023857
https://www.ncbi.nlm.nih.gov/pubmed/11023857
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mekary S%5BAuthor%5D&cauthor=true&cauthor_uid=25741267
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kramer AF%5BAuthor%5D&cauthor=true&cauthor_uid=29592650
https://www.ncbi.nlm.nih.gov/pubmed/?term=Colcombe S%5BAuthor%5D&cauthor=true&cauthor_uid=29592650
https://www.ncbi.nlm.nih.gov/pubmed/29592650
https://www.ncbi.nlm.nih.gov/pubmed/?term=G%C3%B3mez-Pinilla F%5BAuthor%5D&cauthor=true&cauthor_uid=8836544
https://www.ncbi.nlm.nih.gov/pubmed/?term=Choi J%5BAuthor%5D&cauthor=true&cauthor_uid=8836544
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cotman CW%5BAuthor%5D&cauthor=true&cauthor_uid=8836544
https://www.ncbi.nlm.nih.gov/pubmed/?term=Huang T%5BAuthor%5D&cauthor=true&cauthor_uid=23600729
https://www.ncbi.nlm.nih.gov/pubmed/?term=Larsen KT%5BAuthor%5D&cauthor=true&cauthor_uid=23600729
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ried-Larsen M%5BAuthor%5D&cauthor=true&cauthor_uid=23600729
https://www.ncbi.nlm.nih.gov/pubmed/?term=M%C3%B8ller NC%5BAuthor%5D&cauthor=true&cauthor_uid=23600729
https://www.ncbi.nlm.nih.gov/pubmed/?term=Andersen LB%5BAuthor%5D&cauthor=true&cauthor_uid=23600729
https://www.ncbi.nlm.nih.gov/pubmed/23600729
https://www.ncbi.nlm.nih.gov/pubmed/29572187
https://www.ncbi.nlm.nih.gov/pubmed/29572187
https://www.ncbi.nlm.nih.gov/pubmed/?term=Griffin %C3%89W%5BAuthor%5D&cauthor=true&cauthor_uid=21722657
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mullally S%5BAuthor%5D&cauthor=true&cauthor_uid=21722657
https://www.ncbi.nlm.nih.gov/pubmed/?term=Foley C%5BAuthor%5D&cauthor=true&cauthor_uid=21722657
https://www.ncbi.nlm.nih.gov/pubmed/?term=Warmington SA%5BAuthor%5D&cauthor=true&cauthor_uid=21722657
https://www.ncbi.nlm.nih.gov/pubmed/?term=O%27Mara SM%5BAuthor%5D&cauthor=true&cauthor_uid=21722657
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kelly AM%5BAuthor%5D&cauthor=true&cauthor_uid=21722657
https://www.ncbi.nlm.nih.gov/pubmed/21722657
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ruscheweyh R%5BAuthor%5D&cauthor=true&cauthor_uid=19716631
https://www.ncbi.nlm.nih.gov/pubmed/?term=Willemer C%5BAuthor%5D&cauthor=true&cauthor_uid=19716631
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kr%C3%BCger K%5BAuthor%5D&cauthor=true&cauthor_uid=19716631
https://www.ncbi.nlm.nih.gov/pubmed/?term=Duning T%5BAuthor%5D&cauthor=true&cauthor_uid=19716631
https://www.ncbi.nlm.nih.gov/pubmed/?term=Warnecke T%5BAuthor%5D&cauthor=true&cauthor_uid=19716631
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sommer J%5BAuthor%5D&cauthor=true&cauthor_uid=19716631
https://www.ncbi.nlm.nih.gov/pubmed/19716631
https://www.ncbi.nlm.nih.gov/pubmed/19716631
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4918790/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4918790/

Trombetta et al.
BDNF in cardiovascular protection and exercise

Review Atrticle

m' This is an open-access article distributed under the terms of the Creative Commons Attribution License

Arq Bras Cardiol. 2020; 115(2):263-269 269



