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Abstract:
Introduction: Depressive disorders are among the most prevalent mental health conditions

globally, affecting millions of people. Despite extensive research, the exact pathophysiology

of depression remains unclear. Recent evidence suggests that neuroplasticity, particularly the



role of brain-derived neurotrophic factor (BDNF), plays a crucial role in both the onset and
treatment of depressive disorders.

Aim of Study: This review explores the relationship between neuroplasticity and depression,
focusing on BDNF as a central biomarker and potential therapeutic target. It also examines
how antidepressant therapies and physical activity influence neuroplasticity and BDNF levels,
offering insights into novel approaches for treating depressive disorders.

Material and Methods: A literature review was conducted using PubMed and Google
Scholar databases, focusing on peer-reviewed articles with the keywords: "neuroplasticity”,
"BDNEF", "depression", "antidepressants" and "physical activity".

Conclusions: Neuroplasticity, particularly through BDNF signaling, plays a critical role in the
pathogenesis and treatment of depression. Elevated BDNF levels promote synaptic plasticity,
neurogenesis, and recovery of brain function. Antidepressant treatments enhance
neuroplasticity by increasing BDNF levels. Antidepressants and physical activity both

influence neuroplastic processes, with BDNF serving as a key mediator.

Keywords: Neuroplasticity, BDNF, Depression, Antidepressants, Physical activity.

Introduction.

Depressive disorders represent one of the most prevalent groups of mental health conditions
worldwide. It is estimated that 3.8% of the global population and 5% of adults experience
depression, with women being approximately 50% more likely to be affected than men [1].
Over 264 million people are estimated to suffer from depressive disorders [2]. A depressive
episode is characterized by a period lasting at least two weeks during which a depressed mood,
diminished ability to experience pleasure, and loss of interest in daily activities occur, along
with symptoms such as disrupted sleep patterns, appetite changes, excessive guilt or low self-
esteem, low energy levels, and reduced concentration [3]. Depressive disorders result from the
interaction of psychological, social, and biological factors, although the precise
pathomechanism remains incompletely understood [1], [4]. Long-standing theories primarily

focus on monoamine neurotransmission disturbances, the neuroinflammation and oxidative



stress hypothesis, dysfunction of the hypothalamic-pituitary-adrenal (HPA) axis, and stress
response pathway dysfunction [5]. However, standard monoaminergic pharmacological
treatments show limited efficacy and variable response rates, with 10-30% of patients
experiencing treatment-resistant depression [6]. Other theories are insufficient to fully explain
the origin and treatment of depressive disorders, thus raising questions about the validity of
the aforementioned hypotheses as the primary causes of depression and prompting further
investigation into its pathomechanism. A recently developed theory is the involvement of
neuroplasticity in the pathomechanism and treatment of depressive disorders, with brain-
derived neurotrophic factor (BDNF) playing a central role in these processes. Impaired
neurotrophic signaling in synaptic plasticity and the neurotrophin response induced by
antidepressant medications have been suggested as potential, previously unexplored factors in

depressive disorders, with BDNF highlighted as a key neurotrophic factor [7].

Neuroplasticity.

Neuroplasticity refers to the processes in the nervous system involved in development, repair,
learning, and memory, encompassing synaptic plasticity, neurogenesis, and cellular growth
and remodeling [8]. In other words, it is the nervous system's response to internal or external
stimuli through structural and functional reorganization [5]. Neuroplasticity underlies the
regeneration of the nervous system after various pathological processes and injuries, enabling
remarkable functional recovery, especially in young individuals [8]. Neuroplasticity processes
are influenced by environmental factors, particularly during sensitive periods, with the
primary sensitive period being early postnatal life and prenatal development. The dynamics of
individual development exhibit various peaks in neuroplasticity modulation during childhood,
adolescence, and adulthood, which can be significantly altered early in life due to adversities
caused by unfavorable environmental factors [9]. Interestingly, neuroplasticity mediated by
BDNF has been associated with social adversities in childhood, which accelerate the
maturation of social network circuits, potentially serving as an adaptation to a changing,
unfavorable environment [10]. The body's response to stress modulates neuronal plasticity
through intracellular changes in the nervous system, and chronic stress exposure may have
long-term effects on brain structures [9]. On a cellular level, synaptic plasticity is defined as
the ability to change the strength and efficiency of synaptic connections. This results in short-
term modifications that, with sufficient duration and continuity, become long-term and lead to

structural changes in synaptic organization and number, effectively remapping the nervous



system's function. At the tissue level, neuroplasticity can activate alternative neuronal circuits

that form specific pathways to recover lost brain functions [11].

Neuroplasticity in the Context of Depressive Disorders.

Impaired regulation of neuroplasticity processes can contribute to a broad spectrum of
neuropsychiatric disorders, including depressive disorders [8]. The mechanism of depressive
disorder pathogenesis and its treatment can be explained through the concept of
neuroplasticity as a cascade of intracellular signal transmission. It has been shown that
adverse experiences and stress can impair brain function, particularly in the hippocampus;
however, chronic antidepressant therapy can reverse the inhibition of neurogenesis in the
hippocampus [12]. A link has also been established between stress and decreased synaptic
complexity in the prefrontal cortex and hippocampus [7]. A significant observation is the
reduced hippocampal volume in patients with depression, which may present this
phenomenon as a biological marker of depressive disorders. Additionally, a decrease in the
volume of the prefrontal cortex (PFC) has been observed [13], [14]. Notably, in depressive
disorders, key elements associated with plasticity disturbances also include
neuroinflammation and dysregulation of multiple neurotransmitters such as serotonin,

dopamine, norepinephrine, GABA, and glutamate.

BDNF as an Indicator of Neuroplasticity.

An effective indicator for assessing neuroplasticity processes at the cellular level is the
neurotrophin family, which primarily includes brain-derived neurotrophic factor (BDNF),
nerve growth factor (NGF), neurotrophin 3 (NT-3), and neurotrophin 4 (NT-4) [15]. The most
crucial indicator of neural plasticity widely used in research is BDNF. This neurotrophin
regulates the proper development and function of the nervous system, overseeing neuronal
maturation and synapse formation. Studies have shown that BDNF is a more reliable
biomarker for assessing the severity of depressive disorders than serotonin [2]. BDNF
expression in the central nervous system (CNS) is widespread, providing a basis for its
profound impact on synaptic plasticity development and brain function. The BDNF protein is
encoded by distinct BDNF gene transcripts from 9 different promoters, with each transcript
potentially affecting specific regional and temporal outcomes of BDNF's action [16]. BDNF
is synthesized in neuronal and glial cell bodies and then transported to synaptic terminals for
release [17]. It has been shown that high mRNA and BDNF protein levels are particularly

present in the hippocampus, amygdala, cerebral cortex, and hypothalamus, where it regulates



synaptic transmission through long-term potentiation (LTP), a process that changes synaptic
conformation, enhancing synaptic conductance [11]. BDNF interacts with two distinct
receptors: TrkB and p75NTR [5], with BDNF mainly exerting its effects through interaction
with the TrkB receptor. A reduction in TrkB expression is associated with anxiety-like
behaviors [12]. The signaling of the BDNF-TrkB complex enhances synaptic efficacy through
both presynaptic and postsynaptic mechanisms [16]. Reduced BDNF levels have been
observed in the hippocampus and prefrontal cortex in both rodents exposed to stress and in
post-mortem analyses of patients with depression. Furthermore, antidepressant treatment has
been shown to reverse the reduced BDNF levels in patients with depression, considering that
antidepressant medications act inversely on BDNF expression in the hippocampus and

prefrontal cortex compared to stress and low mood states [14].

Pharmacotherapy of Depression in the Context of Neuroplasticity.

The hypothesis of the pathomechanism of depressive disorders as a disruption of
neuroplasticity, manifested by a reduction in BDNF levels, can be indirectly confirmed by the
fact that depressive disorders are treated with antidepressant drugs, which influence neural
plasticity through changes in BDNF levels. Furthermore, it has been shown that appropriate
levels of BDNF are necessary for obtaining a positive effect from antidepressant treatment.
Although antidepressants increase the levels of monoamines within a few hours, the desired
effect usually takes several weeks to manifest, which is explained by the phenomenon of
hippocampal neurogenesis, requiring appropriate time during which synaptic regulation
processes occur [14]. Studies consistently emphasize the role of BDNF as a link and key
factor between antidepressant treatment and brain plasticity changes. A correlation has been
demonstrated between the increased expression of BDNF mRNA and TrkB in the
hippocampus and cerebral cortex and the use of conventional pharmacotherapy based on
antidepressant drugs, such as selective serotonin reuptake inhibitors (SSRIs). It is believed
that the basis of antidepressant treatment lies in dendritic remodeling and synaptic contacts in
the regions of the hippocampus and prefrontal cortex [5]. A study involving the injection of
BDNF into the mesencephalon produced an effect similar to antidepressants in rodents, and
later it was shown that a single infusion of a low dose of BDNF in the DG or CA3 region of
the hippocampus induced an effect similar to antidepressants within 3 days [16]. A correlation
was also examined in which antidepressant and anxiolytic effects were triggered in rodents
after subcutaneous peripheral administration of BDNF [18]. Studies on rodents with the

NMDA receptor antagonist ketamine showed that it could induce a rapid antidepressant effect



by increasing the release and expression of BDNF and VEGF in the hippocampus and
prefrontal cortex (PFC), increasing the number and function of synapses in these areas [6].
Increased BDNF expression in the visual cortex of adult, visually impaired rats was the result
of fluoxetine therapy. The therapy also restored plasticity between neurons in the visual
system [5]. A meta-analysis of 11 studies evaluating the difference in serum BDNF levels
between individuals with and without depression and 8 studies comparing serum BDNF levels
before and after antidepressant therapy provided strong evidence that BDNF levels were
lower in individuals with depression than in the healthy control group. Similarly, higher levels
of BDNF were observed in individuals after antidepressant therapy [19]. In another study, a
similar meta-analysis was conducted: 38 studies on BDNF levels in individuals with and
without depressive disorders and 21 studies on the correlation between BDNF levels and
antidepressant treatment were analyzed. BDNF levels were reduced in people with depression,
and pharmacotherapy increased serum BDNF levels in individuals with depressive disorders
[20]. It has also been proven that serotonin can stimulate the expression of BDNF [5]. A
possible correlation between the effectiveness of antidepressant therapy in patients with
depression and the presence of the BDNF Val66Met polymorphism was also examined. A
higher response rate to SSRI therapy was shown in patients with the Val66 allele compared to
those carrying the Met allele, highlighting individual differences in neuroplasticity [5]. The
literature indicates that the increase in BDNF/TrkB signaling as a result of antidepressant
therapy can induce a state of neuroplasticity similar to that of youth, which allows for the
reorganization of social circuits and provides a safe background for subsequent psychotherapy

[10].

The Role of Physical Activity in the Treatment of Depressive Disorders.

There is substantial evidence indicating that regular physical activity is associated with a
reduced risk of experiencing a depressive episode and alleviating symptoms of already
existing mild or moderate depression [21]. A review examining the relationship between
physical activity and depressive and anxiety disorders, including 21 observational studies and
data from 42,293 participants, confirms that individuals engaging in more frequent and
intense physical activity tend to have a lower incidence of depression and anxiety [22]. The
results of many studies indicate that physical activity is a valuable adjunct to conventional
methods of treating depressive disorders. Neuroimaging studies have shown that depressive
disorders significantly impair the function of the reward system, contributing to a reduced

ability to feel pleasure. The reward system includes a circuit that consists, among other things,



of the nucleus accumbens, ventral tegmental area, orbitofrontal cortex, and the previously
mentioned amygdala, hippocampus, and prefrontal cortex. It has been shown that physical
activity modulates reward processing by regulating neurotransmitter levels in the reward

system circuits [21].

Neuroplasticity and BDNF, and Physical Activity.

Numerous preclinical and clinical studies demonstrate the relationship between physical
activity and increased plasticity and neurogenesis through mechanisms involving BDNF — the
same protein that connects the effects of antidepressants with the reduction of depressive
symptoms [Figure 1], [23]. Many of the positive aspects of physical activity on mental health
and the functioning of the nervous system arise from its impact on maintaining appropriate
levels of BDNF, particularly in the hippocampus [24]. Furthermore, physical exercise
optimizes the function and levels of key neurotransmitters: serotonin, dopamine,
norepinephrine, as well as glutamate and GABA [23]. Consequently, changes in
neurotransmission indirectly modify BDNF gene expression in areas such as the hippocampus,
amygdala, and nucleus accumbens [24]. Moreover, regular physical activity reduces
neuroinflammation and increases resistance to stress, as well as alleviates dysregulation of the
hypothalamic-pituitary-adrenal (HPA) axis, whose regulation is responsible for the volume
loss in the hippocampus. A number of studies seem to confirm the correlation between
chronic aerobic exercise and an increase in peripheral BDNF levels, blood volume in the
dentate gyrus, gray matter in the prefrontal cortex and cingulate gyrus, and hippocampal
volume [25]. Studies also indicate that in rodents subjected to physical activity 5 days a week
for 4 weeks, synthesis and release of BDNF in the dentate gyrus were increased. Additionally,
the increase in hippocampal size resulting from regular physical activity correlates with an
improvement in spatial memory performance in both healthy individuals and those with
neurodegeneration [26]. Interestingly, a 2020 study highlighted the existence of undefined
BDNF isoforms in human satellite cells, with their levels rising along with BDNF mRNA in

the muscles from 24 to 72 hours after physical exercise [27].



Figure 1. A simplified pathway linking stress, neuroplasticity dysfunction, and depressive
disorders: the therapeutic role of antidepressants and physical activity in restoring BDNF

levels.
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Conclusion.

Depressive disorders represent a significant global health challenge, necessitating ongoing
research into their pathophysiology and therapeutic strategies. Recent advances highlight the
crucial role of neuroplasticity, particularly through brain-derived neurotrophic factor (BDNF)
signaling, in both the onset and treatment response of depressive disorders. Antidepressant
therapies not only modulate neurotransmitter systems but also activate BDNF-mediated
neuroplastic processes, which promote synaptic remodeling and neurogenesis in brain regions
critical for mood regulation, such as the hippocampus and prefrontal cortex. BDNF may thus
serve as both a crucial biomarker and a therapeutic target in the management of depression.
Emerging evidence also suggests that lifestyle interventions, such as regular physical activity,
can enhance BDNF expression, offering an adjunctive approach to pharmacotherapy. This
underscores the potential of integrating physical activity into treatment strategies for
depression. However, further research is needed to delineate the precise molecular
mechanisms underlying BDNF’s role in depression and explore novel therapeutic approaches
to increase its activity, ultimately improving outcomes for individuals with depressive
disorders.

Disclosure:

Author’s contribution:

Conceptualization: Maciej] Mamczur, Dominik Feret
Methodology: Maciej Mamczur, Michat Szczepanski
Investigation: Maciej Mamczur, Marcin Kuliga
Software: Maciej Mamczur, Damian Sowa



Check: Michatl Szczepanski, Marcin Kuliga, Julia Stowik

Formal analysis: Julia Inglot, Jadwiga Inglot, Mateusz Bajak

Writing — rough preparation: Maciej Mamczur, Dominik Feret

Writing — review and editing: Marcin Kuliga, Jadwiga Inglot, Damian Sowa
Resources: Maciej Mamczur, Daniel Zapasek, Julia Stowik

Data curation: Maciej Mamczur, Daniel Zapasek, Mateusz Bajak
Supervision: Maciej Mamczur, Michat Szczepanski, Julia Inglot

Project administration: Maciej Mamczur, Dominik Feret

All authors have read and agreed with the published version of the manuscript.

Funding Statement:
The study did not receive special funding.

Institutional Review Board Statement:
Not applicable.

Informed Consent Statement:
Not applicable.

Data Availability Statement:
Not applicable.

Conflict of Interest Statement:
The authors declare no conflict of interest.

References:

1.
2.

https://www.who.int/news-room/fact-sheets/detail/depression

Hayat MR, Umair M, Ikhtiar H, Wazir S, Palwasha A, Shah M. The Relationship Between
Brain-Derived Neurotrophic Factor and Serotonin in Major Depressive and Bipolar Disorders:
A Cross-Sectional Analysis. Cureus. 2024 Oct 2;16(10):e70728. doi: 10.7759/cureus.70728.
PMID: 39493096; PMCID: PMC11530576.
https://www.nimh.nih.gov/health/statistics/major-depression

Hall S, Parr BA, Hussey S, Anoopkumar-Dukie S, Arora D, Grant GD. The neurodegenerative
hypothesis of depression and the influence of antidepressant medications. Eur J Pharmacol.
2024 Nov 15;983:176967. doi: 10.1016/j.ejphar.2024.176967. Epub 2024 Sep 1. PMID:
39222740.

Esalatmanesh S, Kashani L, Akhondzadeh S. Effects of Antidepressant Medication on Brain-
derived Neurotrophic Factor Concentration and Neuroplasticity in Depression: A Review of
Preclinical and Clinical Studies. Avicenna J Med Biotechnol. 2023 Jul-Sep;15(3):129-138. doi:
10.18502/ajmb.v15i3.12921. PMID: 37538241; PMCID: PMC10634295.

10



10.

11.

12.

13.

14.

15.

16.

Deyama S, Kaneda K. Role of neurotrophic and growth factors in the rapid and sustained
antidepressant actions of ketamine. Neuropharmacology. 2023 Feb 15;224:109335. doi:
10.1016/j.neuropharm.2022.109335. Epub 2022 Nov 17. PMID: 36403852.

Yang T, Nie Z, Shu H, Kuang Y, Chen X, Cheng J, Yu S, Liu H. The Role of BDNF on
Neural Plasticity in Depression. Front Cell Neurosci. 2020 Apr 15;14:82. doi:
10.3389/fncel.2020.00082. PMID: 32351365; PMCID: PMC7174655.

Pittenger C. Disorders of memory and plasticity in psychiatric disease. Dialogues Clin
Neurosci. 2013  Dec;15(4):455-63. doi: 10.31887/DCNS.2013.15.4/cpittenger. PMID:
24459412; PMCID: PMC3898683.

Benatti BM, Adiletta A, Sgado P, Malgaroli A, Ferro M, Lamanna J. Epigenetic Modifications
and Neuroplasticity in the Pathogenesis of Depression: A Focus on Early Life Stress.
BehavSci (Basel). 2024 Oct 1;14(10):882. doi: 10.3390/bs14100882. PMID: 39457754,
PMCID: PMC11504006.

Miskolczi C, Halasz J, Mikics E. Changes in neuroplasticity following early-life social
adversities: the possible role of brain-derived neurotrophic factor. Pediatr Res. 2019
Jan;85(2):225-233. doi: 10.1038/s41390-018-0205-7. Epub 2018 Oct 15. PMID: 30341412.
Cardoso SV, Fernandes SR, Tomas MT. Therapeutic Importance of Exercise in
Neuroplasticity in Adults with Neurological Pathology: Systematic Review. Int J ExercSci.
2024 Aug 1;17(1):1105-1119. PMID: 39257645; PMCID: PMC11385284.

Correia AS, Cardoso A, Vale N. BDNF Unveiled: Exploring Its Role in Major Depression
Disorder Serotonergic Imbalance and Associated Stress Conditions. Pharmaceutics. 2023 Aug
3;15(8):2081.  doi:  10.3390/pharmaceutics15082081. PMID: 37631295; PMCID:
PMC10457827.

Chan SW, Harmer CJ, Norbury R, O'Sullivan U, Goodwin GM, Portella MJ. Hippocampal
volume in vulnerability and resilience to depression. J Affect Disord. 2016 Jan 1;189:199-202.
doi: 10.1016/5.jad.2015.09.021. Epub 2015 Oct 1. PMID: 26451503.

Chakrapani S, Eskander N, De Los Santos LA, Omisore BA, Mostafa JA. Neuroplasticity and
the Biological Role of Brain Derived Neurotrophic Factor in the Pathophysiology and
Management of Depression. Cureus. 2020 Nov 9;12(11):e11396. doi: 10.7759/cureus.11396.
PMID: 33312794; PMCID: PMC7725195.

Li K, Wang K, Xu SX, Xie XH, Tang Y, Zhang L, Liu Z. Investigating Neuroplasticity
Changes Reflected by BDNF Levels in Astrocyte-Derived Extracellular Vesicles in Patients
with Depression. Int J] Nanomedicine. 2024 Sep 2;19:8971-8985. doi: 10.2147/1JN.S477482.
PMID: 39246428; PMCID: PMC11379030.

Bjorkholm C, Monteggia LM. BDNF - a key transducer of antidepressant effects.
Neuropharmacology. 2016 Mar;102:72-9. doi: 10.1016/j.neuropharm.2015.10.034. Epub 2015
Nov 11. PMID: 26519901; PMCID: PMC4763983.

11



17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Lessmann V, Brigadski T. Mechanisms, locations, and kinetics of synaptic BDNF secretion:
an update. Neurosci Res. 2009 Sep;65(1):11-22. doi: 10.1016/j.neures.2009.06.004. Epub
2009 Jun 11. Erratum in: Neurosci Res. 2009 Nov;65(3):316-7. PMID: 19523993.

Schmidt HD, Duman RS. Peripheral BDNF produces antidepressant-like effects in cellular
and behavioral models. Neuropsychopharmacology. 2010 Nov;35(12):2378-91. doi:
10.1038/npp.2010.114. Epub 2010 Aug 4. Erratum in: Neuropsychopharmacology. 2011
Jan;36(2):550. PMID: 20686454; PMCID: PM(C2955759.

Sen S, Duman R, Sanacora G. Serum brain-derived neurotrophic factor, depression, and
antidepressant medications: meta-analyses and implications. Biol Psychiatry. 2008 Sep
15;64(6):527-32. doi: 10.1016/j.biopsych.2008.05.005. Epub 2008 Jun 24. PMID: 18571629;
PMCID: PMC2597158.

Polyakova M, Stuke K, Schuemberg K, Mueller K, Schoenknecht P, Schroeter ML. BDNF as
a biomarker for successful treatment of mood disorders: a systematic & quantitative meta-
analysis. J Affect Disord. 2015 Mar 15;174:432-40. doi: 10.1016/j.jad.2014.11.044. Epub
2014 Nov 29. PMID: 25553404.

Tian H, Wang Z, Meng Y, Geng L, Lian H, Shi Z, Zhuang Z, Cai W, He M. Neural
mechanisms underlying cognitive impairment in depression and cognitive benefits of exercise
intervention. Behav Brain Res. 2025 Jan 5;476:115218. doi: 10.1016/j.bbr.2024.115218. Epub
2024 Sep 2. PMID: 39182624.

Wolf S, Seiffer B, Zeibig JM, Welkerling J, Brokmeier L, Atrott B, Ehring T, Schuch FB. Is
Physical Activity Associated with Less Depression and Anxiety During the COVID-19
Pandemic? A Rapid Systematic Review. Sports Med. 2021 Aug;51(8):1771-1783. doi:
10.1007/s40279-021-01468-z. Epub 2021 Apr 22. PMID: 33886101; PMCID: PMC8060908.
Phillips C. Brain-Derived Neurotrophic Factor, Depression, and Physical Activity: Making the
Neuroplastic Connection. Neural Plast. 2017;2017:7260130. doi: 10.1155/2017/7260130.
Epub 2017 Aug 8. PMID: 28928987; PMCID: PMC5591905.

Phillips C, Baktir MA, Srivatsan M, Salehi A. Neuroprotective effects of physical activity on
the brain: a closer look at trophic factor signaling. Front Cell Neurosci. 2014 Jun 20;8:170. doi:
10.3389/fncel.2014.00170. PMID: 24999318; PMCID: PMC4064707.

Ruscheweyh R, Willemer C, Kriiger K, Duning T, Warnecke T, Sommer J, Vélker K, Ho HV,
Mooren F, Knecht S, Floel A. Physical activity and memory functions: an interventional study.
NeurobiolAging. 2011 Jul;32(7):1304-19. doi: 10.1016/j.neurobiolaging.2009.08.001. Epub
2009 Aug 29. PMID: 19716631.

Erickson KI, Voss MW, Prakash RS, Basak C, Szabo A, Chaddock L, Kim JS, Heo S, Alves
H, White SM, Wojcicki TR, Mailey E, Vieira V], Martin SA, Pence BD, Woods JA, McAuley

E, Kramer AF. Exercise training increases size of hippocampus and improves memory. Proc

12



27.

Natl Acad Sci U S A. 2011 Feb 15;108(7):3017-22. doi: 10.1073/pnas.1015950108. Epub
2011 Jan 31. PMID: 21282661; PMCID: PMC3041121.

Edman S, Horwath O, Van der Stede T, Blackwood SJ, Moberg I, Strémlind H, Nordstrém F,
Ekblom M, Katz A, Apr6 W, Moberg M. Pro-Brain-Derived Neurotrophic Factor (BDNF),
but Not Mature BDNF, Is Expressed in Human Skeletal Muscle: Implications for Exercise-
Induced  Neuroplasticity.  Function  (Oxf). 2024 Jan  27;5(3):zqae005. doi:
10.1093/function/zqae005. PMID: 38706964; PMCID: PMC11065112.

13



