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PERSPECTIVE

The brain-derived neurotrophic 
factor in neuronal plasticity 
and neuroregeneration: new 
pharmacological concepts for old and 
new drugs

Neurotrophins: Neurotrophins are peptides or proteins that are 
known to regulate neuronal viability, development, and function. 
Beyond synaptic plasticity, neurotrophins protect neurons from 
apoptosis and also promote neurogenesis to recover neuronal deficit 
even in adulthood. For various reasons that we have highlighted pre-
viously (Habtemariam, 2016a), neuronal cells in the brain are highly 
susceptible to oxidative stress and hence efficient cell survival mech-
anisms must be maintained at all times. Many age-related and other 
neurodegenerative diseases (NDs) in the brain are also associated 
with excessive oxidative damage resulting from either high produc-
tion of reactive oxygen species generated by neurotoxic agents (e.g., 
amyloid beta (Aβ)) or suppressed level of antioxidant defenses. Our 
progress in understanding neurotrophins in recent years has now 
offered more insight into therapeutic options for various NDs where 
neuroregeneration is considered the best therapeutic approach. This 
include traumatic brain injury (TBI), Alzheimer’s disease (AD) and 
Parkinson’s disease (PD), among others. Neurotrophins that have 
been well-characterised to date include the nerve growth factor 
(NGF), brain-derived neurotrophic factor (BDNF), neurotrophin-3 
(NT-3), and neurotrophin-4/5 (NT-4/5). Among the neurotrophins, 
BDNF is the best studied with explosive number of publications ap-
peared in the last decade to establish its functional role in the brain 
and targeting it to treat for many diseases. Upon binding to its re-
ceptor, a signal transduction pathway that is common to the process 
of cell proliferation promotion and/or inhibition of the apoptosis 
cascade has been shown to be activated. Not surprisingly, the com-
mon mitogen activated protein kinase (MAPK) pathway, particu-
larly the extracellular signal-regulated kinase (ERK) pathway, that 
regulates cell growth and differentiation is involved. Details of the 
signal transduction pathway including the ERK, phosphatidylinosit-
ide 3-kinase (PI3K) and phosphoinositide phospholipase C-γ (PLCγ) 
pathway-mediated calcium ion mobilization and cellular events have 
been illustrated in a review by Numakawa et al. (2010).

Traumatic brain injury and BDNF: As a neurotrophin, BDNF can 
stimulate and regulate the growth of new neurons from neuronal 
stem cells through a process of neurogenesis. TBI resulting from a 

heavy blow to the head by an external force leads to direct damage 
to neurons or associated blood vessels, glial cells and other tissues. 
Beyond the immediate cellular death resulting from damage by such 
an external impact, secondary injury may result from the subsequent 
inflammatory and associated biochemical and cellular changes and/
or adaptation to the primary injury. Therapeutic option for TBI is 
very limited but any effort in limiting the secondary damage in brain 
tissues as well as efforts that could increase the restoration of cellular 
deficits through neuroregeneration are best possible considerations. 
In the latter case, neurotrophins that facilitate neuronal growth or 
recovery from stem cells or those maintaining the viability of neu-
rons have critical role to play (Wurzelmann et al., 2017). 

BDNF and neurodegenerative diseases: Numerous studies have 
shown the critical role of BDNF in synaptic plasticity, memory, 
and cognitive functions. As a result, we have reviewed many natu-
ral products such as caffeic acid esters (e.g., salvianolic acid B) that 
have shown promise in AD therapy by increasing the level of BNDF 
(Habtemariam, 2018a). Not surprisingly, suppression of the level 
of BDNF is now shown to be one of the hallmarks of neurodegen-
erative diseases such as AD. One form of neuronal plasticity in the 
hippocampus is the long-term potentiation (LTP) that serves as 
the cellular basis of learning and memory. While BDNF is shown 
to modify LTP, the cortex and hippocampus, which are critical 
to memory-related functions, are among the brain regions where 
BDNF is found in abundance. BDNF also enhance synaptic trans-
mission in the brain with the excitatory synapse (glutamatergic) 
appear to be stimulated, while inhibitory synapses (GABAergic) are 
suppressed. In addition, other classical NDs such as Huntington’s 
disease, PD, and amyotrophic later sclerosis are examples of pathol-
ogy where neuroregeneration could be seen as the most appealing 
therapeutic options. Understanding the role of BDNF in neurogen-
esis and potential benefit in these diseases also came from evidences 
in recent years where the number of neurons in adult animals and in 
vitro have been shown to be augmented by BDNF. The overall effect 
of BDNF is now believed to be mediated both through induction of 
cell proliferation/differentiation and cell survival mechanisms (Fig-
ure 1). An excellent insight into stem cell-based therapy options for 
NDs is also presented by Stonesifer et al. (2017).

BDNF-based therapy: As with many other bioactive proteins 
such as insulin and cytokines (e.g., tumour necrosis factor), neu-
rotrophins are synthesised as a large precursor protein that needs 
further processing by proteolytic enzymes to liberate the active/
mature form. The BDNF precursor in the endoplasmic reticulum 
or pro-BDNF (129 amino acids more than the mature form) is 
processed by the Golgi apparatus and loaded into vesicles. The lib-
eration of the mature BDNF of 118 amino acids could be a result of 
either intracellular enzymatic action or by proteases (e.g., metallo-
proteinases) in the extracellular domain (Hempstead, 2015). Both 

Figure 1 Targeting brain-derived 
neurotrophic factor (BDNF) in 
neuroregeneration and neuronal plasticity. 
BDNF is released from neuronal tissues as a result 
of death signaling and various stimuli under both 
normal and pathological conditions. Activation 
of tropomyosin-related kinase B (TrkB) by BDNF 
initiates signal transduction pathways via tyro-
sinekinase (TK) activity, leading to promotion 
of neurogenesis and a repair process that is col-
lectively called neuroregeneration. The agonistic 
activity of 7,8-dihydroxyflavone (7,8-DHF) serves 
as the prototype drug in the search for selective 
TrkB activating drugs. Notice the related inactive 
compound, pinocembrin, that differs in the ox-
ygenation pattern of the A ring and lack of C2-
C3 double bond. A number of natural products 
as well as some synthetic compounds (e.g., J-147) 
that are shown to promote neurogenesis and 
anti-Alzheimer’s disease potential do increase the 
level of BDNF in the brain. Many other natural 
products are also known to promote neurogenesis 
under experimental models of neurodegenerative 
diseases (Habtemariam, 2018a).
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the BDNF and pro-BDNF released from the vesicles have pharmaco-
logical effects, but the more potent and specific effect of BDNF is of 
direct interest to therapeutic modulation in neuroregeneration. Two 
receptor types are known to be involved in BDNF and pro-BDNF. 
The p75 neurotrophin receptors mediate the low affinity binding 
action of pro-PDNF and result in activation of neuronal cell death 
mechanisms among others; while the high affinity binding of BDNF 
to its tropomyosin-related kinase family (Trk) receptors results in 
cell survival and differentiation, dendritic spine complexity, and 
LTP. The tropomyosin receptor kinase B (TrkB) serves as a receptor 
for BDNF while related TrkA and TrkC serve as receptors for NGF 
and NT-3, respectively. The role of BDNF via these receptors in 
synaptic plasticity and even increased level of TrkB receptors with 
neuronal activity has been well established. Beyond the correlation 
of physical activity/exercise and BDNF level and neuronal function 
(e.g., memory) in the brain, attempts have been made to use BDNF 
as therapy. Being a protein, the degradation of BDNF by proteolytic 
enzymes with half-life widely reported far less than 30 minutes cou-
pled with its inability to pass through the blood-brain barrier (BBB) 
is, however, the drawback of using it as a therapeutic agent. Hence, 
approaches such as nanoparticles and mechanisms of delivery to the 
brain has been another subject area of research in recent years. The 
most attractive approach, both for old and novel medicines, appears 
to be direct receptor activation via ligands/agonists or mechanisms 
of increasing the BDNF level in the brain (Figure 1).

TrkB agonists: One of the most promising TrkB agonist, that gained 
lots of attention in recent years, is the plant-based natural product, 
7,8-dihydroxyflavone (7,8-DHF). Among the common plant sources 
of the compound are tridax daisy (Tridax procumbens L.), several 
species of the genus Primula, and Godmania aesculifolia (Kunth) 
Standl. The simplicity of this compound is astonishing: the complete 
lack of oxygenation in the B-ring of the flavonoid skeleton and the 
common hydroxylation at C-5 position of the A-ring missing and/
or rather replaced by hydroxylation at C-8 is evident (Figure 1). This 
compound now sourced through a synthetic route has shown prom-
ise as BDNF receptor (TrkB) agonist in potential neurogenesis as well 
as many other therapies. As with BDNF, 7,8-DHF triggers receptor 
dimerization, autophosphorylation, and signal transduction but with 
more sustained effect. The critical step of receptor internalization is 
still evident for 7,8-DHF but receptor ubiquitination and subsequent 
degradation is not associated with its signaling effect (see Wurzel-
mann et al., 2017). Hence, a more economical route of receptor cycli-
sation process is induced by this compound. This selective effect on 
the high affinity receptor coupled with a longer half-life has opened 
up a new avenue for the search of novel drugs acting through BDNF 
receptor agonistic mechanisms. Both 7,8-DHF and BDNF activate 
the Erk1/2 and protein kinase B (Akt) pathway to display neuropro-
tective effect. The incredible level of selectivity in receptor activation 
by 7,8-DHF was also demonstrated by the lack of effect for the related 
flavonoids such as pinocembrin (Figure 1). The selective effect of 7,8-
DHF and how it was identified through routine screening of related 
compounds has been elegantly presented by Jang et al. (2010).

Enhancing BDNF production: To date, numerous natural products 
that belong to various structural groups (Elufioye et al., 2017) and 
specifically the monoterpenes (Habtemariam, 2018b), flavonoids 
(Habtemariam, 2016a), and other polyphenols (Habtemariam, 
2016b) have shown their promise as therapy for NDs. Most of these 
compounds are classical examples of old drugs or compounds that 
are active principles of many traditional medicines. Even though 
multiple mechanisms of action ranging from general antioxidant and 
antiinflammatory mechanisms to specific action on the brain are in-
volved, effects on neurotrophins are now emerging as a further mech-
anism of action. Good examples are curcumin, resveratrol, (-)-epi-
gallocatechin-3-gallate (EGCG), and berberine (Figure 1). Under 
various experimental conditions, these compounds have been shown 
to increase the BDNF level under neurodegenerative experimental 
models both in vitro and in vivo. Since these compounds are active 
in modulation of gene expression and signal transduction pathways 
associated with cell growth and differentiation, their effect on BDNF 
production could be a result of multiple mechanisms. The effect of 
curcumin in ameliorating the spatial memory deficit induced by 
Aβ, for example, is known to be mediated through activation of the 
cAMP response element-binding protein (CREB) and ERK signal-
ling. Efforts in finding novel derivatives of the above natural products 

with a better efficacy profile is also ongoing. For example, Chen et al. 
(2011) have identified a range of novel curcumin derivatives that led 
to the identification of J-147 (Figure 1) as a potent anti-AD agent. 
Hence, there seems to be sufficient scientific justification and plenty 
of enthusiasm to find novel compounds with increased bioavailability 
and efficacy in neurogenesis through neurotrophin production or 
agonist-like action. Due to the diverse effect of BDNF in neuronal 
cells and its downregulations in pathologies such as depressive and 
other psychological disorders, agents that upregulate its production 
or function also have diverse therapeutic applications.

Conclusion: BDNF plays a critical role in maintaining normal 
neuronal functions, their survival under normal and pathological 
conditions, and promoting neurogenesis in the adult brain subjected 
to NDs. Understanding the mechanism of BDNF production, secre-
tion, and receptor-mediated function in the past decade has opened 
up a an opportunity to discover new drugs as well as explaining 
the mechanisms of old potential therapies of natural origin. Future 
research in this direction will provide more insight into the applica-
tion of neurogenesis-based therapy and/or stem-cell therapy in NDs. 
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