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Abstract 
Neurodegenerative diseases (ND) are a significant global health challenge, characterized by theprogressive 

loss of neuronal structure and function. Current therapeutic approaches do not effectively target the 

underlying mechanisms of these diseases and often provide limited benefits. Neurotrophic factors have 

shown promise in promoting neuronal growth, differentiation, and survival, making them potential 

candidates for neuroprotection.  

Keywords 
Neuroprotective; Neurodegenerative diseases; Nervous system; Neurotrophic factor 

  

http://doi.org/10.52793/JNSRR.2024.4(2)-36
https://orcid.org/0009-0002-9987-0999


2 

Mini-Review | Syed R, et al. J Neurol Sci Res. 2024, 4(2)-36 

Doi: http://doi.org/10.52793/JNSRR.2024.4(2)-36 

 

 

 

Introduction 
Neurodegenerative diseases (ND) are a significant global health challenge, characterized by the progressive 

loss of neuronal structure and function. Current therapeutic approaches do not effectively target the 

underlying mechanisms of these diseases and often provide limited benefits. Neurotrophic factors have 

shown promise in promoting neuronal growth, differentiation, and survival, making them potential 

candidates for neuroprotection. This systematic review aims to critically assess the existing literature on 

the neuroprotective effects of neurotrophic factors in various neurodegenerative diseases. We conducted 

an extensive search across electronic databases to identify relevant studies. After thorough data extraction 

and quality evaluation, we included studies that investigated the impact of neurotrophic factors on 

neurodegeneration. The included studies covered a range of neurodegenerative diseases, such as 

Parkinson's disease, Alzheimer's disease, Huntington's disease, and amyotrophic lateral sclerosis. 

We analyzed 213 articles from reputable journals that were published between 2013 and August 10, 

2023. We specifically focused on ten selected papers for a detailed examination. The results of our 

review further support the effectiveness of neurotrophic factors in mitigating neurodegeneration. 

Numerous neurotrophic factors have demonstrated the capacity to enhance neuronal function and 

support survival in various disease models. These factors include ciliary neurotrophic factor (CNTF), 

brain-derived neurotrophic factor (BDNF), glial cell line-derived neurotrophic factor (GDNF), and nerve 

growth factor (NGF). These effects are achieved through mechanisms such as reducing inflammation, 

promoting the growth of neurites, and modulating synaptic plasticity. It is important to note that 

neurotrophic factors utilize multiple signaling pathways and interact with specific pathologies 

associated with the diseases. However, challenges related to the stability, delivery, and potential side 

effects of neurotrophic factors are also discussed in the review. This emphasizes the necessity of 

developing targeted delivery systems to optimize the therapeutic potential of these factors. 

While the majority of studies indicate positive effects of neurotrophic factors, there are some 

limitations in the literature. This systematic review offers a comprehensive assessment of the current 

research on the neuroprotective effects of neurotrophic factors in neurodegenerative diseases. 

Despite the challenges and constraints, the overall evidence suggests that neurotrophic factors have 

potential as therapeutic agents for these debilitating disorders. Further investigation is needed to 

understand the intricate mechanisms behind their effects and to develop strategies that enhance their 

clinical applicability. Ultimately, a deeper understanding of the interaction between neurotrophic 

factor signaling and neurodegeneration could pave the way for groundbreaking and targeted 

interventions, bringing hope to patients with neurodegenerative. 

 

Our nervous system is a medium that makes us aware of our surroundings, provides us with the 

required stimulation to explore, and creates memories of all good and bad experiences that help us 

improve every day. Humans are sometimes rendered incapable of performing all that due to time-

dependent consequences and genetic makeup, which causes suffering. We refer to them as 

neurodegenerative diseases (NDs) because the cause of them is degeneration [1, 2, 3]. Although 

neurons are not immortal, the progressive loss of neurons, neuron structure, and/or their functions, 

known as neurodegeneration, is central to the pathophysiology of several brain disorders [4] and is 

also a major health concern. Diseases with neurodegeneration as their hallmark feature are 
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collectively termed NDs [5, 6]. The most common NDs include Alzheimer’s disease, Parkinson’s 

disease, prion disease, amyotrophic lateral sclerosis, motor neuron disease, Huntington’s disease, 

spinal muscular atrophy, and spinocerebellar ataxia [5, 7, 8, 9]. Neurodegeneration has been 

identified as the pivotal pathophysiological change in most brain-related disorders [10]. Regardless 

of the incessant efforts of modern science to develop a medical or surgical solution, the outcome has 

not been favorable. Neurodegenerative disorders (NDs) such as Alzheimer’s and dementia continue 

to be a clinical concern for most older people [11, 12].  

Neurotrophic factors are those molecules that help a group of cells to survive. These polypeptides 

play central roles in nervous system development, from naturally occurring cell death to 

differentiation and neurite outgrowth. The acknowledged prototypical example and best-

characterized neurotrophic factor is nerve growth factor (NGF), a 3-fold-structured serine proteinase 

that helps sympathetic and sensory neurons in the peripheral nervous system and also functions in 

the development and maintenance of cholinergic neurons [13]. BDNF stands as a distinguished 

member of these neurotrophins, contributing indispensably to neuronal survival, orchestrating 

axonal guidance, and sculpting the intricate landscape of activity-dependent synaptic plasticity [14]. 

All known neurotrophic factors are classified into these three families based on structural and 

functional similarity (Figure 1). 

 

 

Figure 1: Brain Derived Growth Factor (BDNF), Nerve Growth factor (NGF), Neurotrophin-3 (NT-3), 

Neurotrophin-4 (NT-4), and Neurotrophin-6 (NT-6), Neurturin (NRTN), Glial Cell-derived Neurotrophin Factor 

(GDNF), Persphin (PSPN), Artemin (ARTN), Ciliary Neurotrophic Factor (CNTF), Leukemia Inhibitory Factor (LIF), 

Interleukin-6(IL-6), Interleukin-11(IL-11), Cardiotrophin-1 (CT-1), Cardiotrophin-Like Cytokine (CLC), and 

Oncostain-M (OSM). 
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Nerve growth factor (NGF) family: The nerve growth factor family consists of NGF, BDNF, neurotrophin-3 

(NT-3), neurotrophin-4/5 (NT-4), and neurotrophin-6 (NT-6). Target-derived substances called 

neurotrophins work by preventing apoptosis in target-supporting neurons to increase their survival. NGF 

serves as both the model for the neurotrophin family and the first member of the NTF family to be 

discovered. Early studies have shown the vital role of NGF in the development and regeneration of 

sympathetic and sensory neurons [15]. Glial cell-derived neurotrophic factor (GDNF) family ligands (GFLs):- 

This family consists of homodimeric polypeptides: GDNF, neurturin (NRTN), artemin (ARTN), and persephin 

(PSPN), which also belong to the transforming growth factor β superfamily. GDNF is the first identified 

member in this family with an important role in the survival of midbrain dopaminergic neurons in a specific 

manner [16]. Neuropoietic cytokines (neurokines) family, the neuropoietic family includes ciliary 

neurotrophic factor (CNTF), leukemia inhibitory factor (LIF), interleukin-6 (IL-6), interleukin-11 (IL-11), 

cardiotrophin-1 (CT-1), cardiotrophin-like cytokine (CLC), neuropoietin, and oncostatin-M (OSM) [17]. 

Neurotrophic factor regulation of neuronal cell survival in the developing nervous system and promotion 

of survival after injury or protection of neurons in toxin-mediated disease animal models has been the 

underlying drive for the idea that neurotrophic proteins could be harnessed to treat neurodegenerative 

disease. For example, the traditional perspective of applying neurotrophins in the context of Alzheimer's 

disease is based on the premise that these polypeptides are capable of upregulating cholinergic function 

and rendering neurons less vulnerable to at least some processes causing neurodegeneration [18, 19]. 

Another example is GDNF, which acts on dopaminergic neurons. Administered intracerebrally, GNDF has 

neuroprotective and neurorestorative effects in toxin-induced rodent and nonhuman primate models of 

Parkinson's disease [20-22]. 

Neurotrophic factor treatment of CNS diseases presents an especially complex problem, given their poor 

pharmacokinetics and bioavailability, together with their inability to cross the blood-brain barrier. 

Neurotrophic proteins can be modified to increase blood-brain barrier transport [23], and intravenous 

administration of BDNF, conjugated to an anti-transferrin, can traverse the blood-brain barrier in rats and 

provide neuroprotection in focal transient brain ischemia but in large primates this effect is debatable [24, 

25]. Using gene therapy as an enabling delivery technology, a number of review studies suggested the 

continued use of neurotrophic factors for treating a variety of neural-related illnesses, such as AD, PD, ALS, 

optic nerve degeneration, and hearing loss [26]. Research indicates that neurotrophic factors may have 

neuroprotective effects, but there are still a number of obstacles to overcome. When developing 

therapeutic techniques, it is important to take into account the numerous signaling networks, the blood-

brain barrier, and the intricacies of the central nervous system. 

 

Review Methods 
This review focuses on clinical studies concerning the neuroprotective effect of neurotrophic factors in 

neurodegenerative diseases. We excluded animal studies and publications that discussed only the 

methodology of neurotrophic factors without presenting clinical data. The review follows the guidelines for 

Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) [27] for 2020 in Figure 2 and 

only uses data collected from published papers, eliminating the need for ethical approval. 
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Figure 2: PRISMA flow diagram illustrating the search strategy and study selection process for the systematic review. 

PRISMA: Preferred Reporting Items for Systematic Reviews and Meta-Analyses. 

 

Systematic Literature Search and Study Selection 
We conducted an intricate search for relevant publications by using PubMed, including Medline and Google 

Scholar. We searched for studies mentioned in review papers, editorials, and commentaries on PubMed. 

Nevertheless, we continued searching for additional studies that satisfied our inclusion criteria. We had a 

list of abstracts that we independently reviewed for inclusion using specific criteria. emphasizing their 

neuroprotective benefits in neurodegenerative disorders, availing neurotrophic factors, and having a well-

described clinical cohort in the study were among the prerequisites. Research and review articles involving 

animals were not included. Controversies were settled through discussions following a dual review by six 

reviewers. 

 

Inclusion and Exclusion Criteria 
We established specific criteria for including and excluding participants to achieve our study goals. Our 

criteria can be summarized in (Table 1). 
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Inclusion criteria Exclusion criteria 

Human studies Animal studies 

From 2013 to 2023 Only methodological studies explaining programming details 

English Text Non-English texts 

Gender All 

Age: > 13 years of age Age:<=13 years 

Free papers Papers that needed to be purchased 

  Studies involving clinical data other than neurodegenerative diseases 

Table 1: Showing the criteria adopted during the literature search process. 

 

Search Strategy 
A comprehensive review of the literature was carried out using the PICO (population, 

intervention/condition, control/comparison, and outcome) criteria. The relevant keywords for the 

search were neurotrophic factors, neuroprotective effects, and neurodegenerative illnesses. The 

databases searched were PUBMED (including Medline) and Google Scholar Libraries. Detailed search 

strategy was evolved using the medical subject heading (MeSH) approach for PubMed (including 

Medline) and Google Scholar, as described in (Table 2). 

 

Database Search Strategy Search Results 

PubMed Neurodegenerative diseases 1248 

  Neurotrophic Factors or neurodegenerative 
diseases 

94 

  Neurotrophic factors or neurodegenerative 
diseases or Neuroprotective effects 

77629 

Google Scholar Neurotrophic factors or neurodegenerative 
diseases or Neuroprotective effects 

4146 

Table 2: Showing the search strategy, search engines used, and number of results displayed. 

Quality Appraisal 
Several quality assessment tools were used to verify the dependability of the selected papers. For randomized 

clinical trial evaluation in systematic reviews and meta-analyses, we used the PRISMA checklist and the 

Cochrane bias tool. Using the Newcastle-Ottawa tool scale, non-randomized clinical studies were assessed. 

Using the Critical Appraisal Skills Program (CASP) checklist, qualitative research were evaluated (see Table 3). 

In order to preserve classification clarity, we assessed the articles' quality using the Scale for Assessment of 

Narrative Review Articles (SANRA). 

Quality Appraisal Tools Used Type of Studies 

Cochrane Bias Tool Assessment Randomized Control Trials 

Newcastle-Ottawa Tool Non-RCT and Observational Studies 

PRISMA Checklist Systematic Reviews 

SANRA Checklist Any Other without Clear Method Section 

Table 3: Showing quality appraisal tools used. 
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PRISMA: Preferred reporting items for systematic reviews and meta-analyses; SANRA: Scale for the 

Assessment of Non-Systematic Review Articles. 

 

Results 
We extracted 80,226 articles after reviewing three specific databases: PubMed, Medline, and Google 

Scholar. After carefully going over each paper and applying particular criteria, 76,094 publications 

were excluded from consideration. 3,919 of the 4,132 papers that were still available were not used 

by us because of duplication or poor titles and abstracts. Our inclusion criteria were not met by the 

remaining 213 publications, so we carefully reviewed them and eliminated another 183. After that, 

we gave the final eight papers-all of which satisfied our requirements—a careful quality review. In our 

final systematic review, these eight articles are included. A full description of each is given in (Table 

4). 

 

Author/Year Country Study Design Database 
Used 

Conclusion 

Skaper SD/ 2018(14) Italy Systematic literature 
review 

Pubmed They answered the importance of 
neurotrophic factors 

RT/ 2017 (26) USA Systematic review Pubmed Breakthroughs with neurotrophic factors in 
neurodegenerative diseases 

Bali p/ 2017(31) India Systematic review PubMed They answered the key role of neurotrophic 
factors. 

Huang Y/ 2018 (36) China Systematic review PubMed BDNF concentration was positively 
associated with disease duration, severity 
of PD symptoms, and treatment with L-
DOPA. 

Choi, S.H/ 2018(50) USA Randomized control trial Google Scholar 

Exercise-induced AHN (Adult Hippocampus 
Neurogenesis) improved cognition along 
with reduced Aβ load and increased levels 
of BDNF, IL-6, FNDC5, and synaptic markers. 

Karimi, N/ 2022(52) Iran, USA 
Systematic review and 
meta-analysis 

Google Scholar 
Circulating levels of BDNF are decreased in 
MS. 

Braschi, C/ 2021 (55) Italy Randomized control trial Google Scholar 

Reinforces the potential therapeutic ses of 
BDNF in neurological disorders and the 
potentiality of the non-invasive intranasal 
route as a brain delivery strategy for BDNF 
or other neurotrophic factors. 

Miranda, M/ 2019 (56) Argentina Systematic review 
PubMed and 
Google Scholar 

BDNF can be thought of as a marker that 
specifically relates to the occurrence and/or 
progression of the mnemonic symptoms 
that are common to many pathological 
conditions that share deficits in this 
cognitive domain. 

Table 4: Summary of the results of the selected papers. 
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Discussion 
Novel therapeutic approaches are in trials to slow down neuronal deterioration and prolong neuronal life, 

ultimately aiding in the healing process. NTFs have a key physiological role in neuroprotective mechanisms 

and neurorestoration, suggesting they have a lot of potential for treating disorders linked to them. 

[28]. 

 

For example, the decrease in NGF levels in Alzheimer’s patients [29] and the decrease in BDNF levels in a 

few regions of the brain, such as the substantia nigra, in Parkinson’s patients [30] ultimately lead to a 

deprivation in neuronal function preceded by a decrease in the number and size of neurons. Since CREB 

(cAMP response element-binding protein) is a DNA-binding protein and acts as a transcription factor for 

several genes, including c-fos, tyrosine hydroxylase, several neuronal peptides, and, importantly, 

neurotrophin BDNF, it is possible that an association may exists between the role of BDNF expression and 

its regulation by CREB in rescuing learning and memory deficits [31]. 

 

BDNF acts on cells by binding to either the tyrosine kinase receptor (Trk) B or the low-affinity p75 

neurotrophin receptor (p75), a member of the tumor necrosis factor receptor superfamily [31]. BDNF can 

also bind to the Tropomyosin receptor kinase B (TrkB) and p75 receptors.Survival-promoting effects of 

BDNF are mediated by the TrkB receptor through activation of MAPK, Akt, and phospholipase C- pathways, 

while p75 receptors are mainly activated by the BDNF precursor molecule, proBDNF, triggering pro-

apoptotic activity [40]. Interestingly, p75 seems to be upregulated in neurodegenerative disorders and 

aging [33]. In human PD patients, BDNF levels were found to be decreased in the SNPC [34] and in the 

serum [35]. However, a quite surprising increase in BDNF levels in the later stages of the disease was also 

reported [36]. BDNF promotes the survival of dopamine neurons in vitro and in animal models of PD [37, 

38, 39]. 

 

The mature form of BDNF exerts its neuroprotective effects through TrkB, activating mitogen-activated 

protein kinase (MAPK), phosphatidylinositol-4,5-bisphosphate 3-kinase (PI3K)/Akt, and phospholipase C 

(PLC) pathways. Alternatively, pro-BDNF can exert pro-apoptotic effects through the p75 receptor. GFLs: 

GDNF, NRTN, ARTN, and PSPN, act mainly through receptor tyrosine kinase RET together, requiring 

additional coreceptors GDNF Family Receptor alpha 1 to 4 (GFRα1-4). GDNF, NRTN, ARTN, and PSPN bind 

to GFRα1 to 4, respectively. The binding of the GFL-GFR complex to RET activates MAPK, Src, and PI3K/Akt 

signaling pathways. Additionally, GFLs can also signal through GFR-NCAM and Syndecan 3 (except for PSPN 

in the latter case). CDNF is an unconventional neurotrophic factor without a known membrane receptor. 

Putatively, CDNF can act both on the plasma membrane and intracellularly on the ER membrane. It exerts 

prosurvival effects by attenuating ER stress and interacting with misfolded proteins [40]. 

  

In the case of potential therapy for neurodegenerative diseases, GDNF has a relatively high specificity for 

dopaminergic neurons and, thus, has significant potential for the treatment of PD, which is mainly 

characterized by progressive depletion of dopaminergic cell populations in the midbrain [41]. GDNF is the 

most studied NTF in PD. GDNF acts on neurons through its receptor, tyrosine kinase rearranged during 

transfection (RET), in the presence of a co-receptor, GDNF Family Receptor α1 (GFRα1). RET activation 
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triggers complex intracellular signaling cascades, promoting the survival and regeneration of neurons [42]. 

In addition, GDNF has been demonstrated to possess trophic and protective properties on noradrenergic 

neurons located in the locus coeruleus, as well as on peripheral motor neurons. These findings raise 

optimism regarding the potential therapeutic applications of GDNF in treating Huntington's disease (HD) 

and amyotrophic lateral sclerosis (ALS) [43, 44, 45]. CNTF affects motor neuron survival in vitro, during 

development, after injury to motor neuron systems, and in genetic models of motor neuron degeneration 

[46]. This suggests that CNTF could be developed as a treatment for ALS [47] and SCI [48], where there is 

widespread degeneration of ventral motor neurons [49]. 

 

Research examining disease models of Alzheimer's disease (AD) has shown that boosting brain-derived 

neurotrophic factor (BDNF) by means of lentivirus expression of BDNF is essential for multiple functions in 

adulthood, such as cholinergic innervation, memory acquisition, and retention [50, 51]. Reduced amounts 

of BDNF have been found in the brains, blood, and cerebrospinal fluid (CSF) of patients with AD and 

moderate cognitive impairment [51]. In a similar vein, poor BDNF secretion in the serum is seen in people 

with multiple sclerosis (MS), which may also lead to decreased neuroprotection [52, 53]. As a result, it is 

expected that lower BDNF levels will impede MS patients' ability to enter remission and accelerate the 

disease's progressive stage [54]. Thus far, studies have looked into the possible advantages of BDNF in a 

range of inflammatory and neurodegenerative disorders, such as animal models of AD and spinal cord, MS, 

and Huntington's disease (HD) [55, 56, 57]. 

 

Limitations 
This review of the literature has limitations. We looked for articles with an minimum age of 13 years old 

and constrained analysis to English publications released in the previous 10 years. Our analysis was 

constrained to English studies on neurotrophic factors and their neuroprotection in neurodegenerative 

illnesses, and we only used free literature. Precise inferences can be made by further research. 

 

Conclusion 
This systematic analysis draws the inference from the existing potential of neurotrophic factors as 

impressive neuroprotective treatments in neurodegenerative illnesses. Their wide-ranged roles in fostering 

neuronal survival, growth, and support are illustrated by a thorough analysis of the literature. Although 

administration, dosage, and long-term effectiveness, are still issues, the study clearly indicates that 

neurotrophic factors are the secret to pioneering therapeutic approaches. Although non-human primates 

benefit from neurotrophic factors, getting these factors into target neurons is still quite difficult since 

molecules are not very good at penetrating through peripheral channels. Administering medication 

intraventricularly or intrathecally only affects the cortex's outer layers and has negative side effects. 

Innovatory neurosurgical procedures have not yet been used to investigate the efficacy of this intriguing 

alternative approach to delivering BDNF in Parkinson's disease (PD) by gene transfer using viral vectors 

[58,59]. For these discoveries to be interpreted into physical therapies that can lessen the effects of 

neurodegenerative diseases and improve the survival of those who are impacted, more investigation and 

clinical trials are necessary. 
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