The Open Access
Publisher

@HSPI

(3 [N~ ][D ] JOURNAL OF NEUROSCIENCE
issv PIRERA] AND NEUROLOGICAL DISORDERS

Review Article

Adult Neurogenesis: A Review of
Current Perspectives and Implications

for Neuroscience Research

Gideon S Alex'*, Olanrewaju Oluwaseun Oke?, Joy Wilberforce
Ekokojide3, Tolulope Judah Gbayisomore*, Anene-Ogbe C
Martina?, Farounbi Glory® and Joshua Ayodele Yusuf®

1Department of Anatomy, Faculty of Basic Medical Sciences, University of Port Harcourt, East-West
Road, PMB 5323 Choba, Rivers State 500102, Nigeria

2Department of Physiology, School of Basic Medical Sciences, Federal University of Technology,
Akure, PMB 704, Akure, Ondo State 340106, Nigeria

3Department of Human Anatomy, College of Medicine, Rivers State University, P.M.B 5080, Port
Harcourt, Nigeria

*University of Benin Teaching Hospital, P.M.B. 1154, Ugbowo, Benin City, Edo State 300001, Nigeria
5College of Medicine, Lagos State University, PMB 001 Ikeja, Lagos State 100282, Nigeria

®Ladoke Akintola University of Technology, P.M.B 4000, Ogbomoso, Oyo State, Nigeria

Abstract

More Information

*Address for correspondence: Gideon Sorlelodum Alex,
Department of Anatomy, Faculty of Basic Medical Sciences,
University of Port Harcourt, East-West Road, PMB 5323
Choba, Rivers State 500102, Nigeria,

Email: alex2gideon@gmail.com

Submitted: November 06, 2024
Approved: November 11, 2024
Published: November 12, 2024

How to cite this article: Alex GS, Oke 00, Ekokojide JW,
Gbayisomore TJ, Martina AC, Glory E, et al. Adult
Neurogenesis: A Review of Current Perspectives and
Implications for Neuroscience Research. ] Neurosci Neurol
Disord. 2024; 8(2): 106-114. Available from:
https://dx.doi.org/10.29328/journal.jnnd. 1001102

Copyright license: © 2024 Alex GS, et al. This is an open
access article distributed under the Creative Commons
Attribution License, which permits unrestricted use,
distribution, and reproduction in any medium, provided
the original work is properly cited.

Keywords: Adult neurogenesis; Neural stem cell;
Neuroplasticity; Emerging technologies

"} Check for updates

@ OPEN ACCESS

Background: The study of new neuron formation in the adult brain has sparked controversy and ignited interest among scientists in recent times,
these include its occurrence and location in the adult human brain, functional significance, variation in study methods, translation from animal model to

human, and ethical challenges involving neural stem cell research.

Aim: To provide a comprehensive understanding of adult neurogenesis, functional significance, and challenges and explore the latest advances in the

study of adult neurogenesis.

Methodology: An extensive and systematic search of electronic databases (Medline, Scopus, Web of Science) was conducted using keywords related

to adult neurogenesis and techniques involved in its study.

Results: The mechanism of adult neurogenesis was found to occur in specific brain regions such as the subgranular zone of the dentate gyrus

and subventricular zone of the lateral ventricle. Adult neurogenesis is vital neural plasticity, providing a potential mechanism for the brain to adapt
and reorganize in response to environmental cues and experiences. Cutting-edge research and sophisticated imaging techniques, such as two-photon
microscopy, MRI, optogenetic, and stem-cell-based therapies have provided deeper insight into the study of adult neurogenesis.

Conclusion: The study of neurogenesis is important for understanding nervous system development, physiology, pathology, and exploring
neuroplasticity. Its advancement is challenged by some ethical concerns regarding embryonic, pluripotent stem cells, and the need for safe, and
noninvasive study methods. Although recent breakthroughs in neuroimaging, microscopic techniques, and genetic tools are aiding real-time study of
adult neurogenesis.

pathways, metabolic factors, the vascular and immune
systems, and epigenetic regulation. Adult neurogenesis
is adversely impacted by neurodegeneration due to the
various modulators [5]. The repair of damaged tissue and
enhancement of neurogenesis is now possible through
some advanced processes like stem cell-based therapies.
Furthermore, understanding the concept of neurogenesis
via in vivo study has been possible through advanced
imaging techniques such as nuclear magnetic resonance
spectroscopy, positron emission tomography, and next-
generation sequencing or single-cell sequencing [6]. These

Introduction

Adult neurogenesis is the generation of new neurons
coordinated by complex systems, involving neuroplasticity
and persisting throughout life [1], these neurons originate
from neural stem cells [2]. Altman’s groundbreaking
research with the thymidine autoradiograph technique
which labels dividing cells with [3H]-thymidine, combined
into the replicating DNA provided the first proof of the
generation of new neurons in adult rats [3]. Positive evidence
of neurogenesis in the hippocampus was later reported
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procedures require meticulous supervision, regulation,
substantial energy costs, and certain risks [7].

Molecular signaling pathway in adult neurogenesis

Specific pathways regulate self-renewal, proliferation,
differentiation of neuronal stem cells, migration, and
integration of developing neurons’ functions in the adult
brain [8]. These pathways do not occur independently, as
they are regulated by extrinsic environmental influences and
intrinsic genetic factors. Adverse environmental situations,
for instance, may set off acute stress reactions, which in turn
may cause the adrenal cortex to release glucocorticoids.
Targeting vital receptors in this signaling cascade, this
hormone can penetrate the blood-brain barrier, leading to
transactivation or trans-repression of specific genes of some
signaling pathways like Forkhead box protein 03 pathway,
Transforming growth factor Beta pathway, and Hedgehog
pathway [9] (Figure 1).

Notch signaling pathway

The notch pathway regulates various processes, such
as cell proliferation, differentiation, and apoptosis. There is
increasing proof that this route has separate functions in the
sub-ventricular and sub-granular zones of the adult brain
in terms of sustaining and developing neural stem cells. It
preserves the pool of neural stem cells and promotes their
differentiation into adult cells by means of downstream
transcriptional effectors and Notch ligands (Delta, LAG-2,
APX-) receptors [10].

Wnt-beta catenin pathway

Whntligands areafamily of secreted glycoproteinsinvolved
in a large variety of central nervous system developmental
and adult processes. Lineage tracing experiments observed
the existence of Wnt/b-catenin-responsive stem cells in both
the SVZ and SGZ niches [11]. Wnt signaling stimulates cortical
neural progenitor cells to self-renew and differentiate
according to developmental phases [12,13]. In mid- and late-
stage neurogenesis, the pathway promotes the differentiation
of intermediate progenitors; in early neurogenesis, however,
it preserves neural progenitors and stimulates self-renewal
[14-16].

Wnt-beta catenin Pathway
Notch Pathway *  Preserves neural progenitors and
= Preserves the pool of NSCs
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differentiation into adult cells.
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Figure 1: Schematic diagram showing the molecular signaling pathways in

adult neurogenesis.
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Bone Morphogenetic Proteins (BMPs)

They are growth factors under the Transforming growth
factor beta superfamily. The effects of BMP signaling on
the development of the nervous system vary, and the
particular cellular response that BMPs elicit is dependent
on the properties of the target cell and the signaling milieu.
The neural tube’s early organization and dorsoventral axis
formation depend on the precise interaction between BMPs
and their natural antagonist, Noggin, Chordin, and Follistatin.
BMPs also continue to control a wide range of cellular
activities later on in embryogenesis, such as proliferation,
apoptosis, neurogenesis, and gliogenesis [17,18].

Sonic Hedgehog pathway

During embryonic development, the multifunctional
signaling protein known as Sonic Hedgehog (Shh) Shh is
needed for progenitor proliferation, ventral patterning,
progenitor zone segmentation, and preservation of NSCs in
the SGZ and SVZ throughout life in forebrain development
[19].

Adult neurogenesis in drosophila, rodents and
humans

Adult neurogenesis in drosophila: The brains of
drosophila and other invertebrates were initially considered
to be hardwired and incapable of neurogenesis. This was
supported by the fact that neuroblasts, which are precursors
to new neurons were eliminated before the adult fly ecloses,
so it was unclear how new neurons could be generated
[20]. However, recent studies have shown the presence of
proliferating cells in adult drosophila brains. It has been
found to occur at the vital period during day 1 to 6 post
eclosion, particularly in the antennal lobes, central brain,
sub-aesophageal ganglion, and medulla cortex of the optic
lobe [21-23]. Neuronal activity, genetic modification, and
damage have all been demonstrated to initiate neurogenesis
in drosophila [24]. Adult neurogenesis is considered a
homeostatic mechanism that helps to maintain the number
of cells throughout adult life [24].

Adult neurogenesis in mammalians (Rodents and
Humans)

Neurogenesis in the subgranular zone of dentate
gyrus: The subgranular zone, which is situated between the
hilus and granular layer, contains neural precursor cells that
give rise to new granular neurons via the following cascade:
Quiescent neuroprogenitor cells proliferate and give rise to
amplifying neuroprogenitors, a transient population that in
turn proliferate into neuronal committed neuroblasts. The
neuroblasts mature into granular neurons that are integrated
into the neural circuit. Newly formed neurons project
their dendrites towards the molecular layer, their cellular
processes towards the hilum, and their mossy fibers into
other areas of the hippocampus. These neurons play roles in
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processing information and facilitating temporal separation
of spatial memories [25,26].

Neurogenesis in the subventricular zone of the lateral
ventricle: The subventricular zone, found on the lateral
wall of the lateral ventricles, contains specialized astrocytes
known as B cells, the primary source for generating new
neurons. The B cells proliferate and give rise to C cells, the
transient amplifying population of the system. C cells in turn
give rise to neuroblasts or A cells. The A cell migrates to the
olfactory bulb through the Rostral Migratory Stream (RMS),
where it differentiates into periglomerular interneurons and
granule cells [27]. These neurons are involved in olfactory
memory formation and odorant discrimination [28]. The
neuroblasts from the SVZ may also migrate to the basal
ganglia and cerebral cortex [29].

Methodologies for investigating adult neurogenesis

Ex-vivo methods: They are performed directly on brain
tissue which is extracted from experimental animals post-
mortem or from humans through biopsy. These methods do
not support longitudinal studies, and obtained results could
be influenced by confounding factors such as cause of death,
presence of illness, age of death, and post-mortem interval
[30].

Immunohistochemical detection of biomarkers: The
use of immunohistochemistry (IHC) to study neurogenesis
reliesonthe expression of cell proliferationbiomarkersor cell-
specific biomarkers. Appropriate antibodies specific to the
tissue are used to label these biomarkers, making it possible
to visualize and study proliferating cells. Some proliferation
biomarkers include: Ki-67; MCM2, minichromosome
maintenance protein; and PCNA, proliferating cell nuclear
antigen. Common cell-specific biomarkers include but are
not limited to DCX, doublecortin; GFAP, glial fibrillary acidic
protein; NeuN, neuronal nuclei; and nestin. A distinct IHC-
based technique is the Bromodeoxyuridine (BrdU) assay, in
which initial administration of BrdU is followed up with the
application of anti-BrdU antibody to identify proliferating
cells. The administered BrdU is incorporated into the DNA
during the S phase of the cell cycle and it is transmitted to
daughter cells, provided it is not diluted from many rounds
of proliferation [31]. BrdU labeling is highly sensitive to
detecting proliferating cells in comparison to other IHC
methods, and it allows for the detection of newly generated
granule [32]. However, the availability of BrdU in the brain can
be affected by the conditions of the BBB (e.g. inflammation,
irradiation, and trauma). Also, BrdU may label phenomena
other than proliferation such as DNA turnover or repair or
abortive reentry in the cell cycle during apoptosis [32].

4C dating: The technique estimates the average age
of cells in brain tissue by measuring the *C content of the
DNA. *C dating has been used to demonstrate that adult
neurogenesis in the human neocortex is very limited or
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absent, although gliogenesis might occur [33]. This technique
is highly sensitive as it can detect newborn cells down to 1%
of the population. However, it can only yield the average
age of cells in the tissue and does not allow the dating of
individual cells.

In-vivo methods: The study of neurogenesis with in-vivo
methods relies heavily on Magnetic Resonance Imaging
(MRI). Hence, they utilize MRI scanners which are widely
available in hospitals and research centers. MR-based in-vivo
methods canbe performed onliveindividuals, thus supporting
longitudinal studies. In addition, confounding variables
associated with ex-vivo methods such as cause or age of death
need not be taken into consideration. However, MR methods
rely on correlation with other labeling techniques for
quantification of neurogenesis, they also require extensive
validation in humans and rodents to ensure they are specific
for neurogenesis.

MR-based measurement of Cerebral Blood Flow
(CBV)

The use of CBV as an indicator for adult neurogenesis is
based on the theory that increased CBV is correlated with
angiogenesis, which is in turn correlated with neurogenesis
[33]. Angiogenesis has been shown to take place in the
neurogenic zone of the hippocampus. Also, angiogenesis and
neurogenesis are elevated in the hippocampus following
physical exercise [34] The indirect link between CBV and
neurogenesis was demonstrated by Pereira and colleagues
who were able to show increased CBV in the dentate gyrus
after a prolonged period of exercise. Elevated CBV was
found to be correlated with an increased number of 1- to
3-week-old BrdU+ cells, which validates the occurrence of
neurogenesis. Cerebral blood volume is measured by using
gadolinium chelate as a contrast agent in combination with
MRI [35]. The contrast agent is administered systemically,
and it is restricted to the intravascular space by the blood-
brain barrier due to its low lipophilicity. The contrast agent
possesses paramagnetic properties, which causes it to
produce a decrease in T1 signal intensity. Alterations in the
emitted signal are used to generate a map of cerebral blood
volume.

Magnetic resonance spectroscopy

Herein, proton magnetic spectroscopy (*H-MRS) is used
to detect a brain metabolite associated with neurogenesis.
Following exposure to a magnetic field, the protons of this
metabolite emit signals after irradiation with radiofrequency
waves. The emitted signal, which is known as Free Induction
Decay (FID), is converted to a graph of peaks (spectrum) via
a mathematical process known as Fourier transform [36].
The area under these peaks represents the proton content
of different metabolites. This method was initially utilized by
Manganas and colleagues to detect a metabolite localized in
neural progenitor cells (NPCs) of rodents [37]. The association
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of the metabolite with neurogenesis was confirmed with
micro MR spectroscopy, which detected the metabolite in
the hippocampus and cortex after NPC transplantation [37].
In addition, the amount of metabolite detected correlated
with the number of BrdU+ cells in the hippocampus after
electroconvulsive shock-induced increase in endogenous
neurogenesis. The use of this method to study neurogenesis
in humans is currently limited owing to concerns about its
reliability [35] (Figure 2).

Potential function of adult neurogenesis

Memory and learning: The discovery of ongoing
neurogenesis in the adult brain, particularly in the
hippocampus, challenged long-held beliefs about the brain’s
limited regenerative capacity [38]. This phenomenon,
initially not fully regarded, has since been widely accepted,
with implications reaching far beyond basic neuroscience.
Adult neurogenesis represents a form of neural plasticity,
providing a potential mechanism for the brain to adapt
and reorganize in response to environmental cues and
experiences [39]. Advanced imaging techniques, such
as two-photon microscopy, have brought about a better
understanding of adult neurogenesis by allowing for the
visualization of adult-born neuron integration into existing
circuits [40]. Studies have shown that these newly generated
neurons exhibit unique properties, including enhanced
synaptic plasticity and excitability, which are believed to
play an important role in memory formation [41,42]. The
integration of adult-born neurons into the hippocampal
circuitry is thought to contribute to the encoding and
consolidation of memories, highlighting the functional
significance of adult neurogenesis in cognitive processes
[43]. Beyond memory formation, adult neurogenesis has
also been significantly correlated to cognitive flexibility [44],

Figure 2: Summary of methodologies for investigating adult neurogenesis.
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which is the brain’s ability to adapt behavior in response
to changing environments. Additionally, pharmacological
interventions aimed at enhancing neurogenesis have shown
promise in preclinical studies as potential treatments for
neurodegenerative diseases [45,46]. For example, the
administration of growth factors or small molecules that
promote neurogenesis has been shown to improve cognitive
function and reduce neuronal loss in animal models of
Alzheimer’sand Parkinson’s [47,48].From findings, strategies
known to promote neurogenesis, such as physical exercise,
can significantly enhance cognitive function and memory in
both animal models [49] and in humans [50]. Exercise has
been found to stimulate the production of new neurons in the
hippocampus [51,52], a brain region responsible for learning
and memory, suggesting that promoting neurogenesis
could be a new approach to combating cognitive decline
associated with neurodegenerative diseases. These findings
highlight the therapeutic potential of targeting neurogenesis
as a new approach to treating neurodegenerative disorders
and the treatment of depression and anxiety as previously
recommended [53]. The formation of new therapies that
specifically target neurogenesis could potentially provide
more effective and better-tolerated treatments for these
debilitating disorders.

Mood regulation: While much of the focus on
adult neurogenesis research has been on its role in
neurodegenerative diseases such as Alzheimer’s and
Parkinson’s, there is growing evidence to suggest that adult
neurogenesis may also impact the progression of psychiatric
disorders, particularly depression and anxiety [54,55].
Adult neurogenesis, the process by which new neurons are
generated in the adult brain, is a significant player in mood
regulation and emotional behavior. Noteworthy, as previously
mentioned, is that the hippocampus, involved in learning,
memory, and emotional regulation, is one of the primary sites
of adult neurogenesis. Several past studies have indicated
that a decrease in neurogenesis in the hippocampus may
be linked to the pathophysiology of depression and anxiety
[56,57]. Postmortem studies of depressed individuals have
shown reduced hippocampal neurogenesis [58] and animal
studies have demonstrated that stress, a major risk factor
for depression and anxiety, can suppress neurogenesis in the
hippocampus [59].

Neuronal plasticity and repair: Neuronal plasticity, the
brain’s ability to reorganize and adapt in response to new
experiences, is a fundamental process that underlies learning,
memory, and recovery from injury [60]. Adult neurogenesis
plays an important role in neuronal plasticity and repair by
integrating these new neurons into existing circuits. The
integration of adult-born neurons into existing circuits is
thought to contribute to neuronal plasticity by providing
a source of new cells that can form connections with other
neurons [60]. This process, known as synaptic integration,
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allows for the formation of new synaptic connections and the
strengthening of existing ones, which is essential for learning
and memory. Moreover, adult neurogenesis may also play
a role in neuronal repair following injury or degeneration.
In conditions such as neurodegenerative diseases or brain
injury, the loss of neurons can lead to cognitive decline and
functional impairments. The generation of new neurons
through adult neurogenesis may help to replace lost or
damaged neurons, potentially restoring cognitive function
and neuronal integrity [62]. Recent findings in the field of
adult neurogenesis have identified collectively its role in
mood regulation, neuronal plasticity, and repair in the adult
brain [61]. Among these, the major advancement is the
identification of specific molecular and cellular mechanisms
that regulate adult neurogenesis and its impact on behavior.
Studies have identified key molecular pathways involved in
adult neurogenesis, such as the Notch signaling pathway,
which plays an important role in the maintenance and
differentiation of neural stem cells [62]. The disruption of
notch signaling has been shown to impair adult neurogenesis
and lead to mood-related behaviors in animal models [63],
highlighting its importance in mood regulation. Furthermore,
recent research has revealed the role of microRNAs
(miRNAs) in regulating adult neurogenesis. MiRNAs are
small RNA molecules that can modulate gene expression and
have been implicated in various aspects of neurogenesis,
including cell proliferation, differentiation, and survival [64].
Dysregulation of miRNAs has been linked to mood disorders
and neurodegenerative diseases, suggesting that targeting
miRNAs could be a potential therapeutic strategy for these
conditions [65]. In addition to molecular mechanisms, recent
studies have also focused on understanding the functional
implications of adult neurogenesis. Using advanced imaging
techniques has shown that adult-born neurons integrate into
existing circuits and contribute to specific brain functions,
such as pattern separation and memory formation [66].
These findings provide further evidence for the role of
adult neurogenesis in cognitive processes and highlight
its potential as a target for enhancing cognitive function in
health and disease.

Environmental enrichment: The potential of
neurogenesis, particularly in the context of environmental
enrichment, opens up new prospects for brain health and
disease prevention. Recent studies have shown that lifestyle
interventions, such as physical activity, social interaction,
and cognitive stimulation, can enhance adult neurogenesis,
which in turn may promote brain health and resilience
against neurological disorders [67,68]. One promising area
of research is the potential of neurogenesis to improve
cognitive function and memory. Studies have demonstrated
that environmental enrichment can enhance learning and
memory in animal models, and this effect is thought to be
mediated, at least in part, by increased adult neurogenesis
[69,70]. This suggests that lifestyle interventions aimed
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at promoting neurogenesis could have cognitive benefits,
particularly in aging populations or those at risk of cognitive
decline.

Furthermore, the potential of neurogenesis extends to its
roleinmoodregulationand mental health asdescribed earlier.
Studies have shown that environmental factors, such as stress
and depression, can negatively impact adult neurogenesis
[71], while interventions that promote neurogenesis, such as
antidepressant treatment or environmental enrichment, can
improve mood-related behaviors [72]. This highlights the
potential of neurogenesis as a target for interventions aimed
at improving mental health and well-being. In addition to its
role in cognitive function and mood regulation, the potential
of neurogenesis in brain repair and neuroprotection is
also of great interest. Studies have shown that adult-born
neurons can integrate into existing circuits and contribute
to functional recovery following brain injury or disease [73].
This suggests that promoting neurogenesis through lifestyle
interventions could enhance the brain’s ability to repair itself
and protect against neurodegenerative diseases.

Advances in adult neurogenesis

Technological advances: Recent technological
advances have been seen in our understanding of adult
neurogenesis. One major innovation is the development
of advanced imaging techniques, particularly two-photon
microscopy. This technology allows researchers to observe
neurogenesis in real-time within living animals, providing
a better understanding of the process [74]. The tracking
of individual cells over time has yielded easy study on the
proliferation, migration, and integration of new neurons into
existing neural circuits. Another significant advancement is
the use of genetic tools, such as optogenetics, to selectively
manipulate the activity of newly generated neurons.
Optogenetics involves genetically modifying neurons to
express light-sensitive proteins, allowing for the control
of activity with precise light stimulation [75]. The easy
activation and inhibition of these neurons at specific times
provides a better understanding of the functional roles of
new neurons in various brain functions, such as learning,
memory, and mood regulation. Furthermore, advancements
in molecular biology techniques have enabled researchers
to label and track specific populations of new neurons.
Through the use of genetic markers or viral vectors, newborn
neurons are labeled, and development and integration are
traced into neural circuits over time [76]. This approach
is a development that provides answers to the factors that
regulate neurogenesis, such as environmental stimuli,
hormonal signals, and neurotransmitters.

Current research: The discovery of adult neurogenesis,
the mechanism by which new neurons are formed in the adult
brain, has brought about new therapeutic interventions in
various neurological conditions. Neurobiology researchers
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are actively exploring ways to harness this process to
enhance brain function and promote recovery from injuries
and diseases. One promising avenue of research is the use
of stem cell-based therapies to enhance neurogenesis and
repair damaged brain tissue. Stem cells have the ability to
differentiate into various cell types, including neurons and
their transplantation into the brain, helping to restore lost
neurons and improve neurological function [77]. Animal
models in preclinical studies have shown promising results,
demonstrating the potential of stem cell-based therapies to
promote recovery after brain injury or stroke [78]. These
therapies hold great potential for restoring lost function and
improving the quality of life for patients with neurological
disorders. In addition to stem cell-based therapies,
researchers are also investigating drugs that can promote
neurogenesis as potential treatments for psychiatric and
neurological disorders. One class of drugs that has shown
promise in this regard is antidepressants, such as Selective
Serotonin Reuptake Inhibitors (SSRIs) (e.g. fluoxetine
(Prozac), sertraline (Zoloft), and escitalopram (Lexapro),
and Tricyclic Antidepressants (TCAs) (e.g. amitriptyline
(Elavil) and imipramine (Tofranil) have been studied
for their potential to promote neurogenesis [79]. These
antidepressants can stimulate neurogenesis in the adult
brain, particularly in the hippocampus. Antidepressants may
help to alleviate symptoms of depression and other mood
disorders by promoting neurogenesis. Research in animal
models suggests that enhancing neurogenesis can improve
mood and cognitive function, providing a “renewed hope” for
therapeutic intervention in these debilitating conditions.

Ethical concerns, challenges and future direction

Research in adult neurogenesis faces several ethical issues
and challenges. Adult stem cell research, particularly neural
stem cells, provides crucial insights into the mechanisms
of neurogenesis and is vital for developing therapies
aimed at enhancing neurogenesis to treat and manage
neurodegenerative diseases. However, the long-term safety
and efficacy of stem cell therapies remain uncertain, and
procuring stem cells, especially embryonic stem cells, genetic
manipulation techniques, which allow scientists to modify
stem cells, poses ethical challenges in research. Among these
concerns is the potential for side effects stemming from
the manipulation of stem cells, and the alteration of other
aspects of brain function or behavior. The use of advanced
imaging techniques like MR-based measurement of cerebral
blood volume (CBV) and magnetic spectroscopy, while
non-invasive, also introduces concerns about the extent
of permissible human experimentation, the management
of incidental findings such as tumors or malformations,
and the application of research findings, especially in
terms of developing interventions or treatments. Hence,
key contributions to research in adult neurogenesis must
navigate these challenges. Future directions should include
the development of research policies that prioritize ethical

https://doi.org/10.29328/journal.jnnd.1001102

6]

considerations, promote transparency, and ensure equitable
access to stem cell therapies Additionally, improving the
non-invasive nature and accuracy of imaging techniques and
the safety of genetic manipulation is also crucial. Overall, a
multidisciplinary approach that integrates scientific, ethical,
and regulatory policies is essential for advancing adult
neurogenesis research.

Conclusion

Neurogenesis is critical in the understanding of nervous
system development, physiology, and pathology and also
plays a vital role in exploring the concept of neuroplasticity.
Amidst this function, ethical issues still pose such as the use of
embryonic and pluripotent stem cells in its advancement and
translation in human studies. Investigations on neurogenesis
in living humans have also been challenged by the lack of safe
and noninvasive methods of study. Recent neuroimaging,
microscopic techniques, and genetic tools have been
developed to help biologists study adult neurogenesis in
real-time.
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