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Introduction to Adult Hippocampal Neurogenesis



Adult hippocampal neurogenesis (AHN) refers to the generation of new neurons in 
the hippocampus after the developmental period. First described by Altman and Das 
(1965) through autoradiography in adult rats, this phenomenon laid the foundation 
for understanding neurogenesis beyond early development. Fernando Nottebohm 
expanded the concept of AHN to non-human mammals and birds (Nottebohm, 1985).

In the adult brain, neurogenesis primarily occurs in two regions known as neurogenic 
niches: the subventricular zone (SVZ) of the lateral ventricles and the subgranular 
zone (SGZ) of the dentate gyrus (DG) in the hippocampus. The neurogenic niche in 
the hippocampus is the SGZ of the DG. Here, neural stem cells (NSCs) give rise to new 
granule neurons through stages involving proliferation, differentiation, and 
integration into circuits.

Key components of the neurogenic niche include neural stem cells (NSCs), progenitor 
cells, neuroblasts, and mature neurons. Non-neuronal cells like astrocytes and 
microglia also provide a supportive environment.

The neurogenic niche regulates neurogenesis through signals influencing the 
proliferation, differentiation, and survival of new neurons. Factors such as exercise, 
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Introduction to Adult Hippocampal Neurogenesis

• Definition: Neurogenesis occurring in the adult 
hippocampus after the developmental period.

• Historical Background: Altman and Das (1965), 
Nottebohm (1985).

• Neurogenic Niches: Subgranular Zone (SGZ) of 
the Dentate Gyrus.

(Vescovi, Galli and Reynolds, 2006)



learning, and environmental enrichment positively impact neurogenesis, while stress 
and aging negatively influence it. AHN is implicated in learning, memory, and mood 
regulation, although its significance in humans remains controversial.
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Evidence for AHN & Controversies Around AHN in 
Humans



Evidence for AHN is well-established in non-human mammals, particularly rodents 
and primates. Kempermann and colleagues (1997) showed that new neurons in the 
rodent hippocampus are functionally relevant, being involved in spatial learning and 
memory processes (Kempermann et al., 1997). They observed increased 
neurogenesis in enriched environments.

Gould et al. (1999) extended this research, finding that neurogenesis in adult 
monkeys contributes to cognitive functions, suggesting a similar mechanism in 
humans. They used BrdU labeling to track new cell proliferation and demonstrated 
that these new neurons were activated during learning tasks (Gould et al., 1999).

Kuhn et al. (1996) found that new neurons in the rodent hippocampus are involved in 
pattern separation, a crucial cognitive function allowing animals to differentiate 
between similar environments. These findings provide a foundation for 
understanding AHN's potential roles in humans.
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(Aimone, Li, Clemenson, Deng, Gage, 2014)

AHN Evidence in Non-Human Mammals

• Strong evidence in rodents and primates.

• Functional implications in spatial memory and 
pattern separation.



The first direct evidence of AHN in humans came from Eriksson et al. (1998), who 
examined post-mortem brain samples from cancer patients injected with BrdU, a 
thymidine analog that labels dividing cells (Eriksson et al., 1998). They found evidence 
of new neurons in the dentate gyrus of the hippocampus, confirming that 
neurogenesis occurs in the adult human brain.

Knoth et al. (2010) conducted a similar study using post-mortem samples and 
observed that while neurogenesis decreases with age, it persists throughout 
adulthood (Knoth et al., 2010). They used doublecortin (DCX) and BrdU labeling to 
identify immature neurons and found that even in elderly individuals, there were 
markers of neurogenesis.

More recently, Boldrini et al. (2018) showed that neurogenesis continues in the 
elderly, suggesting that AHN may play a role in cognitive functions even later in life 
(Boldrini et al., 2018). They studied hippocampal tissue from individuals aged 14 to 79 
years old and found new neurons in all age groups, although the number of new 
neurons decreased with age. Importantly, their findings suggest that the maintenance 
of AHN into old age is associated with cognitive resilience and may protect against 
age-related cognitive decline.
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(Veccnioli, Ricci, Middei, 2022)

Evidence of AHN in Humans

§ Eriksson et al. (1998): First study to demonstrate 
AHN in post-mortem human samples.

§ Boldrini et al. (2018): Persistence of neurogenesis 
in elderly humans.

§ Knoth et al. (2010): Decrease with age, but AHN 
remains.



These studies provide strong evidence that AHN is indeed a feature of the human 
brain, although its prevalence and functional significance remain subjects of ongoing 
research.
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Despite compelling evidence, the existence and extent of AHN in humans remain 
controversial. Sorrells et al. (2018) reported that they could not detect new neurons 
in post-mortem samples of adults and elderly individuals, questioning earlier findings. 
They used multiple markers of neurogenesis, including DCX and PSA-NCAM, but 
found no new neurons in individuals older than 13 years.

Discrepancies between studies may be due to methodological differences, such as 
tissue preservation, sample handling, and marker specificity. Moreno-Jiménez et al. 
(2019) found that improved tissue preservation methods revealed more new neurons 
in adult hippocampal samples, contradicting earlier findings. They showed that 
individuals with mild cognitive impairment had significantly fewer new neurons than 
healthy controls.

These controversies highlight the need for standardized methodologies in AHN 
research and careful interpretation of existing evidence. Cross-study comparisons 
should consider differences in tissue handling, preservation, and labelling techniques.

Standardized methodologies in AHN research are needed to resolve these 
controversies. Cross-study comparisons should consider differences in tissue handling 
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Table: Findings of Major Studies on AHN

Controversies Around AHN in Humans

§ Sorrells et al. (2018): Disputed evidence in post-
mortem samples.

§ Limitations of current methodologies: Tissue 
preservation, sample handling.

§ Alternative interpretations of existing evidence.



and labeling techniques.

The Table highlights key studies that have provided evidence for the existence of 
Adult Hippocampal Neurogenesis (AHN) in humans, as well as the limitations of each 
study. While some studies have detected new neurons or neural progenitors in the 
adult human hippocampus, others have failed to find such evidence. Common 
limitations include small sample sizes, potential confounding factors, and limitations 
of the techniques used. The controversy surrounding AHN in humans persists due to 
these conflicting findings and methodological challenges.
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Factors Influencing AHN and Functional Impacts



Several factors have been shown to positively influence AHN. Van Praag et al. (1999) 
found that voluntary exercise, such as running, significantly increases neurogenesis in 
rodents. Gould et al. (1999) demonstrated that learning tasks like maze running 
enhance the survival of new neurons.

Environmental enrichment, characterized by complex housing environments, also 
stimulates neurogenesis, as shown by Kempermann et al. (1997). Diet and nutrition 
play a role in neurogenesis. Omega-3 fatty acids, flavonoids, and caloric restriction 
increase neurogenesis in animal models (Park et al., 2010).

While positive factors enhance AHN, negative influences like chronic stress 
significantly reduce neurogenesis. McEwen et al. (1997) showed that elevated 
glucocorticoids during stress suppress neurogenesis in rodents.

Aging also reduces neurogenesis over time (Kuhn et al., 1996). Psychiatric conditions 
like depression have been linked to reduced AHN (Lucassen et al., 2010). Sleep 
disturbances impair neurogenesis, as Saper et al. (2001) found lesions in sleep-
regulating regions reduced neurogenesis.
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Negative Factors Influencing AHN:

§ Chronic Stress (McEwen et al., 1997)

§ Aging (Kuhn et al., 1996)

§ Psychiatric Conditions (Lucassen et al., 2010)

§ Sleep Disturbances (Saper et al., 2001)

Positive Factors Influencing AHN:

§ Physical Exercise (van Praag et al., 1999)

§ Cognitive Training (Gould et al., 1999)

§ Environmental Enrichment (Kempermann et al., 1997)

§ Nutrition (Park et al., 2010)

(Surget, Belzung, 2023)

Factors Influencing AHN



AHN plays a crucial role in various cognitive functions, particularly memory and 
learning. Clelland et al. (2009) showed that new neurons in the dentate gyrus are 
essential for pattern separation, the ability to distinguish between similar memory 
traces (Clelland et al., 2009). They used a novel object recognition task to test pattern 
separation in mice and found that reducing neurogenesis impaired their ability to 
distinguish between objects placed in similar locations.

Aimone et al. (2011) proposed that these new neurons provide computational 
advantages in memory processing, enhancing the encoding of novel information 
(Aimone et al., 2011). They argued that the immaturity of new neurons makes them 
more excitable than mature neurons, allowing them to detect and encode novel 
stimuli more effectively. 

In addition to pattern separation, AHN is implicated in spatial memory. Zhao et al. 
(2008) demonstrated that ablation of neurogenesis impairs performance in the 
Morris water maze task, a test of spatial memory in rodents (Zhao et al., 2008). Mice 
with reduced neurogenesis took longer to locate the platform and showed impaired 
retention of the platform location.
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§ Pattern Separation (Clelland et al., 2009)

§ Spatial Memory (Aimone et al., 2011)

(Aimone, Li, Clemenson, Deng, Gage, 2014)

Functional Impacts of AHN in Humans (Memory & Learning)



These studies suggest that AHN contributes significantly to our ability to learn new 
information and distinguish between similar memories. This has important 
implications for understanding memory-related disorders like Alzheimer's disease and 
developing strategies to mitigate cognitive decline.
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AHN has also been linked to mood regulation, particularly in depression. Santarelli et 
al. (2003) showed that antidepressant treatment increases AHN and reduces 
depressive behaviors in rodents. They treated mice with fluoxetine and observed 
increased neurogenesis in the dentate gyrus.

Perera et al. (2007) provided clinical evidence that patients with major depressive 
disorder who responded to antidepressants had higher rates of neurogenesis than 
non-responders. Using MRI and blood biomarkers, they showed that successful 
treatment with SSRIs was associated with increased hippocampal volume.

Snyder et al. (2011) found that AHN buffers stress responses and depressive 
behaviors. Neurogenesis-deficient mice showed higher levels of glucocorticoids and 
increased behavioral despair following stress.

Beyond depression, AHN may also play a role in anxiety regulation. Revest et al. 
(2009) found that reducing neurogenesis increased anxiety-like behavior in mice 
(Revest et al., 2009). Mice with reduced neurogenesis exhibited more freezing 
behavior in response to a conditioned fear stimulus compared to control mice. These 
findings suggest that boosting AHN could be a potential therapeutic strategy for 
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§ Antidepressants and AHN (Santarelli et al., 
2003)

§ Impact on Depression (Perera et al., 2007)

§ AHN and Stress Responses (Snyder et al., 
2011)

(Shimeng, Zhang, Huang, et al, 2023)

Functional Impacts of AHN in Humans (Mood Disorders)



depression and other mood disorders. However, the exact mechanisms linking 
neurogenesis to mood regulation remain to be fully understood.
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Various interventions have been proposed to boost AHN. Lucassen et al. (2015) 
reviewed lifestyle factors like exercise, cognitive training, and diet that positively 
influence neurogenesis in rodents and non-human primates. Regular physical activity, 
particularly aerobic exercise, is associated with increased neurogenesis and cognitive 
improvements.

Santarelli et al. (2003) showed that SSRIs increase AHN and alleviate depressive 
behaviors in rodents. This effect is thought to be mediated by serotonin's role in 
enhancing the proliferation and survival of neural progenitors.

Growth factors like BDNF and FGF-2 have been shown to enhance neurogenesis in 
vitro and in vivo (Schmidt-Hieber et al., 2004). BDNF is important for the survival and 
differentiation of new neurons, while FGF-2 promotes the proliferation of neural 
progenitors.

While these findings are promising, most studies have been conducted in animal 
models, and their applicability to humans remains uncertain. Human studies often 
rely on indirect measures, such as hippocampal volume, and may not fully capture 
changes in neurogenesis. Additionally, the effects of lifestyle interventions and 
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§ Lifestyle Factors (Lucassen et al., 2015)

§ Pharmacological Approaches (Santarelli 
et al., 2003)

§ Growth Factors (Schmidt-Hieber et al., 
2004)

(Zalouli, Rajavand, Bayat, Khaleghnia, Sharifianjazi,
Farzad Jafarinazhad, Nima Beheshtizadeh, 2023)

Ways to Boost AHN: Myth or Reality?



pharmacological treatments on AHN can vary based on individual differences, such as 
genetics and environmental factors.

Further research is needed to establish the efficacy of these interventions in 
promoting AHN in humans. Standardized methodologies and longitudinal studies 
could help clarify the long-term benefits of boosting AHN.
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Future Directions, Ideas, & Conclusion



Future research should focus on standardizing methodologies and improving tissue 
preservation techniques to resolve existing controversies. Exploring AHN's role in 
neurodegenerative diseases like Alzheimer's could lead to novel therapeutic 
strategies.

Emerging technologies like optogenetics and gene therapy offer new ways to 
promote neurogenesis. Toda et al. (2018) used optogenetic stimulation to enhance 
AHN and improve cognitive function in rodents. They selectively stimulated neural 
progenitor cells using light-sensitive proteins.

Gene therapy approaches could target specific neurotrophic factors to boost AHN 
selectively (Gonçalves et al., 2016). Viral vectors could deliver genes encoding BDNF 
or FGF-2 directly to the hippocampus.

Stem cell transplantation is another promising avenue. Faiz et al. (2015) showed that 
neural progenitor cell transplantation into the hippocampus can restore neurogenesis 
in neurodegenerative disease models.
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§ Standardizing Methodologies

§ Exploring Therapeutic Potential

§ Novel Technologies (Optogenetics, Gene Therapy)

(Zheng, 2022)

Future Directions and Novel Ideas



AHN is a feature of the human brain, although its prevalence and functional 
implications remain uncertain. Studies by Eriksson et al. (1998) and Boldrini et al. 
(2018) provide strong evidence for its existence, while Sorrells et al. (2018) and 
Moreno-Jiménez et al. (2019) highlight controversies.

Standardized methodologies and improved tissue preservation techniques are crucial 
for resolving these controversies. Future research should focus on the therapeutic 
potential of AHN, particularly in neurodegenerative and affective disorders.

Novel strategies like optogenetics, gene therapy, and stem cell transplantation hold 
promise for boosting AHN. However, translating findings from animal models to 
humans requires careful validation and clinical trials.

In conclusion, while AHN may not be as prominent in humans as in non-human 
mammals, findings around ways to boost AHN could still guide lifestyle interventions 
and pharmacological treatments.
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§ AHN is a feature of the human brain, but the extent and functional 
implications remain unclear.

§ Standardized methodologies and cross-study comparisons are needed.

§ Future research should focus on therapeutic potential and clinical 
applications.

Conclusion
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