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Abstract 

For decades, psychopharmacology has focused on chemical modulation rather than biological repair. 
Emerging evidence across cellular, molecular, and systems neuroscience suggests that the adult brain 
retains dormant capacities for renewal that can be pharmacologically reactivated. This commentary 
outlines the conceptual framework of regenerative pharmacology, a new discipline aiming to 
reawaken intrinsic plasticity to restore function in neuropsychiatric disorders. Key mechanisms 
include the reactivation of immature neurons, astrocytic reprogramming, cortical reopening of 
critical periods, and epigenetic or metabolic rejuvenation that resets cellular potential. Together, these 
processes form a multiscale model of brain repair, extending from chromatin to cognition. Integrating 
these advances within ethical, experience-guided clinical paradigms could transform treatment from 
neurotransmitter stabilization to true neural regeneration—marking a paradigm shift from 
pharmacology that controls the brain to one that teaches it to heal. 

Keywords: regenerative pharmacology; neuroplasticity reawakening; neuropsychiatric disorders; 
astrocytic reprogramming; immature neurons; epigenetic and metabolic rejuvenation; critical period 
modulation; experience-dependent brain repair 
 

1. Reawakening the Regenerative Brain 

For most of modern psychopharmacology, progress has been defined by control rather than 
repair. Antipsychotics dampened dopaminergic hyperactivity, antidepressants prolonged 
serotonergic tone, and anxiolytics suppressed excitation. These agents stabilized malfunctioning 
circuits, yet few restored the cellular vitality and adaptive flexibility that constitute true mental health 
[1,2]. Emerging evidence now reframes this limitation as an opportunity beneath the adult brain’s 
apparent rigidity lies a dormant capacity for rejuvenation and structural renewal [3,4]. 

Advances in stem-cell biology, cortical network mapping, and epigenetic modulation have 
converged on a provocative idea that pharmacology can do more than modulate neurotransmitters, 
it can reawaken intrinsic programs of plasticity. Drugs may one day reopen developmental-like 
windows, reactivate immature neurons, reprogram glia, and metabolically rejuvenate exhausted 
circuits. This shift marks the rise of regenerative pharmacology, a discipline aiming not merely to 
alleviate symptoms but to teach the brain how to heal itself. In the context of neuropsychiatric 
disorders, conditions rooted in maladaptive connectivity and impaired plasticity, this perspective 
offers a unifying goal to transform pharmacological intervention from chemical compensation to 
biological reactivation. 
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2. Latent Developmental Programs: Immature Neurons and Glial 
Reprogramming 

The discovery that the adult mammalian brain retains limited neurogenic capacity in the 
subventricular zone (SVZ) and hippocampal dentate gyrus inspired decades of hope for cell-based 
regeneration [5,6]. In rodents, these germinal niches remain functionally active throughout life, 
supporting repair and behavioral adaptability. In contrast, in humans, this regenerative substrate 
appears markedly restricted, as SVZ neurogenesis declines sharply within the first few years of life. 
Nevertheless, some studies have reported evidence that hippocampal neurogenesis may persist in 
adults, albeit likely at very low levels—sparse, context-dependent, or perhaps even vestigial in nature 
[7,8]. This evolutionary divergence suggests that human brain plasticity must rely on alternative, 
more subtle cellular reserves. 

Recent work points to a population of immature, prenatally generated neurons that persist in 
adulthood, particularly within associative cortices, the amygdala, and the claustrum [9,10]. These 
“neotenic” cells maintain a molecular phenotype of youth—expressing doublecortin, PSA-NCAM, 
and other developmental markers—yet remain functionally quiescent. They may serve as a latent 
reservoir of adaptability, capable of integrating into existing circuits under appropriate physiological 
or pharmacological cues. Reawakening these cells could represent a more feasible regenerative route 
than inducing de novo neuron formation. 

Parallel advances in glial reprogramming further expand this landscape. Astrocytes, once 
considered passive support cells, can be converted into neurons through genetic, epigenetic, or small-
molecule interventions [11–13]. Modulating transcriptional regulators such as PTB, SOX2, or REST, 
or influencing metabolic and inflammatory states, has been shown to shift astrocytic identity toward 
neuronal lineages (Figure 1). Such reprogramming could, in principle, restore circuit elements lost to 
degeneration or trauma without exogenous transplantation. 

Together, these findings redefine the architecture of regeneration in the human brain. Instead of 
generating new cells, regenerative pharmacology aims to awaken dormant developmental programs; 
reactivating immature neurons, redirecting glial trajectories, and restoring the cellular flexibility that 
underlies true neuropsychiatric recovery. 
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Figure 1. Reawakening Brain Plasticity: A Multiscale Flow of Regenerative Pharmacology. 
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3. Cortical Modulation and Experience-Driven Plasticity 

If dormant developmental programs provide the cellular foundation for regeneration, then 
cortical networks constitute its command architecture. The cortex is not merely the target of 
pharmacological intervention but the regulator of plasticity throughout the brain. Activity-dependent 
modulation of subcortical niches—especially the ventral SVZ and hippocampus—demonstrates that 
cortical excitability, oscillatory states, and neuromodulatory tone can directly influence stem-cell 
proliferation, glial differentiation, and neurotrophic signaling [14–18]. In this view, the cortex acts as 
a top-down driver of regeneration, capable of orchestrating cellular and molecular renewal when the 
appropriate physiological or pharmacological conditions are met [19]. 

Psychiatric pharmacology provides clear evidence for this principle. The delayed onset of 
antidepressant efficacy—despite rapid synaptic effects on monoaminergic transmission—has long 
hinted that symptom recovery involves slower, structural reorganization. Chronic SSRI treatment 
enhances neurogenesis in animal models and alters dendritic morphology in cortical and limbic 
circuits, suggesting that sustained cortical remodeling underlies therapeutic response [20,21]. Rapid-
acting antidepressants such as ketamine amplify this process by engaging glutamatergic burst 
activity, BDNF-TrkB signaling, and mTOR-dependent synaptogenesis within hours (Figure 1) [22]. 
Similarly, psychedelics acting through 5-HT2A receptors reopen a transient window of 
developmental-like plasticity, promoting dendritic growth, synaptic spine formation, and emotional 
relearning (Figure 2) [23]. Collectively, these “psychoplastogenic” agents demonstrate that cortical 
networks can be pharmacologically returned to a youthful, plastic state in which maladaptive 
connections may be rewritten. 

However, cortical reactivation alone is insufficient. Experience and environment determine 
whether reopened plasticity leads to repair or dysregulation. Behavioral engagement, 
psychotherapy, and enriched experience provide instructive signals that stabilize beneficial circuit 
changes, a concept paralleling rehabilitation in motor recovery [24,25]. Hence, pharmacological and 
experiential interventions must be coupled, allowing drugs to unlock plasticity and experience to 
direct it. 

This convergence of cortical modulation, pharmacological reactivation, and guided experience 
represents the translational frontier of regenerative pharmacology. By reopening critical-period-like 
states in targeted circuits, drugs may enable the adult brain not merely to adapt, but to relearn and 
restore—transforming therapy from neurotransmitter tuning into network re-education. 
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Figure 2. Reawakening Plasticity: From Pharmacological Trigger to Functional Recovery. 

4. Epigenetic and Metabolic Rejuvenation — Resetting the Cellular Clock 

If cortical modulation provides the system-level switch for plasticity, epigenetic and metabolic 
reprogramming defines the intracellular machinery that makes it possible. Every act of 
regeneration—whether the activation of an immature neuron or the conversion of an astrocyte—
requires a permissive chromatin landscape and an energetic state capable of sustaining biosynthetic 
renewal. The adult brain’s relative resistance to change reflects not only circuit rigidity but also a 
progressive closure of its molecular potential, gene expression patterns become canalized, 
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mitochondrial dynamics slow, and chromatin marks of development are replaced by those of stability 
[26–28]. 

Pharmacological interventions can, in principle, reverse these molecular signatures of aging and 
constraint. Epigenetic modulators such as histone-deacetylase (HDAC) inhibitors, DNA-
methyltransferase antagonists, and histone-acetylation enhancers reopen transcriptional access to 
developmental and plasticity-related genes (Figure 2) [29,30]. Agents like valproate or sodium 
butyrate have been shown to enhance learning, promote neurotrophins expression, and facilitate 
reprogramming when combined with environmental enrichment. Similarly, small molecules 
influencing NAD⁺ metabolism, sirtuin activity, and AMPK signaling restore mitochondrial flexibility 
and redox balance—features essential for the anabolic demands of neurite outgrowth and 
synaptogenesis (Figure 1) [31–34]. 

This bioenergetic rejuvenation is not merely supportive but instructive. Metabolic flux 
determines epigenetic state through cofactors such as acetyl-CoA, α-ketoglutarate, and NAD⁺ that 
directly regulate chromatin-modifying enzymes [35]. Thus, pharmacological restoration of 
mitochondrial health can reactivate gene networks associated with youthful plasticity. The emerging 
field of mitochondrial pharmacology is beginning to intersect with psychiatry, linking metabolic 
normalization to cognitive resilience and antidepressant response [36]. 

Taken together, these findings outline a molecular infrastructure of regeneration. Epigenetic 
flexibility reopens the genome’s capacity for change, while metabolic rejuvenation supplies the 
energy to execute it. When integrated with cortical and cellular reactivation, these processes form a 
coherent hierarchy from chromatin to circuit through which regenerative pharmacology can 
transform therapeutic design. Drugs that reset the cellular clock may one day serve as catalysts for 
enduring recovery, allowing the adult brain to regain a measure of its developmental vitality without 
losing the stability that defines maturity. 

5. Towards Regenerative Pharmacology — From Modulation to Reprogramming 

The emerging convergence of cellular, cortical, and molecular insights heralds the emergence of 
a new therapeutic paradigm in regenerative pharmacology. This framework diverges from the 
traditional psychopharmacological model of chemical compensation and instead aims to reprogram 
the brain’s intrinsic mechanisms of repair and renewal (Table 1). Its central premise is that recovery 
from neuropsychiatric illness depends not merely on modulating neurotransmission but on 
reactivating dormant plasticity programs that operate across multiple biological scales, 
encompassing gene regulatory networks, cellular phenotypes, circuit connectivity, and systems 
integration (Figure 2) [37–39]. 

Table 1. Mechanistic Framework for Reawakening Brain Plasticity through Regenerative Pharmacology. 

Domain Mechanistic Focus Representative 

Modulators / 

Interventions 

Regenerative Outcome 

Epigenetic / 

Metabolic 

Rejuvenation 

Chromatin remodeling, 

histone acetylation, DNA 

demethylation, 

mitochondrial and 

NAD⁺/sirtuin signaling. 

HDAC inhibitors 

(valproate, sodium 

butyrate), DNMT 

antagonists, nicotinamide 

riboside, AMPK activators. 

Reopened transcriptional 

programs; restored energy 

metabolism; enhanced 

genomic flexibility enabling 

plasticity-related gene 

expression. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 24 October 2025 doi:10.20944/preprints202510.1829.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202510.1829.v1
http://creativecommons.org/licenses/by/4.0/


 7 of 11 

 

Cellular 

Reactivation 

Awakening of immature 

(neotenic) neurons; 

astrocytic and 

oligodendroglial 

reprogramming; trophic 

factor signaling. 

PTB or REST inhibition, 

SOX2 activation, 

GDF11/BDNF mimetics, 

small-molecule neurogenic 

enhancers. 

Renewal of cell-fate 

flexibility; restoration of 

local microcircuits; 

replenishment of support 

cell functionality. 

Cortical / 

Network 

Modulation 

Reopening of critical-

period-like states; 

excitatory–inhibitory 

rebalance; synaptic 

remodeling and dendritic 

spine formation. 

SSRIs, ketamine, 

psychedelics (psilocybin, 

LSD), neuromodulation, 

behavioral enrichment. 

Reorganization of cortico-

limbic circuits; increased 

adaptability and emotional 

relearning; network-level 

homeostasis. 

Experiential / 

Behavioral 

Integration 

Guided use of reopened 

plasticity via cognitive, 

social, and environmental 

inputs. 

Psychotherapy, cognitive 

retraining, rehabilitation, 

enriched environments. 

Stabilization of new 

circuits; functional recovery 

and long-term resilience; 

conversion of molecular 

reactivation into behavioral 

restoration. 

At the cellular level, immature neurons and glia constitute the biological reserve through which 
structural renewal may be achieved. At the network level, cortical modulation provides the control 
interface capable of reopening critical periods and guiding adaptive rewiring. At the molecular level, 
epigenetic and metabolic rejuvenation supply the enabling conditions that determine whether 
reprogramming can occur. Together, these domains form a multi-scale hierarchy of intervention from 
chromatin to cognition through which pharmacology can restore not just chemical balance, but 
biological plasticity itself. 

Translating this framework into practice will require new methodologies for measuring 
regeneration in vivo. Multi-modal imaging of synaptic density, transcriptomic profiling of peripheral 
biomarkers, and circuit-level electrophysiology could serve as proxies for cellular renewal and 
network reorganization [40–42]. The design of next-generation compounds will need to integrate 
systems pharmacology, stem-cell biology, and computational modeling, enabling drugs to act not as 
single-target ligands but as orchestrators of adaptive cascades. 

Crucially, regenerative pharmacology will also demand ethical and clinical reorientation. Drugs 
that reopen developmental programs must be paired with structured behavioral and environmental 
scaffolds to ensure that reactivated plasticity leads to recovery rather than maladaptation. 
Psychotherapy, cognitive training, and social engagement may thus become essential co-therapies, 
transforming pharmacological treatment into a biopsychosocial process of guided regeneration. 

The next revolution in neuroscience will not hinge on faster receptor kinetics or novel ligands, 
but on our ability to pharmacologically unlock the brain’s latent potential for self-repair. In doing so, 
regenerative pharmacology offers a unifying vision of medicine that restores, rebalances, and 
ultimately reawakens the human mind. 

6. Future Perspectives 
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Realizing the promise of regenerative pharmacology will require a new scientific and clinical 
ecosystem one that bridges molecular, cellular, and behavioral scales. Pharmacologists can identify 
the compounds that reopen plasticity; neuroscientists can map the circuits they transform; 
psychiatrists and psychologists must define how reactivated plasticity translates into meaningful 
recovery. This integrative vision demands cross-disciplinary consortia, combining single-cell 
transcriptomics, advanced neuroimaging, and computational modeling to capture the multiscale 
signatures of regeneration in the living brain (Figure 3) [43,44]. 

 

Figure 3. Translational Roadmap for Reawakening Brain Plasticity through Regenerative Pharmacology. 
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Equally critical is the ethical design of interventions that manipulate developmental programs. 
Reawakening plasticity without proper guidance may cause instability, so it is essential to pair 
pharmacological reprogramming with structured experiential frameworks such as rehabilitation, 
psychotherapy, and enriched environments. The outcome depends on this alignment between 
molecular and experiential modulation, which determines whether renewal results in genuine 
recovery. Regulatory frameworks and clinical trials must therefore evolve to evaluate not only 
symptom reduction but also restorative function, adaptability, and resilience as central therapeutic 
goals. 

As neuroscience advances beyond receptor modulation toward circuit and cellular rejuvenation, 
a new therapeutic philosophy is emerging. The next generation of drugs will not aim to suppress 
dysfunction within the brain but to enable it to rebuild its own networks. In this process of 
reawakening, psychiatry and pharmacology may finally converge on a shared goal that centers on 
restoring the brain’s intrinsic capacity for change, adaptation, and healing. 
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