
 

 
Pharmacological Enhancement of Neuroplasticity: Exploring the Effects of Psilocybin, 

Monoaminergic, and Dopaminergic Drugs 
 

ABSTRACT 

 

Neuroplasticity, defined as the ability of the brain to reconfigure and adapt, is a significant factor 

in learning, memory and emotion regulation. This review discusses the effects of psilocybin, 

monoamine and dopaminergic drugs on neuroplasticity in different brain compartments. 

Evidence from research shows that the capacity of psilocybin to increase plasticity in the 

prefrontal cortex may be useful therapeutic for mood disorders. Furthermore, monoaminergic 

drugs may counteract the inhibitory effect of plasticity in the motor cortex, especially in 

rehabilitation of older people. Dopaminergic drugs deal with reward pathways and therefore are 

valuable clues for recovery processes from addiction and decision-making. By synthesizing 

research across these domains, this review ties these findings into what is currently known 

regarding the therapeutic potential for drug-induced neuroplasticity and urges further work. 

Understanding how the drugs facilitate this adaptability could unveil opportunities for future 

innovative treatments within mental health, addiction, and neurorehabilitation. 

 

INTRODUCTION 

 

Neuroplasticity, i.e., brain ability to change and reconfigure neural networks, creates the basis for 

cognition, emotional cognition, and motor function [1-5]. Studies of the modulation of this 

adaptability by pharmacological substances, psilocybin, monoaminergic/dopaminergic 



substances, etc., are also emphasized recently, for the role that may be played by these 

substances via different neural pathways. Longitudinal studies of psilocybin have indicated that 

its consumption induces emotional control and cognitive flexibility by acting on variability in 

brain function in some regions of prefrontal cortex (PFC) and limbic structures [1]. Monoamine 

drugs promote plasticity in the motor cortex and there is an invaluable application of this in 

motor rehabilitation in the elderly [2]. Dopamine antagonists exert effects on reward channels 

and decision-making mechanisms and have an important role in addiction treatment [6]. 

This article explores the mechanisms related to neuroplasticity that are influenced by certain 

drugs, focusing on their effects in the prefrontal cortex, limbic system, motor cortex, and reward 

pathways. The aim of this review article is to present a detailed view of how these 

pharmacologic agents can modulate neural networks for the treatment of a diverse array of 

neurological and psychiatric disorders. 

 
METHODS: 
 
To explore how different drugs affect neuroplasticity, original research studies were reviewed 

from databases like PubMed and Google Scholar. I focused on studies investigating the effects of 

psilocybin, monoaminergic drugs, and dopaminergic agents on brain function. The search terms 

used were "neuroplasticity," "drug effects on the brain," and "cognitive flexibility." Primary 

research with a clear experimental design and measurable outcomes was prioritized, while 

review articles or theoretical papers were excluded. These studies utilized fMRI and EEG 

imaging, behavioral testing, and neurochemical analysis to assess changes in specific brain 

regions. By bringing these findings together, this review outlines patterns and gaps in the current 

knowledge on drug-induced neuroplasticity. 

 
 
 
 
 
 
 
 
 
 



RESULTS 
 

Author, Year Type of Drug Part of Brain 
affected 

Effect on 
Neuroplasticity 

Kalivas, et al., 2008 Dopaminergic drugs 
 

Orbitofrontal cortex Modulates reward 
anticipation and 
decision-making by 
altering 
reward-related 
neuronal activity. 
 

Skosnik et al., 2023 Psilocybin 
 

Prefrontal cortex 
 

Enhances gamma 
oscillations, linked to 
neuroplasticity, and 
reduces depressive 
symptoms. 

Kesar et al., 2017 Monoaminergic drugs 
 

Motor cortex Enhances motor 
cortex plasticity and 
motor performance, 
particularly in older 
adults during task 
training. 
 

Nestler, 2013 Cocaine Dopaminergic 
pathways 
 

Induces 
time-dependent 
increase in craving, 
highlighting changes 
in neuroplasticity 
during withdrawal. 

Regier, Paul et al., 
2021 
 

Subliminal drug cues Amygdala 
 

Activates limbic 
regions, even without 
conscious awareness, 
influencing neural 
pathways tied to 
craving and 
emotional response. 
 



 
The studies consistently demonstrate that various drugs, including psilocybin, monoaminergic 

drugs, and dopaminergic agents, enhance neuroplasticity in distinct, overlapping brain regions 

[1-5]. Psychedelics such as psilocybin prominently influence the prefrontal cortex and limbic 

system, enhancing gamma oscillations tied to cognitive flexibility and emotional regulation [1,2]. 

Monoaminergic drugs show a marked effect on motor cortex plasticity, particularly in older 

adults [4], while dopaminergic drugs modulate reward anticipation and decision-making 

processes in the orbitofrontal cortex [3,5,6]. 

 

Psilocybin and monoaminergic drugs both promote neural adaptability, yet their effects are 

localized to different systems: psilocybin influences emotional and cognitive pathways, while 

monoaminergic drugs enhance motor function [1,2,4]. Cocaine withdrawal and subliminal drug 

cues specifically activate limbic and dopaminergic pathways, highlighting how addiction-related 

stimuli reshape neural circuits [3,5,6]. 
 
DISCUSSION 
 
The studies in this review article relied on small sample sizes or specific populations, such as 

older adults or individuals with a history of addiction, limiting generalizability [2,4,5]. 

Additionally, certain drugs, like psilocybin, have limited longitudinal data to confirm the 

durability of their effects on neuroplasticity [1-2]. Studies using animal models may not fully 

replicate human neurophysiological responses [3,5]. 

 
This review looks into the structures of the brain on cognitive processes, motor activities, and 

emotional control with the aim of understanding more about the action of psychopharmaceutical 

drugs on neuroplasticity. It addresses the issue of how psilocybin, monoaminergic agents and 

dopaminergic compounds may enhance the brain plasticity and its possible uses in treating drug 

addiction, mental disorders, and neurorehabilitation. Based on a range of studies about these 

substances, the review shows the unique effects drugs can have on controlled neuroplasticity. 

These different approaches suggest the possibility for  developing more personalized therapies in 

the future. In addition, it is important to understand the mechanisms of action of drugs that cause 

the neuroplastic changes in order to fully realize the therapeutic effects of the drugs. This 



understanding will facilitate the conduct of further studies that can result in better care and 

treatment of patients in several disciplines. 

For example, psilocybin has been shown to be able to interact with serotonin receptors which 

leads to increased levels of neuroplasticity in the prefrontal cortex and limbic areas – regions of 

the brain that are important in mood and cognition [1]. This makes it plausible as a drug for 

treating depression and other mood disorders. On the other hand, the monoaminergic agents are 

noted to have a good effect on motor cortex plasticity, suggesting applications for motor 

rehabilitation and age-related impairments [5]. Research into dopaminergic agents has elucidated 

their role in modulating addiction-related neuroplasticity by influencing reward pathways, 

providing valuable insights into the dynamic processes underlying addiction [4,6]. Additionally, 

the interplay between subliminal drug cues and limbic system responses offers a novel 

perspective on the relationship between emotional processing and addiction [3]. 

 

In a world where the need for effective pharmacological interventions in the realm of mental 

health, addiction, and aging is increasingly urgent, understanding the capacity of the brain to 

undergo neuroplasticity holds great promise. This review synthesizes findings from diverse 

studies, bridging critical gaps in the literature and offering a unified framework for leveraging 

drug-induced neuroplasticity to support brain health. 

 

This paper is an important contribution at the intersection of pharmacology and neuroplasticity. 

While previous research has focused largely on the effects of individual drugs, this review brings 

together evidence from a range of drug classes in an effort to provide the most comprehensive 

analysis yet of their influence on neuroplasticity [1–6]. Thus, the review carries valuable 

theoretical insights and practical implications for the fields of clinical sciences—most especially 

psychiatry, addiction medicine, and neurorehabilitation—in which the promise of drug-induced 

neuroplasticity holds the greatest hope for the enhancement of outcomes. Still, several limitations 

should be taken into account with the current review. 

 

Many included studies suffer from a small sample size and an exploration of only the acute or 

very short-term effects; it thereby restricts the insight into the longer term. Furthermore, 



individual variability in response—determined by factors such as age, mental health status, and 

genetic predispositions—underscores the need for more tailored therapeutic strategies [2,5]. A 

number of important areas need to be addressed by future research in order to advance 

knowledge of drug-induced neuroplasticity. First, longitudinal studies are necessary to determine 

the long-term durability of neuroplastic changes, particularly in the therapeutic setting [1,5]. 

Furthermore, understanding the molecular mechanisms underlying neuroplasticity in the various 

brain regions is important for appreciating its role in addiction and mental health disorders [3,4]. 

Personalized treatment strategies will be worth investigating to understand how individual 

differences, such as genetic factors, age, and pre-existing conditions, might affect the efficacies 

of pharmacological interventions [5]. Finally, the synergistic effects of combined 

interventions—combining pharmacological treatments with cognitive therapies or physical 

exercise—may lead to a holistic approach for enhancing neuroplasticity and improving clinical 

outcomes [2]. 

 

Conclusion 

Research into how drugs influence neuroplasticity offers important insights into the adaptability 

of the brain and its possible therapeutic uses. Psilocybin, monoaminergic drugs, and 

dopaminergic agents have different effects on specific brain regions and hold promise for the 

treatment of mood disorders, enhancement of motor recovery, and improvement of addiction 

outcomes. Psilocybin helps in emotional processing, monoaminergic drugs support motor cortex 

plasticity, and dopaminergic substances help reshape reward pathways, pointing to their 

therapeutic potential in various conditions. 

 

However, some points remain unclear regarding the generalization of results and long-term 

effects, as many studies include small samples or animal models. Further research is needed to 

get over such limitations and study the molecular mechanisms underlying those, focusing on 

personalized treatment approaches that can maximize therapeutic benefits from drug-induced 

neuroplasticity. By doing so, we will be in a position to go further in such aspects and develop 

therapies that are more potent and targeted against neurological and psychological disorders. 
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