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1. Potential Role of Psychedelics and Related Compounds as Modifiers of Epigenetic and Transcriptional 
Plasticity in Addiction 

Substance use disorders (SUDs) are chronic, relapsing conditions characterized by maladaptive epigenetic 
remodeling, including histone acetylation, histone dopaminylation (a modification linking dopamine [DA] 
signaling to chromatin regulation), DNA methylation, and non-coding RNAs (ncRNAs) within reward-related 
circuits, particularly the mesocorticolimbic DA system [1–3]. These epigenetic changes lead to persistent gene 
expression changes that increase vulnerability to addiction and consolidate drug-associated memories, reinforcing 
compulsive substance seeking and relapse [1–3]. The reversibility of these epigenetic alterations provides a 
mechanistic foundation for pharmacological interventions capable of restoring adaptive gene expression, 
neurotrophic signaling, and structural plasticity, thereby reshaping maladaptive reward circuits and reducing 
relapse risk. 

Psychedelics and related compounds such as ibogaine, psilocybin, ketamine, mescaline, 3,4-
Methylenedioxymethamphetamine (MDMA), and the N,N-dimethyltryptamine (DMT)-containing Ayahuasca are 
emerging as a potential paradigm-shifting treatment of SUDs. Unlike conventional pharmacotherapies, 
psychedelic compounds have demonstrated the capacity to produce rapid and sustained reductions in substance 
use after only one or a few supervised sessions. For example, ibogaine demonstrates robust anti-addictive effects, 
particularly for opioids, stimulants, and poly-drug dependence, but clinical adoption remains constrained by 
cardiotoxicity [4], which is being addressed through the design of ibogaine analogues that retain anti-addictive and 
neuroplastic effects while eliminating cardiac risk [5–7]. Psilocybin-assisted psychotherapy similarly reduces 
alcohol and tobacco consumption after only one to three treatment sessions [8–11]. Accordingly, ketamine has 
shown efficacy across multiple SUDs when combined with structured behavioral therapy [12–15], and MDMA-
assisted psychotherapy also shows preliminary promise for alcohol use disorder (AUD) [16,17]. Studies 
investigating naturalistic Ayahuasca users have unanimously reported lower AUD and SUDs rates among 
Ayahuasca drinkers, also in adolescent populations [18]. Similarly, naturalistic mescaline use has been associated 
with considerable SUD and AUD symptom reduction, or even complete abstinence [19–21]. 

While the available evidence remains mostly limited to proof-of-concept, naturalistic, and retrospective 
studies, converging evidence suggests that psychedelics may counteract the maladaptive epigenetic and 
transcriptional changes in the nucleus accumbens (NAc), prefrontal cortex (PFC), and ventral tegmental area 
(VTA) underlying SUDs, thus facilitating recovery from addiction [3,22–30]. Understanding how psychedelics 
modulate the epigenetic landscape governing reward- and neurotrophic-related gene expression in SUDs in 
relevant brain circuits may thus inform future strategies for relapse prevention, circuit restoration, and sustained 
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recovery. The preliminary yet converging evidence provides a compelling rationale for continued investigation 
and careful, yet timely translation into clinical practice. 

2. Mechanistic Foundations: Epigenetic and Neuroplastic Remodeling 

Psychedelics act primarily via modulation of brain-derived neurotrophic factor (BDNF) signaling and 
agonism at the serotonin 2A receptor (5-hydroxytryptamine 2A receptor; 5-HT2A), activating intracellular 
signaling pathways including the mitogen-activated protein kinase/extracellular signal-regulated kinase cascade 
(MAPK/ERK) and the cyclic adenosine monophosphate response element-binding protein pathway (cAMP 
response element-binding protein; CREB), resulting in upregulation of neurotrophic and plasticity-related genes 
such as BDNF, FosB (FBJ murine osteosarcoma viral oncogene homolog B; FosB-including the addiction-relevant 
splice variant ΔFosB-), and glial cell line-derived neurotrophic factor (GDNF) [24,27,31–34]. Preclinical studies 
demonstrate that psychedelics increase histone acetylation at plasticity-related gene promoters and induce 
prolonged epigenomic alterations at enhancer regions controlling synaptic assembly, changes that persist after 
acute exposure [25,30,32]. These epigenetic modifications facilitate dendritic spine growth, synaptic remodeling 
in prefrontal cortex and nucleus accumbens, potentially contributing to the restoration of reward circuitry function 
disrupted by SUDs [25,30,32,35]. Emerging evidence also suggests that psychedelics may modulate ncRNA 
networks involved in synaptic plasticity and inflammatory signaling, though systematic profiling in addiction 
models remains limited. Ketamine operates through N-methyl-D-aspartate (NMDA) receptor antagonism, acutely 
increasing synaptogenesis and dendritic spine density via BDNF- and mechanistic target of rapamycin (mTOR)-
dependent, epigenetic-mediated pathways [32,36]. Preclinical evidence suggests that ibogaine induces GDNF 
upregulation in VTA and NAc, promoting dopaminergic recovery and functional restoration [37,38]. However, 
molecular evidence linking ibogaine’s anti-addictive potential to epigenetics also remains lacking. Lastly, 
psychedelics and related compounds may transiently reopen critical-period-like states of heightened plasticity, 
facilitating therapeutic remodeling when paired with structured psychotherapy [39]. 

3. Critical Knowledge Gaps and Future Directions 

Despite compelling preliminary evidence, substantial knowledge gaps remain. Most clinical trials are small, 
open-label, or single-site studies with heterogeneous designs, limited long-term follow-up, and lack of epigenetic-
related outcomes [4,40,41]. The majority of mechanistic epigenetic data derive from rodent models examining 
bulk tissue, leaving cell-type-specific effects on distinct neuronal and glial populations largely unexplored, such 
as dopamine 1 receptor (D1)- versus D2-expressing medium spiny neurons in the NAc and layer V pyramidal 
neurons in the PFC [32]. Direct demonstration of psychedelic-induced epigenetic remodeling in human 
populations with SUDs is lacking, representing a critical translational gap. Blinding remains problematic in 
psychedelic trials due to distinctive subjective effects, potentially introducing expectancy bias. Most studies 
exclude participants with severe psychiatric or medical comorbidities, limiting generalizability. The relative 
contributions of subjective psychedelic experience versus molecular neuroplastic effects remain unclear, as does 
the potential for non-psychedelic analogues to reproduce therapeutic benefits while reducing safety concerns or 
enhancing scalability. 

Future research priorities include mechanistic trials integrating longitudinal neuroimaging, single-cell RNA 
sequencing, chromatin accessibility assays (i.e., ATAC-seq), 3D chromatin architecture, sex differences in 
epigenetic response, immune-epigenetic alterations (i.e., microglia), and cell-type-specific epigenetic profiling to 
directly link epigenetic remodeling with clinical outcomes such as sustained abstinence and relapse prevention. 
Large-scale, multi-site randomized trials employing standardized psychotherapy protocols, diverse patient 
populations, and harmonized epigenetic endpoints are essential to robustly evaluate the epigenetic effects of 
psychedelics for SUDs. Development and testing of safer analogues—particularly for ibogaine—may expand 
therapeutic access while minimizing cardiovascular and psychiatric risks. Integration of ethnobotanical knowledge 
from traditional psychedelic use (Ayahuasca in South America, iboga in West Africa) should inform culturally 
sensitive approaches that respect indigenous practices while advancing modern clinical translation. 

4. Conclusions 

Psychedelics represent a mechanistically novel approach to addiction treatment, with the potential to reset 
maladaptive transcriptional programs through epigenetic remodeling while facilitating enduring behavioral change 
within structured psychotherapeutic frameworks. By targeting the molecular substrates of addiction—altered 
chromatin states, dysregulated neurotrophic signaling, and impaired circuit plasticity— in addiction-related brain 
circuits, these compounds may directly counteract the epigenetic and transcriptional imprints that sustain 
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compulsive substance use. The convergence of molecular, structural, and behavioral effects—often producing 
rapid and sustained benefits after limited dosing—distinguishes psychedelics from conventional 
pharmacotherapies and positions them as potentially disease-modifying interventions for SUDs. 

Yet the evidence base remains preliminary. Most clinical studies are small, open-label, methodologically 
heterogeneous, and with limited follow-up. Although meaningful clinical signals have been observed across 
alcohol, tobacco, cocaine, opioid, and polysubstance use disorders, careful translation is essential. Safety 
considerations—particularly for compounds such as ibogaine—standardization of psychotherapeutic protocols, 
and improved patient selection strategies must be prioritized. Large-scale, multi-site randomized controlled trials 
integrating epigenetic biomarkers, longitudinal follow-up, and diverse patient populations will be necessary to 
improve the mechanistic understanding, and establish efficacy, durability, and safety. In parallel, the development 
of non-psychedelic analogues that preserve neuroplastic and epigenetic benefits while minimizing psychiatric and 
cardiovascular risks may expand accessibility and enhance clinical feasibility. Together, continued investigation 
grounded in scientific rigor and ethical responsibility is essential to determine whether psychedelic-assisted 
therapies can fulfill their promise as durable, mechanism-informed, epigenetics-mediated treatments for addiction. 

If validated through mechanistic and clinical investigation, psychedelic-assisted interventions may represent 
the first class of addiction treatments designed not merely to suppress symptoms, but to reprogram the epigenetic 
and transcriptional architecture sustaining compulsive drug use. 
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5-HT2A 5-hydroxytryptamine 2A receptor 

AUD alcohol use disorder 

BDNF brain-derived neurotrophic factor 

CREB cyclic adenosine monophosphate response element-binding protein 

DA dopamine 

DMT N,N-dimethyltryptamine 

ERK extracellular signal-regulated kinase 

GDNF glial cell line-derived neurotrophic factor 

LSD lysergic acid diethylamide 

MAPK mitogen-activated protein kinase 

MDMA 3,4-methylenedioxymethamphetamine 

NAc nucleus accumbens 

ncRNA non-coding RNA 

NMDA N-methyl-D-aspartate 
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PFC prefrontal cortex 

SUD substance use disorder 

VTA ventral tegmental area 

ΔFosB addiction-relevant splice variant of FosB 
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