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Alzheimer’s disease (AD) remains a formidable challenge
in the field of neurodegenerative disorders, character-
ized by an insidious onset of memory impairment and
a gradual cognitive decline. The molecular pathologies
underlying AD are complex and multifactorial, involving a
combination of genetic, biochemical, and immunological
factors that contribute to its progression [1, 2]. The chal-
lenges in treating AD are exacerbated by the molecular
complexity of the disease, which has hindered the devel-
opment of target-based therapeutics. Most existing medi-
cations are primarily beneficial only in the early stages of
AD, where they can slow the disease’s progression. How-
ever, a significant treatment gap exists for late-stage AD,
characterized by extensive neuronal damage and severe
cognitive decline [3]. This extensive damage complicates
efforts to reverse or significantly improve symptoms, pos-
ing a major challenge in developing effective interventions
for this advanced stage.

Recent observations of terminal/paradoxical lucidity in
patients with severe dementia have challenged the long-
standing belief that cognitive decline in AD is irrevers-
ible. Terminal/paradoxical lucidity refers to unexpected
episodes in which individuals with severe dementia
temporarily regain cognitive abilities, such as clear com-
munication, emotional expression, and memory recall,
typically occurring shortly before death [4]. A recent
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study indicates that insights into the basis of terminal/
paradoxical lucidity may be enhanced by the possibility
of regional fluctuations in amyloid-p (AP) oligomeriza-
tion occurring on the appropriate timescale, as shown by
cyclic azapeptide oligomer positron emission tomogra-
phy (PET) ligands. Unlike the continuous amyloid accu-
mulation seen with standard fibrillar amyloid PET, the
oligomer tracer shows fluctuations over time without a
clear pattern. At certain moments, the ligand illuminates
the parietal cortex, but later that area becomes inac-
tive while another region becomes active [5]. Tradition-
ally, it has been thought that once neural pathways are
damaged in AD, the decline is permanent due to irrep-
arable pathway damage. However, terminal lucidity sug-
gests that cognitive decline might be reversible, at least
momentarily. This phenomenon is unlikely to result from
the repair of damaged pathways, as previously assumed
in dementia research. Instead, it seems more plausible
that these lucidity episodes arise from the spontaneous
formation of neural bypasses. These bypasses could tem-
porarily restore connectivity at the network level, facili-
tating a transient resurgence of cognitive functions in
patients with severe dementia [6]. Evidence suggests that
it is possible to establish new pathways or circuits, with
even silent synapses serving as potential starting points,
to circumvent damaged areas and temporarily restore
original functions. The abundance of silent synapses in
the adult cortex was found to be significantly higher, by
an order of magnitude, than previously believed. These
synapses can be unsilenced through Hebbian plastic-
ity, recruiting new active connections into a neuron’s
input matrix [7]. The development of neural bypasses
just before death may be primarily driven by hypoxia. As
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individuals approach the end of life, often due to organ
failure, the oxygen concentration in the central nervous
system decreases below normal levels. This reduction in
oxygen can cause neurons to become more active, poten-
tially strengthening previously weak connections and
forming new neural circuits [8]. These changes in neural
activity can lead to hallucinations, out-of-body experi-
ences and altered states of consciousness. These experi-
ences are often interpreted by those experiencing them
as spiritual or mystical.

Insights gained from terminal/paradoxical lucidity sug-
gest that even in the late stages of neurodegenerative dis-
eases, the brain retains a latent capacity for functional
reorganization. Recently, there has been a resurgence of
interest in psychedelics for their potential to rewire the
brain, demonstrating significant translational potential
in AD. N, N-dimethyltryptamine (DMT), a natural hal-
lucinogen, reduced A accumulation in the hippocampus
and prefrontal cortex and improved cognitive impair-
ment by restoring the crosstalk between the endoplasmic
reticulum and mitochondria mediated by Sigma-1 recep-
tor [9]. Psychedelics like lysergic acid diethylamide (LSD)
and psilocybin have attracted attention for their ability
to induce changes in neuroplasticity-the brain’s capacity
to form and reorganize synaptic connections. Research
indicates that these substances enhance neuroplasticity
by promoting the growth of dendritic spines and syn-
apses, and by elevating levels of brain-derived neuro-
trophic factor (BDNF) [10]. This enhancement is critical
for learning and adaptation. Additionally, psychedelics
influence meta-plasticity, or the ‘plasticity of plasticity,
which regulates the thresholds for synaptic strength-
ening or weakening in response to environmental fac-
tors and neural activity. This modulation can effectively
‘reopen’ critical periods of brain plasticity—windows that
are typically only open during early development when
the brain is highly receptive to environmental stimuli
[11]. This aspect is particularly important considering
that patients with severe dementia are often of advanced
age and exhibit significantly reduced neuroplasticity
and learning capabilities. By reopening these windows,
psychedelics facilitate a state of heightened plasticity
[12], offering a unique opportunity for behavioral inter-
ventions and learning training in patients with severe
dementia to form new neural pathways/circuits that
restore or replicate original functions. This adaptability is
crucial for learning and memory and may be harnessed
therapeutically in conjunction with behavioral and learn-
ing strategies to mitigate some of the cognitive declines
seen in AD (Fig. 1). Therefore, the potential of psychedel-
ics to induce lasting changes after just a single dose or a
few doses, when combined with structured learning and
behavioral training, could represent a paradigm shift in
the treatment of mental health conditions. Additionally,
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depression is common in AD patients, and traditional
treatments often offer limited efficacy [13]. Psychedel-
ics may help by creating a temporary state of increased
brain connectivity and flexibility, allowing patients to
experience emotional breakthroughs, improve mood,
and alleviate depressive symptoms. Studies indicate that
psychedelics, when combined with psychotherapy, can
induce positive emotional states and facilitate psycholog-
ical healing, which is crucial for patients struggling with
depression linked to cognitive decline. However, while
early research is promising, further research is needed
to fully understand the safety, efficacy, and potential
risks of using psychedelics in patients with AD-related
depression.

Microdosing psychedelics is being explored as a poten-
tial treatment for AD, offering an innovative approach
that involves taking small, sub-perceptual doses of these
substances [14]. Unlike full doses, microdosing does not
produce hallucinations or significant changes in con-
sciousness but may still positively affect brain function.
The potential benefits of microdosing for AD include
enhanced neuroplasticity, improved brain connectivity,
and greater cognitive flexibility. These effects could help
mitigate cognitive decline in AD patients by supporting
learning, memory, and overall brain health. Additionally,
microdosing may relieve depression, anxiety, and mood
disturbances often associated with AD, improving emo-
tional well-being without the intense effects of higher
psychedelic doses. However, current clinical data on
the safety and efficacy of microdosing for AD and AD-
related depression is limited. Further research is needed
to determine the optimal dosage, long-term effects, and
overall safety of this treatment approach.

Although psychedelics are currently in clinical tri-
als (NCT04123314, NCT01608217 and NCT01302340),
integrating them into mainstream clinical practice for
dementia presents multiple challenges. Scientifically, the
primary hurdle is establishing robust clinical evidence
through well-designed trials to verify the efficacy and
safety of psychedelics in dementia patients, who may
response differently to these substances compared to
the general population. Ethically, concerns arise around
consent, as patients with dementia might have impaired
decision-making capacity; ensuring informed consent
and safeguarding patient autonomy are paramount.
Additionally, the potential for psychedelic experiences
to induce distress or harm must be carefully managed
through controlled settings and professional oversight.
Regulatory challenges are also significant, as current drug
laws classify many psychedelics as controlled substances
with high abuse potential and no medical value. Chang-
ing these classifications requires substantial evidence
from clinical research and concerted efforts to shift pub-
lic and political perspectives on the therapeutic potential
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Fig. 1 The potential of psychedelics in neural bypass as a therapeutic approach for AD. Psychedelics may temporarily enhance an induced “metaplastic-
ity which is believed to establish the critical periods for learning and memory. This effect could combine behavioral and learning strategies to create
network-level connectivity, reducing cognitive decline in Alzheimer’s patients. Created by BioRender

. . . Abbreviations
of psychedelics. Altogether, while the promise of psyche- s Alheimer's disease

delics in enhancing neuroplasticity and cognitive func- |sp Lysergic acid diethylamide
tion in dementia is compelling, navigating these hurdles ~ BONF  Brain-derived neurotrophic factor
requires a careful, multidisciplinary approach to ensure /?BMT E%i;géthymyptamme
ethical integrity and regulatory compliance. PET Positron emission tomography

In conclusion, the phenomena of terminal/paradoxi-
cal lucidity and the emerging research into the use of
psychedelics provide groundbreaking insights into the
potential reversibility and plasticity of cognitive decline  Author contributions
. . By Xiaohui Wang conceived the proposal and approved the submission of this
%n AD. Th.ese observations not On!y Challenge our exist Perspective. Xiaohui Wang, Xiubo Du and Cong Lin collaboratively wrote the
ing paradigms of neurodegeneration but also open up  perspective.
innovative pathways for treatment that could signifi-

. . PN T . Funding

Cantly en}}ance the quaht?’ of life for 1nd1V1dL}als with AD. This work was supported by the National Natural Science Foundation of China
By exploring the underlying neural mechanisms and the  (12241028), the ST12030-Major Projects [20212D0203000(20212D0203003)],
effects of psychedelics on brain function, we are stepping  and the Chinese Academy of Sciences (CAS) Hundred Talents Program.
beyond traditional approaghes to unloclf novel st.rategles Data availability
that could lead to substantive advances in managing AD,  Not applicable.

particularly in its advanced stages.

Acknowledgements
Not applicable.



Lin et al. Molecular Neurodegeneration (2024) 19:72

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 18 August 2024 / Accepted: 3 October 2024
Published online: 12 October 2024

References

1. DeTure MA, Dickson DW.The neuropathological diagnosis of Alzheimer’s
disease. Mol Neurodegener. 2019;14:32.

2. GuoT, Zhang D, Zeng Y, Huang TY, Xu H, Zhao Y. Molecular and cellular
mechanisms underlying the pathogenesis of Alzheimer’s disease. Mol Neuro-
degener. 2020;15:40.

3. Ferrari C, Sorbi S. The complexity of Alzheimer’s disease: an evolving puzzle.
Physiol Rev. 2021;101:1047-81.

4. Peterson A, Clapp J, Harkins K, Kleid M, Largent EA, Stites SD, et al. Is there a
difference between terminal lucidity and paradoxical lucidity? Alzheimers
Dement. 2022;18:540-1.

5. Habashi M, Vutla S, Tripathi K, Senapati S, Chauhan PS, Haviv-Chesner A, et
al. Early diagnosis and treatment of Alzheimer’s disease by targeting toxic
soluble abeta oligomers. Proc Natl Acad Sci U S A. 2022;119:¢2210766119.

6.  Peterson A, Clapp J, Largent EA, Harkins K, Stites SD, Karlawish J. What is para-
doxical lucidity? The answer begins with its definition. Alzheimers Dement.
2022;18:513-21.

Page 4 of 4

7. Vardalaki D, Chung K, Harnett MT. Filopodia are a structural substrate for
silent synapses in adult neocortex. Nature. 2022;612:323-7.

8. JiX ZhouY,Gao Q He H,Wu Z, Feng B, et al. Functional reconstruction of the
basal ganglia neural circuit by human striatal neurons in hypoxic-ischaemic
injured brain. Brain. 2023;146:612-28.

9. ChengD, Lei ZG, Chu K, Lam OJH, Chiang CY, Zhang ZJ. N, N-Dimethyltrypt-
amine, a natural hallucinogen, ameliorates Alzheimer’s disease by restoring
neuronal Sigma-1 receptor-mediated endoplasmic reticulum-mitochondria
crosstalk. Alzheimers Res Ther. 2024;16:95.

10.  Moliner R, Girych M, Brunello CA, Kovaleva V, Biojone C, Enkavi G, et al. Psy-
chedelics promote plasticity by directly binding to BDNF receptor TrkB. Nat
Neurosci. 2023;26:1032-41.

11. Nardou R, Sawyer E, Song YJ, Wilkinson M, Padovan-Hernandez Y, de Deus JL,
et al. Psychedelics reopen the social reward learning critical period. Nature.
2023;618:790-8.

12. Ly C, Greb AC, Cameron LP, Wong JM, Barragan EV, Wilson PC, et al.
Psychedelics promote structural and functional neural plasticity. Cell Rep.
2018;23:3170-82.

13. Huang YY, Gan YH, Yang L, Cheng W, Yu JT. Depression in Alzheimer's
Disease: Epidemiology, mechanisms, and treatment. Biol Psychiatry.
2024;95:992-1005.

14. Vann Jones SA, O'Kelly A. Psychedelics as a treatment for Alzheimer’s Disease
Dementia. Front Synaptic Neurosci. 2020;12:34.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.



	﻿A perspective on Alzheimer’s disease: exploring the potential of terminal/paradoxical lucidity and psychedelics
	﻿References


