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Resumo 
 

História: A dietilamida de ácido lisérgico (LSD) tem uma história turbulenta desde a 

descoberta de suas propriedades psicoativas em 1943, sendo usada por psiquiatras como um 

modelo para a psicose, por psicoterapeutas como adjunto de tratamento, por artistas como 

amplificador de criatividade, por usuários de microdoses do Vale do Silício como estimulador 

cognitivo. O LSD muda profundamente a percepção, cognição e o comportamento, mas uma 

caracterização metodologicamente rigorosa dos efeitos no pensamento livre, desempenho 

criativo e cognição subaguda ainda não foi realizado e a relação entre o modelo de psicose e 

modelo de terapia não foi explorada.  

Objetivo: Elucidar os efeitos do LSD em baixa dosagem em humanos saudáveis a respeito de 

fluxo de pensamento, criatividade, cognição, experiências psicodélicas, psicóticas e 

terapêuticas e a relação entre esses efeitos.  

Métodos: Em um desenho aleatorizado, duplo-cego, placebo-controlado, cruzado, 24 

voluntários saudáveis receberam 50 μg de LSD ou placebo inativo. O fluxo de pensamento foi 

avaliado por medidas de divagação mental e associação livre repetidamente após administração. 

A criatividade foi medida por tarefas de pensamento divergente e criatividade verbal e figural 

após o pico. A cognição foi avaliada por uma bateria de testes de memória visual e verbal, 

fluência verbal e figural, flexibilidade cognitiva, atenção sustentada e alternada, controle 

inibitório e organização perceptual na manhã após administração. Experiências psicóticas 

foram avaliadas por um questionário sobre saliência aberrante, experiências terapêuticas por 

medidas de sugestionabilidade e atenção plena e experiências psicodélicas por questionários 

sobre alterações de consciência e experiências místicas, desafiadoras e de dissolução do ego. 

As correlações entre os efeitos induzidos pelo LSD foram examinadas. 

Resultados: O LSD, comparado com placebo, mudou o fluxo de pensamento induzindo caos, 

significados e sensações durante a divagação mental e um fluxo abstrato durante a associação 

livre. Respostas criativas foram caracterizadas por maior novidade, surpresa, distâncias 

semânticas, simbolismo e ambiguidade e menor utilidade, pensamento convergente e 

elaboração. A cognição subaguda demostrou melhor memória visuoespacial e fluência 

fonológica e pior flexibilidade cognitiva. O LSD evocou experiências psicóticas de saliência 

aberrante, experiências terapêuticas de sugestionabilidade mas não de atenção plena e 

experiências psicodélicas de alterações de consciência, experiências místicas, de dissolução do 

ego e moderadamente desafiadoras. A saliência aberrante induzida pelo LSD correlacionou-se 

altamente com imagiologia complexas, experiências místicas e dissolução do ego. 

Conclusão: LSD em baixa dosagem afeta a mente humana em vários níveis. LSD evoca um 

fluxo de pensamento e desempenho criativo caracterizados por pensamento caótico, 

desorganizado e incoerente mas também carregado de significado, abstrato e simbólico, 

provoca um afterglow mas também uma ressaca cognitiva e induz experiências psicóticas mas 

também terapêuticas que podem estar ligados por experiências místicas. Globalmente, o LSD 

parece deslocar recursos perceptuais, cognitivos e comportamentais não só “longe do normal” 

mas também “para o novo”, apontando para uma desconstrução e reconstrução geral induzida 

pelo LSD. Os resultados contribuem para o entendimento do estado psicodélico per se, 

pavimentam o caminho para uma melhor exploração de mecanismos e aplicações na terapia 

psicolítica e esperançosamente promovem uma imagem mais realista desta substância 

controversa na sociedade. 

 

Palavras-chave: Dietilamida do Ácido Lisérgico; Divagação Mental; Associação Livre; 

Criatividade; Pensamento Divergente; Simbolismo; Cognição; Memória; Fluência Verbal; 

Funções Executivas; Modelo de Psicose; Saliência Aberrante; Terapia Assistida por 

Psicodélicos; Sugestão; Atenção Plena; Experiência Mística; Autopercepção.  



Abstract 
 

Background: Lysergic acid diethylamide (LSD) carries a turbulent history since the discovery 

of its psychoactive properties in 1943, being used by psychiatrists as psychosis model, by 

psychotherapists as treatment adjunct, by artists as creativity booster, by Silicon Valley’s 

microdosers as cognitive enhancer. LSD fundamentally changes perception, cognition and 

behaviour, but a methodologically rigorous characterization of the effects on free thought, 

creative performance and sub-acute cognition is lacking and the relationship between the 

psychosis model and therapy model unexplored.  

Objective: Elucidating the effects of low-dose LSD on healthy humans regarding the stream 

of thought, creativity, cognition and psychedelic, psychotic and therapeutic experiences and 

exploring the relationships between these effects. 

Methods: In a randomized, double-blind, placebo-controlled, crossover design, 24 healthy 

volunteers received 50 μg LSD or inactive placebo. The stream of thought was assessed by 

mind-wandering and free association measurements repeatedly after drug administration. 

Creativity was measured by tasks on divergent thinking and verbal and figural creativity after 

drug peak. Cognition was assessed by a test battery on visual and verbal memory, verbal and 

design fluency, cognitive flexibility, sustained and switching attention, inhibitory control and 

perceptual organization the morning after drug administration. Psychotic experiences were 

assessed by an aberrant salience questionnaire, therapeutic experiences by suggestibility and 

mindfulness measurements and psychedelic experiences by questionnaires on alterations of 

consciousness and mystical, challenging and ego-dissolution experiences. Correlations between 

the LSD-induced effects were examined. 

Results: LSD, compared to placebo, changed the stream of thought towards chaos, meaning 

and sensation during mind-wandering and an abstract flow during free association. Creative 

responses were characterized by increased novelty, surprise, semantic distances, symbolism and 

ambiguity and decreased utility, convergent thinking and elaboration. Cognition sub-acutely 

demonstrated improved visuospatial memory and phonological fluency and impaired cognitive 

flexibility. LSD evoked psychotic experiences of aberrant salience, therapeutic experiences of 

suggestibility but not mindfulness and psychedelic experiences of alterations of consciousness 

and mystical, ego-dissolution and mildly challenging experiences. LSD-induced aberrant 

salience correlated highly with complex imagery, mystical experiences and ego-dissolution.  

Conclusion: Low-dose LSD affects the human mind on several levels. LSD evokes a stream 

of thought and creative performance characterized by chaotic, disorganized and incoherent 

thinking but also meaning-laden, abstract and symbolic thinking, provokes a cognitive 

afterglow but also hangover and induces psychotic but also therapeutic experiences which 

might be linked by mystical experiences. Altogether, LSD seems to shift the perceptual, 

cognitive and behavioural resources not only “away from normal” but also “towards the new”, 

pointing to an overall LSD-induced deconstruction and reconstruction. The results contribute 

to the understanding of the psychedelic state per se, pave the way for a better exploration of 

mechanisms and applications in psycholytic therapy and hopefully promote a more realistic 

picture of this controversial substance in society.  

 

Keywords: Lysergic Acid Diethylamide; Mind-Wandering; Free Association; Creativity; 

Divergent Thinking; Symbolism; Cognition; Memory; Verbal Fluency; Executive Functions; 

Psychosis Model; Aberrant Salience; Psychedelic-Assisted Therapy; Suggestion; Mindfulness; 

Mystical Experience; Self-Perception.   



Zusammenfassung 
 

Hintergrund: Lysergsäurediethylamid (LSD) hat eine turbulente Geschichte seit der 

Entdeckung seiner psychoaktiven Eigenschaften 1943, wurde von PsychiaterInnen als 

Psychosemodell verwendet, von PsychotherapeutInnen als Behandlungsergänzung, von 

KünstlerInnen als Kreativitätsbooster, von Silicon Valleys MicrodoserInnen als 

Kognitionsverstärker. LSD verändert Wahrnehmung, Kognition und Verhalten fundamental, 

jedoch steht eine methodisch rigorose Effektcharakterisierung bezüglich freien Denkens, 

kreativer Leistung und subakuter Kognition aus und die Beziehung zwischen Psychosemodell 

und Therapiemodell ist unerforscht. 

Ziel: Darlegung der Effekte von niedrigdosiertem LSD auf gesunde Menschen bezüglich 

Gedankenstroms, Kreativität, Kognition und psychedelischen, psychotischen und 

therapeutischen Erfahrungen und der Beziehung zwischen diesen Effekten.  

Methoden: In einem randomisierten, doppelblinden, placebokontrollierten Crossover-Design 

erhielten 24 gesunde Freiwillige 50 μg LSD oder inaktives Placebo. Der Gedankenstrom wurde 

nach Substanzverabreichung wiederholt mit Messungen zu Gedankenwandern und freier 

Assoziation untersucht. Kreativität wurde nach Substanzpeak mit Aufgaben zu divergentem 

Denken und verbaler und figürlicher Kreativität gemessen. Kognition wurde am Morgen nach 

Substanzverabreichung mit einer Testbatterie zu visuellem und verbalem Gedächtnis, verbaler 

und figürlicher Fluenz, kognitiver Flexibilität, anhaltender und wechselnder Aufmerksamkeit, 

inhibitorischer Kontrolle und Wahrnehmungsorganisation untersucht. Psychotische 

Erfahrungen wurden mit einem Fragebogen zu aberranter Salienz untersucht, therapeutische 

Erfahrungen mit Messungen zu Suggestibilität und Achtsamkeit und psychedelische 

Erfahrungen mit Fragebögen zur Bewusstseinsveränderung und mystischen, herausfordernden 

und Selbstauflösungs-Erlebnissen. Korrelationen zwischen den LSD-induzierten Effekten 

wurden untersucht.  

Ergebnisse: LSD veränderte verglichen mit Placebo den Gedankenstrom in Richtung Chaos, 

Bedeutung und Sinneserleben während des Gedankenwanderns und abstrakten 

Gedankenflusses während der freien Assoziation. Kreative Antworten waren gekennzeichnet 

durch erhöhte Neuheit, Überraschung, semantische Distanzen, Symbolik und Mehrdeutigkeit 

sowie verminderte Nützlichkeit, konvergentes Denken und Ausarbeitung. Kognition zeigte 

subakut verbessertes visuell-räumliches Gedächtnis und phonologische Fluenz und 

beeinträchtigte kognitiven Flexibilität. LSD rief psychotische Erfahrungen von aberranter 

Salienz hervor, therapeutische Erfahrungen von Suggestibilität nicht aber Achtsamkeit und 

psychedelische Erfahrungen von Bewusstseinsveränderungen, mystischen, Selbstauflösungs- 

und leicht herausfordernden Erlebnissen. Die LSD-induzierte aberrante Salienz korrelierte hoch 

mit komplexem Bilderleben, mystischen Erfahrungen und Selbstauflösung.  

Schlussfolgerung: Niedrigdosiertes LSD beeinflusst den menschlichen Geist auf mehreren 

Ebenen. LSD ruft einen Gedankenstrom und kreativen Leistung hervor, die gekennzeichnet 

sind durch chaotisches, unorganisiertes und inkohärentes Denken aber auch durch 

bedeutungsgeladenes, abstraktes und symbolisches Denken, erzeugt einen kognitiven 

Afterglow aber auch Hangover und induziert psychotische aber auch therapeutische 

Erfahrungen, die durch mystische Erlebnisse verbunden sein könnten. Insgesamt scheint LSD 

die Wahrnehmungs-, Kognitions- und Verhaltensressourcen nicht nur „weg vom Normalen“ 

sondern auch „hin zum Neuen“ zu verlagern, was auf eine allgemeine LSD-induzierte 

Dekonstruktion und Rekonstruktion hinweist. Die Ergebnisse tragen zum Verständnis des 

psychedelischen Zustandes an sich bei, ebnen den Weg für eine bessere Erforschung der 

Mechanismen und Anwendungen in der psycholytischen Therapie und fördern hoffentlich ein 

realistischeres Bild dieser kontroversen Substanz in der Gesellschaft.  

 

https://translate.google.de/history
https://translate.google.de/history
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Divergentes Denken; Symbolismus; Kognition; Gedächtnis; Verbale Fluenz; 
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Suggestion; Achtsamkeit; Mystische Erfahrung; Selbstwahrnehmung. 
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1. Introduction  
 

Lysergic acid diethylamide (LSD) is probably one of the substances that most 

underwent upheavals in society during its history, affecting psychiatry, science, politics 

and public opinion, evoking enthusiasm and frustration, representing opportunity and 

threat (1,2). These contrasting positions of LSD in society come along with its partially 

contrasting effects. LSD changes perception, cognition and emotion, including dose-

dependent visual alterations, synaesthesia, distortions of the self, space and time, spiritual 

experiences and disorganized thoughts, insights and impaired concentration, euphoria and 

anxiety (1,3,4). Correspondingly, LSD has been applied for diverse purposes, by 

psychiatrists as a psychosis model to mimic psychotic experiences (5), by therapists as an 

adjunct to treat mood and substance use disorders (6,7), by artists to promote creativity 

(8), by the counterculture of the 1960s as a symbol of political resistance (2), by Silicon 

Valley’s tech elite to boost cognitive performance (9,10).  

In order to approximate the “psychedelic nature” of perception, cognition and 

behaviour per se, we need to look at the LSD effects from several perspectives relating 

to these application fields. One of the most fundamental cognitive processes we can look 

at is the mind when it is freely roaming, a mental state conceptualized as the “stream of 

thought” which is unconstrained, continuous and highly dynamic (11). Two forms of 

stream of thought are mind-wandering and free association, which are characterized by 

an unintentional, unaware nature and a stimulus-induced, output-generating nature, 

respectively (12,13). Mind-wandering accounts for around half of our daily mental 

activity, is associated with decreased mood and cognitive performance and can exert 

beneficial effects if modulated by spiritual or therapeutic techniques (14–18). Free 

association is a basic technique in psychoanalysis, requires to speak freely whatever 

comes to mind and intends to reveal unconscious structures based on the assumption that 

verbally connected content is also mentally connected (19,20). Overall, these facets of 

the stream of thought are being increasingly explored revealing fundamental aspects of 

mental functioning and carrying beneficial potential if applied as therapeutic tool. Yet, it 

is merely anecdotally reported how psychedelics, which fundamentally impact mental 

functioning, affect the freely roaming mind (21). 

Creativity is a phenomenon closely intertwined with perception, cognition 

and behaviour and of major impact for diverse social spheres including art, education, 

mental health, science, technology, engineering and economy (22–25). Due to its 
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importance for society, attempts have been made to enhance creativity, for example, by 

means of training, new experiences, mindfulness, hypnosis or psychoactive substances 

(26–30). With the growing popularity and accessibility of LSD in the 1960s, several 

artists, scientists and entrepreneurs have designated the substance as a “wonder drug” to 

boost creative insights and performance (8,31–33). Yet, research on psychedelic-related 

creativity has been stumbling on conceptual and methodological shortcomings, limiting 

creativity assessments to self-reports, case studies or creative professionals, yielding 

inconclusive results (30).  

Recently, the potential of psychedelics to promote cognition and well-being 

is gaining growing interest, especially regarding microdoses or sub-acute effects (34,35). 

Sub-acute cognitive improvements can comprise enhanced cognitive flexibility, 

convergent thinking and executive functions and are hypothesized to be related to 

psychedelic-induced neuroplasticity, neurogenesis and neuroprotective processes (36–

40). However, a methodologically rigorous, comprehensive exploration of the LSD 

effects on sub-acute cognition, including memory, verbal and design fluency, cognitive 

flexibility, attention, executive functions and perceptual organization, is still lacking. 

Nevertheless, a better understanding of the modulation of these cognitive functions could 

provide new application perspectives for conditions involving cognitive declines such as 

natural ageing, brain injuries or psychiatric conditions (41). 

Throughout its history, the most influential areas of LSD research and 

application involved two contrasting phenomena: the psychosis model exploring the 

psychotomimetic effects and the therapy model exploring the treatment effects (42). 

Within the psychosis model, psychiatrists applied LSD to themselves and to patients to 

understand and investigate treatment possibilities for psychotic disorders (5). LSD-

induced similarities with the psychotic phenomenology involve an altered perception of 

senses, self, body and time, altered emotionality, impaired cognition, loss of 

intentionality, magical thinking and several behavioural and neurophysiological 

characteristics (43). Aberrant salience is the aberrant assignment of salience to external 

and internal percepts, a mechanism related to and possibly accounting for psychotic 

experiences (44–47), yet, the role of aberrant salience in the LSD psychosis model is still 

unknown. Within the therapy model, LSD was applied in psychedelic-assisted 

psychotherapy for the treatment of a variety of disorders, with promising results in mood 

and substance use disorders (48,49). Moreover, the potential of psychedelics to enhance 

suggestibility and mindfulness, mechanisms important for hypnosis- and mindfulness-
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based treatments, might constitute promising complementary techniques in psychedelic-

assisted treatments (50–54). Nevertheless, the paradox of how the same substance can 

concurrently induce and treat psychiatric symptoms has not yet been investigated 

properly. 

Altogether, despite numerous early LSD studies with tens of thousands of 

participants, research on the LSD effects on the stream of thought, creativity, cognition, 

psychotic and therapeutic effects has yielded contradictory findings, mainly due to 

methodological limitations, political barriers, conceptual difficulties and insufficient 

exploration (1,2,42,55). Yet, a closer understanding of the LSD effects in these 

perceptual, cognitive and behavioural domains is necessary to better capture its 

phenomenology, explore its mechanisms of action and evaluate its therapeutic potential. 

Moreover, besides providing insights into the ontology of the human mind, a detailed 

effect characterization is probable to contribute to a more realistic positioning of this 

controversial substance in society, from psychiatry to public perception.   
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2. Objectives 
 

This study aimed at elucidating the effects of a relatively low dose of LSD 

(50 μg) on the stream of thought, creativity, cognition, psychotic, therapeutic and 

psychedelic experiences in healthy humans.  

Specifically, we aimed at exploring the LSD-induced effects on mind-

wandering and free association (stream of thought), creativity factors, divergent and 

convergent thinking, semantic structure and special features (creativity), memory, verbal 

and design fluency, executive functions and perceptual organization (cognition), aberrant 

salience (psychotic-like experience), suggestibility and mindfulness (therapeutic-like 

experiences), altered state of consciousness, mystical, challenging and ego-dissolution 

experiences (psychedelic experiences) and the relationship between the LSD-induced 

effects.  

Our hypotheses were that LSD affects these perceptual, cognitive and 

behavioural domains with changes in the stream of thought and increases in creativity, 

cognition, psychotic, therapeutic and psychedelic experiences and that LSD-induced 

psychotic and therapeutic experiences are connected.  
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3. Methods 
 

3.1. Study Design 

The study used a randomized, double-blind, placebo-controlled, crossover 

design with two treatments (LSD, placebo) and a washout period of 14 days between 

treatments. Participants were randomly assigned to treatment order. Where applicable, 

two parallel test versions (A, B) were applied to avoid learning effects, in balanced order 

across participants and counterbalanced order across treatments. This study was approved 

by the University Research Ethics Committee and the National Health Surveillance 

Agency and conducted according to safety guidelines for psychedelic research in humans 

(56). 

 

3.2. Participants 

Twenty-five healthy participants were recruited in a convenience sample. 

Inclusion criteria were: age above 21 years, at least one experience with LSD, abstinence 

from psychedelics for at least two weeks and from alcohol and other drugs for at least 

three days before each session and abstinence from tobacco and caffeine during the study 

days. Exclusion criteria were: the presence of psychiatric symptoms, personal or first-

degree family member history of a psychotic disorder, use of psychiatric medication, 

history of severe complications after psychedelic use, alcohol or drug use disorder, heart 

disease or other relevant medical conditions, pregnancy and non-native speaking of 

Brazilian Portuguese. Participants provided written informed consent before 

participation. One participant ceased participation after the first session for personal 

reasons, resulting in a final sample of 24 subjects (8 women; age (mean ± SD) = 35 ± 11 

years (range: 25–61)). 

 

3.3. Drug 

Participants received 50 μg of LSD (d-lysergic acid diethylamide; > 99 % 

purity on high performance liquid chromatography; dissolved in alcohol solution) or of 

an inactive placebo (alcohol solution). Either substance was diluted in 30 ml water for 

oral administration. The dose of 50 μg LSD is regarded as low (57,58) and was chosen to 

minimize the risk of adverse reactions and to exert noticeable effects without impairing 

the subjects’ ability to complete the measurements. An absolute, non-weight adapted dose 

was chosen in accordance with recent LSD studies (59–62) and corresponded to a relative 
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dose of (mean ± SD) 0.69 ± 0.18 μg/kg body weight (range: 0.45–1.11). An alcohol 

solution was chosen as placebo to imitate the slight alcoholic taste of the LSD alcohol 

solution. 

 

3.4. Measurements 

3.4.1 Stream of Thought 

The Stream of Thought was assessed by measurements of mind-wandering 

(Amsterdam Resting-State Questionnaire 2.0 (ARSQ)) (63) and free association (Forward 

Flow Task (FFT)) (13) repeatedly during the day of drug administration and the morning 

afterwards. For further details, see Methods of Article 1. 

 

3.4.2. Creativity 

Creativity was assessed by several tasks (Pattern Meaning Task (PMT) (64); 

Alternate Uses Task (AUT) (65); Picture Concept Task (PCT) (66); Creative Metaphors 

Task (MET); Figural Creativity Task (FIG) (67)) around drug peak. From these tasks, we 

extracted measurements of creativity factors (Novelty, Utility, Surprise), divergent 

thinking (Fluency, Originality, Flexibility, Elaboration), convergent thinking, semantic 

structure (Semantic Spread, Forward Flow, Flow Distance, Flow Steps) and data-driven 

special features. For further details, see Methods of Article 2. 

 

3.4.3. Cognition 

Cognition was assessed by measurements of visuospatial and auditory-verbal 

memory (Rey-Osterrieth Complex Figure (ROCF) (68,69); 2D Object-Location Memory 

Task (OLMT) (70); Rey Auditory-Verbal Learning Test (RAVLT) (71,72)), phonological 

and semantic verbal fluency (Verbal Fluency Task (VFT)) (73,74), design fluency 

(Design Fluency Task (DFT)) (75), cognitive flexibility (Wisconsin Card Sorting Test 

(WCST)) (76,77), sustained and switching attention (Trail Making Test (TMT)) (76,78), 

inhibitory control (Stroop Task (Stroop)) (78,79) and perceptual organization (Block 

Design Test (BDT)) (80,81) on the morning after drug administration. For further details, 

see Methods of Article 3. 

 

3.4.4. Psychotic, Therapeutic and Psychedelic Experiences 

Psychotic experiences were assessed by measurements of aberrant salience 

(Aberrant Salience Inventory (ASI)) (82), therapeutic experiences by measurements of 



19 

 

 

suggestibility (Creative Imagination Scale (CIS)) (83) and mindfulness (Five Facet 

Mindfulness Questionnaire (FFMQ) (84,85); Mindful Attention Awareness Scale 

(MAAS) (86,87); Experiences Questionnaire (EQ) (88)) and psychedelic experiences by 

measurements of intensity and valence (visual analogue scales), altered state of 

consciousness (Altered State of Consciousness Questionnaire (ASC)) (89), mystical 

experiences (Mystical Experiences Questionnaire (MEQ)) (90,91), challenging 

experiences (Challenging Experiences Questionnaire (CEQ)) (92,93) and ego-dissolution 

(Ego-Dissolution Inventory (EDI)) (94,95). For further details, see Methods of Article 4. 

 

3.5. Study Procedures 

The candidates for participation underwent a clinical and psychiatric 

interview including a screening of the inclusion and exclusion criteria, medical 

anamnesis, physical examination and check of a recent electrocardiogram. 

Complementary exams were consulted if indicated.  

Each treatment session consisted of two study days (figure 1). Over both 

treatment sessions, the same investigators were present for each participant, a 

psychologist and a psychiatrist.  

The day of drug administration started at 7:30 a.m. with baseline 

measurements including mindfulness (FFMQ, MAAS, EQ), memory (RAVLT, OLMT), 

free association (FFT) and mind-wandering (ARSQ). LSD or placebo was administered 

at 9:30 a.m. Intensity and valence of the drug effects was assessed in 15 min-intervals for 

two hours (+0h, +0.25h, +0.5h, +0.75h, +1h, +1.25h, +1.5h, +1.75h, +2h) and in 30 min-

intervals for more six hours (+2.5h, +3h, +3.5h, +4h, +4.5h, +5h, +5.5h, +6h, +6.5h, +7h, 

+7.5h and +8h). Free association (FFT) and mind-wandering (ARSQ) were assessed in 

two hour-intervals (+2h, +4h, +6h, +8h). A standardized snack was served at 11:00 a.m. 

Creativity measurements were conducted from 12:00 p.m. to 1:15 p.m. Lunch was served 

at 1:40 p.m., suggestibility (CIS) tested at 2:15 p.m. Questionnaires on the psychedelic 

experience (ASC, MEQ, CEQ, EDI) were filled in by the end of the day, at 4:30 p.m. At 

5:30 p.m., eight hours after drug administration, it was ensured that the participants were 

feeling well and stable before being left into the custody of a family member or friend.  

On the next morning, the subjects returned at 8:00 a.m., completed 

measurements of mindfulness (FFMQ, MAAS, EQ), aberrant salience (ASI), free 

association (FFT), mind-wandering (ARSQ), memory (RAVLT, OLMT, ROCF), 

cognitive flexibility (WCST), sustained and switching attention (TMT), inhibitory control 
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(Stroop), verbal fluency (VFT), design fluency (DFT) and perceptual organization (BDT) 

and were released around 10:00 a.m.  

Two weeks after the second session, the participants completed an online 

follow-up questionnaire including the mindfulness scales (FFMQ, MAAS, EQ). Four 

months after the second session, the last online follow-up contact was made with 

qualitative questions on study participation and possible long-term effects. No persisting 

side effects were reported.  

 

 

Figure 1. An illustration of the study procedures. On day 1, LSD or placebo was administered, 

together with a variety of baseline and post-administration questionnaires and tests throughout 

the day. On day 2, the morning after drug administration, sub-acute measurements were 

conducted. This procedure was repeated after a wash-out period of two weeks, on day 15 and 16. 

On day 30, two weeks after the second session, follow-up measurements were conducted by 

online questionnaires and on day 135, four months after the second session, the last follow-up 

contact was made by e-mail.  

 

3.6. Data Analysis 

The statistical analyses were performed with IBM SPSS Statistics (version 

22). The treatment effects of LSD on the measurements, as compared to placebo, were 

analysed in repeated measures General Linear Models (GLMreps) with ‘treatment’ (LSD, 
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placebo) as within-subjects factor and ‘treatment order’ (LSD‒placebo, placebo‒LSD) as 

between-subjects factor. Effect sizes were estimated using partial eta squared (p
2). 

Spearman’s rank correlation coefficients (rs) were calculated between the LSD-induced 

changes (Δ = LSD - placebo). For all measurements, significance level was set to α = 

0.05, two-tailed. Corrections for multiple comparisons were conducted post hoc for 

pairwise comparisons and correlations.  
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4. Results 
 

4.1. Article 1 ‒ LSD and the Stream of Thought  

 

 

Reference (96):  

 

Wießner I, Falchi M, Palhano-Fontes F, Oliveira Maia L, Feilding A, Ribeiro S, Bezerra 

Mota N, Araujo DB, Tófoli, LF. Low-dose LSD and the stream of thought: Increased 

Discontinuity of Mind, Deep Thoughts and abstract flow. Psychopharmacology 

[Internet]. 2021;(Epub ahead of print):1–13. Available from: 

https://doi.org/10.1007/s00213-021-06006-3  

 

(Reproduced with permission from Springer Nature.) 

 

 

  

https://doi.org/10.1007/s00213-021-06006-3
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4.2. Article 2 ‒ LSD and Creativity 

 

 

Reference (97):  

 

Wießner I, Falchi M, Maia LO, Daldegan-Bueno D, Palhano-Fontes F, Mason NL, 

Ramaekers JG, Gross ME, Schooler JW, Feilding A, Ribeiro S, Araujo DB, Tófoli LF. 

LSD and creativity: Increased novelty and symbolic thinking, descreased utility and 

convergent thinking. J Psychopharmacol  [Internet]. 01/02/2022. 2022;36(3):348–59. 

Available from: https://doi.org/10.1177/02698811211069113    
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4.3. Article 3 ‒ LSD and Cognition 

 

 

Reference (98):  

 

Wießner I, Olivieri R, Falchi M, Palhano-Fontes F, Maia LO, Feilding A, Araujo DB, 

Ribeiro S, Tófoli LF. LSD, afterglow and hangover: Increased episodic memory and 

verbal fluency, decreased cognitive flexibility. Eur Neuropsychopharmacol [Internet]. 

2022;58(May):7–19. Available from: https://doi.org/10.1016/j.euroneuro.2022.01.114   

https://doi.org/10.1016/j.euroneuro.2022.01.114
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4.4. Article 4 ‒ LSD, Psychotic, Therapeutic and Psychedelic Experiences 

 

 

Reference (99): 

 

Wießner I, Falchi M, Palhano-Fontes F, Feilding A, Ribeiro S, Tófoli LF. LSD, madness 

and healing: Mystical experiences as possible link between psychosis model and therapy 

model. Psychol Med. 2021;(Epub ahead of print):1–15. Available from: 

https://doi.org/10.1017/S0033291721002531 
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5. General Discussion 
 

5.1. Condensation 

This study aimed at examining the effects of low-dose LSD (50 µg) on 

healthy humans. One outstanding feature of this relatively low does is that is has been 

widely applied within psycholytic therapy in the last century (58) but not explored in 

modern studies with rigorous methodological designs. Overall, our study elicited a variety 

of results on different levels. We looked at perceptual, cognitive, emotional and 

behavioural effects under LSD and placebo. We examined time points before drug 

administration, during the peak, in the afterglow and mid-term. This variety of 

measurements allows for a comprehensive perspective on the effects of low-dose LSD 

and approach to the core of the “psychedelic mind” per se.  

Nevertheless, this variety of measurements hampers the comparison between 

the diverse processes and gives rise to a range of new questions, based on the answers to 

the old questions. Are there similar effects of LSD on creativity in the mid-term and on 

cognition during drug the peak? When are mystical experiences and aberrant salience 

increased, during the intensity peak or during the post-peak phase with deep thoughts and 

suggestibility? Are there similar processes underlying the meaning enhancements in 

mind-wandering, creativity and the psychosis model? While these open questions remain 

to be explored in future studies, certain general observations can be made and conclusions 

can be drawn based on the present work.  

LSD affected the basic default processes of the unintentionally and unawarely 

freely roaming mind up to the higher-order control processes of intentional and conscious 

convergent thinking and concept formation. LSD changed the subjective perception, 

inducing altered state of consciousness and psychedelic experience, and the objective 

behaviour, including semantic distances and creative content and techniques. LSD 

exerted remarkable effects during the drug peak but also during the sub-acute phase of 

this low dose. LSD decreased parameters related to structured, organized, rational 

thinking and increased others related to meaningful, associative, symbolic thinking.  

Regarding the four explored domains of stream of thought, creativity, 

cognition and psychosis and therapy model, diverse facets of results emerged and 

attempts have been made to qualitatively resume these facets in the four articles presented 

in this thesis. The stream of thought was affected on several levels (mind-wandering; free 

association) over the course of time, with strongest effects at +2h and +4h. The variety of 
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results seem to reflect principally four facets of increased chaos, meaning, sensation and 

abstract thought. Creativity during drug peak was affected across diverse modalities and 

measurement approaches. Across all ratings, classifications and computations, the results 

seem to reflect three distinguishable phenomena of pattern break, disorganization and 

meaning. Cognition was affected the morning after drug administration, as measured by 

a comprehensive neuropsychological test battery. The results pointed to both “afterglow” 

and “hangover”, with increased visual memory and verbal fluency and decreased 

cognitive flexibility. The LSD psychosis model and therapy model seemed both 

supported, with increases in aberrant salience and suggestibility. A connection between 

both models seemed to arise in mystical and ego-dissolution experiences, known to play 

an important role in psychotic experiences and psychedelic-assisted therapy.  

Importantly, similarities between the four explored domains of stream of 

thought, creativity, cognition and the LSD models can also be observed. These emerged 

in the form of three main facets, namely chaos, meaning and sensation. The overall most 

pronounced chaotic facet was assessed within several measurements and time points. In 

the stream of thought, the chaotic facet was reflected by discontinuity of mind and less 

control over thought and most pronounced during drug peak (+2h). Similarly, creativity 

seemed characterized by a pattern break and disorganization, as measured by increased 

novelty and surprise and decreased utility, elaboration and convergent thinking after drug 

peak (+2.5h to +3.75h). The overall psychedelic experience was characterized by 

subjectively impaired control and cognition (ASC). Moreover, the cognitive flexibility to 

form, maintain and shift abstract concepts (WCST) was decreased the morning after LSD 

administration, indicating that the chaos and disorganization exerted influence beyond the 

acute effects, up to the next morning (+24h).  

The most noticeable facet in terms of therapeutic implications certainly 

consists of meaning making. Increased meaning was found in the stream of thought, as 

reflected by deep thoughts, and strongest pronounced in the post-peak phase around +4h. 

Likewise, the creative productions in most tasks expressed meaningfulness, as reflected 

by symbolic thinking and ambiguity, although these were already pronounced near drug 

peak from +2.5h. In this sense, it might be interesting to explore whether symbolic 

thinking is more pronounced in the post-peak phase (around +4h), a finding that would 

further underpin the notion of a late therapeutic window. The notion of overall increased 

meaning over the LSD session is supported by subjective evaluations of the psychedelic 

experience by changed meaning of percepts (ASC) and of the psychotic experience by 
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increased significance (ASI). Along similar lines as an LSD-induced meaning is the 

central role of abstract stimuli for the LSD effects. While concrete stimuli evoked no 

effects in free association and few in creativity, abstract stimuli enhanced semantic 

distances in free association and novelty, surprise and semantic distances in creativity. 

Altogether, these findings suggest that LSD not only promotes meaning making and 

symbolic and abstract thought, but also exerts the clearest effects when stimulated by 

abstract content. 

A less pronounced facet emerged in the form of sensation, which merely 

evoked medium effect sizes and arose for specific parameters, but was expressed over a 

variety of perceptual and behavioural measurements and time points. Specifically, the 

sensory facet was expressed by thoughts about smelling and hearing during mind-

wandering (+2h), the use of sensation-related content in creative metaphors (+3.5h) and 

tactile suggestibility (CIS) (+5h). Moreover, imagery (ASC), synaesthesia (ASC) and a 

sharpening of senses (ASI) over the LSD session were experienced, altogether pointing 

to a consistent, multimodal phenomenon of medium extent over diverse domains.  

Overall, the facets of chaos, meaning and sensation were observed in all 

domains, the stream of thought, creativity, cognition, psychedelic, therapeutic- and 

psychotic-like experiences. It is interesting to note that previous works mapped out 

similar aspects characterizing the psychedelic experience. For example, Masters and 

Houston hypothesized four major levels, namely a sensory, a recollective-analytic, a 

symbolic and an integral level (96, p. 110ff). Similar to our sensory facet, their sensory 

level is characterized by altered perceptions of the senses, the body, space and time. 

Similarities to our meaningful facet can be observed in the other three levels. The 

recollective-analytic level is characterized by analysing and having insights on personal 

problems and goals; the symbolic level is characterized by experiencing archetypal 

images and scenes representing the own life and allowing for personal growth; the integral 

level is characterized by profound, religious-like experiences of self-understanding and -

transformation, mystical union and enlightenment. However, there seem to be no strong 

similarities with the chaotic facet. A form of chaos is described by Leuner, who 

characterized the earlier course of the psychedelic experience as a “stagnating-fragmented 

course” with psychotic-like, overwhelming and dissociated experiences (21, p. 80ff). This 

“extremely psychotic form” of experience is opposed to a later “quasi-normal form” and 

“continuous-scenic course” of experience with sensorial alterations, dreamlike and 

holistic experiences and a need for communication. Broadly, these two forms correspond 
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to our chaotic facet on the one hand and the meaningful and sensory facets on the other 

hand.  

Taken these previous works and our results together, the psychedelic 

experience seems to reflect at least two main patterns which are quite paradoxical in 

nature. One pattern could be denominated as a “deconstructive” pattern characterized by 

the chaotic facet and effects of dissociation, disorganization and incoherence. The other 

could be designated as a “reconstructive” pattern characterized by the meaningful and 

sensory facets and effects of association, reconnection and significance attribution. 

Figure 2 depicts an attempt to classify the principal findings of this study into the 

psychedelic patterns of deconstruction and reconstruction. Despite their paradoxicality, 

both patterns share a fundamental alteration of perceptual, cognitive, affective and 

behavioural resources. While the deconstructive pattern disrupts previously established 

concepts and processes (e.g. the self, rational thinking, mind-wandering about work or 

the past), the reconstructive pattern intensifies and realigns previously unrelated concepts 

and processes (e.g. deep thoughts, novel ideas, ambiguous and symbolic thinking, 

phonological fluency).  

 

5.2. Mechanisms  

Which mechanisms might underlie the LSD-induced deconstruction and 

reconstruction? To discuss this question, a variety of processes from the molecular to the 

brain connectivity level can be explored. This section will shed light on the potential 

neurochemical and neurophysiological processes underlying our findings within 1.) the 

stream of thought, 2.) creativity, 3.) cognition and 4.) the LSD models including 

psychotic, therapeutic and psychedelic experiences.  

First, regarding the stream of thought, there might be an association between 

the chaotic, meaningful and sensory mind-wandering and the time-dependent 

neurotransmitter and brain network activity.  

The chaotic facet combines with findings of disrupted cognitive functioning 

and disintegrated cortico-cortical networks, including the Central Executive Network 

(CEN), which are related to a prefrontal serotonin 2A (5-HT2A) receptor activation (101–

103). Moreover, the chaos might point to a disintegration of the brain’s Default Mode 

Network (DMN), known to be activated during mind-wandering and disintegrated under 

psychedelics (104,105). In line with this, our findings of decreased Thoughts about Past 

and Planning correspond to previous findings of decreased mental time travel which 
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correlated with DMN disintegration under LSD (106). Moreover, the chaotic facet is 

time-dependent (from +2h to +6h) and strongest pronounced at drug peak, when also the 

DMN disintegration under psychedelics is observed. Based on these assumptions, the 

time course of the chaotic facet suggests that these cognitive and network disruptions 

might peak concurrently with subjective intensity around +2h and last until +6h.  

 

 

 
Figure 2. The effects of low-dose LSD (50 μg) on the domains of stream of thought, creativity, 

cognition and psychotic, therapeutic and psychedelic experiences. Within each domain, diverse 

increases (red) and decreases (blue) were observed under LSD compared to placebo. Over all 

domains, two contrasting patterns of deconstruction and reconstruction seemed to arise. 

 

The meaningful facet is coherent with findings of aberrant salience and 

attribution of self-relevance to meaningful stimuli, which are possibly mediated by 
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dopaminergic activity in the striatum during the later time course of LSD (44,101,107–

110). Consequently, the meaningful facet might represent this later dopaminergic phase 

peaking to a similar degree as the chaotic facet but later around +4h. In a similar vein, the 

abstract flow peaked at +4h. The effects depended on stimulus (abstract not concrete) and 

parameter (meaningful not chaotic), indicating that the abstract flow seems to reflect 

divergent but meaningful abstract-related thinking. Thus, the abstract flow might rely on 

similar mechanisms as the meaningful facet, including striatal dopamine during the post-

peak phase. 

The sensory facet is consistent with findings of increased thalamo-cortical 

functioning and synchronization of sensory networks which are mediated by 

glutamatergic and serotonergic projections (102). The sensory facet is less pronounced 

than the chaotic and the meaningful facet, indicating that the thalamo-cortical activation 

is less expressed and merely around +2h. Notably, the thalamus and the striatum form 

part of the salience network (SN), responsible for the integration of sensory input and 

relocation of attention to salient stimuli (111). This further strengthens the notion that the 

meaningful and the sensory facet belong to a common pattern of reconstruction with 

common cognitive and neurophysiological characteristics.  

Based on these assumptions, our time-dependent measurements suggest that 

the glutamatergic-serotonergic thalamo-cortical action (sensory facet) peaks around +2h, 

while the dopaminergic striatal action (meaningful facet and abstract flow) peaks 

afterwards around +4h and the serotonergic cortico-cortical disruption (chaotic facet) 

remains pronounced until +6 h. Yet, these assumptions need to be explored in time-

dependent, concurrent measurements of mind-wandering, neurotransmission and brain 

connectivity. Specifically, future studies should disentangle these processes by 

selectively blocking the 5-HT2A receptors (ketanserin) and dopamine 2 (D2) receptors 

(haloperidol) and put an emphasis on different components of abstract thinking, such as 

the pragmatic knowledge, reasoning schemes, metacognition and execution (112). 

Second, regarding creativity, we might speculate about the cognitive 

mechanisms and brain activity underlying the phenomena of pattern break, 

disorganization and meaning.  

The creative process can be divided at least into two stages of idea generation 

and evaluation. Generation is the production of novel ideas, associated with divergent 

thinking, suspended cognitive control and striatal and medial temporal activations 
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(12,113,114). Evaluation is the judgement of the usefulness of ideas, associated with 

convergent thinking and CEN and DMN activations (12,113).  

In this light, our findings of an increased pattern break (increased novelty, 

surprise, originality, semantic distances) and increased meaning (ambiguity and symbolic 

thinking) suggest that the generation is improved, possibly related to striatal and medial 

temporal activations. On the other hand, the disorganization (decreased utility, 

convergent thinking, elaboration) suggests that the evaluation is impaired, possibly due 

to deactivations or disintegrations of CEN and DMN regions. Along the same lines are 

observations of psychedelic-induced increased striatal dopamine and medial temporal 

activity (110,115) and decreased frontal control and DMN activity (116,117). 

Interestingly enough, this is in line with the above discussed role of striatal dopamine for 

meaningful mind-wandering and CEN and DMN disintegrations for chaotic mind-

wandering, strengthening the notion of common mechanisms underlying the LSD-

induced deconstruction and reconstruction.  

Third, regarding cognition, we can have a glimpse into possible mechanisms 

underlying the sub-acute LSD effects, in other words, the “afterglow” and “hangover”.  

As for the afterglow, we detected two phenomena, improvements in visual 

memory and verbal fluency, which seem to be unrelated processes underlain by different 

brain mechanisms (76). LSD improved visuospatial (OLMT) but not auditory-verbal 

(RAVLT) memory consolidation overnight. In line with this, visuospatial more than 

auditory-verbal memory consolidation is sleep-dependent (118). Visuospatial (vs. verbal) 

memory relies more on 5-HT2A (vs. 5-HT1A) receptors and the right (vs. left) 

hippocampus (118–122). Therefore, our findings might point to LSD-induced 5-HT2A 

action supporting right hippocampal memory consolidation overnight.  

Moreover, LSD facilitated the phonological but not semantic verbal fluency 

(VFT). This points to improved phonological search strategies, associated with CEN 

activity, including the dorsolateral prefrontal cortex (dlPFC) (74,123–125). On the other 

hand, there seemed to be no changes in semantic memory activation, associated with 

medial temporal activity, a finding in line with the unchanged semantic retrieval in the 

RAVLT. Moreover, LSD enhanced verbal but not design fluency (DFT), related to more 

left (vs. right) frontal activations (74,75)  

As for the “hangover”, LSD hampered cognitive flexibility, as measured by 

all types of errors and perseveration in the WCST. This finding might be related to 5-

HT2A receptor activity, known to mediate the cognitive flexibility impairments under 
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acute LSD (103), and to disturbed frontoparietal activity (dlPFC, anterior cingulate cortex 

(ACC), inferior parietal lobule (IPL)), known to be important for the WCST and related 

to attention and executive functions (126).  

Overall, the increases in visual memory and phonological fluency and decreases 

in cognitive flexibility indicate modulations of memory, attentional and frontal control 

mechanisms. In line with this are psychedelic-induced acute and long-term changes in 

cognitive control, frontoparietal activity and frontal cortical structure (103,127–129). 

Notably, the frontal control was altered in different tasks (VFT and WCST) towards 

different directions, underlining the specificity of the LSD effect. Similarly, the 5-HT2A 

receptors, known to be activated by psychedelics and important for executive functions, 

attention, learning and memory (122,130–133), might have played a specific role, with 

visual memory improvements and cognitive flexibility impairments. 

Fourth, regarding the LSD models, we might try to bridge the gap between 

the psychedelic experience, therapy model and psychosis model from neurotransmitter to 

brain network level.  

As for the psychedelic experience, the improved mood and altered state of 

consciousness under psychedelics are known to depend on 5-HT2A receptor activation 

(109,134–136), especially in the ACC, a key region of the SN, and the medial PFC 

(mPFC), a key region of the DMN (137). Similarly, mystical experiences seem to rely on 

DMN disintegrations (mPFC, posterior cingulate cortex (PCC), parahippocampal cortex 

(PHC)) (138). Ego-dissolution is associated with 5-HT2A receptor activity (62) and 

correlates with increased SN connectivity (insula) and changed DMN connectivity 

(decreased: PHC with retrosplenial cortex (RSC); increased: temporo-parietal junction 

(TPJ)) (139,140).  

As for the therapy model, LSD-induced suggestibility might underlie 

extensive network changes, since suggestibility in the context of experimental and 

therapeutic hypnosis is related to increased SN-CEN connectivity (IPL, ACC, dlPFC), 

increased DMN-CEN connectivity (PCC/precuneus) and decreased thalamus-CEN 

connectivity (141). In line with this, these networks show altered connectivity under LSD, 

possibly related to 5-HT2A receptor activity (102,140,142). 

As for the psychosis model, aberrant salience, the aberrant assignment of 

meaning to stimuli, is related to striatal dopamine in healthy people, people with high 

schizotypy trait and people with high risk of psychosis (143–145). Similarly, dopamine 

seems to be important for the LSD effects, especially for increased meaning attribution 
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(107–110), overall pointing to a role of striatal dopamine for LSD-induced aberrant 

salience.  

Overall, the effects of LSD on psychedelic, therapeutic and psychotic 

experiences seem to point to changes in two neurotransmitters (serotonin, dopamine) and 

three brain networks (DMN, SN, CEN). While the relationship between serotonergic 

activity and psychedelic experiences is well established, dopaminergic activity seems to 

be of particular relevance for the psychotic-related phenomenology. While the DMN 

seems to be essential for the psychedelic experiences (altered state of consciousness, 

mystical experiences, ego-dissolution), the CEN seem to play a fundamental role for the 

therapeutic effects (suggestibility) and the SN for the psychotic effects (aberrant 

salience).  

This section intended to shed light on possible mechanisms underlying the 

LSD-induced deconstruction and reconstruction, as reflected within our four domains of 

stream of thought, creativity, cognition and psychedelic, therapeutic and psychotic 

experiences. Altogether, the chaotic facet (chaotic mind-wandering, disorganized 

creativity, subjectively impaired control, impaired cognitive flexibility), seems to be 

associated with a disintegrated DMN under the acute effects and a disintegrated CEN up 

to the next morning. The meaningful facet (meaningful mind-wandering, ambiguous and 

symbolic creativity, subjectively changed meaning of percepts, aberrant salience), seems 

to be associated with dopaminergic activity in the striatum. The sensory facet (sensory 

mind-wandering, sensory metaphors, sensory suggestibility, sharpening of senses, 

subjective imagery and synaesthesia) seems to be associated with altered thalamo-cortical 

connectivity and increased sensory network synchrony. Together with the considerations 

in the previous section, these observations point to cognitive, neurochemical and 

neurophysiological commonalities, with LSD-induced deconstruction being related to a 

disruption of concepts, processes and networks (DMN, CEN) and reconstruction being 

related to an intensification and realignment of concepts, processes and network activity 

(SN). 

 

5.3. Implications  

The results of this study might have implications on 1.) ontological, 2.) 

therapeutic and 3.) societal level.  
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First, the ontological implications comprise a more philosophical approach 

and technical view on the results with respect to our four domains in particular, the 

psychedelic state per se and human consciousness in general.  

As for the four domains in particular, regarding the stream of thought, our 

results of changed mind-wandering and free association imply that measuring the freely 

wandering mind under psychedelics might yield insight into the resting brain, considering 

that the subjective and neurophysiological resting state seem to be closely intertwined 

(146,147), and that an integrative assessment has been largely neglected in psychedelic 

research (148). Together with the important role of the stream of thought and resting state 

brain function within perception, cognition, behaviour and clinical disorders (149–153), 

these insights will certainly allow for a more profound understanding of who we are and 

where we go.  

Regarding creativity, our results of increased pattern breaking and meaning 

and decreased organization imply that LSD does not enhance but change creative 

behaviour, possibly in favour of creative production but not evaluation, in line with 

previous considerations (154). In other words, LSD makes thinking but not revising 

outside the box. The advantages and disadvantages of this double-edged sword have to 

be considered when exploring and applying psychedelics to boost creativity.  

Regarding cognition, the results of enhanced memory and verbal fluency and 

impaired cognitive flexibility suggest that LSD induces changes beyond the acute effects, 

which are measurable even after a low dose and overnight recuperation and 

restructuration of the brain. This is in line with previous reports of sub-acute and long-

term psychedelic effects on cognition (35,128,155,156) and implies the potential of LSD 

to modulate cognitive patterns more enduringly in healthy subjects and potentially 

clinical conditions.  

Regarding the LSD models, our results of psychedelic, psychotic- and 

therapeutic-like experiences imply the utility of LSD to study the whole range of mental 

health, from “madness” to “healing”. This particularly includes mystical experiences, 

which might constitute a potential link between these two poles of mental health. By 

exploring the modulation of and connection between these poles, we might get an insight 

into the nature of mental health and its significance for consciousness.  

As for the psychedelic state per se, the notion of LSD-induced deconstruction 

and reconstruction over diverse parameters and timepoints might point to common 

cognitive and neural processes underlying the LSD state. Consequently, the notion of 
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deconstruction and reconstruction might be applied to an even wider range of 

psychedelic-induced effects, such as attitudes, personality, age-related declines, clinical 

dysfunctions and brain connectivity, to derive predictions on possible short- and long-

term effects. Importantly, the notion of reconstruction extends previous models of purely 

deconstructive, “chaotic”, entropic effects of psychedelics on behaviour and brain (157–

159) and adds a constructive, regenerative, creative aspect to the model of psychedelic 

mechanisms of at least equal importance. Moreover, the notion of deconstruction and 

reconstruction highlights the advantage of low psychedelic doses, in contrast to high 

doses and microdoses, to examine two contrasting poles and thereby the full range of 

possible effects and actions.  

As for the human consciousness in general, the notion of LSD-induced 

deconstruction and reconstruction implies that consciousness is a transient state that can 

be altered in opposite directions. In contrast to non-drug-induced altered states of 

consciousness induced through, for example, yoga, hypnosis and holotropic breathwork, 

the advantage of drug-induced states is that we can regulate in a finely graded way the 

dose and, consequently, time course and variety of effects in a wide range of subjects, 

including unexperienced ones. Moreover, the notion of reconstruction implies that 

consciousness is not necessarily a default state that returns to “normal” after alteration, 

but might undergo changes through experiences, developments, learning, motivation and 

challenges in the course of life.  

Overall, the ontological implications of our study demonstrate that 

psychedelics in general and low-dose LSD in particular can teach us about the human 

mind, the fragility of how we perceive the world and the chances of escaping our cage of 

consciousness and having a glimpse into what an alternative or “external reality” might 

look like.  

Second, the therapeutic implications comprise a more application-oriented 

approach and practical view on the results and certainly elicit most interest in research, 

practitioners, media, economy and society.  

Regarding the stream of thought, our results might open intriguing 

perspectives on the treatment of disorders which exhibit dysfunctional stream of thought 

patterns (12). Specifically, the chaotic facet of mind-wandering might support the 

disruption of dysfunctional patterns in depression, anxiety, obsessive compulsive disorder 

(OCD) and substance abuse, characterized by restraint attentional focus and excessive 

rumination (160,161). The meaningful facet might foster the creation of coping 
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mechanisms in post-traumatic stress disorder (PTSD) and grief (162,163). The sensory 

facet might promote introspection, body and self-awareness in somatosensory and eating 

disorders. Beyond that, the beneficial effects of free association on mental, emotional and 

physical health (164–167) might be further facilitated by an LSD-induced abstract flow. 

As for the time course, especially the post-peak effects around +4h point to a late 

therapeutic window, in which positive mood, chaos, meaning and abstract flow might 

foster a reduced constraint to share thoughts, a disruption of habitual thought patterns, an 

adoption of different perspectives and an elaboration of abstract topics in a therapeutic 

dialogue.  

Regarding creativity, our results of increased pattern break, meaning and 

disorganization might provide new perspectives in the treatment of clinical conditions 

related to rigid or restrictive thinking and behaviour, such as OCD and autism (168). 

Moreover, the spontaneous generation of symbolic ideas points to a more universal 

therapeutic applicability, since symbolization has long been associated with 

psychotherapeutic processes (20,169). Symbolic representations are thought to express 

mental states (21,165), abstract ideas (166), the unconscious (172) and dreams (168), be 

of unintentional, unintelligible and highly problem-associated nature (173,174) and 

unveil unconscious material in a “psychodynamic experience”, promoting self-

understanding and self-transformation (59,100,174–176). 

Regarding cognition, our results of sub-acute increases in visuospatial 

memory and phonological fluency might yield novel treatment perspectives in conditions 

related to concurrent memory and fluency impairments, such as brain injury, stroke, 

multiple sclerosis (MS), dementia and attention deficit hyperactivity disorder (ADHD) 

(74,76,177–180). Moreover, impairments in visuospatial memory are observed in OCD 

(181), while impairments in (phonological) fluency are observed in degenerative 

disorders such as Parkinson (182), pointing to future exploratory directions.  

Regarding the LSD models, the results of increased ego-dissolution and 

mystical experiences might point to therapeutic mechanisms of low-dose LSD in 

psycholytic therapy, since these experiences are associated with beneficial effects in 

mood and substance use disorders, including depression, anxiety, alcohol and smoking 

addiction (183–187). The results of increased suggestibility indicate that therapeutic 

suggestions might exert effects even within low doses and post-peak phases, 

strengthening the notion of a late therapeutic window in psycholytic therapy. As for the 

modalities, suggestions might be most efficient in age regression (memory integration), 
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body perception (pain, somatization) and, potentially, olfaction/gustation (eating 

disorders). Broadly, these modalities are consistent with the increased sensory mind-

wandering and sub-acute memory, pointing to distinguishable possible therapeutic 

mechanisms.   

Overall, the therapeutic implications of our study point to the potential of 

psychedelics, particularly low-dose LSD, to exert beneficial effects in diverse mental 

health conditions by diverse mechanisms, including novel, meaningful and symbolic 

thinking at drug peak, suggestibility at post peak and ego-dissolution and mystical 

experiences in psychedelic-assisted psychotherapy in general, acutely intensified 

sensation in conditions related to somatization, body and self-awareness and sub-acutely 

improved memory and verbal fluency in clinical disorders and age-related cognitive 

decline.  

Third, the societal implications comprise a more systemic approach and 

holistic view on the results, considering the turbulent history of LSD in society and its 

potential for treating some disorders and mimicking others. 

Regarding creativity, the results of increased pattern break and meaning 

might point to the utility of psychedelics in professional sectors, not only in arts as 

prominently proclaimed in the last century (8,31), but also education, design, science, 

technology, entrepreneurship and economy, where creativity plays a crucial role and 

might be stimulated by psychedelics (22–25,32,33,168,188). Yet, our results of decreased 

organization highlight the limits of this potential, considering the important interplay 

between generation and evaluation for the final creative product. Therefore, application 

possibilities might lie more during phases of problem search, brain storming, idea 

generation, model creation and development of the product or service but not during the 

selection of the most significant problem or idea, model refinement and improvement of 

the product or service. Put differently, LSD might be called a “wonder drug” to boost 

creative insight but not enduring performance. Beyond that, special attention might be 

paid on the implications of LSD-induced symbolic thinking for society. Symbols transmit 

meaning and convey content in a non-rational, non-verbal, intuitive language and thereby 

affect thinking, reasoning and learning (189,190). Symbols guide our attention and 

orientation and thereby exert influence in almost any social field, including education, 

religion, art, literature, philosophy, politics and economy (191). This points to a variety 

of areas in which psychedelic-induced symbolic thinking might be applied to modulate 

our perception, cognition and behaviour.  
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Regarding cognition, the results of improved memory and fluency point to 

the general potential to apply psychedelics for sustained cognitive enhancement, although 

these enhancements might be weak, depend on specific cognitive processes and be 

accompanied by substantial impairments in other cognitive domains (cognitive 

flexibility). Therefore, together with its potential for creativity enhancement, the ethical, 

moral and societal implications of LSD as performance booster need to be highlighted, 

should these substances be promoted as tools for personal, professional and social 

optimisation. For example, this might pose risks of work-related or societal pressure to 

maximize individual health, well-being, work performance, competitivity and conformity 

as a productive, well-balanced member of society, similarly to the developments observed 

in Silicon Valley’s tech elite (9,192). 

Regarding the LSD models, the results of alterations of consciousness and 

mystical experiences under our low dose were partially higher than previously reported 

for 75, 100 or 200 μg LSD (3). These differences might demonstrate culture-specific 

effects since Brazilian populations are unexplored in modern LSD research and might 

differ from European populations (cf. 3). In fact, spirituality is deeply embedded in 

Brazilian culture and has undergone influences from indigenous, European, African and 

Asian cultures leading to syncretic religions including ayahuasca churches (193,194). 

This highlights the importance of cross-cultural research to better determine the influence 

of socio-cultural characteristics on psychedelic experiences. The most striking societal 

implications certainly lie in the notion of LSD-induced mystical experiences bridging the 

gap between the psychosis model and therapy model, pointing to the importance of 

mystical experiences for mental health. Therefore, a better exploration of the quality and 

quantity of mystical experiences might contribute to a better characterization of mental 

disorders in psychiatry and the health system, but also to a better understanding, 

awareness and self-empowerment of our mind and consciousness. In the same vein, the 

concept of a Bewusstseinskultur (consciousness culture) recently emerged from the 

unsolved Western problem of “how to deal properly with the brain” (192, p.13,193). The 

Bewusstseinskultur claims a stronger cultural integration of consciousness-related 

domains in our society, for example by educating techniques to expand consciousness 

(meditation, hypnosis), exploring the limits of consciousness (coma, artificial 

intelligence) and a public discourse on the human need for altered states of consciousness.  
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5.4. Limitations 

Several limitations have to be considered when interpreting the results of this 

study. Regarding the design, robust blinding in psychedelic studies is notoriously difficult 

to achieve due to the characteristic psychedelic effects on perception and behaviour. 

Nevertheless, the low dose permitted that subjects and researchers remained unsure about 

the administered drug in some sessions, especially in subjects with few psychedelic 

experiences and if placebo was applied first. This highlights the advantage of 

unexperienced subjects and low doses for more efficient blinding, especially if compared 

to active placebos (197). The study design comprised many questionnaires and tasks 

applied before, during and after the LSD effects. This amount of measurements was 

experienced by several subjects as tedious (under placebo) and annoying (under LSD) 

and might have influenced the performance and motivation. Similarly, some subjects 

reported feeling the lack of music during the LSD effects, since they were not allowed to 

listen to music but strongly primed with musical background during previous psychedelic 

experiences such as ayahuasca rituals. The within-subjects design resulted in several 

effects of period (intensity, creativity, cognition) and order (intensity, cognition), 

indicating influences of learning, habituation and motivation and blurring the treatment 

effects. This underlines the importance of carefully prepared parallel test versions to 

minimize the interferences with the treatment.  

Regarding the sample, we applied a non-probabilistic convenience 

recruitment, leading to a non-representative sample in terms of sex (male), ethnicity 

(Caucasian), education (high), income (high), religiosity (none) and drug use (high for 

cannabis and ayahuasca). Of note, this is the first modern LSD-study in a Brazilian 

population. Overall, the results (psychedelic experience) are comparable to those elicited 

in European populations (London, Basel, Zürich). The sample size was relatively small, 

possibly weakening the reliability of the results and masking existing effects (semantic 

distances, divergent thinking, creative content and techniques, sub-acute cognition). The 

LSD effects were elicited in healthy participants and need to be replicated in psychiatric 

conditions to evaluate whether the observed phenomena and potential therapeutic 

implications apply for patient populations as well.  

Regarding the measurements, several tasks were translated by our team (CIS, 

ASI, ASC, creativity tasks) and split into two versions (CIS, creativity tasks, verbal 

fluency), some variables are newly created (semantic distances, creative special 

phenomena) and not previously validated (ARSQ single questions, PMT, PCT, MET), 
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which is why the psychometric properties and cultural adequacy of these measurements 

need to be explored. Certain results (suggestibility, cognition) were not corrected for 

multiple testing due to their exploratory nature. Several interpretations to condense the 

results remain qualitative (mind-wandering facets, creativity phenomena, cognitive 

afterglow/hangover) and need to be quantitatively determined. Some measurements do 

not reflect representative or comprehensive parameters of the explored areas (ASI for 

psychosis model, CIS for therapy model, creativity criteria) and need to be complemented 

by more direct measurements (psychotic symptoms, salience attribution task, well-being, 

real-world creativity). A high number of variables was measured within the domains 

(ARSQ, creativity tasks) to map the sparsely explored psychedelic effects in these areas. 

This increases the risk of false positives, despite correction for multiple comparisons, 

which is why these measurements should be interpreted in a more explorative manner. 

Finally, this study applied self-report and behavioural measurements, but the brain 

mechanisms underlying the effects need to be explored with neurochemical and 

neurophysiological measurements.  
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6. Conclusion  
 

This is Brazilian’s first systematic placebo-controlled, double-blind, human 

study on LSD. We explored the effects of low-dose LSD (50 µg) on healthy humans in a 

variety of domains, including the stream of thought, creativity, cognition and the LSD 

psychosis model and therapy model, and a variety of time points, including the peak, post-

peak and sub-acute phase. The results suggest that LSD fundamentally changes the freely 

wandering mind towards chaos, meaning and sensation; gives rise to creative productions 

characterized by pattern break, meaning and disorganization; induces both an “afterglow” 

and “hangover” in sub-acute cognitive performance; and evokes psychedelic, therapeutic- 

and psychotic-like experiences, which might be linked by mystical experiences. Overall, 

these results seem to reflect two fundamental patterns of deconstruction and 

reconstruction, expressed over all domains and time points. The findings might point to 

ontological, therapeutic and societal implications. Specifically, the findings provide 

insights into the psychedelic state in particular and human consciousness in general, 

highlight new research paths on mechanisms of action and application possibilities in 

psychedelic-assisted therapy and hopefully contribute to a more realistic picture of this 

controversial substance in society, from psychiatry to politics and economics to public 

perception. 
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