





Psychedelics
and Mental Health

“Neuroscientist Irene de Caso shows how psychedelics, when used safely and appropriately, can lead to positive and lasting change. This is an important book for anyone interested in the science of psychedelic-assisted mental health treatment.”

RICK DOBLIN, PH.D., FOUNDER AND PRESIDENT OF
THE MULTIDISCIPLINARY ASSOCIATION
FOR PSYCHEDELIC STUDIES (MAPS)

“Featuring illustrations, diagrams, and flowcharts, Psychedelics and Mental Health clearly guides the reader step-by-step along neuro-psychological pathways that have previously baffled ordinary, nonscientific readers. By making ideas clear to both the sciences and the humanities, this book bridges the ‘two-cultures chasm.’”

THOMAS B. ROBERTS, PH.D., AUTHOR OF
MINDAPPS, THE PSYCHEDELIC FUTURE OF THE MIND,
AND PSYCHEDELICS AND SPIRITUALITY







Park Street Press

One Park Street

Rochester, Vermont 05767

www.ParkStPress.com

Park Street Press is a division of Inner Traditions International

Copyright © 2022, 2025 by Irene de Caso

Originally published in 2022 as Psychedelics and Mental Health: The Neuroscience Behind a New Psychotherapy by Argonowta Digital SSL, Madrid, Spain

All rights reserved. No part of this book may be reproduced or utilized in any form or by any means, electronic or mechanical, including photocopying, recording, or any information storage and retrieval system, without permission in writing from the publisher.

Note to the Reader: This book is intended as an informational guide and should not be a substitute for professional medical care or treatment. Neither the author nor the publisher assumes any responsibility for physical, psychological, legal, or social consequences resulting from the ingestion of psychedelic substances or their derivatives.

Cataloging-in-Publication Data for this title is available from the Library of Congress

ISBN 979-8-88850-000-2 (print)

ISBN 979-8-88850-001-9 (ebook)

The text stock is SFI certified. The Sustainable Forestry Initiative® program promotes sustainable forest management.

10 9 8 7 6 5 4 3 2 1

Text design by Priscilla Baker and layout by Kenleigh Manseau

Creative Commons Agreements: CC BY 2.5: fig. 5; CC BY 3.0: fig. 38, fig. 41, plate 16, plate 19; CC BY-SA 3.0: fig. 26, fig. 50, fig. 56, plate 23; CC BY 4.0: fig. 18, fig. 47, fig. 54, plate 22; CC BY-SA 4.0: fig. 57, fig. 58; CC-BY-NC-ND 4.0: fig. 37.

To send correspondence to the author of this book, mail a first-class letter to the author c/o Inner Traditions • Bear & Company, One Park Street, Rochester, VT 05767, and we will forward the communication.


To those who boldly fight for our
right to cognitive liberty.



This work has a purely informative and general dissemination function under Article 19 of the International Declaration of Human Rights, which recognizes and protects the right to information. However, the information contained in this work is intended exclusively for persons of legal age.

In no case is the content of this work intended to promote, propose, or provoke the possession, trafficking, production, or consumption of psychoactive substances or any other crime, related or not. The lack of criminal significance regarding the mere personal consumption of psychedelic drugs in most Western countries also means that these aspects cannot be found in a work that only contains informative, bibliographical, and scientific information on a subject of medical-scientific interest, which has a regular presence in the mass media, such as research and therapeutic use of psychedelic drugs and other psychoactive substances, whether legal, controlled, or illegalized.

The publisher and authors disclaim any inappropriate, risky, dangerous, or illicit use that the reader of this work may make of the data and knowledge contained herein. The content of this work, whether of a scientific, medical, legal, or risk-related nature, while seeking to be as rigorous and up-to-date as possible, does not represent a guarantee in any field.




[image: ]

FOREWORD

by José Carlos Bouso, Ph.D.

INTRODUCTION

Unlocking the Therapeutic Power of Psychedelics



A Mental Health Crisis

The Discovery, Prohibition, and Rebirth of New Tools in Psychotherapy

References for Further Study

1

Understanding Neuroscience



Living Organisms: The Cell

The Neuron

Neuroplasticity

Neurotransmitters and Receptors: A Complex World

A Rich Consciousness: Senses, Thalamus, and Cerebral Cortex

The Cerebral Cortex

The Limbic System

Brain Networks and Neuroimaging Techniques

References for Further Study

2

Using Psychoactives in Therapy



Psychedelic-Assisted Therapy

Depression—Ayahuasca and Psilocybin • Cancer or Terminal Illness Diagnosis—
LSD and Psilocybin • Addictions—Psilocybin and Other Psychedelics • Obsessive-Compulsive Disorder (OCD)—Psilocybin

MDMA-Assisted Therapy

Post-Traumatic Stress Disorder (PTSD) • Alcohol Abuse •
Social Anxiety Linked to Autism

References for Further Study

3

Within the Psychedelic Experience



The Mystical Experience

Phenomenology and Neuroimaging

Visual Effects • Synesthesia • Cognitive Effects •
Mnemonic Effects • Emotional Effects • Corporal Effects

Unveiling the Psychedelic Experience’s Transformative Potential

Summary Tables of Studies

References for Further Study

4

Psychedelic Neurobiology, Chaos, and Remodeling



Neurobiological Mechanisms of Action

Deep Cortical Layers, Chaos, and Belief Deconstruction

Neuroplasticity: Remodeling of the Mind and Brain

References for Further Study

5

MDMA: Love Enhancer, Fear Suppressor



Phenomenology of MDMA: Feeling Safe

Neurobiology of MDMA

MDMA’s Psychotherapeutic Properties

Social Anxiety • Conflict Resolution •
Post-Traumatic Stress Disorder (PTSD)

References for Further Study

6

The Future of Psychedelia



A Warning on Set, Setting, and the Wake

Future Clinical Applications

Integration into Western Society

References for Further Study

APPENDIX I

The Legal Status of Psychedelic Drugs around the World



APPENDIX II

Glossary



Index


Foreword

José Carlos Bouso, Ph.D.

Jaques Monod, the Nobel laureate in Physiology or Medicine, took the quote attributed to Democritus: “Everything existing in the Universe is the fruit of chance and necessity,” and applied it to the study of molecular biology and evolutionary models in his book Chance and Necessity. In the phrasing itself, the meaning is explained: It is the combination of chance and necessity that makes a phenomenon not just happen by chance, playing with infinite probabilities all the time, but something that is viable, for which necessity is required. This applies to many biological phenomena, but the expression also fits the case of some social phenomena. This is what is currently happening with what some call the “psychedelic renaissance” to refer to the renewed interest in hallucinogenic drugs in both popular and scientific circles. This phenomenon has been ongoing since the 1990s, when a relatively small group of scientists became interested in the pharmacology, neurobiology, and therapeutic potential of drugs classified as extremely dangerous because of their high abuse potential and lack of recognized medical properties and were, therefore, included in Schedule I of the 1971 United Nations Convention on Psychotropic Substances. Those scientists were from the United States (Rick Strassman, Manuel Tancer, and Charles Grob); Switzerland (Franz Vollenweider and Matthias Liechti); Germany (Euphrosyne Gouzoulis-Mayfrank and Leo Hermle); and Spain . . . Spain? yes, Spain (Magí Farré, Jordi Riba, Jordi Camí, and Manel Barbanoj). The pioneering research of the 1990s was mainly carried out in Europe, even though the narrative about the psychedelic renaissance always refers to the Anglo-Saxon world. I’m talking about research with human beings, which is where the real difficulty arises. In fact, there were fewer than ten groups in the whole world doing this kind of research. These are the pioneers who are largely responsible for our being here now, but let’s not get ahead of ourselves.

Since the 1990s, in parallel to this incipient interest in the scientific study of psychedelics, cultural interest has also been growing. Terence McKenna was a mass idol with his somewhat nonsensical but highly entertaining and even inspiring theories on almost every aspect of knowledge; and with him came a whole series of books and characters, each more fascinating than the next. It was the pre-internet era, and knowledge could only be obtained from books, scientific articles (if you were a university student) or lectures, which also proliferated during those years. Thus Jonathan Ott, Alexander Shulgin, and, of course, Albert Hofmann, invited by Antonio Escohotado and Josep Maria Fericgla, toured Spain and half the world. It is not in vain that Ott’s Pharmacotheon and the Shulgins’ PiHKAL and TiHKAL are the foundation stones of today’s psychedelic edifice.

The symbiosis that exists between psychedelic science and popular culture can only be found in one other area of science: cannabis. Today, very few doctors know what the endocannabinoid system is, and many find it difficult to pronounce cannabidiol, let alone tetrahydrocannabinol, something that is in the everyday vocabulary of any cannabis user. The same goes for psychedelic science. Concepts such as default mode neural network or entropic brain (which de Caso will explain in the corresponding chapters of this book) are part of the everyday vocabulary of the average psychonaut. In 2010, as part of the psychedelic renaissance, a key organization called MAPS (Multidisciplinary Association for Psychedelic Studies) and its indefatigable founder, Rick Doblin, inaugurated the new era of psychedelic conferences, calling them “Psychedelic Science.” Successive conferences have appeared not only in the United States (Horizons [perspectives on psychedelics] and queer psychedelics, for example), but also in the United Kingdom (the Breaking Convention [multidisciplinary conference on psychedelic consciousness]), Amsterdam (the ICPR [Interdisciplinary Conference on Psychedelic Research]), and Prague (Beyond Psychedelics [multidisciplinary conference on psychedelics])—to name just a few, as the list goes on and on. ICEERS (International Center for Ethnobotanical Education, Research, and Service), where I work, has already held three conferences exclusively on ayahuasca (Ibiza 2014, Rio Branco 2016, and Girona 2019), with a growing audience at each new one. The remarkable fact about these conferences is that they are conferences where the speakers are scientists, but the attendees are not necessarily so. Another singularity in the scientific world: There is no other field of science in which scientific conferences aimed at a general public are organized and also vastly successful. Regarding scientific production, something similar is happening. At the end of the 1990s, what was published on psychedelics in specialized scientific journals could be read in a few spare moments; nowadays, even for someone who works professionally in this field, as is my case, it is simply impossible to keep up with everything that is published. And the fact is that research on psychedelics is proving to be a kind of strange attractor for mainly a young public who, with the enthusiastic energy of youth, wants to make it their scientific career. And proof of this is the book you are now holding in your hands.

And so much for chance! To sum up, a series of unorganized and diverse cultural and scientific phenomena, each with its own trajectory, gradually gaining in popularity; the successive conferences held here and there; the rapid proliferation of information (not always accompanied by knowledge) offered by the internet; its associated music festivals, of course . . .; all of this converging in the second decade of the 21st century, where there exists a state of necessity for the phenomenon to become viable. The need could be summed up by the fact that prohibitionist drug policies have been a failure, and the population knows it, especially the young population. Biological psychiatry, based on psychopharmaceuticals, has failed. The harm has begun to become apparent, and pharmaceutical companies are withdrawing from psychopharmacological investment because not only are they not capable of innovating new drugs, but those that do exist have side effects that make them pay scandalous compensation. The media no longer focuses on the insanity and degradation produced by hallucinogens, but rather on their beneficial effects; and there is a new industry, led by the new billionaires, also attracted to these types of drugs, eager to invest in innovative medicines, willing to put up the money to transform all these drugs into medicines. Thus, chance and necessity have conspired, as they often do, so that in psychedelic science and culture, the future is already here.

Therefore, this book by Irene de Caso is like an immense gift, on the one hand, for those of us who are already beginning to find it difficult to keep updated and, on the other, for those who are approaching this field for the first time, so that they can update themselves on the state of the art of psychedelics-assisted psychotherapy, as well as the psychological and neurobiological processes that underpin it. If there has been a resurgence in psychedelic research, it has been as much about the interest in unraveling what these drugs do in the brain as it has been about how the experience can help people overcome their psychological problems. But even beyond that, it has been about how these drugs can benefit their personal well-being, their relationships with others, and their understanding of their own being, and their being in the world. Yes, paradoxically, if there is one thing that these so-called hallucinogenic drugs do well, it is to enable us to better understand the nature of reality. This is why they have been essential for the construction of the cosmovisions of so many Indigenous communities that customarily use them, precisely for that: to know. Substances such as psilocybin, LSD (lysergic acid diethylamide), ketamine, DMT (dimethyltryptamine), MDMA (ecstasy), 5-MeO-DMT, ayahuasca, and salvinorin-A are gradually becoming part of the seasoned psychonaut and the avant-garde scientist’s vocabulary. And soon, like aspirin or paracetamol, they will be part of the popular vocabulary too.

Irene de Caso has done the rigorous work of not only gathering and compiling all this research (if she had only done that, this book would have been just another literature review), but of explaining the literature review with an understandable language and a light writing that translates into a pleasant read. Most interesting, however, from my point of view, is her effort to translate the complex neuroscientific concepts into a phenomenological description in such a way that, whether we understand the complex neuroscientific concepts to a greater or lesser extent, we can certainly understand how they might relate to the different phenomenological aspects often present during the psychedelic experience.

If you want to learn with an introduction to neuroscience, update your concepts with the most recent research, know what the state of research in psychotherapy with psychedelics is, and, especially and most importantly, what this research is for: this is your book.

Psychedelic drugs reveal our cognitive, emotional, and experiential functioning, hence their name, psychedelic (“mind unveiling”). To know how these drugs work is, in short, to know oneself better, so let us welcome this book!

JOSÉ CARLOS BOUSO, PH.D.,
SCIENTIFIC DIRECTOR OF ICEERS

JOSÉ CARLOS BOUSO is a clinical psychologist with a Ph.D. in pharmacology. He developed his scientific activities while at the Universidad Autónoma de Madrid, the Instituto de Investigación Biomédica IIB-Sant Pau de Barcelona, and the Instituto Hospital del Mar de Investigaciones Médicas de Barcelona (IMIM). During this time, he developed studies about the therapeutic effects of MDMA (ecstasy) and psychopharmacological studies on the acute and neuropsychiatric long-term effects of many substances, both synthetic and of plant origin. As the Scientific Director of ICEERS, the International Center for Ethnobotanical Education, Research, and Service, José Carlos coordinates studies on the potential benefits of psychoactive plants, principally cannabis, ayahuasca, and ibogaine, with the goal of improving public health. He is coauthor of numerous scientific papers and several book chapters. He is also a member of the Medical Anthropology Research Center (MARC) at the Universitat Rovira i Virgili in Tarragona, visiting professor in the mental health program at the Faculty of Medicine of the University of São Paulo in Riberão Preto, Brazil, and vice-president of the Society of Clinical Endocannabinology (SEC).


INTRODUCTION

Unlocking the Therapeutic Power of Psychedelics

How does one begin writing a book? I close my eyes and take a deep breath, feeling that silent inner core whose existence I ignored a few years ago. And I wonder, would I have ever discovered it had I never tried psychedelics? I doubt it. How can someone start searching for something if they don’t know it exists?

Now that mindfulness and meditation have reached the mainstream in the West, many people are discovering that other way of being and feeling, that inner core, through these avenues. However, at least on this side of the planet, this phenomenon was, undoubtedly, sparked by the countercultural movement of the 1960s brought about by the recreational use of LSD. Even today, when most people have already heard about meditation, many, myself included, only began to understand its value after having lived the psychedelic experience.

Suddenly, spiritual clichés previously devoid of meaning make perfect sense. One clearly understands the oneness of humanity and that of the holy whole. And, by sharpening the sensations related to breathing, paying attention to the present moment, and slowing down the inner dialogue, one obtains a deep and unimaginable peace. But unlike meditation, through which achieving such a revelatory experience usually requires years of practice, with psychedelics it is often just a matter of taking the right dose in the right environment.

It is not surprising that experiences of this nature have the potential to bring about psychological well-being. However, as we shall see, this is not always the case. Unlike meditation, the psychedelic experience also has the potential to promote high levels of anxiety, intense panic, and even psychotic breaks, especially when abused or conducted in the wrong environment. As with so many other decisions in life, it all comes down to assessing the risk-benefit balance and acting responsibly. And, it is my opinion that, for many people, the benefits outweigh the risks.

A Mental Health Crisis

Despite the fact that famines have all but disappeared in the West, there’s easy access to clean water, and death from disease and violence has been drastically reduced, there is no doubt that Western society is facing a serious mental health crisis. According to the INE (the Spanish National Institute of Statistics), ten people per day were already committing suicide in Spain before the pandemic—ten times more than the number of deaths due to traffic accidents!

Trauma, loneliness, and chronic stress. And a profound lack of meaning. Millions of people live kidnapped by their emotions. Possessed by them, some would say. Unable to be the masters of their behavior. We all experience this to a greater or lesser extent, but, why are some more resilient and able to better regulate their emotions than others? What is it that human beings require to heal their wounds and enjoy a life full of meaning?

The many available anxiolytics, antidepressants, psychotherapeutic techniques, and even the newly arrived and welcomed mindfulness practices, do not seem to be enough. Despite their undeniable utility, these tools seem to be failing for a disturbingly large number of people. Psychotherapy is expensive and time consuming, and psychotropic drugs often have unpleasant side effects. What is more, even in the absence of side effects and with time and money at their disposal, many patients are still unable to free themselves from a constant sense of deep fear and suffering. Could highly stigmatized substances associated with the world of nighttime debauchery be the new tool we so desperately need?

As we shall see, this may indeed be the situation we find ourselves in. But what substances are we referring to exactly? How should they be used? What psychopathologies could be treated with such molecules? How do they work?

Throughout this book, we will focus on two types of persecuted substances whose research in psychotherapeutic settings has exploded in the last decade: classic psychedelics, such as LSD, psilocybin, and DMT (commonly known as hallucinogens); and the empathogen MDMA (commonly known as ecstasy), which is considered an atypical or pseudopsychedelic.

The Discovery, Prohibition, and Rebirth of New Tools in Psychotherapy

Nowadays most ordinary citizens associate substances such as LSD, magic mushrooms, and the famous ecstasy, with recreational environments. Although more and more people are becoming aware of their therapeutic applications, very few know that it was within a clinical setting where they first appeared. However, they eventually escaped from the laboratories and entered the world of leisure, which culminated in their subsequent illegalization and stigmatization. It is for this reason that the recent return of these substances to the research institutions is being called “the psychedelic renaissance,” given that there was already extensive research into their psychotherapeutic potential in the past. With the advent of the Controlled Substances Act and the beginning of the war on drugs, promoted by Nixon in the early 1970s, such research was, however, abruptly halted and the regulatory agencies of the time placed both molecules (first LSD and later MDMA) in the Schedule I category (the same category as heroin!). This is where substances supposedly devoid of medical use, considered dangerous even under supervision, and having a high potential for abuse, are placed. Why were they placed here?

Such classification was mainly motivated by political and social reasons rather than based on medical evidence. The psychedelic experience was leading young people to demonstrate against the Vietnam War and the materialistic culture, revolutionizing American society, and threatening the social order of the time. It would, however, be unfair to ignore that the careless use of psychedelics was spreading throughout the youth, causing frequent accidents and traumatic experiences in users. Nevertheless, studies carried out with LSD and MDMA under controlled settings were pointing to an important medical potential that was, either intentionally or accidentally, ignored by the legislators when they decided to classify them into the Schedule I category. But let’s not get ahead of ourselves and instead return to the beginning of these molecules’ fascinating discovery.

Lysergic acid diethylamide, known as LSD, was first synthesized by the chemist Albert Hofmann in 1938. At the time, Hofmann was working for Sandoz, a pharmaceutical company based in Basel, Switzerland. They were trying to find a treatment for migraines, searching for molecules with vasostimulant properties in ergot (a fungus that infects rye). However, animal studies revealed no effects, other than a certain behavioral agitation, so further research was discontinued.



Albert Hofmann holding a representation of LSD’s molecular structure.

However, for some mysterious reason, five years later this molecule was still present in the chemist’s mind, as he had a “peculiar presentiment” that the molecule hid some interesting properties. In retrospect, he recounts how it was not he who chose LSD but LSD who “found” him and “called” him. On April 16, 1943, he proceeded to repeat his synthesis, despite Sandoz having a strict policy against resuming research with substances that had been previously discarded.

It was during the last synthesis processes that Hofmann began to feel the first unusual sensations. A certain agitation and dizziness seized his body, forcing him to interrupt his work and go home to rest. Once there, lying on the sofa, he began feeling a certain intoxication, which he described as not unpleasant. On closing his eyes “an uninterrupted stream of fantastic pictures, extraordinary shapes with intense, kaleidoscopic play of colours” occupied his mind, eventually concluding that he must have absorbed a small amount of the substance he’d been working with.

Intrigued as to how a molecule could have such a powerful psychoactive effect, three days later he ventured to take 0.25 mg in a controlled manner under the supervision of his laboratory assistant. Such an experimental dose was seemingly minuscule. However, we now know that it corresponded to a very high dose of LSD, the usual dose being about 125 micrograms. Hofmann was about to experience the first LSD trip in history. After forty minutes, he began to feel the first effects, which he describes in his laboratory notebook as “dizziness, feeling of anxiety, visual distortions, symptoms of paralysis, desire to laugh,” these being the first and last notes he was able to take on that historic day.

Frightened by the intensity of the experience, he asked his assistant to accompany him home. Since it was wartime and transportation by car was forbidden, he used his bicycle. From then on, April 19 has become a day of celebration within the psychedelic community, known as Bicycle Day, and the bicycle, a representative icon of LSD.

No wonder this first LSD trip, not only given its potency but also given the absolute lack of knowledge regarding its toxicity, was terrifying for Hofmann. Seeing his reality drastically transformed and his volition vanished, he believed he had gone hopelessly insane, as if possessed by a demon. His assistant called a doctor who measured his vital signs and found nothing unusual other than an excessive dilation of the pupils and, gradually, he returned to ordinary reality. Imagine his relief as the danger of insanity faded away! As he enjoyed the still present visual effects, the feelings of terror were replaced by a profound sense of fortune and gratitude. He finally managed to sleep, and, when waking up the next day, he felt splendid, perceiving the vibrant world “as if newly created.”



LSD sheet. Each of the squares bounded by the dotted line represents an LSD tab. The lysergic sheets often present a drawing, in this case, a cartoon of Dr. Hofmann riding his bicycle.

Suspecting that this potent substance might have important value in psychiatry, Hofmann quickly contacted other researchers. This time taking a third of the dose ingested by Hofmann, they repeated his experiment and were astonished. Soon, a new line of research was initiated.

As we will see further on, the psychedelic experience has certain properties that made LSD a great candidate as a psychotherapeutic tool. Therefore, after demonstrating its extremely low toxicity through animal experimentation, researchers proceeded to study its use in humans. One of the pioneering psychiatrists using this molecule was Humphry Osmond, who coined the term psychedelic, referring to the ability these types of substances have to manifest or expand (delos) the contents of the psyche (psyque).

In the 1950s, multiple studies were carried out with LSD. Particularly notorious were those aimed at treating alcoholism. Clinics started appearing that simultaneously administered LSD to several people who could, afterwards, meet to discuss their experiences. The results were promising. However, many of the studies of the time have been criticized for not having followed a rigorous methodology.1 To tackle this issue, Krebs and Johansen conducted a meta-analysis,2 published in 2012, that focused only on those studies that met the standards required today. The results revealed that, out of five hundred thirty-six participants, 59 percent of the participants in the group taking LSD significantly decreased their alcohol consumption, compared to only 38 percent within those in the placebo-administered control group. These results suggested that, when it comes to treating addictions, LSD does indeed have some psychotherapeutic potential. In the coming chapters, we will see how recent studies using psychedelic-assisted therapy seem to support this.

The same properties that made LSD an extraordinary molecule in psychotherapy soon attracted the attention of people outside the medical environment, causing an epidemic of consumption in the population. This epidemic was largely promoted by two professors of psychology at Harvard University: Timothy Leary and Richard Alpert, who, after experiencing LSD’s effects, became its apostles. They undoubtedly played a key role in initiating the countercultural revolution of the 1960s, which was characterized by an explosion of creativity, but also by a cascade of accidents and psychic problems due to its irresponsible use. Hofmann’s initial sense of satisfaction eventually turned into concern, leading him to write LSD: My Problem Child, a book where he carefully recounts his famous first LSD trip, his iconic bicycle ride, and the events that followed his historical discovery. In 1962, the authorities began to persecute the molecule and, in 1965, Sandoz finally halted its production.

Something similar occurred with MDMA a little later. MDMA (3,4-methylenedioxymethamphetamine) was first synthesized by Merck Pharmaceuticals in 1912 while searching for drugs capable of controlling bleeding. In the absence of the desired effects, research was eventually abandoned. It was not until the mid-1970s when, in the pursuit of psychoactive molecules with psychotherapeutic potential, chemist Alexander “Sasha” Shulgin decided to experiment with this molecule on himself. He immediately became convinced of its therapeutic potential. In addition to MDMA, Shulgin created a whole collection of psychoactive molecules and he, his wife Ann, and a group of close students ingested each one of them and described their effects in detail. Such “trip reports” can be found in TiHKAL and PiHKAL, two famous books written by the couple.

In the late 1970s, Shulgin introduced the MDMA molecule to Leo Zeff, who had been leading the underground psychedelic-assisted psychotherapy movement since LSD’s prohibition. At that time, MDMA was still legal, promising to be a potent psychotherapeutic tool; but, like LSD, it ended up becoming popular within leisure environments. As its use shifted from a medicinal to a recreational setting, in 1984, the DEA (the American Drug Enforcement Administration) placed this substance, along with LSD, in Schedule I, together with the most persecuted molecules. Such a decision was based on the relatively high abuse potential that this substance was proving to have but completely ignored the psychotherapeutic developments that were being achieved.



Alexander “Sasha” and Ann Shulgin.

The psychotherapeutic potential of substances that were proving to be successful within clinical settings was shamefully ignored by the authorities, who instead banned the ongoing research and, harshly and unjustly, began to prohibit the substances. Thanks to the relentless efforts of people like Amanda Feilding, founder of the Beckley Foundation, who played a key role in funding the initial research and disseminating the substances’ benefits from an early stage; and Rick Doblin, founder of MAPS (the Multidisciplinary Association for Psychedelic Studies), a nonprofit organization that since prohibition of LSD has been pressuring government regulatory agencies and funding a multitude of studies and conferences, the research was finally resumed after two decades. We can’t thank them enough for their magnificent and historic work!

Throughout their respective organizations, Amanda and Rick managed to find researchers at universities (some as prestigious as London Imperial College and Johns Hopkins University) to carry out studies, not only on the clinical potential of psychedelics, but also on their effect on normal brain functioning.



Amanda Feilding on the left and Rick Doblin on the right, along with the logos of their respective organizations: the Beckley Foundation and the Multidisciplinary Association for Psychedelic Studies, known as MAPS.

As we will see in chapter 2, the clinical results obtained in these initial studies were quite promising, drawing the attention of the media, patients, mental health professionals, and researchers, as well as the attention of philanthropists and investors. Rick, Amanda, and the pioneering scientific experts who accompanied them had sparked the “psychedelic renaissance,” which has produced an exponential growth of scientific publications and, by 2021, brought the psychedelic substance market to a value of $487.5 million U.S. For a more in-depth reading regarding the fascinating history of psychedelic substances, I recommend a forthcoming book The Psychedelic Reawakening by Antón Gómez-Escolar.

This book will focus on reviewing the clinical studies that reveal the promising psychotherapeutic potential of psychedelics, describing their subjective effects, and explaining how they might be interacting with the brain and altering its behavior.

To ease the understanding of this last goal, I thought it necessary to begin with an introductory chapter on neuroscience. In this chapter, we will first study the anatomy and functioning of a neuron (receptors, neurotransmitters, action potentials, etc.). We will also learn how, in order to allow for a conscious experience to emerge, the information gathered by the senses is integrated, focusing on the essential role played by the thalamus (a subcortical structure), the cerebral cortex, and the required information-encoding processes. We will also study the way in which our decisions are guided by our fears and desires and how cortical activity is organized into functional networks. In addition to this chapter, you can also find “References for Further Study” at the end of each chapter and an extensive glossary at the end of the book. I hope that relevant concepts will be well understood and easy to access when we embark on the scientific theories regarding how these substances alter ordinary states of consciousness and why such alterations may have therapeutic effects. Readers with advanced knowledge of neuroscience can skip the chapter called “Understanding Neuroscience” if they wish, while those new to the topic can easily return to it as concepts reappear in future chapters. I hope that you will enjoy this journey, traveling with me from the inner world of a neuron all the way up to human behavior!

A warning is needed before we delve deeper into this material. Although neuroscience is undoubtedly advancing, we still have many more questions than answers. Despite this, even if only in a limited and reductionist way, we are gradually approaching a more accurate, or at least more detailed, version of that which we did not know before. Where only a vacuum of knowledge existed before, a new universe of data, theories, and, of course, new questions is now emerging. As we will appreciate throughout the book, and as anyone can intuitively imagine, the complexity we face when trying to study the brain and, more specifically, the brain-mind relationship, is practically infinite. Imagine adding mental health to this already complicated dyad! Therefore, I would like to caution you that the information presented in this book, particularly that related to the mechanisms of action of these substances, offers only theories. As such, they will be subject to change as research progresses. We will often have to engage in an intensive speculative exercise, especially when interpreting the neuroimaging results. This is the only way in which science can advance when the field we are studying is as deeply complex and unknown as the brain!

Having said that, I hope to be able to convey, in a clear and accurate manner, the knowledge I have accumulated over the years about how psychedelics alter the dynamic organized activity of the brain and some thoughts on how this disruption of information processing explains different aspects of the psychedelic phenomenology. Importantly, we will also explore how phenomenological aspects of these altered states might be contributing to their transformative and therapeutic potential. I feel compelled to emphasize this last word: potential. As enthusiastic as I might sound throughout the book, a therapeutic transformation after a psychedelic experience is not something that one should always expect. These experiences can be highly unpredictable and not something to be taken lightly, particularly in the case of classic psychedelics. These substances can reveal the fragility of the psyche’s stability and abruptly shift the way we perceive ourselves and everything around us, which can lead down paths of confusion. Nonetheless, the extensive collection of second-hand accounts reported by users, the nascent clinical results in the existing modern literature, and the little first-hand experience that I have personally gathered, make me believe that these molecules do truly have a transformative potential. A potential that is certainly worth further exploration, because endless questions on how to harness it still remain to be answered. Importantly, as we will explore throughout the book, given these molecules’ profound yet reversible effects on consciousness, they offer a unique and powerful research tool capable of helping us disentangle the brain’s deepest mysteries.

References for Further Study

Hofmann A, Ott J. 1980. LSD, My problem child (Volume 5). New York (NY): McGraw-Hill.

Shulgin Alexander, Shulgin Ann. 1992. PiHKAL: A chemical love story. Berkeley (CA): Transform Press.

Shulgin Alexander, Shulgin Ann. 1997. TiHKAL: The continuation (Volume 546). Berkeley (CA): Transform Press.



1. A rigorous methodology, for example, consists of carefully controlling all variables to which participants are exposed; having a control group that has not taken any substances, with which to compare the results of the experimental group; and that neither the participants nor the researchers know which experimental group the participant belongs to.

2. A meta-analysis is a statistical analysis that combines the results of many similar studies.




Before we delve into this chapter, I must warn you. Its content is rather technical and contains years of study condensed into a few pages. By the end, you will have acquired a fairly deep understanding of how the brain has evolved to perceive, feel, and act.

To achieve this, we must first descend into the inner world of the neuron and then zoom out to study how information is integrated in order to give rise to our rich conscious experience, with all the internal and external perceptions that exist within it: images, sounds, sensations, thoughts, emotions, and so on.

It will not always be an easy read, as it will entail studying the complex neuroanatomical circuits between different brain regions. This way, in later chapters, you’ll be able to understand the implications surrounding the neuroimaging results obtained in psychedelic research. But don’t despair! You will be accompanied by a multitude of visual resources at all times aimed at significantly easing your understanding.

Please also note that when in later chapters we allude to the information presented here, the relevant facts will be repeated more concisely. When necessary, you will also be redirected to the relevant figures and sections within this chapter to help you refresh your memory.

What I wish to convey with this warning is that the path we will follow in this chapter will give you a relatively detailed overview of how the brain works—a fascinating task, and by no means a trivial one! As you read on, don’t worry about retaining all the information presented here. There will be plenty of opportunities to later review it. And above all, don’t give up! I promise you that the next chapters will not be as technical.

If you still find it too challenging, you can always skip it and go to the lighter chapters ahead, returning here only when you need to review specific concepts mentioned further on. Maybe, once you are trapped by the wonders of the human mind, you will have the patience and inner drive to study it in detail.

That said, I encourage you not to succumb too easily and give it a try; so, grab a coffee, put on your nerdy glasses, and let’s dive together into the electric and ingenious world of the nervous system. Are you ready?

Living Organisms: The Cell

Living organisms. What are they? What are we? Mostly, a bunch of rather common elements (e.g., oxygen, carbon, hydrogen, nitrogen, calcium, phosphorus) that anyone can easily buy, but it is not the elements alone that contain the value of life, but the way in which this elemental matter arranges itself—all thanks to the ability that atoms have, according to their particular properties, to bind with one another, which in turn allows them to form stable structures of higher order: molecules, which form cells, which form tissues, which form organs, which form complex pluricellular plants, fungi, and animals.

Some atoms can only bind to another atom, other atoms can bind to two atoms, and other atoms—like carbon—can bind to four different atoms. Let’s look at an example: water. Water is made of many molecules of H2O, meaning that each molecule of water is composed of an oxygen atom (O), and two hydrogen atoms. This is because oxygen atoms have two “hands,” and hydrogen has one “hand,” so the oxygen atom holds two hydrogen atoms, one with each hand, forming H2O, the molecule that makes up 62 percent of an adult human body. Water is contained inside a membrane—the cellular membrane. Here is where the magic of life and information processing begins: in the membrane. But first we must talk about the carbon atom.

Carbon atoms, and the stable bonds they form with hydrogen atoms, provide the backbone of most molecules that make up and are found in living organisms (i.e., biomolecules referred to as organic matter). Each carbon atom has four “arms” and in addition to binding to hydrogen atoms, they often use one or two (or even three) of their arms to bind to other carbon atoms, forming long chains, rings, and complex branched structures. Depending on the exact composition of these carbohydro-based molecules we can find several types of organic molecules within the cell: sugars, fats, proteins, and nucleic acid.1 For example, fats make up the cellular membrane (see figure 1) and, in the watery space that they contain inside of them, you can find incredibly complex machinery comprising, among other structures, the nucleus, which houses the genetic code, elegantly encoded within the double helix of DNA (built from four different types of nucleic acid). This DNA molecule contains all the information needed to generate the proteins that make up the hardware of the body. So, when a protein needs to be synthesized, the sequence of DNA that contains “the recipe” for that specific protein is used as a template to produce a sequence of RNA. This small sequence of RNA is called messenger RNA (mRNA) (a concept with which you will have become familiar by now if you have paid attention to the mechanism of action of the innovative Covid-19 vaccines), and will then be used for the synthesis of the specific protein for which it codes. In other words, the protein is generated from a messenger RNA sequence and the messenger RNA is generated from a small section of the DNA strand, whereby each section of DNA that codes for a specific protein is what we refer to as a gene.



Figure 1. Phospholipid membrane with proteins embedded within it.

Thanks to these genes, cells can synthesize many types of proteins, which serve diverse functions. Some of these proteins are used to catalyze chemical reactions involved in cellular metabolism, whereas others are located within the cellular membrane. Within the cellular membrane we can find proteins that act as selective channels, endowing the cellular membrane with a selective permeability, whereby certain ions can move in and outside of the cell; these channels can be open or closed depending on the signals that they receive from their internal and external environment.

Ultimately, cells are delimited by their membranes and consist of little aqueous organisms with dissolved ions (i.e., atoms that are charged positively or negatively) and other charged molecules such as proteins inside of them. Thanks to the cellular membrane’s selective permeability, which is provided by the channels, the content inside the cell significantly differs from that of the extracellular space, whereby the interior of cells is more negatively charged than the exterior.

In addition to the channels, the cellular membrane also contains another very important type of protein: receptors. These proteins pierce through the membrane, so that one of their extremes is in touch with the external environment and the other with the internal one. Depending on the nature of the external section of the receptor, different molecules from the environment, such as drugs, can interact and bind to them, causing a conformational change in the receptor’s structure, triggering an intracellular cascade of information that will signal a series of changes inside the cell.

The positive and negative charge levels inside human cells, including neurons (nerve cells), are mainly set by the concentrations of sodium (Na+), potassium (K+), chlorine (Cl-) and calcium (Ca2+) ions (i.e., atoms with positive or negative electrical charges), and fluctuate continuously thanks to the proteins located in the neuronal membrane that, by acting as ion channels, allow the passage of ions through the membrane (figure 2). Some of these channels only allow the passage of a particular type of ion (e.g., Na+) while others are less specific. Depending on the signals they receive from the environment, they will be open or closed, thereby modifying the balance between positive and negative ions inside the neuron. This movement of ions through the membrane will depend on the difference in concentration and charge between the inside and outside of the cell. If, for example, the sodium (Na+) channel is opened and the concentration of this ion is higher inside than outside the cell, the ion, moving in favor of its concentration gradient, will exit the neuron. But, in addition to the concentration gradient, this process also takes into account the charge difference between the interior and the exterior of the neuron. That is to say, if in addition to the difference in concentration, the outside is more negative than the inside, the sodium (Na+) will leave the cell even faster, since, in addition to the concentration gradient, the positive charge of this ion will be attracted by the negative charges on the outside. Instead, as the positive charge on the outside increases, and since charges of the same sign repel each other, the speed at which the Na+ exits the neuron will decrease. Thus, the direction in which the ions move across the membrane will be determined by simultaneously accounting for the difference in charge and concentration between the inside and outside of the cell. In more technical terms, the ions will pass through the membrane following an electrochemical gradient.

Ultimately, by creating a membrane which hosts channels and receptors, nature has created the building blocks of all life: the cell. An organism capable of interacting with elements outside of itself and recoding such external information into internal signals that promote changes within its internal space—changes that signal all sorts of intracellular responses to the detected stimuli such as the opening of channels or the expression of genes.

Living organisms, spanning from single cells to a full human body, exist in a dynamic equilibrium. This dynamic equilibrium is maintained through a variety of regulatory mechanisms collectively known as homeostasis. Thus, for the cells to properly respond to the signals in their external environment, and to trigger the intracellular cascade of information, their interior has to be in a particular state. When the cell responds to the signals from its environment, its internal state changes, becoming no longer able to respond to new signals, and so homeostatic mechanisms are needed to bring the cell back to its basal responsive state, with ion channels playing a key role in maintaining cellular homeostasis.

So far, we have looked at individual cells, but for some reason, cells decided to start working together to form pluricellular organisms.2 Pluricellular organisms in most cases are formed by cells that contain the exact same DNA yet are tremendously different. How does this happen? How does an organism that contains the same DNA in all its cells show such complexity and heterogeneity?

After sperm has attached to an egg, cell division begins: two cells, four cells, eight cells, and so on. At first, all the cells are the same, but as they divide and the fetus develops, the cells that make up the fetus begin to differentiate. How can cells that were initially identical begin to differentiate from each other? They do so by expressing different genes contained within their DNA sequence, and by doing so producing different proteins. In other words, each cell generates different messenger RNAs from the DNA sequence that is common to all, thereby synthesizing different proteins that will give each cell its particular properties. This is how, through the production of different proteins and despite containing the same DNA, two cell types can end up forming tissues as different as, for example, skin (made up mostly of epithelial cells) or bone (made up mostly of bone cells). Or in the case that concerns us here, the nervous system, which is mostly made up of neurons.

The Neuron

There are many types of neurons, but, generally, they all tend to be asymmetrical cells. As we can see in figure 3, several projections emerge from the cell’s main body (known as the soma), where the cellular nucleus is contained. Most of these projections are in charge of detecting signals present in the external fluid (neurotransmitters or drugs), and they do so thanks to numerous receptors located in their membranes.3 These information-receiving projections are called dendrites.

One of the projections leaving the neuronal body is different from the dendrites. It is the axon, and it is in charge of sending the information that the dendrites pick up to other neurons. How does this happen? As we have seen, neurons, like other cells, are composed of water with dissolved ions inside of them, charged either positively or negatively. Under normal circumstances, when the neuron is in its baseline resting state, there is much more positive charge outside of the neuron than inside of it. However, when the receptors in the neuron’s membrane get stimulated by an excitatory4 molecule, they can trigger the opening of channels that allow positively charged ions to enter the neuron. This is key because when the positive charge inside the soma exceeds a certain threshold, an electric current is transmitted along this axonal projection. When the electric current (technically called an action potential) reaches the axon’s terminal,5 it triggers the production of neurotransmitters and signals their insertion into vesicles, as well as their subsequent release to the extracellular space (called the synaptic cleft).6 The newly released neurotransmitters will then be detected by receptors located on the dendrites of the next neuron, and if the receptors in this following neuron receive enough stimulation, the neuron will fire an action potential transmitting the information to the following neuron.7



Figure 2. Ion channels located in the membrane through which ions enter or leave the neuron following their electrochemical gradient.

Other key proteins called neurotransmitter reuptake proteins (see figure 3) are anchored to the membrane of the axon terminal. These proteins are responsible for reintroducing the neurotransmitters from the synaptic cleft back into the axon terminal of the presynaptic neuron. Thus, not only are the neurotransmitters recycled so that they can be released again when another action potential is generated. These proteins also clear the synaptic cleft, ending the previous signaling. This way, the next time that the presynaptic neuron releases neurotransmitters, the receptors of the postsynaptic one will be available to receive the new signal.

After this overview of the neuron and the synapse, let’s take a closer look at what causes the generation of an action potential in the first place. Let us repeat: when the positive charge inside the soma exceeds a certain threshold, an electric current is transmitted through the axon. “But why?,” you may be wondering.

We have already commented how, when receptors get stimulated by molecules that bind to them, they can lead to the opening or closing of channels. If the effect these stimulated receptors have over the channels leads to an increase in the amount of positive charge inside the neuron’s soma then the firing of an action potential will be facilitated, whereas if the change triggered by the stimulated receptor leads to a reduction in the overall positive charge inside the neuron’s soma, the neuron will be inhibited and unable to fire an action potential.8 This is because, located at the beginning of the axon, and all along it, lie specific voltage-sensitive channels, which change conformation when the positive charge inside the neuron reaches a certain threshold. More specifically, when this threshold is reached, the channels change shape in such a way that they create a pore in the axonal membrane. These voltage-gated channels are selective to sodium (which is positively charged) and because the interior of the neuron is more negative than the exterior, when these voltage-dependent sodium channels open, more sodium enters the cell. This in turn triggers the opening of the next voltage-dependent sodium channel located along the axonal membrane, which subsequently opens up the next channel, and the next and the next, until the increases in positive charge reach the axon terminal.9 Through this fancy mechanism, these voltage-sensitive channels allow the action potential to propagate throughout the axon until it reaches the axon terminal where it signals the release of neurotransmitters. The propagation of the action potential along the axon is well exemplified in the GIF embedded inside the QR code above.



Figure 3. A presynaptic neuron and two postsynaptic neurons are shown on the left. Dendrites and an axon with sodium channels, surrounded by flat cells forming the insulating myelin sheath, can be seen emerging from the soma. On the right, the synaptic cleft is shown in more detail. The vesicles contain proteins in their membrane that allow the neurotransmitter to enter it, and the reuptake proteins in the axon terminal’s membrane reintroduce the neurotransmitter from the synaptic cleft, back into the presynaptic neuron. The synaptic bouton of the dendrites, where the receptors are located, can also be seen.



Scan the QR code to see a short animation of an action potential propagated along the axon. GIF by Laurentaylorj.

The sodium channels located in the axon eventually close, and there is a refractory period during which they cannot reopen, making propagation unidirectional. And, although on some occasions the electrical current may, for reasons we will not go into here, propagate from the axon terminal to the neuronal soma, most electrical currents propagate from the neuronal soma to the axon terminal, which signals the release of neurotransmitters.

Once the neuron has generated an action potential it must return to its resting state (in which the interior is more negative than the exterior) in order to be able to generate new action potentials. This is accomplished through other membrane-localized proteins called sodium-potassium pumps, which, using energy, move ions across the membrane against their electrochemical gradient, bringing the internal state of the neuron to a state where it can once again become depolarized and fire another action potential.

Whether or not the internal positive charge exceeds the threshold that opens up the sodium channels depends on the totality of signals that are reaching the neuron’s dendrites at any given moment, each synapse contributing to the total balance of charges within the neuron. In this way, and to reduce the likelihood of the neuron
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