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L.R. and C.T. would like to thank Tobias Buchborn 
for suggesting two questions used in this interview. 

 
The relationship between the pharmacology of psychedelics and their effects on 
consciousness are usually obscured by a complex myriad of interactions, extra and 
intracellular mechanisms, etc. What do you think is the correct approach to bridge 
mechanisms stemming from the molecular level to complex human behavior? In 
what way do you think psychedelic drugs can provide insights into these 
mechanisms? 

I think modern brain imaging technologies are going to be playing an increasingly 
important role. Correlating subjective effects with functional effects in specific 
brain areas should be very revealing. We already know a lot about the 
neurotransmitter systems that operate in the various anatomical areas of the brain, 
so coupling all that with brain imaging will be important. We still need to know a 
lot more about what intracellular signaling cascades are important, and how they 
affect behavioral endpoints. We are really in the infancy of brain science, and a 
hundred years from now people will look back and think that the things we did were 
very primitive. But I believe that psychedelics will prove to be crucial tools to help 
us understand consciousness. 

Tryptamines (e.g., LSD, psilocybin, DMT) and some phenethylamines (e.g., 
mescaline, 2C-B) are both serotonin 2A agonists and classic psychedelics (see fig. 1 
below). However, they have different chemical structures. Could you please explain 
how they differ chemically and how this difference accounts for the distinct 
behavioral and phenomenological effects they each produce? 
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“ 

Although several classes of molecules are 5-HT2A agonists, what happens after they 
interact with the receptor is probably different. The concept of functional 
selectivity, or ligand bias has been an evolving pharmacological concept for more 
than 15 years. The way the ligand engages the receptor, that is, the way it docks into 
the receptor and the amino acid residues it engages, allows the receptor to adopt 
different shapes, or conformations. These different conformations produce different 
conformations in the intracellular connecting loops of the receptor, and these 
different conformations can engage different signaling components. For example, a 
G protein coupled receptor (GPCR) of which the 5-HT2A receptor is one, can 
couple to various G proteins within the neuron; Gq, Gi, Gs, etc. In addition, serine 
and threonine residues in the intracellular receptor loops can be phosphorylated by 
G protein receptor kinases, and then the phosphorylated fragments can recruit beta-
arrestin. Different 5-HT2A agonists, can recruit different intracellular pathways to 
different extents, and those different signaling pathways undoubtedly lead to subtle 
differences in the behavioral effects. 

 

 

 

 
Fig. 1 – A few well-known psychedelic molecules 

You are an expert in designing new analogues for different psychedelics. Could you 
tell us what the rationale behind designing successful analogue is? Is it hypothesis 
driven, luck (trying lots of different chemical structures) or both?  

As an academic, my work had to involve hypothesis testing. On occasion, we might 
ask “I wonder what this structure would do?” and then we would prepare it to find 
out. Most often, however, we had a specific hypothesis we tested. Our hypotheses 

Psilocybin LSD DMT

Mescaline 2C-B

Different 5-HT2A agonists, can recruit different 
intracellular pathways to different extents, and those 
different signalling pathways undoubtedly lead to 
subtle differences in the behavioural effects. 

” 
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mostly centered on defining the shape, or conformation of the side chain in 
tryptamines or phenethylamines, as well as defining the shapes of the methoxy 
groups in the phenethylamines. For example, that led us to synthesize complex and 
rigid phenethylamines such as 2-aminotetralins, benzocyclobutenes, and 
aminomethylindans. The original impetus for most of these studies was an attempt 
to understand how the 5-HT2A receptor could accommodate different chemotypes, 
i.e., ergolines, tryptamines, and phenethylamines. 

What is the most selective serotonin 2A agonist? What is the subjective experience 
of this drug?  

The most selective 5-HT2A agonists to date have never been tested in humans. One 
was developed in Denmark, and is a 2,5-dimethoxy-4-cyano-N-(2-hydroxybenzyl) 
phenethylamine (25CN-NBOH). The other is a three-ring 25B-NBMOMe type 
structure, where the ethylamine side chain has been tethered into a piperidine ring. 
The latter structure was crystallized and we published the x-ray crystallographic 
structure of it, and that gave us an idea of how the side chain of the NBOMe 
compounds must bind to the receptor. I would love to see clinical tests of a very 
selective 5-HT2A agonist, because all known psychedelics are both 5-HT2A and 5-
HT2C agonists, and in the brain these two receptors generally are functionally 
opposed to each other. 

In a recent study that you were involved in (Wacker, 2017), you demonstrated that 
the serotonin 2B receptor (very similar to 2A) has a lid-shaped structural extension 
that stays closed for longer periods every time LSD is attached to the receptor, and 
that this “lid” traps the LSD inside, which ultimately accounts for its prolonged 
duration of action. Could you please expand on this finding? What would you 
hypothesize that other classic psychedelics are doing to the “lid”? What is special 
about the structure of LSD that closes the “lid”? 

The piece of the receptor that does that is called extracellular loop 2, or EL2. Before 
I retired from Purdue, my last graduate student had mutated all of the residues in 
EL2 for the 5-HT2A receptor. We did binding studies in each mutant and compared 
LSD with some LSD analogues known as azetidides, where the diethyl group of LSD 
had been tethered into a four-membered azetidine ring with appended methyl 
groups. We had compared the pharmacology of the three stereoisomers, where the 
2,4-dimethylazetidine ring had a cis stereochemistry, or an R,R or an S,S 
configuration (McCorvy, 2012). We found that the S,S configuration gave a 
compound closest in pharmacology to LSD itself. (That structure has appeared on 
the “research chemical” market as LSZ). Mutations of the residues in EL2 showed 
that mutation of leucine 229 to an alanine had an effect that was similar for LSD and 
the S,S-azetidide, but different for the R,R and cis stereoisomers. Later, working in 
Bryan Roth’s laboratory, it was found that the S,S azetidide had pharmacology 
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similar to LSD in the 5-HT2B receptor, but the key residue in EL2 in that case was 
Leucine 209 (Wacker 2017). In examining the receptor kinetics of LSD in the wild 
type 5-HT2A and wild type 5-HT2B receptors, compared to the L229A and L209A 
mutant receptor, respectively, it was discovered by John McCorvy, a postdoc in the 
lab there, who was my last graduate student at Purdue, that in both of the wild type 
receptors, LSD had a very slow association rate, and an extremely slow dissociation 
rate. In the Leucine to alanine mutant receptors, LSD had very fast association and 
dissociation kinetics (Wacker, 2017). In the x-ray crystal structure of LSD in the 5-
HT2B receptor, that loop could be seen laying over LSD within the receptor, and 
Leucine 209 sort of wedged down between the LSD molecule and the receptor. In 
essence, EL2 was able to “lock” LSD into the receptor. There are now attempts to 
obtain the crystal structure of LSD bound into the 5-HT2A receptor, but based on 
the kinetics studies done by John McCorvy, we expect to see a similar “locking” 
mechanism with EL2. With respect to other 5-HT2A ligands, I suspect that we will 
see faster on and off kinetics. We think that the ability of the receptor to sequester 
the LSD may be a key to its high potency and profound psychopharmacology. 
Numerous LSD analogues have been made and tested, where the diethylamide was 
modified, and we have no indication that they have the type of activity seen with 
LSD. So it seems likely that the diethylamide is just the right size and shape and 
adopts a unique conformation to keep LSD in the receptor. Except for mescaline, 
most of the other psychedelics have a shorter duration of action, and that may 
reflect, to some extent, their receptor kinetics. We also found that the 5-HT2A and 
5-HT2B receptors recruit beta-arrestin2 in a time-dependent manner; the longer the 
LSD remains in the receptor, the more robust is the arrestin signaling. That 
phenomenon may also be an important feature that contributes to the potent effects 
of LSD. 

In the same work (Wacker, 2017), you showed that ergotamine (a non-psychedelic 
5-HT2A agonist) and LSD—likely due to differences in conformational receptor 
change—differentially recruit cascades downstream of 5-HT2 activation. Might 
these differences account for the lack of psychoactivity of ergotamine? What is the 
current understanding of Gq-PLC/PLA/PLD, Gi, and arrestin dependent signalling 
as to their significance for the behavioural and psychedelic effects of 5-HT2A 
agonists? 

I touched on this point earlier. We believe that arrestin recruitment may be very 
important, but many active molecules seem to have some selectivity for G protein 
signaling. So that is an important area that needs detailed research. Sadly, the lack 
of government funding has meant that few people are interested in studies like these, 
which would be time-consuming and very comprehensive. 
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In terms of structure-activity relationship, early ideas suggest that certain 
tryptamines (e.g., psilocin) as well as certain phenethylamines (e.g., mescaline) are 
able to form intramolecular hydrogen bonds so to mimic ring C and B of LSD, 
respectively (Snyder & Richelson, 1968). Based on your research, what is the 
current understanding/evidence about these bonds being of vivo relevance? What 
might be the relevance of these bonds for fitting the binding pocket of 5-HT2A 
and/or the drugs’ vulnerability to enzymatic degradation? 

That idea was proposed early on by Solomon Snyder, but it has been thoroughly 
discredited by now. It never really made sense to me, as a chemist, but we had to 
generate the proof. We have some ideas about how psilocin might bind to the 
receptor, and its orientation is probably not too different from that of bound LSD. 
However, other than the conserved aspartate in helix 3, LSD does not engage other 
polar residues except perhaps a serine in helix 5. Psilocin likely engages that same 
serine, but also it appears to interact with one or two other polar residues. By 
contrast, we really have no idea how mescaline or other phenethylamines bind, but 
our mutagenesis studies of the receptor did demonstrate that the phenethylamines 
engage residues different from those that interact with tryptamines. 

Besides classic psychedelics (5-HT2A agonists), there are other drugs that can 
create a psychedelic experience (e.g., Ketamine (NMDA antagonist), Salvinorin A (κ-
opioid receptor agonist), Scopolamine (anticholinergic)). Do you believe that there 
is a common mechanism shared by these drugs? and if so what is it? 

Salvinorin A I think is very different, and is a very selective agonist at the kappa 
opioid receptor. Users generally find the experience very different from an LSD trip 
and often very unpleasant. Scopolamine and other anticholinergics produce true 
hallucinations and a sort of psychotomimetic experience. They also produce amnesia 
for the experience, which is very different from the 5-HT2A type of agonists. 
Ketamine is an interesting example, because it leads to increased release of neuronal 
glutamate (Abdallah, 2016). Classic 5-HT2A agonists also lead to increased brain 
glutamate, and if co-administered to animals along with ketamine, they can give a 
potentiated response. Glutamate appears essential to the actions of classic 5-HT2A 
agonists (Nichols, 2016), so there may be some overlap mechanistically between 5-
HT2A agonists and ketamine. Again, we need a lot more research. 

In a recent talk you gave at Breaking Convention (https://youtu.be/YeeqHUiC8Io) 
you argued that endogenous production of DMT (a naturally-occurring psychedelic 
which is also found in the Ayahuasca brew) is not associated with spontaneous 
experiences, which may resemble the ones experienced under psychedelic states 
(e.g., near-death experiences, mystical/peak experiences, etc.). This is contrary to 
Rick Strassman’s argument that endogenous production of DMT might be 
responsible for these experiences (Strassman, 2001). Could you outline the 
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strongest points for your argument and what may be the correct experimental 
approach to the study of biological mechanisms which may be underlying such 
experiences? 

Rick Strassman kind of backed off of his statement by saying it was just “speculation” 
(Strassman, 2001). The talk I gave there has just appeared in the Journal of 
Psychopharmacology, and the arguments are a bit too detailed to review here, but 
there are several important points in the paper (Nichols, 2017). 

It has also been proposed that DMT may have a neuro-protective function in life-
threatening situations (i.e., under oxidative stress) (Szabo & Frescka, 2016). What is 
your view on this hypothesis? Does the current evidence on endogenous production 
of DMT support this view in your opinion? 

No, essentially the affinity of DMT for sigma receptors is too low for it to be 
consequential. There is no known mechanism for the production of DMT that would 
lead to in vivo concentrations high enough to excite any of the known receptors. 
DMT has only been detected in very trace amounts using very sensitive LC-MS 
methods. 

 

 

 

The function of the serotonin system has remained an elusive subject. You have 
argued that the discovery of LSD (and its similarity to serotonin) was an important 
player in unveiling the relationship between brain chemistry and behavior. Recently, 
Carhart-Harris & Nutt (2017) have proposed a general framework for this system 
based on work with psychedelics. They have argued that the complexity of the 
serotonin system may be related to the ability of the organism to flexibly adapt to 
the demands of the environment, with 5-HT1A and 5-HT2A receptors mediating 
passive and active coping to stressful stimuli respectively. Do you agree with this 
hypothesis? 

I think their hypothesis is somewhat superficial and fails to account for the wide 
diversity and expression of the other subtypes of receptors. Certainly 5-HT2A 
receptors are excitatory, and 5-HT1A receptors are inhibitory, but I don’t feel that 
the contrasting pharmacology of those two subtypes is really sufficient as a 
comprehensive explanation. 

We are experiencing the so called psychedelic renaissance. A renaissance which 
includes psychedelic science and therapy (Nichols & Johnson, 2017). What is the 
new knowledge that we have discovered during the current renaissance? 

“ There is no known mechanism for the production of 
DMT that would lead to in vivo concentrations high 
enough to excite any of the known receptors. 

” 
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I think we are learning a lot more about how the brain generates mind. We are also 
learning that psychedelics seem to have tremendous healing potential, which might 
also be connected with the brain-mind connection. I believe we are just at the 
beginning of a revolution in thinking about brain, behavior, and emotional 
disorders, and that the future will be really interesting, once major institutional 
funders get on board. There are many young scientists interested in this field of 
research, but if you are an academic, you have no future without major funding. 
Once agencies begin to recognize the profound importance of understanding 
psychedelics and how they affect the brain, I believe we will see knowledge enter an 
exponential phase of grown. 

 

 

 

 

What important knowledge about psychedelic is lacking? And when do you think we 
will gain it? 

That is a question that I cannot begin to answer. Like any new field of investigation, 
there are things we will discover that we had probably never thought about before. 
A central question that everyone in this field thinks about (I hope) is “who is man?” 
Philosophers used to debate the nature of man, and still debate the nature of 
consciousness. Who are we, and why are we here? Is man just a complex biomachine 
that evolved through random natural selection, or does he have some connection to 
other beings, organisms, and to life in general? Unfortunately, those debates do not 
earn any money, so in the modern money-driven world, people seem to have 
forgotten them. Psychedelics force us to rethink these questions. They force us to 
think about the nature of mind, and of memory. A recent finding was that people 
who use psychedelics tend to be more altruistic. Why is that? Their personality trait 
of openness is also increased. How and why does that happen? I don’t want to go too 
far out on a limb, but perhaps some people who use psychedelics actually become 
better people. It would be interesting to know how that happens and if it could 
generally be applied to improve personality. 

Science can be quite confusing, as many labs show contradicting results which are 
sometimes serving a certain agenda. Is there anything that we are sure about in 
psychedelic research? 

This field in general is loaded with the potential for all kinds of magical thinking. 
There are modern scientific studies now published that involve very poor science. 

“ I believe we are just at the beginning of a revolution in 
thinking about brain, behavior, and emotional 
disorders, and that the future will be really interesting, 
once major institutional funders get on board. ” 
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Part of that may be due to poor reviewing at the journals. Part of it may result from 
wishful thinking; the investigator wants to prove their hypothesis so badly that they 
misinterpret their data. There was a lot of that in the early research. Hopefully, the 
majority of scientists in this field today are aware of the great need to do things right 
this time around. As a high-profile speaker said at a recent MAPS conference, “Don’t 
screw it up this time”. 

The field of psychedelic research is noticeable for its interdisciplinary nature. 
Conferences on psychedelics substances usually have contributions stemming from 
anthropology, chemistry, neuroscience, psychology, biology and philosophy. Many 
times, however there is a lack of conversation between fields which may greatly 
benefit from some of this cross-talk. In your opinion, in what way should this 
multidisciplinary aspect find expression so that the field benefits most from it? 

I think if the scientists are good, and well-trained, they can speak to each other. 
What often happens, however, is someone with a modicum of training in, for 
example, anthropology comes up with a poorly documented idea that they are able 
to sell to the uninformed. And then their myth begins to spread. A lot of well-
trained “scientists” come up with dubious ideas, but they rely on people to accept 
their ideas because they have a PhD, or an MD, and write a book. Well-trained 
scientists can generally see through that sort of hokum. More often, however, it is 
the less well trained who are susceptible to half-baked urban legends about 
psychedelics. I really resent “scientists” who use their credentials to gain prestige 
with less well-informed masses who are simply hungry for knowledge. As a chemist, 
I have enjoyed conversations with scientists in many other fields, so I think the key 
is that the people in the different fields have to be well trained and have integrity. 

 

 

 

Psychotomimetic is a term that was applied in psychedelic research when 
psychedelics were considered as mimicking psychosis. Most psychedelic 
researchers today would avoid using this term, however there is still insight we 
might gain about psychosis using psychedelics. What are these insights in your 
opinion?  

I think very early onset schizophrenia might have some resemblance to psychedelic 
actions, where you find hypermetabolic effects. Remember, the atypical 
antipsychotic drugs are antagonists at the 5-HT2A receptor, the target for classic 
psychedelics. And activation of the 5-HT2A receptor also can enhance dopaminergic 
brain function (Nichols, 2016), another monoamine that seems key to psychosis. 

“ A lot of well-trained “scientists” come up with dubious 
ideas, but they rely on people to accept their ideas 
because they have a PhD, or an MD, and write a book. ” 
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Microdosing has become quite fashionable in the past few years. It is quite different 
than the regular psychedelic use in which the emphasis is the psychedelic 
experience. What is your view on the mechanism of microdosing? What is your 
opinion about a chronic administration of a psychedelic?  

I think it is a bad idea. There is no controlled study to show that it actually does 
anything, and there are no studies comparing it with a prescription psychostimulant 
such as Modafinil or Ritalin. It seems theoretically possible that a low dose of LSD 
might do something, because it gets trapped in the receptor, but LSD also stimulates 
the 5-HT2B receptor, which can lead to cardiac valvulopathy. But there has been no 
well-controlled study to show that LSD actually enhances creativity. And if you 
think about a dose-response curve, even if you enhanced creativity at an effective 
dose of LSD, what pharmacological reason is there to expect that you will enhance 
creativity at a low dose? So I don’t think it is a good idea. I think it is a fad that will 
die off at some point. 

In the 1997 MAPS bulletin you wrote “If you do psychedelic research, and that is all 
you do (I have some other more mainstream research in addition to the psychedelic 
work), you have perhaps half-a-dozen people world-wide who share your research 
interests. Perhaps not surprisingly, you may develop a sort of cult following, but that 
kind of adoration is not particularly fulfilling. People occasionally tell me that my 
name is known all over the world in the ‘psychedelic community’. While that may be 
true, it doesn’t get recognition within the scientific community, which is my 
workplace, comprised of my peers. What you want is recognition from them that you 
are doing good work. You are unlikely to get it, so your rewards must come from 
within yourself, and you must believe that someday the value of your work will 
become clear to other people, because that is unlikely to occur in your own lifetime. 
It will help if you are the sort of person who can deal easily with delayed 
gratification”. Is it different now? 

I think that is still the case. Most of the researchers I know are doing it because of a 
personal drive that tells them it is important work. I have often thought that if I had 
gone into a different area of research, cancer, heart disease, etc., that I might have 
gained recognition for my work in mainstream circles. Among the bulk of 
mainstream medicinal chemists I believe I am largely unknown, despite publishing 
hundreds of research publications and giving seminars all over the world. It is 
frustrating, but I believe that what I have done is very important, and it is gratifying 
to see it gaining more traction today. 

What are your hopes and concerns about mainstreaming psychedelics? 

I hope we are witnessing a paradigm shift in the treatment of all kinds of emotional 
and psychiatric disorders. I used to think I would be dead before any of that 
happened, but now I see potential approval for these medicines in the early 2020s, 
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while I hope to still be alive! And before that, I believe that national agencies, the 
NIMH in the U.S. for example, will start funding research in this field at the level it 
should have been for all these past several decades. Then we will know that the field 
is maturing as lots of new young scientists will be attracted to study psychedelics. 
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