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PREFACE

This volume is a compendium of interviews conducted by Leo Hollister as part of a major
project of the American College of Neuropsychopharmacology (ACNP). Of the 238 interviews of
neuropsychopharmacologists conducted at the close of the twentieth century under the aegis of
ACNP and published in ten volumes?, Leo Hollister participated as the primary interviewer in
thirty-four?. These interviews conducted by Hollister provide an unusual insight into the field of
neuropsychopharmacology by virtue of the number and diversity of the subjects whom he
interviewed. Moreover, this volume assembles in archival form, and thus, may be viewed as
another of the many important contributions of Hollister to  the field of
neuropsychopharmacology—communicating his wide  understanding of the actions of
pharmacological agents that affect the brain and his wisdom about their potential uses in man for
therapeutic purposes. To offer the reader the opportunity to hear Hollister’s own voice, two
interviews of Hollister himself, conducted by Frank Ayd on December 9-13, 1996 and Thomas
Ban on April 6, 1999 are included to complete this volume.

| was particularly interested in the perspective of Hollister because | very much identified
with him. | also began my career as an internist and became interested in psychopharmacology as
a result of my training in clinical pharmacology at the Addiction Research Foundation at the
University of Toronto. Whenever I encountered Hollister’s work in the early 1980s, I was struck
by the clarity of thought and his capacity to explain the pharmacologic actions of

psychopharmacological agents. These drugs had become widely used by psychiatrists as the field

! Ban TA (Editor). An Oral History of Neuropsychopharmacology. The First Fifty Years. Peer Interviews. (Volumes
1-10). Nashville: American College of Neuropsychopharmacology. 2011.

2 The edited transcripts of the 34 interviews Leo Hollister conducted were first presented in the following volumes of
the Oral History series: Frank Ayd Jr, Joseph Brady, Albert Kurland, Stephen Szara, and Joseph Wortis in Volume
One — Starting Up, edited by Edward Shorter; George G Aghajanian, Irwin Feinberg, and Samuel C. Kaim in Volume
Two - Neurophysiology, edited by Max Fink; Julius Axelrod, Frank M. Berger, James V. Dingell, Silvio Garattini,
Candice B. Pert, and Fridolin Sulser in Volume Three — Neurophysiology, edited by Fridolin Sulser; Joseph Autry Ill,
Thomas A. Ban, Jonathan O. Cole, Donald F. Klein, Douglas M. McNair, Allen Raskin, George M. Simpson, Oldrich
Vinar, and David Wheatley in Volume Four — Psychopharmacology, edited by Jerome Levine; Bernard J. Carroll,
Angelos E. Halaris, and David S. Janowsky in VVolume Five — Neuropsychopharmacology; Jack Blaine, Jerome H.
Jaffe, Donald R. Jasinski, Charles P. O’Brien, and Roy W. Pickens in Volume Six — Addictions, edited by Herbert
Kleber; and Roger M. Maickel and Alexander M. Mathé in VVolume Eight — Diverse Topics, edited by Carl Salzman.
The text of the interviews in this volume is based on text in those seven volumes. Yet, because of further editing, the
interviews in this volume are not identical to the interviews in the “oral history” series.



transitioned from psychoanalysis. However, psychiatrists possessed remarkably little
understanding of the emerging discipline of clinical pharmacology which could greatly clarify
psychiatric pharmacotherapy (at least that was my opinion, as | was transitioning from clinical
pharmacology training in internal medicine to a residency in psychiatry). Hollister often served
as an interpreter to psychiatrists to help them better utilize psychopharmacological agents and did
so with talent and good nature. He viewed the effects of psychopharmacological drugs on the
entire body, not simply the mental state, and that appealed to me very much. He felt equally
comfortable expounding on the effects of lithium on glomerular function, as on the effects on the
thyroid, and the efficacy of lithium in bipolar disorder.

Leo Hollister was an astute clinician who was there at the introduction of psychotropic
drugs in the United States. He was among the first to note the beneficial effects of chlorpromazine
and reserpine on aspects of psychotic mental state and behavior. Hollister’s clinical focus is quite
apparent from his quotation: “If you watch your patients, you can learn a lot.” He became expert
in the clinical psychopharmacology of many of the medications used by psychiatrists without ever
becoming trained as a psychiatrist; rather, he was a clinical observer and consultant in the great
tradition of internal medicine.

Hollister was born and raised in Cincinnati where he became interested in drugs while
working in a pharmacy as an undergraduate at the University of Cincinnati. After completing his
residency in internal medicine, in 1951, he began work at the Veterans Administration (VA)
Hospital in Palo Alto, California, where he would spend the majority of his career. Here he served
as the internist working at essentially a psychiatric hospital. Hollister’s work at Palo Alto, while
he was chief of the medical service, abruptly transitioned into psychopharmacology after he
introduced reserpine as an antihypertensive at the VA and recognized antipsychotic effects of this
agent in the psychiatric patients under his care. At Palo Alto, he pioneered designs of clinical trials
and eventually served in a leadership role in the VA Cooperative Studies Program, which
conducted large multi-center trials confirming the effectiveness of the new psychotropic agents,
the use of which he pioneered in his own clinical work.

His interest in drug addiction and bringing to this field the perspective of clinical
pharmacology were very attractive to me at the time of my own entry into the field via clinical
pharmacology and internal medicine. In particular, I read with interest Hollister’s seminal

observations of withdrawal reactions observed after prolonged high-dose use of central nervous



system depressants like meprobamate and chlordiazepoxide. This description of hyperactivation
of the central nervous system as a result of drug discontinuation truly fascinated me and became
the focus of my earliest research and my thesis.

Leo Hollister’s incredibly broad knowledge base is amply demonstrated in the interviews
he conducted as part of the ACNP project. Not only did he understand the key historical issues—
the precursors and consequences of each discovery—he seemed to have personally met and knew
well all the protagonists in each of the stories related by the neuropsychopharmacologists he
interviewed. He seemed to have valuable opinions in all these conversations, opinions that were
fascinating and enlightening for those interested in history of the field of
neuropsychopharmacology. He, himself, seemed truly to find historical developments
compelling—this appreciation of the history of the field of neuropsychopharmacology is clearly
shown by this short exchange that Hollister had with Tom Ban many years before Ban formally

proposed the publishing of what was to become the “oral history” series®:

Hollister: I think these kinds of interviews are very good, historically, but I’'m
still a print man. This project with all the visuals is important but 1 still would
like to see something in print.

Ban: We seem to have the necessary information in these interviews to present
in print a coherent account on the history of the field. Do you think it would be
a worthwhile undertaking?

Hollister: I think it’s a worthwhile undertaking, yes. Many organizations start
off with no concept that they are going to want someday to know what their
history was, and so they ignore it for the first decade or two. And then, all of a
sudden, someone says, "Gee whiz, we've got a history!"

Ban: We are ready to do it. That’s all I can say.

In closing, | would like to sincerely thank Ronnie D. Wilkins, Ed.D., CAE, the Executive

Director of the American College of Neuropsychopharmacology, for allowing us to edit and

% Interview by Leo Hollister of Thomas Ban, on December 9, 1996.



assemble this volume of the interviews conducted by Leo Hollister which were initially

published under the imprimatur of American College of Neuropsychopharmacology.

Peter R. Martin
Nashville, Tennessee, U.S.A.
January 3, 2014.
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1. GEORGE K. AGHAJANIAN

LH: Las Croabas, Puerto Rico, where we are about to interview an old hand in the field, George
Aghajanian.* I’m Leo Hollister and I’'m joined by Tom Ban in doing this interview with George.
George, how did you get started in medicine and pharmacology? What influence persuaded you
to make a career this way?

GA: Well, actually, I was interested in engineering first and all through high school that was my
leaning. There is one branch of my family, especially an uncle who was involved in engineering
in the early part of the century pioneering the development of machine tools. So, | had an interest
there. But, once | got to college, | started veering more toward medicine and became a pre-med,
and finally went to medical school.

LH: Now, you went to Yale for both of your, undergraduate and postgraduate studies?

GA: No, I went to Cornell for my undergraduate studies. My postgraduate work was at Yale
Medical School.

LH: And then, once at Yale, you stayed?

GA: Pretty much, except for a year of internship, and a tour in the army. In those days, there was
a doctor’s draft, the Berry plan. I had to put in my two years’ service in the army.

LH: Well, didn’t you already start your training in psychiatry?

GA: Yes, | had postponed the army requirements until after I finished not only residency but also
two years of post-doctoral studies. | went in the army when | was about thirty, when they finally
caught up with me.

LH: But, by that time you had a lot of training under your belt. Did the army make use of them?
GA: Yes, they did. | was trying to switch out of the Army into the Public Health Service and go
to NIH. But in the course of this attempt, when the Army heard | had experience in

psychopharmacology research and, particularly, with LSD, they said, “Oh, we want this guy.”

* George K. Aghajanian, M.D. was born in Beirut, Lebanon in 1932. He graduated from Yale Medical School in 1958
and he joined the department of pharmacology in 1970. He is professor of psychiatry and pharmacology at Yale School
of Medicine. His research contributed to the discovery of some of the essential properties of serotonergic,
noradrenergic, and dopaminergic neurons. He was interviewed by Leo E. Hollister and Thomas A. Ban.
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They sent me directly to Edgewood Arsenal, the Army Chemical Center, to work on
incapacitating agents that might be used in warfare. That was their idea at the time but no longer
IS.

LH. I’'m reminded of when I was first starting to work with reserpine, one of our staff in the hospital
had the idea that we could store the reserpine in Russian reservoirs and tranquilize them. So, both
sides were thinking the same thing.

GA: People had some pretty odd ideas about that at the time. First, the Army had the lethal agents
program with the acetylcholinesterase (AChE) inhibitors. But later, they also had an
“incapacitating agents” program that included very high potency antimuscarinic compounds.

LH: The BZ series.

GA: Yes. That was the code name for the most potent one. They also had the LSD program.

LH: I would say that outside of botulinum toxin, LSD is the most powerful biologically active
substance known.

GA: Certainly, at the time, it was one of the most potent substances known.

LH: Well, it’s hard to beat that. One milligram a day is all you need and that’s pretty good. OK.
What did you do after the two-years in the army?

GA: After | came out of the army in 1965 | returned to Yale and got an NIMH career
development award. It made it possible for me to learn certain basic sciences. | started in electron
microscopy and histochemistry, but in two or three years | shifted into electrophysiology.

LH: So you were preparing for a research career in neuropsychopharmacology.

GA: In that regard, the person, who had probably the biggest influence on me, was one of the
founders of ACNP, the late Daniel X. Freedman. Incidentally, | understand it he was the person
who influenced ACNP to have their meetings in Puerto Rico. He was my thesis advisor when |
was a medical student.

LH: So, Danny was in the department of psychiatry at the time.

GA: Yes. When | was a medical student in the late 1950's, he was a young faculty member in a
department that predominantly was psychoanalytically oriented.

LH: That was when Mort Reiser was chairman?

GA: Before that.

LH: When Fritz Redlich was chairman?



12

GA: Yes, Fritz Redlich was the chairman at the time and his interests were quite eclectic, although
he came from an analytic background. But there were Ted Lidz, Steve Fleck and many others in
the department who had a dynamic, analytic orientation. It was a very interesting department; they
were quite good in psychodynamics. It was Danny Freedman in the late 1950s who came along
and started the biological program in the department.

LH: He was working on it, primarily with Nick Giarman.

GA: That’s quite right.  Your memory on that is very good. Nick Giarman was in the
pharmacology department and it was through Nick Giarman that Dan Freedman was able to get a
program going in neuropsychopharmacology. It was very much a joint program of the
departments of pharmacology and psychiatry. So, Dan really was responsible for getting quite a
number of people started in the field. | think that was one of the first training programs in
neuropsychopharmacology.

LH: Who were some of the others in the program?

GA: Herb Meltzer and Jack Barchas were medical students like me at the time. Jack Barchas was
in the class behind me in medical school.

LH: So the program was quite an incubator for neuropsychopharmacologists.

GA: Yes, Dan Freedman was a magnet for people who were interested in neuropharmacology and
psychopharmacology.

LH: Was he always as nice a guy as | know him?

GA: That was my entire experience with him. He was always very encouraging to young people.
LH: He was really a fine gentleman.

GA: That was very important in the late 1950s and early *60s for someone starting out in the field
of neuropharmacology to have encouragement because that was not the accepted way in psychiatry
at that time. | was actually told that there would be no future for someone like me in academic
psychiatry without getting analytic training. In fact, Dan did that even while bringing forth his
neuropharmacology training program.
LH: Well, he had a degree in psychology, as well, didn’t he?

GA: Yes, | think at a college level. 1 don’t think he had a PhD in psychology.
LH: So, do you suppose then that Nick’s interest got you into research?

GA: Yes, along with Danny. I did my medical school thesis on LSD. People today wouldn’t

believe that LSD was not a controlled substance at that time.
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LH: You could order it from the drug company.

GA: From Sandoz. Sandoz would send it out to any physician who wrote in a request for it. There
were ampoules of LSD lying around all over the place.

LH: I'’ve still got some 100 milligrams of LSD powder to make a solution. You could order it
from biochemical supply houses without any control.

GA: Dan left a supply of LSD with me when | was a medical student, between my junior and
senior years. | was doing a behavioral study on LSD when he went for sabbatical to NIH for a
year. So he just left with me a large supply of ampoules.

LH: What year was that?

GA: That would have been the summer of 1957.

LH: That was pretty early in the game, wasn’t it?

GA: Yes, it was.

LH: It’s pretty amazing that from 1943, or whenever the accidental discovery was made, how the
number of papers on LSD started to escalate.

GA: It was only in 1953 and 1954 that the interaction between LSD and serotonin was
discovered and the possible relevance of this interaction to the biochemistry of mental illness
raised. The structure of serotonin had been discovered only a relatively short time before that. So,
it was only about three years later; Giarman had just come back from a sabbatical in Gaddum’s
laboratory in England. Gaddum was one of the co-proponents of the serotonin hypothesis of LSD’s
action mechanism.

LH: He developed a hypothesis about schizophrenia based on the antagonism between LSD and
serotonin. Now, who was the other guy who got the same idea from New York?

GA: Woolley.

LH: Woolley, Woolley and Shaw.

GA: Right, they started in with their research in New York about the same time as Gaddum was
doing his work in England. Gaddum first published on this work in 1953 and Woolley and Shaw
in 1954,

LH: Well, but they weren’t using it as a neurotransmitter.

GA: They had no idea about its role of a neurotransmitter. The serotonergic systems had not been
discovered until 1965.

LH: It was probably all done in platelets.
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GA: By 1953, it was known that serotonin was present in the brain. Nick Giarman thought of it
as a neurohumoral substance. He referred to it as a substance that was present in the brain. There
was no specific knowledge that it was actually within a specific set of neurons and might be a
transmitter used by those neurons. That wasn’t really known until 1965.

LH: Well, | suppose that Brodie and his crew established prior to that that serotonin has an
important role in the action of reserpine.

GA: Certainly. Levels could go up and down; reserpine could deplete serotonin in the brain, but
it wasn’t known where the serotonin was in the brain. They were working with whole brain, with
brain homogenates. At that time, nothing was known about the neurotransmitter role or
localization of serotonin. All those classical studies of Brodie, Carlsson, Freedman, and others
were done on brain homogenates. It was Freedman who found in those days, that LSD affected the
levels of serotonin and its metabolites in the brain.

LH: I think it was also Danny Freedman and Nick Giarman who came up with the idea first that
LSD produces a model psychosis by affecting serotonin.

GA: Well, | think by the time they suggested that in the 1950s the model psychosis idea was
around quite widely.

LH: I used to have friendly arguments with Danny about just how good the LSD model was for
schizophrenia. But, regardless, he certainly started you out on a trail of neurotransmitters.
You’ve studied them over the course of a long time.

GA: | started as assistant professor in the department when I got back from the army. It was at the
time when the discoveries of the Swedish histochemists were published showing for the first time
that the origin of serotonin is in the raphé neurons of the brain stem and the fibers from those cells
containing serotonin projected to all other parts of the brain. The information on the release of
serotonin came just a little bit later. In one of my first studies I was showing an increase of
serotonin metabolites in different parts of the brain after electrical stimulation of the raphé neurons
in the brain stem. This was indicative that serotonin had been released.

LH: Did you measure it chemically or histochemically?

GA: | measured it chemically. That was about 1966 or 67.

LH: That was when fluorescence made the scene.

GA: Fluorescence measurements were already on the scene. That was the time when | switched

to electrophysiology because | thought that the activity of these neurons might be very important
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for determining what their function was. | had no background in electrophysiology, but | was able
to make interested a post-doc in the neighboring laboratory of the late John Flynn from Yale, in
starting some studies of this nature. We did our research at night. On the basis of Danny
Freedman’s findings that LSD raises the levels of serotonin but decreases its metabolites, I
hypothesized that LSD might be inhibiting the firing of serotonergic neurons and as a result the
released neurotransmitter would back up but its metabolites would go down.

LH: Well, that’s one of the possibilities, isn’t it?

GA: We did the first experiment one night in the winter of 1967, and it did work. Nine out of ten,
or ninety-five out of a hundred of my hypotheses do not pan out, but that one did. So, | became a
confirmed electrophysiologist from that time.

LH: Well, over the years, | noticed, you published papers with three ACNP presidents: Danny
Freedman, Floyd Bloom, and, more recently, Steve Bunney.

GA: Yes. Floyd Bloom and | were in the same laboratory studying electronmicroscopy in the

1960s. Steve Bunney was one of the first post-doctoral students in my laboratory. He was a
resident in our program in the early 1970s.

LH: And, that’s where he learned his electrophysiology?

GA: Yes. His older brother, William Bunney or Biff Bunney, whom I had known for some years
because we overlapped in residency at Yale, Biff steered Steve my way. Steve started with no
experience, whatsoever, as a post-doc in my laboratory.

LH: The first time | ever heard Steve Bunney give a paper it was at the ACNP meeting in
Phoenix I think. I was impressed and afterward I asked him, “Why don’t you get your older brother
to nominate you for membership of this organization”? And he did. Well, if you had to pick out
of your many papers, two or three that you think it represents your best work which ones would
you pick?

GA: The papers describing the recording of the electrophysiological properties of the
monoaminergic neurons; it was made possible after the Swedish histochemists published maps
showing where they were. The first recording of this kind were of the effect of LSD on the firing
of serotonergic neurons. Then, within the next two or three years in my lab, we went on to record
from the dopaminergic neurons and noradrenergic neurons at a locus coeruleus. That series of
studies and the ensuing papers represent my best work. They were the first recordings from

monoaminergic neurons and described their basic electrophysiological properties and the effects
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of drugs on their firing rate. So, that started off many studies in this area of research and, as you
know, became a major industry.

LH: Oh, yes.

GA: We did that early work in a period of five years starting in 1967 and running until about

1973. We did the LSD studies and described the electrophysiological properties of serotonergic
neurons in 1967 and ‘68 and published our findings in Science. We did the first studies on
noradrenergic neurons in 1971 with a medical student working for the summer in the lab. Then,
when Steve Bunney came along, his project was to record from dopaminergic neurons - that was
in ‘73.

LH: Was he doing it in a single neuron?

GA: Yes, in single neurons. Many, many of the properties of the monoaminergic neurons that are
well known today were discovered in those studies. We learned in those studies that serotonergic
neurons are releasing serotonin at all times in very slow tonic firing; that the tonic firing of
noradrenergic neurons is very reactive to sensory stimuli; and that the firing of dopaminegic
neurons is affected by amphetamines and antipsychotic drugs. One of the main principles derived
from those studies is that monoaminergic neurons have autoreceptors in the somatodendritic region
for their own transmitters and that these autoreceptors serve as a negative feedback regulating their
activity.

LH: Well, that’s an established principle now.

GA: Yes, that principle was derived from findings in these early studies.
LH: That’s landmark work.

GA: It had a major impact for many years on the development in that field through the work of
many, many investigators.

LH: Did you ever think that serotonin would be as versatile as it seems to be?

GA: | certainly did not.

LH: I don’t think anybody did.

GA: | remember when Eli Lilly was developing fluoxetine in the early 1970's; they were not very
confident that they were working on a drug that had any future. But there were a few people who
did.

LH: More in Europe than in America.
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GA: You’re absolutely right there. In Britain, there were those who were inclined toward thinking

that serotonin would have a role in affective disorders. Also, in Sweden, Arvid Carlsson believed
that serotonin might be important for depression. In fact, Arvid Carlsson was involved in the
development of a serotonin reuptake inhibitor, zimelidine.

LH: That looked pretty good for some time, didn’t it?

GA: Yes but it had certain toxicities and was dropped. Meanwhile, Eli Lilly was developing
fluoxetine, but because the developers were not very confident about the prospective marketing of
the drug, the basic science work went on for some years before fluoxetine got into clinical testing.
LH: You know if you look back, though at both, imipramine and amitriptyline were also
serotonin uptake inhibitors, but they, also, had an effect on norepinephrine. | always used to joke
that in this country we bought more norepinephrine than in Europe, whereas in Europe they had
bought more serotonin.

GA: In recent years, because of many atypical antipsychotic drugs block the 5SHT2A receptor,
interest in serotonin everywhere was reawakened.

LH: Do you think that has anything to do with their antipsychotic action?

GA: The most critical test of this is currently ongoing. The atypical antipsychotic drugs that we
had in the past have also other actions. Of course, it’s difficult to sort out the SHT2A blocking
component in their action from the other components. Among the currently used drugs,
risperidone, comes the closest to testing the relationship between blocking 5HT2A and
antipsychotic action. It has a very high potency in blocking 5SHT2A receptors. It is about ten times
more effective blocking 5-HT2A receptors than D2 receptors. Risperidone has now been clearly
shown to be an effective antipsychotic, and that it has antipsychotic effects in a dose range where
primarily it occupies SHT2A receptors without occupying D2 receptors. In higher dose range,
risperidone will occupy D2 receptors and produce extrapyramidal side effects.

LH: Oh.

GA: There is a drug, which was originally called MDL 100907 and, after the takeover by another
corporation, is called now M100907 because the new company couldn’t get that many digits into
their coding system. It has just gone through Phase-I11 clinical trials.

LH: Now, is M100907 solely a 5HT2A blocker?

GA: It doesn’t touch D2 receptors.
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LH: Well, we shall see. I’ve been of the opinion that all of the atypical antipsychotics have in
common a weak D2 antagonism and that D4 or D1 antagonism doesn’t mean a damn thing.
Probably serotonin antagonism doesn’t mean anything, but I may be completely wrong on that.

GA: That’s why this new drug, MDL 100907 is so important.

LH: Well, was not ritanserin blocking selectively serotonin receptors?

GA: Ritanserin does block 5HT2A receptors, but it also blocks SHT2C receptors, and it also
interacts with a number of other receptors, so it is not quite as suitable for testing the relationship
between blocking SHT2A and antipsychotic effects.

LH: It bombed out as an antipsychotic.

GA: It was said to be useful in improving negative symptoms, but maybe not the positive
symptoms. It’s quite interesting that ritanserin doesn’t seem to do the trick, even in animal models.
LH: So, it’s not a true test of the idea?

GA: MDL will be the true test and the results are being analyzed now. But the question in my
mind is that being so selective, as we believe it is whether it would work, and if it works would it
be in just a subset of patients? Probably, all schizophrenias are not the same and it might pick out
a subset of schizophrenias where the SHT2A receptor is important in the pathophysiology;
whereas, it might not have an effect on other schizophrenias where the SHT2A receptor is not
involved. But, that could bring me to the topic of a recent research of mine. I’m inclined to think
these days that it’s really not the monoamine receptors that are primarily involved in
antipsychotic effects, although they may have some impact. I don’t think the existing antipsychotic
drugs are so effective anyway. We know that schizophrenic patients are not going to pop back to
normal living after they are given an antipsychotic drug. So, in our recent research we are studying
whether an abnormality of glutamate release might also be involved. We were led to this
hypothesis by studies on the mechanisms of 5SHT2A receptor activity, and the recognition that the
5HT2A receptors are concentrated in the cerebral cortex. It makes a lot of sense that they are
concentrated in the cerebral cortex because psychedelic hallucinogens that work through the
5HT2A receptor and, possibly, to some degree also through the 5SHT2C receptor, produce not
only hallucinations and illusions but have an effect on all cortical functions, including
cognitive and affective. In recent years we’ve been studying, electrophysiologically, the role of

5HT2A receptors in the psychoses induced by hallucinogens.
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We found that that hallucinogens work as partial agonists of SHT2A receptors in that they don’t
have serotonin’s full effect. What makes a hallucinogen we believe that they lack the other actions
of serotonin that counterbalance the dramatic increase in 5SHT2A receptor activity. In other words,
they leave the increase of SHT2A activity unopposed. However, it is not necessarily the over-
activity of 5SHT2A receptors that produces the hallucinogenic effect but rather, as our studies show,
it is an abnormality of glutamate release that might be responsible for endogenous psychoses. If
over activity of SHT2A receptors were responsible, then drugs that block 5SHT2A receptors should
work right away. However, they don’t. Even with MDL 100907, there seems to be a two, three
or four week delay in the onset of therapeutic effects. Currently there are also ongoing studies with
the ketamine model of psychosis. Ketamine is an antagonist of one type of glutamate receptor, the
NMDA receptor. The ketamine-model of psychosis at first glance seems to be a completely
different model from the LSD, or psychedelic hallucinogen model of psychosis.

LH: I thought it was a much more realistic model.

GA: People have debated that because there’s some overlap between the two models. One obvious
difference is that NMDA receptors are blocked with ketamine but not by the psychedelic
hallucinogens. Recently, however, Bita Moghaddam, a member of ACNP, found that ketamine
induces an increase in glutamate release in the cortex and since the effects of psychedelic
hallucinogens have also been attributed to an increase of glutamate release, the two models seem
to share a common mode of action. There are also findings in PET imaging studies in Europe that
have shown hypofrontality, similar to that seen in schizophrenia, after the administration of
mescaline, a psychedelic hallucinogen, and also after the administration of ketamine. During the
past few years the so-called metabotropic glutamate autoreceptors have been discovered and it has
been shown that glutamate can act on these autoreceptors to suppress glutamate release by a
negative feedback mechanism. In this respect the glutamatergic system is analogous to the
monoaminergic system where monoamines can act on their autoreceptors to suppress
monoamine release. At this time, agonists of these metabotropic autoreceptors have been
developed that can block the effect of psychedelic hallucinogens. This fits with the idea that the
effects of psychedelic hallucinogens are mediated through an excessive release of glutamate.
Furthermore, Bita Moghaddam has also shown that the same metabotropic receptor agonist that

blocks the excessive release of glutamate induced by ketamine or PCP, also blocks the
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behavioral effects of these substances. So, we have at this time two glutamate models of psychosis,
a psychedelic hallucinogen model and a ketamine/PCP model.

LH: I would have thought so because, clinically, the differences are substantial.

GA: That’s quite true. One of the major differences is that there is blockade of NMDA receptors
in the ketamine PCP model.

LH: Then there’s also a glutamatergic-dopaminergic link.

GA: Where that fits into the picture is a little unclear. Bita Moghaddam has shown in her studies,
that PCP and ketamine increase dopamine release, but metabotropic receptor agonists don’t
interfere with that effect. So, we’ve got a new ball game here.

LH: How exciting! I’d given up on hallucinogens.

GA: It’s so exciting that Eli Lilly has become the leading developer of metabotropic receptor
agonist drugs. These drugs are analogs of glutamate with different side groups. It had been believed
that such drugs would not enter the brain, because they are too polar. But, Lilly has succeeded in
developing very highly potent agonists, with nanomolar potency, that can be given systemically
and enter the brain.

LH: Are they actually bioavailable or do they just overwhelm you with their potency?

GA: They have surprising bioavailability. They may be, actually, transported into the brain, but
that’s not been established yet.

LH: I think they are transported into the brain.

GA: They might be transported through amino acid transporters, but that has not been shown yet.
These drugs are effective in animals in very reasonable doses. They were originally developed for
use in treatment of anxiety disorders and are being used currently in clinical trials in these
disorders. But now, because of the new findings that implicate excessive glutamate release in both
the ketamine/PCP and psychedelic hallucinogen models of psychosis, Eli Lilly, through Bita
Moghaddam’s and our efforts, is contemplating clinical trial in schizophrenia with these
substances. We’re anxiously awaiting the inception of those trials. I’ve just brought you right up
to the present.

LH: This is exciting because, I guess, we’ve been desperately trying to get off the dopamine
hypothesis.

GA: This even gets us off the serotonin hypothesis and gets us to the glutamate hypothesis, because

all roads lead to either glutamate or GABA. One can think that monoamines are interacting
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with their G-protein coupled second messenger pathways influencing gene expression,
but in terms of their immediate electrophysiological effects the main function of monoamines is
the modulation of excitatory and inhibitory amino acid transmission.

LH: GABA and glutamate are far more abundant in the brain than monoamines, aren’t they? We
talk so much about the amines, but they are there in relatively small amounts.

GA: Right. So one can think of a defect downstream of the monoamines and a defect, let’s say, in
the glutamate release mechanisms. Monoamines through their action via monoamine pathways
may have some influence on a defective glutamate release mechanism. Perhaps the influence will
not be great enough and will be too slow in coming to translate into optimal efficacy. So, we are
hypothesizing that the monoamines have a rather indirect and distant influence on what may be
the core pathology, which would be downstream, involving glutamatergic or GABAergic
transmission. What might provide specificity is that the metabotropic receptors which modulate
glutamate release and transmission are expressed differentially in the different parts of the
nervous system. There’s one type of metabotropic receptor that’s very strongly expressed in the
cerebral cortex in fibers that, we think, are involved in the action of the psychedelic
hallucinogens.

LH: This isn’t history. This is bringing us up to date. | never realized all these things are going
on.

GA: | would say there are a good dozen posters on studies dealing with metabotropic glutamate
receptors at this meeting.

LH: Well, out of five hundred posters it’s hard to find a dozen.

GA: Eli Lilly has already shown that one can make highly selective drugs that hit predominantly
one or another subtype of metabotropic receptor. So it’s going to be very exciting in the coming
years to see how these drugs, with an action on different subtypes of metabotropic receptors, will
affect mental functioning and, ultimately, to see what therapeutic benefit their use might have. The
first of these drugs, LY 354740, as | mentioned earlier, has already been tested in anxiety disorders
and does seem to have anxiolytic properties. Moreover, these drugs should work very rapidly
because they reach to the heart of the matter rather than influencing it indirectly as the monoamines
have been doing.

LH: Well, there are lots of surprises. So, you come from monoamines all the way up to glutamate

and all the other transmitters.
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GA: To me, the connection with glutamate was a surprise. We started only three years ago with
these studies looking at the effect of SHT2A receptors on glutamate transmission and, at that time,
we had no idea how the metabotropic agonists might fit into that scheme. Nor did we have any
idea that there were drug companies developing selective agonists of metabotropic receptors that
would block the effects of hallucinogens.

LH: Well, that’s a novelty in itself.

GA: This has all happened in the last two or three years.

LH: Well, you’ve had a really exciting career.

GA: Yes, it’s very exciting. One difference between the way things were in the 1960s, when I
got started, and are now is that there was very little knowledge about brain systems at the time. It
would take years to follow up any findings, but now things happen very quickly. The base of
knowledge is expanding so much that it makes one envious of the people who are starting out now.
The knowledge basis is so now much greater and the tools one has to work with are so much better
than they were. The one way | would not be envious is that people starting out now have a tougher
road, because there’s greater competition. There are so many more people in the field. When |
was starting out, there was hardly anyone doing what | was doing. In fact, there was no one doing
what I was doing. But now, that’s not the case. A young investigator comes up with some novel
finding, and in no time at all, ten of the labs will be doing it.

LH: One of the sad developments is the fact that people are reluctant to share their new information
for fear that it will be co-opted by somebody else.

GA: When | started recording from monoaminergic neurons, no one else was doing it, and it took,
actually, several years before other people started doing that.

LH: Now, it would be several weeks.

GA: Yes, | think so.

LH: Well, thank you, George, for coming by and sharing parts of your most interesting career. |
think we’re going to have you back in another ten, or fifteen years to bring the history really up to
date.

GA: Well, I don’t know about that because I’ve developed another interest, which might have a
higher priority in the next ten or fifteen years. That’s a game that one plays with a funny looking
stick with a head at the end of it and there’s a little white ball and you kind of hit it down a fairway.

Well, I’ve been corrupted.
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LH: See, he makes you think that you’ve got a few good shots and he makes you think that you
can do that. Well, thanks for spending some time tracking the electrophysiology of
neurotransmitters and I wish you a lot of luck. And I’'m sure that Tom does, too, because, as
clinicians, we feel very deprived, not being on the forefront of things and not having as many
things to offer patients as we would like.
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2. JOSEPH AUTRY, III

LH: Today is April 15th, Tuesday, 1997. We are in Washington, DC, and doing a series of tapes,
sponsored by the American College of Neuropsychopharmacology. I’'m Leo Hollister, and my
guest today is Dr. Joseph Autry.* Welcome, Dr. Autry.

JA: Thank you.

LH: First of all, I detect a somewhat different accent from the usual American accent and in looking
over your CV | found that you graduated from the University of Rhodes, which I didn’t recognize
as an American University. Is that Rhodesia?

JA: No, it’s Rhodes University in Memphis, Tennessee.

LH: Really?

JA: 1t’s a small private Presbyterian college.

LH: I’ll be damned. That really surprises me. So, Memphis, TN, and then you went to the
University of Tennessee for your MD degree.

JA: That’s correct.

LH: And how did you get into psychiatry?

JA: Well, | guess it started in undergraduate school. | started out majoring in chemistry and math;
got bored with math and picked up a second major in psychology. | became interested in doing
experiments in psychology and realized | could combine chemistry and psychology if I went into
medicine and into psychiatry. | wanted to be able to use medications to help treat psychological
disorders.

LH: So, your interest primarily was in the psychological area, but you figured medicine was a

better entry into what you wanted to do in it.

*Joseph Autry was born in Pine Bluff, Arkansas in 1943. He graduated from the College of Medicine, University of
Tennessee and trained in psychiatry at National Institute of Mental Health. He participated in research on
schizophrenia and bipolar disorder at NIMH and subsequently joined the Extramural Research Program of NIMH
where he helped implement the NIMH Treatment of Depression Collaborative Research Program, the Behavioral
Medicine and Psychobiological Processes Program, and the Mental Health Clinical Research Centers Program. He
was interviewed in Washington, DC on April 15, 1997.
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JA: Right.

LH: And then what did you do?

JA: | went to the University of Tennessee Medical School, got involved in research there in the
early days of using lithium to treat bipolar illness and then started on a NIMH fellowship and
worked in the area of immunoglobulin research in schizophrenia for a couple of years.

LH: Was that also at Tennessee?

JA: That was also at the University of Tennessee. Then | did a straight medicine internship at
Baptist Memorial Hospital, came to the National Institute of Mental Health in their old model
residency training program; went from there into the Center for Studies of Schizophrenia, and into
research.

LH: So, early in your career, then, you were involved in both, treating bipolar illness and later
schizophrenia.

JA: That’s correct.

LH: What were the drugs in use at that time for schizophrenia?

JA: The primary ones we had were the phenothiazines, most notably, Thorazine or
chlorpromazine, and Stelazine or trifluoperazine.

LH: What date was that?

JA: That would have been in the late 1960s, early 70s. Haloperidol was one of the key drugs that
came on the scene late in that period of time.

LH: Chlorpromazine was really the first landmark. | guess haloperidol was in a lesser way.

JA: Right.

LH: As all of them are lesser. The difference between having chlorpromazine and not having
chlorpromazine was a major change.

JA: That was night and day. It certainly changed the treatment for schizophrenia in that period of
time.

LH: And then what did you start doing?

JA: After my residency, | became chief of psychiatry at the Naval Operations Base in Norfolk,
Virginia, for two years, and then came back to NIMH in 1975. | headed the depression section in
the extramural research program, started the behavioral medicine and psychobiological processes
program, and then the mental health clinical research centers program.

LH: I see. Can you tell me a little more about each of those?
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JA: That’s ancient history now.

LH: I’m not too familiar with them.

JA: In the depression program and the clinical research program, we were looking at the etiology
of depression, working to diagnose and categorize mental illnesses better, including the affective
disorders.  We looked at the genetics underlying the depressive disorders and developed
instruments for measuring change in depressive symptomatology in conjunction with the
psychopharmacology program of Al Raskin and Jerry Levine. And in the behavioral medicine and
psychobiological processes program, we were interested primarily in disorders like anorexia
nervosa, bulimia, looking at behavioral correlates of these disorders, and for sequelae of physical
disorders such as diabetes mellitus and cardiovascular disorders. The mental health clinical
research centers program was the first program that NIMH sponsored that funded both basic and
clinical research at the same institution trying to form a bridge between the basic sciences and the
clinical sciences. It has been a very, very successful program over the years.

LH: Very necessary, too.

JA: Yes.

LH: Now, were these intramural or extramural programs

JA: These were extramural programs. | did some research of my own in that period of time
looking at the influence of drugs in the treatment of depression, and then comparing drug treatment
with psychological treatment in depression, working with Morris Parloff and Irene Waskow.

LH: Was this part of the emphasis on depression that occurred when Gerry Klerman was director
of ADAMHA?

JA: That was part of it. Gerry was one of the investigators working with Myrna Weissman, who
worked in the program where we had two short-term forms of psychotherapy, cognitive behavior
therapy and interpersonal psychotherapy, compared to drug treatment, looking at the benefits in
depression. And to everybody’s surprise, we actually found that they both worked very well, the
short-term psychotherapy interventions as well as the drugs. We now know, of course, that the
combination of psychotherapy and medication works better than either one of them on its own.
LH: That makes sense.

JA: Yes, it does. But sometimes you have to do the research to prove what makes sense.

LH: I think that report was criticized. The drugs worked better in more severe depression.

JA: That’s correct.
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LH: And the psychological treatments were more effective in the less severe depression. | suppose
in practice that might be translated to say that when someone is seriously depressed the first line
of treatment should be with drugs, and as patients come out of depression, to get long lasting effect,
one should try the interpersonal and social kind of therapy that Gerry and Myrna were interested
in. Is that a correct interpretation?

JA: I think it is a correct interpretation, but | also think that what we have seen in clinical practice
is that there is an evolution to using medication more frequently in more patients so that even for
moderate depression or even fairly minor depression now, a number of people use drugs as part of
their first line of attack on depression.

LH: Yes, but despite all the emphasis that NIMH has placed on depression, | recently ran into Bob
Hirschfeld’s article in JAMA about the under-treatment of depression. It still exists.

JA: It still exists. You have to remember that tertiary specialists, like psychiatrists only see about
20% of the people who are depressed and, hence, they prescribe only about 20% of the medication
that is used for depression. Most treatment for depression is still carried out by primary care
physicians. | think as newer generation antidepressants have come on line that have less side
effects than the ones of the older generation, you are seeing more and more primary care physicians
using pharmacological treatment. Unfortunately, I think they tend to under prescribe or under dose
when they use medication. And a lot of times they just flat out miss the diagnosis of depression.
LH: As you said, they probably under diagnose.

JA: That’s correct.

LH: It’s so subtle because hardly anybody comes in and says, gee, | feel depressed, you know.
They come in with a variety of somatic complaints that can lead you down a lot of blind alleys.
JA: In talking to my internist friends, they say that probably 40 to 50% of the patients that they
see have some significant component of depression or anxiety disorder.

LH: It is interesting that you have mentioned the two together, because for many years John
Overall and I were doing studies in depression, and we found that anxiety was just as frequent and
just as severe in depressed patients as depression.

JA: I think that’s absolutely correct. I think you also are seeing that many of the antidepressants

have, in turn, been used to treat anxiety disorders over the past several years.
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LH: I think Ron Lipman did a study some years back in which he showed that imipramine was
equivalent to one of the benzodiazepines, | forget which one, in anxious patients. The only trouble
is it’s much easier to take the benzodiazepine.

JA: Absolutely.

LH: Tricyclics are not too pleasant to take for patients who are not depressed. So, now you’ve
covered depression, schizophrenia and anxiety. What else have you been into?

JA: Well, we worked on post-traumatic stress disorder (PTSD) for a while with Jack Masur. That
was at a time when there was very little research on PTSD. We actually found that it was a very
definable syndrome and one that was amenable to treatment, both with psychotherapy and also
with medication. | think probably the biggest advance we made was not in the
psychopharmacology area, interestingly enough, but in the area of diagnosis and eventually
developing DSM-I111, DSM-IIIR and DSM-IV. 1 think that has really revolutionized psychiatry in
this country.

LH: Yes. PTSD is certainly not limited to Vietnam War veterans.

JA: Absolutely not.

LH: It can occur in everyday life, that some terrible thing happens, and people get involved in it.
So what is the drug treatment of choice for that?

JA: It depends on the symptomatology. Many times you can use an antidepressant or a
combination of an antidepressant and a benzodiazepine, and it works quite effectively for those
folks.

LH: Speaking of benzodiazepines and depression, have you ever been convinced that alprazolam
has any special benefits in depression?

JA: T have read the studies, but I have not seen it happen clinically when I’ve tried to use it that
way.

LH: Another thing that | have always been puzzled about is panic disorder that Don Klein first
started talking about in the 1960s, which I think is a new name for an old phenomenon. It was not
until 1980 or so, that panic disorder became epidemic. It happened to coincide with the
development of alprazolam that was looking for a niche in treatment and came up with panic
disorder. But that is probably blind speculation.

JA: Well, I don’t know that it is necessarily speculation. [ sometimes think that disorders do

follow the availability of drugs rather than the other way around.
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LH: That’s a good way to put it. So, God, you’ve had your hand in a lot of different things. Now,
your role in these was to put out contracts or just put out word that grants would be available in
these areas.

JA: When you develop a program, what you have to do is to specify the kind of applications that
you are interested in. So you set some general guidelines or general parameters, and then solicit
grant applications in that area through what is called a request for applications. We also have a
program called a cooperative agreement program in which extramural program staff is working as
intramural program staff with investigators in the field. And then if you want something very
specific, such as you want to have better diagnostic criteria, you can put out a contract that spells
out the terms of what you want. What we are interested in doing is trying to find emerging areas,
or areas that have been under researched, and stimulate research in those areas. Sometimes that is
done by soliciting applications for a cooperative agreement or research grants, and sometimes by
working with colleagues in a mentoring program to help them develop interest in a particular area.
LH: A lot of it seems to follow the early philosophy of Jonathon Cole’s Psychopharmacology
Service Center that identified an area, say, newly admitted schizophrenics, and solicited grants for
their study in that area, and then later identified another area, say depression, and so on. What are
the newer programs of interest now?

JA: 1 think probably the newest development has been the development of the clinical
neuroscience centers, which are under Steve Koslow. There has been emphasis on trying to
stimulate basic research that is specifically related to disorders such as schizophrenia or depression
or anxiety disorder. There has been more funding toward the molecular biology end of the
spectrum as opposed to the clinical end of the spectrum. And then, of course, the development of
newer generations of drugs has been a startling phenomenon over the past five to seven years.
LH: I had occasion last year to write Steve and ask him for a copy of the wonderful 2nd edition of
his book on neurosciences and psychiatry. | was involved in the first edition, but the field has
passed me by.

JA: It’s a rapidly advancing field. There are techniques that are out there now that neither you
nor | learned about in medical school or our training.

LH: Oh, you have to run like hell just to keep up with the pack these days. It is not easy. Well,

do you think the federal government, especially the Institutes of Mental Health and Drug Abuse,
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will continue in the future to try to identify areas of needed research and stimulate them by the
mechanisms that you have described?

JA: Yes, | think that is absolutely essential. Even though grant money has gotten a lot tighter in
recent years, | think there are numerous fields in which knowledge still needs to be developed. We
don’t have any perfect treatment for any disorder at this point in time. I think as long as we are
dealing with disorders and we don’t have ways of preventing them and we don’t have perfect
treatments for them, there is going to be continuing need for research. 1 also think that the basic
research arena, which is just burgeoning with new knowledge, is going to change the face of
modern psychiatry in the next 5 to 10 years.

LH: The genetics of many disorders has been a very difficult area?

JA: It has and continues to be.

LH: I have come to the conclusion that no two of us, even of clones or twins, identical twins, are
alike, and especially in our brains. Every one of us has a unique brain, and that may explain the
complexity of trying to tie down genetics or specific genes to mental disorders. But, again, that’s
just a hunch.

JA: Well, 1 think one of the things that we do know is that all of us process information differently.
LH: Yes.

JA: And even if we are looking at the same phenomenon and we have had the same amount of
training, we are going to see it a little bit differently. Even in identical brains you are going to have
slightly different processing, and when you process input differently it changes your behavior. It
changes how you react to those things. So, it is a very complex area.

LH: The old story of witnesses of the same event coming up with different versions.

JA: Right.

LH: Sometimes it has occurred to me that although the programmatic emphases of the Institutes
have generally been pretty timely, the grant structure is set up so that you have to come in with
something that almost is certain to be proved, and that’s not the way to get really new
knowledge. | would sometimes prefer seeing much smaller grants, but many more that were given
to people whose ideas were crazy but have got enough logic behind them and the necessary
ways to test them that you could get an answer. What do you think of that approach?

JA: | think you are quite correct, that there is always a tension between innovative or, as you put

it, sort of cutting edge crazy kind of research, and incremental research where you go from one
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incremental step to another incremental step. 1 think what has happened as grant money has
become more scarce, you’ve seen people wanting to fund more safe research where we can make
incremental gains. | think that, from my own perspective, you really need to have a small amount
of money set aside just to fund people who have really new and innovative ideas that may have,
you know, some rational basis behind them, but don’t have the pile of data or the research to back
them up. I think we sometimes miss a lot of things by funding incremental research only. That’s
sort of like the story of the drunk who lost his car keys. He’s wandering around under the street
lamp looking for his car keys, and they’re saying, “Well, why are you just wandering around under
the street lamp?” And he says, “Because that’s where the light is.” I think research is like that. A
lot of times peer review committees want to look where the light is, or at best around the edges of
that light, rather than going off into the dark and looking for the keys.

LH: In fact, you are almost naive to come in with a new grant proposal without at least some
preliminary work that shows it’s feasible and there might be some promise to it, which almost
makes it a fait accompli when you do the research.

JA: Right.

LH: Well, are you planning to continue your career in mental health administration?

JA: For a while, yes. I’ve got a few years left before I want to retire. And right now I’m working
with a program that oversees drug testing.

LH: For what?

JA: For 120 federal agencies, and we are developing and evaluating new testing technology, and
that’s kind of exciting. It’s one of the few places in the federal government where you can actually
take research and turn it into public policy in a matter of months.

LH: Well, that is unusual. Yes, indeed. Is this regarding drug abuse?

JA: Right, regarding drugs of abuse.

LH: So, what do you think of the war on drugs? Are we seeing the light at the end of the tunnel?
JA: | think we are with the war on drugs, like we are with any epidemic. Right now the epidemic
is winning, and it’s going to take a while before we can get it turned around in this country. It’s
much like we were in the early days with mental illness. We have even less effective treatments
for drug abuse in this country, and | think until we can develop better ways of treating drug abuse
we are going to have an ongoing problem. When you talk about biological processes and social

processes interacting, | think, drug abuse is a prime example of that. What starts out as a
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sociological or behavioral phenomenon very rapidly turns into a biological or addictive
phenomenon, and I think we have a lot to learn about that process and how to treat it.

LH: And it takes about a generation to change habits. | remember in the early 1960s | had a young
fellow working in my lab who had been on the track team at the University of Oregon, and he used
to do a lot of running. And people would see him running, and they would make the kind of
motion, like he was crazy. And now, of course, you see runners all over the place, and people who
don’t run almost have to feel embarrassed because they are not part of it. | think that came about
after President Kennedy had a President’s Council on Physical Fitness that gave some cache to
doing this sort of thing. So it takes a while to change what is in and what’s out.

JA: | think one of the things that we are seeing now is that, at least in a number of areas, drug use
is beginning to be an out phenomenon that it is not socially acceptable, and I think that is a
phenomenon that we have to promote.

LH: Well, it has been most successful, I guess, with nicotine addiction. | predicted many years
ago that the best way to go about it would be if it is made socially unacceptable by putting on
pressures. The pressure has now been graduated to limiting spaces for smoking, looking down on
smokers, ridiculing them, making them feel sort of ostracized. In my house, anyone who wants
to smoke has to go outside to the deck and smoke there, but not in the house. So I guess social
persuasion is the way to go.

JA: | think that can be very effective, but I also think you have to sort of inoculate each new
generation that it’s unacceptable. We are now seeing that the junior high school kids are starting
to smoke again, and it has become acceptable in that population. So you have to go and work in
that population to make it socially unacceptable again.

LH: Well I think the administration’s effort to curb the promotion of smoking among young people
is very laudable, and I hope it’s successful.

JA: Yes, | think that nicotine is a perfect example of where the science has been known for years,
and yet it took decades to get that science put into public policy.

LH: It is very discouraging to hear a very prominent politician denying that nicotine is addictive.

JA: 1t’s discouraging to hear tobacco-company executives to deny it too.

LH: And, of course, there are a lot of senators from your area who still think that it is not addictive.
We still have a long way to go in educating the public.

JA: Yes, we do.
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LH: In looking over the entire field of drugs of abuse, everybody says that treatment is the way to
go, and I think there is a lot to commend treatment over interdiction, but the evidence for the
effectiveness of treatment, if you take away the effect of methadone and those kinds of
treatments, isn’t all that persuasive really.

JA: It’s gotten better in recent years. There are three studies out now. One in Minnesota, one in
California, and a national study called the National Treatment Improvement Evaluation Study
(NTIES), which show that regardless of what form of treatment you administer that all of them
can be effective in reducing the amount of drugs used, reducing the use of the primary drug, getting
people back into employment, and reducing the social consequences of crime associated with drug
use. | think we will see more of that kind of data emerge as new treatment studies come about. |
think the area that we are the weakest in is the area of prevention for substance abuse.

LH: Well that gets back to the social change that we were talking about.

JA: Right.

LH: Well, the recent study though on the MATCH program, for instance, wasn’t very satisfying.
JA: No.

LH: If we use the right program for the right person we should expect to get a good result.

JA: 1 think, again, that’s a problem. It reminds me of where we were back in the late 1960s and
early ‘70s when we were looking at findings with psychological treatment for depressive or anxiety
disorders. What we found was that the nonspecific factors of psychotherapy tended to be the most
predictive of outcome and that if you tried and individualized the therapies and took out all the
nonspecific stuff, you got less effect. | think we are in the same place with substance abuse. These
days it’s the nonspecific things that you do in therapy that tend to be the most effective.

LH: Just like making a suit of clothes. You have to tailor the measurements to the individual.

JA: That’s correct.

LH: Well, do you have anything you want to predict about the future of psychopharmacology from
your own point of view as overseeing the broad picture.

JA: I’ve long since given up my crystal ball about predicting what’s going to happen in the future,
but | do see some very encouraging signs. | think that some of the newer molecular biology
techniques are going to lead to newer drugs that are going to be much more specific in terms of
their therapeutic actions and much less problematic in terms of side effects. 1 think that will be a

real step forward in the field.
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LH: We may be getting drugs that affect more basic mechanisms than the current ones do. Well,
there’s hope. I think, say 35 years ago when I began in this area, we all hoped we’d be further
along than we are now, and yet by the same token, we haven’t done too badly. I’ve got a project
in mind to compare the advances in treatment of hypertension, say, versus treatment in mental
disorders.

JA: Oh, I think mental disorders are hands down ahead of that.

LH: You think so?

JA: | really do.

LH: Well, I don’t know. I think it’s a fairly even match. But, of course, hypertension is so
ridiculously simple compared with mental disorders in terms of how to diagnose it and how to
explain the pathogenesis. What actually prompted me to think of such a project was that in the
early 1950s one of the foundations put out a book called America’s Health in Mid Century, and
they identified a dozen problems one of which was schizophrenia and one was hypertension. And
| thought it might be a good exercise to see where we are by trying to compare the progress in
these areas. We have made a fair amount of progress, | think, comparable to other areas of
medicine.

JA: | think if you look at the number of clinical trials and the number of new medications that
have been developed, and if you look at the amount of research that has been done to understand
the basic underpinnings, then I think mental health comes out way ahead.

LH: Well, I'm glad to hear that. That’s a really encouraging note. Well, thank you very much for
giving us your viewpoint on where we have been, where we are going, and how to get there.

JA: It’s been a pleasure. Thanks.
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3. JULIUS AXELROD

LH: Today is April 14, 1997, and we are in Washington doing another tape in our series of the
history of psychopharmacology. I’'m Leo Hollister, the interviewer. Our guest today is a man who
needs no introduction, Julius Axelrod.” Welcome, Julius, and thank you for coming.

JA: It’s a pleasure.

LH: Your life began in New York.

JA: Yes, on the lower east side of New York. It couldn’t be more deeply in New York.

LH: A typical American saga.

JA: Well, I suppose so. My parents came from Austrian Poland, at the beginning of the century.
They met and married here.

LH: Were they fleeing a pogrom?

JA: No. Inthe Russian part of Poland there were pogroms, but not in the Austrian part. It was a
little bit more liberal. Franz Joseph was the emperor there, and he was a little bit more tolerant
towards Jews. It was mainly poverty.

LH: They just wanted to get to the land of opportunity.

JA: Yes, the golden land.

LH: Well, unfortunately they didn’t find the streets paved with gold.

JA: No, not at all. But they talked to people who came from the same area of Poland and they
informed them what to expect.

LH: They networked.

JA: Yes, networked.

*Julius Axelrod was born in New York, New York in 1912. He received his bachelor's degree in biology from the
College of the City of New York in 1933. He worked briefly as a laboratory technician at New York University, then
in 1935 he got a job with the New York City Department of Health and Mental Hygiene testing vitamin supplements
added to food. While working at the Department of Health, he attended night school and received his master's in
sciences degree from New York University in 1941. In 1946, Axelrod took a position working under Bernard Brodie
at Goldwater Memorial Hospital. In 1949, Axelrod began work at the National Institutes of Health (NIH). Realizing
that he could not advance his career without a PhD, he took a leave of absence from the NIH in 1954 to attend George
Washington University Medical School. Allowed to submit some of his previous research toward his degree, he
graduated one year later, in 1955. Axelrod then returned to the NIH and began some of the key research of his career.
Axelrod received the Nobel Prize in 1970, along with Bernard Katz and UIf von Euler, for his work on the release,
reuptake, and storage of the neurotransmitters epinephrine and norepinephrine. He died in 2004 in Bethesda,
Maryland, USA. He was interviewed in Washington, D.C. on April 14, 1997.



36

LH: Were you the only child?

JA: No, I have two sisters. | was the oldest. | was born in 1912.

LH: You know there’s a current idea about birth order.

JA: Yes.

LH: David Healy tells me that most of the people he interviewed have been either first born or an
only child.

JA: Oh, really. I don’t know whether there is anything to it, but it’s interesting.

LH: So, you have two sisters. Are they both alive?

JA: No, they both died this year. I’m the only surviving member of my siblings. We lived in a
part of New York that was almost all Jewish. We stayed in a certain area because otherwise we
were either beaten up or called all kinds of names. But | enjoyed that life. We were very poor.
LH: I guess that was common, though, wasn’t it?

JA: Yes, it was. We were very poor, but I didn’t know any better. That was life. Amongst the
Jewish people there was quite an intellectual foment. There were theaters and libraries, and a lot
of talk and lot of politics. Most of those living in that area were socialists. Actually, we had a
socialist congressman, Pankin.

LH: Yes, | remember him. That was not a bad idea in those days.

JA: No, it wasn’t. The Russian revolution occurred around 1917 and people there were split on
the basis of whether they were reading the socialist or the communist newspaper.

LH: Well, you know socialism in a democracy, as done in the Scandinavian countries, is pretty
benign.

JA: Yes, but the discussions in our area were sometime very emotional.

LH: Political discussions can get pretty emotional.

JA: For me they were very interesting.

LH: You went to the New York public schools?

JA: The first public school I went to was built before the civil war. There was one famous alumnus:
Isadore Robbie, a physicist. He graduated long before me. And in high school, | went to Seward
Park on Hester Street. | wanted to go to Stuyvesant, a school fairly close by where all the smart
kids went to, but I couldn’t get in. I wasn’t that smart.

LH: What a paradox.
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JA: Well, I wasn’t a bad student, but I wasn’t in the top of my class. But I enjoyed going to
Seward Park. We had a lot of interesting alumni. Most of them were entertainers: Walter Matthau,
Zero Mostel, and Tony Curtis were all graduates of Seward Park. And also the songwriter, Hip
Haburg; Over the Rainbow was one of his songs.

LH: A lot of talent came from that area.

JA: Oh, yes.

LH: Where did you go to college?

JA: | went to City College. That was a tuition-free college. It was sort of a poor man’s Harvard.
It was not easy to get in. It was one of the fortunate things for me because if it weren’t for a tuition-
free college, I never would have gone to college. We couldn’t afford it at all. And I really got a
high quality education there. We had some world-class teachers. In philosophy we had Morris
Rayfield Cohen.

LH: He wrote a textbook.

JA: Yes, he was a famous philosopher. We had good teachers in chemistry, biology and some
other subjects. I wanted to get into medical school and majored in biology and chemistry. When 1
graduated | applied to several medical schools, but I could not get into any.

LH: You think that was due to the quota system?

JA: Well, to the quotas they had at the time. The only graduate | know who got into medical
school was Arthur Kornberg. He wasn’t my classmate. He was about three years behind me. He
was a smart Kid.

LH: He was an MD, wasn’t he?

JA: He got an MD, yes. | graduated from college in 1933.

LH: Ooh, bad time.

JA: It was a bad time to graduate, especially from City College. Fortunately a stroke of luck
determined my whole career. | heard of a position to work in a laboratory as a volunteer for $25
a month and | applied for the position. | could have worked in the post office for more than $25 a
month, but | accepted the position at the Harriman Research Laboratory of NYU. Making that
choice was very crucial to my career. | was a technician in the laboratory of Dr. K.G. Falk, a
biochemist. He was fairly well known by chemists because he wrote a textbook on the
mechanism of enzyme action. He worked on enzymes in malignant tissues, and I got my first taste

of research by assisting Dr. Falk.
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LH: So that was the door to biochemistry in your career.

JA: Yes. | became very much interested in biochemistry. Well, after two years | decided to get
married. My wife was a student at Hunter College, and we just couldn’t live on $25 a month.

LH: That old saying that two can live as cheaply as one is not true.

JA: Fortunately, the city of New York opened up a laboratory to test vitamins, and food
supplements. It was a non-profit laboratory. This was in the 1930s. Vitamins were just being
developed and they became a big thing. Still are to a degree. They added vitamin A and D to milk,
and various supplements to bread. My job was to set up assays to measure the vitamins in foods,
in milk, in bread and in pills. I didn’t develop my own methods but had to modify the existing
methods. For this | had to read the original literature. It was a very good experience for me because
methods are so crucial to research. If you have a hypothesis or an idea, you wouldn’t get very far,
if you can’t develop methods for testing it. Well, I learned a good deal about devising methods,
and not only chemical or microbiological methods. They were using a spectrophotometer, and |
got a great deal of experience working with it that was very useful for me. | thought I would stay
in that lab for the rest of my life. The salary wasn’t bad. The work was fairly interesting. And |
kept up with the literature. The laboratory subscribed to The Journal of Biological Chemistry that
| read, and so | had a feel for what was going on in those days, mainly in enzyme research, vitamins
and nutrition. 1 was working there for 11 years. In 1945, the head of this vitamin-testing laboratory
was George Wallace, the former chairman of pharmacology at NYU. He was editor of The Journal
of Pharmacology. And one day a group of people from an institute for the study of analgesic drugs,
a consortium of manufacturers involved in selling drugs like acetanilide, came to Dr. Wallace with
the problem that some people became habituated to bromoseltzer...

LH: That had bromine in it.

JA: Yes. But it also contained acetanilide and many people taking the drug got
methemoglobinemia. They were very concerned about this and wanted to find out why people get
methemoglobinemia on acetanilide. They came to Dr. Wallace for advice, and Dr. Wallace asked
me whether | would like to work on this problem. | said yes, but | told him also that | had no
experience in research at all. So he said, well, I can send you to one of my associates, Dr. Bernard
Brodie, at NYU.

LH: Oh.

JA: You probably know him. They called him Steve Brodie.
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LH: Your name has been intimately connected with his ever since. Two giants of...

JA: Well, anyway, | called Brodie one day and he asked me to visit him. He was then at Goldwater
Memorial Hospital, that was on an island now called Roosevelt Island. | remember that day. It was
in 1946, a very fateful day for me. It was Lincoln’s Birthday, February 12. Brodie was a magnetic
man with a great deal of presence. We talked about the problem | was supposed to address. | was
fascinated just talking to somebody like him. He had a way of talking that | found stimulating.
The first thing he told me that anytime one takes a chemical or drug, the substance changes in the
body, it’s metabolized and transformed. He asked me to put the structure of acetanilide on his
blackboard. And I did. Then he said, let’s look and see what kind of changes this molecule can
undergo. Acetanilide consists of an aminobenzene ring with an acetyl group. One possible change
is the removal of the acetyl group that should result in aniline. And | vaguely remembered that
aniline could cause methemoglobinemia. So I learned right away the importance of asking the right
questions. The second question to be answered was whether aniline was really formed from
acetanilide. In order to answer that question one has to develop methods to measure aniline in the
blood and the urine. Brodie was a great methods man, and we developed a specific and sensitive
method to measure aniline in the urine, plasma, and blood. And I took some acetanilide and found
some aniline in my urine. So we knew we were off.

LH: Self-administration, huh?

JA: Yes. There were patients at Goldwater Memorial Hospital. We gave them acetanilide and
found aniline in their urine. I don’t remember whether they gave informed consent but we
definitely told them that the powder they were given was harmless and used for treating
headache. Then I took some aniline myself. I thought I’d turn blue.

LH: Prove it beyond any question, huh?

JA: It was really crazy.

LH: Did they have the methylene blue treatment for it then?

JA: No. I didn’t take that much. I became a little woozy but found a lot of methemoglobin in my
blood. We did show that there was a direct relationship between methemoglobinemia and aniline
in the blood. And so we solved that problem.

LH: This was the first demonstration, | guess, that a toxic effect of a drug could be due to the
metabolism of the compound.

JA: One of the first demonstrations.
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LH: Did you do this work at Goldwater?

JA: Yes. | have forgotten to tell you that Brodie asked me to come and work with him there,
although the laboratory | worked for at NYU paid my salary. And we also found that when one
takes acid anilide, aniline represented only about 4%, a very small amount of the entire drug. So,
there was also some other pathway for the metabolism of the drug. Well, within three months we
identified acetanilide’s major metabolic product. It was acetyl-para-aminophenol. Dr. Brodie
checked it for analgesic activity and it was just as good an analgesic for headache as acetanilide.
It had the advantage that it wasn’t toxic. It did not cause methemoglobinemia. We suggested that
it should be used instead of acetanilide. It was used mainly by pediatricians, because it was soluble.
This work led to the publication of my first paper.

LH: Now this was phenacetin?

JA: No. Acetanilide metabolized by hydroxylation to acetyl-para-aminophenol and phenacetin,
and phenacetin metabolized by de-ethylation to acetyl-para-aminophenol. I think that Squibb had
a concoction that consisted of aspirin, phenacetin and acetyl-para-aminophenol. They called it
acetaminophen because of the acetyl-para-aminophenol it contained. But then the company sold
the compound to McNeil. Acetaminophen puttered along until Johnson & Johnson bought
McNeil in 1970 and had a very powerful marketing campaign for Tylenol. It was their name for
acetaminophen.

LH: A very successful drug.

JA: Very successful. All we got for it was a $10,000 grant. But | got out of it much more, the
beginning of a research career. | was pretty good at research, and | loved it. At the time all I had
was a master’s degree in chemistry from New York University that I earned by taking night courses
while | worked in the vitamin testing laboratory. So that was the beginning of my career as an
investigator.

LH: So you found that acetanilide metabolized to phenacetin and phenacetin metabolized to
acetaminophen?

JA: Both acetanilide and phenacetin are metabolized to acetyl-para-aminophenol. We didn’t call
it acetaminophen.

LH: I think that was probably the first time that sequence has ever been used.

JA: Yes, it was. We showed that a drug could be metabolized to a toxic metabolite as well as to

a nontoxic metabolite. Actually there was a precedent for this before when in the early 1930s
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Gerhard Domagk developed prontosil (for which he received the Nobel Prize), a very toxic
substance that metabolized to sulfonamide.

LH: Well, sulfonamide was the first really effective antibacterial drug.

JA: Yes, and it revolutionized medicine. Antibiotics, penicillin came later. People think that drug
metabolism is not in the mainstream of science. But it certainly was, at least in these cases. Well,
let me talk to you about Goldwater Memorial Hospital. During World War 11 malaria was very
prevalent in the troops fighting in the Pacific and the Japanese cut off the supply of quinine. There
was a need for new anti-malarial drugs and Shannon, a renal physiologist, was asked to test
clinically some synthetic anti-malarial drugs at Goldwater. This happened before Shannon went to
Bethesda to become the founding director of the NIH. Shannon had a good nose for picking people
and he had at Goldwater a group of young people who, instead of fighting in the Pacific, worked
with him on the clinical testing of anti-malarial drugs. The group included Bob Berliner, Bob
Bowman, who was to develop the spectrophotofluorimeter, Sidney Udenfriend, Stu Broad, the
cancer man, Tom Kennedy, David Earl Steele, an internist, and several others. It was a stimulating
group of people. They had a great influence on my thinking. Well, after working for four years
at Goldwater, I knew that I didn‘t have a chance for an academic appointment without a PhD. I
had no inclination at the time to take a PhD. And then | saw an advertisement in The New York
Times that Shannon was appointed director of the NIH. | wrote to him and he hired me. Well, the
NIH then was not like it is now.

LH: No, but, let’s see, that was 19497

JA: Yes, that was when congress established the National Institutes of Health. It was not just the
Heart Institute but also the Cancer Institute, the Arthritis Institute, and various other institutes.
The Mental Health Institute was started with Bob Felix as the director. And Shannon persuaded
Steve Brodie, Bob Berliner and Sid Udenfriend to join him. He recruited a remarkable group of
people. In building three, there were 3 people who ultimately became Nobel Prize winners,
Kornberg, Anderson and myself, and there were 20 people who became members of the National
Academy of Sciences. It was just a small building of three stories. Well, a secure job meant more
than anything else to me, and particularly a job doing research. When | joined NIH, | worked first
under Brodie. He recruited a lot of people and had a very large team and I wasn’t happy after a
while working in a large group. | was offered a position by one of the drug companies, and I told

Brodie that I would like to leave. But he asked me: “Well, what would it take for you to stay?”
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And I answered: “Well, if I could be completely independent to do my work I would stay.” I didn’t
have a PhD yet. Still he said: “Fine.” So my first project was to study the fate of caffeine in man.
There was no study on it in spite of the fact that caffeine was the most widely used drug.

LH: Still is.

JA: Yes, it is. | did that work all myself but got only one senior-authorship in 15 to 20 papers we
have written. | became interested in sympathomimetic amines, amphetamine, ephedrine. They
interested me primarily because they affected behavior. They also raised blood pressure and being
in the Heart Institute, 1 thought it would be a good idea to work on the metabolism of
sympathomimetic amines. | worked out the metabolism of amphetamine and became very
curious why the body can metabolize thousands of synthetic compounds it never saw before. |
thought 1 would like to tackle the problem how the body can do this. My lab mate, the man who
occupied the bench next to mine, was Gordon Tompkins, a post-doc then with Brodie.

LH: He died early, didn’t he?

JA: Yes. He was a brilliant fellow. I used to have wonderful times with him. He was a very great
raconteur. He also used to play the clarinet in the evenings at a nightclub. Knowing my interest in
drug metabolism, one day Gordy Tompkins asked me: “Julie, why don’t you find out what
enzymes there are?” 1 told him that I have no experience in enzymology. But he said all you need
is a liver where the enzymes are and a razor blade. One used to work making slices of the liver in
those days to study metabolism. By that time | had a method for measuring amphetamine and
learned that amphetamine was not deaminated by monoamine oxidase, because it did not have
the right structure for it, but by another enzyme. And | was curious to find out what part of the cell
carried out amphetamine’s metabolic deamination. Just around that time Pauletti had described
methods to separate the various sub-cellular fractions, such as the mitochondria in the liver by
differential centrifugation in sucrose. I learned these methods and found that when the various sub-
fractions were separated amphetamine couldn’t be metabolized. It was metabolized only when I
used cofactors like TPN or APN. At the same time Bert La Du was working in Brodie’s laboratory
on a similar problem, and he found that TPN could cause the metabolism of one of the drugs | was
working on. | think it was antipyrine, or something, | forgot, that required ATP to metabolize.
Well, anyway, when | added TPN to the mitochondria, amphetamine was metabolized. But |

wasn’t very careful and didn’t wash the mitochondria.
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Fortunately Bernard Harke, a very good biochemist, who was working on the pentose phosphate
shunt in the laboratory below mine, loaned me many of the substrates he used, and | found that
any time | added a substrate like isocitric acid or gluconic acid to the unwashed mitochondria,
amphetamine was metabolized. That is amphetamine was deaminated. And when | added isocitric
acid and TPN to the mitochondria, it generated reduced TPN. So when | then washed the
mitochondria and added reduced TPN, amphetamine was metabolized. So | knew | had something
there. | was also working at the same time on ephedrine and when | added ephedrine to the
mitochondria it was demethylated. So here were two different metabolic pathways using common
cofactors, reduced TPN and oxygen. One pathway led to the deamination of amphetamine, and the
other pathway to the demethylation of ephedrine. | knew we had something. We called the
enzyme responsible for the two pathways of metabolism, the microsome. It was this discovery that
led to the parting of Brodie and I. I wrote two abstracts based on my findings for the pharmacology
meeting in 1953. When Brodie saw these abstracts he became very upset.

LH: Was he upset about the order of authorship?

JA: No, he wasn’t a co-author at all. He didn’t do anything. He was upset that I solved the
problem because there were other people working in the lab trying to solve the same problem. He
put the whole laboratory to work on this line of research and it worked on almost any drug they
tried. And they wouldn’t allow me to publish my paper until the rest of the laboratory did all of
their work. And he called us all together and said: “Let’s publish this in Science and let’s do the
authorship alphabetically.” T realized that I would be cursed. They just put my name first. So I
knew then that | had to leave. | had to get my PhD.

LH: Well, by that time, you had more than enough work for a PhD.

JA: Of course | did. I applied to George Washington University, a local school. | knew the
chairman. He told me: “Well, since you have a master’s degree, you will not have to take any
courses, but you will have to pass very tough exams in five subjects: physiology, biochemistry,
drug metabolism, and some other fields. And as far as your thesis is concerned, you can use the
work you did on the sympathomimetic amines and the enzymes.” I had already published four
papers by then and 1 just put them together in my thesis. | was also asked to give a course in drug
metabolism while working for my PhD. Although I didn’t have to do it, I decided that I shouldn’t

take a chance and took the courses for the medical students on the various subjects. Shannon, the
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director of NIH, was very generous. He said | could take a year off for my PhD and will still get
my salary.

LH: It seems paradoxical that you would be taking courses on drug metabolism.

JA: Well, let me tell you, | had to take the exams on drug metabolism after | gave the course
because it was required. I didn’t pose the questions so, somebody else did.

LH: Now, when you started working on the sympathomimetic amines, had epinephrine been
already discovered?

JA: Epinephrine was discovered way back in 1897 by John Abel. He isolated it from the adrenal
gland.

LH: But it wasn’t identified as a transmitter.

JA: Well, there was a big controversy about the neurotransmitter of the sympathetic nervous
system. Walter Cannon thought it was epinephrine. He called it sympathin A. And then von Euler
actually isolated the substance and showed that it was norepinephrine.

LH: Was he the one who called it sympathin first?

JA: No, that was Cannon. It’s a pity that Cannon didn’t get the Nobel Prize. He certainly
deserved it.

LH: Oh, he was a giant.

JA: Yes, he did so much work on stress and behavior; how stress affected the various organs.
Well, | left the Heart Institute and sent my application to the Cancer Institute and to the Mental
Health Institute. At the time Seymour Kety was the director of the intramural program of the
Mental Health Institute. He called me for an interview and seemed to be very pleased with it. He
thought | had a good chance for a position at the Institute and sent my application to the heads of
several laboratories. One of the people he sent it was Ed Evarts. I don’t know whether you know
Ed?

LH: Evarts? Yes. He was billed as a physiologist, wasn’t he?

JA: Yes, but he was a psychiatrist and neurologist. He was working on LSD then. He saw my
application and asked me if 1 would join his laboratory. | said of course and after | got my PhD |
was working in his lab on developing a method for the detection of LSD. LSD at that time was a
big thing in psychiatry. They thought it was a good tool to study. LH: Model psychoses.

JA: Actually a nurse can recognize the difference between LSD and amphetamine.

LH: That’s what we found.
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JA: Yes, | know. | remember when you did that work. Anyway, | developed a method for the
detection of LSD. Bob Bowman at the time was developing a fluorometer, and I asked him whether
| could use it. He gave me one of his experimental models, and | developed a method for the
detection of LSD. And Ed Evarts and | studied the metabolism and distribution of the substance.
We found that it went into the brain in incredibly small amounts. It must have been a very potent
drug. Anyway, | got my own laboratory. | was working alone by 1955. | had no experience in
neuroscience at all. | know very little about the brain. | thought that neuroscientists had to be
very gifted theoreticians and experimentalists working on this very complicated electronic
apparatus. | was worried that Kety would want me to work on schizophrenia or depression. But
he said: “Julie, you can work on anything you want as long as it’s important and its original.” So
| started to work on the metabolism of drugs that | knew best, on morphine and the conjugation of
morphine. 1 also collaborated with Jack Strominger, a very good biochemist who is now a noted
immunologist, on how glucuronide conjugation was a major mechanism for detoxifying drugs.
There was a paper just published showing that glucuronides were formed by a cofactor, uridine
diphosphate glucuronic acid, when Jack and | met at NIH, and since | had a good method for
measuring glucuronides, Jack suggested that we should study glucuronide conjugation. To do our
research we required uridine diphosphate glucose that we could convert to glucuronic acid either
by TPN or DPN. Herman Colcott happened to be at the NIH. He was a very distinguished Danish
biochemist. I don’t know whether you know him. He had uridine diphosphate glucose. So we all
collaborated and showed that DPN, NADP plus uridine diphosphate glucose would form morphine
glucuronide. At that time | had to leave the laboratory to get my PhD but Strominger purified the
enzyme and published it. When I returned to the Mental Health Institute, | noticed a paper by Rudy
Schmidt, the former dean of the San Francisco medical school, who found that bilirubin was
detoxified by forming a glucuronide and if this glucuronide didn’t conjugate one gets jaundice. I
called him and told him that I think I can find the enzyme that makes bilirubin glucuronide. We
collaborated on this project and found the enzyme that forms bilirubin glucucronide. Then Rudy
Schmidt told me about a mutant strain of rats, the Gunn rat, studied by Castle at Harvard that has
jaundice. He thought it would be a good idea to see whether or not they developed jaundice because
they couldn’t form bilirubin glucuronide. Sure enough, we found that there was a defect in these

rats in their liver, an inability to form glucuronides. | told Rudy Schmidt that we found that
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acetaminophen was formed from phenacetin by glucuronidation and that we got some patients who
had Crigler-Najjar disease and gave them acetaminophen.

LH: And they couldn’t conjugate that either.

JA: Exactly. Well, they could, but very, very weakly. | felt little guilty not working on the brain.
Well, around 1956 Ed Evarts stepped down from his position of lab chief, because he didn’t like
to be an administrator, and Seymour Kety stepped down from the directorship of the Institute, to
become the head of the Laboratory of Clinical Science. During his tenure we had seminars every
week. And on one of these seminars we had a report from two Canadian psychiatrists who found
when they left adrenaline in the air it turned pink.

LH: Oh, the famous pink spot.

JA: Well, that comes later. What they claimed was that they started to hallucinate when they took
the pink adrenaline.

LH: Oh, this was adrenochrome.

JA: Right. Yes, you remember that one.

LH: Was this Hoffer and Osmond?

JA: Yes. They had a great impact on my life. Let me tell you what happened. They claimed that
schizophrenia, possibly, would be caused by an abnormal metabolism of adrenaline. I was
fascinated by this report. And I looked through the literature but all I could find was that there was
an enzyme, monoamine oxidase discovered many years before by Blaschko that deaminated
adrenaline.

LH: Would that be the same enzyme you were using for deaminating amphetamine?

JA: No, that was the microsomal or P450 enzyme. It is one of the most studied enzymes in the
world. Well, anyway, | thought, I might as well work on the metabolism of adrenaline since it is
so closely related in structure to amphetamine. First | tried to look for the enzyme that converted
adrenaline to adrenochrome. | spent four frustrating months but couldn’t find that enzyme. Then,
one day there was an abstract published by McMillan and Marvin Armstrong showing that patients
with pheochromocytoma excreted a lot of a compound called vanillylmandelic acid. It was a
methylated compound and by looking at its structure | knew that it must be coming from adrenaline
or noradrenaline. And | suspected that it was formed first by the methylation of adrenaline or
noradrenaline and then by the deamination of the resulting substance by monoamine oxidase.

I thought the methyl donor was adenosylmethionine. I didn’t want to ask Cantoni who discovered
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that the methyl donor was adenosylmethionine, so looking for this methylating enzyme | added a
cofactor that contained adenosylmethionine, magnesium, liver extract, methionine and ATP. |
found that when | added all these ingredients, adrenaline disappeared. It was metabolized. So |
knew that | had an enzyme there that transferred the methyl group of adenosylmethionine to one
of the hydroxy groups of adrenaline. We called the methylated substance metanephrine.

LH: Of course, to do all this work, the Bowman spectrophotofluorimeter was indispensable.

JA: Well, yes, that’s what [ used. We didn’t have radioactive isotopes. And | had a new enzyme.
We called it catechol methyl transferase. And at the time there were only two neurotransmitters
recognized: one was acetylcholine and the other was noradrenaline that was discovered by von
Euler a few years before. There were a lot of other putative neurotransmitters, e.g., serotonin,
dopamine. Well, Nachmansohn and Leary discovered that acetylcholine was inactivated by choline
acetyl transferase. So I thought that the catecholamines, noradrenaline and adrenaline would be
inactivated by catechol methyl transferase. But just around that time, Zeller discovered an
inhibitor of monoamine oxidase.

LH: Iproniazid.

JA: Yes, but when they injected iproniazid to inhibit the activity of monoamine oxidase, it didn’t
affect the metabolism of norepinephrine sufficiently to be reflected in blood pressure changes. And
we found an inhibitor for catechol methyl transferase. It was called copaline or something like that.
But when Dick Crout, who worked at the Heart Institute, inhibited both enzymes, i.e., monoamine
oxidase and catechol methyl transferase, and injected norepinephrine, the action of norepinephrine
on blood pressure was still rapidly terminated, in spite of the fact that the functioning of both of
the enzymes responsible for the metabolic breakdown of norepinephrine were blocked. So we
knew that they were not these enzymes alone that inactivated norepinephrine.

LH: So you didn’t stop at the enzymes.

JA: Well, then, of course, it really became an intriguing problem, what was happening. Well, just
about the time | was conducting these experiments, Kety ordered some tritium-labeled adrenaline
to study the metabolism of adrenaline in schizophrenics to see whether the adrenochrome
hypothesis is true. | asked him for some tritium labeled adrenaline. By then Irv Kopin and | already
identified several metabolites of adrenaline and noradrenaline, e.g., normetanephrine, MHPG, so
that Kety could study the metabolism of adrenaline in schizophrenics. Well, when | worked on

drug metabolism I used to study the tissue distribution of the drugs and their metabolites. So we
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studied the tissue distribution of tritium-labeled adrenaline, and found that it persisted in many
tissues unchanged, long after the physiological actions of the substance were over. | realized that
the highest concentrations were found in organs that contained a lot of sympathetic nerves, such
as the heart and the spleen. So we suspected it must be sequestered in sympathetic nerves. And
that was an important finding.

LH: That was a revolution.

JA: Yes, what it led to...

LH: The reuptake mechanism.

JA: Right, exactly. Let me tell you how we did the rest of it. Around that time | was attracting
post-docs. One was George Hertting. He was a real classical Viennese pharmacologist, and when
| was discussing with him how we could prove that norepinephrine is taken up in sympathetic
nerves, he came up with a very brilliant idea. He said, well, what we can do is, take out the superior
cervical ganglia unilaterally. When we do that, the nerves will degenerate on one side and we will
have a unilaterally denervated animal. And when he did what he suggested and injected radioactive
noradrenaline he found that the radioactivity was localized only on the inervated side. So we knew
that it was going into the nerves. We also realized that we had something very important. So
we were thinking of other experiments. In one of these experiments we perfused
norepinephrine in the spleen, and when we stimulated the nerves to the spleen there was a release
of noradrenaline from the spleen. And we knew that noradrenaline was not only taken up but that
it was also released from the sympathetic nerves of the spleen. We called this process reuptake. In
the next experiment we did autoradiograhy. It was carried out by Lincoln Potter, one of my first
post-docs, who worked together with Keith Richardson and David Wolf, who were
autoradiographers. | happened to be working on the pineal then that is very rich in sympathetic,
noradrenergic nerves. And when we injected radioactive noradrenaline to do autoradiography,
Wolf told me that it should take weeks before we will get the films ready. | was very impatient
and asked him to try to have it in two days. And we had it in two days. All radioactivity was in the
sympathetic nerves, localized over dense core granules in little vesicles. We suspected that these
little vesicles were the storage place of noradrenaline. We also studied the distribution of
noradrenaline with Weil-Malherbe, a German biochemist who did a lot of work on the
biochemistry of mental illness. He left Germany during the Nazi regime and he developed

methods, while he was in England, for measuring adrenaline. Well, I thought, let’s measure the
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effect of drugs on the uptake. We couldn’t do it in the brain because the noradrenaline we
administered didn’t cross the blood-brain barrier. The first drug Hertting and | tried was cocaine
and found that it blocked the uptake of noradrenaline into the tissues of the heart and the spleen.
And we tried a whole bunch of drugs. Amphetamine did the same thing as cocaine. But we wanted
to get into the brain. At the time | had another post-doc, Jacques Glowinski, who is now vice-
president of the College of France. Most of my young people turned out very well.

LH: You’ve had so many distinguished graduates.

JA: Well, Glowinski developed a technique of introducing radioactive noradrenaline right into the
third ventricle. And we tried antidepressant drugs, a whole series of tricyclics. We got them from
Geigy. We gave these various tricyclics and then we injected radioactive noradrenaline into the
brain and measured the amount of radioactive noradrenaline in the nerves before and after the drug
injection. And we found a reduced level of radioactivity in the nerves only when we gave a
clinically effective tricyclic drug. Later on one of my post-docs, Joe Coyle, found that not only
were the antidepressants blocking the reuptake of noradrenaline, but they also blocked the reuptake
of dopamine. Then Sol Snyder found that the antidepressants blocked the reuptake of serotonin as
well. Antidepressant development was based on the employment of simple methods of reuptake
inhibition. Thousands of synthetic drugs were screened with these simple methods rather than
giving the drugs to humans. That’s why it was so easy to develop these antidepressant drugs.

LH: Those methods are probably still used.

JA: They still are, of course. In fact they call these drugs serotonin reuptake inhibitors or
whatever.

LH: After you discovered that the action of neurotransmitters was terminated by reuptake, did you
ever have the idea that this was going to be important enough to win a Nobel Prize?

JA: Well, we all think we’ll win a Nobel Prize. But, you know, at the time the catecholamines,
norepinephrine, dopamine, were hot subjects and there was von Euler, and there was Carlsson...
LH: Did Carlsson work in your lab too?

JA: No, he worked with Brodie. Carlsson, Blaschko, Butterworth and I, we all worked with
Brodie. | thought that I might have a chance to get the Nobel Prize, but there were those other
people deserving it also.

LH: Crowded field, huh?
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JA: Yes. | got it with von Euler and Bernard Katz. There were a lot of other things I did. One, of
course, was the discovering of catechol methyl transferase. We also found the enzyme that makes
adrenaline, noradrenaline, phenylethylamine. Well, the PNMT story is an interesting one. Dick
Wurtman got his MD from Harvard and when he came to my lab as a post-doc, he pointed out that
in the adrenal gland of the rabbit, the cortex is separate from the medulla, and the catecholamine
in the medulla is noradrenaline exclusively. Since in animals in which the cortex and medulla are
not separated, the medulla contains also adrenaline, we suspected that the cortex has something to
do with the formation of adrenaline from noradrenaline by methylation. Evidently the
glucocorticoids were somehow affecting the synthesis of adrenaline. To study this further we
hypophysectomized rats and found that it caused a decrease in the synthesis of cortisol and a
decrease in the activity of PNMT. But we also found that when we gave dexamethasone to
hypophysectomized animals, PNMT activity was increased.

LH: Nature made sense putting the adrenals where they were.

JA: Exactly. And we also showed that the brain can stimulate tyrosine hydroxylase, the enzyme
that is required to make dopamine and also the rest of the catecholamines, trans-synaptically.
We’ve done a lot of experiments with Hans Thoenen and Bob Muller in this area of research, but
when Dick Wurtman came I was working on the pineal gland. I don’t know whether you want to
hear that story?

LH: Oh, yes, sure. | had a little adventure with the pineal gland myself.

JA: Yes, | know. And | think Altschule thought that the pineal gland was involved in
schizophrenia. | came across that story in 1958 in an article by Aaron Lerner, a dermatologist and
biochemist at Yale, who found that when he took an extract of the pineal gland and added it

to a tank where tadpoles were swimming, it blanched the skin of the tadpoles and affected their
melanophores in some way.

LH: Did Lerner use the term melatonin?

JA: Well, that’s what he called it. He isolated the active principle that was responsible for
blanching the skin of tadpoles and that was melatonin. It’s a methylated serotonin. And I saw that
abstract. | became very much interested in how melatonin was made because of the methyl group
it has. Herb Weisbach together with Sid Udenfriend worked out the metabolism of serotonin.
Since melatonin was a serotonin analogue, I asked Herb whether he wanted to collaborate with me

to find the enzyme that makes melatonin. And he wanted to collaborate. I don’t want to go into the
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details. We found two enzymes: one, acetyl transferase, that acetylated serotonin, which later
became a very important enzyme, and another, that methylated acetyl serotonin to melatonin. And
what Dick Wurtman and | had found was that light would affect the synthesis of melatonin. That
is, In the dark there was more melatonin synthesized than in the light.

LH: Was more melatonin synthesized in light or in darkness?

JA: It was more in the darkness. Well, anyway, | love working with the pineal gland. Usually
when I was working with catecholamines, many experiments didn’t work and that made me feel a
little depressed. But every time I did an experiment on the pineal gland, it worked, and it sort of
lifted my spirit. It was a good antidepressant. It was a wonderful gland to work with. Well,
anyway, Dick and I called the pineal gland the neuroendocrine transducer. It was in ’63 or 64 and
we couldn’t measure melatonin directly then. What we could measure was serotonin, its precursor.
Then, when Sol Snyder came to work in my lab, and he came just around that time, Sol and |
developed a very sensitive method to measure serotonin in the pineal gland of the rat. And just by
measuring serotonin we found that in the dark serotonin was very low and in the light it was very
high. The reason for the low serotonin and high melatonin in the dark was, that in the dark
serotonin was acetylated and methylated, so it was just the opposite of melatonin. We thought that
would be a measure of melatonin synthesis. Then Bob Moore came to my laboratory to work on
this project. He brilliantly identified that the biological clock responsible for the formation of
melatonin from serotonin at nights was in the suprachiasmatic nucleus and the pineal gland, that
did a lot of other things as well, was just an arm of that clock.

LH: Did you ever think melatonin would become such a big thing as it is now?

JA: Well, I think it’s a lot of hype. It may have something to do with sleep, I think.

LH: I think so.

JA: Yes, but cancer and aging and all of that, it’s a lot of baloney, I think.

LH: It makes some sense that it may be related to sleep and perhaps the fragmentation of sleep in
older people.

JA: Oh, sure. | know Dick Wurtman actually uses melatonin for all kinds of indications. I think
they sell it over the counter now because it’s a natural compound. It’s a big seller.

LH: Well, I didn’t think there were many things that would put me sound asleep until | tried

melatonin. But melatonin sure could put me to sleep.
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JA: Yeah, I tried it. It didn’t help me. Well, anyway, that’s the short history of melatonin. We
also found that it stimulated the B-adrenergic receptor that in turn stimulated the enzyme acetyl
transferase. It was acetylation as David Klein had shown that drove the biological clock.

LH: The cycling of melatonin.

JA: We missed that one. Let’s see, where am [ now?

LH: Well, you must be somewhere close to about 1970.

JA: Well, then | worked on methylation reactions, on histamine methyl transferase, which is the
major enzyme for the inactivation of histamine. Then we found a curious enzyme that
methylated tryptamine in the lung and the brain. It became a big thing. Some people thought it
might be one of the compounds that would cause...

LH: Endogenous psychosis.

JA: But, I didn’t buy that. It was too simple an explanation. Our brain was not that simple. But
it was fun working on it, and it gave other people something to work on. You remember the pink
spot and the Ackerfeld test?

LH: Oh, yes. Once Ackerfeld and I were on a panel together, and he was reporting on his negative
results.

JA: Well, he wrote a very influential article for Science about the kind of sloppy work done. You
know they found that the reason why schizophrenics reacted differently from normals on the
Ackerfeld test was that they didn’t drink orange juice.

LH: Well, there was a wonderful article published way back in the 1950s. A biochemist from
Illinois wrote something called “Fact and Artifact in the Biology of Schizophrenia,” and it should
be on everybody’s wall.

JA: Of course. | remember one story that happened at the Mental Health Institute. They were
doing studies on paper chromatography in the ‘50s and found that schizophrenics always had two
spots, which the controls didn’t. Kety was very skeptical about the finding. He said something
must be wrong. And when the findings were scrutinized it turned out that the controls were
Mennonites who didn’t drink coffee. So, you know, you have to be very critical about this sort of
thing.

LH: Well, you didn’t rest on your laurels after 1970, but have done a hell of a lot of things since
then.
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JA: Well, yes. | worked on the transduction of arachidonic acid. | retired officially in 1984. |
wasn’t even called emeritus, but a guest worker, a guest researcher. I was interested in
transduction reactions, and one transduction reaction we were especially interested in was the
receptor-mediated activation of phospholipase A2. We found that it formed arachidonic acid, a
very active carcinoid substance.

LH: So you began to get in the 3rd messenger field.

JA: 2nd messenger. I didn’t get to the 3rd messenger. It got too complicated. But I was involved
in research with Carol Gelsma on G proteins that became very important in signal transduction.
LH: Oh, yes.

JA: Actually, the Nobel Prize was given to Marty Rodbell and Al Gilman for that discovery. These
G proteins were heterotrimers. You know, it was thought that the alpha subunit activates
phospholipase C or A, or whatever, when the first messenger, a transmitter or a hormone,
recognizes a receptor. But, later it was shown that it was the [,y-subunit that activates
phospholipase A2. We sent that paper to Nature. They rejected it. And just four months later
another paper came out saying that the B,y - subunit activates one of the potassium channels. The
B,y -subunit became a big thing. Of course, we didn’t get much credit for it. If Nature would have
accepted our paper, we would have gotten more recognition. But it was fun working in this area
of research. One problem I’m working on now should have importance in neuropharmacology. It
IS cannabis.

LH: Yes, the cannabinoid receptor.

JA: Right. It was cloned in my laboratory by Lisa Matsuda and Mike Brownstein.

LH: You know Raphael Meshulam?

JA: Sure, of course. Once the cannabinoid receptor was identified we knew that there had to be a
natural ligand for it. And Bill Devane, who worked in Meshulam’s laboratory at Hebrew
University, actually isolated the natural ligand. It is arachidonoylethanolamide, which they
named anandamide. Bill Devane came to my lab and we found one of the enzymes that make it.
It’s one of the enzymes that make anandamide. I think it’s an important enzyme because its
receptor is distributed in very interesting places: the hippocampus, the striatum, the cortex, and
the cerebellum. It must be doing important things. | think it has a great future.

LH: This raises an interesting philosophical question. Why in the world would the body have

receptors, as you mentioned before, for drugs it never heard of?
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JA: Well, these receptors were there for the normal ligand. Evidently, they lack specificity but
they have survival value. | have a feeling that the anandamide receptor is not there to give you a
high. It’s there for other reasons. It must be for very important reasons because of its
distribution.

LH: Yes. What we need is a theory very similar to what the Japanese fellow did with the antibodies.

JA: Oh, sure. Well, 1 think like the antibodies, we can recognize and detoxify any compound that
the chemists can synthesize. But anyway, we are at it for an hour and a half.

LH: No problem.

JA: You should have gotten by now a general idea of what | have been doing.

LH: Well, I think it has just been a remarkable career. You have had more influence in
psychopharmacology than any person | can think of, largely because of the eminence of your
graduate students and fellows.

JA: Well, thank you. You’re very kind. But, you know, these post-docs were so bright to begin
with. And when they came to my lab, | realized that most of them were much smarter than | am.
You know, | could never have gone to Harvard Medical School or Hopkins or wherever they went.
They picked up things fast. They developed things. But I think the interaction between their good
brains and my ability to see connections made a good combination. 1 tried to pick a problem that
we’re both interested in, and got them enthusiastic enough to succeed initially, so that they could
go off on their own, as most of them did.

LH: Now it goes into the second generation. There is this wonderful book, called Apprentice to
Genius, in which you figure very prominently.

JA: Yes, well, I came out very well in that.

LH: And now you tell me you are going to be 85. But, it’s so true, you know. You and Brodie
had a tremendous influence.

JA: Yes, Brodie had a tremendous influence. 1 think | mentioned it in the book that the greatest
thing that happened to me in research was working with Brodie. The second greatest thing was
leaving Brodie. It’s been beyond my wildest dreams to think that I would last so long and will do
the things I did. It was very satisfying.

LH: Well, it must be a very satisfying career to look at, and | think the whole story of your life is

inspirational.
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JA: Yeah, well, you know, I wasn’t a brilliant student. I was a good student. I will be 85 years
old next month, on May 30.

LH: And you still have a laboratory.

JA: Yes, actually, 1 have a new post-doc now. I can’t tell you much about what we are doing
because it is still in the process of development, but if it does develop it’s going to be an interesting
thing.

LH: I see you are still publishing.

JA: Oh, yes, | publish, but not like I used to. | used to publish 15 to 20 papers a year. It is good
if I publish one or two a year now. I’ve been lucky. You know, doing research wasn’t always a
very happy experience. There are lots of disappointments. Most of the experiments don’t work
out. I had very high expectations, and when experiments didn’t work I felt pretty depressed. But
once an experiment works, there is nothing like it.

LH: Well, you certainly have been an inspiration, and | want to thank you so much for taking time
out and coming down here.

JA: Well, it’s a pleasure. I don’t know whether you want to ask me any more questions.

LH: I just wish you could be around for the next 50 years.

JA: Well, I’'ll be happy to hang around until the year 2000.

LH: And see all the great developments in the future.

JA: Well, things are happening so fast. You know, just in the last five years the reuptake molecule
has been cloned. We call it a transporter.

LH: It’s an exciting period.

JA: Yes, | know. I think neuropharmacology has a great future.

LH: Thank you so much. It has been a great pleasure.

JA: Well, thank you.
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4. FRANK]J.AYD, JR.

LH: Frank*, you are one of the older hands in the field of psychopharmacology. I think you were
one of the faces on the historic photograph taken at the Woodner Hotel a number of years back
where the founding fathers met together. How did you get into the field?

FA: Well, Leo, I got into psychopharmacology because | had some experience before I graduated
from medical school with the impact of electroconvulsive therapy (ECT) on my father, who
happened to be a manic-depressive. | saw the dramatic effect of ECT on my dad. He made a fairly
prompt recovery and didn’t require hospitalization again. At the time we didn’t have succinyl
chloride, intravenous barbiturates, or the machinery that we have today. So it was a rather crude
thing. Still, it worked. But it did produce a lot of memory impairment.

LH: That got you into the biological side of it.

FA: | had started a residency in pediatrics but got called to active duty by the Navy. In the
incomprehensible way the Navy does things | was assigned to surgery at Bethesda Naval
Hospital with no manual dexterity whatsoever and no interest in surgery.

LH: You actually went to surgery from pediatrics.

FA: That’s right. Quite a change! At any rate, Admiral Hogan was commanding officer at the
Naval Hospital at Bethesda, and | knew him. He happened to be Roman Catholic and we had been
at a couple of retreats together at the Jesuit retreat house at the Naval Academy. So | had no
hesitancy in saying to him: “hey, Ben, somebody’s made a terrible mistake.” He looked at my
credentials and said: “well, we need psychiatrists. I’'m going to send you to Bainbridge and they’ll
loan you to the VA hospital at Perry Point.” So I went into that program. I thought it was a fate
worse than death, because | had no real interest in psychiatry. But | was determined that | could
take care of the physical aspects of things. It didn’t take me very long, Leo, to realize that chronic

schizophrenics are a different breed from the rest of us; they have altered temperature and pain
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sets. The only physical treatments at that time were insulin coma and ECT and since | had seen
what ECT did for my father I volunteered to do the ECT. While at Perry Point, | was approached
in my third year by Squibb. They had mephenesin, a muscle relaxant.

LH: That was sort of a meprobamate-like drug?

FA: That’s correct. It preceded meprobamate. Anyhow, they were interested in somebody doing
a study to see whether it had any value as a sedative drug. I did a small study in a number of
chronic schizophrenics, and it did absolutely nothing. But it got me identified as an individual who
might be interested in doing research with pharmaceuticals in psychiatric illnesses. As a
consequence, when | left Perry Point and went into private practice, | received a phone call from
a psychiatrist by the name of Bill Long. Bill was with Smith, Kline and French (SK&F). He knew
me because his brother had taught me. And he said: “I hear you’ve got some interest in testing
drugs.” And I said: “I do.” And he said: “Well, we’ve got one from Rhone-Poulenc, and we’re
looking for people who will take a look at it.” I agreed that I would take a look at it. That was in
December 1952.

LH: Needless to say that the drug was chlorpromazine.

FA: It was chlorpromazine. | tested initially the 10-25 mg dose. Within a year, | had enough
data to prepare a paper. | presented the paper at the Southern Medical Association meeting in St.
Louis. Titus Harris and Doug Goldman were the discussants. The paper was well received and
CIBA had somebody at the meeting. I don’t remember his name.

LH: Dick Roberts?

FA: No, it was somebody that I didn’t know. But somebody from CIBA approached me after |
had given my paper and wanted to know if | would be interested in taking a look at reserpine. |
said, “Well, I’'ll try it.” So | did. And the following year | gave a paper on both chlorpromazine
and reserpine at the American Psychiatric Association (APA) meeting in Atlantic City. And from
there on it’s just been plucking at one drug after another, trying to determine not only whether they
work, but also how do they work, and at what price.

LH: Itake it that your initial experiences with chlorpromazine and reserpine impressed you pretty
much about their efficacy.

FA: That’s correct. Mainly, the experience with chlorpromazine. Reserpine worked, but the price
was too much in the way of side effects. | was never convinced that reserpine was a depressogenic

agent. It certainly produced enough, not dangerous, but uncomfortable side effects. I
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considered it really wrong to persuade a patient to take this stuff for a long time because the
benefits were not that apparent as they were with chlorpromazine.

LH: So you got launched in the field after working with those two drugs, and you say you’ve
studied God knows how many. How many drugs did you study?

FA: Well, I really don’t know the exact number, but practically speaking, every neuroleptic that
ever got on the market in this country except for Clozaril (clozapine) and Risperdal (risperidone).
I’ve looked at both after they were marketed. I don’t do any more research prior to marketing. It’s
impossible to do that now.

LH: Why?

FA: Well, first of all, managed care is having its impact on your capacity to do research. I’'m in
private practice and if you are not approved with a particular insurance carrier, then you lose the
patient unless they can pay out of their own pocket. The number of my new referrals decreased
because | have not become a Health Maintenance Organization (HMO) or preferred provider
doctor. And I don’t want to be. I want to maintain my autonomy and independence. That’s the first
problem. The second problem is, you know as well as I, Leo, the Food and Drug Administration
(FDA) criteria for baseline data has increased tremendously. A lot of people just don’t want to do
electrocardiograms (EKG’s), electroencephalograms (EEG’s), and maybe even ophthalmological
examinations, often at their own expense, to get a medication and a general physical free. So
research with outpatients is declining. At any rate, | looked at not only the antipsychotics, but also
the antidepressants. Nate Kline and | were good friends up until the day he died. But Nate got very
angry with me because | published a paper on Marsilid (iproniazid) in the American Journal of
Psychiatry. It was just a brief report, but he felt that 1 did it to steal his thunder, which was not the
case.

LH: Oh.

FA: Nate was the man who got the credit for the discovery that monoamine oxidase (MAO)
inhibitors were psychic energizers. As you know, it was disputed whether it was him who deserved
the credit. In fact, | ended up with Henry Brill testifying along with Jack Howard in a court case.
LH: In Saunders’ suit?

FA: Saunders’ suit against Nate. Saunders didn’t sue the first time when Nate got the Lasker

Award for reserpine. But when he got the second one, he said | should have gotten that.
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LH: Well, I don’t think Lawrence Saunders was very active in Nate’s work with reserpine, but he
was probably intimately involved in the work with Marsilid.

FA: I’m sure he was. He left CIBA to join Nate at Rockland State. But, as you know it did end up
in the courtroom. It was finally settled, and Nate got the credit.

LH: Well, that’s not the first time that a major prize has been disputed.

FA: No.

LH: I think somebody disputed Waksman’s Nobel Prize for streptomycin.

FA: Yes, | know that only too well.

LH: Ican’ttell you anything you don’t know.

FA: He went to Israel when the Waksman Institute was dedicated. On his way back he stopped
to have an audience with the Pope, and | interviewed him for the Vatican radio. At the luncheon
after the interview, we got talking about different things, and he mentioned that he had been almost
sued, so to speak.

LH: You indicated that early on you did a whole lot of clinical studies, but it is difficult to do these
studies now in private practice.

FA: Oh, yes. Number one, it was easier to do clinical studies then. Number two, there was no
competition. I was a pioneer. There weren’t many people around doing clinical studies with drugs.
It’s no secret, Leo, in my hometown of Baltimore I was looked upon as an oddball, the guy who
instead of thinking about the id and ego was interested in what’s going on in the brain of people
who have different psychiatric disabilities, and trying to treat them with chemical restraints, as
they called it in those days.

LH: Oh, really?

FA: Oh, yes. | was different. There were very few psychiatrists either at the University of

Maryland or at Hopkins working with drugs.

LH: I can’t think of anybody from Baltimore in the early days. How about this fellow
Winkelman in Philadelphia? How did he get on to work with chlorpromazine?

FA: Well, Bill worked in Philadelphia. He’s an analyst working in private practice, but he always
had some interest in physical methods of therapy.

LH: I thought he was a prominent neuropsychiatrist and neuropathologist.

FA: That’s correct. Bill was serving as a consultant to SK&F. He and Bill Long. Long was an

eclectic psychiatrist. That’s how Winkelman got chlorpromazine.
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LH: Were you aware of his work at that time?

FA: When I first went to meet Dr. Long he told me about Bill. In fact, it was just about that time
that Bill’s article appeared in the JAMA (Journal of the American Medical Association). So he
was really the first in the United States to do enough patients to get a paper together.

LH: Now, of course, you knew Heinz Lehmann as well.

FA: Oh, yes. | met Heinz very early. He was the first in North America, not just in Canada. | also
met, of course, John Kinross-Wright. In 1953, Bill Winkelman, Frank Jay and John Kinross-
Wright were the three people who did the early work with chlorpromazine in the United States.
LH: | guess reserpine was only Nate.

FA: Nate Kline was the principal man with reserpine. | did some work with reserpine, but I didn’t
go on beyond the first 50 or so patients, | then stopped.

LH: I don’t know whether that chap, out in Augusta State Hospital who also got that Lasker
Award for reserpine was working about the same time as Nate. I can’t remember his name.

FA: T can’t think of his name either. | guess that shows where we are.

LH: So much for glory. While we are talking about studies here, what was the drug that impressed
you most?

FA: Well, obviously, chlorpromazine was tremendously impressive; mainly because of its
immediate impact on agitation and anxiety. You could take a pretty disturbed individual and in a
matter of hours you could see a change. They were still hallucinating and they were still deluded,
but by God they were changed. In the antidepressant field it was impressive to see patients respond
to imipramine almost as well as some responded to ECT. They were not the psychotically
depressed patients, but what you would call in those days endogenous depressed patients; those
patients, who come in with a history of recent weight loss, have early onset of their disease and
late insomnia. You know, they’re melancholic; they have a lot of vegetative symptoms and so
forth. With an adequate dose of imipramine in a matter of four to six weeks you saw a lot of
dramatic improvement in these patients.

LH: When you go from nothing to something that works, that’s a huge jump. But then after that,
the jumps become incremental.

FA: That’s very true. But you see, they opened a whole new field. I mean it was the first really
good option in the treatment of depression beside ECT. The monoamine oxidase inhibitors

(MAOIs) had also a place in the treatment of depression. They still have a very valuable place.
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But you had the problems of the side effects of Marsilid (iproniazid) which were not necessarily
dangerous, but troublesome. Then you had the problem of jaundice.

LH: | got that on the third patient I used Marsilid on.

FA: A couple of patients died, and that really hurt. For a while it looked like the end of the MAOI
and would have been the end if SK&F had not already started looking at tranylcypromine.
LH: Well, the peculiar thing is that Marsilid was first for tuberculosis. It was used in
tubercular patients when the famous picture was published in which patients at the Public Health
Service hospital in Staten Island were dancing.

FA: Dancing on the ward.

LH: Yes, but because of the problems with iproniazid, it was replaced by isoniazid.

FA: Right.

LH: And a number of studies done with isoniazid were negative.

FA: Right.

LH: The reason for this was that isoniazid was unlike iproniazid. It did not block MAO.

FA: Well, be that as it may, as you know, the MAQIs came close to death themselves.

LH: Well, I think, it was Zeller first to point out the fact that there was a difference between
iproniazid and isoniazid. If they had gone on with isoniazid and found nothing going, this group
of drugs would have dropped dead right there.

FA: Right. Well, it didn’t take long to realize that MAOIs interacted with foods. We now know
it was tyramine and sympathomimetics that created the trouble.

LH: That was a big deterrent for a long while, but lately people don’t seem to be as much
concerned about it as they used to be.

FA: Well, | think partly because they warn patients, and they give them a list of dietary substances
that should be avoided. They warn them about taking over-the-counter preparations that contain
sympathomimetics. And | think that in actual fact phenelzine is safer, and probably even
tranylcypromine is probably a little bit safer, than Marsilid, although I don’t know of any direct
comparison studies.

LH: No, I don’t know any studies either.

FA: But the MAO inhibitors definitely have a place in treatment. We owe a lot to people like

Fred Quitkin here and Will Sargant and his group in England because they stuck with them. And

I’ve stuck with them even to this day. I prescribe more, I’'m sure, than most people in my



62

geographic area because I’'m convinced of their value in certain types of patients. When you think
about it, you’ve got an alternative to MAO inhibitors and you have an alternative to ECT with
imipramine. That really opened the gate for developments.

LH: Well, some of the earlier comparisons, | think one that Milton Greenblatt was part of, seem
to indicate that the tricyclics were not a whole lot better than placebo; that ECT was better than
tricyclics. Do you think that was because they were looking at very severely ill patients?

FA: Well, I think that may be part of the answer. | think the other part was dosage.
Greenblatt’s study also included phenelzine, if you recall, and the patients only got 30 mg of
phenelzine a day when most patients with a moderate to severe depression require 90 mg. So it
was a question of too low a dosage for too short a period of time. It was a methodologically flawed
study.

LH: It almost did him in, too, didn’t it?

FA: Yes, it almost did him in. Because Milton was a very fine man and very prestigious, and here
he is at Harvard and working at the Mass Mental Health Center.

LH: Well, it’s amazing how the drugs survive. You weren’t at the Paris meeting in 1954 on
chlorpromazine, were you?

FA: No. My wife was there, and she gave my paper for me.

LH: T had occasion to review the proceedings of that, and I didn’t remember your name. What
was the first big meeting you recall on these drugs in the US?

FA: Well, I guess the first really big one was the one on Thorazine (chlorpromazine) that SK&F
sponsored, in Philadelphia.

LH: But that was a private session, wasn’t it?

FA: Yes, it was private, but there were several hundred people there. And they published a little
monograph of the papers that were presented, and they did the same thing later when they launched
trifluoperazine, Stelazine. I guess the APA meeting in 1956 probably was the first big meeting
where there were a number of papers not only on chlorpromazine but also on other drugs, such as
my paper on reserpine. It was also the meeting where meprobamate was first mentioned. That gave
cause for thinking about which way the wind was blowing. It certainly was blowing in the area of
biological psychiatry.

LH: Yes, I think the pendulum still is on the side of biological psychiatry. Some people are arguing

that perhaps it is too far over on the biological side. What do you think about that?
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FA: Oh, I don’t think so. I think that you can’t lose sight of the fact that you are not just treating
an illness but a human being who has the illness. You have to be aware of the physical status of
that individual, and also of the fact that he is the one who has the illness and is going to react to
the illness differently than somebody else who has the same illness. You can’t treat just with drugs
alone. There’s got to be some psychoeducation, or whatever you want to call it, and some type of
psychotherapy. I can’t conceive of an internist treating a diabetic without at least giving the
diabetic something besides diet and insulin in the way of counseling.

LH: Foot care, and other things.

FA: That’s right. You have to do this. You are not just dispensing pills if you are practicing
rational psychopharmacotherapy.

LH: You mentioned before a few people who were using chlorpromazine early. One of the people
| think everybody often forgets is Mark Altschule.

FA: Mark was a very interesting person. He was a very intelligent man.

LH: A real scholar.

FA: No question about that. His wife had schizophrenia. She was in McLean Hospital. Mark
really believed in the marriage contract. He stayed with her until she died, and he always looked
for something that might help her. Yes, he definitely became very well informed about
chlorpromazine at an early time.

LH: He was an internist, more interested, I think, in cardiology than in psychiatry, but he was one
of the first people involved with the drug.

FA: Yes. One man we haven’t mentioned so far is Fritz Freyhan. Fritz was involved very early
with chlorpromazine. He was at Delaware State Hospital. Like everybody else working in a state
institution or a Veterans Administration (VA) hospital, he had hundreds of patients and no drugs.
So he could really test drugs on a large number of patients very quickly. Fritz was a very astute
clinician, I thought.

LH: Yes.

FA: Well trained in a German school. He was a very good observer. | learned a lot from him. |
had more contact with him than I did with Heinz Lehmann in the beginning because Heinz was in
Canada, and Fritz was in Wilmington, 60 miles away from where | was. He did a lot of studies for
SK&F. We worked together on chlorpromazine. We looked also at prochlorperazine. He and | did

two studies on prochlorperazine for SK&F, and we looked at trifluoperazine. Fritz also got
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interested in fluphenazine. Then we both looked at Temaril (trimeprazine), an antipyretic
phenothiazine.

LH: Yes, but it has a different kind of pharmacology. It makes it more of an antihistamine.

FA: That’s right. We tested it as a potential antipsychotic, and it just didn’t work.

LH: Do you know Pacatal (mepazine)?

FA: Pacatal was the most anticholinergic antipsychotic, if it was an antipsychotic. It really was a
very strong anticholinergic substance.

LH: Yes, it never went very far.

FA: No.

LH: And do you know Sparine (promazine)?

FA: Promazine, the Wyeth product. Again, there were some patients who improved, but only
because it was sedative. As far as I’m concerned, it never had any true antipsychotic properties.
LH: Well, if you give patients enough promazine they get seizures.

FA: Oh, yes. But that’s true for practically every psychoactive drug. If you give a high enough
dose, you can produce a seizure.

LH: Well, not to the same extent as with promazine, | think.

FA: That’s true.

LH: Fifty% seizures once you got up to about 1,200 mg.

FA: Yes, that’s true.

LH: Inaway it is interesting that truth won out. Some drugs fell by the wayside, like Pacatal and
promazine, whereas others were more acceptable and efficacious and lasted. Well, I guess the early
people in the field were pretty astute.

FA: Right. Anybody who has success with psychopharmaceuticals today owes a debt of gratitude
to the people who pioneered these drugs.

LH: It is remarkable also that most of the people we have mentioned were outside of the academic
community.

FA: That’s true.

LH: Why do you think that was the case? Was it simply the fact that the academics were all

psychoanalysts?
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FA: Basically that’s the truth. The medical schools in my area were dominated by psychoanalysts
as they were practically everywhere else in the US, and there was no encouragement to think in
terms of anything beyond the psyche, so to speak. I don’t know of a medical school, in the
beginning, that got into psychopharmacotherapy.

LH: Yes, it’s hard to think of any. I guess; you know, Kinross-Wright was at Baylor.

FA: Well, he actually was in Carolina first and then went to Baylor.

LH: Then, of course, Mark Altschule was in the department of medicine at Harvard.

FA: And Paul Hoch who was at Columbia, at the New York State Psychiatric Institute.

LH: Did Paul do much with antipsychotics?

FA: He did a little, but not a great deal.

LH: He was more interested in hallucinogens.

FA: That’s correct. But my point is that it was not easy to do what Henry Brill, Nate Kline and
myself were doing in those early days. Everybody was suspicious. But at the APA meeting in
Atlantic City in 1956 that | mentioned before, the executive director of the National Mental Health
Association was present. He got Henry, Nate and | agree to go to Washington and testify before
the senate and Mr. Hill’s committee, and to tell them what was happening in our field with the
hope to get the federal government involved in funding research in psychopharmacology.
And so Henry Brill, Nate and I went to Washington. We each gave a presentation and suggested
the formation within the National Institute of Mental Health (NIMH) a division devoted solely to
psychopharmacology. Senator Hill was very impressed and, as a matter of fact, he supported it.
That accounted for another meeting in Washington. Lou Lasagna was there, so it was more than
just psychiatry. We got pharmacologists involved. Ralph Gerard from Michigan came. He was the
man responsible for Jon Cole becoming the first director of the Psychopharmacology Service
Center (PSC).

LH: Gerard was the author of that famous line: “Behind every twisted thought lies a twisted
molecule,” that I guess for a long while was kind of the moral of biological psychiatry.

FA: Yes, that’s true. When you get to that point you begin to attract more attention. Before that,
we were called medicine men. We were compared to the guys from the old wild-west going around
selling snake oil. Reputable medical journals were not interested in publishing articles on the
various psychopharmaceuticals. | gave a paper at the New York Academy of Sciences, Leo, one

of the first papers | ever gave. The discussant was Nolan Lewis. You remember Nolan? He was
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president of the APA at one time. And the closing comment of his discussion of my paper was:
“fellows, we ought to prescribe this stuff while it still works.” Well, that’s not a very good
endorsement, is it?
LH: Well, I think that was the prevailing attitude in psychiatry in those days. Drugs couldn’t work
because they had been tried before and didn’t. There had been over the years a lot of attempts to
use drugs. Well, what do you think was the biggest accomplishment that you’ve made? I know
that’s a tough question because you’ve made a lot of them.

FA: Well, I think aside from looking at the drugs and being persistent, | was sort of a St. John the
Baptist in the wilderness preaching the gospel of the psychopharmaceuticals and their potential
value for people. But as you know, some people called me for a while Dr. Side Effect, because |
was very interested in adverse effects. | felt that | should tell a balanced story that for every blessing
there can be smite; you can help and you can smite people with these drugs. That was the first
thing. The other one was that | started talking very early about the potential advantages and
disadvantages for long-term therapy. | gave a paper at the Third World Congress of Psychiatry in
Montreal on one-year continuous treatment with imipramine; then | published a paper in the New
England Journal of Medicine on a year’s clinical and toxicological experience with perphenazine.
I’ve been interested in long-term therapy. In addition of testifying before Congress | was very
much involved in getting the  American College of
Neuropsychopharmacology (ACNP) started. | also went to Milan for the initial meeting of what
was to become the Collegium Internationale Neuro-Psychopharmacologicum (CINP.) I played a
role in the formation of the British College of Neuropsychopharmacology. | went over there at the
request of David Wheatley, Tony Horden and Max Hamilton and met with them for a couple days,
told them how we started the ACNP. I’ve tried to extol the virtues as well as the liabilities of the
drugs, because they are the only things that have really changed psychiatry. There is nothing new
in the psychotherapy field. Well, you have cognitive therapy and so forth. But the concepts haven’t
changed.

LH: I think it’s become a little less dogmatic.

FA: Yes, | would say that.

LH: Psychotherapeutics now embraces a whole variety of technigues.

FA: Right. Well, the challenge of the drugs, Leo, is that you give a pill and over a period of days

or weeks, there is a change in the individual. Bernie Brodie and | became friends because my
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interest was in what happens. I would ask “what happens when you run a current from both temples
through the midbrain, what did you do that suddenly changed a psychotic individual into a
perfectly normal person?” And, in the early days, we didn’t know how much of the drug was
absorbed. We didn’t know where it was going, how it got there. And so I was very interested from
the beginning in what we call today pharmacokinetics and pharmacodynamics.

LH: Well, I think Bernie Brodie was probably the father of biochemical pharmacology, trying to
explain drug action in biochemical terms.

FA: Right. I regretted that he wasn’t around that I could have had him on the program of the
symposium on Discoveries in Biological Psychiatry, because all we know today stems from his
pioneering work. One of my benefits from starting the College was that | got to know him quite
well. He, Jon Cole and | were on a committee, and we met frequently because Jon was still in
Washington, he was in Washington and | was in Baltimore. | had ample opportunity to get to know
him as a man.

LH: You mentioned earlier your testimony before Lister Hill’s Committee. We were talking about
political pressures in the early days. How about Mary Lasker’s and Mike Gorman’s work on the
political front?

FA: Mike was the executive director of the National Mental Health Association. He was a very
dynamic fellow. I don’t know if you knew him personally?

LH: No.

FA: He really was a crusader for mental health. He believed in it and used his contacts in
Washington. He played a major role actually in putting pressure behind the scenes on the other
members of the committee who may not have been as convinced as Senator Hill was. Right from
the beginning, every one of us had a feeling that he listened attentively and seemed to believe that
there was something to what we were saying. You know how a Congressional Committee is. They
sit. They look.

LH: Inthose days it was easier to persuade a senator than your own colleagues.

FA: Oh, absolutely. That’s very definitely the truth. Well, anyway, Mike played a major role in
publicizing psychopharmaceuticals. He saw that it was the only concrete thing that really made a
difference. And, of course, he had his connections everywhere. He had connections both in
Washington and in New York with Mary Lasker. | strongly suspect that Mike played a role in

Heinz Lehmann, Pierre Deniker, and Nate Kline getting the Lasker Award.
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LH: Do you think the reason that Hill became such an advocate of health was that his first name
was Lister?

FA: Ireally don’t know. But he definitely had an interest in this field. There’s no question about
that.

LH: You were almost a pediatrician and reluctantly, a surgeon.

FA: That was very short-lived. Three weeks.

LH: Sort of accidentally you became a psychiatrist. Do you have any regrets about the way things
have turned out?

FA: No, none whatsoever. You know, when | was in medical school, psychiatry was not high on
the list. Your exposure consisted of a few lectures, mostly on psychodynamics, and then a trip out
to the state hospital. You were sort of taken on a guided tour: that’s schizophrenia, this one’s
manic, this is mental retardation.

LH: Like a zoo, wasn’t it?

FA: That’s right. And, you know, there was nothing appealing about it whatsoever. But a few
weeks after | got to Perry Point, |1 was assigned to what was euphemistically called continuous
treatment service.

LH: That meant for people who were there for years.

FA: Well, there were 800 patients in the ward that | was assigned to, Leo. Most of those people
were still under 60 years of age, but they had been in that hospital, most of them, 20-30 years.
LH: Many since World War 1.

FA: That’s it. Well, I even had one from the Spanish-American War, an old geriatric guy. But,
actually, you learned one thing: schizophrenia was chronic and devastating. And it would be true
if you put over the portal “abandon hope all ye who enter here”, because your chances of leaving,
outside of a pine box, were pretty slim.

LH: Well, it has been sort of gratifying, hasn’t it, to see the changes that have occurred.

FA: Yes.

LH: Do you think we’ve gone too far in de-institutionalizing people?

FA: Well, I think so.

LH: Isthere still room for an asylum?

FA: Yes. And that’s one of the things the New York Psychiatric Association and the ACNP ought

to be taking a very strong stand on. Look, there are people who can be controlled with these
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medications in a structured environment, but they cannot be relied on to comply with a
pharmaceutical program on their own out in the community, and they deteriorate. So, as you know,
then tragic things happen. We had a woman in one of those so-called halfway houses in Baltimore
some time back who was found dead in bed with a ruptured appendix when they did the autopsy.
She was a deteriorated schizophrenic. She was put out of state hospital. She wasn’t bothering
anybody. She was too deteriorated to bother anybody.

LH: Schizophrenics seem to be so indifferent to pain.

FA: That’s very true. When I got to Perry Point, the ward I had was approximately 3/4 of a mile
to the dining hall, and three times a day the patients walked over to the dining hall. The attendants
had to fight these guys in cold weather to put a coat on. And | remember one night, Leo, | was the
officer of the day, and an attendant called and said a patient had gotten out from the shower and
they couldn’t find him. And, in my naivety, I said to him: “Oh, it’s so cold now. He can’t be gone
long. He’ll be back.” This attendant was a farmer who worked part time at Perry Point. He said,
“Doc, you don’t know schizophrenics. If we don’t find this man, he’s going to be dead.” And so
he impressed me and we organized a search party. When we found this fellow he was hypothermic.
We were lucky we saved his life. I didn’t intend to become a psychiatrist when I went there but
made a resolution that | could take care of their physical needs. But | saw patients collapsing from
ruptured ulcer who never complained. We had a couple of patients who developed nausea,
vomiting, clear meningitis, who must have had horrible headaches, but never complained. |
remember one night a fellow stuffed himself with newspaper and ignited it. And when | got there
he was pretty badly burned, but he was still sitting there, hallucinating and answering to voices.
We never gave him any morphine. He didn’t need it. You’re right. Their pain and their temperature
sense are quite different.

LH: It could be that Harry Beecher’s old idea that pain is processed up here in our head, could
explain this indifference to pain that psychotic people seem to have. Well, would you do it again?
FA: Yes, | would. In fact, when I look back, and I do that fairly often, I wish | had done more.
But that’s in retrospect. I couldn’t have done it if [ had wanted to. We didn’t have what we have
now. The excitement today is still as intense as it was back in 1953, *54, and in the 1960s, with the
neuroimaging and all these other things that are happening.

LH: Yes, science is changing so rapidly, and even the vocabulary constantly changes.

FA: That’s why I wrote my Lexicon.
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LH: You have to know now what LOD scores are and all kinds of things that you have never
thought of before. Well, 1 think you can look back on a very interesting and illustrious career. You
have already put some of your thoughts about this subject in writing and published them. | think
this interview helped bring out a few more personal things than you would have put in your
writings.

FA: That’s true. I want to say one thing before we end, Leo. The credit for what I’ve
accomplished should be given to my admiration of other people. You know, when I got involved
with drugs, there weren’t many people around I could turn to. ECT was not done at the medical
schools, either at Maryland or at Hopkins. There was one fellow doing ECT, Lothar Kalinowsky,
who was sort of looked upon as a renegade. So | wrote a letter to him and said, “I would like to
come and spend some time with you.” He graciously agreed to have me. | went up for a week,
stayed at a hotel, and spent one week with this man. He was one of my tutors. | did the same thing
with Howard Fabing who was in Cincinnati. | called Doug Goldman, and I spent time with Doug
Goldman. I went up to Canada and spent time with Heinz Lehmann. They were my mentors. These
were the people who taught me. So did Titus Harris. He was not a biological psychiatrist. Still, he
was a champion of physical methods of treatment, and developed one of the first departments of
biological psychiatry in the US. There were a lot of people like that who played a major role. Well,
even you. Look how much you’ve shared with me and taught me. That’s been a lot.

LH: It’s always mutual.

FA: No man accomplishes anything by himself.

LH: Well, thank you, Frank, for arather interesting discussion and anytime you want to say more...
FA: Well, that’s up to you.

LH: God, you’re easy to interview.

FA: Thank you.
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5. THOMAS A. BAN

LH: It’s Monday, December 9, 1996, and we’re at the annual meeting of the American College of
Neuropsychopharmacology in San Juan. | am Leo Hollister and today | am going to be
interviewing an old hand in this field, Tom Ban.* Tom, welcome to San Juan for the umpteenth
time and we have the great pleasure to talk with you. Youand Tom Detre, | think, are the ACNP’s
biggest beneficiaries from Hungary.

TB: Thank you, Leo.

LH: After the uprising or whatever it was, in 1957, you both immigrated and both wound up in the
ACNP. Were you a full pledged psychiatrist when you left Hungary or were you just in medical
school?

TB: | graduated from medical school in 1954 and had two years of psychiatry before | left.

LH: Oh, you’d had some psychiatric training?

TB: Yes. We didn’t have a formal residency training program in Hungary at the time but I was
working as a junior physician at the National Institute for Nervous and Mental Diseases in
Budapest. LH: | see.

TB: | even had my first exposure, in Hungary to some of the new psychotropic drugs, like
chlorpromazine (CPZ), reserpine, etc.

LH: Now, I suppose the