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The paper recalls the experiences of the author over the
past forty-eight years in a field which later became known
as psychopharmacology. The author began in physical
chemistry and traditional pharmacology. His interest in
the nervous system stemmed from X-ray diffraction
studies on the structure of living myelin, and led, by way
of studies on the distribution of cholinesterases and the
effects of atropine, to the study of the effects of drugs on
the electrical activity of the brain in the conscious
animal. At the clinical level it included studies of the
effects of drugs on catatonic schizophrenic stupor. These
studies took place before the discovery of chlorpromazine.
They led to the creation, in 1951, of the Department of
Experimental Psychiatry in Birmingham, England, the
first department of its kind in the world. The department
included neurochemical, electrophysiological, and animal
behavior laboratories and a strong clinical facility (the
Uffculme Clinic). The first blind trial of chlorpromazine
was carried out in that department in 1953 and 1954,
The existence of families of neuroregulatory compounds,
having uneven distribution in the brain, and exerting
regional chemical field effects in relation to function was
postulated on the basis of experimental and clinical
findings. The work of colleagues and participants in the
various studies is gratefully acknowledged in the text. In
1954 the author served as convening executive secretary
of the first International Symposium on Neurochemistry
at Oxford, England, the first meeting of its kind. He
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came to the United States in 1957 and founded, and
served as first director of, the new Clinical
Neuropharmacology Research Center, now the Center for
Neuroscience at St. Elizabeth’s Hospital, Washington,
DC. He directed this program from 1957 to 1963.
Subsequent activities at Johns Hopkins, the World Health
Organization, and the International Brain Research
Organization (IBRO) are recalled. In 1961 he was elected
first president of the American College of
Neuropsychopharmacology. In looking back, he notes the
sparse and personal nature of the field in the late 1940s
and early 1950s, its explosive growth in the wake of the
major clinical discoveries, and above all, the emergence of
a new science through the interaction of neurochemistry,
electrophysiology, studies of animal behavior, and the
refinement of the clinical trial. He regards the emergence
of concepts of regional chemistry of the brain as
particularly significant, and feels that psychopharma-
cology is ideally positioned to act as an intermediary
between classical pharmacology and quantum biology.
The transdisciplinary nature of psychopharmacology
provides a template for a comprehensive psychiatry of the
future—a discipline which is now positioned to lead. He
also feels that future discoveries in psychopharma-

cology will pose a most poignant ethical dilemma for
medicine, and argues for a timely readying for these
responsibilities. [Neuropsychopharmacology 12:93-
111, 1995]
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I am much honored to be part of this illustrious series.
In their distinguished contributions that preceded my
own, Drs. Frank Ayd (1991) and Heinz Lehman (1991)
have given us—each in their own idiom—a fine account
of how our field and our college came to be. So when
Dr. Oakley Ray intimated that I was to follow them,
I asked him-—a little hesitatingly —what I should talk
about. “Your times, and how you found your way,”
said he. By the time I left his office, I had my title: “Find-
ing One’s Way"” is what this talk is about; though, on
reflection, “Trial and Error” might have been even more
appropriate.

Personal beginnings are hard to trace; they appear
most clearly in retrospect. My entry into psychophar-
macology was far from direct. It happened in the mid-
forties through a fortunate play of synchronicities. Let
me explain.

Physics and the mind have been with me since my
youth, but physics came first. At high school, I had three
heroes: Einstein, Ehrlich, and Goethe. I spent my first
prize monies on accounts of the new physics. To this
day, I recall the awe with which I viewed cloud cham-
ber photographs that rendered visible the mysterious
geometry of particle paths in collision. As a novice (I
had no mathematical training beyond calculus) I could
not go beyond first principles. And yet, as I read my-
self into the freld (French 1979); as I tried to grasp the
curious transforms, jumps, symmetries, and asym-
metries operating in particle physics, I kept on imagin-
ing the life of the mind as a molecular process, linking
it in some way to particle physics. It was, of course,
a fatuous exercise; yet, it gave me strange satisfaction
to engage in such molecular games. Much, much later,
I came upon Pauling’s concepts of the “hydrogen bond”
(Pauling 1945). I still recall the thrill of the first reading,
like discovering a new and profound piece of music.

Quite early, thus, I began to think of molecules
visually; and when my father, a prominent physician,
directed me to Paul Ehrlich’s writings (Himmelweit
1956), that interest quickened apace. His concept of
receptors, accompanied by his famous “lock and key”
diagram, implied stereochemical “fit.” Ehrlich wrote on
the elective affinities of dyes for tissues and bacteria;
he had a consuming curiosity about the molecular ba-
sis of immunological memory. He also envisioned the
fashioning (in our day we would say, “engineering”)
of drugs that would selectively attack themselves to
specific receptors. Tissues could learn, and rational che-
motherapy, to him, was an elaborate imitation of
nature.

Why Goethe? I cannot truly account for Goethe’s
lifelong influence on me, except to say that, with
Thomas Jefferson, he represents to me the most com-
prehensive and comprehending of men. The Germans
refer to such people as “eine natur,” a magnificent
phenomenon on nature. There is also another term —
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“naturforscher” — a searcher of nature. Goethe’s life was
a continuous conversation between the Without and
Within (Nevinson 1931). He cultivated an inner aware-
ness that was never allowed to interfere with the affairs
of the world: (He was statesman, counselor, war cor-
respondent). Long before Freud, he befriended his un-
conscious; and from that teeming laboratory, sent his
images out into the world. Man, to him, was a piece
of nature that he tried to map and comprehend. There
was another dialectic. Alongside poetry, there was
science, and even the titles of some of his novels, such
as Elective Affinities, reflect this dialectic. His studies in
physics (color theory and crystals), botany, and paleon-
tology were fed by the same joyous energy that perme-
ates his conversations and correspondence. Many of
his conclusions were wrong. Yet one continues to mar-
vel at his leaps, and his insights. Goethe was a seeker
and a seer. Long before concepts of homeostasis and
biofeedback, information flow and self regulation, he
was a systems man to his marrow. [ believe he would
have been very intrigued by psychopharmacology.
These three patron saints were at my side as | en-
tered the portals of St. Mary’s Hospital Medical School,
University of London, where, in retrospect, I was ex-
traordinarily fortunate. I was taught bacteriology by
Alexander Fleming (penicillin) and medicine by Charles
Wilson (later Lord Moran, Churchill’s physician). Sir
Almroth Wright, the great immunologist, gave a few
select tutorials. Most importantly, [ was appointed Stu-
dent Demonstrator in Physiology by my erstwhile be-
loved chief, Alastair Frazer. My co-demonstrator was
Geoffrey Harris (who later mapped the hypothalamic-
pituitary axis and became one of the fathers of modern
neuroendocrinology.) Martin Roth (later Sir Martin,
Founding President of the Royal College of Psychiatry)
was a fellow student. Early (and as part of my duties)
I read Sir Charles Sherrington's Integrative Action (1911)
and to this day feel the impact of Sherrington’s con-
cepts of integration as the ordered, reciprocal play of
selective excitation and inhibition. Later, I attended, by
invitation (and hiding safely in the dark of a back seat),
a meeting of the august British Physiological Society,
at which Dr. Adrian (later Lord Adrian) demonstrated
the firing of neurons. The loudspeaker crackled as he
touched a cat’s single vibrissa; it remained silent as he
touched another. These two events—the reading of
Sherrington, and witnessing an emergent neurophys-
iology —firmly implanted themselves in my mind, and
made me determined to get into the nervous system,
come what may. Much later, I read a quotation from
Sherrington (1941) that proved prophetic:

The body of a worm and the face of a man alike have
to be taken as chemical responses. The alchemist dreamed
of old that it might be so. The dream, however, supposed
amagic chemistry. There they were wrong. The chemis-
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try is plain everyday chemistry. But it is complex. Fur-
ther, the chemical brew in preparation for it time has been
stirring unceasingly throughout some millions of years
in the service of a final cause. The brew is a selected brew.

I had to await my turn to get within reach of the
“brew.” My chief, Alastair Frazer, proposed that I put
my interest in physical chemistry to use. His field was
not the nervous system, but fat absorption, and he sug-
gested that I work on the structure of the surface coat-
ing of the chylomicron, a physiologically present fatty
particle that floods the circulation from the thoracic duct
after a fatty meal. The envelope was alipoprotein, and
carried a pH-sensitive ionic charge. [ developed micro-
electrophoretic cell and various flocculation techniques
as means of characterizing the nature of this lipopro-
tein coating (Elkes et al. 1939).

I suppose what intrigued me then (and still intrigues
me) was inferring the properties of a macromolecular
structure from physicochemical measurements, build-
ing up a mental picture of the basis of collateral evi-
dence. This wish to visualize, to have a map, often a
wrong map, has stayed with me all my life. Playing with
macromolecular configurations, fitting models together,
became quite a hobby with me and my friends. In any
event, with chylomicron, and with its lipoprotein enve-
lope, my quest into the interface between physical
chemistry and biology began. I started to read widely,
pulled, I supposed, by a wish to penetrate the fun-
damental building blocks of life; I also ventured into
surface chemistry, and the spreading and study of the
monomolecular films. It was, of course, the pursuit of
an illusion; but even then, the sense of pattern, of
configuration, and the effects of subtle variations of an
arrangement and charge distribution on a molecule’s
physicochemical properties became a game that whiled
away some idle hours in medical school.

In 1941, Alastair Frazer invited me to join him in
starting a Department of Pharmacology in Birmingham,
England. Birmingham, even then, had the makings of
the great university that it has since become. For one
thing, it had a splendid campus, all compact. Within
five minutes’ walk of the medical school there were the
basic science departments: there were giants in physics
(Peierls and Oliphant), chemistry (Haworth), statistics
(Hogben), genetics (Medawar), and anatomy, and
science policy (Zuckerman). Conversation at lunch was
propitious and soon turned to the structure of biologi-
cal membranes and, of course, to lipoproteins. The
structure of liquid crystals —the nature of forces, polar,
nonpolar and steric—the bonding that made for their
ordered cohesion, continued to excite. I found myself
visualizing the architecture of membranes, streaming
through special pores like a sodium ion, negotiating
various channels and portals, with chains collapsing
spring-like as these tiny compartments opened and
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closed. And then, one day I realized that the nervous
system was full of lipoproteins, and that myelin was
a highly ordered lipoprotein liquid crystal structure.

I came upon the papers of Francis Schmitt (1935,
1941), who was then at St. Louis. I wrote to him and
got back a handsome collection of reprints describing
his work on the structure of the myelin sheath. I was
fascinated by his diagrams. Here was a highly ordered,
aesthetically beautiful arrangement, which fit the facts
and which made it possible to envision how bimolecu-
lar leaflets were built into a highly specialized structure.
Mpyelin, I thought, could provide a model for under-
standing the structure of a membrane that was ion sen-
sitive and electrochemically responsive. My friend
Alastair Frazer concurred, but I found it hard to con-
vince others. However, one fine thing happened: Bryan
Finean walked into my laboratory as my first Ph.D.
student.

Bryan Finean had got his degree in chemistry do-
ing crystallography of the traditional kind. Looking at
the Schmitt diagrams, we posed an obvious question.
Schmitt had worked on dried nerve. Could low-angle
x-ray diffraction be made to work on a nerve that was
irrigated and alive? It did not take long for Bryan to de-
sign acell that would allow us to irrigate the nerve, test
its viability, expose a segment of it to changes in mois-
ture, and to solvents (such as alcohol or ether), while
at the same time obtaining low-angle x-ray diffraction
patterns. Within three months or so, we were looking
at the first x-ray diffraction photograph of living sciatic
nerve; [ still remember the thrill of seeing that film. To
me there was also a profound personal and psycholog-
ical element in this engagement. I was moving from
somebody else’s field, fat absorption, and entering the
field that mysteriously pulled me, the nervous system,
albeit by creeping up the myelin sheath!

Our studies gave us a picture, a sort of basic
scaffolding, into which specialized receptors could fit.
Cholesterol and phospholipids were accommodated in
these diagrams. We also examined the effects of tem-
perature, moisture, alcohol, and ether on myelin struc-
ture (Elkes and Finean 1949, 1953a,b). Gradually, in a
small circle of physical chemists, and what was then
the nucleus of molecular biology in Britain, we made
some headway. However, when we demonstrated our
findings to the Physiological or the Pharmacological So-
ciety, we got very peculiar looks. People were very skep-
tical of the model value of the myelin for the study of
the structure of biological membranes, and only a few
stopped by our demonstration stalls. It is significant
who they were: Lord Adrian, Sir Henry Dale, J.H. Gad-
dum, and Alan Hodgkin. They were interested. So was
Astbury, father of “biomolecular structure,” and Ber-
nal, a great crystallographer and physicist. As Bryan
Finean’s work was recognized, as he went to MIT, to
Caracas, to Stockholm, as he published his mono-
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graphs, including one with Engstrom (Engstrom and
Finean 1958; Finean 1961) his views gathered strength.
Today, he is a recognized and respected authority in
his field, and I am glad for him, and a little proud at
having had something to do with his success.

For me, there was also a much more personal satis-
faction. I was in the nervous system, yet, as it is appar-
ent, still edging safely at the periphery, along way from
behavior, and the mode of action of psychoactive drugs.
However, once again, lucky chance cleared the way.

PHARMACOLOGY AND EXPERIMENTAL
PSYCHIATRY IN BIRMINGHAM, ENGLAND

There was in Birmingham, in the laboratory immedi-
ately below the Department of Pharmacology, a small
subdepartment of two rooms administered from the
Dean’s office, called “Mental Diseases Research.” In
charge of it was a gifted neuropathologist, Dr. F.A. Pick-
worth, who held the view that mental disease was a
capillary disease, and that all disorders were reflected
inan abnormal cerebral vascular bed (Pickworth 1941).
He had developed beautiful benzidine staining tech-
niques for demonstrating the small cerebral vessels, and
the laboratory was filled with innumerable slices and
slides of the brain in all manner of pathological states,
stained by his methods. This treasury represented Dr.
Pickworth’s life work.

Dr. Pickworth retired, and again serendipity took
me by the hand. For the laboratory reverted to the
Department of Pharmacology, and I became adminis-
tratively responsible for its program. Our Department
of Pharmacology was growing by leaps and bounds.
When we arrived in Birmingham in 1942, there were
two people; when I left, in 1950, there were 42 in the
department. I was getting my taste for administration
and helping people to perform. While Bryan Finean and
I were busy with our studies, another event took place.
The war had ended. Our military intelligence had given
us insights into the secret German chemical warfare
work, and particularly the anticholinesterases and their
tremendous specificity for certain enzymes in the brain.
We were asked to work with the anticholinesterases:
DFP, TEPP, and the like. We started mapping the
cholinesterases in various areas of the brain; inhibiting
the “true” and “pseudo” enzymes from birth; observ-
ing the effect of such inhibition on the emergence of
various inborn reflexes (Elkes and Todrick 1955). It was
along, long way from fat absorption, and some way
from lipoproteins. But, at long last, it was the brain,
it was drugs; and I was even beginning to “smell” that
mysterious entity called behavior. In those days, there
were few texts on neurochemistry. There was Irvine
Page’s seminal book (1937); there were Quastel’s papers
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(Michaelis and Quastel 1941); there were Harold Him-
wich’s (Himwich et al. 1940), and Derek Richter’s early
contributions (1940); and there was, of course, always
Thudichum (1884). I also started reading Masserman
(1946) and McDougall (1935), in the hope of linking
chemistry to behavior. And then there appeared, in
1948, Feldberg and Vogt's classical paper in the Journal
of Physiology (1948) questioning the universal role of ace-
tylcholine in the central nervous system.

In retrospect, it becomes apparent to me that I was
once again approaching my central interest, gingerly
and carefully, as if | were defusing a bomb. For itis plain
that what attracted me to research in psychiatry was
an urge to leave the bench and get to people; and what
made me circumambulate this purpose was my feeling
of safety with things. Somehow, mental disease re-
search, or “experimental psychiatry” (as I was begin-
ning to call it in my mind), presented a sort of com-
promise. It led inevitably to human work, but it did so
by way of experiment and control. This double book-
keeping worked for a time, for an astonishingly long
time; it took a further five years to break through the
barrier.

As we were feeling our way through the distribu-
tion of the cholinesterases, I began to read on the psy-
choactive drugs. The first required dissection in the cold
room and mapping of the enzymes in various parts of
the brain by a succession of extraction elution, incuba-
tion and bioassay, a tedious approach to regional neu-
rochemistry: the second involved human studies.
Kluver’s papers on mescaline (1942) proved an illumi-
nation. Here was an extraordinary range of observa-
tions, with profound implications for a chemical patho-
physiology of the psychoses. By accident, too, I came
across descriptions of the somatic and psychologic ac-
companiments of catatonic stupor, and saw some pa-
tients exhibiting this syndrome in the local mental hos-
pital. At that time, Jean Delay came over to London (this
was before the discovery of chlorpromazine). It was his
first contact across the Channel since the war, and he
told us of his experiments of the effects of amytal in cata-
tonic stupor. (I was not aware of Lindemann’s work
[Lindemann and Malamud 1934] at that time.) Shor-
von was developing his ether abreactive techniques
(Sargant and Shorvon 1945). It was not long before we
decided to embark on a study of the effects of drugs
on catatonic stupor and began to look for clinical mate-
rial. I obtained a small grant for this work from the hos-
pital research fund and advertised for a research associ-
ate. No response was forthcoming, but one evening,
when I was despondently telling Charmian, my former
wife (who was in general practice at the time), about
the lack of appeal for a job of this kind, another of those
taps of fate took place. For quietly she asked me whether
I'had thought of her in this context. I said that I honestly






