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BWS: Would you give your name please?

OH: My name is Oleh Hornykiewicz.

BWS: And | am Barbara Sommer. | am doing an inevith Dr. Hornykiewicz for
The Movement Disorder Society. It is February 920nd we are in a conference room
at the Toronto Western Research Institute at theddsity of Toronto. Thank you.

OH: | am pleased to meet you. Let us start withinkerview.

BWS: Will you tell me a little bit about your baakgind. | know you have written about
this. About being born in the Ukraine. Your fatieas a Catholic Ukrainian priest, as
were your grandfathers. Will you describe a liktieabout your family prior to moving to
Vienna?

OH: As you mentioned, | am the youngest son ofdto@ys born into a priestly family
which traditionally was Greek Catholic, Ukrainiaamd parish priests. Then, of course,
the youngest years | spent in that atmosphere hwhés a very warm atmosphere. The
family was a very large one. We were three boywate but | had, altogether, counting
all my first [degree] cousins, | had something K&of them. | still remember when |
was a small boy — | know — those meetings on thg kummer vacations, the family
meetings for birthdays and saints name day celebstit was like a little village — such
a gathering of all the family. Some of my cousimsing so much older than | was, they
could have been my parents actually. It was a wasy warm feeling and 1 still — | think
that that had also an effect on my attitudes tovigadit made me somehow an
optimistic person. | think that | am an optimigbierson that always tries to see something



good in the world around me. That is what | woulte to say about my background. It is
important and | still have very warm feelings abthat.

BWS: That optimism must have served you well, beeai the age of 13 things
changed for you with World War Il and the invasadrPoland by Germany. It was a
difficult time for many people.

OH: Yes. I think that was kind of good for survivifhen | say survival, | mean the
mental survival and the attitude that one had dutiat time. When the war broke out, as
you mentioned, | was born in a part of central peravhich was Polish at that time,
having been part of the Hapsburg Monarchy befatre the First World War — and
when the Second World War broke out, we then mawédenna mainly because that
part of Poland became a part of the Soviet Uniahray father [was immediately
dismissed as a college teacher of Catholic docemechurch history and] lost all means
of existence because of that. We moved to Viennarevimy father’s brother lived
permanently. So we had a base. We moved — leawiagder not to be under the rule of
Stalin, we moved into a part of Europe, Austriattivas German under the rule of Hitler.
[laughs] Of course, my background, that backgrooinaso the spiritual attitude that |
received because of my family background, it atyyaiotected me from many things.
Bad things, | think. | could have become enthugiagiout the new movement, the Hitler
movement, and such things.

Maybe you are interested in one little thing. Wheame to Vienna with my family, |
didn’t speak any German. | had to learn it realbnt scratch. | was sent to school nearly
immediately after we arrived in Vienna. My fathlke, spoke German, he was from the
old Austrian times when my birthplace was still andustrian rule. So he spoke
German. But he wanted to, as he said, improvditilex To polish it a little up. They

gave us, since we were new arrivals in Vienna, spatiécal figure gave us — every
family that arrived in Vienna received a copyMéin Kampf. So my father started
reading it. He used, in the evenings, to reacdaliso that we could also hear something
German. He always said, “Well, | am trying to impeamy German by readingein
Kampf’ But when he came to those parts which were readly, very extreme

politically and ideologically, he would then stopdagive a short exhortation to us boys,
saying, “Look, that is what Hitler has written abthat and that. Beware of that.” And |
think my father was one of the few people, evetuitiaog politicians and so on, who
really had readlein Kampffrom cover to cover. And when he finished withhig, said,
“You beware of that ideology. That is not our attié toward life and way of living.” So,

| think that my background and my father, who beeamry much aware of what the
ideology was like, that they protected me from mangny bad things.

BWS: Vienna was a real hotbed [politically], wasit* Was there a great deal of
political pressure to conform and accept this idgpl the new order?

OH: I guess it was the same as everywhere. TherH@hime really exerted a large
pressure on people. And many people became eveaséastic. But | was lucky, when |
came to Vienna, | was again lucky. We lived in striit that was formerly populated by



Jewish people. | went then to a school, | was &eatschool that was formerly, before
Hitler occupied Austria, three-quarters a Jewidtost The pupils were dominantly
Jewish boys. By the way, Sigmund Freud also wetitabschool, some hundred years
earlier, of course. That was not a Nazi school beedhe teachers that remained — the
Jewish boys were all, of course, already gonethet, but the atmosphere remained.
The teachers were still, to a large extent, thees@achers, and the atmosphere was not
at all that of a Nazi ideology.

BWS: Intellectual?

OH: It was a very good school. | liked it very muéimd I still like to remember those
days because | had good teachers. You see annhcideinstance, what the attitude of
the teachers was. | didn’t speak any German. Stather then went, at the beginning of
my school days, to the teacher of German and tohdimat that boy doesn’t speak
German because it was not the language at homdrdditnow on, “we will start
speaking only German at home.” The teacher of Gesa&l, “Don’t do that because he
will forget his Mother Tongue. Leave it to us ta¢é him German at school.” That was
something that | still remember. He was very rigiitcourse. We continued speaking
Ukrainian at home and | have not lost my Motherdumthat way. It was a very good
school.

BWS: The Realgymnasium?

OH: The Realgymnasium in Sperlgasse, Wien ZweinNéeTwo — “two” for the
second district of the city of Vienna.

BWS: Your brothers were at school with you?

OH:  Only the elder brother. My eldest brother \alieady in medicine. He finished
medicine during the war, at the beginning of the,\aad was then a doctor.

BWS: Did your father continue to serve as a ppiest

OH: Yes. My uncle, his brother, was also a prigigtwas the parish priest of the
Greek Catholic parish in Vienna. There was only sueh church in Vienna. My father
then became a chaplain to that church. That wagoheehow continued.

BWS: Were you thinking of science or medicine ait {oint in your life? Were you
expecting to move on to the university in the mabiield?

OH: Of course, | expected to move on to universitidies. But many people,
including my eldest brother, whom | admired veryamy | wanted to be like him
somehow, he was 7 years older than | — he feltitbladuld maybe study languages,
probably because | had so quickly learned Germaerybody was a little surprised how
quickly I somehow found my way through all thatyehth of German language. Very
soon | became one of the best German pupils absdBot | admired my brother very



much and | wanted to be, as | mentioned, somelikadhim. Since he studied medicine,
| chose medicine. | think that was one of the niogiortant points for my decision. But
there was another aspect of that. That was, Ifedsschool at the end of the war and the
post-war times were very uncertain. Studying laggsavas an uncertain thing. |
wouldn’t know if | would be able to make a livingst studying some strange languages
and grammars and so on. So medicine was sometahgof course, could be practiced
everywhere. It was an internationally acceptedghimat would be useful everywhere
since | didn’t know, after the war, whether we wbatay in Vienna or move on to the
United States as many people did at that time vgutemained in Vienna and | studied
medicine. And that was how | came to do all thowegs that followed.

BWS: Why pharmacology?

OH: That was because of my student days. The teatipiarmacology, the professor
of pharmacology, was an exceptional person. Profdssanz von] Bricke. He was from
a family of scientists, rather well-known, famouasestists. His great-grandfather was the
founder of physiology in Vienna. Came from Berlimm Germany. It was originally a
German family but they settled then in Imperial #ias By the way, also, a cousin of
Bricke’s was Ludwig Wittgenstein. So he was relatso to the philosopher
Wittgenstein. It was really kind of an amusing thinabout 10 years ago or so [in 1993]
| received in Vienna the Ludwig Wittgenstein Prjleaighs], and [when | started my
career] the head of the pharmacology departmenBnizske, his cousin, at that time [in
1951].

To come back to your question, Briicke was an excelécturer. | was fascinated by his
knowledge and the way he taught us pharmacologyratk us really enthusiastic about
what can be done with chemical compounds to h&péiients. So, after finishing my
medical studies [July 1951], | immediately wenhtm and asked him whether he will
accept me. He accepted me, but he gave me a positioout salary. That was, at that
time, customary because there were so few positibnas after the war. There was no
money for research. Pharmacology was a researartdegmt in essence. Therefore, |
had to accept such a position without salary. Bubiked half-time in the hospital to
earn a little money at least. It was not much,ibwas better than — it helped. That was
the reason why | started in pharmacology.

The second reason was still my brother, my broghefluence, because after his medical
degree he started doing some research, too. Heemaso Germany at that time, during
the war, as a doctor to one of the cities that vege/ily bombed. So they needed
doctors, of course, and so he was sent there. 8stanted doing some research. And as |
mentioned, | wanted to be like him.

BWS: You were thinking about doing research earlyour career?
OH: When | joined pharmacology, that was with tleacunderstanding that | would

then start doing research. What, | didn’'t know. Bwre was one maybe important
influence that later — at first subconsciously attilecided about the direction of my



research in pharmacology. And that was again ttheeince of a teacher. That was the
teacher of neuroanatomy in the first years of nadiourses. His name was Friedrich
Ehmann. He was an exceptional teacher, again. Getypldifferent from Briicke, whom

| only later encountered during the studies. Ehmaas a very dry kind of person, but he
was so exact and so clear. He explained the humaam 0 well that it made me again
enthusiastic about learning everything about ttega@any of the brain. And | was very
good at that as a student. He would also explteardevelopment of the brain. He also
gave lectures on the evolution of the brain, stgriwith frog brains and even lower
species, and go up and up and up to the human B@aishow us how actually things
were added all the time during evolution to tharbemnd how it became the human brain.
And that way, the anatomy became understandaliledit function. It received the
functions through his explanation of the evoluteord development of the brain. | was
also enthusiastic about that. So, at the first siocethat offered itself to me in
pharmacology research, | did something that wasadir a little in the direction of what
later became my field of research.

BWS: You started in that direction?

OH: My first post-doctoral work was about a prott#iat occurs in mammalian blood,
[also] human blood, but we studied it [only] in hammblood. This protein later became
known as ceruloplasmin. That is a copper-carryirajgin in our blood plasma. We
studied the enzymatic activity of that protein whige sort of felt that we discovered

this. [laughs] But we later discovered that it [firetein] was already somehow known
by other people. But its enzymatic activity waseavrihing. It was completely new.
Ceruloplasmin was just at that time recognized jpotein [of physiological importance]
in human plasma. Since it was a copper proteimad responsible for copper metabolism
in the body. It occurred to us that there was aalegical disease that was caused by too
much copper deposition in the brain. That was Wils@isease. It was called Wilson’s
Disease after a British neurologist, [Samuel AladehKinnier Wilson, a very famous
neurologist in the T®century. That is a disease that destroys the basajlia in the

brain. At that time, it was a logical thing to lofilc the copper-carrying protein, for its
enzymatic activity, in the blood serum of WilsoD&sease patients. So we obtained
blood from Wilson’s Disease patients by cooperatifitty neurologists. That was my first
cooperation with neurologists [in 1953]. | measuttesl activity of that ceruloplasmin
enzyme in the serum of Wilson’s Disease patiendsldaund that it was low. | was not
surprised about that somehow.

BWS: Why were you not surprised?

OH: Because [of] the copper deposition [that] oced{in Wilson’s Disease] —
because the blood could not retain the copper pigopecause there must have been
some failure of retaining the copper properly ie Bhood and the copper transport was
[obviously] disturbed. That was [at that time] sdroe suspected. You see,
ceruloplasmin [dysfunction had already been pottdléo be involved |-
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OH: actually a disturbance [lack of] ceruloplasmmotein and that we also found to be
the case [with our enzymatic activity]. That som&lwas my first connection or
experience with a basal ganglia disease. Of cotnm®, my medical studies, | knew
about basal ganglia diseases, but that was marelaoktheoretical knowledge. Here |
examined the blood of those patients and | saw sirarges. That may have also
somehow influenced later on my path of researcltlvbecame, then, as | mentioned,
my main occupation.

BWS: You were asked, when you were with the phaotoggcal institute, to apply to go
to England on the British Council Scholarship. Rattwas discussed with you, was it
not? Did this, the British Council Scholarship, acabout the time you were doing this
research?

OH: It was during the time when | was doing theuggplasmin enzymatic studies on
Wilson’s Disease. My supervisor, his name was RBsaeLindner, he suggested to me
that | should go for a year or two somewhere t@btem my experience. But | think his
motives also were a little selfish because | wasaithe most useless of his post-
doctoral fellows — because | did not like to worktbe ideas that he would suggest to me
which were some things that did not appeal to neewids doing some endocrinological
work and also some work on digitalis effects. ltsdrdid not really — that didn’t catch
my attention and interest, apparently becausedadriously already wanted to do
something with the brain, though I didn’t know wiaathat time. So | applied to the
British Council in Vienna for a research fellowslaipd a scholarship and | received it.
That was the beginning, actually, of my intereshtin dopamine.

BWS: Tell us why and how. This was 1956-1958.
OH: Yes, in late autumn of 1956, | came to OxfardDt. [Hermann] Blaschko.
BWS: Was he British?

OH: He was originally from Germany but he emigratedn Germany when Hitler
came to power because of his ethnic backgroundhddame in England, first in
Cambridge and then in Oxford, the world expertolid say, on the enzymes that form
catecholamines, including dopamine. And also omibk&abolism of the substances
formed by these enzymes — so that is the metabaolighose substances, the
catecholamines. When | came, he started talkimyg@bout dopamine. Now, dopamine,
at that time, was a new name. So he had firstptagxto me what he meant by
dopamine. | knew it only under the chemical nam8-agdroxytyramine. It was in 1952
that Sir Henry Dale at a meeting of the Physiolab&ociety, after a talk by Blaschko
where he was mentioning always the name 3-hydroagtine, when Sir Henry Dale got
up, somewhat angered, by saying. “Why do you ball substance 3-hydroxytyramine?
It has nothing to do with tyramine. It is a dir@cbduct of the decarboxylation of
levodopa, L-DOPA, so call it dopamine.” And thatsteow the name dopamine was
made and became then accepted. Henry Dale way a wert of the leading figure in
British pharmacology and physiology — so everybsi@yted calling this substance



dopamine. And dopamine was, at that time, regaagdesl mere intermediate in the
formation and the biosynthesis of noradrenalin fapa, from L-DOPA. Blaschko was
actually one of those who postulated that pathwa}9i39. So if you want to refer to the
first people who postulated that pathway, Blascmkst be always quoted as one of the
first.

But by 1956, he started believing that dopaminehinigave some of its own functions in
the body which were independent of noradrenalin-8wependent of its being a
metabolic precursor of other catecholamines. Anddk@d me to do something about it.

BWS: Were you aware of Blaschko’s work and did yant to go and work with him in
Britain? How did that occur for you?

OH: | was aware of Blaschko’s work. The British @olil asked, “Where do you want
to go?” | was very biochemically minded and so rhggmacological interests were in
the biochemical direction. That was, again, becafisey teacher in chemistry for
medical students, Friedrich Wessely, who was aelex teacher. An admirable teacher
again. You see how much good teachers have infecenty later interests in research.
So | applied to Sir Hans [Adolph] Krebs, the disemr of the famous Krebs Cycle,
which is a very biochemical, metabolic, affair. Birebs — of course, | had to send in my
few little papers and a C.V., Krebs probably thduphat | was completely useless for
him as a scholar. But Krebs was a good friend as8hko’s from the time when they
both were in Germany. Krebs also had, becausesafdwish background, to emigrate
from Germany. They were good friends even fromrt@&rman times. Krebs was also in
Oxford, the chairman of the biochemistry departnveimich was close, just practically
next door, to pharmacology. So Krebs passed onpplycation to Blaschko. And
Blaschko accepted me. And that is the way | caniédechko. Had Krebs accepted me,
| would never have done anything with dopaminemnisare, because that was not a topic
of research in biochemistry.

BWS: Blaschko had done work on this, asking quastabout lowering blood pressure
and the role of dopamine.

OH: Blaschko referred me to a work by Peter Haitermany, published during the
war in 1942, on dopamine. Holtz was the discoveféhe enzyme dopa-decarboxylase
which forms dopamine from L-DOPA. So Holtz was dpgquite a bit of work on
dopamine, too, because it was the product of degghiation by his enzyme, so to speak.
And he observed that also dopamine was, like neradin and adrenalin, in most species
increasing the blood pressure. But in the guingaipactually produced a fall in blood
pressure. Holtz was very surprised about that @yorbduced an explanation which, to
Blaschko, appeared very improbable. Holtz feltatswihe metabolites of dopamine by
monoamine oxidase, which are aldehydes, that peothecfall in blood pressure.
Aldehydes were known to produce some such effacsimals. So he postulated that.
And Blaschko didn’t believe it really. Blaschko weas expert on the metabolism of
catecholamines and he knew that it was an imprebaplanation, so he asked me to
repeat those experiments of Holtz. But | usedduiiteon to what Holtz had done, | used



the first in-vivo-effective monoamine oxidase in, iproniazid, to block the
metabolism, the break-down of dopamine [to theezponding aldehyde] by monoamine
oxidase. The idea was that if Holtz was right, thatas the break-down product by
monoamine oxidase, then inhibition of the enzynmaughabolish that lower blood
pressure, the fall produced by dopamine and dopastiould then produce like
adrenalin and noradrenalin a rise in blood presstwd repeated Holtz's experiments in
addition with treatment with iproniazid and | foutiht iproniazid not only did not
abolish the fall in blood pressure by dopaminedwgn increased it [the fall]. So that was
clear evidence that the effect of dopamine on thedpressure in the guinea pig was its
own physiological effect independent of its beilngwerted to some metabolic products
or to noradrenalin and adrenalin or anything likatt So that was the first such evidence
that dopamine may have its own function in the bdfycourse, it was in the periphery.
At that time, dopamine was not known to occur i bihain. The brain dopamine story
proper starts actually a year later, in '57.

BWS: Did you expect this result from your work? Btaschko had asked this question
and the results were very clear to you.

OH: | was aware of this, that it was somethingntérest. Actually, Blaschko, when |
left Oxford and returned to Vienna, Blaschko gaweethe advice to continue with
dopamine research. | started immediately in Viethmag some pharmacology of
dopamine. First, still on the circulation and caxdiscular system, but very soon, nearly
immediately, | changed to the brain.

BWS: You have written that the decision was quésyefor you to go from the
periphery to the brain. Why was that?

OH: It was during my experiments at Oxford that @amme was discovered to occur in
the brain. That was by Kathleen Montagu in Londothe summer of 1957, published in
Nature.That was the first time that the substance withclwhidid the blood pressure
experiments was found in the central nervous sydimpamine was until then only
known to occur in peripheral nerves probably, pneely, as a precursor of
noradrenalin. Then, while | was writing up the festor publication in théritish

Journal of Pharmacologythere were made several discoveries, especiadiyta._-

DOPA, L-DOPA's effects on the central nervous systeknew that L-DOPA was a
precursor of dopamine. | had done also experimargsinea pigs, on the blood pressure
that used L-DOPA and found that it behaved just lopamine and also was potentiated
by iproniacid, by an inhibition of monoamine oxida$o | was interested in those
compounds [and this problem]. Then Peter Holtmaybe September or October, '57,
showed for the first time that L-DOPA produced éxion in animals, in mice,

especially when they were treated with iproniaaithonoamine oxidase inhibitbthen

a month later, Arvid Carlsson in Sweden found thatD,L-DOPA had antagonized the

! Holtz, P., Balzer, H., Westermann, E., Wezler, E., 198@imlussung der Evipannarkose durch
Reserpin, Iproniazid und biogene Amine. Naunyn-Schmiederbargh. Exp. Path. Pharmakol. 231, 333-
348.



tranquilization by reserpinfeHoltz also showed that the L-DOPA had an awakening
effect in barbiturate-treated animals. So that aramteresting pharmacology for me.

In December of the same year, '57, Alfred Pletscimeswitzerland, showed that
levodopa increased the catecholamine levels ibaie? Holtz actually postulated, as
the only one, that the L-DOPA effect which he oledrin mice, must be due to the
dopamine formed from dopa in the brain. Wherea®ther researchers were not clear —
did not make a clear statement about that becalB¥®RA is the precursor not only of
dopamine but also, via dopamine, of noradrenaln ti¥e effect could have been due to
either of the amines. But Holtz who knew all abihét [kinetics of the] formation of
dopamine from L-DOPA, he apparently felt that itsnhbe the dopamine that was
responsible for that central effect of L-DOPA. Thaftcourse, was an interesting
statement. And Carlsson’s findings that dopa amtagad the reserpine tranquilization
was in that context even more interesting becawskngw all, at that time it was general
knowledge in pharmacology, that reserpine is aiRsok-inducing agent. Patients
treated with reserpine, which was, at that timegduss a drug for high blood pressure and
also in psychiatry — it meant that those patierdsld develop a reversible Parkinsonian
syndrome.

BWS: That led you to the brain.

OH: That made me change immediately to the brastarted measuring the influence
of centrally-acting drugs on the dopamine metaboliis the brain, in the rat brain.
Among the drugs that | used was chlorpromazineclwiias the first effective treatment
of schizophrenia. Chlorpromazine, like reserpingg snduced Parkinsonism-like
conditions in patients. So | became, of courserawaParkinsons, and the drugs in
guestion became very familiar to my thinking. Bugn, in January of '59, came the
decisive publication. It came from Sweden, from éA\Bertler and [Evald] Rosengren,
who were Carlsson’s Ph.D. students at that fiffieey found that the dopamine was
localized specifically in the basal ganglia in thag brain. To connect all those findings
and produce the working hypothesis, what to do,riegame to me like a flash, | would
say. Since it was easy for me, then, to connedindengs that reserpine removed — and,
by the way, at the time also it became known tbs¢rpine removed the dopamine from
the brain and that L-DOPA could restore the conegions of dopamingSo, | put all
those things together in my mind. | didn’t haveltoanything. It all fell into place, |
would say, by itself, in my mind. And | immediatediarted collecting Parkinsonian
brains, brains of patients dying of Parkinson’sdaise, to see whether there was a change
of dopamine or not. To me it appeared much moredb¢o do this than playing around

2 carlsson, A., Lindgvist, M., Magnusson, T., 195a-Bjhydroxyphenylalanine and 5-hydroxytryptophan
as reserpine antagonists. Nature 180, 1200.

3 Pletscher, A., 1957. Wirkung von Isopropyl-isonicddimehydrazid auf den Stoffwechsel von
Catecholaminen und 5-Hydroxytryptamin im Gehirn. Schweigd MVschr. 87, 1532-1534.

“ Bertler, A., Rosengren, E., 1959. Occurrence and disisibof dopamine in brain and other tissues.
Experientia 15, 10-11.

® Carlsson, A., Lindqvist, M., Magnusson, T., Waldeck,1®58. On the presence of 3-hydroxy-tyramine
in brain. Science 127, 471. Weil-Malherbe, H., Bone, A1B58. Effect of reserpine on the intracellular
distribution of catecholamines in the brain stem of theitalllature 181, 1474-1475.



with animals and with reserpine which was not aaldirug because it did all sorts of
other changes to brain monoamines — we knew theddy at that time. So it was — there
were the controversies about how it [the reserpi@ked and what the important
change was — | felt the best thing was to go diyeotthe human brain and see whether
there was a change in Parkinson's Disease or not.

BWS: Did you go to Carlsson’s lab? Visit his lab?

OH: No, I did not. At that time, | didn’t know himersonally at all. | knew of his
publications, of course, since there were onlywageablications in that area and we all
knew each other by publications, by reading theepa®But | didn’t know him. | met him
for the first time in Prague or Milan somethingeli8 or 4 years later.

BWS: Not in Sweden?

OH: No, | have never been in his lab in Swedenwideked at the time of the first
papers in Lund but then moved to Goteborg. | haxeenbeen in his lab or in Sweden at
that time.

BWS: Was this what you would call your Eureka motfierhings coming together for
you?

OH: Yes, that was the moment. After reading thetlBeRosengren paper, it became
quite clear to me. Since Bertler and Rosengreradyrén that paper made the suggestions
that dopamine may be involved in the Parkinsonisoadypced by reserpine. That was
logical, of course, because it was known already rtbserpine removes the dopamine
from the brain and levodopa restores the concémtiabf dopamine and also abolishes
the reserpine signs, its central effects in anintasthey [Bertler and Rosengren]
suggested that, but they did not mention ParkirsDisease at all, so | immediately had
that idea and we started about 6 weeks after wkthed paper — we started already
Parkinsonian studies.

BWS: Why do you think they did not follow that path

OH: Thatis a question that | have very often thdwbout and | could not find an
answer to that. Because you see they were studk@rIsson’s and Carlsson, of course,
also knew all the literature. He contributed tedtmuch. Bertler and Rosengren
immediately analyzed also human brains. But theyodily controls. Only normal brains.
Their next publication was published only a few tis{June 1959] after the first came
out about the localization of dopamine in the basalglia of the dog. And they did the
same thing in human brains. But they don’t men#iogthing about that it would be
interesting, maybe, to study also Parkinson braidashing at all. So in Carlsson’s lab,
apparently, that was not a question of intereslisrussion. Because otherwise they
would have done it. It was so suggestive.

BWS: You have described this as the all-decisiep.st

10



OH: Yes, but | should have maybe also added thet tife Bertler and Rosengren
paper, which had described the dopamine localizatidthe dog brain —
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OH: Very soon after the Bertler and Rosengren paper would have to say
simultaneously, in Japan, Isamu Sano and his gpiessaexamined the normal human
brain and found also that the dopamine was corateatin the basal ganglia, which is
not surprising, of course. But that was a simultarsediscovery in the human brain. And
again, Sano mentions, as a conclusion of his corgation, that apparently dopamine is
concerned with the functions of the extraperanfitedal ganglia system. But he does not
mention the name Parkinson’s Disease. So it waly iateresting, somehow, that none
of them really thought of that at that time. | didimply because | thought it was the best
thing to do. Just to decide the question.

BWS: | know that you have done this a number oespbut will you please talk
through — “why the basal ganglia?” There were iaflces from your early teaching and
that was coming back, that was part of your thigkmmoving into the Parkinson’s
brain?

OH: I think that one of the reasons why | so quiatdnceived that idea of going to the
Parkinson brain was because of my first post-dat&iudy on the ceruloplasmin in
blood serum of Wilson’s Disease patients. | knéwgrefore, that there was a basal
ganglia disease, the Wilson’s Disease. And basalgabecame something familiar to
my thinking. And | guess that it was subconscioustiat idea to do something with
Parkinson’s brains which | knew had a disturbarfdeasal ganglia since that was known
at that time. That was what neurologists expectdtbre was a disturbance of the
functioning of the basal ganglia. Since dopamine w@ncentrated — most of the brain
dopamine was localized in those basal gangliareserpine removed the basal ganglia
dopamine and produced Parkinsonian symptoms —itheas very logical to conceive

the idea that we should examine that situatiorairkifson brains. | was very surprised
that it was not done by anybody else who was ire@iv those dopamine studies. By the
way, | should mention that when | did those studiesl | had reprints of that work, and
repreints of the consecutive studies, which wemiathe dopa experiments in patients,

| sent the reprints to Sano in Japan. And becaeseas the first to analyze dopamine in
the normal human brain, so I sent him the repriisl | received a letter, that was in
1962, back from him where he congratulates me effitidings and says that they are
something “I would have liked to do myself, but Bawot done it.” Only later it became
known that he actually started doing those studiesalso studied one Parkinsonian
brain in 1961, '60 probably. And found lower amauat dopamine in the putamen,
which is part of the basal ganglia. But as he statéis letter to me, he was in doubt
whether that was a real result because of therposiem changes of the brain. He did
not analyze another Parkinson brain anymore and tfeat up. He published those results
only in Japanese, in a Japanese journal. In 1889paper, where he published it, was
translated into English and became accessiblestd\stern readers. He didn’t publish a
real paper on his finding but included it in an wwew talk about catecholomines in the
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brain. He also tried levodopa in Parkinson patiants he describes his experiments in
the letter to me. But he was not really interestetthe effects of levodopa on the
movements in Parkinson’s Disease. So he had henpatying on the examining table
and he was trying to see the side effects of lepadahich were vomiting and such
things. And he did not test the effect of levodopahe motor activity of Parkinson’s
patients. He did not let them walk around to seetivr they could move better or not.
His conclusion at the talk, which he gave in Japane/as that levodopa was not a drug
for Parkinson’s Disease. So it was a tragic enal \aéry good start. He could have also
discovered independently the dopamine deficiendii@Parkinson brain and the
levodopa effect. But he simply gave it up and ditllvelieve that it was of any
consequences.

BWS: Were you looking for a way to use L-DOPA — whmu started this study, were
you expecting some of these results?

OH: I think chronologically speaking, | started thegpamine studies in Parkinson
brains without a thought about treatment. That matsyet on my mind, | would say. If |
tried to reconstruct the situation really as musipassible in my memory. | wanted to
see how dopamine behaved in the Parkinson braihstiWr the idea that it was low in
Parkinson brains was true or not.

BWS: It was basic science, measuring the dopamine —

OH: Yes. It was at that time a great risk, | wosdy, because, you know, post-mortem
material was not at all a part of basic researc¢hadttime. Human post-mortem material,
brain material, was regarded as already too decsetptw be useful [for neurotransmitter
research]. And the dopamine and the other catectioés and serotonin, they were
regarded to be unstable compounds post-mortenhe§ontould quickly be metabolized
and disappear from the tissue. So the first thing,wnentally at least, to overcome the
difficulty to use post-mortem material. Many peopiehe laboratory warned me about
that. They said, “You are losing your time tryirmguse post-mortem material. The results
will be inconclusive because you will always haow Idopamine because it will be — also
in controls it will disappear because of the posttem changes.” | didn't listen to those
things. | thought | should do that anyway.

BWS: Why?

OH: Because | was so sure that | would find sometHiaughs] | wanted to find
something. The second difficulty was, of courseghitain the brains because there had to
be some kind of procedure to obtain brains. Sothmgevith my collaborator at that time,
Herbert Ehringer, we arranged with the pathologyadienent of the university pathology
to obtain, especially, control brains. Brains ofitols. And we did ask the pathology
department in one of the biggest hospitals in Vémm the periphery of Vienna, for
Parkinsonian brains. They had a larger populatidraokinsonian patients in that place
so we could then do the study. And then alreadyitbeParkinsonian brain which we

did sometime in April 1959, about 3-4 months after Bertler and Rosengren paper
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came out — the first Parkinsonian brain.... Of cour$ad the special difficulty with the
dopamine assays. | should mention that. Becaugehtdaenacology department at that
time was not biochemically oriented, they didn’veaeally modern equipment. They
didn’t have a spectro-flourimeter which was necesia very sensitive methodology.
So | settled on the colorimetric assay for dopamwheh | learned in Dr. Blaschko’s
laboratory. It was a simple, not very sensitive, ibwas a nice method. You could see
the color of dopamine — pink, a nice pink colanskd that method already for my
experiments on the brain dopamine in rats, on fieeteof drugs on the brain dopamine.
So | had it already, in my hands, that assay. Asichply changed [adapted] it to the
human brain.... Already in the first Parkinson briaiemember that very, very clearly,
when | did the dopamine reaction in the extractsamal brains and in the Parkinson
brains, the normal brain — normal basal gangliaveghe nice pink color of dopamine
which | could see before putting [the reaction sfiahto the colorimeter. But the
Parkinson brain was not at all pink. So | knewadsebefore measuring, before getting
the measurements, | knew already there was a faddp@amine in the Parkinson brain.
Then it was a matter of repeating the study sevienals to be sure about it. By the end of
the year, of 1959, we had already 3 brains examihedhs a slow thing because in the
beginning, we had difficulties in obtaining the Bason material. It was easier to obtain
for us the control material.

By the end of the year, we had 3 brains showingttieae was a deficiency of dopamine
in the Parkinson brain. We suggested to the he#fieadepartment, Professor [Franz]
Briicke, to publish it. We were excited. We wan@gublish it. But he looked at the
results which we showed him and said, “No. You warnhake really a far-reaching
conclusion. Three cases is not enough. You hagerttinue and collect more cases.”

It took us 10 months to collect the additional 8asaand then we published it at the end
of 1960° The paper came out with 6 cases of Parkinsoni@ingrbut in the meantime,
we had plenty of time to collect also other materi&o we collected something like 20
control cases. We also analyzed 2 Huntington’s &isecases. That is also a basal
ganglia disorder. And we also analyzed 6 caseséms with basal ganglia
symptomology but without known etiology. So we gaall altogether 14 basal ganglia
disorder brains, but only the 6 Parkinson cases/stidhe changes in dopamine. The
other cases of basal ganglia disorders had noramardine which was very important
because it showed that the loss of dopamine wasfgper Parkinson’s Disease. And
that is what we already saw in the first publicattodone with that very insensitive
method, but a very nice method because it showddeussults before measuring even.
We also included noradrenalin in our study becawsadrenalin at that time was much
more popular than dopamine. Dopamine was disreddygéamous people mostly.
Famous catecholamine researchers didn’t acknowldagexistence or importance of
dopamine for many years to come. That was oneeoflificulties of the Parkinsonian
studies. And also the levodopa studies.

BWS: Why do think that was? You were following thisth. Why were others not?

® Ehringer, H., Hornykiewicz, O., 1960. Verteilung vonrhidrenalin und Dopamin (3-Hydroxytyramin) im
Gehirn des Menschen und ihr Verhalten bei Ekrankungen degpgsdminalen Systems, Klin
Wochenschr38, 1236-1239.
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OH: | came from a different direction. | was notditburdened by the debates about
what was the reason for the central effects cabgedserpine. That was a very heated
debate between Bernard Brodie at NIH especiallyramgeople and Carlsson,
Carlsson’s group in Sweden. Bernard Brodie belidhatlit was the effect of reserpine
on serotonin that produced the central effectesémpine. Carlsson was for noradrenalin.
Carlsson was nearer the real facts, of course.i@mds on the wrong path, one would
say. Not really wrong because reserpine also inflad serotonin so it had an effect on
serotonin function in the brain, but anyhow, sonvelleey started quarreling. These were
very heated debates. Quarreling about whetherstsgeotonin or noradrenalin. And
dopamine came in the middle of those discussiautst lvas not a topic of those
discussions. They seemed to push dopamine todbésicause they were trying to
decide the main question, whether it was serotonimoradrenalin. So, dopamine became
neglected that way. Which was good luck for méjnk. | could do my studies relaxed
and not under pressure at all.

BWS: You were communicating with others about dojpa@mesearch? Did you have a
role in the Brodie-Carlsson discussion?

OH: No, no role in that. But | knew there were mayitalf a dozen people or labs that
were doing anything with dopamine. One of the peayds the laboratory at McGill
Psychiatry [Canada] headed by Ted [Theodore] Szurkctually | didn’t know
anything about Ted Sourkes’ work when | did theatame study in Parkinson’s brains,
but when we published the paper on the dopamirgitothe Parkinsonian brain in
December 1960 — it was published in a German-laggpaper in 1960 — in February
[1961] | received a letter from Dr. Sourkes, fronomdreal, saying that he has read the
paper. Imagine that — 2 months later he had rea&Gtrman-language paper without all
the Internet communication or anything like thag. id very interested, he said, in the
results because he has studied with [Andre] Barbieagoncentration, the behavior of
dopamine, in the urine of Parkinsonian patientsfandd that it was low in the urine of
those patients. That is how | learned that therg avether group doing [dopamine]
studies in Parkinson patients, but not in the hiairt in the urine. So we started
communicating with each other and they even citedhbaper when they published the
urinary dopamine study in June the following yé@t, [in Sciencgand in the note
“added in” proof, quoting our results. That was fingt quotation, | think, of our study.
[laughs] And Ted Sourkes then came to Vienna irstiramer of that year [1961]and we
started discussing the questions. And he becameviity influential, very important, for
the dopamine research, brain dopamine research.

And, of course, as | already mentioned, | sentépeints then to Sano since | knew that
he had — and | also sent reprints to Sweden, tdéBeand Rosengren and to Carlsson. |
can’t remember for sure if | sent it to Carlssom, Iknow that | sent it to Bertler and
Rosengren. We were so few, you know, that we toeshcourage each other to do
something about dopamine because it was so mudaated by the big science.

BWS: Responses from the others?
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OH: I received only a letter from Ted Sourkes amehtfrom Barbeau, we also had
Sano, of course. | received a letter from Sanaj Eso many requests for reprints. But
the real interest in our work came 1 or 2 yeasy Jatfter the dramatic L-DOPA results in
patients.]

BWS: Were you presenting at any meetings at thistpo

OH: No, I was not at that time. | was not presepttnWe published the paper before
any presentations, oral presentations, as faresémber.

BWS: Were you at the — there was an internatioagdaholomine symposium in 1959?

OH: I learned about it only when it was publishétha end of June the following year
[1959] — it [the symposium] was in 1958, at the ehd958. | became aware of the
presentations when they were published in June [i@3%harmacological Revies

There was also Carlsson’s presentation. A revigiwlar He actually reviewed the results
obtained by Bertler and Rosenberg in that papEnat paper is generally quoted by
Carlsson, especially by Carlsson — it is regardetthe one that suggested the concept of
dopamine loss in the Parkinson brain. It takegooirse, the knowledge of our results to
interpret what he says in the article the way herprets it now, | would say. Without
those results he would not be able to inteprethignway he does now], what he says in
that review article in '59. He mentions ParkinsoDisease and Huntington’s chorea and
he discusses reserpine Parkinsonism and L-DOPAh8&ends up with the statement: it
is impossible to decide at the present the corttabwof dopamine or noradrenalin to the
effects of L-DOPA and of reserpine as the Parkinsgokinesia-inducing agent. That is
all that he concludes. Also, he mentions Parkirsdram surrpised that he does it
without having asked Bertler and Rosengren to titheasame time, a study of Parkinson
brains — dopamine in Parkinson brains. It is a B1ystA little of a mystery. Anyhow, by
the time these communications were published, me & '59, we had already 2 of our 3
Parkinson brains analyzed and knew already thadardope was low in the Parkinson’s
brains.

BWS: So you had moved ahead at that point?

OH: Yes. | was working independently of that pagiaece | did not attend the meeting
on the catecholomines in 1958. | was not presemtas in Bethesda at the NIH. So | had
no idea about what was being said. | only learh@den it was published.

BWS: Professor Briicke’s presentation in Belgium 960 started this?

OH: Yes. After we showed him the 3 cases which \aated already to publish in
1959 and he rejected that idea, advising us to @@ mases, he included those 3 cases in

" Carlsson, A., 1959. The occurrence, distribution angiplogical role of catecholamines in the nervous
system. Pharmacol. Rev. 11, 490-493.
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an oral — in a lecture. He was asked to give aifeah Belgium in February 1960, and he
gave a lecture on catecholomine metabolists arer gtindies done in the pharmacology
institute because there were other groups workmpgesipheral catecholomine
metabolism, on the vascular effects and so on.nohcluded those 3 cases in a little
paragraph; a mention of them. But he did not sheyvatual data. | mean, he did not
publish them. It was mentioned in the publicatioattcame out but there are no actual
data there. But he had the slides of those 3 c@bkes was the first time it was mentioned
somewhere outside the insitute.

BWS: Your publication came out in December of tesr.
OH: 1960.
BWS: That was when you were able to show your work?

OH: Before that time we were discouraged from gjvamy oral presentations by
Briicke’s judgement that these 3 cases were too\éwvere silenced. We were
condemned to silence. [laughs]

BWS: That must have not been easy.

OH: We accepted it. And | must say he was not wrding like that. Sometimes
nowadays when | see publications with 1 or 2 cdseender whether they will survive
the test of time.

BWS: You said that your equipment was not as seasis that in other places. Was that
a factor, that you were developing studies witls lebecause of what you had available
to you.

OH: There is one important point that dependedchersensitivity. That is the

substantia nigra in the Parkinson brain. We quatyaring the substantia nigra, which is
part of the basal ganglia, which was already dttthee known to be involved in
Parkinson’s Disease from pathological work. We dald the normal — analyze the
normal substantia nigra for dopamine by poolingrthember of different cases of the
substantia nigra. It was kind of a collective vatlnen. So we measured the dopamine in
normal substantia nigra and knew that it was caethin larger amounts in substantia
nigra. But we could not measure it in single Pa&mcases because our method was not
sensitive enough.

Analog Tape 2, Side 2

OH:  Ouir first publication on the dopamine loss arknson brain does not say
anything about the substantia nigra dopamine ikiRson’s Disease. But 2 years later,
we already had more sensitive equipment. We firedlyuired a spectro-fluorimeter. And
then | changed to a more sensitive method for dopaand | analyzed the dopamine in
the substantia nigra of Parkinson’s cases. Andnaggainst the advice of very famous —
written advice, not personal advice — opinionssal, famous people who didn’t think it
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was a good idea. In 1962, | found that the dopanmirtee substantia nigra was just as
much reduced as in the striatium, in the otherspiidt contained large amounts of
dopamine. And that brought me to the idea thattheasy be a connection — a dopamine-
containing connection between the substantia ragdathe nuclei that are called caudate
and putamen that are involved in Parkinson’s Disekdor the first time, suggested that
the loss of neurons in the substantia nigra mayéeause of the loss of dopamine in the
caudate and putamen. That was published in a [de&inese] medical journal, again in
German, in March '63. knew at the time that there were already pebpérested in

that question, where dopamine was localized irbtae. Because until then, we didn’t
know the cells in which dopamine was contained. Wesntained in cell bodies of the
striatum, caudate and putamen, or was it contaméte terminals coming from other
areas? Was it contained in the glia? We could ebechll those things. And then we
postulated in the connection between the substamgra and the striatum. | knew at that
time there were 2 groups already trying to ansWwat question. That was Dr. Sourkes in
Montreal who started a collaboration with a neuedamist, Louis Poirier, and they were
lesioning the mid-brain. Different areas in the fardin in monkeys. Trying to reproduce
Parkinsonian symptoms in those monkeys. So | kinatvthey were interested in that
guestion. | sent them a reprint of that little Ganvlanguage paper on substantia nigra in
Parkinson brain. The second group were Annica Damsand Kjell Fuxe in Stockholm
who were using the histo-fluorimetric method fopdmine and noradreline, for
catecholamines, also, examining morphologicallyasriie microscope the localization
of the catecholamines in the brain. But at thaetithey did not analyze the substantia
nigra. They did the experiments in rats. It wasvikndhat dopamine is contained in the
caudate and putamen in the neuropil, as it isdatlgfusely distributed, not in cell
bodies. But in the substantia nigra, nobody wakit@pat. So | sent also a reprint of that
[paper to the] group in Stockholm and as you say English, “lo and behold,” [laughs],
a year later both Poirier and Sourkes in Montredl Rahlstrom and Fuxe in Stockholm
published papers showing that when you lesionerptiimate the substantia nigra [Poirer
and Sourkes] you have a loss of dopamine in thetisim which proves there was a
connection between those two. And Fuxe and Dammspoblished beautiful histological
pictures showing the dopamine in the cell bodiethefrat substantia nigra. That was the
birth, as | would call it, the birth of the now f&omous nigrostriatal dopamine pathway,
which is now the best-studied neurotransmitterywathin the brain. That was also based
on those Parkinson studies.

In a way, it was only possible because nobodywtsedoing anything. So we were not
under pressure. You could stop and think propédtarted reading all the literature on
substantia nigra to find out if it was a good ideao the substantia nigra. And actually,
it was not considered a good idea. It was not ssggpdo be a good idea because two
famous people were opposed to that. [Derek] DenmowB was a famous neurologist in
Boston at Harvard who was a world-leader in baaabtia neurology and experimental
neurology. He had a colony of monkeys where hetligorts of lesions studying the —
trying to reproduce the different extrapyramidaatders and symptoms. He is
considered the founder of modern American neuralétgystated at the same time, when

8 Hornykiewicz, O., 1963. Die topische Lokalisation uag ¥erhalten von der Substantia nigra des
normalen und Parkinson kranken Menschen. Wien Klin Wochen&gh309-312.
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| decided to analyze the substantia nigra in Padaran brains, he stated, again in an
excellent monograph, he was an excellent pers@m[guoting this literally] “We have
presented evidence against the common assumptobsuhstantia nigra is involved in
Parkinson’s Disease.” [laughs] He would have disagad everybody except maybe me
by that statement. The other person who was, soatawhtionally, | would say, against
my conclusion of the study was Rolf Hassler in Gamgn He was a director at the Max
Planck Institute for Brain Research in Frankfunteay influential person in the basal
ganglia field. He was the first to really provetttiee substantia nigra was [always]
degenerated in Parkinson’s Disease and that treawgaecific finding for Parkinson’s
Disease. So he was not against substantia nigraghwas against a connection between
substantia nigra and the striatum for some reastih, to me, have always looked a
little irrational. Maybe it was a personal animgsgainst somebody who was in favor of
that or something. It must have been somethingthiké So he wrote me years later [in
1967] when | sent him the reprints of my studiesyiote me a letter that | am
completely mistaken; my conclusions are compleatalstaken and erroneous because |
interpret the data the wrong way, because my esolild be much better explained by
assuming a connection between substiantia nigrahensitriatum in the opposite
direction. But not in the direction | was suggegtihhave the letter to this day in my
collection of correspondence during that periotiroé.

BWS: It was an energetic and exciting period?

OH: Yes, it was very exciting because there welg ariew people and they had
strong opinions. It was always a kind of challetmdiscuss things with them. But there
were only a few — and, of course, we haven't yehntoeed anything about the levodopa
treatment. Because the levodopa treatment cami®@f] right after the [1960]
publication of the results on dopamine loss in Padnian brain. Actually, before that
paper came out, | conceived the idea that one dhiiputhe levodopa in the Parkinson
patient.

BWS: Why?

OH: That was again very simple, very logical. elnall the literature on levodopa. It
was a very small collection of information. | haahe [in 1957] also my own
experiments with levodopa in Oxford on the bloodgsure and the specific effect of
dopamine in guinea pig. And | found in Oxford tl@atodopa had exactly the same effect
as dopamine. Then | already mentioned the resittlslWDOPA (I call it levodopa at
some times and L-DOPA; L-DOPA would be the corgget | think). | have already
mentioned those studies in 1957 by Peter HoltzidABarlsson, and Alfred Pletscher
showing that levodopa and D,L-DOPA increased ttieatelamines in the brain — it had
an anti-reserpine effect — and the earlier stuoyeldoltz showing that it had a temporally
excitatory effect on locomotion. So | knew it #hd since | saw the deficiency of
dopamine in the Parkinsonian brain, it was verydalgto [try and] see what L-DOPA
would do in the Parkinson’s patient. There wasaalyein the literature, actually in the
same volume [of the journal in which] our resultsdmpamine were published in 1960, a
human trial of L-DOPA in reserpine-treated psyatgpatients by Rudolf Degkwitz in
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Germany. He found, not surprisingly, that it hacaati-reserpine effect — that was

known from animal studies already. But he did mptd look at Parkinson’s patients. He
did not have that idea. He must have known tha&rpese causes a Parkinson-like
syndrome because as a psychiatrist he must hamdlsdedn his reserpine-treated
patients. And he actually tried, in those patiettsgntagonize that reserpine effect and
showed that it did antagonize it. But this neurgebsatrist, who should have developed
the idea to try levodopa also in Parkinson’s pasieime did not have that idea. It seems
that that idea was reserved for — only for 1 oe@pie. | include Sano also, although he
failed to really recognize the effect, but he eatst, tried it. | should also include the
Sourkes group, of course. Sourkes in Montreal. Wieeanalyzed the urine of
Parkinsonian patients and showed that it was l@ithken suggested to Barbeau who was
the clinician, the neurologist, he suggested tolesadopa in Parkinson’s patients. That
was also in 61 at the same time when we startedtodlies. They gave orally the
levodopa to Parkinson’s patients and publisheceadfr-language paper in a symposium
volume on the favorable effects of oral L-DOPA. &l¢he effect was not as strong as our
effect, the intravenous effect, in Vienna becabhgeaimounts given were small. We all
used, at that time, very small amounts. Levodopaaveare compound; you could not
buy it anywhere. You had to ask drug companiesipply it to you. Synthesize it and
supply it. But they [Sourkes and Barbeau] noticatyaificant effect on the Parkinsonian
symptomology.

But to come back to the beginning of our trialsydde the suggestion to use L-DOPA in
Parkinson’s patients intravenously. | had alredaygaper by Degkwitz who tried it also
intravenously in his psychiatric patients. And lNlovember 1960], | gave the instructions
and a sample of the L-DOPA which | had in my labanato Walter Birkmayer, a
neurologist who was the neurologist of the Parkamso ward from where we had
received our Parkinsonian brains earlier.

BWS: Had you known him?

OH: I knew him from one occasion only, before. Ahdt may also be of some

interest. Because when | asked Birkmayer in Noveni&60, to try L-DOPA in
Parkinson’s patients, he did it only in June, JuB61. There was a nearly 10-months
delay. | urged him again and again. | asked himnekier | saw him at a meeting or so.
“Why don’t you do that? | gave you the sample. Yaggou the instructions how to
dissolve it for slow, intravenous injections.” Hewld use excuses. He had other drugs to
test now in his patients and he didn’t want torintpt his trials. And so on and so on.

The reason was that he was actually not on goodstenth me at that time. When |
returned from Oxford with the idea to continue nopdmine research, he came [March
1958] to my lab. He was a clinical neurologist] asentioned. He wanted to persuade me
to use Parkinsonian material from his patientspglyin his ward, to analyze the
hypothalamus of the Parkinson patients for seratdrdidn’t see any reason why |

should measure serotonin in the Parkinsonian hytentius. Birkmayer’s idea was that
Parkinsonian patients have a temperature dysreégul&omething that was not clearly
shown anyway. No real literature on that. So | didae any rationale to do this stuff. So

| sent him away. | said, “Look, | am busy settipgtbe laboratory. | have just returned
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from Oxford. And | don’t have a method for serotariicannot measure it in those small
guantities in the hypothalamus.” | sent him awag.dtbpped all communications with
me. For a year or two, he didn’t even want to sgeake because of that. When | asked
him, then, in 1960, 2 years later, to start a ofdl-DOPA in Parkinson patients, he was
not very enthusiastic in doing it, you know. He teghto repay me for my refusal to do
the serotonin in the hypothalamus of ParkinsonseBse. He actually acknowledged that
in a letter to me which he wrote years later [ibbfeary 1970]. So | have it in writing.
[laughs] But that was later. Finally, he did ittire beginning of July, 1961. | still
remember, of course. | was present at that tintlkarhospital and watched the results. It
was a spectacular moment to see the patients wiid not walk, could not get up from
bed, could not stand up when seated, start walKihgy all performed these activities
like normal. Speech became better. Movements agbeciated movements, the face
expressions; they started laughing and then agtagling with joy. These were patients
who could not be helped by any doctor. And thed®pa produced the effects. It was
really very spectacular. We made a film of thostepés and showed it very soon in a
meeting of the Medical Society in Vienna. That wasfirst presentation, actually, where
| presented all the dopamine results in Parkingsopatients. And then Birkmayer
showged the movie showing the clinical effects ddOPA. That was in November,

1961:

BWS: That's a classic now, but how was it receigethe time?

OH: That was received with a lot of skepticism. Teasons were manyfold. First,
spectacular results were not liked at that tinveouilld say, in Parkinson’s Disease
because it was considered a completely untreatalpldition. It was a progressive,
neurodegenerative disease and it was assumedhtisat conditions can not be really
influenced to any really significant degree by drugo that was that at that point. The
other point was the selection of patients. One siugies were unable to reproduce the
effect of levodopa. But one study done in Vancoundhose days, for instance, used
patients who were treated with neuroleptics. Paikirs patients treated for some other
reasons with neuroleptics. And we know that netade block the dopamine effect, so
you would not expect any effect. This was a poteci®n of patient material. People
were not really very trained in doing such clinisaldies before. So that it was only 5 or
6 years later, in 1967, when [George] Cotzias iwN®rk decided to use oral levodopa,
or oral dopa — he used a racemic mixture, DL-DO&Ayally, because it was easier to
obtain in larger amounts — he more-or-less repaat&ourkes-Barbeau experiments
who did it 5 years earlier by giving L-DOPA to Pexgon patients orally. But he gave
large amounts. Grams. Grams of DL-DOPA and eveyy Nat just one experiment, but
every day. That is something we could not do withaivenous injections. Small
amounts. Because it was impossible to inject alltitme, levodopa, it has a short action.
So, we could not really develop an intravenoudineat for levodopa. Cotzias was the
person who accomplished that by giving high daiigi doses of levodopa. And he then
showed that the effect was not only spectacularalse sustained. That the patients

° L-DOPA-Effekt bei der Parkinson-Akinepeoduced at “Lainz” in August 1961. The paper that followed
is Birkmayer, W., Hornykiewicz, O., 1961. Der L-3,4-Dihenylalanin (= DOPA)-Effekt bei her
Parkinson-Akinese. Wien Klin WochenscliB, 787-788
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improved and sustained the improvement as longasgntinued with oral L-DOPA. So
that was the clinical breakthrough, | would say.eiVlthe neuroscience world realized
there was really something new. That effect — yawlat not deny it anymore, just by
being something like a skeptic.

There was also the idea that maybe our resultsanna with intravenous levodopa,
which were spectacular — our movie, | was askexktm out the movie to several people,
in California, in England, in Sweden — that theynetiow thought it might be a placebo
effect of the intravenous injections. That waslyeallittle — | don’t know how to classify
it — interesting, | would say. That idea, it shovikey didn’t read our full paper [1962] on
the L-DOPA effect in Parkinson’s patients wheretreated the same patients who
reacted so spectacularly to L-DOPA, given intrawestyp— in the same patients, we
tested a series of chemical compounds relatedD®PA X | asked Birkmayer to test all
the possible other related compounds to see hownaitted on the patients. And none of
these compounds had the levodopa like effect. Wixdtuded, of course, the placebo
effect. But those people who doubted the L-DOPA&dftlidn’t really — [they]
disregarded those results. But in the end, it Wwasigh oral dosage by Cotzias that
convinced everybody.

BWS: You have called this the Dopamine Miracle?

OH: That expression doesn’'t come from me. It wastithe of a talk that | was asked
to give [in London, in 2001]. They gave me thdetit wouldn’t have used miracle.

BWS: What would you have used?
OH: Good therapeutic effect.
Analog Tape 3, Side 1

OH: To some people, it seemed really very importéhere were some people who
really recognized it.

BWS: In 1965, you were invited to Columbia [UnivigrsNew York City] to participate
in the symposium on biochemistry and pharmacoldgh@basal ganglia. Will you talk
a little bit about that?

OH: That was the first, to my knowledge — it was the first symposium on the
biochemistry of the basal ganglia, maybe, but tfs¢ éne [in North America] that
included our work. | was asked to talk about dopemnievodopa, about our results in
Parkinson patients. The symposium was organizdddlyin Yahr, the neurologist at
Columbia, who was aware of our work. Also he ditlreally believe at that time, was
not convinced of the levodopa effect. But he caon€iénna in '64 already and | showed
him the movie and we had a chat. | even gave hinodepa for intravenous injections.

10 Birkmayer, W., Hornykiewicz, O., 1962. Der L-Dioxyplytadanin (=DOPA)- Effekt beim Parkinson-
Syndrom des Menschen: zur Pathogenese und BehandluRgrteérson-Akinese. Arch. Psychiat.
Nervenkr. 203, 560-574.
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He tried it in a few patients and couldn’t see mafflct and gave it up. He didn’t pursue
it. But he was aware of those findings and he @d/ine — he asked the other organizers
to invite me to the meeting. That was the firstetithat | presented it to an international
audience since it was a kind of international nmgetvith many speakers from other
countries. There was also Carlsson there. Othgrlpdémm other countries. Melvin Yahr
then arranged a press conference for me and Cangsere journalists were asking
qguestions and so on. That is how the L-DOPA carteenawspapers. For the first time, it
was also in the American newspapers mentionedr Aftg meeting, | received also
letters from patients from the United States askmegabout whether | could treat them.
But that was not a real treatment at that time. dmse intravenous injections were not
practical as a treatment. The effect was too dasting. It was only 2 years later when
Cotzias came up with the high-dose oral L-DOPA thbécame a real treatment.

BWS: Did you become more active in the internati@meanmunity after this? Did things
change a little in terms of understanding your aese?

OH: That meeting was very important. | think it wasthe first time it made people,
neurologists and neuroscientists of that time, awédithat possibility. | know that that
slim volume that was then printed of the lectunegig at the symposium, it had to be
reprinted several times because it went out oft immediately. It was actually the first
volume published by a new publisher called Raveas&which then became a very
important publishing medium for basal ganglia dikeys and Parkinson’s Disease
symposia and so on. That was the first volume ghdlished. And it went out of print
immediately. It shows that it was an important nmggethat really made people aware of
something completely new in that field of basalgen

BWS: Were people starting to look at the brainedéhtly at that point?

OH: No. That is, of course, interesting. But sontBbexplained it to me why it was

so. | have been wondering that the first papersoding our brain dopamine results in
post-mortem brain came out in 1970-1971. So actd#llyears after our paper came out.
And one of them was from Columbia University byr¢y Fahn. The other one was in
Finland, from Dr. [Urpo] Rinne. | have always wonelé why it took so long to
reproduce the results or why people were not regriod them immediately. Somebody,

| can’t remember who it was, one of the colleagaegjally explained it to me. He said,
“Your 1960 paper was so complete. It contained@tirols. It contained 14 cases of
basal ganglia disorder and 6 cases of Parkinsos&aBe amongst the 14 cases. And it
showed that [the dopamine loss] was specific,ithaas reproducable, that it was
everything. So that nobody really wanted to repleaistudy because it was so complete.”
That may be the reason why it took so long. Acjudtian [Stanley] Fahn not just
reproduced the paper, but he studied the sub-rebobanges in the caudate nucleus of
the Parkinsonian patients, so he added somethiogrtoriginal study. And Rinne also,

in his paper, studied the effect of levodopa ontitaen chemistry. Tried to find
something out about that. So there were modifioati@ut still these were the first
papers to reproduce also our basic results.
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BWS: After that, it became the treatment. Not acbut alleviates symptoms.

OH: Still the same regimen. Of course, they hawdeddeveral other details to the
treatment. The real clinical treatment, like somghitors of dopa decarboxylics in the
peripherary and some dopamine agonists can beamsksgo on. But that is only
additional. Levodopa is still the most efficacialrag in Parkinson’s Disease. And it can
be safely stated that during the course of theadiseevery patient at one time needs
levodopa and receives it. That is still what idezhthe Gold Standard.

BWS: And a help to the patient.

OH: Yes.

BWS: | expect that is when world opinion beganhargge?

OH: Yes.

BWS: You have talked about the missed opportundiethe part of others. In 1968 —
OH: 1967.

BWS: Thank you. You had an appointment here [Tapas well as continued in
Vienna. You have continued the same path of rebearc

OH: I was lucky to have a laboratory in the Clahkstitute of Psychiatry [Toronto].
They gave me a budget and let me do what | liketbtdSo | continued those human
brain studies especially. During that time, we hanagle several very important
observations and contributions to basic knowledgriathe human brain and
Parkinson’s Disease. We were the first to reallywsthat there exists the dopa
decarboxylase enzyme in the human brain. At that tit was claimed there is no such
enzyme in the human brain and dopamine is protabithasized by a different pathway
— making the human a kind of curious mammal, qiierent from all the other
mammals. But we proved that is wrong. If you dorilgat chemistry, enzyme chemistry,
then you can prove that there is dopa decarboxytette human brain and that the
human is not a curious kind of exception in theraikingdom. It is just as normal as all
the others. So we proved that.

We, of course, extended our research into othen lsanditions. We studied

Huntington’s disease brains and showed that thamdope was normal in those brains, or
near normal. And we made also the first observaiiothe monoamines, especially
dopamine, in Lesch-Nyhan Syndrome, which is annkdd inherited metabolic brain
disease. And showed that there was also a dopatafieency in the basal ganglia but

no changes in the substantia nigra, which was dongequite new at that time. Although
now we have other examples of such [dissociatiawdeen striatal and nigral dopamine]

— and that study became actually a kind of a refarea reference standard for the animal
experiments [on the Lesch-Nyhan Syndrome] withdgemic animals, since these [the
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transgenic mice] are [good]models of genetic dismsdSo we can reproduce in
transgenic animals the results obtained in ouriasuand do a comparison against those
animal studies. We then extended also further amdvere the first to analyze the brain
of dopa-responsive dystonia. The dystonia in childhat responds to levodopa. Nobody
really knew what the changes in the brain were.anayzed such a case; we were lucky
to receive it from Dr. [Ali] Rajput in Saskatoon.e/¢howed the dopamine lack in the
striatum and deficiency in activity of the tyrosiaed hydroxylase and cyclohydrolase,
the enzymes that are at the beginning of the sgrglodain of dopamine. Many of these
studies were very rewarding. We enjoyed it all veiych. When | went back to Vienna,
we then established, in the Clarke Insitute, thenkln Brain Laboratory, because we had
SO many brains in our freezers and we didn’t warbse them. | became, then, the Head
of the Human Brain Laboratory in Toronto beingthet same time, the Head of
Biochemical Pharmacology in Vienna. So | had 2 fpmss.

BWS: There is so much that you have done. If yotevie think about the major
advances in the last 50 years in the work thathaue done, globally, what would you
think they are?

OH: In my field?

BWS: Yes. What would you say?

OH:  Since our work.

BWS: Your work was the break-through.

OH: You could call it that. As | mentioned, thatli& general opinion. Levodopa is
still the Gold Standard. The drug of choice foatreent of Parkinson’s Disease. Of
course, there are advances, let's say, in terrdgsobveries of dopamine agonists and use
of dopamine agonists so that you don't use levodbea because they have a similar,
identical, effect, but they are much weaker. Sg #re not satisfactory in severely-
affected patients. Of course, a major advance as¢urosurgery. The rebirth of
neurosurgery because, you see, neurosurgery was time treatments before levodopa.
Levodopa simply killed neurosurgery. Neurgosurgeses: very unhappy about that
because levodopa was a drug and the patient didaé to be lesioned in the brain and
so on. It was much simpler to use it. And neurostyrgvent out of fashion. But then,
people started thinking about it again and developiero-lesioning methods. Methods
that would lesion really very specific areas. Thdier neurosurgery was crude, in a way.
They didn’t have those refined instruments and nmeci. They then discovered that
with micro-lesions you could also improve Parkinamrsymptoms and reduce the need
for levodopa. So that lower doses of levodopa walieady be effective and the side
effects of levodopa, especially the dyskinesiaslccbe minimized. So levodopa would
be possible to use even in patients that formerlijccnot receive it because they had too
many side effects. And the newest developmentahalea is the deep brain stimulation,
of course. Of which Dr. [Andres M.] Lozano, the Hed this department, is one of the
masters. And deep brain stimulation is one stefpdurfrom the lesioning. It is still in its
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development, | would say. It produces amazing tedalt we still don’t know exactly

how it works. It is an interesting situation whgo have a procedure that seems to help
but still lacks the explanation why it helps. Whishust the opposite of what we had
with levodopa. | mean at least | knew why it hddesause it increases the dopamine
levels in the brain.

BWS: Has your view of Parkinson’s Disease changext the years at all? How you
would define it?

OH: I don’t think anything essential has changethat area.
BWS: A single disorder? A syndrome?

OH: There are different opinions on that, manyet#ht opinions. | still like to think
that it is a single disorder. | have my own readonshat which | think people disregard
but I am not offended by that because it is nottimatl in research there are many
different opinions. But | think it is a single disler. It is probably caused by many
factors which have a common final pathway. Thahywaly must be specific for
Parkinson’s Disease. So | don’t think there aréed#int syndromes. | mean we know that
there are Parkinsonian syndromes that are noti®ankis Disease; that is well-known
and acknowledged and | accept that. But Parkinddisease proper is probably a single
disease — but may be caused by different factokst@mental factors and so on, which
lead then to a very specific changes, pattern®pénhine loss, in the brain. That is my
opinion. | don’t want to elaborate on that becatseuld take us too long.

BWS: Has the Braak changed the definition of tleedse at all?

OH: The Braak paper is a strange one. It is applgrens so strange that now
symposia are held to interpret Braak. That answehink, the question.

BWS: In what ways can neurochemists tell us abeut drugs for Parkinson’s Disease?
Best inform the scientific and medical community.

OH: Inform the scientific communities about the nemegress on drugs? Well, it is
symposia and papers. Publish good papers. | trookl gapers are always the best means
of communicating the new results.

BWS: Now we have the Internet which moves thingsdia Do things move faster?

OH: Ildon’tuse it. | don't use the Internet. | domave an e-mail address. | can be
reached only by mail or fax. With respect to thietnet and the information it offers, |

try to store it all in my brain.

BWS: You talked about things moving quickly wheruywere doing your research. Has
accessibility to information changed and has tlaat &n impact?
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OH: It probably has, but | am not sure. You see exgmple shows that the opposite
can also happen. Two months after we [had] puldigime1960] the dopamine paper in
German, | received from Canada, a letter writteBnglish already knowing the results
and expressing interest in starting a collaboraffdrat was so fast; it cannot happen
much faster with the Internet. | think if you asally alert to something, then you will
find it sooner and don’t need all those very sajpdased means that are actually
overloaded with junk information. You have to seéle proper things. | think real
progress is made in a completely different ways ttot made by such media,
communication media. It is made by having a goegidnd doing the right thing.

BWS: A lot of people have asked you about the Nétvede in 2000. Carlsson was on
the list. But there was world-wide support for yaork. Do you want to comment on
that?

OH: I was surprised because when | learned thag thas such an action going on

[the Open Letter to the Nobel Committee], | preglicthat there will be maybe 10 or 20
people supporting it. [laughs] | couldn’think of s@ny. And there were something like
270 people supporting it and | was very impressedl | was also grateful, of course,
because it was an expression of the opinion oéaglles about what | have done. That is
always — in research, that is the only recognitiereally can expect — the recognition of
the colleagues. That they recognize that what asedbne is important. So that was very
impressive.

BWS: It was quite an outpouring of support.

OH: I guess the main reason for such massive stp@arthat they felt that it was
somehow — that the prize committee somehow migseddsence of the discoveries.
Somehow they did not recognize the connection betwehat Carlsson has done and
what | have done and they didn’t see that, of agutge one thing without the other
couldn’t have existed, so to speak. That each gntsélf was not a whole. And what
upset many people | know from personal conversatwimo have approached me and
talked about that, was the Prize citation for thewas strangely wrong because it
created the definite impression that Carlsson dgtosde the discovery that dopamine
was lacking in the Parkinsonian brain and also estggl the treatment for Parkinson’s
Disease. And that is, of course, wrong. And | ddimik that Carlsson himself would
ever say such a thing. | don’t know why they wortlegl citation in such a way. There
was no necessity to create that impression bedc@ardeson had so many merits on his
side that you could clearly state his contributiaithout that ambiguous kind of wording
that sort of tried to — it looked as if they triedexclude me. [laughs] Well, you know,
they have done it. They have achieved the purfigeyou see, as | stated somewhere in
one of my recent comments, in research we don’kva@rprizes. And only a fool, only a
fool, would work for a Nobel Prize. But there hdaen many fools that have received
them also. [laughs]

BWS: There are many prizes in the world. You haaeived so many including the
Wolf Prize. [And the Gairdner Prize]
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OH: Are we still taping this?
BWS: Yes. I will send you the transcript when we done to check it over.

Another question — do you see new therapies ohdheon? New ideas for Parkinson’s
treatment?

OH: Not really concrete. There are several hopassbmething will come out of these
new possibilities. They had put big hopes and etghens into the fetal transplants
which actually failed, it can be stated. Now theg putting all their hope in stem cells
which are essentially no different from fetal tralasits. So there is not a high possibility
[for success — there is also the] probability thal also will fail because of those
uncontrollable mechanisms that will simply be ined like in the fetal cells. Growing
into other cells. Growing in cancer cells. Over¢iroing the dopamine and cannot be
stopped. And so on. These are very intricate thamgswe don’t know whether we’'ll
ever control those things. My personal opinionexpressed it at a recent scientific
advisory board meeting — if | had all the moneyt tha granting agencies put into
Parkinson’s Disease, | would not spread it intoeshazof different approaches. | would
put all my money — my personal money, so | woulthave to ask anybody for reviews
of my ideas — in growth factors. In neurotrophictéas.

Analog Tape 3, Side 2

OH: Neurotrophic factors if they really are reatlahthey exist and if they have the
effects that they have been shown to have in therédory on the survival of neurons and
the development of neurons — I think that thise most likely approach to finding a
treatment for Parkinson’s Disease in the earlyesaghere you could probably stop or
slow down the progression of the disease. So shatyipersonal opinion, which is not
really shared by everybody, | guess. But we alweyee different opinions. We have to
accept that. There have been some studies dore @undwth factors, GDNF, which
were negative but they are not really very goodiss) | don'’t think so. You still have to
develop a good study and a good way of supplyiegittthe growth factors, and so on.
But | think that would be probably the way to goréspect to drug treatment, there is
nothing clearly that would surpass levodopa. $®all more-or-less multiplying the
possibilities but not creating anything new.

BWS: If you were to look at your greatest achiegatnsomethat that would be your
scientific failure or frustration, or something tlyau would do over again, what would it
be?

OH: I wouldn’'t do anything over again. [laughs]

BWS: Differently?

OH: I think it was all fun and it was successfupasple tell me. No, | don't see any
failures in research. Of course, basic scientistsstart many projects, little projects,
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ideas, which all end up in the waste paper baskbbever is not able to survive, to
tolerate, 90% useless work that ends up down thie,dgoes down the drain, is not fit for
basic research. Those little things do not couttie@vise what | have achieved is, |
think, enough to satisfy me in a way. Parkinson'se@se, the dopa-responsive dystonia,
the Lesch-Nyhan Syndrome, the dopa decarboxyldgbpae things that were really
crucial. I would say they were all very succesdfdion’t have anything to do differently.

BWS: How would you describe yourself? Are you amhacologist, a neurologist, a
biochemist, a neuroanatomist? All of the above?

OH: You have left out philosopher. Not in the tertimat — that this expression is used
nowadays. That is actually contained in one ofd@Higde — not by me. That was written
as a kind of, as I call it, an editorial by a caliee.

BWS: You are a philosopher, in your thinking.

OH: I like very much to think, you know. To thigbout nearly everything that comes
to my mind. And in the Canadidtho’s Whothe entry for me ends up with something
like, Your Hobby. | have two hobbies listed in thNgho’s Whaook. That is reading,
mostly non-fiction, and thinking. That is the seddrbby of mine. And they really
printed it that way. | thought they would rejecath[laughs] But they were gracious
enough to print that. And that, in a way, descrilmes— as | would describe my approach
to whatever is seen in the world, whatever | deesearch, and whatever | think myself —
my private life — | like to be thoughtful. And ttg see things in a kind of balanced
perspective. But as to your question about thasel gossibilities, | would say | am —
formally | would call myself a brain researcher arwv | would call myself a
neuroscientist without really knowing what thatrakans. | have been trained as a
pharmacologist, so my training is simple pharmagpld’ou know, experimental
pharmacology. And | am still sort of — trace myea&xh approach to that source.

BWS: Your background, and as a final question, gdiack to your father and his
influence. There are many and continuing discussamd study of religion and science. |
don’t mean this to be a huge question, but in yoimking, is there anything you would
like to comment on about religion and science?

OH: | think you could regard me or call me a raigs person. That is not surprising, |
assume. To me there is no antagonism betweenamelagid science since they are on
completely different levels [concerned with verffelient, but complimentary, ways of
knowledge]. If you want me to elaborate, | couldt bdon’t think it is necessary. No,
there is no collision at all. | am always wonderarg surprised about those controversies
and those things that happen in North America sdfrather extreme views, [those
religious views and some reactions to them]. |Maall them merely pseudoreligious
views. | don’t think those people have the riglgtad about what things really are [—
religious things and scientific things]. They shbthink a little more.

BWS: Thank you.
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