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ERIC R. KANDEL

Interviewed by Huda Akil

Boca Raton, Florida, December 9, 2007

HA: I am Huda Akil and I have the great pleasure of interviewing Dr. Eric Kandel(, Professor of Neuroscience at Columbia University and winner of the 2000 Nobel Prize in Physiology and Medicine. I am holding in my hand the wonderful book of his called In Search of Memory, the Emergence of a New Science of Mind, which beautifully intertwines his own personal history and the history of the field. I hope today we can explore some of what’s in this book and beyond. So, Eric, tell us about your life.

EK: Well, I am pleased to do that, particularly with you Huda, a friend for many years. I must say I am particularly grateful to you, because we have Leo Bollinger as our president at Columbia University, a wonderful leader, who was tutored by you, and is fascinated with the brain, just as you and I.

HA: That’s wonderful.  I would like to start at the beginning, with you as a child in Vienna. Tell us how it was then and what propelled you to leave Vienna to come to the United States?

EK: I was born in Vienna on November 7, 1929 to a lower middle class family.  My father had a small toy store on the Kirchberggasse and my mother worked there. We had a small apartment in the ninth district and lived a lower middle class average life until March 13, 1938, when Hitler came into Austria, and to my and everyone’s astonishment, was treated by the Austrians as a hero, the person who had united the German speaking people.  I vividly recall Hitler coming into Vienna.  About two hundred thousand people milling in the Heldenplatz, screaming Heil Hitler, as he described Austria as the crown jewel in greater Germany. That night, the enthusiasm turned into enormous hostility against the Jews. Jews were beaten up, some were incarcerated, some were forced to scrub the streets where there was political graffiti, and it was just horrible.  Carl Zuckmayer, a famous dramatist who left Germany to escape from Hitler, was in Vienna the night Hitler spoke and described what he had seen that night as the most horrible thing during the twentieth century. It was if hell opened its doors. The next day, while I was walking on the street, a boy I knew came up to me and said, “Kandel, my father told me that I should never speak to you again”  In a few weeks all Jewish kids in my school were sent to a special school in the outskirts and I was roughed up in the park. There was a climax to things on November 9, 1938, two days after my ninth birthday. I was home with my mother and brother when two people knocked on the door; they were Nazi policeman. They gave us a few minutes to pack and we were told we had to move to the apartment of another Jewish family we didn’t know, and stay with them until further notice. So we packed a few things; I left behind the toys that I had for my birthday, including a small blue car that could be remotely controlled, which I loved a great deal. I left everything because I thought we’d be back in a few days. When we returned to our apartment a week later, we found everything of value was gone, including my toys. By then we realized we had to get out of the country.  We had a relative in New York, my mother’s brother, and he sent us the necessary documents and an affidavit stating he would support us in case my father didn’t get a job. So, we left Austria. My grandparents, who were the parents of my uncle who sent us the affidavits came first; my brother and I came next.  My grandparents came in February; we came in April, 1939. My parents arrived at the end of August, 1939.  

HA: So, you traveled alone with your brother?

EK: Yes.

HA: You were eight years old?

EK: Nine.  My brother was fourteen. Two kids by themselves. We took the train and got aboard the ship. My kids recently found, on the internet, the passenger list of the ship we were on.  Bruno Bettelheim was on the same ship. 

HA: That was an amazing journey. When you got the Nobel Prize somebody should have given you a remote controlled blue car!  Some day you may still get one.  So, you arrived in New York City and started school. Would you like to tell us about that?

EK: I went to public school PS217. It was a very nice school but I felt uncomfortable because there were many kids with blue eyes and blond hair. I assumed all of them were Christians and would turn on me. We were in a Jewish neighborhood and probably many of those kids were Jewish, but still, I felt uncomfortable.  My grandfather, the one who arrived just a few months before us, was a very scholarly orthodox Jew, and wanted me to get a serious Hebrew education.  He offered to tutor me in Hebrew, so I could qualify for Yeshiva, a Jewish parochial school, which was near where we lived. I had no interest in Hebrew or getting a religious education but I was interested in getting out of the school I was in. So, he tutored me and after passing my qualifying exam, I went to this parochial school for four years.  I went to high school at Erasmus Hall and during those years I became interested in history, particularly in German and Austrian history. I thought to apply to Brooklyn College after finishing high school because my brother went there but my history teacher, Mr Campagna, suggested Harvard. I didn’t know much about Harvard and when I discussed it with my parents they were not enthusiastic because it meant spending more money. So, Mr. Campagna gave me the money. I applied and was admitted to Harvard with a scholarship, and had four fantastic years. I started in a special field, called History and Literature, and wrote my dissertation in my senior year on the attitude of some  writers toward national-socialism. In my junior year, I fell in love with a wonderful woman who was the daughter of two Viennese analysts, Ernst and Marianne Kris. The three of them got me interested in psychoanalysis. They told me if I wanted to understand motivation, to what happened to me, I had to understand unconscious mental processes. I had no interest in science in those days and did not take any course in science at College. To be able to apply for admission to medical school I took a chemistry course between my junior and senior year. Based on that one course and my general performance at Harvard, I was accepted to medical school and started at NYU with the idea of becoming a psychoanalyst. But I thought even a psychoanalyst should know something about the brain and since NYU had no single person doing neurobiology I went to Columbia, and spent six months with Harry Grundfest in their neurology department. When I first got there Grundfest  asked me what I would like to do, and when I told him that I wanted to study where the ego and super ego were located, he humorously brushed that aside and said, “what a grandiose idea that was.”  It was Grundfest who pointed out to me that the best way to study the brain was to study one cell at a time. He had me work with a crawfish and taught me how to make and put electrodes into individual cells. So, I started to record from the crawfish brain. I knew that Freud had studied the crawfish. I never enjoyed anything as much as doing  experiments so I spent quite a bit of time working with Grundfest and Purpura while in medical school. At the time I graduated there was a physician’s draft and Grundfest asked me whether he should nominate me for a fellowship at NIH that would make it possible for me to do research instead of being on active duty. It was a very attractive alternative. Luckily I was accepted by Wade Marshall, the head of the Laboratory of Neurophysiology for a two year rotation. I spent an extra year at NIH because I found the work enjoyable and interesting.

HA: I discovered you did some research while at NIH with LSD. Could you say something about that? 

EK: At that time Woolley and Shaw had the idea there was an endogenous compound that caused psychosis in people and that serotonin which interacted with it was required to keep one sane.  We ran various experiments because Woolley and Shaw did most of their experiments on the snail heart and simple invertebrate preparations. They did not even use neural preparations. So we thought it would be interesting to test their “hypothesis.” We were not successful but being involved in that project made me aware one can test psychiatric hypotheses, or at least begin to test them, in animals. It made me appreciate one could begin to test psychiatric ideas in animals. I intuitively knew this was the kind of work I was interested in doing and my greatest good fortune was that I have learned to trust myself. 

HA: So, that experience had a great impact on your life. You were at the time in Wade Marshall’s lab. Could you tell us something about him?  

EK: Wade Marshall was a person recovering from schizophrenia. By the time I got to his lab he had lost his scientific zeal; he was no longer terribly curious about his own scientific advancement. But, he was a marvelous person, extremely generous and supportive. Anyway, he let me do pretty much what I wanted, but I didn’t have the foggiest notion what to do. So, I began to think what would be interesting from a psychoanalytic point of view that we could do on a single cell level. Brenda Milner had just published her classic work on the involvement of the hippocampus in memory storage, so I thought I would study the hippocampus on the cellular level. In the lab right next door to me, Karl Frank was studying the spinal cord on the single cell level. I knew about microelectrodes and he knew about mammalian systems. When I told him  I would be interested in studying the hippocampus he told me that would be very difficult but I should go ahead and he would be ready to help. I started to work on the hippocampus and, soon after I started, Alden Spencer came along. I showed him what I was doing and he developed a very nice dissection of the hippocampus. We began working together, and Alden was the most marvelous human being. He became my closest friend but died of amyotrophic lateral sclerosis in his mid-forties. We succeeded, within several weeks, in getting intracellular recordings from the hippocampus and were thrilled. It was the first cellular recording of the hippocampus; a major accomplishment. After the initial euphoria wore off we asked ourselves, what had we learned about memory, and had to admit we didn’t learn a darn thing. Memory is a complicated process. You have to see how information is transformed as a result of learning, how it’s associated with something else. So, we started to study how information gets into the hippocampus but found it difficult and pretty much decided we would have to abandon the hippocampus and do something else. Then, John Eccles saw our data and invited us to come to Camberra, in Australia to work with him on the hippocampus. It was a great honor and we debated for awhile whether we should go, but ultimately decided against it. 

HA: What did you do after the NIH? 

EK: I completed my residency training in psychiatry at the Mass Mental Health Center, and went to France and worked with Ladislav Taue. It was love at first sight. The cells we saw were gigantic; you could put an electrode into a cell and it would stay there all day long.  At home if you recorded for half an hour it was a major achievement.  Here you could put an electrode in the cell, record for several hours, go to lunch and come back and it was still there. That made life easier. It takes a long time to set up surgery in vertebrates. Often experiments run late into the night, and Denise made it clear to me that with children this can’t go on and I should try to find something more manageable.. 

HA: You have not mentioned in this interview Denise as yet.  In your book you described how you fell in love and jumped into marriage and she gave you courage to jump into other fields. When did this happen. 

EK:  By the time I went to work with Harry Grundfest I’d broken up with Anna Kris and had just met Denise. We had dinner together several times, and I remember telling her how much I enjoyed our dinners and I could see doing it for the rest of my life, but it was unrealistic because neither she or I had any money. I would need to go into private practice if we got married and  were going to have a family. She said this was ridiculous; money was of no importance, and the important thing was that I enjoy doing my research. I was frightened to get married, as I had been in three earlier relationships.  I wasn’t ready for it, but Denise felt very confident we could make a go of it.  It was for me, as it is for everybody, a leap of faith ultimately.  We’ve now been married for fifty-one years and it’s a privileged relationship.  She has influenced me enormously, and in some ways I have influenced her.

HA: So, let’s go back to your research in France. 

EK: As I said before, the cells were large and uniquely identifiable. So, you could call one Huda, another Stanley, and a third Brendan. In every animal of a species, I realized we could work out the neuronal circuits of behavior.  I selected a very simple behavior, a withdrawal reflex, like withdrawing a hand from a hot object, and together with a number of colleagues, who included Irving Kupfermann, Vincent Castellucci and Tom Carew, particularly Irving and Tom, I studied this reflex in a simple animal.  We were able to show the neural circuits in several simple forms of learning. We could show first, sensitization and habituation. Then later, we showed the neural circuits of classical conditioning. Recently, Bob Hawkins and Tom Carew have shown the neural circuits of operant conditioning. And with each form of learning there is a short term and a long term memory. It was remarkable to see that a simple reflex, like the withdrawal reflex could be modified. The whole universe of elementary forms of learning was there. Using this reflex we worked out the neuronal circuits of behavior.  It turned out to be very simple. In the gill withdrawal reflex a number of sensory neurons pick up from the siphoned skin and make direct connections to the motor neurons that move the gill. We looked at the architecture of that reflex and were struck how invariant it was; the same cells invariably hooked up to the same target cells. At first it seemed paradoxical, how one would get the flexibility of behavior we see from such a fixed wired diagram.  Then, we looked at the neural circuit with different forms of learning while the animals were being trained and found that even though the architecture of behavior, the neural circuit, was specified by genetics the strength of synaptic connections was unspecified. And, that’s what changes in learning with sensitization.  It becomes stronger with sensitization and weaker with habituation. We were now in a position to explore how short term memory converts to long term memory. What we saw was that short term memory involved a functional change but no anatomical change, while long term memory gave rise to the growth of new synaptic connections with sensitization and loss of synaptic connections with habituation.  

HA: That’s amazing.

EK: After the anatomical work I did with Craig Bailey we looked at the biochemistry. I was very fortunate that one of my friends at the Harvard summer school, where I took the course in chemistry before entering medical school, was a guy called Jimmy Schwartz.  He ended up on the NYU faculty the same time that I joined. 

HA: When did you get to NYU? 

EK: I was a resident at Harvard first, went to France, returned to Harvard as faculty, and then I was recruited to NYU to develop neurobiology.  I asked Alden Spencer to join me at NYU and, lo and behold, I meet Jimmy Schwartz. The three of us joined forces to do biochemical research in the nervous system. We looked for the biochemical changes in the brain when you produce learning events and identified serotonin as a critical transmitter for sensitization.  

HA: What year was that?

EK: In the mid-seventies. We found learning increased the level of cyclic AMP.  We looked at some other second messengers as well but they were not affected.  We then took cyclic AMP and injected it into the sensory neurons. We found that it could produce sensitization. We collaborated with Paul Greengard who was characterizing cyclic AMP dependent protein kinase in those years. This gave us the first molecular insight into the learning process. Then we were curious how cyclic AMP produces long term effects. Roger Seine was developing labels for cyclic AMP. Using labeled cyclic AMP we could show that with short term training the cyclic AMP dependent protein kinase was only active locally at the synapse, but with repeated training, the catalytic subunit moved into the nucleus and activated the genes. We knew that one of the targets of the cyclic AMP dependent protein kinase in other tissues had been a transcription factor called CREB (cyclic AMP responsive and binding protein).  In further research Pramod Dash, in my lab, succeeded in selectively blocking long term memory and Dusan Bartsch succeeded in producing long term facilitation. This brings me to about 1990 to 1992, when the technique of knock-out genes was introduced. 

HA: So, you entered a new phase in your work.  

EK: We began to explore the difference between short term memory and long term memory in mice. Once one turns on the long term process you turn on genes and get to what look like structural changes. Probably CREB is not the only factor involved in long- term memory although it seems a very important one. You learn fear in the molecular CREB. It’s critically important.  So, at least some of the alphabet is applicable.

HA: And the principle is general.

EK: Principles are quite general. This takes us to about 1997 and 1998 when we began to look at age related memory loss in the mouse.  Alzheimer’s disease does not occur in the mouse, but half of the mice as they age have a hippocampus based memory deficit. When we looked at the hippocampus we saw that cyclic AMP dependent phosphorylation was compromised. Then, we gave rolipram, that boosts cyclic AMP, and found it restored physiology and memory. We did these experiments with Ted Able, and one night at an ACNP meeting when we told this story over dinner to Wally Gilbert, who is a friend of mine, he said, ”why don’t you guys start a company?” So Wally and I started Memory Pharmaceuticals, which is now a public company, trying like many other companies to develop drugs for age related memory loss in Alzheimer’s and for cognitive deficit in depression and schizophrenia.  

HA: Interesting.

EK: Academics didn’t get involved in companies when you and I began, but now many are involved. It’s actually quite exciting; it’s good for the person and hopefully good for the field as well. It got me using mice as animal models in mental illness.  

HA: How did that come about?

EK: We began to look at fear, which involves the amygdala in mouse and man, and found that some strains of knock-out mice show a tremendous enhancement of learned fear.  Then, one day, Jack Gorman walked into my office and told me they had become interested in starting a schizophrenia center and looking for fresh ideas. He asked whether I would consider doing something in schizophrenia.  Normally, I would not have considered doing anything like that but Conrad Gilliam and Myrna Weisman thought it might be possible to do research with our learned fear project at the center. So I began to interact with them.  I don’t, by and large, interact with psychiatrists, or at least at that time didn’t interact with clinicians.  But when I started to I found psychiatry has grown and I enjoyed our interaction. I was very fortunate in recruiting two spectacular post doctoral fellows, Eleanor Simpson and Christoph Kellendonk, and together we  have begun to develop animal models for schizophrenia focusing on what we know about memory, looking at cognitive deficits in the prefrontal cortex. We are having a very good time, and may be learning something.

HA: It’s a wonderful journey; it’s amazing.  So, in the time left, I would like to go back to your early history and especially your personal history. You described in your book, what happened after you received the Nobel Prize and were asked to go back to Vienna. I would like you to reflect on that. We understood it was a very difficult period in your life but you came full circle and went back to Vienna with kind of a mission. You want to tell us a little bit about that?

EK: When I heard about the Nobel Prize, which, needless to say, was a marvelous moment, lots of people called. I remember vividly learning about it at 5:30 in the morning a few hours before it became public news. Tom Kessler is a wonderful friend and colleague of mine at Columbia and he came over about 9:00 AM with his kids and his wife and we sat down together.  We had a very pleasant breakfast interrupted by phone calls, some from Austria saying how wonderful to have another Austrian Nobel Prize.  I straightened them out saying this is not an Austrian Nobel Prize, it is an American Jewish Nobel Prize.  So, the President of Austria wrote me a very nice letter and he said, “How can we recognize you?”  And, I wrote back, saying, “I really don’t need recognition. I have more recognition than I deserve, but I would like to have a symposium at the University of Vienna, of how Austria handled herself during the Nazi era.” I got Fritz Stern, the German historian, who is a friend of mine to help me, because I didn’t know who would be the best people to invite. We used Germany as an example, because Germany has been remarkable in the post war period in its transparency and honesty, facing up to what happened.  To give you one example; Hubert Markl, who’s is head of the Max Planck Institute, demanded an investigation of how the Max Planck contributed to the holocaust, the fact they were collaborating with the Nazis carrying out human experimentation in concentration camps.  Nothing like this was happening in Austria. It was completely covered up but in our symposium we uncovered everything and cleared the deck. It made people think about what was done and there is now so much more transparency and interaction with the Jewish community. I had gone back several times before to Austria but I now go back more frequently.  I have written a second book. It is on the Vienna School of Medicine and the Origins of Austrian Expressionism.  There are three wonderful Austrian painters and I found some evidence they were influenced by Rockitansky of the Vienna School of  Medicine  who suggested you shouldn’t stay on the surface but go deep into the psyche. It was a sort of independent discovery of Freud’s unconscious instinctual drive that has fascinated me. I begin my book questioning why I have this fascination with Vienna, with people who did such horrible things to me. It’s like a repetition compulsion; a post traumatic stress disorder, in which you try to relive experiences in order to gain some mastery, some understanding of what happened.  Our lives, to some degree, are attempts to gain that kind of understanding.

HA: I felt that in reading the book you wanted them to face up to what they did, show the courage to face up and move on.  That’s how I felt.

EK: Huda, that’s a wonderful insight, but I did not have that on my mind. It was completely a fantasy association. Vienna was great in 1900. I was not there, it was before I was born. Vienna was great for people who went to the opera and the museums. My parents were lower middle class; they were not intellectuals. We rarely went to the museum.  I did go to the opera occasionally. They did like music.  So, it’s a fantasy association, but it’s somehow important to me. You play a Strauss waltz and I want to dance. Viennese music has such an effect on me. And, I very much would like to see a better Vienna to emerge. I have become quite friendly with President Fischer, the current President of Austria, and a woman by the name Petra Seeger who has done a documentary about me, in which we visited all the places of my childhood. We visited my father’s store, the apartment where we lived, and her film is going to be shown in Vienna. I’ve not seen it yet.  Denise and I are going to Vienna for New Year and we will see it then. It hasn’t been shown publically but she did show it to a couple of people who supported the project. She got support from the Sloan Foundation here and from public television in Germany and Austria. The man from Austria broke down when he saw the film; he was so moved by it and he’s not a Jew. 

HA: I see.

EK: There is a wonderful book that was written in Vienna, of all places, in 1923, a decade before Hitler came to power, fifteen years before he came into Vienna. The title of the book is Die Stadt ohne Juden, City without Jews. In this novel the city fathers get together and decide that the Jews were too influential and grubby and so they got rid of them, and forced all the Jews out.  The Jews left and all of a sudden there was a decline in the stock market. The elegant department stores had to close, because ladies were not going to shop there any longer. Women dressed less elegantly because they were no longer competing. Young ladies said, my God, where are those sugar daddies from whom we used to get presents?  The city fathers went around town and heard this moaning and groaning about the good old days when we had the Jews here. So, they were forced to ask the Jews to move back.  I tell my Austrian friends, I’m still waiting for that invitation. They should try, as Germany has done, and bring Jews back into Austria. Maybe someday they will.

HA: I knew you were Jewish and I knew you were from Vienna, but I had not realized how much antisemitism affected your personal life. It’s remarkable that you have maintained this great optimism, this wonderful laugh, this great-spirit in the face of very painful memories. It is impressive how you have sublimated those painful experiences by trying to understand the history of ideas through an interest in psychoanalysis and by trying to understand first memory, and then, fear modulated memory.  There is a theme there that seems to be healing.

EK: I agree. I was in analysis and Vienna was not a major issue.  It must have been so repressed, somehow. I was dealing in my analysis with more contemporaneous problems, more about my career and things like that.  It is an enormous repression.  Can you imagine a nine year old kid leaving his parents?  I don’t remember being scared. It is inconceivable I wasn’t frightened.  There are horrible things in my unconscious.  I have some unpleasant competitive streaks, but somehow my unconscious has guided me. I have become more comfortable with that with aging. Also, I have had a privileged marriage that has just been fantastic for me.

HA: You are also the epitome of mental health. You triumphed over all the adversities experienced in early age. Could you comment on the sources of strength in your life and the joy of the Nobel Prize?

EK: I am the delusional optimist and one of the reasons I have enjoyed biology is that it is optimistic to an extent that’s delusional. I was alive and I presume you were when DNA was discovered. It is amazing how far we have come since 1951. It’s absolutely miraculous! I remember going to meetings with physicists, in which they would tap me on the shoulder and say someday this will be a mature discipline. Now people want to enter neuroscience as much as they want to go into physics, maybe more.  So, it’s a very nice fit between my delusional optimism and the field. Why I have that, I don’t know.  My father was a very optimistic guy.  

HA: And what about your wife?

EK: I’m more optimistic than Denise; she is a more realistic person than I am.  But, I’ve been very privileged in my life.  Obviously, there have been a lot of disappointments.  Science is filled with disappointments, but I’ve had a lot of wonderful opportunities. I had the opportunity to go to Harvard. The Nobel Prize was such a fortunate event. I feel very privileged and blessed about it. There are so many more people worthy of it. I could list a whole bunch of people here who are deserving the Nobel Prize. So, I feel very privileged to get it with Paul.  It was great for the society, great for us, and for psychiatry. It was a fantastic experience.  Don’t ever turn it down if you are awarded it. 

HA: I’ll keep that in mind!  And I want to end this interview with your wonderful laugh.  Thank you so much. It was fascinating.

( Eric R. Kandel was born on November 7, 1929 in Vienna, Austria.





