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ARNOLD J. FRIEDHOFF

Interviewed by Benjamin (Steve) Bunney
San Juan, Puerto Rico, December 12, 1995

SB: I am Steve Bunney and I’m interviewing Arnold Friedhoff.( Arnie, how did you get started in psychiatry?

AF:  It’s an odd story and I’m not sure it ought to be recorded but I’ll tell it. I was paying back the army for the educational benefit I got from the Army Specialized Training Program while I was in medical school and they allowed me to finish my internship before I went into the service for two years during the Korean War. My assignment, having just finished my internship, was to be the Chief Medical Consultant on the big army post at Camp Atterbury, where I was getting requests for consults from doctors out in field hospitals, many of whom had boards in internal medicine. So I was pouring through medical textbooks, trying to write consultations about all kinds of complicated medical problems. One day I ran into a friend from Yale who said, “Look, you’re the medical consultant here, but sooner or later they’re going to find out you don’t know anything and they’re going to send you to Korea”. And then he said, “I work in the psychiatric hospital and we need psychiatrists and if you get assigned there, you’ll stay on the post”.  So, I said, “Well, Korea or psychiatry, it’s kind of a toss up, but I’ll take psychiatry”.  So, I went to the psychiatric hospital at Camp Atterbury, stayed for two years and got a year’s residency credit. I applied to Bellevue to complete my residency, stayed for two years and decided to remain in psychiatry and do research.

SB: How did you get into the research end of psychiatry?

AF: I’d always planned to do research. Although I trained in psychiatry I also had Seymour Kety as my pharmacology instructor at the University of Pennsylvania Medical School.  He was a young instructor, doing very exciting work in human experimentation and asked students to be volunteers. I volunteered for studies on various drugs.  He gave me mecholyl, a cholinergic drug, and about twenty minutes later, I went and sat in a corner and laughed for an hour. I couldn’t stop. I had some kind of cholinergic reaction and that interested me, the fact there were drugs that could influence how you behaved. When I finished medical school and residency, research seemed a logical thing to do. I picked Bellevue because I thought it would be a place where there would be research going on since it was probably the best-known psychiatric hospital in the world.  I got there and decided I wanted an opportunity to do research during residency but there was no research program for residents.  In fact, there was no research program at all. I talked to Sam Wortis, the Chairman, who was very interested in research, but they didn’t have any research money or any laboratories, except that Lucas Torbery was doing some interesting research on brain lesions, trying to localize functional effects. David Wexler was also there, but already accomplished his monumental work on measurement of intelligence and was now very interested in going on to more physiological kinds of research.  However, there was no grant money and there were no instruments. The whole time he was there, (he stayed there until he died,) he spent trying to make a polygraph out of the ringer of an old washing machine. It was the only thing he set out to do he never accomplished, because that polygraph never got built.  So, I told Sam I wanted to develop a research program in psychiatry. Wortis, who had an enormous impact on American psychiatry and development of the NIMH, spent a lot of time in Washington, but not much at NYU. He said, “Sure, I’d like you to do research and encourage you to do it, but we have no money and we have no space.” So, I asked Torbery but he didn’t have any space in his lab and Dave Wexler was occupied with the washing machine.  Finally, I found an old kitchen which had some counters and a sink. Across the hall was a linen closet, so we set it up as an office with the kitchen as a lab.  At that point, fortunately, Smith Kline and French (SKF), gave us a grant of $50,000 a year for three years to do what we wanted, except we had to study psychotropic drugs, once in a while, if they had an interesting one.
SB: How did you get to them?  

AF: Sam Wortis had connections with all kinds of people who were potential sources of funds.  It was through his influence with SKF we got the grant.  He asked me to do it because he knew I was interested in research and there weren’t many other people who were.  So, we set up the lab with this $50,000.00 a year; it doesn’t sound much now, but at that time it was an enormous grant. The first thing we studied was the Akerfeldt test. A Swede named Akerfeldt had published papers saying he had a test for schizophrenia; that if you took some plasma from schizophrenic patients and put it in solution with an oxidizing agent, dimethyl phenylene diamine, it would turn blue if you were schizophrenic. I knew this compound wasn’t blue, it was colorless, and I understood a little about the chemistry, it was an oxidizing agent.  I thought, blue in plasma, sounds like the copper protein ceruloplasmin.  I also thought we ought to determine whether this was simply based on differences in activity level between patients and controls.  So, we asked for volunteers to do some heavy exercising. One of the volunteers was somebody well known to the ACNP, Murray Albert, who was then a student. We asked him to jump up and down fifty or a hundred times, and took a sample of blood before and after. Before, nobody had any blue, after, everybody had blue. Then, we did further experiments with ascorbate showing you could block the appearance of the blue color by using an antioxidant. We published a paper saying that the Akerfeldt test might well be based on differences in activity levels or diet, as patients in state hospitals weren’t regularly given orange juice.

SB: What year would that have been?

AF:  Around 1958, but I’m not positive.

SB: Well, you started with a blue spot but in your later research you found a pink spot.  How did that happen?

AF: Next we got interested in hallucinogens, their effects and their metabolism. We showed that human liver, if you give the right precursor, can make mescaline.  If you start with hydroxy dimethyl ethoxy phenethylamine, you can methylate the last hydroxy group, so human liver is capable of making mescaline. We couldn’t find any in urine. I don’t think we looked in blood; we didn’t have sensitive enough instruments. But we started to explore human urine for possible differences between schizophrenics and controls of various types such as medical patients and normals.
SB: So the blue spot adventure got you thinking maybe you could find a marker, even though this was not it?
AF: Yes, we got interested in trying to find a marker for schizophrenia.  The idea being, if we found a marker, maybe it would lead to the cause of schizophrenia. This doesn’t necessarily follow today but, at that point, it seemed logical.  So, we started looking for markers. I always had an interest in hypotheses and I’ve generated a number of them, but I’ve, also, always had an interest in how do you look for something if you don’t know where to start?  We’ve tried various approaches to that question. One was to use paper chromatography to compare urine from schizophrenic patients with urine from non-schizophrenic patients. We didn’t have much problem with drug treatment as a contaminating variable back then, because drugs were not very widely used and we had lots of drug free patients. During that period, because I was interested in metabolites, I went to site visit a grant from a very famous person, who became interested in schizophrenia and who was doing a similar thing, but with gas chromatography, which we didn’t have. He was collecting a thousand urines from patients in state hospitals and a thousand controls and running gas chromatographs, comparing them using the principal of averaging, which was very clever, because metabolites consistently present would keep increasing along with the number of subjects. Those which were randomly present would not. So I sat through the site visit for a day and realized it was going to take three years to collect and run all these gas chromatographs. So I said, “You know, you could achieve the same thing if you took all these urines, poured them in a barrel and ran one gas chromatograph”. Never the less we gave him the grant. We were interested in the same subtractive approach looking at urines and developed a new test for studying biogenic amine metabolites, which produced a pink color.  Basically, we used arylic reagents and converted the amines to aldehydes which developed a color.  Incidentally I spent a lot of time at NYU, taking graduate courses in organic chemistry.  So, we started to consistently find this pink colored spot in some schizophrenics using the reagent we developed, although not in all the schizophrenics, and not in any of the controls. I had an interesting experience which shows how your mind works at night, when you’re sleeping.  We did the experiments but it was getting very discouraging because we realized we needed to identify what the metabolite was or it would remain just a spot. Unfortunately it did come to be known as “the pink spot”.  It sounds like a rash.  So, we were trying to identify this compound.  We didn’t have mass spectrometry and we didn’t have sensitive instruments so we were using various kinds of chemical procedures. One day, we ran some paper chromatographies and it was very discouraging I threw it in the garbage.  I woke up in the middle of the night and I said, “It’s on there and I didn’t realize it”. Then I thought, oh my God, they’re going to take the garbage out at Bellevue, so I went there at three in the morning and fished it out of the garbage can. That, led us to identify the compound as 3, 4 dimethoxyphenethylamine.   

SB:  When was this? 
AF: About 1962.

SB:  I just want to add to your story.  I was a medical student at NYU at that time, and didn’t know whether I was interested in research or not. So I asked my brother, who was older and a research psychiatrist, if I was interested in learning about research who should I go to at Bellevue. And he said, “There’s only one person, a fellow by the name Arnie Friedhoff”. At that time you were giving a journal club for medical students so I signed up for it.

AF: Oh, my goodness!
SB: Not only that, but I’m pretty sure we were holding that journal club meeting when one of your technicians came running in with a piece of paper, showed it to you, and you got very excited.

AF: Quite likely.

SB: You then told us about your research and why you became so excited. Your excitement at making a discovery and the implications you felt it had for understanding schizophrenia probably played a role in why I finally ended up as a psychiatrist doing research. 

AF: No kidding! I think the technician probably came in because she confirmed what I had found on the chromatogram in the middle of the night.

SB: I think that was exactly the timing.

AF: Fascinating!  So, we did identify the compound. Then, somebody in the Heart Institute, a well known biochemist, confirmed it with mass spectroscopy; the identification of the compound was correct, but it was present in only microgram or sub-microgram quantities.  This chemical test we’d devised was very sensitive but then people began publishing articles saying it was secondary to chlorpromazine treatment whereas we found it disappeared when patients were treated.  Besides, all our patients were drug free. Somebody else said, it’s from cigarettes, so now I was starting to suffer the same fate as Akerfeldt. I realized I couldn’t spend all my time answering other peoples’ questions so I decided to put this aside and do something less controversial.  We did try one other thing which did not work, and that was to see if humans could produce it metabolically from some logical precursor, but we could never find any evidence of enzymatic transformation in vivo. In vitro, yes; in vivo, no!  I realized if we couldn’t show how it was produced, finding it in urine was just going to result in endless controversy.

SB: So, what did you decide to do next?

AF: I got interested in dopamine.  I looked around for an experienced catecholamineologist, found Menek Goldstein at the Worcester Foundation and induced him to come and work with me. Actually, he was more my teacher than a staff member. I learned a lot from him about analytical methodology and what the issues were in the catecholamine business. I had just published some methods for analyzing norepinephrine so we started to work on the dopamine system. We identified a couple of new metabolites of dopamine that hadn’t been published before. They were analogues to what had already been published for norepinephrine, so they weren’t monumental discoveries although they hadn’t been identified for dopamine.  Then, in a sort of elliptical way, I probably was the first proposer of the dopamine hypothesis, using what I now consider to be illogical reasoning; if drugs that make you better reduce dopamine, probably dopamine is causing schizophrenia. It eliminated a whole part of the circuitry; that there are compensatory or buffer systems that, even with abnormal genes, attempt to maintain homeostasis and normal function. But we spent a lot of time looking for abnormalities in dopamine metabolites in patients with schizophrenia. We didn’t find any, nor has anybody else to my knowledge. We looked in every kind of fluid until the idea came to me that maybe the hypothesis was not entirely logical, and I became interested in buffer or compensatory systems, of which I am now pretty convinced dopamine is one. My argument was that since dopamine antagonists work in all kinds of psychoses, not just in schizophrenia, it would not be logical to think the etiology of all of them was dopamine excess, “hyperdopaminergic.” Dopamine either was part of a final common pathway or of a compensatory system.  I was leaning toward the latter idea so we started to study compensatory systems in rats subjected to stress. We also studied humans using plasma HVA, a marker of dopaminergic activity. While there are lots of arguments about why HVA it’s not a good marker of dopaminergic activity in the brain, it is an excellent predictor of response to neuroleptics, so there’s some basis for maintaining an interest in it. We also started studying buffer systems in rats. In the last couple of years, I was attracted by the finding that all antipsychotic drugs, whether atypical or typical, inhibit the conditioned avoidance response. In fact, that’s the way that almost all of them have been screened. I got interested in the possibility of using the conditioned avoidance response as a way of studying buffer systems in rats. Recently, in the ACNP Journal, we published an article showing if you stress rats, acutely, nothing happens, but if you stress them with mild stress for seven or eight days, it inhibits the conditioned avoidance response. One interpretation is that this invokes a dopaminergic system, particularly the nucleus accumbens one. We couldn’t use genetic stress, because we don’t know what the gene is, so we used mild tail shock stress every day for eight days. It inhibited the conditioned avoidance response in the same way as a dopamine agonist. 
SB: Which dopamine agonist, bromocriptine?

AF: Yes, if you give bromocriptine in the prefrontal cortex, you get the same effect.  We haven’t published that, but we’ve done it. And, the escape response is not affected, so it’s not a motoric impairment like you’d expect from learned helplessness.

SB:  What would you say was your biggest contribution?

AF: I don’t think any of my findings had a major impact up to this point, but my thinking about buffer systems in the brain and their role; that the primary genetic abnormality in some schizophrenics might be a defect in a buffer system. I think most antipsychotic drugs pharmacologically increase the efficiency of or make up for the inability of a defective buffer system to reduce dopaminergic activity. So that’s the thing I’m most enthusiastic about.  We’re, also, doing interesting studies using subtractive hybridization with discordant identical twins.  One of the big problems of linkage studies in schizophrenia is that schizophrenia is not one disease. The way you can be sure you’re studying one disease, genetically, is to study a set of discordant identical twins with unilenial transmission of schizophrenia who haven’t taken drugs. We found such a set to study gene expression by subtractive hybridization. The other thing combines my interest in the genetics of schizophrenia with my interest in buffer systems. We’ve studied six sets of discordant twins who weren’t taking medication and in every set the well twins had lower plasma HVA than the sick twins, suggesting they spontaneously turned down their dopaminergic system, like the rats did, in the face of stress. One hypothesis is that, in discordant sets, the sub twin has a less functional buffer system.  Another piece of evidence is that, in almost every case, the sick twin has the lower birth weight.  There’s very good family data showing that, in most cases, both twins carry the schizophrenia gene because the transmission rate is pretty much the same. In the sets of twins we’ve studied, one set of which are very close, the well twin is taking care of the sick one, who has been hallucinating for four years, but has never taken drugs, except for a brief period of four months four years ago. Six genes differentiate them, have a fairly large difference in MRA formation, and we’re now sequencing those. We’ve published one article. We’ve also studied distribution of the expression of these genes. Three of these six genes are novel but the most interesting thing is that these genes are very prominently expressed in rat brain cortex, in the hippocampus and in the medial geniculate body. It is a very robust expression in the medial geniculate. They may all turn out to be differences in dietary habit or God knows what, but I think there’s a remote shot that one or more of them could turn out to be a marker for schizophrenia.  So I have come back, by a different route, to my first interest.

SB: You certainly have.  You’re about as good an example of a self starter as anybody I’ve ever met. Your formal training, in terms of actually carrying out research, was what?

AF: Was zero.

SB: Zero. That’s what I thought. In terms of the course work you took some organic chemistry.

AF: Physical chemistry, organic chemistry.

SB:  Maybe in college you took some courses?

AF:  I was chemistry major in college, so I knew a little bit, but it was mostly self taught.

SB: That is a remarkable story. I don’t know whether, nowadays, one could do that.

AF: I don’t think so.  Nobody would give you the chance.  

SB: That’s right.  It’s a remarkable story.  Can we turn to the future; in the next five or ten years, where do you think the payoffs may be in our field?

AF: I’m pretty confident of two things, one is, that if gene therapy ever develops it will be beyond my lifetime and, maybe, everybody who’s alive now. I see that far in the future.  What will happen in the not too distant future is better understanding of the regulation of genes which will lead to using transcription factors and other gene regulators as drugs. The big problem we have now is that we don’t know enough even to start doing that. When we do, and can get the drugs to their targets, we’ll start to use transcription factors as drugs and there will be a big advantage in telling the tyrosine hydroxylase gene to turn itself down instead of using all these indirect ways, blocking receptors and giving instructions to intracellular messengers.

SB: All kinds of compensatory changes; although, they may not be therapeutic.

AF: Exactly.

SB: One last question, how do you feel, in terms of how it turned out in your career?  What would you tell somebody who wanted to enter the field now?  Is that a good idea or a bad idea?

AF: If you’d asked me that question two years ago, I would have said, fantastic.  I’ve had a career in which nobody ever told me what to do. I could indulge my own research interests without any interference and with adequate support, very interesting collaborators and the ability to develop a large laboratory.  But, things have taken such a sad turn now in research funding that I’m not sure how I’m going to feel at the end of my career. 

SB: Thank you very much.

AF: Thank you.

( Arnold J. Friedhoff was born in Johnstown, Pennsylvania in 1923.  He died in 2001.





