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RICHARD J. WURTMAN

Interviewed by Thomas A. Ban

Acapulco, Mexico, December 12, 1998

TB: We are at the 45th Annual Meeting of the American College of Neuropsychopharmacology at the Acapulco Princess Hotel in Acapulco, Mexico.  It is December 12, 1998, and I am going to interview Richard Wurtman( for the Archives of the American College of Neuropsychopharmacology.  I am Thomas Ban.  Let’s start from the very beginning.  If you could tell us where you are from, where were you brought up, something about your education, and how you got involved in psychopharmacology? 

RW:   I was born in Philadelphia and went to an excellent public school, Central High School. After which I went to college at the University of Pennsylvania.  At that time, I thought of myself as a pre-law student.  My father was a lawyer, I was a debater.  Some people say I am still a debater. I wanted to do law, I thought I liked it.  And, I was a philosophy student in college.  I  got a Master’s degree in Philosophy of History and this did have an impact on what I’ve done since.  But, in my last year of college, I decided I wasn’t sure I wanted to be a lawyer.  I met a student at Harvard Medical School who convinced me if I went to medical school I could do two things; I could be a medical scientist and discover things, or I could make sick people feel better.  For one reason or another, I decided at the end of summer that I wanted to be a doctor instead of  a lawyer.  This caused a small amount of chagrin in my family.  My poor brother had to become a lawyer instead. I spent my last year in college taking a course or two in chemistry and zoology.  You could do that and still get into medical school in those days.  Then, I applied to a couple of medical schools and got into Harvard. I left Philadelphia, went to Boston, and haven’t left since  except for four years at the NIH.  I told myself I wanted to work on the mind/body problem. Coming from philosophy I wanted to understand how the brain generated the mind. My son is a doctor and when I told him that he said, “ gee dad, what went wrong.”. But one still tries and I’m delighted how recent advances in clinical psychopharmacology bring us closer to understanding mind-brain relationships. With this commitment to the mind/body problem, I wanted to initiate research as soon as I started in medical school. I was lucky; Harvard had just started a program which would encourage medical students to do laboratory research, and so by the end of my first year I had started a research project. While I was in medical school, I spent almost as much time on research projects as on becoming a doctor.  The first research project was related to what followed.  It was with a professor of cardiology, Mark Altschule, who believed that schizophrenia was a disease of the pineal gland.  

TB: What was his argument for that?

RW: It’s the only unpaired midline structure in the brain, so it must do something fundamental.  Around this time, a blood test for schizophrenia had been published in the journal Science. It was the Akerfeldt test. Altschule thought he could cure schizophrenia by giving patients extracts of cow pineals, so he hired me and one of my classmates to do the Akerfeldt test on people before and after they received pineal extracts. His idea was he should be able to show that not only did the extracts cure schizophrenia behaviorally, but also biochemically.  

TB: Was this in the late 1950s?

RW: This was about 1957 or 1958.  The one good thing that came out of that summer was that I became interested in the pineal and a few years later, while I was still in medical school, started doing research on what happened to rats if you took out the pineal or administered pineal extracts.  So by the time I graduated from medical school a corpus of publications had appeared, describing effects of pinealectomy or the extracts. Just around this time Aaron Lerner at Yale University discovered melatonin in similar pineal extracts.  So, one of the first things I did when I got to the NIH two years later was discuss this with my very good friend, and kind of uncle, Julius Axelrod. Together we showed that the active pineal principle which affected rats was melatonin. Our findings that it promotes sleep, and that its deficiency can lead to insomnia in the aged were not made until many years later.  This led to our discovery that melatonin is actually a hormone in mammals. Melatonin had been discovered based on its action to lighten the color of tadpoles’ skin; its function in mammals was not known.  So, something good came out of that first summer in medical school. I enjoyed being in medical school but I also I enjoyed the role of  researcher, creating much confusion concerning my career goals.  A nagging question was, “Do I want to be a doctor or do I want to be a scientist?” At Harvard, at that time, there was this marvelous myth that the ideal thing for all graduates would be one-third research, one-third teaching, and one-third seeing patients. I looked around for a role model, somebody who was successful in doing all three.  

TB: Did you find one?

RW: There were many people trying to do all three, but I could find no one who came across as  successful.  So, I decided I wouldn’t try. But what then should I choose?   I didn’t know.  So, I went to the Massachusetts General Hospital as an intern and a resident for a few years.  I really liked taking care of sick people, but, then, I went to the NIH and spent two years as a fellow with Julie Axelrod.  And I didn’t just like that, I loved it!  It was an incredible eye opener.  Partly, of course, it was Julie’s extraordinary gift, his personality and his excitement about science and  capacity to translate a complex question into simple experiments. At the end of my two years at the NIH, Seymour Kety, who was running the laboratory, and Julie invited me to stay  permanently. But there was no room at that time, so they said the NIH would send me away for a year to any place I’d like to go. I still thought perhaps I could integrate basic science and clinical medicine.  In fact, that’s what I was going to do later on, but didn’t know  then.  So I went back to the Massachusetts General Hospital (MGH) for a year in 1964-65, as a clinical Fellow in Endocrinology and Neurology.  It was a good year; the experience convinced me I wanted to be a scientist.  At the end of that year, in 1965, I moved back to Bethesda, planning to spend the rest of my life at the NIH. But, I spent only two years before going to MIT. And I’ve stayed at MIT since. My year at the MGH in 1964-1965 was good for me because I happened to make a clinical observation that paid off.  There was a woman seen by the Endocrinology Group who had a pituitary infarction during the process of having a baby. It happens in some people. So, her pituitary gland didn’t function. Her major symptom was that sometimes two, three or four hours after eating she had seizures that were associated with hypoglycemia. Nobody understood why pituitary insufficiency might lead to hypoglycemia after eating. People thought it might be via deficiencies in ACTH or gluconeogenesis, but that process takes too long to become manifest so soon after eating. I got the idea that since the fast process of raising blood sugar after insulin release involved adrenaline, perhaps the pituitary might have something to do with the control of adrenaline production. When I went back to the NIH my associates and I took out the pituitary from rats and dogs and showed that doing so profoundly impaired the capacity of the adrenal gland to make adrenaline and release it into the blood stream.  So, I was lucky.  By that time, I had been at the NIH for two 2-year periods. In the first two years with Julie I’d shown that melatonin was a hormone and that the synthesis of melatonin was controlled by light and darkness, as well as by the sympathetic nerves. And that the production of melatonin exhibited a daily rhythm. We wrote a lot about the daily rhythms and helped to popularize that field.  And in the second two-year period I asked myself the question why God put the adrenal medulla inside the adrenal cortex. and answered it by showing that the pituitary stimulates the cortex to make cortisone which is selectively delivered to the medulla and controls its production of adrenaline.  So by 1967 I was known for having discovered two sets of things. I was becoming a ‘hot commodity’ among academic recruiters. 

TB: Why did you pick MIT? 

RW: One reason I picked MIT was that a Washington-area colleague, who was probably the world’s greatest neuroanatomist, Walle Nauta, had moved to MIT a year earlier to join its neuroscientists.  Also, I had a good offer from MIT and  liked living in Boston. By 1967, my formal education was over; it included components of clinical medicine, but larger components of basic science. I went to MIT to establish and direct my own laboratory.  MIT is a great place.  It operates as a large number of independent systems.  We have departments that give degrees, but for the most part, individual professors are nearly completely independent.  I have now been at MIT for more than twenty-five years.  Hundreds of students and fellows have gone through my laboratory.  I’ve had a number of opportunities to leave MIT but never wanted to.  I plan to be there until I’m a hundred if they’ll have me.

TB: What have you been doing at MIT?

RW:  Basically I do two things.  I try to discover new facts about how the body works normally, and when it doesn’t work, using molecular and neurobiologic techniques, I apply what I find in basic research to humans.  I try to determine whether or not things we observe in the laboratory  occur in people.  We have a clinical research center at MIT, one of the seventy clinical research centers in the country funded by the NIH, the other sixty-nine being, for the most part, in university hospitals.  It was established at MIT before I arrived, to facilitate translational research. A large part of my time is spent doing that sort of research. For example: we  discover in rats that giving melatonin has an effect,  so then we look in people to see whether it does the same. Then we look for a use for its effects, like treating insomnia.  The other thing I do is teach.  I do a lot of classroom teaching, which I enjoy. I also do a lot of apprenticeship teaching.  Our major output is publications and talk about publications.  The other output is “translation”, converting laboratory discoveries into something clinically useful.  I do this with companies, regulated by the government. In the course of implementing this interest I’ve had to learn disciplines and approaches I wouldn’t have thought necessary, for example patenting.  If the inventor doesn’t patent a discovery no one else can, and it probably will never be developed.   I discovered this in a very unfortunate way.  

TB: How?

RW: One of my students, John Fernstrom, and I discovered in the early 1970’s, that the amino acid tryptophan, given in very low doses, could increase brain serotonin. We speculated and then showed that this relationship could be used for influencing a variety of behaviors that depend on serotonin, like treating insomnia.  We wrote a series of three articles in Science, and two in the Scientific American, and papered the walls with our discovery. I assumed  this would naturally lead to tryptophan being a good and useful product.  Five or six years later, I realized that this had not happened; no major company had developed tryptophan as a drug in the United States. But since tryptophan worked, and everybody knew it worked, companies were selling it as a dietary supplement without FDA approval. Even though we all love to hate the FDA, there are some situations where the FDA is quite essential. Since there was no regulation for marketing tryptophan as a dietary supplement, there was also no regulation of its purity.  So, in the 1980’s, a batch of impure tryptophan was introduced into America from a Japanese company. They developed a new microorganism capable of making it from aniline, and the process was very efficient.  So, they lowered the price and took over the entire market for tryptophan in the United States. The trouble was the drug produced eosinophilia in some patients. Had tryptophan been under FDA regulation, the company would have had to do phase one studies on the newly synthesized tryptophan, and some of the subjects would have developed eosinophilia. This would have been evidence of an allergic type reaction, which would have caused the product to be withdrawn. Since there were no such studies, large numbers of Americans took the impure tryptophan without knowing about its toxicity, and forty-five died as a consequence of a new syndrome, the eosinophilia myalgia syndrome. And I felt a little bit responsible; if I’d done what I should have done, if my university had patented tryptophan for insomnia and controlled its use by companies that licensed the patent, this wouldn’t have happened. Anyhow, I’d discovered the need to patent discoveries by the mid 1970’s. I still don’t patent anything but MIT almost always patents discoveries that might lead to products.  For example, something my wife and I discovered; my wife is my close collaborator in a lot of ways.  She’s a cell biologist, whose fundamental work is in nutrition and obesity. She has a PhD, not an MD, but she listens to her patients and discovered the phenomenon of carbohydrate craving.  There are very many patients, who get obese, not because of what they eat at mealtime, but because they overeat large quantities of carbohydrate-rich snacks. These snacks tend to be fat-rich, providing about 1500 calories a day, and even more if the person suffers from seasonal depression.  And they get fat. In 1970, with John Fernstrom, I found carbohydrates increased brain serotonin levels. So we made the hypothesis that these people were overeating carbohydrates to increase their brain serotonin because that made them feel better. And that is what patients said. If that’s the case, the way to ameliorate their obesity is either to give them carbohydrates via foods that lack fats, and this works for some, or find drugs that do the same thing to brain serotonin that carbohydrates do. That was the origin of the concept that serotonin, and not dopamine or amphetamine in the brain, is the right target for antiobesity drugs. To make a very long story short, we discovered that dexfenfluramine, a serotonin agonist, could be highly effective in treating obesity, particularly obesity associated with carbohydrate craving.

TB: Can you identify the obesities which are associated with carbohydrate craving?

RW: One example is seasonal depression. There are people with seasonal depression who put on 15 pounds every winter and take off 10 every summer. There are women overeating with the pre-menstrual syndrome or when trying to stop smoking. There are also people who have stress-induced overeating.  We worked with a French company, Servier, to develop dexfenfluramine as a treatment for this kind of obesity and the substance was ultimately marketed under the name of Redux.  It was sold in the United States for about a year but was withdrawn about two years ago, because it became confused with Fen-Phen. Fen Phen actually consists of three chemicals; dexfenfluramine, L-fenfluramine, and phentermine, an antidote to the side effects of L-fenfluramine, a dopamine receptor antagonist. Phentermine turns out to be a potent MAO inhibitor and you’re not supposed to give an MAO inhibitor with a serotonin-uptake blocker like dexfenfluramine, Prozac (fluoxetine), Zoloft (sertraline) or Paxil (paroxetine.). The trouble was that phentermine was not labeled as an MAO inhibitor.  A bunch of us are trying to persuade the FDA it should require that phentermine be labeled as an MAO inhibitor.  So, Fen-Phen, in a certain number of people, by blocking both the serotonin uptake into platelets and the enzyme MAO, allowed plasma serotonin levels, to rise transiently to very high levels, which produced vascular lesions in some people. Dexfenfluramine doesn’t do that by itself, nor does Prozac, Zoloft, Paxil, and other serotonin reuptake inhibitors. They do it only when they are taken with an MAO inhibitor like phentermine.  

TB: Do you think dexphenfluramine might be revived?

RW: I don’t think dexphenfluramine will come back, but there will be other similar drugs that either release serotonin or that act on the right receptor in the brain to suppress eating.  Anyhow, dexfenfluramine, Redux, was for a while a great success story. Here was a university discovery and a university patent that was marketed and used in the treatment of a large number of people. There are very many who need treatment with a serotoninergic drug. One example might be a 50-year-old man, who weighs 270 pounds, has hypertension and diabetes, and can’t stop eating. He will die if he’s not treated. So I hope we get other drugs like dexphenfluramine. We’ve had a few other successes that relate to the use of drugs were discovered in our laboratory and patented by my university. Universities, in general, cannot come up with new compounds; we’re not drug companies and don’t have the medicinal chemists to generate the new compounds. But what the universities are good at doing is discovering additional, off-label uses for old compounds and then trying to get the drugs developed for those uses. We had a sort of triumph  about three or four weeks ago.  My wife had the idea that women with pre-menstrual syndrome gained weight because they developed carbohydrate craving.

TB: Why do women with pre-menstrual syndrome develop carbohydrate craving?

RW: They develop carbohydrate craving because they feel lousy. They’re angry; they’re depressed; they’re miserable and they’ve learned that by consuming carbohydrates they can transiently ameliorate these feelings because the carbohydrates increase brain serotonin. There are a couple of ways to treat this.  She invented a carbohydrate based food packet, called PMS Escape, which is still being sold, that helps a lot of women.  It’s giving the carbohydrates without fat, so the women get increased brain serotonin but don’t get the increased waistline. Together we showed that a variety of serotonin drugs could also be used, specifically, to treat the pre-menstrual syndrome. So MIT went ahead and patented the use of these drugs for treating PMS. One of them was Prozac. Lilly licensed that patent and did large-scale clinical trials. On the basis of their findings, a few weeks ago, an FDA Advisory Board unanimously approved our invention, the use of Prozac (now“Sarafem”) for treating  pre-menstrual syndrome. It’s safe to anticipate that early next year Lilly will be marketing Prozac, under its new name, for this MIT discovery. And maybe there will be other drugs in the patent, too.  Another compound we don’t know the outcome on yet is for the treatment of stroke. 

TB: What kind of compound is that?

RW: It’s a compound that acts directly on the brain, as opposed to the clot busters like TPA. When you get a thrombotic stroke what happens in the next three or four days causes a 75 or 100 percent increase in the size of the affected area. The dying necrotic tissue releases unsaturated fatty acids, like arachidonic acid, which become autooxidized or diverted to form thromboxanes and prostaglandins which diffuse around the dead tissue, and extend the affected area.  So one theoretical goal of stroke therapy is to invent a drug that either blocks the release of these compounds or blocks their conversion to toxic metabolites. We showed in the laboratory our compound could do that. There are three doctoral theses written by our graduate students showing that if you present the brain with increased amounts of phosphatide precursors, such as choline and cytidine, cytidine becomes CTP, which is needed to make phosphatides, and choline becomes phosphocholine, enhancing the formation of phosphatidylcholine and other phosphatides. 

TB: Why is it good to enhance the formation of phosphatides?

RW: Making more phosphatides is good for two reasons. Firstly, the last step in making phosphatides involves adding diacylglycerol, much of which contains arachidonic acid. You can show in experimental preparations that giving a source of choline and cytidine decreases the level of free arachidonic acid, and, thereby, the size of the stroke. The second thing is that a stroke kills a bunch of cells, damages a much larger number so the brain needs to regenerate those axons. There’s much more optimism now about neuronal regeneration in the brain than before. Since phosphatides are by far the major component of membranes, enhancing phosphatide synthesis should enhance membrane formation and accelerate recovery from stroke. The way we picked to provide choline and cytidine was to use an old, controversial compound, citicoline. Citicoline has undergone patient Phase Three clinical trials and awaits complete analysis. Another thing we invented is the use of melatonin to promote sleep.  It’s another MIT patent, based on studies done in our clinical research center, which followed decades of studies done on rats, showing nocturnal release of melatonin. It’s had a checkered course, because melatonin unfortunately is regulated as a dietary supplement.  

TB:  Why is melatonin qualified as a dietary supplement?

RW:  Congress passed the Dietary Supplement Act in 1994 which labeled certain categories of compounds as dietary supplements.  So, vitamins, minerals, herbs, amino acids, anything that is  present in food, was declared a dietary supplements regardless of safety.  There is a tiny amount of melatonin in food; thirty bowls of rice or 120 bananas give you one dose of melatonin. No food has ever been shown to elevate plasma melatonin levels.  But on that basis, melatonin is called a dietary supplement.  Since it is called a dietary supplement any company can sell it in health food stores in any dose they want with no evidence of purity or efficacy. And, that’s happened. The MIT patent is on the use of melatonin doses up to a pharmacologically appropriate level, usually 0.3 mg, and it’s not a good idea to sell higher doses. People get nightmares then. They get receptor desensitization; receptors stop working. So, what I’ve learned is that if you want to take things out of the laboratory, it’s not enough simply to have something that works. That’s the starting point.  You also have to work through, with your university, the patent situation, and then you have to find a licensee that will do the large-scale clinical trials and invest in the toxicity studies. Then, will the FDA approve this sort of thing. Finally, as we learned from Redux, one has to hope the compound doesn’t have some unanticipated side effect when combined with another drug.  But, it’s well worth doing this sort of work. And I’m glad to see that numerous other investigators in universities are trying to convert basic science findings to clinically useful products.  

TB: In so far as your own work is concerned how would you describe your activities?

RW: I do three things. I run a basic science laboratory and I direct the clinical research center where we do studies trying to see whether our findings in the lab also work in people. And I’m interested in translation, in taking the discovery out of the laboratory by developing products that might be useful for people.  Is that the longest answer to a simple question that you’ve ever had?

TB: It certainly answers the question. Am I correct that the starting point of your research at MIT was your interest in tryptophan?

RW: That’s right.  Do you want to know the history to that?

TB: Yes.

RW:  It’s a wonderful story.  When I was at the NIH, in my second period there working with Julie Axelrod, we got interested in circadian rhythms.  Why?  Because, the pineal released melatonin at nighttime and we thought we’d like to have something we could measure in rats to indicate whether or not melatonin has an effect on the circadian rhythms. We knew that adrenal cortisone manifested a circadian rhythm and so I decided to try to set up an assay for corticosterone in the rat, define that rhythm, and see whether melatonin affected it.  At that time, the only assay that could be done in a regular laboratory for corticosterone was a fluorescence assay that was very difficult to do. So Julie and I decided that instead of looking at corticosterone, we should look at something controlled by corticosterone that might be measurable. There is an enzyme in the liver, called tyrosine transaminase that can be induced by corticosterone. So I thought, let’s see if there is a rhythm in tyrosine transaminase and if so whether it parallels the corticosterone rhythm.  We took rats and measured their tyrosine transaminase activity at different times during the day and night, and discovered there is a rhythm. Assuming the rhythm was due to corticosterone, we thought if we removed the adrenals that would block it.  It didn’t.  By this time, I’d moved to MIT and got interested in what was causing the rhythm. I was very fortunate.   Down the hall from me was an extraordinary scientist, Hamish Munro, who was an enormously well regarded student of nutrition. Through Hamish, I learned nutrition could be relevant to generating rhythms. For instance, the amount of tryptophan and other amino acids delivered to the liver controls whether it’s making protein or not. We discovered the rhythm in tyrosine transaminase depended on what the rat ate.  If the rat consumed food that contained protein, then amino acids got to its liver and turned on protein synthesis. So, we learned that eating controls the rhythm in tyrosine transaminase synthesis. Since tyrosine transaminase transmits the amino acid tyrosine, we hypothesized there might also be an inverse rhythm in the amount of tyrosine.  After all, if you have more of an enzyme you ought to have less of its substrate.   So, we started doing studies on rats to see whether there is a daily rhythm in tyrosine synthesis.  Yes, there was. Since tyrosine is a substrate for tyrosine transaminase, but tryptophan isn’t, there should not be a rhythm in tryptophan levels. We took people at our clinical center and collected their blood around the clock and found there were rhythms in the levels of almost all of the amino acids.  Here again, we did the experiment to test an erroneous hypothesis, and in the process, found something perhaps more interesting. We discovered all  amino acids undergo daily rhythms, including tryptophan.  I had previously done some work on serotonin, and knew the enzyme that converts tryptophan to serotonin exhibited low affinity for this substrate. At normal tryptophan concentrations this enzyme was not doing very much, because only a little bit of it was saturated. It seemed to me that if there were daily rhythms in blood and in brain tryptophan there might also be changes in the production of serotonin. After I moved from NIH to MIT I had an excellent graduate student, John Fernstrom, who worked with me on it. We found that very small changes in brain tryptophan levels, produced by giving tryptophan, could cause major changes in serotonin synthesis.  So why not give a high protein meal, since protein contains tryptophan. We also thought if we lowered blood tryptophan levels by giving insulin this should interfere with brain serotonin synthesis.  So, we gave animals insulin injections, lowered blood tryptophan, but, lo and behold, brain tryptophan levels and serotonin synthesis increased. This seemed very strange, so we decided instead of giving insulin we should give the animal carbohydrate to make it secrete its own insulin. Rats eating a carbohydrate meal showed the same response as those given insulin; it raised brain tryptophan and serotonin synthesis. What this suggested was that the amount of tryptophan that gets into the brain doesn’t just depend on blood tryptophan, but also on other amino acids that compete with tryptophan for entry to the brain. What actually happens is that insulin pushes other amino acids, such as leucine, isoleucine, and valine into muscle, where they’re metabolized. The effect of carbohydrate is to cause blood tryptophan levels to decline a little, but levels of its competitors to decline a lot, so even though there’s no tryptophan in dietary carbohydrates, there’s a tremendous increase in the amount of tryptophan getting into the brain, and a corresponding increase in serotonin synthesis.  Conversely, if the animal had a protein meal, blood tryptophan does rise a little bit, but levels of the competitors rise much more.  

TB: Why?  

RW: Because only one percent of most protein is tryptophan whereas 25 percent is  tryptophan’s competitors. So, there was this beautiful paradox: eating a meal that contained no tryptophan, a carbohydrate meal, raised brain tryptophan and enhanced serotonin synthesis, whereas eating a meal that contained tryptophan, because it contained protein, had the opposite effect. After struggling with this for a couple of years we realized our findings indicated that serotonin neurons have a special capability. They can, on-line, monitor changes in plasma composition generated by eating and report to the brain what you’re digesting, whether those foods are principally carbohydrate or principally protein. And, the brain uses this information. People from all cultures, unless they’re limited by poverty, have about 13 percent of their calories as protein and eat about 4 or 5 times as much carbohydrate as protein, however, they aren’t aware they’re doing so.  People think they’re picking food, but they’re also picking nutrients.

TB:  How does the brain know what we are eating? 

RW:The brain knows by monitoring plasma amino acids, levels of which are changed selectively by the composition of the food. Later on, my wife Dr. Judith Wurtman, discovered the phenomenon of carbohydrate craving.  People who overeat carbohydrate-rich, protein-poor foods or snacks do so because it makes them feel better, less depressed.  By the way, serotonin is involved in depression, besides control of what’s chosen to be eaten.

TB: Your studies with tryptophan started your research at MIT but the whole story really began with your interest in the pineal gland and melatonin. Your findings seem to suggest that the organism regulates its nutrient intake.

RW:  In most cultures, even cultures of poverty where people eat combinations of beans and rice, they consume enough protein and carbohydrate. What people of poverty tend to have least is fat. Fat is very expensive.  You may have to go kill an animal to get it. There seems to be no brain neurochemical system that monitors body fat composition and no central regulation of fat intake. People like fat, it has a good taste. So the desire for fat is based on taste and not any central neurochemical effect. During our evolutionary history fat was not something people could count on having. People could always have their beans, rice and vegetables to provide carbohydrate and protein,.  But not so readily fats.

TB: Would your findings regarding the net effect of eating carbohydrates or protein on brain tryptophan and serotonin synthesis imply that if tryptophan is used for insomnia, it must be given in a small dose to be effective?

RW: That’s right.

TB: Are we talking about 500 milligrams or so?

RW: In fact, 250 would have been adequate. In terms of  utility, what we found with tryptophan, we are finding also with melatonin. We’ve just finished a study with melatonin which relates to this. We took a large number of older people with or without insomnia and measured their plasma melatonin levels during the night and during the day. Our findings confirmed what we and others had shown, namely that as you age, nocturnal plasma melatonin levels decrease from  100 to 150 picograms per ml in 20 year olds to perhaps 30 to 50  in people over the age of 50; melatonin levels decrease regardless of whether or not the person had insomnia.  Some exhibit insomnia whereas others do not. The nature of the insomnia in aging is not trouble falling asleep; they tend to fall asleep early, because they’re exhausted from not having slept well the night before. The problem is staying asleep or awakening too many times.  We gave these people three different doses of melatonin, 0.1 mg, 0.3 mg, or 3.0 mg, and found all of the doses improved sleep, but the most effective dose, which brought them up to normal sleep, was the dose that raised nighttime plasma levels to what they are in young people, 0.3 mg. given orally at nighttime. Giving 0.3 mg to older people with insomnia brings sleep efficiency back to normal, but has no effect on people who already sleep normally. Nothing is broke in them, so there is nothing there to fix.

TB: Are you suggesting melatonin in the dose of 0.3 mg at bedtime for the treatment of insomnia in the elderly? 

RW: Yes, and not in the 10 to 20 times higher doses commonly sold in health food stores. 

TB:  Are you suggesting for insomnia, tryptophan in a dose of 250 mg for the young, but melatonin, in a dose of 0.3 mg for the old? 

RW:  That would be perfectly rational.  

TB: Am I correct that the development of dexfenfluramine was based on the notion that obesity is the result of a kind of depression in which people, without being aware of it, try to increase their brain serotonin by consuming excessive amounts of carbohydrates?  

RW: Yes.  Obesity is a heterogeneous disease, but one large subset includes such people. When dexfenfluramine was available it worked in 79 percent of obese people and this included many who did not have that kind of depression; so it’s apparent that serotonin also has an additional role in eating.  It’s a major satiety factor. But we were able to compare the responses to dexfenfluramine of obese people, with or without carbohydrate craving, in a large study in the Netherlands and found that carbohydrate cravers invariably had an even better response to the drug than the non-carbohydrate cravers.  So, you’re right.

TB: Was dexfenfluramine tested in the treatment of depression?

RW: It was tested in seasonal depression.  The reason it was not tested for depression in general is that the companies that marketed it wanted to get one indication clearly established before looking at another. That was unfortunate because it could have been tested in a variety of other circumstances. For example, when women stop smoking, what’s the main reason they start again?  They get fat. Why do they get fat?  One thing nicotine does is to act on raphé neurons to release serotonin. So, when they withdraw from nicotine they release less serotonin and the person selectively overeats carbohydrates, becoming a “carbohydrate craver.” It makes very good sense to treat these people with an agent that releases serotonin.

TB: Are you suggesting 5-HT2c agonists should be tested in the treatment of nicotine withdrawal?

RW: That’s right.

TB: You have a clinical unit; why are you not doing it?

RW: There aren’t any 5-HT2C agonists available to my knowledge. A number of companies are working on such agents and finding they’re safe enough, so they could be tested.  I’d love to test these drugs. When Redux was available, my wife and I used it as a probe to find out whether brain serotonin is involved in a variety of conditions. For example, PMS and smoking withdrawal; there might well be additional clinical situations that could benefit from a 5-HT2c agonist. Parenthetically, one of the great things about psychopharmacology, more than any other field of medicine, is how people have taken advantage of the existence of drugs developed for one purpose, to find entirely new uses, extending our knowledge of the chemistry of the brain.  There are many examples. I wish other aspects of medicine were as successful as psychiatry and psychopharmacology have been.

TB: After discovering the therapeutic potential of tryptophan and melatonin in insomnia, and dexphenfluramine in obesity, you also discovered the therapeutic potential of citicoline in stroke. I think citicoline is sold in Italy and possibly in some other countries.

RW: Yes, citicoline is sold in some countries. Once we found out serotonin synthesis is controlled by the amount of tryptophan consumed, because the key enzyme, tryptophan hydroxylase, is a low affinity enzyme, I started wondering whether there might be other neurotransmitters or brain chemicals, whose synthesis is also are controlled by the availability of  precursors. The obvious other neurotransmitter to consider was acetylcholine.

TB: Why?

RW: Choline acetyltransferase, CAT, is also a very low affinity enzyme and it was known for years, based on in vitro studies, that the amount of acetylcholine one makes could be controlled by the amount of available choline. So a graduate student and I did some studies to see whether the availability of choline within its normal range affects brain acetylcholine synthesis; we found that it did. Our findings were quickly confirmed by many other people.  So, this got me  thinking about choline.  I realized that just as most of the tryptophan in the body doesn’t go to make serotonin, it goes to make protein, similarly, most of the choline in the body doesn’t go to make acetylcholine. Most of it goes into making membranes. At that point one of my graduate students became interested in the relationship between choline availability and membrane biosynthesis and showed that production of phosphorylcholine, the first step in acetylcholine synthesis, goes up or down depending on the availability of choline. I was deeply interested in Alzheimer’s disease about twenty years ago with a colleague and friend, John Growdon, who was head of the Alzheimer Unit at the Massachusetts General Hospital. We both became interested because, just around that time, two English groups had discovered there was a selective reduction in acetylcholine levels in the brains of people with Alzheimer’s disease. We wondered perhaps just as giving L-DOPA can replace deficient dopamine in Parkinson’s, maybe giving choline would replace deficient acetylcholine in Alzheimer’s.  It didn’t work, but it did get us into Alzheimer’s disease research. 

TB: But citicoline, as you mentioned it before, seems to be working in stroke, right?

RW:  It does seem to be working because there’s a clearly defined chemical mechanism involved. In stroke one wants to remove the free arachidonic acid liberated from the infarcted tissue, and citicoline does that. It pushes it back into membrane by incorporating it in phosphatides. The same thing may be true with brain injury of any type, with motorcycle accidents, for example.

TB: How did you get from the treatment of stroke to the treatment of Alzheimer’s disease?

RW: We began organizing a series of meetings every two years, the so-called Zurich meetings on Alzheimer’s disease so we could learn more; the next meeting will take place in February.  They involve about one hundred participants, and a lot of information is transferred.  At one of our meetings I was visited by somebody from a Spanish company that sells citicoline, and he told me he was aware of the work we had done on choline, acetylcholine and phosphatide synthesis and wondered whether I might be interested in finding out if citicoline also affects acetylcholine or phosphatides.  He also told me his company was selling this compound in Spain and elsewhere but people laughed at it and called it an expensive placebo. I couldn’t dismiss the possibility there might be something to citicoline, so we started doing research.  The first thing we discovered was the substance breaks down immediately and totally in the body. People had been speculating that if one eats it, it goes right into the brain. This does not happen, it’s totally metabolized. But what it does do is raise blood levels of choline and cytidine, at least in animals. In people this is different;  it raises blood levels of choline and uridine. The uridine then gets into the brain and is converted into UTP and to CTP. After we found citicoline is broken down completely, we did studies on cultured cells, then on brain slices, and finally,on whole rats which showed if one increased choline and cytidine levels, one actively promoted membrane biosynthesis.  We took rats or mice and fed them for six weeks on a diet enriched with citicoline. Then, we removed their brains; measured the amount of phosphatidylcholine per cell, and found  it went up about 15 percent.  So, the joke is, if you want a fat brain, all you have to do is eat citicoline for six weeks in a very large dose. Just as giving tryptophan increases serotonin synthesis so also choline affects acetylcholine synthesis. This algorithm also applies to tyrosine. Tyrosine can affect catecholamine synthesis. This is another story. Are you interested? 

TB: Of course. Please elaborate.

RW: Tyrosine hydroxylase, the rate-limiting enzyme in catecholamine formation, is more complicated than tryptophan hydroxylase and choline acetyltransferase, in that if a catecholamine releasing neuron fires, tyrosine hydoxylase becomes phosphorylated and its kinetic properties shift. When it’s not phosphorylated, the rate limiting factor in hydroxylating tyrosine is the level of a cofactor, tetrahydrobiopterin, but when the neuron fires and the enzyme becomes phosphorylated its affinity for the cofactor goes up two hundred fold, and now the activity of the enzyme is limited by the availability of tyrosine. One can demonstrate this by doing something that makes a certain set of catecholamine neurons fire more rapidly. For instance, after destroying 80 percent of the nigrostriatal neurons, the surviving 20 percent will fire more rapidly, becoming critically dependent on tyrosine levels. One can destroy 80 percent of the neurons on one side of the brain and not destroy any on the other side before giving the animal tyrosine, which is distributed everywhere in the brain.  On the side where neurons have been destroyed giving tyrosine doubles dopamine release, whereas on the other side, where the neurons are intact, it has no effect on dopamine release.  We’ve not tried to apply these findings.  We’ve  not done enough work to try to apply these findings in humans, because the treatment of Parkinson’s disease has moved ahead of us. We did some small studies in Parkinsonian patients and  saw effects, but they weren’t as good as L-DOPA’s. Somewhere down the line, there may be a circumstance in which we can take advantage of tyrosine in treatment, too.

TB: Am I correct that you have been instrumental in the discovery of a therapeutic indication for at least four substances?

RW: Actually, there’s a few more.  There’s tryptophan, which has not become a drug because MIT didn’t patent it, unfortunately.  Then, there is dexfenfluramine, which did become a drug but is  no longer. There’s one substance that my wife did, based on our work. It’s called PMS Escape, a mixture of carbohydrates that increases brain serotonin. It’s currently been marketed.  There’s the recent FDA approval of fluoxetine for treating PMS, called “Sarafem”. And there’s melatonin for the treatment of insomnia.  As long as, in America, melatonin remains a dietary supplement I’m not sure what to do with it. It’s very difficult to get a company to invest and develop it in the United States, so I’ve turned my attention to Europe, where it’s still a drug. I’m hoping  a company can be found in Europe that will make a drug out of it.

TB: And, what else?  

RW: Some years ago, we took blood from people running in the Boston Marathon, before and after, and measured choline in it. Then, we did the same on people swimming long distances and basketball players, and found all of the endurance exercises deplete plasma choline.  It goes down 40 to 50 percent, thus suppressing acetylcholine release at the neuromuscular junction. I suspect this may be why runners talk about hitting the wall after 20 miles.  There are a number of sports drinks like Gatorade that include supplemental choline, based on this finding.  I’ve never done enough endurance work, myself, to tell whether or not it works.

TB: Was it tested?

RW:  It was tested and it does work in the lab. You have to convince the Federal Trade Commission that your claims are substantiated and this requires publications in peer reviewed journals.  

TB: During the years you have collaborated with many people. You talked about your work with Julie Axelrod, your wife, and your graduate student, John Fernstrom. You have also mentioned the name of John Growden.

RW: John is professor of neurology at Harvard and directs the Alzheimer’s Center. He’s been my very close friend and collaborator for decades now and we have done research together on blocking the synthesis of APP, the source of amyloid, which might be therapeutic in Alzheimer’s disease. We’ve discovered that the synthesis and metabolism of APP are both controlled by neurotransmitters. We also found that any neurotransmitter that increases the formation of diacylglycerol (DAG), a second messenger, will enhance the formation of soluble APP and block the formation of ß-amyloid. That also may be useful in Alzheimer’s disease. Then, with Robert Lee in my laboratory, we found that the synthesis of APP is controlled by cyclic AMP, and anything that increases cAMP, like noradrenergic ß-receptor activation, will enhance the production of APP, while anything that suppresses the formation of cAMP will have the opposite effect.  

TB: So, anti-inflammatory drugs might be useful in the treatment of Alzheimer’s disease, and possibly also in the treatment of Down syndrome.

RW: When this was first suggested by Pat and Edith McGeer, some people laughed.  I didn’t, I thought it made good sense.  The suggestion was based on findings that women with rheumatoid arthritis, who had been taking large doses of aspirin for a long time, or people with leprosy taking dapsone, tended to have less Alzheimer’s. But, you’re quite right that anti-inflammatory drugs might be useful in the treatment of Alzheimer’s. The origin of the idea was in epidemiologic studies, as is the origin of so much medical knowledge.  

TB: During the years you have been at MIT you trained many people. You already mentioned a couple. Would you like to mention a few more?

RW: It’s hard to do this, because those who don’t get mentioned may be unhappy, and I love them all! 

TB: You have had many publications.  How many approximately?

RW: About a thousand publications.

TB: A thousand?

RW: Yes, but I’ve always had a big laboratory.  

TB: How many people are in your laboratory?

RW: Now, the number is down. If you include the clinical people it’s down to about 18 or 20 people. But most of the time it’s been more like 30 people.

TB: So, it’s a large laboratory.

RW: Yes, it’s been a large laboratory.  

TB: You have also written several books. Could you say something about them?

RW: My first book was on melatonin.  It was done with Julie and with an anatomist,  Doug Kelly. Another early book I wrote was on catecholamines. Then, I compiled a series of books with my wife on nutrition and the brain.  These may have contributed to getting that field started. I have also published a series of books emanating from the Zurich Alzheimer’s meetings. What I’m working on right now is not a book but a summary article which goes back to my origins in philosophy of history. I got interested a few years ago in the question, why is it that when I was a child, in the 40’s, 50’s and early 60’s, every year some terrible disease that had been untreatable became treatable for the first time. The list of the medications that first appeared during the 40’s, 50’s, and 60’s is extraordinary. And, then, starting around the mid 1960’s, even though there was four times as much money available, and, a vast increase in basic knowledge, this process apparently came to an end.  If one makes a list of  things that killed people in 1965 and you looked at it again in 1995, it contains more or less the same diseases in the same proportions; the major cancers, congestive heart failure, Alzheimer’s disease or lupus, drug addiction, alcoholism. There has been a slowing of progress. What is responsible for this paradoxical relationship between treatment discovery and basic knowledge? I’ve interviewed many scientists and clinicians, and am trying to identify the factors that seem to be most important in enabling the discovery of effective treatments for diseases. And, by the way, effective treatments don’t necessarily mean new drugs. We’ve also seen over and over again that off label discoveries, for instance, the discovery that spironolactone, which was used 30 or 40 years ago for treating hyperadrenocorticism, markedly reduces death from heart failure. The same applies to the ACE inhibitors, developed for treating hypertension, which are now shown to reduce death from heart failure. So, I’ve been interested generically, in what factors determine whether a society is or is not successful in discovering effective new treatments. One major set of factors is resource allocation.  One conclusion, which is hardly radical, is that we haven’t spent enough on clinical physiology. For decades we’ve endured starvation of funds for training and supporting the research of clinical investigators.  I hasten to add, I’m not talking about myself; I’m fortunate to be well supported. Another factor is the failure sometimes to include the other key disciplines involved in treatment discovery, such as medicinal chemistry, epidemiology, pharmacology.  And, then, a year or two after starting this project, I realized that at least one horrible disease had become treatable, perhaps an exception to the rule.

TB: What is that horrible disease?

RW:  It’s HIV/AIDS.  The natural history of AIDS is so transformed from the way it was five years ago, that its almost unbelievable.  Here was a disease that was almost universally fatal and now, my friends who are AIDS doctors, tell me, people who come in with a brand new diagnosis of HIV and can afford treatment are probably not going to die of AIDS.  So, I tried to analyze, wherein was that disease different?  Why did AIDS become treatable when other diseases didn’t?  It turned out the limiting factor was not science. The key scientific publication that led to the treatment of AIDS came from a Japanese pharmaceutical company six months after the virus was discovered.  So, if fundamental research on HIV had stopped in 1986, it would have made no difference. The key fact was the discovery that the particular protease which the HIV makes is an aspartyl protease. Since human renin is an aspartyl protease, for a long time drug companies were trying to make aspartyl protease inhibitors for treating hypertension.  Eventually, they found that ACE inhibitors were better, so they had large numbers of aspartyl protease inhibitors on their shelves. They knew how to make them. The discovery you have to combine several drugs to treat AIDS wasn’t really a discovery. Any doctor who had treated tuberculosis or childhood leukemia, knew that when you’re dealing with a rapidly mutating organism, you’ve got to combine several drugs.  What was needed were the drugs. In the latter part of the 1980’s, enough political pressure was brought on the FDA to change the way it regulated AIDS drugs. Instead of taking four or five or six years to go through the regulatory process, it now takes four or five or six months, or even less.  So the pharmaceutical companies decided  now there was the chance of making some money out of AIDS and society would pay for the drugs. So, bang, bang, bang, within a very short period of time there were ten approved aspartyl protease inhibitors. The point is that a lot of different factors can influence our success in inventing treatments.  They can be basic scientific.  They can be epidemiologic.  They can be clinical.  They can be regulatory.  They can be political.  They can be all kinds of things.  

TB: I understood you have a clinical center and patients available for research. How much are you involved in the clinical center and in evaluating patients?

RW: The patients, who come into the CRC are not there for primary diagnosis or treatment.  They’re people that satisfy certain inclusion criteria for admission to a study.  So, I’m the principal investigator of three programs at the CRC, but a very strong co-investigator runs each of the studies.  My wife runs the studies related to carbohydrates, serotonin, eating, etc., and she has her own staff and her own independence.  Another person runs the melatonin studies.

TB: Do you see any of the patients associated with the three programs of which you are the principal investigator?

RW: Now and then, but I don’t see them very much.  I see and sign all the records. Basically my role is hypothesis and protocol generation, overseeing the protocols are followed, and trying to make some sense of the findings when the studies are completed. But, having this clinical research center is marvelous, because, without it, there’s no way I could afford to have nurses dieticians and the other people we need in our studies. 

TB: Now, one of your major interests is related to eating.

RW:  This happens to be the interest of my wife.  I married somebody who wanted to make a career out of studying rats.

TB: Rats?

RW: When we were married 40 years ago my wife wanted to be a teacher; she thought she’d get a Master’s in teaching and, then, retire to the suburbs.  That lasted about six weeks.  Then she went back to school and took a PhD at George Washington University, while I was at the NIH, and finished her thesis at MIT in the biology department.  After she finished her PhD, with two young children and a very demanding husband, she couldn’t embark on a full time career, so she taught at a local college and made exhibits for the Boston Science Museum. Then, around the mid 1970’s I had found that foods affect the brain and decided I  needed  somebody with knowledge of nutrition to help me develop this field.  While she had been teaching biochemistry at a local girls’ Catholic college, she was asked, “to teach nutrition.” And she said, “I don’t know any nutrition and to teach it I’ll need to learn some.”  So, she took a two year post-doc in nutrition during which she became interested in the area and particularly, in obesity.  So, when I discovered I needed a collaborator, I invited her to become that person. She agreed to do so. After we’d been married 15 years, we started to collaborate in the lab.  The purpose of our collaboration, initially, was to see whether this ability of serotonin neurons to monitor eating is involved in nutrient selection. We found that it was in rats. We published papers on it, and then, she got interested, and started working for free, in an obesity clinic. It was especially important:  she listened to her patients and asked what they were eating. The patients described to her what they ate at mealtime. She also asked them what did you eat between meals, how many potato chips, and how many cookies. So she came up with this concept of carbohydrate craving.  Then we started to work on obesity, because that was where her interest was and there was something to do.

TB: What about your interest in nutrition?

RW: I entered basic research in nutrition through an MIT colleague, Hamish Munro, as I mentioned

TB:  Is there anything else you would like to add?

RW: I can’t imagine.

TB:  On this note we should conclude this interview with Dr. Richard Wurtman. Thank you very much Dick for sharing this information.

RW: Well, it’s been great pleasure.

( Richard Wurtman was born in Philadelphia, Pennsylvania in 1936.





