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LS: It’s a very great pleasure to have the opportunity to interview, for this important series on the history of psychopharmacology, my close colleague and very dear friend, Dr. Leonard Cook.* Perhaps we could start by you telling us a little bit about your early history and educational history which you think stimulated your interest in becoming a scientific investigator. 

LC: What the various critical factors were would be hard to recall, but I was always interested in science even when I was a kid as well as in college. What spurred me, in terms of graduate school, occurred at a picnic. My wife worked for a Dr. Mulinos, who happened to be a pharmacologist. After graduating college, I wasn't really sure what I wanted to do. Dr. Mulinos had a back yard picnic, to which my wife and I were invited. While I was eating my hamburger and potato salad under a tree in his back yard, he came over to me and we started chatting. I had just graduated college and he asked, “What are you going to do?” I said, “Well, I'm not sure. I'd like to go into science, but I'm not sure exactly what field of science would interest me.” He said, “How about pharmacology?” I said, “Well, I didn’t really want to work in a drug store and make ice cream sodas.” He replied, “No, no, no. Let me explain to you what pharmacology is.” And he did, sitting next to me under that tree. And that back yard potato salad conference determined my career. I was fascinated. He told me where to apply. 

LS: So, you applied to graduate school. Which school did you apply to? 

LC: Well, I was already accepted at Rutgers in endocrinology, but I must admit it didn’t turn me on. He said, “Well, Yale is a great place where they train pharmacologists.” The sequence of events was, I went up there and had my interview with the department chairman, Prof. William Salter. After the interview he said, “Fine, just walk down the street and see the dean of the graduate school.” And I looked at him and said, “You mean I’m accepted?” He said, “Of course, you start in two weeks.” So that was the turning point and the start of my career in pharmacology.

LS: This was when? What year are we talking about when you started graduate school? 

LC: 1948. I served in the Army, in the Air Force during the war as a navigator. The GI Bill of Rights took me through most of my college. After graduation I still had a year left under the GI Bill, and this enabled me to start my graduate training at Yale.

LS: And, you worked at Yale with whom?

LC: Well, they had at Yale, which was unique, not only a training program in pharmacology, but a program specifically designed to meet the growing need for pharmacologists in the pharmaceutical industry. It was a very special training in regard to the elements and skills that industrial pharmacologists would need: such as organic chemistry, statistics, pharmacology, and of course, test development, and drug screening procedures. It was an unusual program and did me a great deal of good. The primary teacher was Dr. Desmond Bonnycastle, who was also my mentor.

LS: At that early phase of entering graduate school, you already had an interest in a research career in industry. Can you tell me a little bit about that, because I think at that point in time, basic research was heavily academic? There was a distinction made – almost a class system – between academic and industrial pharmacologists. So what kinds of thoughts were going through your mind?
LC: Well, I'll give you this young student’s mind, not only my thoughts, but critical things that happened.
LS: We’re going to return to this theme, because you are a very interesting example of someone who has made significant research contributions from the drug industry. It’s going to be interesting to hear your thoughts as you entered your training.
LC: Well, thank you. I took only one course in psychology in college. I think that was Psych 101 and that's all I had. I will never forget my first week at graduate school in pharmacology at Yale. That’s when we were asked to select a journal for which we would be responsible in the Weekly Journal Club. I had browsed in the library and I saw a journal called Clinical Psychology. And when I was asked for my selection I said, “I would like to give my weekly journal club contribution on Clinical Psychology; Psychology, not pharmacology.”
LS: Psychology, clinical psychology.
LC: Now, this was in 1948.
LS: Before the birth of modem psychopharmacology, or at the birth?
LC: No, before the birth. So the chairman, Dr. Salter, came up to me, looked at me seriously and said, “Young man, we’re talking science, not spooky science.” He said, “We’re talking about legitimate pharmacology, not spooky pharmacology.” So I took another journal, because I didn't want to cross the chairman of the department during my first week in graduate school. I did, however, focus on the central nervous system by doing my thesis on analgesics.
LS: So, early on, even at the start of your career, you had an interest in behavior, in psychopharmacology?

LC: Yes, but I was quickly dissuaded about getting into what he called spooky pharmacology. I was hurt, but interestingly enough, four years later I was deeply involved in drugs modulating behavior and the beginning of psychopharmacology. Then, you referred to the issues which were involved in industry vs. academia. I didn’t, at the time, even think of industry, quite frankly. My focus was going into research and pharmacology. During the last six months before my degree, I started interviewing and I was offered four jobs in industry and one in academia. There was a great need for pharmacologists. That was the beginning of the rapid expansion of pharmacology in the pharmaceutical industry, in terms of their research capacity.

LS: Let me take you back to graduate school to establish one point, because we want for the record: your thesis and your thesis research. Did you do a behavioral or psychopharmacological thesis?

LC: I did a thesis on “The Effects of Analgesics on the Spinal Cord,” so there was no behavior involved. It focused on certain spinal reflexes, and the effects of analgesics on the brain and spinal cord. My mentor, Dr. Desmond Bonnycastle, had a PhD and an MD, and was very well known in the field of analgesics. Regarding my going into industry, I had a number of people come to Yale from different drug companies to interview me; there was Merck; there was Smith, Kline & French (SK&F); there was Frank Berger at Carter’s Little Liver Pills (that was before it became Wallace Labs), and Dr. R.K. Richards from Abbott. I had five job offers, four industrial and one from academia. I took the one at SK&F. I was so excited, especially after going through gruelling grad school. When I received the official letter from SK&F stating the salary, I was overwhelmed by the amount. Excitedly, I showed it to my professor.

LS: Dr. Bonnycastle?
LC: Yes, Dr. Bonnycastle. In 1951 I was to be making $6,000 a year and he as full professor at Yale was making $5,000 a year. 

LS: And, as a PhD and MD.
LC: This did not sit well with him. He looked at me and was speechless.

LS: You both knew the salary differential? 

LC: That was the problem. Yes, we both were aware of the salary difference. When I saw him the next day he said, “I’d like to speak to you, Leonard.” I felt I was in trouble. I went to his office where he said, “You know, I’ve been thinking about your letter. If I knew you were going to prostitute yourself and go to industry, if I knew I was going to spend all my time training you and you were going to exploit my training by going into industry, I never would have taken you as a grad. student. Thinking about it, Len, I think you should spend another year here and we can do more research and further exploit the research you have achieved.” I replied, “Dr. Bonnycastle, I've not only done everything in my proposal, but more,” which was rare in graduate school. We talked about it and I told him what I would do, if he insisted on this. I told him I would ask for a review of the situation by a board. He said, “Okay, if you want to go out and be a prostitute, I wash my hands of you.”

LS: Now, what was going through your head as you were being lectured by this somewhat formal professor, who obviously was deeply concerned about his student?
LC: Well, fear. I didn't have my degree yet. I was married. My wife was expecting our first child, and the job was threatened.

LS: Now, one final item of this early personal history before we start exploring what took you into the field of behavioral pharmacology. You had five offers and, in particular, you had an academic offer, which you could compare against those industrial offers. What caused you to accept the SK&F offer? It's most interesting, because that stroke of fate, of course, opened up a very distinguished career.

LC: An interesting question. Well, there are many factors. For starters, it was the highest offer. And, after going through lots of years of struggle, making that amount of money at that time, for a kid who came out of the poorest ghetto of the town, was compelling. Also, and probably equally important, was the fact that SK&F was just beginning to evolve. It had a great interest in research expansion. They had previously done most of their research at Temple University Medical School. So I saw this as an opportunity to start with a company on the ground floor. They were very nice to me and it was appealing. I had a dilemma since I also had an offer from Abbott with R.K. Richards. He was a distinguished pharmacologist and that tempted me a great deal.

LS: Was Richards from the University of Pennsylvania?
LC: No, Richards was at Abbott Labs. Also Merck, with Hans Molitor, offered me a job, which I would have taken, but the letter of offer was lost in the mail and I didn't know that. Had it not been lost, I might have gone there. But, in any event, as you pointed out, that was the most fortuitous decision of my life. It opened up an opportunity for me to get in on the ground floor and play this very critical role in developing the field of neuropsychopharmacology. 

LS: OK, you arrive now at SK&F and, as we all know, SK&F bought the rights to chlorpromazine, and you were their first trained pharmacologist. Tell me what your role was in the decision for the company, because chlorpromazine had been passed around to a number of companies that turned their noses up at it. So, that would be an interesting bit of history to find out, how did SK&F opt to buy chlorpromazine and what role did Leonard Cook have in that important decision? 

LC: When I went to SK&F, my first project was gastrointestinal pharmacology and the only reason they put me on that is that I had told them I knew how to surgically prepare what was called a Thirty-Vella loop dog, for measuring intestinal activity. This program lasted only a short time. We were also interested in drugs that would be sedatives, but were not barbiturates. I realized that I would have to have certain tests to identify sedatives. I went over to see Charlie Winter at Merck. He had a test chamber box, originally designed by Peter Dews, which was about the size of a shoebox with light beams crisscrossing it, for measuring locomotor activity. In addition, one of the tests I developed was a rat pole climb, a conditioned avoidance response test. I used a doorbell for the conditional stimulus, a brass plate floor that could be electrified with 120 volts to provide a shock to the rats’ feet, and 12 inches of a broom handle to provide a means of escape for the rats, i.e., the pole climb. I called the test the ‘conditioned reflex test.’
LS: A conditioned shock avoidance?

LC: A conditioned shock avoidance is a more sophisticated description. What was really interesting and crucial is that one of the other tests that I employed was developed by, again, Charlie Winter at Merck. It was a measurement of the sedative properties of a compound by how it prolonged the sleeping time of a barbiturate. At that time it was very difficult to measure sedative effects in rodents, because most of them, under the sedatives available at that time, would thrash around in excitement and not show sedation. In any event, I used this sleeping time prolongation test, and we found SKF-525-A (ß-diethylaminoethyl diphenylpropylacetate hydrochloride) that way. This was undoubtedly critical in opening up the entire field of drug metabolism and it also helped start a drug potentiation program. SKF-525-A was considered a drug potentiator, and importantly, that led to our interest in chlorpromazine, as I will explain.
LS: But your work with Thorazine (chlorpromazine) was critical research too.

LC: That was critical for the entire field. As a matter of fact, SKF-525-A, which I discovered, made my early reputation as a pharmacologist. I published several papers on it and it drew a great deal of interest in the field. At that time, I heard about a compound from the drug company Rhône-Poulenc, in France, which reportedly was also a drug potentiator. I wrote for it and I received a two gram sample. I compared its potentiation properties to my compound (SKF-525-A). It did prolong the effects of certain CNS drugs, but it did it in a very different fashion, the animals showed heavy sedation.

LS: Was SKF-525-A a stimulant?

LC: SKF-525-A wasn’t a stimulant. It was a “silent” pharmacological agent that other than inhibiting the metabolism of other drugs produced no overt symptoms. I noticed a very special sedation or quiescence and indifference to the environment in the mice and rats treated with the Rhône-Poulenc compound.

LS: Without being put to sleep.

LC: Well, it certainly worked in the hexabarbital potentiation test. But this very special sedation the French compound produced was a type I had never seen before. I made a decision which retrospectively, was crucial. I decided to test the Rhône-Poulenc compound in my conditioned avoidance test. I set it up, trained a group of rats and administered the compound. I noticed that they were indifferent to the environment and didn't respond to the warning signal, i.e., the conditional stimulus, they just stood there, even though they knew they were going to get shocked.
LS: These were well-trained animals, who hearing the conditional stimulus would immediately climb up the pole and avoid the shock.

LC: They were very well trained to avoid the foot shock.

LS: Under the drug, they did not respond to the warning signals.

LC: But when we gave them the shock, they responded by climbing the pole. And I said, “My God, they obviously do feel the shock.” They were indifferent; it seemed that they didn’t care. When we gave them a shock, they jumped. So what was this unusual modulation of the avoidance behavior?

Another important point, which was most telling to me, was that when we gave the French compound to mice, over a very wide range of doses, the animals became immobile but they still remained on all four feet. Nothing in the drug armamentarium at the time would do that. When we turned the mice over onto their backs they righted themselves; when you pinched their tail, they pulled it away. They had this unusual sedation.

LS: So, you recognized the unique properties. Now, what year is this?

LC: That was the end of 1951, and very early 1952.

LS: At that early point, you recognized that you might be dealing with a new drug class.

LC: Yes, we recognized that we had a drug that was very different than anything else we had ever seen. And when coupled with the specific modulation of the avoidance behavior, I knew that this was the beginning of a totally new area of pharmacology. We noticed another thing, its hypothermic effect. Of course, we knew then from Rhône-Poulenc that their pharmacologist, Madame Courvoisier had also seen this lowering of body temperature. I was very excited when I brought these findings to our research committee and told them about it. I was told that they had just heard that in France, it was reported by two gentlemen, named Delay and Deniker that this compound modulated certain psychotic behavior clinically. I excitedly requested that we contact the group in Europe. In fact, we arranged that they send some representatives from Rhône-Poulenc. A few weeks later they arrived for a meeting in Philadelphia at our labs. I showed them my data and they showed us their data. They discussed the anecdotal reports from Delay and Deniker. Suddenly, in my mind, the relevancy of the conditioned avoidance began to loom. I wondered if what we were measuring in that test had any kind of correlation or relevance to the psychotherapeutic effect they reported. We worked out a financial deal, and of course, SK&F then became the consignees of this drug in America. 

LS: Now, this drug had a certain antihistaminic activity. At what point did you realize that this interesting activity profile was really not the antihistaminic effect?

LC: Well, all of the phenothiazines, the whole class of drugs, were, in their own right, antihistamines. You mentioned, in your opening statement at the beginning, how chlorpromazine was offered to seven different drug companies, who turned it down as an antihistamine. They turned it down for the reason that it had this heavy sedative effect, which they didn’t want. So the special CNS effect it produced was the reason they rejected it. 

LS: And it wasn’t as good an antihistamine as, say, promethazine.

LC: Exactly right. We knew, up front, it was an antihistamine. What we didn’t know is that the CNS effect of these antihistamines, of that class, had potential as psychotherapeutic agents.

LS: So, chlorpromazine became Thorazine and the sales showed a very sharply increasing curve. A lot of that money was funneled back into the research operation with this early success, and the fact that your early experimental results stimulated the company’s appetite for a drug that other companies had turned their nose up at.

LC: Yes. And that was lucky.

LS: This was a very important discovery.

LC: Yes, I was only two years out of grad school at the time.

L.S: So, what did that do to your research program at that point?

LC: I requested an appointment with the vice president of research, a very perceptive guy, and I talked to him and I said ….

LS: Who was this?

LC: Kapp Clark. We chatted about my findings and their potential relevance and he said, “Len, what do you think of this drug?” I said, “Well, I think that we’re dealing with a whole new area of pharmacology and I feel that we should exploit this. We’re in a great position in what may be a new field.” So he said, “Would you come back tomorrow? Go home and think about what we should do from this point. Don’t even go back to the lab. I want you to go home, and on one piece of paper tell me, if you were me, what you would do about this.” So, I went home and scribbled some thoughts, and the next day, I told him, “Well, I believe that we are at the beginning of a new field. This compound is probably just the first of what could lead to an entirely new class of drugs.” And, he said, “Well, what should we do about it? If I told you that I will give you a substantial amount of money to build a new research program, what would you do?” I said, “Well, I thought about that last night.” I put my scrap of paper in front of me. I said, “I think there are three approaches we could follow.” Now, this is, remember, 1952, maybe the end of 1952. I said, “We could do work that relates to that of Mary Brazier at MIT, in the field of EEG and neurophysiology. We could do work in the area of biochemistry of the brain” –which was just beginning to emerge at that time, but was not very advanced – “or we could do work using experimental psychological methods.” I said, “I think we should do all of them. However, if I did work with a compound in neurophysiology, biochemistry and behavior, and came to you with the results from testing in all three areas, I would be more secure in recommending to you that the compound be advanced to the clinic, on the basis of behavioral effects, rather than on biochemistry or neurophysiology.” At that time, it cost about thirty million dollars to develop a drug. I then said, “And I would be more confident in predicting the clinical pharmacological effects from the behavioral results, rather than from the other fields. Not that the other fields wouldn’t be important, and I do think they should be part of our research approach.” It seemed to me that if a compound modulates behavior in animals, then that’s a better predictor for modulating behavior in humans than anything else we had. Well, what happened is that we started building my research group. I was lucky to be able to build one of the best and largest neuropsychopharmacology units in the country, in fact, the world.

LS: Now that logic is commonplace now, because of a number of successes of being able to predict from animal behavior to human behavior. But back in 1952, we did not have that demonstrated success. We had a presumption that human behavior and human thought was something very special. And there might have been a lot of people to tell you, what sounded like a good logical argument, that it’s foolish to try to predict from animal to human behavior. Do you have any idea as to why you saw, at that early stage, some evolutionary continuity between animal behavior and human behavior?

LC: Well, as you know, Larry, you’re touching upon a critical issue for the last thirty or forty years. Maybe not so much today, but you’re touching on what is considered the concept of dualism. You are touching on the fact that the physiology of the body is one thing, but the mind is independent. And, even people in our research committee felt that it was not possible that a drug could affect your thoughts and your mind, as a drug could affect the pumping action of the heart or be a diuretic. This has been, really, a struggle in the field of psychopharmacology, neuropsychopharmacology for decades, where people felt that behavior was a free will thing and that drugs really didn’t affect the mind as they did, for example, the heart. You are very well aware of this. It took a long struggle for people in the field to establish experimental behavior as a legitimate area of pharmacology. 

LS: It’s interesting. This was a crucial inflection point in the investigation of a chemical entity, because on the human psychiatric side, it was proposed that chlorpromazine was effective as an antipsychotic in schizophrenia and was able to straighten out the deranged thinking of the psychotic.  It’s most interesting now that the correlate of that therapeutic action in schizophrenics turns out to be the conditioned avoidance test in animals that you had been studying. 

LC: It was.

LS: I think that was a turning point in our field and you were a very important contributor to the understanding that, in fact, we could generate some kind of crude animal model of human behavior as a testing device for such a new class of drugs.

LC: Well, there are a couple of aspects to your comments, Larry. We were able to make a correlation of the compound's potency in the clinic with the conditioned avoidance response, and we had a correlation coefficient of 0.9. In most areas of pharmacology that is beyond expectations. At the end of your comment, you said something that I think we ought to discuss. You said models of human behavior. In no way, then or today, would I conceive of the conditioned avoidance as reflecting, say, any aspect of schizophrenia, and I don't think it’s a model, necessarily, of human behavior. I look upon it, like other behavioral tests we have both used over the years, as a test procedure, which identifies a type of pharmacological activity, which has effectiveness in certain symptomatology in humans.

LS: Isn’t the same pharmacological activity reflected, in common, between the human disorder and the animal test? 

LC: Yes, yes, but never did I think of these as models, for a very good reason. I remember giving a talk, here at the ACNP years ago. I was talking about this particular work, and I said, “The greatest barrier,” and that must have been about 1970, early ’70s, “in pre-clinical psychopharmacology is the lack of definition of the clinical syndrome, in terms that have relevance to the pre-clinical science. If I went to a cardiovascular clinician and said, ‘I could give you a drug that would do anything you want it to do on the heart, could you describe what you want it to do, specifically?’ they could say, ‘Yes, I want it to relax the blood vessel, enhance the blood flow, increase the contraction of the heart.’ They could describe in physiological detail what that drug should do.” I then said, “Now, I turn to you (i.e., psychiatrists) in the audience, can you tell me, specifically, what do you want that drug to do in terms that I could go back to the laboratory and find it for you? If I had a magic wand and I could give you a drug with any pharmacological property you want, can you define to me exactly what that drug should do, other than tell me, ‘Make the patient well.?’”

LS: Well, they could tell you, at the human level, we want the drug to cure schizophrenia, but they could not tell what schizophrenia is. What is schizophrenia in a rat?

LC: What is schizophrenia, in terms that I could do research using animals?

LS: Using animals.

LC: That’s been a great barrier. I wonder if it’s changing now.

LS: And that is your objection to the term, model. It conveys to you that ….

LC: It’s a schizophrenic rat.

LS: A truly schizophrenic rat. Well, that’s most interesting. Why don’t we now proceed in chronology, and tell me what happened in terms of the program? I assume that the program was accepted by Kapp Clark and by the people controlling the resources, and then you expanded your research activities. And what then ensued in research, following that?

LC: Well, I was given, essentially, a blank check. That’s what you and I call the “Golden Era.” At that time I had a young technician working for me named Bob Schuster, and he and I started developing a number of test procedures that would be sensitive to chlorpromazine. Bob Schuster had a bachelor’s degree at the time and he said, “I want to go back to school.” And Bob was accepted as a graduate student with Joe Brady. I also hired a consultant named Charlie Ferster and told him, “I can add more people to my group. I’d like to hire another psychologist, because that seems to be where all our test procedures are coming from.” He said, “There’s a young guy working for me who’s looking for a job.” I asked, “Who’s that?” And, he said, “A young kid named Roger Kelleher.” So we invited him to come up from Florida and I offered him a job. And that was, of course, a very important decision. Roger Kelleher was fantastic. He taught me a great deal of psychology. And Charlie Ferster was also great, but a very hard teacher. 

LS: Roger Kelleher? You taught him pharmacology, because I know Roger didn’t know much pharmacology.

LC: I taught him pharmacology. Going back a little bit, even before a psychologist worked for me, I had read a paper by Abraham Wikler. His paper described something about rats working for food by pressing a lever. I thought, “Gee that sounds like another test we can play with.” And, as I read his article, as best I could figure out from their description of the apparatus, I tried to duplicate it. I made a cardboard box and I fixed the pencil with a needle in it as a fulcrum. Part of the pencil came in the box and the other was outside the box. Every time the rat pushed the lever, I threw a piece of food into the box. Well, the rat had us well trained. After a while, he would press the lever eagerly and I threw the food in. The rat trained me to throw food in every time he pressed the lever. Then I started to become acquainted with the work of Skinner. When Kelleher joined me he started what he called schedules of reinforcement. I said, “I don’t understand. What's the difference whether the rat presses ten times and gets a piece of food or he waits ten minutes to press and gets a piece of food? The drug is going to have the same effect.” Well, those of us in the field now know that it's not the case. The schedule of reinforcement was more important than the reinforcement itself. I was very naive and skeptical about this approach initially. 

LS: In terms of its pharmacological profile?

LC: Yes, in terms of sensitivity to pharmacological effects. And, as we know, I then became one of the strongest advocates in the world regarding the value of schedules of reinforcement as probably one of the most sensitive measures in identifying pharmacological actions.

LS: Now, I still want to stick a little bit more with the antipsychotic field. Here, you had identified, with a relatively crude conditioned avoidance test, the most interesting property of chlorpromazine, which emboldened the company to actually buy the rights to it. What other compounds came out of that program in the antipsychotic field? What was your role in detecting those compounds and encouraging the company to proceed with clinical testing?

LC: We began to expand our pharmacology strengths. We also worked closely with Rhône-Poulenc. My role was that I did much of the original pharmacology. I used to go to Paris a lot to look at some of their other compounds and compared them to our compounds. So out of this came a similar compound, Stelazine (trifluoperazine), with a stronger effect as an antiemetic. It had the same profile as chlorpromazine, but was somewhat different and more potent. And that was the beginning of the phenothiazine story. Importantly, the company at that time felt we’d probably had enough of these compounds, and that we should stop testing any more compounds for clinical studies. I said, “No, we should continue.” But they dropped the phenothiazines at that time.

LS: But out of hundreds of these compounds synthesized, what identified Compazine (prochlorperazine) and what identified Stelazine in terms of pharmacological effects?

LC: I would say the behavioral tests, as well as the antiemetic test.

LS: And, was there some clinical need, in your view, for these compounds? Did they represent improvements as therapeutic agents?

LC: I would say, it goes back to what we mentioned before. We had at that time an entire battery of test procedures, many, many test procedures, all of which were sensitive to these drugs. The decision to recommend a compound to the research committee to go to development was primarily based on conditioned avoidance. That test had such face validity and that was in the 1950s. Even today, I feel just as strongly that that test would be the go, no-go for drugs. Stelazine was tested as a more potent agent, and Compazine as an antiemetic.

LS: So, that test was not only good to predict activity in humans, but a quantitative predictor of potency. From the potency in the animal test, you could predict the daily dose. It ended up….

LC: Clinically.

LS: Yes, yes, this is a very good point.

LC: We made this correlation between potency in rats with their potency in the clinic. Bert Schiele published a paper in which he tested about ten different phenothiazines clinically. He reported their relative potencies. I published a paper showing that the correlation coefficient between the relative potency of these drugs in the clinic and their relative potency in conditioned avoidance was 0.9. We now know that it goes beyond this single chemical class of compounds, well beyond the phenothiazines. Every clinically effective antipsychotic, regardless of chemical class, works in the conditioned avoidance test, and predicts its clinical efficacy.

LS: This would include then, haloperidol (Haldol) and the class of butyrophenones and the atypical antipsychotics?

LC: Clozapine.

LS: And, even clozapine, yes.

LC: So, it stood up

LS: It sounds like there’s something deep within the schizophrenic syndrome, in terms of its biochemistry and its brain mechanisms, that is parallel to some similar kind of brain mechanism that is important in regulating conditioned avoidance. We can’t identify that yet at the behavioral level and that’s a commonality that warrants further research. 

LC: Yes. Again, all we really know is that whatever pharmacological action selectively inhibits the conditioned avoidance it’s strongly correlated and probably reflective of the psychotherapeutic effect in schizophrenia and severe mental and emotional disorders.

LS: Okay. I think I will now make an observation, the interviewer’s observation. Rather than you being someone preoccupied with theories or deep biochemistry or brain mechanisms, you are a practical person and you selected out predictability from animal models to human, the ability of whatever test battery, if it works – if it predicts – then you are going to use it and you are going to be interested in it and it’s going to guide your research efforts. Do you feel that’s a correct observation, that you don’t have an ax to grind other than that it works.

LC: Yes.

LS: Now, let’s see how that theme recurs again in your career later in the SK&F years. What was the next major research project, perhaps, the next major class of drugs that engaged your interest?

LC: While I was still at SK&F, I tested a compound that Frank Berger had come out with, called meprobamate, Miltown. It didn't work in the conditioned avoidance procedure. It did however disinhibit behavior that was either suppressed or extinguished, and it worked in the conflict test and in the fixed interval test. Behavior which has been suppressed, because of environmental contingencies, never comes back with chlorpromazine or the phenothiazines, but drugs like Miltown, and of course subsequently chlordiazepoxide, anxiolytics, will disinhibit that suppressed behavior and bring back the behavior.

LS: It’s most interesting, that behavior can either be suppressed by punishment or by an absence of reward. In either case, behavior becomes suppressed and this new class of drugs, the meprobamate class, produces a disinhibition of that suppression. And you saw that clearly in the conflict and fixed interval tests. It might be worth taking a couple of sentences to explain how inhibition is measured in a conflict test or the fixed interval procedure and how you used it to predict activity in meprobamate type drugs. 

LC: Just to finish up, there were two major tests we were getting to. One is the test that identifies anxiolytics and a test that identifies the so-called antipsychotics. Conditioned avoidance will select the antipsychotics. The anxiolytics don’t work in the avoidance test but they do work in the conflict and fixed interval test. Now both groups of tests, the conflict and the avoidance, both involve foot-shock. People used to say, “Well, these drugs work in conditioned avoidance by affecting fear.” That’s not sustainable. If fear was involved with foot-shock, then chlorpromazine type of drugs should work in both tests, and the anxiolytics should work in both tests. In the fixed interval test only the last response was reinforced. So, initially the animal works all the time, but soon begins to realize, I suppose, that all of the responses before the five-minute period were not reinforced. It doesn’t pay off, so the first three or four minutes are flat, that is no responses, and the animal says, “I guess it’s about time, one of those presses is going to be rewarded.” So, it starts pressing, pressing, and pressing. As it nears the end of the five-minute period, it responds faster and faster and  gets rewarded.

LS: When the five-minute period time is up, the next press ….

LC: The next press, yes, thank you. But, the thing is that in the beginning, that period of time was full of responses.

LS: Early in training.

LC: Early in training. The fact that it was no longer reinforced extinguished the early responses. Now even though that behavior was gone because it was not reinforced, with meprobamate, it was brought back. In the conflict test, if the rat used to be rewarded by pressing a lever, it would get a pellet of food. Then we add the additional contingency that it can still press a lever and get food, but it is also going to get a foot-shock if it does respond. Therefore they suppress the pressing of the lever, because they don’t want to be punished. The anxiolytic drugs like meprobamate and Librium (chlordiazepoxide), later on, turned out to be very different classes of drugs. They disinhibited the electric shock induced suppression of behavior.

LS: And this is also recognized on the clinical side. Early on, both groups of drugs were labeled tranquilizers, one major and one minor, and it emerged, on the clinical side, that the meprobamate types are not effective in schizophrenia, but the phenothiazine types are; whereas, in anxiety or certain anxiety conditions, the chlorpromazine type drug is not effective, but the meprobamate type drug is. So, now the logic is, going back into the animal laboratory, to identify different behavioral strategies that will distinguish between these two groups of drugs. And you were successful in doing this. On the one hand, the conditioned avoidance test predicted antipsychotic activity, and the conflict and fixed interval test predicted anti-anxiety activity. But that’s a long story. In addition, there was an interest in trying to understand some of the underlying biochemistry that was involved and you had a hand in that. In the case of the antipsychotics, catecholamines and in particular dopamine was relevant; in the case of the anti-anxiety drugs, you were interested in other transmitters. Can you tell us a little bit about some of that research and some of the ideas?

LC: That’s when you became a big part of my life, Larry. Remember, we’ve often talked about the fact that you had published this study and I said, “Larry, it can’t be right.” And, I went back and it was exactly right. I think when we got to the anxiolytics, even though dopamine began to emerge with the phenothiazines, the role of biochemical mechanisms really became exciting and prominent with the anxiolytics. I remember some of the papers on parachlorophenylalanine, and your work on the relative role of serotonin and epinephrine in anxiolytic effects. I remember one paper you had published with Margolis, where you had identified the relative role of these biochemicals in terms of their sedative and anxiolytic effects, and I was skeptical about it. We did the work and replicated it to a T, and I called you up and said, “Larry, I’m sorry, you are right.” But it was in the era of the anxiolytics that the significant role of biochemistry began, and we began to make correlations in which a chemical in the brain may have particular relevance for different behavioral aspects.

LS: And that stood us in good stead as you entered still another therapeutic area. Now, you correct me if I’m wrong; you, then, became interested in learning and memory. Was this during your time at SK&F, just to get the chronology right? I know at some point Hoffmann-LaRoche was very keen to recruit you because of your important work on the benzodiazepines, and you made a move. So you continued your work on benzodiazepines at Hoffmann-LaRoche, but also started a program in learning and memory. Is that chronology correct?

LC: You’re essentially correct. I left SK&F in 1969 to become director of research at Hoffmann-LaRoche when Lowell Randall was going to retire. But while I was still at SK&F, I kept thinking of the possibility that we could find drugs which selectively enhance certain behavioral processes. Early one day, I had a call from my director who said that the president of our company had just read a paper, I think by Cameron in Canada, who was giving RNA (ribonucleic acid) to people who had deficits of memory in aging. My boss said, “Gee, Len, can you take some of this yeast RNA and give it to rats, show that it doesn’t work, and we can get the president of the company – who was a friend of Cameron – off my back?” I said, “I will test the compound.” I took some of my conditioned avoidance rats we were training and said to my technician “Give half of these rats this RNA and half of them saline and see if the treated ones will learn faster with the RNA.” The next day he came to me and said, “I did it Len.” I said, “Good, give me the negative results and we’ll go and submit it. Our boss will be very happy.” He said, “They weren’t negative. It worked,” and I said, “You better do that over again.” And, he did and it continued to work. Well, I don’t know what was going on with the RNA. We also found that it prolonged extinction. I remember, in London, at a meeting where I gave a paper on these results you had asked me the question, “Why shouldn’t it hasten the extinction?” We won't get into that. But that was the time we also did some work with nicotine, and I began to realize that it is possible that drugs could facilitate the processes of learning and memory, cognition. We may not have had a drug in mind at that time, but I was convinced of the feasibility of identifying pharmacological agents that would enhance memory and learning. 

LS: Perhaps even in normals?

LC: Let me get to that, yes. One of the drugs we tested was strychnine. Now, we used doses 1/10th the convulsive doses, and strychnine has an enormous enhancing effect of certain discrimination tests, particularly in a “delay match” test in normal monkeys. Now, what was your last point? 

LS: Perhaps even in normals? Back at that time, people were divided and some thought that in those subjects with normal function you’re unlikely to get pharmacological enhancement, and most of the activity should be aimed at correcting deficits. I’d be interested in your opinion on that.

LC: I have my thoughts about that. Number 1: Is the normal animal the right model to test drugs that may enhance memory? I mean, normal people are doing pretty well. How much room is there to enhance? Number 2: If we’re to look for drugs for Alzheimer’s or senile dementia, should we use a normal animal or an animal with deficit? I've used animals with lesions causing all kinds of anoxic damage and micronecrosis, but my private thoughts are that the normal animal is a fine subject to look for drugs to enhance memory. Think about this. Let’s take an Alzheimer patient. A drug which enhances the learning and memory processes of an Alzheimer patient is not going to work on the dead cells. It’s going to work on whatever residual function that brain has. It’s not going to bring back a cell that’s dead. Well, the normal animal, we do know already, can do better with certain pharmacological effects, according to our test criteria. So there’s room for the normal brain to do better. We can pharmacologically enhance the performance, the behavioral measures in animals that reflect cognition, learning, memory, discrimination, etc. So in all of the drug screening and testing that I did at SK&F, DuPont Merck and even at Hoffmann-LaRoche, I used normal animals. The drug is going to be working on those cell brain mechanisms that are still viable. I still have that strong feeling now, although I have used animals where we have burned out the nucleus basalis, which caused deficiency in cholinergic projections. But even there, the drugs I worked on affected the normal cells that were still left. They didn’t work on the cells that were burned out. So I’m not saying that one approach is better than the other, but I really believe that the normal brain in test animals is a perfectly viable substrate to look for drugs to enhance memory and learning in people who have cognitive problems, or someday even in normals.

LS: And, again, Cook’s law is: don’t get too tied up in trying to create an animal model of Alzheimer’s, but rather, try some tests and see whether you can predict a relationship in drug potency between animal and in humans.

LC: Yes, absolutely. I have always had research going on in my lab groups that reflect the best of our science, but I don't get hung up on it. I'm looking for tests that will predict those pharmacological actions in animals that will have therapeutic effect in humans. I have always worked in the drug industry where the motto is: we want drugs now.

LS:  I'd like to turn to the subject of how does one make an impact in fundamental research working out of industry, as you have through your whole career, and what views do you have on industry versus academic or institute research in psychopharmacology?

LC: Well, first of all, I firmly believe that industrial research should incorporate every known breakthrough that exists, and I’ve always done that. But as I just mentioned, if your job is to discover drugs, it is important to get the clinicians to evaluate the drugs. You have to use expedient, meaningful and relevant methods. You have to act in concert with good basic research, too, and I’ve always tried to do that. I’ve been lucky to have some of the best scientists working for me, the best people in the field. But, you shouldn’t lose sight of the fact that you’re responsible for a group of up to maybe fifty, seventy, or eighty people, looking for agents, drugs in the area of CNS and psychopharmacology. Your job is to identify those drugs, set up mechanisms that are relevant, and find drugs for the market. I suppose relevancy of the approach has been the keynote in the operations that I’ve had at SK&F, Hoffmann-LaRoche and at DuPont Merck. Most of all, your group must be productive for the company.

LS: Do you have any observations as to why drug discovery has, with only a few exceptions, occurred within the industry and why not in government labs? Do you have some views on that?

LC: I have some thoughts on that. In universities, frequently they are interested in the mechanisms of why drugs work and certain research aspects. Basically, I have a personal thought, after having spent forty-four years of my life in drug industry, doing research, building a career in drug discovery, and it’s this: I’ve learned that the strategy of drug discovery is different than the strategy of doing basic research. Not that, in drug discovery, you don't try to incorporate every element that you can of what is learned in research. The drug discovery process should incorporate and reflect every known useful finding. The strategy of drug discovery is different than the strategy of basic research, and what has happened is that in most cases when drug companies have tried to incorporate the strategy of basic research to discover drugs, it hasn’t really been as profitable as when the individual scientist sets out with his own strategy and says, “This is how we’re going to find the drugs. These are going to be our criteria. This is the kind of pharmacological spectrum we want.” I feel strongly that the two research approaches are different.

LS: Now, just to explore this maybe a little further. Science is science, so to some extent, the science is the same. And I think what you’re pointing out is that the mission is different and that the objective is different; therefore, there is something in the strategy of the science that is different which enhances the probability of success in the approaches taken in industry: one possible reason for the difference between a drug discovery strategy vs. an absence of strategy is that in academia and in government laboratories, the science centers on the PI, whereas in industry there may be more of a team approach. But you may have some expanded views on strategic approaches. I know that you are one of our philosophers in spelling out strategies for drug discovery. I’d be interested in hearing.

LC: It’s difficult to talk about this. As a matter of fact, even within industry things have changed enormously. You and I both have worked in industry. Before you went to California; you were in industry. And we often mentioned the fact that we had the Golden Era of pharmacology and psychopharmacology and we came out with many, many useful drugs. We had a purpose. We knew what we were going after. The research you and I did in the laboratories and the drug discovery process was planned and generated at the bench by the individual scientist. You were not told what to do or how to do it. You had a purpose as I did, in deciding what we would like to get into, such as have a drug for anxiety or whatever. We decided what we would do and how we would do it. So the strategy was determined at the bench and we were pretty successful. Well, after about twenty or twenty-five years, our companies began to grow and got very worried about their resources, and they started what they called strategic planning groups. They had people come in from Wall Street and Harvard Business School. And, what happened was that concerns about resources, specific goals and “bang for the buck” were the issue. Management bought this, as their security blanket, to justify the money spent. 

LS: Well, the time and dollars to bring the drug out changed a lot from 1954 to 1994.

LC: So, whatever good reasons there may be, things, as you pointed out, have changed. Now, what the individual scientist does and how he does it, his time frame of when he’s going to do it, and how long he’s going to do it, is determined by upper management.

LS: Who are not, necessarily, scientific people?

LC: Right. So what you have lost in this program of research discovery is the ingenuity of the individual scientists to follow their nose, and how long they should continue on something, because it’s pretty hard to put a timetable on discovery. In many cases, management will say, “you now have twenty-two months to prove that the research program is going to work.” After that, that’s it. Well, we may find it in one month; we may find it in five years, so I think their logic is a total fallacy. So things have changed, in the industry. What we decided then was what we did, even as young scientists, to a large part. Today planning committees tell the scientists in industry exactly what they’re going to do, when they’re going to do it, and even though there’s a little latitude for individual contribution, it’s not what it really should be or was at the time.

LS: They’re not going to be able to attract the same kind of individual, it sounds to me, into industry; that is, the creative entrepreneurial type individual.

LC: Well, they may recruit them, but that’s not the way they’re going to function. And I think that is a major, major change in the pharmaceutical industry, let alone their philosophy. I think, in a way, it’s very good to analyze resources and the costs carefully, but you may be throwing out an awful lot. The history of drug discovery is not the result of planned working groups or strategic planning. When you think back on all drug discoveries we’ve had over the last forty years, they’ve come mostly through an individual who has championed some sort of research. 

LS: He was an intellectual investment.

LC: He’s the champion, an intellectual investment, most of the time fighting authority, putting himself on the line, and frequently, against the company. Without going into individual names, I can think of several instances where the person who made the drug discovery is no longer with the company, because his persistence to get that job done made many enemies. And when their drug came out, they were not there anymore.

LS: I think, in a way, you’re explaining a new development in the pharmaceutical industry, and that’s the emergence of small drug discovery companies that function the way we used to function twenty years ago.

LC: That’s interesting.

LS: With, again, individual investigators, who have an intellectual investment as well as, perhaps, a personal financial investment.

LC: And a little freedom.

LS: More freedom. A lot is at stake. We operated with financial security.

LC: Right.

LS: But what you’re saying is that the board planning approach, in your opinion, is not going to produce the new drugs of the future.

LC: Well, it may, but it’s going to be a very different world. I’d like to see it work, because that’s the way things are now, but the individual scientist, even no matter what they’re told and what the companies say, the individual scientists don’t have the luxury we had of following our noses. We could tell the market researchers, the market analysis people that we knew what was coming up in the future and where the field was going. I remember a personal experience where I said, “I am looking for drugs that will enhance learning and memory.” And at this one meeting, one of the market people said, “Len, why are you doing that?” I said, “I think it’s a great need.” He said, “No, there’s no market for it.” I said, “Yeah, that’s true. There is no market because there is no drug yet.” “Oh, no, no,” he said. Market analysis has always been retrospective. It’s not prospective. The prospective aspect of the market is usually done by the scientists.

LS: Before chlorpromazine, there wasn’t a big market for antipsychotics.

LC: That’s right, and before Miltown and Librium, there was no market for anxiolytics. But I had to fight this. They said there’s no market for drugs in learning and memory.

LS: So you had three industrial careers. You had a career at SK&F. You had a career at Hoffmann-LaRoche. You had a career at DuPont-Merck. What does Len Cook do these days? Are you still in drug discovery?

LC: Well, I loved it, absolutely loved it, and I’m very fortunate, probably as you feel yourself. I mean, I’ve done exactly what I wanted to do and I got paid for it. And that’s been an exciting thing. I could never wait to get into work every day, that is, until the special new research committees took over. They did tell us what we were doing wrong and things like that. But I’m now partially retired and doing consulting work. I’m very fortunate to be involved with NIDA, the National Institute on Drug Abuse, in advising them on their cocaine and opioid program. I am an adjunct professor at Temple in pharmacology. And I am doing consulting work for several drug companies. I’m having fun. So I’m still keeping involved. I believe that we have an exciting period of time in drug discovery in our area. I think we’re beginning to identify those processes that are most relevant to learning and memory and it’s going to be very interesting to see how these particular substrate systems will be useful to identify drugs in the future. I think this whole area of drugs to enhance performance, to enhance our intellectual capacity will come. There’s no question that there are already people in the field who have demonstrated, clearly, that it is feasible to expect pharmacological enhancement of these processes. What we have to find are drugs that will be safe enough and effective enough to produce. I think it’s an exciting future. I just hope that the resources that everybody needs to do that will be there, and the freedom of the individual scientist to do it. It’s not only in industry where the individual science work now is heavily monitored, but also in academia by the research study groups and the grants, places where support comes from. The problem is, of course, the limited resource availability for funds, but, somehow or other, we’ve got to make sure that we don’t lose what we know has worked in the past, even though people say, “Well, all the drugs up to now were discovered by chance.” Chance was involved, but it took the special people, the special skills and attitude and the fact that they were allowed to work in this area where chance could happen. You know, the old saying, “chance favors the prepared mind.” And if you have the freedom to work in a wide area, that goes beyond the approved research of the company or grant people, we’re going to have a greater chance to discover the drugs. I would like, very much, to see that the highly structured research programs are going to pay off. And they have in some cases. But, historically, in our field, that has not been true. Maybe if we go back in time to my talk, in which I told the audience at ACNP, if I had the magic wand and I could give you a drug that will do anything you want, then you just find it. And maybe if some day, they could say, “we want a drug to work in this cell or on this particular group of biochemistry to this extent,” then we could duplicate the process in an animal. We then could set up the correct procedures in a highly programmed research project to do that. But we’ve got to have a little elbow-room as we go along. I feel strongly about that.

LS: As, perhaps, a final topic, what I would like to do is mention a few names to you and ask you how these people have impacted your career. I'd like to start with Dr. Goodman at Yale.

LC: Well, Lou Goodman, the co-author with Goodman and Gilman, was my surrogate father. I remember presenting the first pharmacology program proposal to the SK&F research board and Lou Goodman was a consultant. He was in the audience. He was spectacularly supportive to my research program and I remember he told them that of all the work he’d seen supported by Washington, of all the investment Washington has made in our entire grant program in this field, nothing compared to what I had done. It was a great, great moment for me. So, Lou Goodman was critical to the support that SK&F gave me to build up the great research effort we had there.

LS: And Lou offered you a job at the University of Utah, at some later point.

LC: Lou said he had a vision of having, at Utah, the greatest center for psychopharmacology in the world and asked if I would come and be its director. I decided to stay at SK&F because everything was rolling for me and I decided not to. I don’t know if that was a wise decision or not, but Lou was a very important person in my life and still is.

LS: I know another important colleague was Joe Brady. That goes back a long way. Are there any other figures that had a special relevance to your career? Of course, there were your colleagues. You mentioned Roger Kelleher. You had other important colleagues. Perhaps, those could be mentioned.

LC: Yes, Bob Schuster and Roger. Bob went on to get his degree and did pretty well for himself, he became director of NIDA. Roger worked with me for five years and went to work with Peter Dews at Harvard. Then, I hired a young man named Charlie Catania, and Charlie taught me all about concurrent schedules of reinforcement, he was very useful. Then there was Bill Holtz who was timely in bringing in punished response behavior so we could look at anxiolytics. Of course there was Arnie Davidson. I hope I didn’t leave anybody out. I went to Hoffmann-LaRoche and, Arnie Davidson joined me there. He was crucial as my associate at SK&F and as well at Hoffmann-LaRoche. Jerry Sepinwall also worked with me at Roche. Then at DuPont Merck, I had a number of good colleagues there. Overall, I guess that whatever success I had was really dependent upon these people. I couldn’t have done it without them, obviously.

LS: But I think there’s an interesting thread here, again, that indicates something about your scientific style. All of these colleagues, whom you worked very closely with, were meticulous investigators. Tell me about your style and your views about data and how one gets it right and how much care is involved, in terms of the way you like to do it.

LC: I was a reasonably hard taskmaster with them, but I was familiar with every bit of the data because I couldn’t talk about it and go to research committee or go to scientific meetings without being intimately involved. Even though I couldn’t personally program any of these behavioral tests, I told them exactly what I wanted and we talked about that. So I was always very involved in how the experiment should be done and how to interpret the data with, of course, the help of these great, great colleagues.

LS: Well, I think it’s most interesting what you have accomplished when we consider you at the starting point of your career and the professor expressing displeasure with your choice of a first job. Leonard Cook, the president of this society, you’ve won research awards; you have been an exemplar of a researcher who has spent an entire career in industry, having a major impact in the creation of a new field, behavioral pharmacology. Thank you, on behalf of the field. 

LC: Larry, thank you. I just have to say, of course, that talking about people who were critical in my career; you know you’re on top of the list.

* Leonard Cook was born in Newark, New Jersey in 1924. He received his PhD from Yale University in pharmacology in 1951 and began work for Smith Kline & French as the founder of their psychopharmacology division. In 1969 he became associate director of pharmacology at Hoffmann La Roche, and in 1975 director of CNS research at DuPont.





