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KEITH F. KILLAM & EVA KING KILLAM

Interviewed by Keith F. Killam & Eva K. Killam

San Juan, Puerto Rico, December 1994

KK:
This is Dr. Eva King Killam and I’m Keith.( We’re both retired professors of pharmacology at the University of California, Davis. We have worked most of our professional lives together, and we were asked whether we would prefer someone else interview us, but we thought it would be easier if we simply talked about what we have done over the forty-odd years we have been married and working together. Eva, where did you go to undergraduate school?

EK:
I went to an undergraduate Arts school, called Sarah Lawrence College, where everybody but me, majored in the Arts, and from there I went to Mount Holyoke for a Master’s degree. Then I went to Yale University for a year thinking I would do a PhD in Zoology, but my father had a stroke and I went home to help until the shocking initial problem was over. I looked for a job so I wouldn’t be sitting in the house all the time and went to work for a wonderful pharmacologist, who was running the Burroughs-Wellcome Laboratories near my home. He said, “If you’re going back to school, you simply can’t go back into zoology. You’re going to have to be a pharmacologist.”

KK:
Was that Debier?

EK:
Yes, he decided the only thing for me was to be a pharmacologist, and that’s what really turned me into one, because a graduate of an Arts college doesn’t usually hear about pharmacology as an option. But I was interested in the nervous system; I worked on various drugs, particularly central “muscle relaxants,” when I was in graduate school. While trying to find out where  muscle relaxants acted I got interested in a scientist named Horace Magoun XE "Magoun, Horace (Ted)"  in California who discovered areas of the brain which, when stimulated, changed reflex activity XE "Reflex activity" . I thought if I stimulated those brain areas and put the drug in, I could tell if it was acting on the brain or the spinal cord, depending upon which reflexes were affected. This kind of thinking introduced me to the field, so when I graduated, Dr. Magoun XE "Magoun, Horace (Ted)"  offered me a place as post-doc in his laboratory. He was working on the reticular mechanism for arousal and sleep. In his lab, as a pharmacologist, I worked on barbiturates and anesthetics, depressant compounds, and how they affected the brain stem XE "Brain stem:arousal mechanisms"  and arousal mechanisms.

KK:
After you worked with Debier, you worked at the Army Chemical Center for Amadeo Marazzi XE "Marazzi, Amadeo" . Tell us about him.

EK:
I worked for Marazzi because I was looking for a job near home. Amadeo Marazzi XE "Marazzi, Amadeo"  was interested in brain synapses, and especially how neurotransmitters XE "Neurotransmitters"  affected them. He was a very bright man. From other members of our college working with him, I learned he had a reputation for being rather difficult, which I never quite understood, because he and I got along very well. He had no patience with small talk or for people saying “I don’t know what to do next, tell me what to do.” Being young and brash and not knowing very much, I was willing to tell him what we ought to be doing. I was always into some project, so we didn’t get into any trouble, and we remained friends all his life. I saw him at meetings and we always remained friends.

KK:
Now you are in transition from then until we met. Where did we meet?

EK:
In graduate school in pharmacology at the University of Illinois in Chicago. Graduate work was at the medical school, and I went to work with Dr. Klaus Unna, XE "Unna, Klaus"  who was a very important member of this society. He was one of my mentors, and he had me doing work on the site of action of muscle relaxants. I was alone in the department, working by myself. It was on the strength of my thesis in that area that Magoun, XE "Magoun, Horace (Ted)"  who had seen my papers at American Physiological, Psychological and Pharmacology Societies, wrote me when I graduated and asked would I visit him and, perhaps, take a job. Things were different in those days. You weren’t invited with fanfare and given tours in a new job. You were lucky if you were offered a job and you took it, sight unseen. But, I was a little nervous about that. So, I went to Dr. Snyder, a great neurologist at Northwestern, and said, “I’m thinking of traveling from Chicago to California. What do you think of this man I met at a meeting and who offered me a job”? He looked at me and said, “My dear, he’s the only person I know who hasn’t got feet of clay.” So I took the job and never was sorry, because he started me on my career. He aroused my interest in drugs and how to use neurophysiological methods to localize where and how they had effects on the nervous system. I worked on stimulation, sleep and depression with a brand new compound which was just being introduced, called chlorpromazine XE "Chlorpromazine (CPZ)" . It was there Keith and I crossed paths, because I graduated ahead of him by one or two quarters. I had known him at the University of Illinois but he had left the State. Tell them when you got your degree and what you did.

KK:
I began my training during World War II as an ASTP student. If you remember back in the dark days of World War II, these were the groups that were going on to medical school, engineering, etc. As the war progressed, I was rapidly shuttled into the infantry, being big enough to carry a Browning automatic rifle, until I was attached to the Medical Corps, became a medic and ended up running a clinical laboratory. When I came out of the army I finished my degree at Tufts University, and through some familial connections I was offered a job at Smith, Kline & French (SK&F) in Philadelphia.

SK&F, at that time, had synthetic chemistry laboratories on Wharf and 5th Street in Philadelphia, and the pharmacology was done at Temple University in the Department of Pharmacology. There were technical people like myself, who were paid by SK&F and woven into the faculty at Temple. It was  during that period that SK&F became a so-called ethical pharmaceutical house; their new building was at Spring Garden Street. During the three years I was with SK&F I was steeped in classical pharmacology. They had a Fellowship within the company to commemorate the former director of research, Carr, and at the end of  three years, they appointed me a Carr Fellow at the University of Illinois, where I got my training. During summers I had to go back to SK&F, and it was one of those summers that we worked on a drug called SK-525-A, which potentiated a variety of substances, mostly central nervous XE "Centrally acting substances"  system drugs. It was because of that property of SKF-525-A  the company was looking at chlorpromazine XE "Chlorpromazine (CPZ)"  and eventually became, together with Rhône-Poulenc, a leader in developing CNS drugs. XE "Smith, Kline & French (SK&F)" \r "SKF" 
Following my graduate work, I returned to the company for six months, and during that time Eva and I married and started to think about whether we should live on the east or west coast. As you know, the west coast won out. We began our work at UCLA in Ted Magoun XE "Magoun, Horace (Ted)" ’s Brain Research Institute, and  had a very productive six or seven years there before we moved to Stanford University where we spent nine years. Finally we moved to Davis, where I was founding Chair of Pharmacology in the School of Medicine, from where we just retired. With respect to the scientific interests we’ve had, we were very early in the game with chlorpromazine XE "Chlorpromazine (CPZ)" . On one of those days, Eva brought me an abstract from Joel Elkes, XE "Elkes, Joel"  Philip Bradley XE "Bradley, Philip B."  and Jim Hance XE "Hance, James"  almost directly in line with what we had been doing. Can you say a few words about that?

EK:
We were quite surprised to see the work in Birmingham was close to what we had been developing in our lab. So we wrote to them and they decided to send Jim Hance XE "Hance, James"  to visit our laboratory. That began a long and fruitful friendship, both with Jim and also with Phil Bradley XE "Bradley, James"  and Elkes. XE "Elkes, Joel" 
KK:
Eva and I have been known for keeping many scientific balls in the air rather than honing into one particular area. In my thesis, I noted that when you deplete the brain of GABA XE "GABA (γ-amino butyric acid)" , spontaneous seizures occur. It was actually the first description of that. By coincidence we found that Gene Roberts, XE "Roberts, Eugene"  who had first described the appearance of GABA XE "GABA (γ-amino butyric acid)"  in the nervous system, was in Pasadena at the City of Hope, in East Los Angeles. So during the time that we were at UCLA, we did some collaborative work between our laboratories. Most of our research up to that time had been on acute preparations: we induced anesthesia, administered a variety of agents and looked for a particular response.

EK:
We were looking primarily for electrophysiological responses. We were among the early people who adopted a neurophysiologi XE "Neurophysiology" cal methodology in our department. It was a famous department; people came from all over the world to learn EEG XE "Electroencephalography (EEG):training"  and electrophysiology XE "Electrophysiology" .

KK:
During that time, we were also blessed with starting a family. Some of the research I had done with Eva, but I also did research with others at UCLA, for example James Olds XE "Olds, James" , a psychologist, who made the observation that if you electrically stimulate a part of the chameleon brain, there would be a repetitive behavior associated with it. That part of the brain became known as the pleasure center XE "Pleasure center" , and we convinced Jim to do some drug studies in his lever pressing animals XE "Animal studies:psychopharmacologic"  to get “pleasure.”

EK:
That was one of the great advantages of a mixed group working in a laboratory, that nowadays, with shortage of funding, you can’t do. At that time, there were enough funds so it was possible for analysts,  physiologists and psychologists to work together. It was Keith who introduced Jim to the idea of putting a drug into his preparation to measure how it altered lever pressing and in order to see what it would reveal about the site of action of the drug. If there had been no pharmacologists in the group, the research would have been much narrower.

KK:
I’d like to reinforce something Eva referred to earlier, and that is the creativity of Magoun XE "Magoun, Horace (Ted)" . He was able to amass a variety of scientists from all over the world and the United States, and have them work on a variety of projects. At lunch time, we were constantly apprising one another of what was going on and if a new idea occurred, it was implemented by the next afternoon.

EK:
I think of the similarity between that and what we had at the early ACNP meetings. We were among the founders of the ACNP XE "American College of Neuropsychopharmacology (ACNP):founders" . As a pharmacologist when I went to the meetings of the American Psychological Association, or to Basic Science meetings, I was unable to find among the thousands of people anyone interested in drugs for mental disease, or interested in exchanging ideas. But we found that the ACNP XE "American College of Neuropsychopharmacology (ACNP):meetings"  was a place where we could talk and exchange ideas. The meetings were small with not too many people, and in those early days nobody was worrying that somebody was going to steal their ideas. Everybody came with a few slides to project or something they could show to others. It was similar to what we had at UCLA. That was a wonderful period in the history of this society.

KK:
I could work with Jim Olds XE "Olds, James"  on the behavioral side, and with Reese Jones XE "Jones, Reese"  we could look at the way behavior was organized and how it could be manipulated by the psychotropic drugs XE "Psychotropic agents/drugs"  available at the time. We used coded stimuli that could be tracked through the normal brain rhythms to see how various parts of the brain processed information. And, by interrupting behavior with drugs, we could see how the behavior de-coupled from electrical activity XE "Brain electrical activity"  of the brain, and re-coupled as the effects of the drug wore off. That led us into the next aspect of our work, because it wasn’t enough simply to say we saw something on the oscilloscope. So, we started to use computers for the analysis of spontaneous and evoked electrical activity. Prior to doing that we had done a lot of work with averaging techniques; I had been to MIT and worked with groups on the LINC program. The Air Force and NIH XE "National Institutes of Health (NIH)"  pooled money together and selected twenty-five groups around the country to establish computerized laboratories for more rapid and efficient conducting of experiments. And, as Eva mentioned, we had Jim Hance XE "Hance, James"  join us from Philip Bradley XE "Bradley, Philip B."  and Joel Elkes XE "Elkes, Joel" ’ laboratory in Birmingham; Jim was without a doubt a wizard with respect to the introduction of computers into science. He and I went to Boston to build one of those computers from scratch, while Eva stayed home and had our first child. The new computers also led us into programmed instruction in teaching pharmacology. XE "Computer(s)" \r "computers"  Then we had a job switch. It was sparked by going on a sabbatical to Marseilles and the laboratories of Robert Naquet. Say something about our friend.

EK:
Dr. Naquet is a very well known EEG specialist and also a specialist in epilepsy, who was trained by Gastaut XE "Gastaut, Henri" . When we arrived at his laboratory we found he had animals that looked like little monkeys but were baboons. He obtained them through a friend in Africa. When we got there, Bobby told us that some of these baboons had seizures from flashing lights of a particular frequency, like humans. One or two percent of normal people who do not have epilepsy have seizures when exposed to a fifteen per second flashing light. These baboons had seizures when exposed to a twenty-five per second flashing light. So we started to work out a method of quantifying the seizures. When Gastaut XE "Gastaut, Henri"  came, he said, “there’s no epilepsy in baboons,” but when he saw ours he said, “Yes, it’s epilepsy XE "Epilepsy" .” We did a great deal of work with these baboons in Bobby’s laboratory in Marseilles, XE "Naquet, Robert" \r "Bobby"  and later we worked with them, trying to develop an understanding of the pathways involved in those seizures. Our particular interest was to find out whether we could use these baboons to test new anti-epileptic drugs. And we were able to develop a methodology to screen for and study antiepileptic XE "Anticonvulsant agents"  drugs.  Later on we worked with baboons raised in our own laboratory. XE "Baboon model of epilepsy" \r "baboon" 
KK:
This brings up the point that the trait for epileptic events was genetically determined in a strictly Mendelian pattern. 

EK:
 While we were still interested in drugs for mental disease, the ways in which new drugs worked and what sites they worked at, we now started doing studies in parallel with anti-epileptic XE "Anticonvulsant agents"  drugs to find out the site where they worked. We also developed methods for assessing their behavioral toxicity, a term that Joe Brady XE "Brady, Joseph"  first brought up in some early conferences in Washington. When we talk about the toxicity of new drugs, we tend to talk about how much liver damage, loss of weight and so forth they cause, and say nothing about the behavioral toxicity they may have. So we developed methods to assess how an animal learns with and without being given a particular anticonvulsant drug. We used the adolescent baboon as a model of a child in school on chronic treatment with an anti-epileptic drug. When you work on animals XE "Animal studies:and human models/correlations"  to make inferences from it to humans you need to use matching doses in terms of effectiveness. Using our method we were able to assess the behavioral toxicity of anti-epileptic drugs and identify drugs for children who go to school which do not make them drowsy or interfere with learning.

KK:
The switch in our research interest to studying anti-epileptic drugs occurred while we were at Stanford and was carried through when we moved to the University of California at Davis. The reason why we went specifically to Davis was the availability of a primate center where we could import animals from Africa. Some of the residue of the work we had been doing at UCLA and carried on while at Stanford was studying sleep mechanisms, looking at sedatives vs. major tranquilizers and minor tranquilizers and how various sleep patterns would be altered by these drugs. We were developing methodologies with respect to EEG quantification that made it possible to look more specifically at major differences between the benzodiazepine and barbiturate series.

In addition to that, I, personally – since Eva was busy with our family – did some work for John F. Kennedy as part of his presidential science advisory committee, evaluating drug dependency XE "Substance abuse"  as a problem in this United States. For a number of years, we spent summers at places where the problem of drug dependency was most prevalent and we became interested whether one could make predictions relevant to dependency by studying the effect of drugs on the brain. At Davis most of our research with baboons and  learning, was done by Eva. We participated in a collaborative project sponsored by the DEA XE "Drug Enforcement Agency (DEA)"  with Joe Brady XE "Brady, Joseph"  and a group at Emory in Atlanta. We had a number of laboratories evaluating specific drugs of interest coming from the street. Each laboratory used a different methodology, and from that study we have EEG XE "Electroencephalography (EEG)"  data on most benzodiazepines XE "Benzodiazepines"  developed until the last five years, as well as a variety of other substances. At the same time, Brady XE "Brady, Joseph"  and his group in the Chicago area, and a group at Emory were evaluating the strictly behavioral effects of these drugs. We were interested in how drugs affect the nervous system. We assumed that drug dependency is one type of learned behavior, regardless whether abnormal or normal. And that leads us to the end of our career.

EK:
You might like to say something about the last switch.

KK:
I have been fortunate to start working with two molecular biologists, Rhonda XE "Schwan, Rhonda"  and Lynn Schwan XE "Schwan, Linda" ; these two people are absolutely spectacular. We became very interested in the problem of why drug users XE "Substance abuse:and AIDS"  were more susceptible to acquiring AIDS than people in the general population. We did not believe it was only because of needle sharing. So we developed a population of morphine-dependent animals XE "Animal studies" , and then administered them a virus similar to the one that causes HIV.

EK:
These were Rhesus monkeys.

KK:
The most amazing finding was that the replication rate of viruses in morphine-dependent monkeys was three-fold higher than for monkeys not exposed to morphine. In addition, the rate of mutation of the virus was at least doubled and the generated mutants were AZT insensitive.

EK:
These findings have important implications in terms of testing blood in blood banks, because if you have an increased rate of mutation with mutated viruses which are silent in current drug tests, lots of people can get infected.

KK:
On the list of questions that they wish us to cover is the direction research is moving and research funding. It is very disturbing to both of us that many areas of research are not funded properly. Funds currently go almost completely to support molecular genetic XE "Molecular genetics"  studies. The number of grants funded for primate research, particularly in neuropsychopharmacology, is almost zero. We feel that primate research is an important bridge from preclinical to clinical studies. I sincerely believe that primate behavior and primate research in general is closer to research in humans than research in rodents despite the fact that it is easier to control the genetics of rodents. It is relevant in this context that anti-vivisectionists don’t consider the rat an animal. We have been spending a considerable amount of time to marshal the efforts of the scientific community to recognize the challenge from the anti-vivisectionist groups. They claim that they are animal rights groups, but I believe to consider an animal has rights similar to a human is just an affront. 

EK:
We think the work we do and the kind of work we’ve always done has been very important to a rapidly growing field of medicine, and if animal research XE "Animal studies"  is cut from the curriculum of medical and veterinary students, we’re going to have people who are unable to do anything but work with pencil and paper. And if you feed garbage into a computer it will be garbage that comes out of it.

KK:
We have been very fortunate in our careers that we have worked with groups which, as Eva pointed out, have come from multiple directions; practicing psychiatrists could come and work in our laboratories and we could be educated by them concerning their problems and needs as well as the shortcomings of our models. We have been able to provide solid data regarding drug toxicity. With respect to the future, we believe that it looks dim, and not because we don’t have bright students or bright people, but because of the problem of maintaining funding at levels where we can have an interplay between anatomists, molecular biologists, physiologists and psychologists. Is there anything else you’d like to add?

EK:
No, except we didn’t say very much about the history of ACNP XE "American College of Neuropsychopharmacology (ACNP)" , but other people will do that. We were among the people who joined the organization early and we strongly believe, despite the fact that we live on the other side of the continent, that the rule about coming to every meeting is right.

KK:
We feel proud  our colleagues elected each of us to be President of the organization. The amazing thing we’ve seen is the ability of people to pull together, work and accomplish things without any major reward other than that it was done for the College. That kind of spirit still exists in spite of expectations that external pressures on our field and on the college are more likely to increase than decrease. I wish we had twenty more years to help you all. XE "Killam, Keith" \r "KillamE1" \b 

 XE "Killam, Eva King" \r "KillamKing" \b
( Keith F. Killam was born in Hollywood, Florida in 1927. He died in 1998. Eva King Killam was born in New York, City, New York in 1920. She died in 2006.





