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MATTHEW J.WAYNER

Interviewed by Paul R. Sanberg

Waikoloa, Hawaii, December 12, 1997

PS: I will be interviewing Dr. Matthew J. Wayner( for the ACNP history taskforce.  I will be asking a series of questions to find out about his approach to neuropsychopharmacology and the history he has had and where he sees the future. So, I will go down this list and start talking.

MW: OK

PS: What sort of training did you have and when did you, began your career?

MW: I began my research career and interest in psychoactive compounds when I was an undergrad at Dartmouth College in 1948 and worked with Theodore Karwoski in the Experimental Psychology Teaching Lab. During a sabbatical leave in New Mexico he became interested in mescaline; obtained from the Peyote cactus that Native Americans chewed and ate during religious and healing ceremonies; that they reported induced blue and blue green visual hallucinations during their dances. We were interested in the possibility that the mescaline was enhancing the blue Purkinje after image during the visual stimulation associated with the dancing. Our results were not conclusive but other data that we collected resulted in my second publication in 1951.  

The curriculum at DRatmouth included mainly science, math, and Navy courses. During the summer following my junior year, I worked with Professor Lorrin Riggs at Brown University. We recorded human electroretinograms by using an electrode embedded in a contact lens in fluid contact with the cornea. For the first time human luminosity curves were measured objectively. These results appeared in my first publication in 1949. 
After graduating from Dartmouth, with an MS degree from Tufts and a PhD. from the University of Illinois, I began my academic career in 1953 as an Assistant Professor at Syracuse University. Eventually I became a Research Consultant in Psychiatry at the Syracuse Veterans Hospital and a Certified Psychologist in the State of New York.
PS: You did publish as an undergrad. I think that is real important. It is a real predictor that the earlier people publish, the more productive they are later in their careers.

MW: That is an important point and it would be interesting to obtain more data in support of it. I am a firm believer in providing opportunities in my own laboratory for undergraduates; and I have done that throughout my entire career.

PS: Who are the scientists that had the most impact on your career?

MW: Theodore Karwoski at Dartmouth from 1947 to 1949; Lorrin Riggs at Brown University in the summer of 1948; John Kennedy, at Tufts University in 1950. He was Head of the Psychology Dept. He was also interested in Sensory Processes. We did some research on Human EEGs and visual stimulation. I had some spare time, so I began to build a robot with Bob Hennesy, a technician in the department. The robot became my MS thesis entitled An Electronic Bug for Demonstrating Basic Sensory Processes. It was featured in the Boston Globe newspaper in 1950. It was probably one of the first robots that displayed sensory discrimination in following a white line on the floor and simple learning.  Larry I. O’Kelly was my mentor at the University of Illinois where I received my PhD. He introduced me to Verner Wulff and Ladd Prosser in the Zoology Department. Together we did some electrophysiology on the cat spinal cord. Verner left to take the Chair in Zoology at Syracuse and Professor Prosser became my advisor in Physiology. I began my dissertation research on the development of the rat spinal cord preparation because rats were inexpensive and there was a larger database on behavioral data on rats than on other animal.  .Two years later my wife Therese and I were returning from having visited our families in New Bedford, Mass and we stopped in Syracuse, NY where we visited Verner Wulff. Syracuse University was establishing a new Psychology Department and Robert Pace the new Chair offered me an Assistant Professorship. Within a few months I accepted and arrived in Syracuse to begin the Fall Semester in 1953. Based on my doctoral dissertation I was awarded my first NIH Grant on November 6, 1954, the same day our first child Elizabeth Ann was born.

PS When did you started, getting interested in psychotherapeutic drugs?

MW: In the late 1950’s reserpine was a popular hypotensive agent and tranquillizer. It also became somewhat controversial as to whether or not it induced depression. We decided to measure the effects of reserpine on learning in the rat. We also used electroconvulsive shock to possibly enhance reserpine’s effects. We published these results in 1959. Other psychotherapeutic drugs that we tested were mescaline and imipramine in 1976.  My interest in marijuana goes back to my undergraduate days when Professor Karwoski wanted to do some experiments with it. Obviously we discussed some possibilities that were never tested. In 1973 we measured the effects of δ-9-THC in the rat and showed that very small doses enhanced adjunctive behavior. We reported similar effects with d-amphetamine in 1973; and methylphenidate and caffeine in 1979. In 1978 and 1979 we also published the results of a collaborative study with colleagues in Taiwan on morphine and naloxone. During this same period we were also studying the role of serotonin in consummatory behavior; e.g. the effects of 24-hour food deprivation on 5-HT turnover in the lateral hypothalamic area, and the effects of PCPA, PCA, imipramine, fluoxetine, etc. The effects of PCA and PCPA effects on ethanol consumption were also studied. A major study of phenobarbital and several other barbiturates interactions with ethanol, including effects on taste aversion, were carried out from 1975 to 1981. 

My main research interests ever since I began working on my doctoral dissertation have been on the part of the brain that is referred to as the lateral hypothalamic area (LHA) and the drug of abuse has been alcohol. Alcohol is relatively easy to ferment from honey and fruit; and its availability and human use goes back at least 6000 years. Any society that discovers alcohol or any other psychoactive compound found in nature; mescaline from the Peyote buds for example, tends to use it; and finds it difficult, if not impossible to give up.  
Most of my academic preparation at the University of Illinois was in physiology; and my doctoral dissertation was on the Effects of Dehydration and Hydration on Spinal Reflex Activity in the Rat; I was the one who developed the first spinal cord preparation in the rat. We needed to look at the ultimate output of the brain to really understand behavior: the final common motor pathway. So I became very much oriented in terms of neurophysiology and electrophysiology to better understand why an animal drinks and humans drink alcohol.
A major difficulty in developing a reasonable explanation of the behavioral addictive process has been a lack of an inexpensive animal model to demonstrate the characteristics of human alcoholism. Another major difficulty has been to discover a means by which animal aversions to ethanol solutions can be overcome and voluntary consumption increased; a .critical requirement has been that sufficient ethanol intakes must be maintained, in the presence of equally palatable fluids, to sustain the necessary high blood alcohol levels to produce physical dependence.

I will try to be brief and summarize the four areas of interest in which I made my contributions and how they contribute to a better understanding of not only behavioral addiction and especially to alcohol and alcoholism but to any other addictions such as overeating and obesity.  These areas are:

1. Adjunctive Behavior: John Falk and I overlapped as grad students studying for PhD’s. John Falk selected the term adjunctive to describe the general category into which one could place all the various types of excessive and bizarre behaviors found in both rats and humans and published an article in 1971 entitled The Nature and Determinants of Adjunctive Behavior. Adjunctive behavior also occurs in children. For example, adjunctive aggressive behavior can be dangerous especially when children are grouped together. Eventually John discovered a very interesting type of behavior that he named scheduled induced polydipsia more commonly referred to as scheduled induced drinking. When John told me about his discovery, we discussed a number of experiments that needed to be done and I asked him to make some lesions in the rat LHA. Doing that, he confirmed that bilateral lesions eliminated drinking as expected. We confirmed John’s results and began our own studies on schedule induced drinking showing that the water intake was not important and animals would lick nitrogen from the drinking tube. We were the first to show how to produce schedule induced eating when the reinforcement was water and not food. Falk was also the first to develop an animal model for human alcoholism in 1980 using schedule induced drinking that met all the requirements; except that the animals were trained under conditions of reduced body weight. We developed at alternative model that did not require reduced body weight.  The modification that we developed changed the probabilities of occurrence of operants in the animal’s response repertoire. This was important because for the most part in humans we do not know what is reinforcing. Jacque Le Magnen many years ago observed that when rats were exposed to ethanol solutions they tended to avoid them until the sources were removed and then returned on a schedule of every one or two days. He referred to it “as post gap alcohol drinking”. He discovered the importance of “intermittent sensory stimulation in adjunctive behavior”. We did a thorough study of this phenomenon and showed that it was the taste stimulation that was important.

2. Salt Arousal of Drinking: Salt arousal of drinking is way of tricking the neurons in the LHA that Yutaka and I found to be sensitive to sodium ions. The NaCl can be administered subcutaneously, intrapetotoneally, intravenously in normal wakeful rats with implanted cannulae in the brain ventricles or carotid artery. We have studied this so-called artificial drinking very thoroughly. In normal wakeful rats small amounts of salt administered through the carotid induce copious drinking in the living cage with a drinking spout present. When a rat is placed in a test chamber for the first time with a drinking spout present and is administered the same amount of salt and you keep distracting its attention, even if it sees the box and touches it with a paw, it does not drink. However once it licks the tube it begins to drink. Under these conditions it will also lick the drinking tube for nitrogen gas. The peripheral sensory feed back stimulation associated with licking that is the immediate reinforcement, and maintains the drinking as a consequence of the licking.

3. Spinal Reflex Excitability Changes Associated With Salt Arousal of Drinking: My work on the rat spinal cord from 1963 to 66, shows clearly that during the salt arousal of drinking  the reflex pathways that innervate skeletal muscles of the hind legs increase in excitability and follow a specific time course, increasing and then decreasing to baseline.  The duration of the period, following the delivery of the food reinforcement, when the adjunctive drinking occurs, follows a similar time course; as we had shown in 1976. There is no doubt that this is the critical time period following the reinforcement; and only then will the environmental stimuli be effective when they feed back into the LHA and evoke the adjunctive behavior; in this case producing licking and then drinking as a consequence.

4. Brain Electrical Stimulation: Several parts of the rat brain when stimulated through implanted electrodes will produce self-stimulation. The LHA is the part of the rat brain with the highest rate of electrical self-stimulation. It is also possible to stimulate some of these areas and evoke motor behaviors of the rat. With extended periods of stimulation for example in the LHA it is possible to evoke different types of complex behaviors such as water drinking whenever stimulated. Water drinking can be switched to eating food or to gnawing on a beef bone or to other behaviors in the rat’s response repertoire by extensive stimulation in the presence of the alternative object. The LHA contains glucose sensitive neurons in addition to the Na salt sensitive ones. When the LHA is initially electrically stimulated the general increase in responsiveness is obvious and similar to that observed in the development of adjunctive behavior. It is clear now that salt arousal of drinking, adjunctive behavior and the switching of electrically stimulated behaviors in the LHA can all be explained by the same physiological mechanism.

PS: But, what do you believe is your biggest contribution to this field?

MW: In terms of Neuropsychopharmacology, my research that was focused on LHA- Hippocampal Interactions in Alcohol Effects on Memory. One of the best-known effects of alcohol on the brain is the anterograde amnesia for short-term memory commonly referred to as “black outs”. In the late 1960s, from 1967 to 1969 we began publishing some of the circuits that Yutaka Oomura and I were studying in both labs to record from individual neurons in the LHA. The report on glucose and osmosensitive neurons of the rat hypothalamus appeared in Nature in1969. The effects of ethylalcohol administered microiontophoretically onto lateral hypothalamic neurons appeared in1971. Because angiotensin when applied to the brain ventricles induces intensive drinking in the rat, we wanted to test it in the LHA. In 1973 we reported that LHA neurons as well as hippocampal dentate granule cells were responsive to angiotensin II (Ang II). It wasn’t until 1990 when John Denny a post doc in our lab called our attention to the fact that the functions of angiotensin hippocampal receptors were unknown. At that time Deborah Armstrong had just completed a study on the effects of trimethyltin on evoked potentials in mouse hippocampal slices and was setting up to measure long term potentiation (LTP) in hippocampal dentate granule cells. I knew from our early studies that granule cells in the dentate gyrus were sensitive to Ang II. So we decided to determine the effects of ethanol, diazepam, and Ang II on LTP in dentate granule cells.  In the first experiments Ang II was applied directly onto the granule cells and inhibited the induction of LTP. We decided to do a thorough neuropharmacology study on these inhibitory effects of Ang II in granule cells. Dose effect experiments were done in vivo and in vitro hippocampal slices in 1991 and 1993. We modified the technique so that we could administer the Ang II in very small amounts at the tip of the recording electrode. The time course of the inhibition is very interesting from at least 40 minutes to one and a half hour. The inhibitory effect is mediated by the Ang II AT1 receptor because it can be blocked by pretreatment with losartan a specific AT1 receptor antagonist. The results of the next study published in 1995, demonstrated that Ang II inhibited 24 hour memory in one trial step through avoidance experiment and the inhibition could be blocked by pretreatment with losartan. Next, in 1997, we showed that ethanol impairs both working and reference memory in an 8-arm radial maze, and that the impairment of both working and reference memory could be prevented by pretreating the animals with losartan. In another series of experiments we demonstrated that the alcohol, administered by gavage in our behavioral studies was acting in the LHA and was not having a direct effect on the granule cells. We perfused the LHA and did a dose effect experiment showing that the threshold for the inhibitory effect of granule cell inhibition of LTP was 1 to 2 mM and probably less at the individual LHA GABA-A interneuron. Where do these Ang II containing presynaptic axons originate? When we applied horseradish peroxidase (HRP), an anterograde tracer to the dendritic layer of the dentate, using a new staining technique that one of us developed, we found LHA neurons that contained both HRP and angiotensin. We also found that electrical stimulation of the LHA inhibits granule cell LTP, and that the inhibition can be blocked by pretreatment with losartan indicating direct neural connections to the granule cells. Therefore we have shown without any doubt that these cells in the LHA that are extremely sensitive to alcohol, project to the hippocampal dentate granule cells and produce anterograde amnesia for short-term memory. 

As to my other major contribution to the field, as an Editor-in-Chief, of the four journals that I founded and also published, I can say it was time consuming. As yo know, Physiology and Behavior was the first journal and the first issue was published in 1966. The other three appeared in rapid succession over the next several years: Pharmacology, Biochemistry and Behavior, Brain Research Bulletin, and Neuroscience and Biobehavioal Reviews. The first three began to being published monthly almost immediately and the review journal is now published bi-monthly. I had a sincere interest in publishing and editing journals that emphasized physiology, pharmacology, biochemistry, neuroanatomy, etc but the information had to be relevant to behavior.   

PS: It is an interesting answer when you talked about your biggest contribution, you really focused on what you are doing now, but I think you are being too humble there. I think the fact that you are not only Editor-in-Chief, but you started those journals, you really moved the field in a certain way. Wouldn’t you agree?

MW: Well yes. What you are saying is correct and others agree. Yesterday morning at breakfast a colleague was sitting at the next table having breakfast. He raised the issue of Journal publishing today with everything online. He said, “When you started Physiology and Behavior it turned out to be very important because people were starting to sort of ignore behavior, but your journals called attention to the importance of behavior bridgig the gap between biochemistry, pharmacology and physiology and now that we are beginning to see the importance of behavior again as the result of new technology, e.g., knockout mice etc, I think those journals you created and also edited for many years kept people focused on behavior.” 

MW: So Paul, do you agree with that?

PS: Oh yes, absolutely

MW: It sort of fits in with what you were saying.

PS: I think they are some of the first innovative neuroscience journals. Well, a few more questions. How did you, manage to keep in the field the various jobs and academic position and are you happy the way things turned out. Was it hard in your day to do that? 
MW: My answer is very simple “With difficulty”.  “It was not easy”. Also you must depend upon the good people who work closely with you. In an academic environment doing research, you are not under the same kind of pressure that you are under if you are managing a journal. All manuscripts must be reviewed, a journal must come out on time, and you cannot neglect any one even when you are editing four.  Because of the International Cooperative Grants that I had with Japan, Taiwan, Mexico and Visiting Professorships that I had in Florida, Japan, Arizona, and Australia we had to develop an effective communication system. We used IBM dictating equipment and magnetic tapes mailed back and forth, telephone, and copies and tapes mailed ahead in anticipation of where I would be next, so I could select the reviewers etc. Julie Berger, Dawn Barton, then Chris Scannel, and now Marianne Van Wagner were the backbone, the muscle, and brain of the system. My wife, Therese, was the CEO and CFO of our two companies Ankho International and Fayettewille Typesetting. Russ Peterson, Al Florczyk, Warren Klare provided technical support as well as having worked in the lab as technicians. I had excellent students many of whom received their doctoral degrees in my lab and became productive academicians or worked in industry, or have positions with the federal government.

We also published another journal, Art in Psychotheapy that I acquired from Pergamon as well as four othe acquired journals: Journal of Neurotoxicology and Teratology, Neurobiology of Aging, Peptides, and Alcohol.  Then, our companies ultimately were sold to Pergamon in 1986. Later on Pergamon was bought by Elsevier. All of these other five journals are still doing very well.
In doing research you need a certain amount of free time to think, ideas need to incubate for a time. Unfortunately as you get older, and even though you are more experienced in your profession, it seems as if you have less time to do that. You must be experiencing this now. Also because of the increase in the number of scientists and the proliferation of new information; there is more to read and less time to do it.
PS: So. Are you happy with the way things have turned out?

MW: Well I am very happy in that respect. I am most impressed by, not only my own accomplishments over the last 50 years, but the technical achievements of many people in science in general. What we can do today in comparison to what we were able to accomplish 50 years ago is just phenomenal. For less than $5000 today you can buy a complete desktop computer, printer etc.system that surpasses all the capacity that was available in all of the computers in the world in 1953.

PS: So, what do you see developing, here we are in the 36th annual meeting, what do you see developing in the next five to ten years?

MW: Well there is a tendency to simplify things. It would be great if there were a single drug that could cure a mental illness in everyone that had the symptoms of it.  New drugs are usually claimed to be very specific but as time goes by they become less specific and more side effects become noticeable. The concepts of brain centers and brain nuclei based on electrical stimulation and cell staining can no longer adequately explain localization of brain functions. Then there was search for single neurotransmitter explanations. We found the neurotransmitter that was involved in how alcohol produces its anterograde amnesia for short-term memory. There are probably other factors involved that will be discovered in the future. The great English mathematician and physicist Professor Dirac said some time ago “Everything is getting more complex but a clearer picture is emerging”. Maybe now that Neuropsychopharmacology is getting more complex it indicates that we are maturing as a science and new important discoveries lie ahead. 

PS: We got through their questions. I guess we can end by asking you, is there anything you want to say for this archive?

MW: Well, I have enjoyed being a member of ACNP. I believe it is one of the best Societies to which I belong. I enjoy the meetings and they have been an important source of information enabling me to keep up to date in my teaching. I like the informality of a small but still high quality meeting.

PS: Do you remember the year you became a member, or first came to a meeting?    

MW: No. My first meeting was in Puerto Rico but I do not remember when. I did attend several meetings before becoming a member. I believe that was a requirement. A candidate had to show a proven interest in the Society. The College needs to maintain those types of requirements for membership. Do you agree with that or not?

PS: Oh yes, absolutely.

PS: OK, any last words?

MW: Well, let’s all keep doing research.

PS: OK.

MW: It makes life interesting.

PS: All right.
( Matthew J. Wayner was born in 1927.








