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HARBANS LAL

Interviewed by Elizabeth Bromley

Waikoloa, Hawaii, December 12, 2005

EB: This will be an interview with Harbans Lal.(  It is December 12, 2005. I’m Elizabeth Bromley. Can you tell us your name and where you’re from?

HL: I am Harbans Lal and I’m living in the Ft. Worth area in Texas.  I retired from the University of North Texas Health Science Center at Ft. Worth where I was appointed Chair of the Department of Pharmacology in 1980.  I retired in 2000.  I wanted to retire earlier, but my children said, Dad, you must work into the next millennium.

EB: So, you got in how many months?

HL: About four months in this millennium.  But, that is amazing, in my opinion.  I remember when I was a graduate student at the University of Chicago, we used to talk about the New Millennium, but we never really thought we’d be living in it.  It was far away and it’s amazing  not only that I was living, but I was working in that millennium.  We’re living and working for longer periods.  So, I’m really pleased to be part of this New Millennium.

EB:  Where were you born?

HL:  In 1931 in a town called Habib Koite Azara, in the Haripur district of the Hazara region of Pakistan. My father, Dr. Harbans Lal was physician, but he died in early 1940.  He dabbled in politics, was mayor of the town and somewhat pro British. At that time, the British were in India.  Some  people did not like that and wanted to throw them out  but my father supported various developmental programs instituted by the British. He was very influential and could not be defeated in an election. Then the politicians had him assassinated through food poisoning when the family was away. When my mother and siblings went to the hills for the summer father stayed behind for his patients.  During this period he had his food catered from a local restaurant which provided the opportunity for his opponents to poison him.

EB: What year was he killed?

HL: It was in 1940.  I was only nine years old and I’m the oldest child in the family meaning I became the head of the family at that young age.  So, my Mother decided she would not let her children go into politics. To her, that was dirty work and and not for us.  My Mother had us educated and kept us away from political activities. The Country was partitioned when I was finishing high school.  In India the high school examination was statewide and held at the  designated examination center. However, civil war broke out in our area when I was ready to take the examination and non-Muslim minorities were not safe.  It became very unsafe to travel to the examination center. There were fires, arson and murders.Most of my non-Muslim classmates decided not to take the exam and stay home for safety.  School was essentially closed, but it was announced that if somebody wanted to take the exam, the military would provide escort service and protect students during the exam. As a result four of us minority students took the exam. I recall that a Muslim student brought a gun, perhaps to intimidate us non-Muslim students, or perhaps to keep the exam supervisor at bay. Taking the examination turned out to be a blessing. Soon after the country was partitioned, we were forced to migrate hundreds of miles away where we could not be certified for college admission; others who were deprived of the examination opportunity had to go through another year of high school before college.

I lost my father, a physician, so my mother was determined we should become physicians. I could, however, not be admitted because medical school had started before I could complete my admission requirements. I was asked to wait another year which I could not do because I did not have financial resources. In India, there were no temporary jobs to sustain someone in the interim. In desperation I considered alternatives; admission to Pharmacy School was available. So I went to the college of pharmacy which was located in the medical school facility with the same faculty. I almost did not realize I was not studying medicine. I took classes with medical students for the first two years. In the third year, the medical students began clinics and the pharmacy students started training in hospital pharmacy.

EB: Did you like science?

HL:  In the College of Pharmacy I started liking pharmacology; it was one of the majors and I decided to undertake doctoral training.

EB: This must have been the early or mid-1950's?

HL: It was in 1952.  In India, at that time a graduate program in pharmacology was available only to physicians.  Pharmacology was not open for non-physicians, so I enquired was there any way I could pursue pharmacology? Someone informed me it could be done in Western countries. So, I applied and was accepted by the University of Munich. Its appeal was the low cost of living since I did not have money to go to any other University. Then I went to see a banker friend to seek guidance as he had been to Germany and the USA. He questioned my choice of Germany since I did not know the language and was offered no financial assistance by the university. I was expected to work at restaurants to support my education. My friend told me I should go to the USA because that was the country of opportunities and I could get a pre-doctoral fellowship to support my education.  At first I did not comprehend the logic of pursuing education in the most expensive country as I had little money, but I had confidence in my friend’s advice. He also promised me if I was unable to support myself in the USA he would provide a grant from his family foundation.

 EB: Now, who was this?

HL: This was a friend of mine, Sardar Mohan Singh, who was the managing director of a major state bank, the Bank of Patiala.

EB:  A family friend?

HL:  Yes. So, he pushed me to come to the United States.  Of course, I never needed his money.  I found a part time job at the University of Kansas during the first semester followed by a research assistantship in the following semesters.  After receiving a Master of Science degree in Pharmacology and Toxicology, I was admitted to the Pharmacology graduate program at the University of Chicago with full financial support. 

EB:  Was this someone who was a mentor of yours?  Did he believe in your potential?

HL: Yes, he was very much interested in furthering my education.  

EB: Why was that?   

HL: He was interested in youth who showed potential for higher education with a leadership desire to help others. Later he visited the USA and I thanked him for his offer of help at a time of need. But I was very proud to inform him I did not need any financial support; my fellowship took care of my needs. Friends like him were many in my life and each was crucial for my growth to the next level of accomplishment. 

EB: Did you have intellectual mentors growing up?  Did you know what you wanted to study?

HL: I did not have intellectual mentors but my Mother was a stimulus to undertake medical sciences for higher education.  I had lost my physician father when I was only nine, I was the oldest sibling and I had to take care of the family.  We went through terrible times; no earning member in the family, forced to leave our birth home and infra-structure on account of civil war and population exchanges.  My Mother was a strong woman who became a widow at the age of 27. She did not lose heart, she stood by us and her parents helped us by keeping us with them during the migration processes. We were also people of faith and believed in the divine hand behind what was happening to us.  I marched on and had a successful life at every step.

EB: So, you came to the University of Chicago?

HL: I came to the University of Chicago after I finished a master’s degree at the University of Kansas.  I planned to go back to India to work there.

EB: Your undergraduate work was in India? 

HL:  I finished the bachelor’s degree in pharmacy in India.  And after I completed the Masters of Science degree in Kansas, I wondered about further specialization so that I could do something innovative and progressive in India.  I didn’t want to be an ordinary professional.  In those days, nuclear medicine was being talked about. Isotopes were being invented for medical research.  So, I looked around and found that the University of Chicago was a pioneer in using isotope technology in medical research. And pharmacology department was the promoter of this new tool.  I called the Chairman of the Department of Pharmacology, at the University of Chicago and told him I was a student planning to go back to India to work and wanted to take the isotope technology in medicine with me so I would like to pursue graduate work with him.  As a result, he invited me to visit the department. I took an overnight bus from Lawrence, Kansas to Chicago, as I didn’t have money for train or air transportation and stayed at the YMCA.  After I visited the Department Dr. Lloyd Roth, the Chairman, accepted me as his graduate student and offered me a research fellowship.  He asked me about my travel expenses and was surprised I could only afford overnight bus fare.  He reimbursed me for my fare and expenses at the YMCA and said, if you would have told me, you could have come by more comfortable transportation. A few months later, I arrived at the University of Chicago as a graduate student.  The University of Chicago was a pioneer in applying nuclear technology in research; the first Geiger counter was built there and the first scintillation counter was placed at the University of Chicago’s Pharmacology Department for field testing. Scintillation counters were scarce and experimental.  The manufacturer, Packard Instruments, put one in our department to provide data to help in further development. In the beginning the scintillation counter was not accessible to students, only to research scholars. Those were very primitive but expensive instruments. To measure radioactivity each tissue sample had to be dissolved in special scintillation fluids and counted manually along with bottles containing only the scintillation fluids to determine background levels.  One had to spend long hours with the equipment to complete any experimental reading.  I dstruggled but learned to determine drug concentrations in tissue using isotopes. Today’s students are deprived of this learning because of automation. 

EB: You helped build the machine?

HL: I helped in the sense that I reported the faults and shortcomings I experienced.  There were a number of modifications done; the scintillation fluid and counting techniques were improved to increase efficiency and specificity.

EB: What year was this?

HL: I started in 1958.

EB: And, who was it that you worked with?

HL: Dr. Lloyd Roth who worked at the US Atomic Energy Agency on contract at the Nuclear Laboratory off campus. My professor worked with Dr. Hassalback to perfect the technology of labeling drugs with radioactive isotopes.  He had an MD and a PhD in chemistry.  He pioneered work on the entry and distribution of drugs in the brain.  He was the first to label drugs; the drugs he labeled first included meprobamate, urea, barbiturates, acetazolamide and Dilantin.  I was the first to study the cellular distribution of radio-labeled meprobamate in the mouse, rat and cat at a cellular level in the brain without brain homogenization.  When I arrived at the UC Dr. Roth and Dr. Barlow were using brain slices to study drug distribution; I established whole body autoradiography in the department. The technique was just developed in Sweden, a technique  I inaugurated with the help of Dr. Ake Hangren, a Swedish pharmacologist who was visiting our laboratory.

EB:  Why were you interested in that?

HL: I was always interested in the brain and the mind.

EB: In the mind?

HL: In the mind.  I did not know anything about mind, but I did think that it was in the brain somewhere and, consequently, one should study the brain. I was going to research the brain, how external chemicals entered the brain and how the brain was protected from poisonous chemicals.

EB: Do you know why you were interested in the mind-brain connection?

HL: I was interested when I was a child and I was interested in it as an adult.  I’m still interested in it.  When you are educated you look at things in a different way than the layman does you want to ask why things happen.  

EB: To what religion does your family belong to?

HL: Sikh. We’re the smallest religion that started in India five centuries ago.  There are about twenty-five million Sikhs in the world; there may be about half a million in North America. So, I told my mentor I’d like to study neuroscience with the help of radioactive isotopes.  He outlined the research path for me.  I was to study a psychoactive drug which affected the brain, trace it in the brain to learn how it entered and where it was distributed, and then how it impacted the structures and how that translated into behavioral changes. Labeling the drug molecule with an isotope would help trace it. I loved that proposal and began studying how a drug overcomes hurdles to enter the brain, travels to its site of action, and then modifies the structure it is attracted to. When I joined the laboratory several others were engaged in similar research.  My co-advisor Dr. Charles Barlow was studying the role of water spaces in the brain and their role in drug distribution. He tagged urea with isotopes for his studies. Dr. Roth asked me if I would study meprobamate and pentobarbital along with urea. I said yes, but I  told him I wanted to first study pentobarbital’s biologically more stable analogue, barbital. Barbital is not metabolized much in the body relative to pentobarbital which is far less stable. I thought this would also keep me busy until radioactive meprobamate became available. Dr. Roth was working on making meprobamate radioactive.

EB: Was meprobamate commercially available at the time you were studying it?

HL: It was commercially available but not in the radioactive form. It had just come on the market and was designated as a tranquilizer. I began to study radio-labeled barbiturates. We soon found  there was binding to certain proteins in the brain that prevented its free movement. It was, thus, considered to be a dirty, unsuitable drug for studying parameters of drug distribution and the sudy was abandoned. Similar was the fate of Dilantin (diphenylhydantoin,) an anti-epileptic drug, as it was highly bound to brain structures. Well, in retrospect, ten years later, we realized we were overlooking a discovery. A binding site would be an indication of receptors being present for that molecule. At that time brain receptors were believed to be present only for endogenous chemicals such as neurotransmitters. A neuroreceptor for an exogenous chemical was unheard of. It was later on, with the discovery of morphine receptors, that the idea of drug receptors was entertained so we had missed  credit for that discovery. To study receptor binding by the help of radioactive drugs was not conceived back then.  You only predicted receptor activity from the physiological changes resulting from neurotransmitter release in the synapse. I have an interesting story to tell here.  I applied for a post doctoral position to work with Dr. B. B. Brodie at the National Institute of Health. I had a lot of respect for him and his work on brain receptors for norepinephrine. I wrote to inquire if I could study the isotope labeled norepinephrine for its receptor binding and release properties in the brain. He replied that he would be happy to accept me in his laboratory but he did not understand why I would need to use labeled norepinephrine. He advised me to give up the idea as I could better study norepinephrine release through methods utilizing fluorescence assays. He did not expect at the time that he would be changing over to radio-isotope technology in the future and his colleagues would win the Nobel Prize for using those advances.  On the other hand, we in Chicago rejected drugs with properties of special attraction to brain components as a nuisance, when the studies were actually pointing to the discovery of drug receptor sites. Who would have thought in those days that exogenously synthesized drugs could have brain receptor sites. The brain receptors were thought to bind only to endogenous neurotransmitters.  Then, in my research, meprobamate was to bind with brain membrane proteins, and so did pentobarbital. We found that first by using brain slices.  Since meprobamate was labeled with tritium it could be localized with high definition. Thus, I ventured to develop methodology of cellular localization. I succeeded and produced the first celluar localization of meprobamate binding sites in the brain. 

EB: What knd of animals did you work with?

HL:  I worked with mice, rats, cats and monkeys. I started with kittens as they do not have a fully developed blood brain barrier. We studied developmental aspects of the blood brain barrier. 

EB: And, you were interested in watching how things moved through the brain?

HL: First, from blood to the brain through a barrier; then, interacting with the outside surface of the brain cells before penetrating into the cell. For cellular localization we had to use tritium for labeling. In this technique a compound is exposed to high activity of radioactive tritium gas and as a result many chemical bonds are broken and others are labeled with radioactivity. So, we ended up with tritiated meprobamate in a mixture with numerous known and unknown metabolites that were also labeled and difficult to distinguish from each other only on account of radioactivity. If this mixture is used for study and radioactivity is measured one would not know if it came from meprobamate or any one of the metabolites. Such a study would be useless. Since the chemists in the department failed to purify meprobamate free of all labeled break down products, I began reading chemistry books to figure out a solution. Suddenly, something lit up in my brain. It occurred to me that I could employ a living animal to purify the drug.  I injected the tritiated mixture into a rat, then collected the urine and isolated meprobamate from the urine.  It worked and every one celebrated.  I published this as a new method of purifying tritiated chemical compounds. 

EB:  Was there a thought that some of the metabolites might have activity, as well?

HL: Yes, but we were studying the brain distribution of meprobamate. Drs. Heller and Harvey in the same laboratory were studying the pharmacology and toxicology of meprobamate. That’s how I started and finished my pharmacology at the University of Chicago in 1962. 

EB:  At this time, did you have a sense of what your overall objective was, or were you still thinking about going back to India?

HL: I was still entertaining the idea of going back to India and, hopefully, set up research labs to continue my work there. My professors in the department were supportive of my objectives except that my major professor wanted me to acquire competency in an additional research area before I would return.  He suggested post doctoral training in neurophysiology. Meanwhile, I received a call from the Illinois Institute of Technology (IIT) asking me if I would work for the US Department of Defense to study biological warfare agents such as tetanus toxin, botulinum toxin, and other chemicals which paralyze the nervous system. The objective was to develop detection methods and antidotes. They heard I had expertise in detecting very small quantities of compounds. The Institute negotiated with the Defense Department a high salary and a promise of a fast track to obtain USA citizenship.  The research was highly classified and needed high level  security clearance and I could not be considered until I was a USA citizen.  This was an attractive offer so I gave up the idea of going back to India and accepted the position while my professor was on summer holiday.  I had not defended  my PhD. thesis yet. 

EB: How did you feel about the project?

HL: I felt I would be a pioneer to study biological warfare agents which affect the nervous system; they paralyzed it. I was not for killing people but I also knew that wars were inevitable. I  asked myself, could one develop methods of safe warfare so nations could win without killing people. So, I joined others in the search for biological warfare agents which do not kill, but immobilize armies temporarily, so the USA could win.  I assumed if you could expose the enemy to something through water, food, air or shooting from with special guns, so they become physically disabled or mentally disoriented in a reversible manner, a war might be won without bloodshed. For this purpose a new class of drugs was invented, called “incapacitating agents”.

EB:  Was it in your mind this would really be an opportunity to make a contribution in terms of changing warfare rules?

HL: Yes, I thought I could make a big contribution.  The incapacitating agents may be used on armies, on hijackers, and on wild animals to temporarily subdue them.

EB: And, it was so compelling you decided to stay and not go back to India?

HL: Yes, I liked that job and I liked working on those possibilities, even though I had to work for the army.  I was working for a purpose which would have saved lives without preventing war.

EB:  How did that work go?

HL: I learned a lot and made discoveries for the army but they could not be disclosed to the public. My lab had many active chemicals available including LSD. Although it was done many years ago, the research still remains unknown. We worked with animals but accidental exposure to humans did occur occasionally and we learned about the clinical consequences of ingesting such a compound as well as drugs which were potent antidotes. 

EB: So you set up your own lab and started to do work that sounds very different.

HL: Yes, it was different.  I was doing pharmacology but very unusual pharmacology. When still working there I was offered a tenured position as Associate Professor at the University of Kansas, which I could not refuse. It was only three years after I was awarded my PhD and my classmates were still doing post-doctoral work. I considered the offer a great recognition of my scientific contributions and I accepted it.

EB: How long were you at the D.O.D. job?

HL: They hired me in 1961, a year before I finished my thesis, and  I was there almost five years.  At the University of Kansas I continued some of the Army contract work that was in the public domain.

EB: Can I ask you a little bit about that work and its impact? I’m  struck on what drew you to it, to make war more safe..

HL: And protect your population if anyone uses those weapons.

EB:  Now we think about biological warfare in such a different way.

HL: There is a lot of progress in chemical detection.  If armies or terrorists groups use  biological warfare agents in water or air, as is the case now, the methodologies to detect such chemicals will become important. There are chemical detection methods available but they are effective only if one knows the structure of the chemical being spread. My emphasis was to use biological systems which detect a biological change in the body rather than a chemical structure. The reason is that we cannot know which chemical was deployed. For chemical detection, you have to know the chemistry of the substance. You have to have a standard and you have to know the identity of the chemical employed. In biological detection systems you observe biological or clinical changes.  You go directly to assay the biological effect which the toxin produces.

After I joined the University I changed my field to investigate drugs for substance abuse, Alzheimer’s disease, depression, schizophrenia and aging. In academia, I was one of the first researchers to use haloperidol in research. At a CINP meeting I met Dr. Paul Janssen. We knew each other before through correspondence. Dr. Paul Janssen had discovered haloperidol and encouraged me to use the drug as a research tool, which I did extensively.  There was a time when my friends thought haloperidol was named Haldol, after my name. Of course, that is far from the truth but people thought so because of my lead in research with that drug.

EB: Your work with LSD or other work you had done in drug abuse was what interested him?

HL: Drug abuse work, I started with morphine and its effect on the brain.

EB:  At Kansas?

HL: There at Kansas.  And, from Kansas, I moved to the University of Rhode Island.  At Kansas, I stayed only two years, because my wife did not like life in a small community. She was born in Berlin and grew up in Chicago. So, I accepted an offer in Rhode Island, which was the best of both worlds, close to New York and Boston but home still in the small community of Rhode Island.

EB: And, you met your wife when you were in graduate school in Chicago?

HL: Yes.

EB: You got married then?

HL: In Chicago.  She was working in the UC hospital, as a laboratory technologist. 

EB: She had her own career then?

HL: Yes, when I was a student. After I got a job, she stopped working and raised three beautiful children. When I went to Rhode Island I got in touch with Paul Janssen in Belgium to visit him so that I could begin to know his research colleagues.  He invited me to spend my sabbatical there. That resulted in my spending fifteen months in Beerse, Belgium where Paul Janssen invited me to set up drug abuse research laboratories. He had a challenge at hand. He was developing psychopharmacological and anti-diarrheal drugs that resembled narcotic drugs in structure. Law and order agencies suspected they might become drugs of abuse, sold on the street. So they were hindering the development of these structures as drugs for other conditions.  Dr.Janssen had heard of my work which measured introceptive stimuli, meaning internal cues th produced by drugs, in contrast to any external cue from the drug being injected. My trained animals could reliably indicate if the test drug produced internal cues like drugs of comparison. Should a drug not produce any cue resembling those produced by a drug of abuse , it would be highly unlikely that people would abuse that drug. Or, if a test drug produced internal cues opposite to those produced by drugs of abuse, the subjects would reject that drug as aversive.  Dr. Janssen provided unlimited facilities to generate reliable data that were acceptable by the FDA and corresponding agencies in Europe. We succeeded in our mission. I enjoyed my stay in Europe and my collaborative work with European investigators. I was invited to Beerse again to celebrate the 25th anniversary of my research contributions. They set up an exhibition of the publications from my work there.  

EB: You were in Rhode Island when you went to do work in Belgium?

HL: I was a tenured professor in Rhode Island and visited Europe as a visiting scientist. I did work with addiction and addictive drugs in Rhode Island and continued to do so after moving to Texas. One aspect I remained continuously interested in at Texas, where I moved after Rhode Island, was to measure mental or subjective effects of drug withdrawal. In animals and in humans, the cold turkey part of withdrawal from drugs of abuse is well known.  In “cold turkey” withdrawal very objective signs occur soon and wear off in a short time. However, the psychological effects of withdrawal begin early but continue for days and months and are considered responsible for relapses to abuse even after long drug free periods.  In objective terms, these effects include aggressive behaviors, insomnia, violence and high anxiety. I began to study them along with the ability of environmental cues to elicit them. These effects were well known in humans but not studied in animals as we did not have models to measure either a pleasant or reinforcing effect or aversive effects.  I chose to go into that area. NIH bought my ideas and supported my research continuously. In addition, there was support from industry. I found that in rats, after recovery from acute withdrawal, a protracted phase followed which included intensive aggression and anxiogenic internal cues. I developed objective methods of measuring aggression and anxiogenic internal cues in those animals. I tested environmental cues associated with those effects. They were known as conditioned or conditional stimuli in psychological terms. 

EB: You saw it first in the animals?

HL: The first time I noticed this was when rats undergoing withdrawal were housed in group cages and they were nearly killing each other. 

EB: When was it you started to ask human subjects about this and think about what it might look like in people, that kind of syndrome?

HL: I had a friend, Dr. John Karkalas, who was Chief of a psychiatric hospital in Rhode Island. He gave me a research appointment there so I could observe mentally ill patients, including those who were drug addicts, undergoing treatments. In the hospital, in collaboration with others, I developed drug withdrawal rating scales for humans and tested some drugs for effectiveness in blocking the withdrawal syndrome. It was there I observed withdrawal anxiety in the addicts. I wanted to measure similar effects in animals but there was no animal model available to measure anxiety. This led me to look for animal models of anxiety where anxiogenic interceptive or internal stimuli that controlled animal behavior could be measured objectively.  I was presenting a seminar on interceptive stimuli produced by narcotic drugs. At the end I mentioned that I was looking for an anxiogenic drug so that I may train rats to recognize anxiogenic cues or stimuli. A woman neuropsychologist contacted me and told me that pentylenetetrazol (PTZ) would be such a drug. She had observed her patients expressing high anxiety when given PTZ to precipitate certain EEG changes to study epilepsy. When she was doing research in epilepsy, she employed various drugs to cause the epilepsy like EEG. PTZ was one of the drugs. When she administered PTZ to humans, the volunteer subjects began to drop out of the study. They withdrew their consent. When she followed up she discovered they could not take the intense anxiety they experienced. Meprobamate blocked the EEG and anxiogenic effects of  PTZ.  It pleased me to no end. I was studying in my laboratory the internal cues produced by PTZ to screen antiepileptic drugs. This was a thesis project of my graduate student, Gary Sherman. Antiepileptic drugs  failed to antagonize PTZ stimuli except those in the anxiolytic class.  It was making no sense and we had to publish those data on that account. Now it began to make sense.  I went back to the lab and trained more rats to discriminate PTZ cues and further develop the PTZ cues to investigate the biology and pharmacology of anxiety. Simply described, I trained rats to press a lever to obtain food in Skinner boxes. Then I injected rats with PTZ and put them in the test box with two levers. If the rat had PTZ in the body, the rat was trained to press one bar to get food. If the rat pressed the alternate bar no food was delivered. On another day, rats were injected with saline and required to learn to press the alternate bar to get food and not the drug appropriate bar. Gradually, the rats learnt to discriminate the internal cue produced by PTZ as different, than those produced by a placebo injection or injection of drugs from a different pharmacological class.  Of course, the training and testing protocols required random designs as usual.  So every day, either PTZ or saline was injected and the rat was placed in the Skinner box. When a trained rat selected a particular lever it was based upon whether the rat recognized the internal stimulus as a drug stimulus or a placebo stimulus. It takes about a month to train the rats. Then, I could take these animals, make them heroin dependent and, during withdrawal, test them for anxiety placing them in the test boxes. If they pressed the PTZ bar after a saline injection they were indicating that they perceived the PTZ cue even when they were not injected with PTZ. It was concluded that heroin withdrawal produced a PTZ like stimulus which was anxiety like.  Joined by many collaborators in Rhode Island, Fort Worth and Europe, I extensively studied PTZ, a GABA- A receptor antagonist and prototypical anxiogenic drug. First I developed it as the animal model of anxiety and then extensively utilized this and similar animal models in the study of anxiety producing internal and external cues and their treatments.  Typically rats were trained to discriminate the interoceptive stimulus generated by systemic administration of PTZ. PTZ produces a reliable discriminative stimulus which is largely mediated by the GABA-A receptor.  Several classes of compounds could modulate the PTZ discriminative stimulus including drugs purported to have anxiongenic properties, such as ß-carboline carboxylic acid (ßCCM) and FG 7142 (N-methyl-9Hpyrido[5,4]indole-3 carboxamide,)  5-HT1A and 5-HT3 agonists, NMDA, glycine, and L-type calcium channel ligands. If one subjected the rats to aggressive defeat in a home cage intruder test, following injection of saline, it resulted in a significant proportion of them generalizing to the PTZ discriminative stimulus. Spontaneous PTZ-lever responding was also discovered in trained rats during withdrawal from compounds with an effect on the GABA-receptor, such as chlordiazepoxide, diazepam, ethanol, morphine, nicotine, cocaine, haloperidol and phencyclidine. This effect was largely mediated by the GABA-A receptor, which suggested that anxiety might be part of a generalized withdrawal syndrome across drug classes.  Infusion of midazolam bilaterally into the amygdale antagonized, in a dose-dependent manner, discrimination of the interoceptive stimulus generated by systemic treatment with FG 7142, which itself generalized to the PTZ cue.. Furthermore, infusion of the GABA agonist, muscimol, bilaterally into the amygdale antagonized the PTZ discriminate stimulus in a dose-dependent manner. There are also important hormonal influences of PTZ. Corticosterone plays some role in mediation of its anxiogenic effects. There is a marked sex difference in response to the discriminative stimulus effects of PTZ, and estrogens appear to protect against its anxiogenic effects. A particular observation worth noting was the fact that by PTZ discrimination, I could observe quantitative symptoms of protracted withdrawal from drugs.  Drug addicts are known to go back to the old habits even after a successful treatment of cold turkey or immediate signs of withdrawal. The reason suspected was the withdrawal anxiety and the conditional stimuli produced by the drugs. These effects lingered on for a long time after the past abuse of a drug, thus producing a protracted withdrawal syndrome. 

EB:  How long does it take to resolve?

HL: Protracted symptoms of drug withdrawal could be measured for weeks and months depending upon the level of dependence. My animal model facilitated this study. This was a very exciting time for me; I had a laboratory method by which I could ask an animal a question that could be answered as yes or no without using human language even when the question was about the inner feelings of the animal. Of course I do not imply that animals have inner feelings that we can measure for sure. But interoceptive stimuli come to approximate them as closely as the objective measure may imply. We ask a patient; “How do you feel?”  The answer may be, I feel very anxious. Animals cannot answer like that but they emit behaviors that are controlled by the central effects of drugs known to produce subjective effects in humans. From those we deduce the answer. I trained animals with nearly two dozen different drugs, which produce different states. Then I thought if I had a drug which causes schizophrenia I could train the animal to select a bar appropriate to the schizophrenia producing drug bar, once he knows it is a schizophrenia bar.  I could produce animal models of hallucination, epilepsy or anything that produces specific interoceptive effects. One is not successful in every case, because drugs are not available to produce those states reliably. But if anybody discovers a drug which produces a mental state reliably, one could train animals to recognize it. 

This line of research led me to other uses of drug discrimination methodology. I had a request to bioassay artificial sweeteners in laboratory animals to discover new sweeteners before they could be given to human subjects.  I trained rats to discriminate very small concentrations of sweeteners. I was very disappointed in the beginning because I found that the sweetener aspartame, that was a peptide, was not recognized by a rat.  I discovered later that the rat tongue did not have peptide taste receptors. They could detect any other sweetener except those with peptide based structures. Peptides which are sweet to humans are not sweet to animals. It took a long time, but we did discover that through animal studies. Others then reported through electrophysiological studies that the rat was a very peculiar animal as its taste receptors could not detect peptides though they detect every other sweetener. 

EB:  This is the first kind of animal model that you had built?

HL: Yes, I did it for testing sweeteners and subjective stimuli produced by drugs, disease and lifestyles. 

EB:  It’s reminding me what you said about building a safer war, providing the means for war to be less risky, so it’s a safer way to test new compounds because you can assess the mental state of animals rather than giving dangerous compounds to people; is that what you are talking about?

HL: You may say that and my discrimination method could evaluate new chemicals that produce mind distorting effects.  However I did not test those in my research.  Developing biological war agents that are safe and discovering drugs against addiction, heart diseases and mental illness remain two different fields. But discovery is always exciting, no matter in which medical branch. 

My research on biological warfare agents was limited as I could not do human work. These compounds had to be tested in humans. Further, Army research had to commit funds. But at least that research had potential for making this world safe.  

When I visited Beerse, Belgium, colleagues of Dr. Janssen were using drug induced catalepsy as a preliminary screening tool for anti-schizophrenic drugs. The potential drugs were further tested in EEG studies and studies using brain self stimulation.  I encouraged them to add drug induced stimuli as their screening methodology.  Developing animal models for medical research was close to my heart. 

In Rhode Island, I developed an interest in aging research. In collaboration with Dr. Kalidas Nandy of Boston University, I established a colony of mice for longevity study starting with calorie restriction and then studying drugs which increased longevity and reduced accumulation of lipofuscin in brain. Calorie restriction, Vitamin E and piracetam were found to reduce lipofuscin accumulation. I continued ageing research at the UNT Health Science Center at Fort Worth where I was appointed Chairman of the Department of Pharmacology and Neuroscience in 1980. This work was continuously supported by the National Institute of Ageing during my tenure in Texas and was continued by my colleagues under the leadership of Professor Mike Forster who started with me as a post-doc and was promoted to full professor before I retired. I began my research with brain reactive antibodies. One of the hypotheses was that neuronal tissue during long term wear and tear began to produce antibodies that were injurious to brain cells.  The injuries thus produced may be responsible for brain damage resulting in loss of memory and other brain functions. I tested the hypothesis and combined it with calorie restriction; my research succeeded in attracting support from the National Institute of Ageing. The antibodies can be demonstrated in blood and brain particularly during senility. Before retiring, in my last research, and my last publications were in the area of substance abuse in aging, as altered by calorie restriction. Before I left we were defining the effects of caloric restrictions and the mechanism of oxidative damage during ageing that was prevented by caloric restriction or caloric optimization. My last publications have been in those areas. We touched the area of genetic manipulation because caloric restriction showed widespread effects not specific to certain organ systems. 

EB:  What are you like as a lab manager?

HL: I enjoyed working with people. I worked side by side with close to a hundred colleagues who co-authored my papers. They included faculty members, visiting scientists, post-docs, graduate students and technicians.  I spent long hours in the lab for most of my life except for the last few years when I stopped handling the animals. In the last years I spent more time playing with the data and writing. I helped develop software for research. The first software to automate programming of Skinner boxes was developed in my laboratory by two colleagues.  As a matter of fact, we earned money on the software copyright. 

EB: Where do your ideas come from?

HL: From what is going on in the lab. Close observation of behaviors in humans, experimental animals, tissue analysis and new data; all of them provided ideas. Some ideas also came from patients. Let me give some illustrations; When I was at the University of Chicago, I was counting radioactivity in tissue samples using a Geiger counter. In one experiment, the Geiger counter was showing contamination repeatedly in spite of my utmost care. Decontamination was a long, expensive and painful process. The contaminaition did not happen with the other students. I felt that either I was clumsy, which I was not, or there was something new.  I then discovered with certain tissue samples containing urea-C14, the enzyme urease would break the urea and produce radioactive carbon dioxide that evaporated to condense on the electrodes in the Geiger counter.  Through this accident I discovered the presence of urease in certain tissues. One example was the presence of urease in mammary glands, which was never reported before, and was not suspected to occur. Further, a new method of studying the distribution of enzymes in the body through whole body auto-radiography was developed.  This was an accidental discovery through  contamination of a Geiger counter.  Some of the ideas for ageing research came via study of radiation damage to the brain that I was studying for the Defense Department.  The radiation produced aging like changes and also produced free oxygen radicals. 

EB:  Most of your funding has been from NIH?

HL: Mostly NIH.  I began with money from the Departments of Defense, Army and Air Force. I needed lots of money to keep my laboratory going. The State of Texas was generous with funds in those days which attracted me to that State, leaving behind beautiful Rhode Island. I was also funded by the pharmaceutical industry. 

EB: From companies? 

HL: From companies and from government. Even the Vietnam War was a factor. The Army was bothered by the fact that soldiers in Vietnam were being infected with malaria, caused mosquitoes.  Available mosquito repellents had to be sprayed frequently. I developed an idea to look for a mosquito repellent that could be ingested orally to provide protection.  If successful, one could extend the research to develop perfumes to be taken internally in order to impart long term fragrance to the skin. The US Army bought my idea and awarded a research contract to me.  There was nothing out there on how to go about it.  I began with feeding the known mosquito repellents to mice to test their efficacy in reducing mosquito bites.  I soon realized that there was no animal bioassay available to evaluate mosquito repellents. I began placing a mouse in a closed chamber containing a known number of mosquitoes and then counted those mosquitoes that bit the mouse. Since only the female mosquitoes bite, I had to separate mosquitoes by gender through eye examination.  All of this was a very tedious and labor intensive process. That led me to develop mechanical ways of separating female mosquitoes. In addition, I found that mosquitoes were after adenosine compounds such as adenosine mono phosphate in blood. So I could inject the radioactive adenosine compound and assay mosquitoes for radioactivity. Thus a bioassay was engineered where female mosquitoes were obtained and bioassayed for blood ingestion through the skin of living animals.  That animal bioassay was capable of testing the effectiveness of oral mosquito repellents as well as oral products to be used to enhance physical attraction.

EB: You’ve done a lot of work that’s very practical.  This work has a lot of practical implications and applications. How do you think scientists should be sure things they discover are used appropriately?

HL: There are a few problems and one is in the discovery part.  In my opinion, probability of discovery is higher when you go to unknown areas, an area that accidents can expose, because a lot of discoveries come through accidents in the lab or in humans. By accident I do not mean injury or death but something unseen or unexpected happening during the conduction of laboratory experiments. Most accidents in research are ignored as nuisance and we do not teach new researchers to pay attention to every unusual thing happening in the laboratory. Actually one must be open to accidental observations. Then, the second point is, that if an accidental discovery is made, the scientist must be alert to its application in human life. Usually researchers sit on a discovery and publish papers, but fail to realize its application to benefit humanity. We must teach graduate students this aspect so they think of every new observation as an opportunity to obtain a patent and promote its utility for human benefit.  

EB:  Having patents is more accepted in academia now than when you started, I imagine?

HL: When it became difficult to obtain research funds, our academic institutions did become aware of this new source. They are developing a cadre of people who can go to researchers and dig into their daily observations to discover patentable findings. 

EB: How did you learn that?  Why do you think that way?

HL: It was inherited.  Then my major professor in Kansas encouraged it. A close friend in the field of education, Dr. Ogden Lindsey, also encouraged me. Early on I also became interested in the biography of those scientists who made major discoveries. I was intrigued by the life of Dr. Hans Selye. I followed up the accidents that occurred in the lives of Nobel Laureates. Their Nobel Prize winning discoveries usually came from unusual and unexpected observations in the laboratory. To make those observations, one must be present in the laboratory and then have a curious eye. Then there are other approaches. Prof. Burns of England told me, before he passed away, that he read old papers published 30-40 years ago in the Journal of Pharmacology and Experimental Therapeutics and said  “I don’t believe it.”  Then he conducted experiments on the things he did not believe and found new and exciting things.  Today, we discourage students from finding something unusual or different by saying that he or she should follow the protocol in the thesis proposal.

EB:   So, you learned from the history of science?

HL:  More accurately from the history of discoveries in science.  I read about people who made discoveries by reading their life patterns and daily behaviors. From their stories I learnt that the best way of training graduate students in research is like you teach driving, by sitting next to the learner and pointing out opportunities for questioning the usual and accepting the unusual.  You cannot teach a person how to drive by sending him into a room and giving him a manual.  Professors should sit by the side of graduate students and post-docs in the laboratory.  I do not like the idea of providing faculty offices away from research laboratories.  By the way, I taught a graduate course both in Rhode Island and Texas on Strategies to Scientific Discoveries.  Such courses used to be popular in psychology curricula. 

EB: You miss something in that?

HL: And, the final thing, I think we should educate people about scientists and their contributions to science. Many scientists ended up doing something different than they started  on account of their keen eyes at observing the unusual. 

EB:  Educate the public about that.  You ended up doing something different than you planned. You didn’t become a physician.  You didn’t go back to India.  Do you have regrets?

HL: No, I’m very pleased and grateful.  I’m very pleased with my life.  There are so many hardships and accidents that contributed to my maturity and progress.  I wish there were twice as many. I am pleased my colleagues, my supervisors, people who hired me, appreciated my habits. 

At an ACNP meeting a long time ago in Maui, I organized a symposium to report my research on the effectiveness of clonidine in drug abuse.  Well, nobody ever thought a drug for hypertension woud be useful in drug abuse. The ACNP appreciated my seminar proposal.  They accepted it and we had a symposium.  Similarly, I organized a symposium on The Brain Reactive Antibodies in Aging which was a new idea at the time. At a Neuroscience Society meeting in Miami a symposium of my work on animal models of anxiety was held to recognize my research.  The professional community appreciated me a lot. I am pleased, flattered and very thankful. 

EB: Do you have a sense of what’s exciting for the future?

HL: I stay partial to brain sciences. Brain science is in a primitive stage and accidental discovery potentials are greatest because it is still a black box.  So, we will accidentally discover many more things in brain sciences than anywhere else. In my estimation there is a great opportunity to make discoveries that impact learning, intelligence, Alzheimer’s disease, senility, schizophrenia, Parkinsonism and other brain degenerative diseases.  

EB: Are there things you don’t like about doing in brain science?

HL:  No, I like brain research both at the molecular level and at the level of behavior. Aging and Alzheimer’s are my favorite subjects of interest because I am 75 and the probability of a diagnosis of Alzheimer’s is increasing with age. Brain science is just beginning and the brain is a very mysterious organ. What we will learn from brain sciences will  impact on many places in the body. I recognized faculty involved in eye research as brain scientists because the retina is an extension of the brain. 

EB:  It sounds like those ideas are very useful to people.

HL: Although I am happy with the coverage of science in the lay press such as The New York Times, Wall Street Journal and Dallas Morning News, I would like to see more coverage and more space for science in the news media to arouse awareness among people about the contribution of scientists and academicians to human welfare. I often write to legislators for additional funds for neuroscience.  

EB: Have you ever seen science distorted, as some people complain?

HL: No, I am of the opinion there will be less distortion if the coverage is increased.  But, if you hide something, or are more cautious, public appreciation will be limited.  Every magazine has an art and sport section but not a science section.  It is encouraging that newspapers are slowly moving in that direction. Our Fort Worth Journal has a weekly column on science or medicine. The New York Times has a science section.

EB: Why do you think some don’t have a science section?  

HL: Probably the newspapers think there’s not enough readership. I think they should write more in a common language and attract an audience.  If they write more, people would be interested to read more. Our national associations should help science reporters.  The Rockefeller Foundation had a task force I was a member of; it promoted reporting on religion.  There should be similar programs from our national organizations such as ACNP, FASEB, ASPET and the Society of Neuroscience, to assist news reporters in this task.  Grant programs should be created to help promote journalism in science. 

EB:  I don’t have any other questions for you.  Are there important things we haven’t talked about?

HL: No, except if I have a chance to put a word in that I think the ACNP is an excellent organization. It contributed positively to my life and the life of many scientists. There is a drawback also. It is not open to many scientists.  It is difficult to become a member and then it is not affordable to attend meetings, it is a high cost meeting. Those without large grant support are unable to afford to attend. I know that ACNP has been trying to permit added categories of associate members. Still, it is not enough and it is difficult to get a level of funding to afford to attend. 

EB: Sure.

HL: I think scientists should live a life, at least the public part of their life, which reflects their concern for public health. If you go to the poster sessions of professional associations including the ACNP, you see unlimited alcohol being served. Poster sessions are an opportunity to discuss science. It has been proven that after you have a few drinks, you’re not in your right mind to discuss science and you’re not social.  I wrote the ACNP Council and they cut down on hard liquor at my request but unlimited wine and beer still continue to flow. If the outside world comes to know that scientists and clinicians who spend public funds to attend meetings, the purpose of which is to disseminate new research on drug abuse, schizophrenia and brain degeneration and are offered liquor by the organization every evening, it will be a demonstration of a disconnect. 

EB: That’s a disconnection, between the work you do and how you live your life.  It’s not helpful.

HL: Fortunately, the outside world doesn’t know that.

EB:  They should know more about what scientists are doing.

HL: And discourage serving alcohol at scientific functions.

EB: You’re right. Scientists are not trained to recognize a connection between the biomedical questions they study and how they conduct their lives, or make impact on the world they live in. 

HL: Thank you very much.

EB: Thank you.

( Harbans Lal was born in Habib Koite Azara (Haripur, Hazara,)  Pakistan in 1931.





