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FOREWORD

This volume contains the scientific papers presented at the 51st
Annual Meeting of The Committee on Problems of Drug Dependence.
The meeting was held in Keystone, Colorado in June 1989. The
National |Institute on Drug Abuse is pleased to make these
exceptional contributions to the study of drug dependence
available to the public as it has for papers presented at other
meetings of the CPDD. Once again, the topics cover a wide range
of research interests, from the anatomy of brain cells to the
prevention and treatment of drug dependency.

Of particular interest at this CPDD meeting, though not presented
in this volume, was the discussion of the formation of a new
research division within NIDA for medications development. There
is considerable excitement about the concept of developing new
medications for the treatment of addictive disorders, as well as
brain and behavior dysfunction. The programs funded by NIDA
through this new division will stimulate new research in the
neurosciences and pharmacology by members of the CPDD and other
scientists. I look forward to the volumes of proceedings of
coming CPDD meetings, in which we can expect to see the research
papers that will result from NIDA’s new medications development
program--another example of the joint concern NIDA and CPDD in
unraveling the intricacies of drug dependency.

Charles R. Schuster, Ph.D.
Director
National Institute on Drug Abuse
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Welcome and Current Status of
CPDD

William L. Dewey

Good norning ladies and gentlemen: | am Bill Dewey, Chairman of
the Board of Directors of the Committee on Problens of Drug
Dependence. It is ny pleasure to wel come each and everyone of
you to the Fifty-First Scientific Meeting of CPDD.

On behalf of the Board, | thank Marty and Toby Adler; Ellen
Geller; Mrie MCain and all others who worked so hard to make
sure all of the administrative aspects of the rreetin% go
smoothly. Lou Harris and his committee did a splendid job of
putting together this excellent program O course, thanks to
the participation of all of you, the science is outstanding.
The local organizing comittee headed by Dick Deitrich also did
a great job. Next year's nmeeting will be in Richmond, VA and |
worry about us being able to match the anbience here. V& will
not be able to promse you snow capped nountains outside your
bed room window, but will guarantee you the very best in southern
hospitality.

Now, | want to relate to you the current activities of CPDD and
to let you know the status of a number of the inportant ongoing
proj ects.

CPDD has one major objective and that is to rid the world of
illicit drug use. W are convinced that the only way that this
can be done is by decreasing the demand. This will never be
acconplished without a significant increase in know edge which
only can be generated through research.

CPDD has three specific objectives. The first is to hold
excel lent scientific neetings in the field of substance abuse.
W currently hold an annual neeting and at appropriate tines
other neetings on a specific topic related to drug abuse. There
has been a major change in our annual rmeeting in recent years.
We now have multiple synposia, each dealing wth inportant
aspects of drug abuse. The scope of these synposia includes
mol ecul ar biology, chenistry, pharmacology and clinical studies.
Each synposia is on the "cutting edge" of its discipline.



We often hold specific topic neetings such as the one co-
sponsored by CPDD and the American Society for Pharnacol ogy and
Experimental Therapeutics (ASPET) entitled, "Scientific
Perspectives on Cocaine Abuse". This neeting was held in
January 1987. Reprints of the document generated as a result of
that meeting, are available from the executive office of CPDD.
Last year we held a neeting on the appropriate nethodol ogies for
the testing of medications expected to have abuse

potential or dependence liability. In 1991 we will co-sponsor a
meeting devoted to the pharmacol ogy of kappa receptors.

The second specific objective of CPDD is to conduct a testing
program to determne the abuse potential and addiction liability
of conpounds. CPDD serves as an honest broker in this regard
for conpounds submitted by the pharnaceutical industry, chemsts
in academ a and in governnental |aboratories. It is this
function of CPDD that separates it from all other scholarly
scientific societies or organizations. In recent years the
testing functions of CPDD have and are continuing to evolve and
expand.

The OPi oid programis long standing and well known to nost of
you. In the past year we have initiated a new program for the
assessnent of the abuse liability and dependence potential of
stinmulants and depressant conpounds. This program is running
very well. Four laboratories are participating and approximately
20 standards and seven new conmpounds have been tested to date.

A very exciting current function of CPDD is to expand the
testing activity to human testing. Mechanisnms and protocols are
being developed for this next aspect of our attenpt to provide
academa, government and industry with an independent clinical
testing facility for all new conpounds.

The third specific objective of CPDD is to bhe ready to serve in
a consultative fashion for governmental agencies at the local,
federal and international levels. The following are a few
exanples of how this is done. First and forenpst the data
generated from our testing program is inportant information used
by FDA and WHO when schedul ing decisions are made.

Secondly, CPDD has worked hard to convince congressmen and the
executive branch of governnent that additional and a consistent
level of high funding is needed to provide the basic, clinical,
prevention, treatment and all other types of research that is so
badly needed in the area of substance abuse. Menbers of CPDD
have testified before the appropriation conmittees of both
Houses of Congress in this regard. W feel we have been
somewhat successful in the past but recognize the need to
continue and increase this very inportant effort which benefits
bi onedi cal science in governnent and industry as well as
academ ¢ | aboratories. CPDD has responded to the new APHI S
guidelines on the humane use of laboratory animals in research



and have taken a lead role in this inportant area wth
politicians at all levels.

W are in the process of responding to a specific request from
the Select Conmittee on Narcotic Abuse of the House of
Representatives on the issue of possible legalization of illicit
drugs. They have asked us for scientific input which is needed
for the lawrakers to base their decision on this very inportant
question. These are a few exanples of what the organization is
doing. In closing this part of ny comwents, | wll tell you
that CPDD is constantly inproving its scientific meeting, the
testing prograns, and its interaction with various governnental
agencies. | hope | have convinced you that CPDD is a vital
organi zation, functioning well in many aspects.

At its neeting this week the Board of Directors voted for a
major change in the structure of CPDD. Wth a target date of
July 1, 1990, CPDD will become a menbership organization.
Because of the unique functions of CPDD as described earlier, it
is not envisioned that CPDD will be Iike many ot her
organi zati ons with open nenbership but night have a format
somewhat simlar to that of the American Coll ege of
Neur opsychophar macol ogy (ACNP). W expect to differ from ACNP
by having our neetings open to the entire scientific community.
W feel this is essential to nmaintain progress in the nultiple
research efforts to solve this inportant problem The objective
is to maintain the unique and inportant functions of CPDD but to
provide a home organization, if you will, for the many excellent
scientists meking inmportant contributions to the multiple
aspects of this inportant field. The details and new by-laws
will be worked out during this year.

At this time | am very pleased to recognize six nenbers of the
Board of Directors of CPDD who have each contributed
significantly to the function of their organization as board
menbers over recent years. Their terns on the beard have now
ended. As is our custom each will be presented with a
certificate as an indication of our gratitude for their
significant contributions to CPDD. The six nenbers who will
retire after this meeting are: Drs. Richard Deitrich; Sheppard
Kellam Herb Kleber; Mry Jeanne Kreek; Horace Loh and Everette

May.

Al of us are indebted to them for their excellent scientific
contributions to this inportant field and also for their hard
work and nultiple contributions to the objectives of the
Conmittee on Problens of Drug Dependence.

Richard Deitrich: Dr. Deitrich brought his special expertise to
the Committee in the area of alcohol research. Dr. Deitrich
served as the Chairman of the Nominating Conmittee for the
Conmittee on Problems of Drug Dependence, and also was in charge
of local arrangements for this neeting at Keystone, Colorado.



Hs contributions to the Conmittee in both of these regards were
exenplary, and we are very appreciative of his efforts.

Shep Kellam The expertise of Dr. Kellam in the area of public
health was of immense inportance to the Committee. Qearly,
drug abuse is a problem which affects many people in our
country, and the perspective from the public health point of
view was essential in the deliberations of the Committee. Dr.
Kellamis interest and expertise in interacting with various
advocacy groups, such as AARP and NAM, were particularly
inportant to the functioning of the Conmittee on Problens of
Drug Dependence during his tenure on the Board of Directors.

Herbert Kleber: Dr. Kl eber brought a great deal of clinical
expertise to the Conmittee. H's insightful know edge of
treatnent of patients who abuse various types of drugs was
especially inmportant to discussions of significant issues
before the Board. He was a nmjor contributor to our dinical
Testing Committee, which is a rel ativelg new endeavor of the
Conmittee, and the expertise of Dr. K eber and his colleagues
made this inportant function possible.

Mary Jeanne Kreek: Dr. Kreek served the Conmittee in many ways.
Her great know edge of the effects of drug abuse, both in basic
and clinical science, were particularly valuable to the
di scussions of the Board of Directors, as well as in many
synposia and scientific meetings. Dr. Kreek also served the
Committee as Chairman of the Board of Directors for two years,
and did an exceptionally good job in bringing forward the many
efforts of the Committee during that tinme. She also filled in
as interim Executive Oficer of the Commttee, simultaneously
while serving as Chairperson. Her vast energy and exceptionally
good judgement were trenendous assets to the continued progress
of the Conmittee on Problenms of Drug Dependence. Al workers in
this field, and especially all those who are struck with the
complexity of the abuse of drugs, should be appreciative of the
miltiple efforts and the marked expertise of Dr. Kreek. The
organi zation prospered well under her outstanding | eadership.

Horace Loh: Dr. Ioh has contributed to all the functions of
CPDD but he has been especially active on its program comittee
and by organizing synposia for the scientific meetings. Hs
expertise as a hiochenical and nolecular pharmacol ogi st has been
of great value to the Board of Directors of the Committee on
Probl ens of Drug Dependence. His work and the work of his
colleagues has greatly increased the quality of the scientific
meetings of the Commttee.

Everette Miy: Dr. My, who actually retired from the Board of
Directors last year, continued his outstanding, |ong-lasting
commitment to CPDD by co-authoring the history of the
organization. Reprints of this docunent are available from the
executive office. The many contributions of Dr. My to this
field, and particularly to CPDD, are obvious to us all and are



so extensive that they can not be described here.

W thank each of these matters of the Board for their
outstanding contributions to the Conmittee on Problems of Drug
Dependence.

MOTOR:

Wlliam L. Dewey, Ph.D.

Associate Provost of Research and
Gaduate Affairs

Medical College of Virginia
Virginia Commonwealth University
Richnond, Virginia 23298



Animals in Research on Addictive
and Mental Disorders: Foundation of
the Quest -for Knowledge

Frederick K. Goodwin

Let me begin with two observations: 1) Biomedical and behavioral research is
critical to the success of this Nation’s war against drugs, and 2) Basic research
on drug abuse (along with alcoholism and mental illness research) has been
targeted by the radical animal rights/stop research movement, presumably
because they feel they can play on public attitudes that these problems are not
fundamentally biomedical. In light of the implications of these observations to
the concerns of the CPDD, I plan to focus my remarks on the animal rights
issue.

I will make some general comments about the aims of the animal rights
movement, describe strategies the movement is using to accomplish its ends,
and suggest what | see as needed responses from the research and treatment
communities.

To date, various institutions including government, professional groups. patient
groups, and academia have essentially misread the agenda of the animal rights
movement. We in the research community have tended to respond to the
challenges of the animal rights activists as we have been trained, which is
intellectually. In fact, we are dealing with an anti-intellectual movement whose
fundamental philosophical premise is incompatible with the humanistic values
of the health professional. Tactically, the movement pursues its radical agenda
with political sophistication, passion, and a very effective appeal to nearly
universal sentiments about animals. We must respond on all those levels in
addition to the more purely intellectual level.

The Alcohol, Drug Abuse, and Mental Health Administration (ADAMHA) is
actively responding to the threat to biomedical and behavioral research posed by
the animal rights movement. Mental and addictive disorders involve complex
human behaviors that overlap with and can be mistaken for normal, voluntary
misbehaviors. Consequently, we are vulnerable to the tacit implication that our
research substitutes biologically or psychosocially reductionistic explanations
for behavior which should be simply a matter of individual responsibility. It
certainly is much easier for groups opposed to research to mislead the public
about complex behavioral disorders than, for example, the need to develop a
new heart valve or to cure a cancer.



It is essential that all of us educate ourselves about the animal rights movement
and understand the urgency of public education, whether or not we are directly
engaged in animal research. Since the animal tights movement is fundamentally
anti-intellectual and anti-science, each of-us is threatened by its success.

Animal Welfare vs. Animal Rights

It is important to distinguish clearly the animal welfare and animal rights
movements. Animal welfare is a traditional, well-respected part of mainstream
advocacy in this country and in most of the western world. Based on the
philosophical premise of responsible stewardship of animals, animal welfare
encompasses humane care. Traditional animal welfare advocates operate on the
premise that humans are responsible for animals, not that animals have intrinsic
rights. This latter notion conflicts not only with our cultural and religious
values concerning the sanctity of human life and our special dedication to
human rights, but also with the foundation of our entire legal system.

Traditionally, the animal welfare groups such as the Society for Prevention of
Cruelty to Animals (SPCA) have pursued their goals of preventing cruelty and
unnecessary suffering through such efforts as helping abandoned strays and
pets, building and maintaining shelters, sponsoring adoption and neutering
programs, and conducting pet care education. The SPCA and similar groups
typically have avoided the question of use of animals in research, but, when
pressed, have not opposed it.

The contemporary animal rights movement, by contrast, holds that all beings
which have a capacity for suffering have equal “interests.” This position,
developed in the mid-1970s by an Australian philosopher, Peter Singer, was
presented in the book Animal Liberation: A New Ethic for our Treatment of
Animals. As a “bible” of the animal rights movement, Singer’s work is the
basis for the movement’s assertion that the claim by humans of special rights is
“speciesism,” a moral equivalent of racism and sexism.

Currently, some 10 million Americans, allied loosely through more than 400
individual groups, are counted in the animal rights movement. Many of these
persons are genuinely concerned about human res]lloonsibilities toward the
welfare of animals. Yet they have been misled by the leaders of the animal
rights movement who have purposely obscured the-underlying philosophy and
ultimate aim of the movement--the elimination of all use of animals in research.

In choosing not to confront directly society’s widely-held sensibilities about the
primacy of human life and health, but rather to rely upon specific objections to
the use of animals in particular research areas, the movement has misled those
who would be opposed to its fundamental philosophical premises. By putting
the research community on the defensive (a position which we unfortunately
reinforced) the movement was able to present itself as reasonable and
constructive.

This image has enabled animal rights activities to infiltrate and radicalize many
traditional animal welfare organizations. Through “hostile takeovers” of animal
welfare organizations and sophisticated fund-raising, activists have come into
control of immense resources which now are being channelled into the stop
research movement. Sadly and ironically, animal welfare activities are being
curtailed by a lack of funds. Shelters must kill some 16 million animals each



year, for example. in part because adoption and neutering programs have been
neglected while resources are diverted into the stop research movement.

Early on, the image of reasonableness encouraged the research and academic
communities, as well as government agencies, to respond reflexively--and,
often,. defensively--to secondary anti-research arguments, while ignoring the
fundamental philosophical or moral issues. When animal rights activists
claimed that cruelty to animals in biomedical research was commonplace, the
field acquiesced to demands for greater regulation of its operations, thereby
seeming tacitly to agree that the isolated and distorted examples publicized by
animal rights activists were typical of research lab procedures.. Reports issued
by the Office of Technology Assessment seemed to imply that while animal
research remained necessary now, further, progress would eventually supplant
that necessity, an implication that was further reinforced when the National
Institutes of-Health (NIH) agreed to substantially increase its funding for special
centers to develop more alternatives to the use of animals in research.

It soon became evident that attempting to appease the animal rights activists was
a profound mistake; as we accommodated and compromised--and projected a
sense of apology for our research procedures--the animal rights movement
became more strident and more successful.

The Cultural Climate and Animal Rights

As was true of other eras in which strong animal rights sentiments emerged--
during the period preceding World War I, for example, or in 1930s Germany--
specific features of the cultural climate in the U.S. and other developed
countries in recent decades fostered the rapid growth of the animal rights
movement. The late 1960s and ’70s were characterized by a subtle but
pervasive sense of demoralization or nihilism about the human condition. This
attitude set the stage for a confusion between human and other forms of life,
which is at the core of animal rights.

In the U.S., the political and social turmoil triggered by three assassinations and
by Vietnam undermined willingness to invest in the Nation’s infrastructure,
perhaps reflecting an erosion of confidence in the future and in our ability to
improve it. The legacy of that era is found today in the deteriorated condition of
infrastructure components ranging from transportation to education to
biomedical research. With, respect to research, a marker is the diminishing
percentage of GNP devoted to research and development; another is the
proportion of health care costs invested in research, which has declined nearly
50 percent over the past 25 years.

Another index of demoralization in the U.S. was the widespread mistrust of
establishments and institutions--including university research centers--in the
post-Vietnam, post-Watergate era.

A perhaps related measure of demoralization was seen in efforts during that
period to eliminate any suggestion of “moral tone” from educational processes.
As noted by Allan Bloom and others, traditional absolutes of education
frequently were abandoned in favor of “cultural relativism.” Unfortunately,
science doesn’t do well in a relativistic atmosphere--one has to master it in order
to debate it.



It is not difficult to see linkages between the trend toward relativism, the
contemporary dismal quality of science education in U.S. primary and
secondary schools, and the growth of the animal rights movement. Today,
only four percent of the teachers in our primary schools have had a science
course beyond high school; only seven percent of our high school graduates
now meet even minimum criteria for scientific literacy.

Not surprisingly, a substantial proportion of the membership of the animal
rights movement consists of young people who tend to substitute sentiment for
reason. When pressed to discuss their position, they say, in effect, “Because I
feel strongly about not using animals in biomedical research, it’s true for me.”
Many students simply don’t understand the anti-intellectual, anti-authority, and
anti-institutional attitudes which underlie the “arguments” of the animal rights
movement.

Equally worrisome is that biomedical science means little to a generation for
whom the conquest of infectious diseases with vaccines is history. In school,
kids are taught that health is solely a matter of prevention: no smoking or drug
use, safe sex, good nutrition. The idea that killer diseases still exist is hardly
urgent to young people--disease and death are remote, something for their
grandparents to worry about.

The Secondary Anti-Research Arguments

In addition to being aware of and understanding the philosophical impetus
behind the animal rights movement, those of us who must defend research must
also be able to respond to the movement’s secondary anti-research arguments;
these essentially fall into one of the six categories discussed below.

L. “Animal research is inherently cruel.” Animal activists repeatedly use and
often distort a few isolated cases. In fact, we might be encouraged that activists
are so dependent on the publicity value of two dated instances, one involving
the Silver Spring monkeys and, another, the University of Pennsylvania Head
Injury Lab. In the Appeals Court, the principal investigator on the Silver
Spring project was acquitted on all charges of animal cruelty; indeed, during the
court proceedings, witnesses were prepared to testify that an activist member of
People for the Ethical Treatment of Animals (PETA) who had worked at the
facility had subjected an animal to severe distress in order to get a photograph
that is now being used in fund-raising by the animal rights movement. In the
other instance, activists broke into the University of Pennsylvania’s Head
Injury Research Lab in 1985, stole videotapes made over the course of many
months, and selectively edited these into a short, exploitative tape which
depicted instances of insensitivity and carelessness. Sanctions imposed by NIH
on the University for violations of the Guide for Care and Use of Laboratory
Animals have been dishonestly used by the movement to convey the message
that the research was not only inherently cruel but medically useless.

Use of anesthesia, standard in almost all invasive research, is especially
important in behavioral research, where undue pain and distress can severely
distort the validity of findings. In the few studies where pain per se is being
studied and anesthesia is not used, “thresholds” for pain are the most
informative research measure; sustained administration of genuinely painful
stimuli would be counterproductive to the overwhelming majority of research
goals.
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Research is one of the most highly regulated activities in our society, and animal
research is subject to stringent regulatory requirements. The current proposal
for revised federal regulations governing animal research runs to 132 pages of
highly detailed instructions which are subject to continuous revision by a
committee that includes non-scientists. Today, anecdotal reports from
investigators suggest that it actually is easier to receive approval to conduct
certain research with human subjects!

1. “Animal research is wasteful and duplicative.” As members of the scientific
community know all too well, competition for federal research funding is
intense. Grant applications are extensively reviewed, first, for scientific merit
and relevance by scientists with expertise in the area of proposed research and,
subsequently, by a statutory Advisory Council to ensure that the proposal is
responsive to public health demands and the mission of the funding agency.
Given limited research resources, scientists who peer review each others’
applications obviously are not going to approve frank duplication.

Grantees must certify, moreover, that they are in compliance with all federal
animal welfare policies; this requires documentation from the Institutional
Animal Care and Use Committee, which must include as members a
veterinarian, a researcher, a non-scientist, and a member of the community not
affiliated with the university site of the proposed research.

Recent legislative efforts, such as the Torricelli Bill, which has been promoted
as a “pro-science” measure to help prevent duplication, would overlap the
existing, proven system of dual review with a process that is essentially
adjudicatory in nature. The authors of “protections” such as this fail to see that
replication, a form of duplication, is essential in the task of converting
experimental findings into “truth,” and they fail to understand how new
scientific knowledge comes from multiple, overlapping findings, each building
on the other. If enacted, the Torricelli Bill would be a disaster for biomedical
science.

III. “Animal research diverts funds from treatment.” This argument,
unfortunately seductive to a few naive treatment professionals, represents an
effort by the animal rights movement to balkanize the research and treatment
communities, by pitting those who generate new knowledge against those who
apply the information in clinical settings.

The data, however, do not come close to supporting the claim. For every $100
the Federal Government spends on health care generally, less than 40 cents
supports animal research. For mental and addictive disorders exclusively, the
figure is 2 cents per $100 in treatment costs!

Uncontested, this argument is particularly threatening to the research fields
supported by ADAMHA. The Federal Government, primarily through
ADAMHA, supports approximately 85 percent of all research on mental and
addictive disorders conducted in this country. While adding all funds spent by
ADAMHA on animal research to current Federal outlays for mental health and
substance abuse care would not even create a ripple in the services budget, the
impact on research opportunities would be immense, virtually eliminating the
possibility of a scientific breakthrough based on animal research--a
breakthrough such as the discovery of lithium for treatment of manic depressive
illness.
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IV. “Animal research is unnecessary to medical progress.” Given the
widespread scientific illiteracy of the target audience, this is a persuasively

deceptive argument. Because there typically is a lag of at least 10 years between
the conduct of basic animal research and its clinical application, the relevance of
basic studies to health care often is difficult to perceive. This is particularly true
of basic studies in the fields of mental and addictive disorders.

In fact, virtually every advance in medicine either originated in basic animal
research or involved animals in a key part of its development. In the mid-1970s
(prior to the current controversy), Comroe and Dripps (1) polled clinicians in
cardiovascular-pulmonary medicine as to what they viewed as the medical
advances which were most helpful to their patients. Responses included open
heart surgery, drug treatment of hypertension, cardiac resuscitation and
defibrillation techniques, oral diuretics, chemotherapy and antibiotics, early
diagnostic methods, prevention of poliomyelitis, and others. All of the
advances were shown by the authors to have depended on animal research at
critical stages of their development.

Four of the top ten ranked advances, moreover, were shown to have originated
in unrelated fields, a finding that effectively rebuts the frequent demand of
animal rights activists that every research project must be justifiable in terms of
a predictable health application. By this yardstick, most contemporary medical
advances never would have happened.

Animal research is no less critical to advances in the treatment of mental and
addictive disorders, a fact that assumes added significance given the manner in
which the animal rights movement has targeted research on “behavioral”
disorders. Lithium, used today to treat successfully some 75 percent of patients
with manic depressive illness, was a direct and unexpected product of animal
research. Before lithium was introduced, a patient with this illness would, on
the average, spend one-fourth of his adult life in the hospital, more than one in
four with the illness died by suicide. Today, 80 percent of manic depressives
never see the hospital and the suicide rate among persons being maintained on
lithium is close to that of the general population. In the U.S. alone, lithium has
yielded direct treatment cost savings of $12 billion over the nearly two decades
since receiving FDA approval.

A timely example of a direct contribution of animal research to drug abuse
treatment is seen in the recent clinical evaluation of carbamazepine, an
anticonvulsant drug, in treating cocaine addicts. This innovative approach
stems from research conducted at the NIMH that was concerned with the
tendency of some patients with manic depressive illness to cycle rapidly
between episodes of mania and depression. At the turn of the century, Emil
Kraepelin had observed that the illness could initially be triggered by stresses;
later, Bob Post and I had hypothesized several years ago this reflected the
activation of a genetic predisposition and that, once activated, the illness
assumes its pattern of spontaneous recurrences. Post drew an analogy between
this and the process of electrical kindling in the CNS; that is, the tendency of a
highly regulated system, such as the limbic system, to respond more and more
measurably to a repetitive electrical charge and, eventually, to produce that
response spontaneously, in the form of a seizure, in the absence of the
stimulus.

Dr. Post subsequently determined that a kindled seizure could be induced
pharmacologically, through repeated but intermittent administration of cocaine
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and that the seizure--whether induced electrically or pharmacologically--could
be arrested by the anticonvulsant carbamazepine. The medication has since
been shown to be an effective treatment for a substantial number of lithium-
resistant rapidly cycling manic depressive patients.

Upon hearing reports of Post’s work, Jim Halikas, a psychiatrist at the
University of Minnesota, immediately initiated an open clinical trial of
carbamazepine in a small group of hard-core cocaine addicts (2). The
medication yielded dramatic results: cessation of use in about half of the
subjects and significant reductions in frequency of use among others.

These preliminary findings, now being evaluated in controlled studies, are
particularly noteworthy for several reasons. First, is the demonstration of
unexpected benefits that result from basic animal research; in the absence of the
theoretical basis provided by Post’s animal work, it might not have occurred to
those in the cocaine treatment community to work with an anticonvulsant.
Second, the link between the animal observation and the clinical trial was both
direct and immediate--there was no 10 or 20 year lag between the observation in
animal studies and the preliminary application to a clinical problem. And third,
the finding underscores the relevance of research on basic brain processes in
animals to human brain disorders such as addiction.

V. “Modem alternatives can replace animals in research.” This version of the
“we don’t need animals” argument holds that alternatives to the use of animals

in research exist. Regardless of how little people may know about science, most
are familiar with such buzzwords of the argument as “computer modeling” and
“tissue culture,” and most have passing familiarity with such technological
innovations such as scanning devices. With respect to computer modeling--an
“alternative” particularly appealing to young people who are caught up in the
romance of computers--the fact is deliberately obscured that computer modeling
living systems first requires actual data from living systems; that a computer
model is nothing more than a hypothesis, a way of formalizing scientific beliefs
in a way in which they can be quantitatively tested. The fact that tissue culture
cannot substitute for the complexity of an animal, particularly an organ like the
brain, is similarly obscured. And those who claim that devices such as PET
scanners offer a substitute to the use of animals conveniently overlook the many
years of animal research that were required to develop the tracer technology that
made the PET scanner useful.

VI. “Lost pets held in pounds are at risk for research use.” More than 90
percent of all animals used in research are rodents, rats and mice principally.

For every cat and dog used in brain/behavioral research, 7,000 are killed by
pounds or shelters, a number that is increasing for several reasons. One, noted
above, is the reduction in funds available for adoption and neutering programs
traditionally conducted by animal welfare groups as resources are channeled to
the animal rights agenda. Also, when State and local laws prohibit the sale of
pound animals to research facilities, these animals will be killed. At the same
time, animals must be specially bred for research purposes, at considerably
more cost.

Impact of Animal Rights on Behavioral and Biomedical Science

Even within the research community, the view often is expressed that the animal
rights movement initially was helpful in, that it increased sensitivity to animal
welfare. But the helpful phase is now long gone, replaced by the fear reflected

12



in the “bunker mentality” of individual scientists and universities. We already
are seeing a sharp decrease--62 percent decrease over the past two years--in the
number of drug abuse studies using primates. Given the urgency of the drug
abuse crisis and the scientific consensus on the need for animal models, it is
difficult to ascribe such a large decrease to anything else but fear.

The animal rights movement also has had a substantial impact on the costs of
conducting research. Implementation of new animal care guidelines has been
estimated at $1 billion in the first year; this does not account for costs that will
be incurred in meeting recent requirements addressing the “psychological well-
being” of animals in research facilities. A billion dollars is roughly equivalent
to a 17 percent cut in the research budgets of the NIH and ADAMHA, the
ultimate source of most of the funds.

An ominous long-term impact of the movement is the dramatic decline in “hands
on” experience with animal research in education, including the medical
schools. A recent survey found that 42 percent of medical graduates planning
to pursue careers in clinical practice questioned the value of animal research, a
reflection of attitudes that are indirectly being nurtured in schools at all levels.
Motivated in part by attempts to appease activists, some mainline educational
organizations such as the National Association of Biology Teachers have passed
resolutions outlawing the use of animals in class, and even in some medical
schools, students are allowed to opt out of participation in laboratories where
they gain “hands on” familiarity with animals in the lab.

Without a massive effort to reinstate basic principles of science education, the
life sciences not only will be increasingly handicapped in the recruitment of
students in the future, but also will lose the current public support as today’s
students grow up. A recent National Family Opinion survey commissioned by
the Foundation for Biomedical Research found that 77 percent of the American
public support the use of animals in biomedical research; that 70 percent support
basic biomedical research, even when it will not lead directly to the cure or
treatment of a specific disease; and that 65 percent oppose organizations
attempting to stop the use of animals in research or product safety testing.
Present trends in the educational system suggest, however, that this level of
support will erode in the future.

What Must Be Done

The fundamental philosophy of the animals rights movement is becoming
increasingly well-understood, the strategies employed by the movement are
clear, and the impact, to date, is considerable. If we are to ensure the continued
vigor and productivity of the biomedical and behavioral research enterprise, the
government, universities, physicians, and patient organizations must work
proactively and collaboratively.

The pharmaceutical industry and other high-tech enterprises that depend on
basic research must also become more actively involved. The animal rights
movement currently spends more than $52 million dollars annually to stop
animal research. The biomedical research establishment in its entirety spends
about $1 million per year to conduct public education and counter the
misinformation disseminated by the movement. Although most of these funds
are provided by pharmaceutical companies, the amount is minuscule in
comparison to the many millions of dollars a company typically will spend to
market one product derived from animal research. Most companies are

13



unwilling to assume high individual visibility in defense of animal research,
given the perceived risks of boycotts and demonstrations, confrontations with
stockholders, and death threats to senior corporate officers. These concerns
would be minimized if the industry acted in unison with a single action plan that
all relevant businesses would support.

Similarly, universities must be encouraged to stand fast in the face of
harassment from the animal rights movement. A strategy being employed by
movement activists is to target a specific research project at a given university
for protest demonstrations. In a well-publicized case, activists intimidated
university officials into declining a federal research grant to a senior investigator
after the application had been reviewed and approved, both for scientific merit
and animal welfare.

In the wake of this incident, ADAMHA determined the need to assess carefully
any research grant applications from a university showing any tendency to yield
to animal riﬁhts pressures. University administrators must be encouraged to
appreciate the responsibilities which the institution assumes in competing
successfully for federal research funding. The return of a grant for non-
scientific reasons--for example, to keep the campus quiet or to placate a small
vocal minority of alumni--wastes the resources devoted to the review process
and conveys the message that the process can be undermined for reasons that
have nothing to do with research. Universities that bow to “stop research”
pressures exerted by animal rights activists must understand that they are
Jeopardizing their eligibility for all ADAMHA grants, not just those using
animals. Unless federal funding agencies set up a counterpressure, it is
possible that an increasing number of universities will give in to the demands of
the movement one at a time. At this writing, the National Institutes of Health
has not formulated policy in this particular area of concern; ADAMHA has taken
the initiative because research on mental and addictive disorders has been
specially targeted by the animal rights movement.

Within the research community, mechanisms are needed that will provide
incentives for scientists to devote time to nurturing and protecting the enterprise.
Currently, extensive service as a spokesperson for the use of animals in
research takes time away from the bench or clinic and may be perceived as a
handicap in competition for grants. We must explore novel means of rewarding
those academicians who are inclined and willing to do advocacy for animal
research and other areas of infrastructure concern.

And the federal life sciences agencies, principally NIH and ADAMHA, must do
a great deal more in direct public education efforts. NASA provides a good
model. The agency reaches out to primary and secondary level students to
encourage their interest in curricula necessary for careers in the space program.
There is virtually no comparable effort on the part of the federal agencies
responsible for the life sciences, and it is evident that the research community
can no longer take the interest of future generations of students for granted.

Scientists who are interested in science advocacy and public education must
develop the necessary skills. Given the tenor of the animal rights controversy,
media training--particularly in the handling of confrontational interviews-is &
useful.

If the research community does not address the threat of the animal rights
movement with a single voice, the movement will continue to grow in size and
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effectiveness. If we allow this to happen, sooner or later, animal research and
all that it can provide for the health of our people with be a thing of the past.
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Implication for Research of the
1988 Anti-Drug Abuse Act

Charles R. Schuster

OPENI NG RENVARKS

Thank you. Dr. Dewey. It's a pleasure to be with you again at
CPDD s Annual Meeting. As always, | look forward to this
opportunity for drug abuse researchers to share the progress
that is being made toward understanding and controlling the drug
problem and to discuss the directions that drug abuse research
shoul d be taking in the future.

Several of these directions of research are now being
established or inpacted by a very significant piece of
|l egislation-the Anti-Drug Abuse Act of 1988, which passed in
Novenber of |ast year. The Act has a total authorization |evel
of $2.7 billion, for covering such areas as:

*Federal, State, and local drug |aw enforcenent;

*school - based drug prevention efforts; and

*drug abuse treatnent, wth special eDn‘SFmasis on intravenous
(I\AJ drug abusers at high risk for AIDS.

OVERVI EW OF THE ANTI - DRUG ABUSE ACT

O the ten Titles of the Act, four have provisions that will

influence efforts to reduce the demand for illicit drugs. These
are:

*Title | - Coordination of National Drug Policy,

*Title Il - Treatnent and Prevention Prograns,

*Title 11l - Drug Abuse Education and Prevention, and

*Title V - User Accountability.
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I would like to cover Titles I, Ill, and V briefly, and then
take a closer look at Title Il, which directly inmpacts research
prograns supported by the National Institute on Drug Abuse
(NIDA) and the Al cohol, Drug Abuse, and Mental Health
Administration (ADAVHA).

* Title | of the Act creates the Ofice of National Drug
Control Policy, headed by WIlliam J. Bennett, which has
overal | Federal responsibility for establishing the policies,
objectives, and priorities for the National Drug Control
Program Director Bennett will have two Deputies-one each
for supply and demand reduction-as well as an Associate
Director to serve as a liaison with States and localities.
The Ofice is responsible for reviewing and certifying each
drug control budget request, and for establishing and
inmplementing a National Drug Control Strategy. This Strategy
must be conpleted by Septenber 5, 1989. N DA staff neets
weekly for providing, where possible, scientific data to
contribute to policy decisions and new strategies for demand
reduction.

* Title Il of the Act expands drug abuse education and
prevention activities from the preschool |evel through high
school, touching children in early programs such as Head
Start, as well as runaways and homrel ess youth. This Title
al so funds teacher-training prograns for alcohol and drug
abuse prevention at the State, local, and higher education
| evel s. Bl ock grants will be awarded for State
comuni ty-youth-activity prograns.

* Title V of the Act acknow edges that uses of illicit drugs
are accountable for their behavior. This is one of the nore
controversial parts of the new law The Title establishes new
penalties for drug possession or use; sets up the National
Conmi ssi on on Drug-Free Schools; develops tactics for
preventing drug abuse in public housing; and extends the
Drug- Free Workpl ace Act to contractors and grantees of the
Federal Governnent.

THE ACT' S | MPACT ON TREATMENT AND PREVENTI ON PROGRANMS

Title Il of the Anti-Drug Abuse Act authorizes new treatnent and
prevention prograns and reauthorizes many existing
prograns-including NIDA's research activities and the Al cohol,
Drug Abuse, and Mental Health Service, or ADMS, Block G ant.

NI DA's research resources have been expanded significantly as a
result of the Act. Qur research program has been reauthorized
for three years, and it received a $30 nmillion supplenental
appropriation. Wth this supplement, N DA s total budget
increases from $198 nillion in fiscal year 1988 to $320 nillion
in fiscal year 1990. Qur AIDS budget junps fromjust over $76
mllion in 1988 to nearly $140 nillion in 1990. And our budget
for non-AIDS related research increases from nore than $122 to
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more than $180 mllion. Including the supplenmental
appropriation and Block Gant set-asides, N DA s current
non- AIDS budget increased 50 percent over the 1988
appropriation.

The nunber of grants we are funding is also changing.
NI DA- f unded AIDS research will increase from®65 grants in fiscal
year 1988 to 104 in 1990. Qur total non-AIDS grants will
increase from 459 in fiscal year 1988 to 488 in 1990, but will
drop froma high of 524 in 1989, including a nearly 17 percent
decrease in new grants fromfiscal year 1989 to 1990.

O the $30 mllion added to NIDA's research program $10
mllion were added by Representative Silvio Conte (Rep., First
District of Massachusetts) to specifically fund research on the
devel opment of new medications for the treatnent of addictive
di sorders. This noney w |l expand our Medications Devel opnent
Program for drug abuse treatnment-and particularly our efforts
to make LAAM and buprenorphine available as treatments for i.v.
heroin addiction. Bringing such medications into use is
absol utely necessary for reducing the spread of HV infection
through the sharing of needles and syringes. In addition, the
Programis devel opi ng other Pharnaceuticals for treating opiate,
cocai ne, and PCP abuse.

The remaining $20 nmillion of our supplemental appropriation has
also nade it possible to expand our research into the factors
that make individuals vulnerable to drug abuse, the consequences
of parental drug use on the newborn, and the devel opnent of new
prevention strategies and ways to enhance existing treatnent
strategies.

Under the new law, NIDA is also responsible for conducting drug
abuse research denonstration projects of national significance.
For these, we have $7 mllion. These research denonstration
projects wll exanine:

* the feasibility and long-term efficacy of prograns providing
drug abuse treatnent and vocational training in exchange for
public service, and

* the effectiveness of providing naternal care in drug abuse
treatment to pregnant and postpartum wormen and their infants.

In addition, NIDA is providing funds to the National Institute
on Justice for a research denonstration project to conduct
outreach activities to i.v. drug abusers. Under this project,
outreach workers will provide education on ways to prevent AlDS,
and will encourage i.v. drug abusers in jails and prisons to
seek treatnment for such drug abuse.

Also of interest to CPDD nenbers, N DA and the National

Institute on Al cohol Abuse and Al coholism (N AAA) will be
provi ding support for clinical training prograns:
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* to train health professionals in the diagnosis and treatment
of al cohol and drug abuse, and

* to develop appropriate curricula and materials for such
training.

Al though not specifically funded by the Act, N DA has added sone
exciting new research training prograns. NIDA 's research
training has always included individual fellowships and
institutional training prograns. Recently, a nunmber of other
types of prograns that w!ll enhance research skills in mnority
popul ati ons, encourage physicians to conduct drug abuse
research, and expand AIDS research training have been added to
the research training portfolio.

One of the newly announced awards is the Mnority Research
Program Suppl enental Award. This award provi des suppl enental
support for salaries, equipnent, and other items to an ongoing
NI DA research grant, program project, or center grant to allow
mnority applicants to inprove their research capabilities and
to bring theminto the mainstream of the N DA research program
Current funding for NIDA's research training programs total $2
mllion--$1.1 million for new grants and $.9 nmillion to
continue existing grants.

A major enphasis in research training beginning in fiscal year
1990 will be in areas related to AIDS and drug abuse inter-
actions. Research areas include epiden ol ogy and psychosoci al
factors in HYV infection in drug abusers, treatnment and
prevention research, and preclinical studies on the. effects of
chronic drug abuse on the i mune system An announcenent on this
research training program will soon be available. A special
effort will be made during this neeting to acquaint the drug
abuse community with both the new and the ol der prograns.

To this end, the NI DA Research Training Task Force has devel oped
a plan to introduce the research training programto CPDD
nmenbers, and to introduce sone NIDA trainees and fellows to a
CPDD neeting. Wth the generous cooperation of CPDD in hosting
research reports from our training prograns, 28 trainees or
fellows currently supported by NIDA (23 percent of the total)
have received travel awards to cone to this neeting and nake
formal presentations of their research. At |east one trainee
from each institutional training program and nine hol ders of
i ndividual fellowships are on the programthis week. It seens to
us to be very inmportant for new investigators to be exposed to
the breadth and depth of research areas represented at this
nmeeting, just as it seems very inportant to expose CPDD nenbers
to the kinds and strengths of research training supported by
NI DA.
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THE ADVMS BLOCK GRANT

At the admnistration level, the Anti-Drug Abuse Act of 1988 has
consol i dated all ADAVHA treatment services funds into one bl ock
grant, with $806 million appropriated for this in FY 1989.
Congress has mandated specific "set-asides" for these funds.
Wthin the total block grant appropriation, $125 nillion are
suppl emrental substance abuse funds for FY 1989. The Act
requires that each State must spend not |ess than 50 percent of
these funds on treatnent for i.v. drug abusers, unless they
receive a waiver fromthe Secretary of the Departnment of Health
and Human Services. |In addition, a certain portion of the
States' remaining funds in fiscal years 1990 and 1991 for drug
abuse must be allocated to treatnent for i.v. drug abusers. The
States nmay use the suppl emental funds to:

* develop, inplenent, and operate treatment prograns for i.v.
drug abusers;

* train drug abuse counselors and other health care providers
to provide treatment; and

* conduct outreach activities to encourage people to seek
treatnent.

Congress also nandated that the States use ten percent of their
bl ock grant allotments for prograns and services designed for
wonen- especi al |y pregnant wonmen and wonmen with dependent
children-as well as denonstration projects to provide
residential treatnent services to pregnant women.

Prior to the Act, the States were prohibited from all ow ng
programs to use Federal funds for construction purposes. The new
I aw now provides a waiver mechanism so that substance abuse
funds can be used for construction. ADAMHA will be issuing
guidelines for this provision, as well as for a requirenent that
States establish a revolving fund to make loans from
appropriated funds for housing for recovering substance abusers.

One inportant provision of NIDA in this Act is a five percent
set-aside in fiscal year 1989 for data collection, technical
assi stance, and health services research for al cohol, drug
abuse, and mental health areas. From this, N DA and N AAA will
receive a total of $19.5 mllion to be used for data collection
activities and services research. NIDA will devote $1.75 mllion
to services research and, in conjunction with NI AAA, $16 nillion
for data collection.

The Act has also reauthorized the Ofice of Substance Abuse

Prevention (OSAP), and has elevated this office to institute
I evel within ADAVHA. OSAP's responsibilities will include:
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* supporting clinical training to substance abuse counsel ors
and ot her health paraprofessionals involved in drug abuse
education, prevention, and intervention;

* assisting comunities in devel oping conprehensive long-term
strategi es for substance abuse prevention, and eval uating the
success of different comunity approaches toward prevention;
and

* supporting prevention, education, and treatnent regarding
drug and al cohol abuse relating to pregnant and postpartum
worren and their infants, as well as dermonstration projects to
provide drug treatnment services to these women and infants.

ADAMHA wi || al so be administering a one-tine discretionary grant
programto reduce waiting lists for drug abuse treatment; $75
mllion was appropriated for this program

CLCSI NG REMARKS

As the focal point in the Federal governnent for research on
reducing demand for illicit drugs, NIDA has a critical role to
play in inplementing the Anti-Drug Abuse Act of 1988. W are
working with other conmponents of ADAMHA and the Departnent of
Heal th and Human Services, as well as with other Federal
agencies, to inplenment the Act's provisions.

As | have noted, passage of the Act has given NIDA a 50 percent
increase in our non-AlDS budget. This will allow us to
capitalize on opportunities and expand our efforts in the
priority areas of inproving prevention and treatment strategies-
-including new nedications for treatnent, and nore effective
training for physicians and counselors involved in the drug
abuse area-and of better understanding the 'effects of drug
abuse on nothers and infants.

In addition, the $16 mllion that the Act has authorized for
data collection will allow NIDA to reestablish data collection
activities on the Nation's treatnent programs as well as provide
fuller and nmore frequent nonitoring of the incidence and
preval ence of illicit drug use. The data from these studies is
essential for policy decisions in the treatment area.

We have recently established a Health Services Research Branch
in our new Division of Applied Research. The $1.75 million
provided by the Act will allow us to expand our research in the
health services area. This research will be closely coordinated
with our treatment evaluation activities, enabling us to provide
nore precise data on the cost effectiveness of various treatnent
i nterventions.

It is inmportant to renmenber in any review of NIDA's research

programthat AIDS is the nunber one priority of the Public
Health Service. Since drug abuse prevention and treatnent is
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also an AIDS prevention strategy, nuch of our attention will be
directed toward the |V drug abusing popul ation and their sexual
partners and children.

The Anti-Drug Abuse Act has, in effect, opened w der the w ndows
of opportunity in drug abuse research. NIDA will continue to
sei ze research opportunities as they arise, but by providing
continuity in our priority progranms, we hope to encourage
greater stability in inportant areas that demand research
attention over several years. This Act-for the next three
years, at least-has ensured that continuity.

In conclusion, | would like to comment on the interaction
between NIDA and CPDD. | look at CPDD s annual neeting as a
progress report for NIDA. | am very glad that Dr. Goodwin, the
Director of ADAVMHA, and Dr. CGordis, the Director of N AAA are
here to see the breadth and depth of research being sponsored by
NI DA. N nety-one percent of the individuals presenting here are
NI DA grantees. The quality of their research gives us all great
hope that our understanding of the biological, behavioral, and
social factors leading to drug experinentation-and, in some
individuals, addiction-will lead to increasingly effective
prevention and treatment interventions. The 1988 Anti-Drug Abuse
Act has provided us with increased funds to continue our
research efforts. W all know, however, that this increased
funding must be sustained if we are to realize the gains which
our current research pronises.

AUTHOR:

Charles R Schuster, Ph.D., Director
National Institute on Drug Abuse
5600 Fishers Lane

Rockvill e, NMD 20857
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Major Initiatives in Alcoholism
Research: Current Questions,
Future Answers

Enoch Gordis

I NTRCDUCTI ON

Until the early 1970s, al cohol abuse and al coholism were not
considered areas worthy of serious investigation. This situation
changed dramatically with the creation of the National Institute
on Al cohol Abuse and Al coholism (NI AAA) in 1971, as the focus for
the Federal governnent's efforts to prevent and reduce the
tremendous health, social, and econom ¢ consequences of alcohol
abuse and alcoholism in the United States.

Over the years, the N AAA mission has changed fromits initial
support for research and research training, clinical training,
and prevention and treatnent services, to its present one which
focuses exclusively on research. W do not support prevention or
treatnment services, but provide the research evidence necessary
to inmprove them W also do not fornulate or advocate for any
particular public policies but seek to develop scientific
information that can be used by the Congress and other policy
nmekers and advocates as a part of their deliberations on various
public policy neasures.

Through an intramural scientific staff and an extensive program
of extramural research grants and contracts, N AAA supports
epi demi ol ogi ¢ research; research on the effects of alcohol on the
human body; research on preventing and treating al cohol abuse and
al coholism research training prograns; health education
devel opment programs; a research-based services denmonstration and
eval uation program targeted at honel ess persons with al cohol -
related problenms; and research on al cohol-related public policies
that have broad inplications for prevention, treatment, and re-
habi litation.

Addi tional Iy, N AAA naintains an active science comunication

program ainmed at sharing with health care practitioners, policy
mekers, the general public, and others involved in managi ng
al cohol -rel ated prograns about research findings with applic-
ability to alcohol treatnment and prevention efforts. Qur
scientific conmmunications vehicles include publications such as
Al cohol Health and Research Wrld, a professional journal
published quarterly; Al cohol Aert, a publication designed to
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qui ckly disseninate research findings to alcohol clinicians; the
special reports to Congress on alcohol and health, issued
triennially; and specialized monographs and reports.

Research findings are also shared with the al cohol and general
health care communities through two new on-1ine database services
supported by the Institute. The first of these, the "Quick Facts"
el ectronic bulletin board is available to anyone with a term nal
and nmodem Devel oped under the aegis of the Institute's Al cohol,
Epi dem ol ogi ¢ Data System (AEDS), Quick Facts provides access to
al cohol -rel ated epidenmologic data and facilitates comunication
among N AAA staff and others interested in N AAA progranms and
data. Scientists, clinicians, and others interested in
al cohol -rel ated research also have direct access to N AAA' s
conpr ehensi ve bibliographic data bank, the "Al cohol and Al cohol
Probl ens Sci ence Database" through BRS, a commercial database
vendor. The BRS title for the database is "EtOH " named after
Et OH, one of the chemical designations for ethyl alcohol. ETCH
covers literature fromthe late 1960's to the present, contains
over 60,000 bibliographic records, and has grown to cover all
aspects of alcohol research: psychol ogy, psychiatry, physiology,
bi ochem stry, epideniology, sociology, neuroscience, treatnent,
prevention, education, accidents and safety, crimnal justice,
| egislation, enployment, l|abor and industry, and public policy.
In addition to scientific and technical journals, the database
contains entries on books, nonographs, governnent reports,
di ssertations, and conference papers.

The Institute also collaborates with other national alcohol
research institutions and is actively involved in a nunber of
international collaborative studies.

This extensive agenda reflects the conplexity of the problem
Nl AAA was created to address. Al coholism and al cohol abuse have
many roots and many nanifestations; thus, the activities of N AAA
bring to bear the day-to-day energies of many people and a w de
spectrum of organizations, joined in investigating, clarifying,
and understanding one of the Nation's nobst troubling public
heal th probl ens.

MAJOR RESEARCH | NI TI ATl VES

Remar kabl e progress has been nade over the past 15 years in
under st andi ng the causes and consequences of al cohol abuse and
al coholi sm However, many basic questions remain concerning
al cohol's action on the body, the nechani sns of dependence,
al cohol's inpact on individuals and groups in society: and
al cohol's role in shaping the environment. For example, genetic
research has contributed substantially to our understandi ng of
al coholism s etiology, however, we have not yet identified a
genetic marker for a predisposition to al coholism or devel oped a
good understanding of the specific mxes of genetic/environmental
factors that predispose individuals to alcoholism The answer to
one of the central questions in alcohol research-why people
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continue, in the face of clear evidence of harm to consune
large quantities of alcohol. Another |argely unanswered question
is what factor or conbination of factors are likely to be
effective in preventing al cohol abuse and al coholismin specific
popul ations. We do not yet have scientifically valid evidence of
the effectiveness of many of the commonly used treatments for
al coholism This lack of evidence has nejor inplication for
continued public and private third-party support for alcoholism
treatnent.

Through al cohol research, we are asking these and other questions
in our search to find way to help prevent and treat al cohol abuse
and al coholism Some of the mmjor activities in alcohol research
that may provide answers to these perplexing questions are
di scussed bel ow.

PREDI SPCSI NG FACTORS

Genetic factors, environmental factors, and the interplay of
genetics and the environment have all been inplicated in the
etiology of alcoholism However, the precise nature of the
specific genetic and environmental elenents involved, and the

conpl ex processes by which they interact, have yet to be defined.

It has been known for many years that certain famlies have nore
than their share of al coholic nmenmbers, |eading to suspicions that
al coholismmay "“run in famlies". Studies were initiated to
define the biological and psychosocial factors that place sone
famlies, or specific individuals within these fanilies, at
greater risk for alcoholism To distinguish the effect of
| earning from inheritance, investigators turned to the study of
speci al popul ations such as twins, that permtted separation of
these factors. Mpnozygotic (identical) twins who share all
inherited traits were conpared with dizygotic (fraternal) twns
who share inherited traits in the same way as non-twin siblings.
Adopt ees who share an environnent but not genes, and half-
siblings who share only one biological parent who may or may not
be the al coholic, have al so been studied. This research has
provi ded evi dence of a genetic conponent in defining the risk for
al coholismin a significant subset of the population. Currently,
studies involving twins and adoptees are seeking to devel op nore
refined know edge about the genetic/environnent interaction, as
wel | as the genetic determnants.

It is clear that predisposing genetic factors may remain dormant
in the absence of environnental cues and, further, that
al coholism may develop in the absence of genetic predisposition.
It therefore has been inportant not only to identify the
principal environmental factors, but also the manner and extent
to which they interact with genetic factors. Consequently,
anot her inmportant area of research is the study of age-related
patterns and predictors of alcohol use and abuse to identify
environmental and psychol ogical factors that nay facilitate or
constrain probl em al cohol use. Under study as possible predictors
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of later problem drinking are childhood antisocial behavior,
parental drinking, cognitive functioning, attitudes
expectations, personality, environnental stress and coping
ethnicity, and cultural and socioecononic factors

Moverment toward the developnent of an integrated causa
expl anati on of al coholismthat takes into account biol ogical
psychol ogi cal, social, environnental, and devel opnenta
influences will be an inportant outcone of research during the
next ten years. Formulating such an explanation will necessarily
involve not only identifying factors that pronote the devel oprment
of alcoholism but also factors that protect against it. The
opportunity to devel op non-invasive techniques for screening of
hi gh risk genotypes for al coholism and to enploy know edge about
causal pathways in the prevention and treatnment of al coholism
will be inportant future devel opments. Over the next decade, the
application of nodern nolecul ar genetic techniques to the study
of al cohol -derived pathol ogi ¢ di seases shoul d uncover the genetic
factors contributing to these diseases, and could provide
insights into the mechanisnms by which these disorders devel op
Applying the technique of restriction fragment |ength,
pol ymor phi sm (RFLP) analysis in the study of a specific alcohol o
derived pathol ogy, such as in alcoholic pancreatitis or al coho
dermentia, will provide an indication of whether a variant gene
may be involved in the expression of the disease/ and provide
information on its approxi mate chronmosonal |ocation and the
nature of its inheritance pattern. Further research then nay |ead
to the identification of the precise location of the gene on the
chromosonal map, and then to the recognition of the affected gene
and its protein product. This know edge may be vital to
uncovering the mechani sm by which injury is produced and lead to
preventive and therapeutic renediation

To further advance this immensely inportant area N AAA has
devel oped a col | aborative research programin genetics. Involving
both NI AAA intranural scientists, and extranural scientists, this
activity will begin to examine the heritage nature of traits
associated with the risk of alcoholism and apply nol ecul ar
genetic studies to begin nmapping genes inportant in alcoholism

thereby providing valuable new information about the inheritance
patterns of alcoholism

ALCOHCOL AND DEPENDENCE

The majority of adult Americans who consune al coholic beverages
do so without problens. A second group of problem drinkers or
al cohol abusers experience negative consequences of their
drinking (e.g., accidental injury and death, the |oss of spouse,
children, enploynent, etc.) but are not dependent on al cohol. For
these individuals, health, social,. and econom ¢ consequences
devel op secondary to al cohol use because of poor judgnent

failure to understand the risks, or lack of concern about the
danmage to thenmselves or others. A third group, however, have the
di sease called al coholism and are dependent on the drug al cohol
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These drinkers becane ill when drinking is interrupted (i.e.,
they experience an abstinence or withdrawal syndrone); they are
tolerant to large ampbunts of alcohol; they niss alcohol intently
or "crave" alcohol at tines when they are abstinent; and, in the
real world, they frequently display |ack of control over their
drinking. Unlike normal drinkers who seem to have an internal
signal which says "enough", alcoholics generally cannot control
the anount of alcohol they drink on any occasion. They drink
conpul sively despite the obvious danmge their drinking causes.
Wiy is this so? Research to answer this question, particularly
research on alcohol's effect on the brain, has been progressing
at an unprecedented pace.

Though al cohol undoubtedly interacts with and affects virtually
all organs, the expression of alcohol's action on the brain is of
particular inmportance. Al cohol's actions include not only
intoxication, but the additional phenonena of tol erance and
dependence. Tolerance is the ability of the brain to adapt to the
presence of alcohol such that greater and greater quantities of
al cohol becone necessary to produce the sane effects. This
increases the likelihood that particular individuals drinking for
some desired effect or feeling will increase their alcohol con-
sunption. Dependence is the adaptation in structure and function
of the nervous system as a consequence of chronic alcohol use,
whi ch nmakes it necessary for the drinker to continue consum ng
al cohol in order to prevent the unpleasant w thdrawal reaction.

An abundance of information derived from basic research in brain
nor phol ogy, chemistry, and el ectrophysiol ogy has provided a
strong background for asking focused questions concerning the
effects of alcohol on the brain. Proceeding fromcurrent findings
and using state-of-the-art neuroscience and biobehavi oral

t echni ques, investigators hope to illum nate the mechani sns
underlying alcohol intoxication, tolerance, dependence,

reinforcenent, and craving inherent to al cohol abuse and to the
di sease of alcoholism

For instance, although it is well known that al cohol exerts
profound effects on brain function, the cellular and biochen cal
bases for its actions are not yet clear. In efforts to explore
the processes of intoxication, tolerance, and dependence, current
research is characterizing the role of specific neurotransnitter
systenms; the effects of alcohol on nerve cell nenbranes;
determ nants of alcohol craving; and the structural and
functional changes seen in chronic al cohol use. Progress made in
under st andi ng the acute and chronic effects of alcohol in the
central nervous system has been encouraging and is already
providing direction for the devel opnent of new therapeutic
agents.

I ntoxication, tolerance, and dependence have been studied at a
nunber of functional levels within the brain, including that of
the individual brain cell, or neuron. Each neuron is surrounded
by a menbrane that is conmposed principally of fat-like nolecul es
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called lipids, and of proteins enbedded in the lipid structure.
It now appears that a significant degree of alcohol's actions on
the brain are exerted through the interactions of the al cohol
mol ecule with lipids and proteins of the cell nenbrane. The
di sruption of the cell nenmbrane nmay account substantially for the
phenonena of intoxication, and the adaptations of the cell
nenbrane to the presence of alcohol may account substantially for
many facets of tol erance and dependence.

Neur osci ence research is helping to lay the groundwork for
under st andi ng why al cohol consunption is so rewarding to sone
people-that i they continue to drink even after they devel op severe
health, social, and econonm c problens. Scientists hope to
identify the neuronal systens in the brain which determne the
pl easurabl e effects produced by alcohol and to learn if these
sites in the brain account for the pleasure produced by other
abused substances, such as cocaine and heroin

There are many chemical messengers or neurotransmitters that
all ow the neurons of the brain to conmunicate with each other.
One neurotransnmitter that now appears to have particular
i mportance for explaining alcohol's action is gama-ani nobutyric
acid (GABA). A nunber of drugs with actions simlar to al cohol
al so appear to affect the GABA neurotransmitter system including
the barbiturates and the benzodi azepi ne tranquilizers, such as
Valium Sonme of the nore interesting recent findings concern
the actions of new drugs that, while chemically simlar to
Valium have an effect opposite to that of a tranquilizer.
These new drugs have been found to block alcohol's action on the
GABA systemin the brain and to reverse some of alcohol's effects
on behavior, such as | oss of motor coordination.

During the next ten years it nmay be possible for neuroscientists
to determ ne the physiological processes that nediate the
rel ationship between al cohol craving and the appetitive behaviors
of hunger and thirst. Understanding the basic human appetitive
process could be the critical determnant for devel oping
successful al coholism treatnent prograns. Insight into the
neur ochemni cal actions of al cohol on neurotransmitter and nenbrane
receptor systens should al so be forthcom ng.

Most exciting in the comng years is the very real possibility
of using individual brain imaging techniques to identify neural
substrates inherent to al cohol-related phenomena, but to conbine
information derived fromdifferent techniques such as nagnetic
resonance imaging (M), positron em ssion tonography (PET), and
el ectrophysiol ogical studies to create new conceptions of the
dynam ¢ workings of the brain. At the very least, integrating
data from studies that have applied different technologies will
hel p resol ve uncertainties about particular brain pathways and
behaviors that regulate responses to alcohol. Conputer-aided
nmodel ing of cell assenblies will be an additional innovation.
Because of the conpl ex pharmacol ogi cal effects of alcohol and the
sheer nunber of brain regions affected by alcohol, it is
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general ly recogni zed that a global understanding of alcohol's

actions will require sophisticated technol ogi cal nodels of
networks of brain activity- In the 1990 's, brain and behavi oral
science research will also be in a position to incorporate

conput er - ai ded nodel i ng and imagi ng techniques that will allow
for a better understanding of addictive behavior and enable early
detection of alcohol -related problens.

PREVENTI NG ALOOHOL- RELATED PRCBLENS

Prevention is one of the nost difficult area of research with
which our Institute has to deal - difficult because of the need to
study real-life situations outside of the l|laboratory and the
resulting number of variables beyond the researcher's control.
Yet, it is vitally inportant that we determ ne what strategies
are most effective in preventing al cohol and other drug problens
anong our Nation's many subpopul ation groups, particularly given
the current national concern for preventing al cohol and other
drug abuse and the nassive public and private expenditures for
prevention-rel ated activities.

In 1987, N AAA gave added prom nence to prevention research by
establishing a Prevention Research Branch within a new extranural
Division of Cinical and Prevention Research. Areas of current
research interest focus on preventing alcohol abuse by
encour agi ng changes in an individual or groups of high-risk
i ndividual s; changes in the environnent; and exam nations of the
conmpl ex, synergistic relationships between the actions of
i ndividuals, groups and the larger social system

In planning prevention research in the alcohol arena, it is
important that investigators identify the outcome or the relevant
drinking behavior to be prevented (e.g. , addiction, sequelae of
al coholism such as cirrhosis, injurious consequences of al cohol
abuse such as traffic accidents, violence and absenteeism etc.)
Regardl ess of the choice of outcome neasure, alcohol prevention
research has common underlying themes: A systematic quest for
effective strategies to reduce the incidence and preval ence of
al cohol abuse and al coholism and/or a systenatic quest for
mechani sns to ensure the diffusion and adoption of prevention
strategies proven to be effective.

The questions that remain unanswered relative to our ability to
prevent al cohol abuse and al coholism are nmany. For exanple, with
respect to youth and young adults, what are the effects of peer
pressure, decision making skills, and personality variables on
the drinking habits of high school and college students? \WWat are
the effects of expectancies and sociocultural variables on early
drinking habits, as well as changes in the drinking patterns of
youth over time. Because of the inportance of the early years on
devel opment throughout the life span, the efficacy of
intervention efforts for young children of alcoholics and the
i mpact of parenting skills training also are inportant areas for
research investigation.
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Another prime area for research on effective prevention
technol ogies is that of preventing al cohol-related problenms anong
speci al popul ati on groups. Business and professi onal wonen,
Mexi can- Anerican woren, urban American Indians, and the elderly
are anong the special populations currently under study. Sone
researchers are investigating whether these popul ations have
uni que qualities that may put certain nenbers at high risk for
al cohol abuse. Others are testing the efficacy of specially
desi gned prevention strategies for nmenbers of these target

groups.

Scientific inquiry of the effectiveness of environnental change
in reducing alcohol-related problenms is another vital conponent
of prevention research. An exanple of this type of research is to
det erm ne whether the incidence of teenage drinking and driving
can be reduced by changing the nininum drinking age or the price
of al coholic beverages. The invol venrent of al cohol in notor
vehicle accidents and in crime is also being exam ned. Future
research topics include the inpact of changes in al cohol beverage
control (ABC) |aws on problem drinking; the inpact of differences
in the availability of alcoholic beverages on probl em drinking;
the effects of informal drinking groups on the consunption
behavi or of participants; and the influence of life stressors,
soci al resources, and coping responses on rem ssion and rel apse
anong al cohol abusers.

Preventing al cohol-related problens through the workplace is
anot her area of prevention research enphasis. Enpl oyee assistance
progranms (EAPS) have grown and expanded dramatically over the
past decade. Studies are being conducted to deternine the extent
to which the work environnent nay inprove or worsen problem
drinking and the conparative effectiveness of |ocating
intervention prograns within or outside the work setting. The
structural characteristics of the worksite and the unique
characteristics of enployees are being examined for their
conpl enentary contribution to preventing rel apse of al cohol
problens. Additionally, the degree to which the attitudes of key
wor ksite personnel influence EAPs is under study.

Over the next 10 years, efforts will be ained at applying the
rapi dly expandi ng know edge on both al cohol abuse and on overall
di sease prevention strategies to devise and evaluate new
prevention approaches. Contributing to the devel opnent of these
approaches will be know edge from current research on factors
inmplicated in the initiation and mai ntenance of al cohol abuse,
including peer and parental influence and risk-taking behavior.
Advances from research on genetics in behavioral predictors wll
allow for the devel opnent of nore highly focused prevention
strategies. The decade also will afford the opportunity to apply
successful nmethods of community intervention, derived from
studies directed at reducing risks for heart disease and
hypertension, to prevention of alcohol abuse. The field of
prevention research will also benefit from the application of

30



innovative statistical techniques and new behavi oral research
met hods permitting the rapid assessment of the inpact of
intervention approaches and public policy.

TREATI NG ALCOHOL ABUSE AND ALCCHOLI SM

Treatnment outcone research and the analysis of treatment outcone
are fundanental to our ability to treat al cohol abusers and
al coholics. It is clear that the al cohol field can no longer rely
on intuition and experience alone to justify* treatment; the
Congress, third-party payors, the public, and the alcoholic will
require that the effectiveness of alcoholismtreatnents be
supported by the sane evidentiary base of scientific information
that is required for all the treatments for all other diseases.
Thus, research on the efficacy of currently practiced treatnment
strategi es and on devel opi ng new therapies, continues to be a
maj or NIAAA priority. As with prevention research, the Institute
has elevated treatment research within the organization to
enphasi ze its inportance.

Primary attention paid to answering the question, what type of

treatment will be nost effective in treating which type of

patient. Advances are being nmade in differentiating the
typol ogi es of alcoholics and in devel oping strategies to natch
differing patients to appropriate therapies. For exanple, several

studi es suggest that individuals who have strong social support

system and who do not suffer major psychiatric problens may do as
well in outpatient prograns as in nore intensive inpatient

settings. The effectiveness of specific therapies for alcoholism
treatment also are under study, including fanily therapy, relaps
prevention, and behavioral approaches, such as comunity
reinforcement. At the end of this year, a major multi-site
cooperative study will be undertaken, this study, which involves
clinical trials of strategies for matching particular patients to
the nost suitable treatment approach, wll have inportant

inmplications for inproving the effectiveness of alcoholism
treatnment.

Anot her inportant conponent of alcoholism treatnent research is
the devel opment and assessnment of pharmacol ogi cal agents which
may eventually aid in the treatment process. Thus far, there are
few drugs available that are useful in the treatment of
al coholism However, recent studies from the field of
psychophar macol ogy have shown that certain pharnacol ogi c agents,
such as conpounds that block the re-uptake of the
neurotransmtter serotonin, and anxiolytic drugs that |ack the
abuse potential of the benzodi azepi nes, have actions that nmay be
useful as adjuncts to the standard al coholismtreatnent. Research
is ongoing to test whether, and for whom such drugs may be
useful .

Ef fective treatnent of al coholism over the next decade wll

benefit from rigorous studies evaluating therapies treatnent
prof essionals are currently using. Studies will explore differing
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factors that nay relate to the efficacy or particular treatnent
approaches, such as a patient's background or personality,
characteristics of the therapist, and the treatment setting. Such
research will enhance our ability to match patients with the nost
effective treatment to suit their needs.

During the next decade, investigators will be able to exam ne the
ef fectiveness of new pharnmacol ogi cal approaches that offer
potential benefits for alcoholism treatnment research. For
exanmpl e, drugs that interfere with the reward properties of
al cohol nmay be found to bl ock the phenonenon of craving and
becone a val uabl e adjunct to al coholismtreatnent.

Wth a nmore precise understanding of the basis of the physiol ogy
of alcohol withdrawal, new drugs nay be devel oped that allow
i mproved nedi cal nanagenent of the w thdrawal syndronme, or reduce
the potential of delirium tremens. Research also may provide us
with a better understanding of how the withdrawal experience
affects both subsequent drinking and the potential for effective
treatnent.

Due to the nmagnitude of health problenms resulting from al cohol
abuse and al coholism there is growi ng need to inprove nethods of
di agnosing al cohol -rel ated problens. The devel opment of objective
markers of al cohol consunption would be one such nmeans to pernit
a physician to easily assess a patient's history of al cohol
i ntake.

Significant inroads in this direction have been made by N AAA
intranural research staff who initiated studies on easily
accessi bl e blood cells and exam ned the enzymes adenyl ate cycl ase
and nonoam ne oxi dase which they had previously denonstrated in
their studies with animals. Human al coholics were found to be
significantly different from control subjects in these enzynme
activities, and nmore than 75 percent of the alcoholics could be
identified using the test of these enzyne activities. An
interesting feature of this study was the finding that the
di fferences between al coholics and controls in enzyne activity
was evident for long periods, even if the individual renained
sober. This observation indicated that the observed difference
may be an inherent or inherited characteristics of alcoholic
subj ects. Further extensive work is necessary to determne
whet her the findings are indications of "state" or "trait"
differences between alcoholics and controls. The work, however,
provi des some of the first indications that there may be reliable
markers not only for neasuring an individual's prior history of
al cohol intake, but for neasuring genetic predisposition in
certain individuals to devel op al cohol-related problens during
their lifetine, even if they are not experiencing such problens.
Such diagnostic tools would provide for the physician, or other
treatnent specialist, neans for appropriate identification and
classification of patients for nore specific treatnent and
prevention efforts.
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The devel opment of objective markers of al cohol consunption also
wi |l have a significant inpact on al coholism treatnent research.
The decade offers the potential for devel oping objective marker
technologies in kit form The kits would provide al coholism
researchers, as well as clinicians, the opportunity to nonitor
treatment conpliance independent of sonetimes unreliable patient
sel f-reports. Such objective markers have the potential, thereby,
for significantly enhancing treatnent efficacy. The prospect for
devel opi ng genotypi c and phenotypi c markers of al cohol dependence
may further contribute to the identification of patients with
particul ar treatment needs, and further enhance the potential for
treatnent effectiveness.

CONCLUSI ON

Each new di scovery made by al cohol researchers-however renote it
may seem to the ongoing business of hel ping al cohol abusers-
provides a piece of the answer to the ages-long question of what
is alcohol abuse and al coholism and how can it be prevented and
treated. W see the future both as a challenge and as a reward: A
chal | enge because with nore answers cone nore questions and we
still have far to go. A reward, because of the know edge that the
answers we find ultimately will help dimnish a public health
threat that has existed for far too long.

* Enoch CGordis, MD., Drector

Federal National Institute on Al cohol Abuse and Al coholism
Rockville, Maryland.
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Introduction of Nathan B. Eddy
Memorial Award
Louis S. Harris

It is a great pleasure and honor to be asked to introduce Dr. Leo E. Hollister, the
recipient of this year’s Nathan B. Eddy Award. Dr. Hollister is a distinguished
clinical pharmacologist who has made and continues to make important
contributions to drug abuse research and the Committee on Problems of Drug
Dependence.

Dr. Hollister was born and educated in Cincinnati, culminating with an M.D.
degree from the University of Cincinnati in 1943. After an internship at the
Boston City Hospital and residency at Cincinnati, he was on active duty with the
U.S. Naval Reserve from 1945-46, a task he took on again in 1950-51. He
joined the Veterans Administration System (V.A.) in San Francisco in 1947, an
association he maintained until his retirement in 1986. Along with his V.A.
appointment, Dr. Hollister always maintained an academic appointment; first at
the University of California, San Francisco and later at Stanford University where
he rose through the ranks to Professor of Medicine, Psychiatry and
Pharmacology. These multiple academic appointments provide a strong indication
of Dr. Hollister’s broad interests and expertise. On retirement from the V.A. and
Stanford, Dr. Hollister has taken on a new position as Medical Director, Harris
County Psychiatric Center in Houston, Texas and Professor of Psychiatry and
Pharmacology at the University of Texas at Houston.

As a clinical pharmacologist, Dr. Hollister has made numerous contributions to
the development of new psychotherapeutic agents and to our understanding of the
action of psychotropic drugs. His extensive publications are a wonderful
demonstration of what a clinical pharmacologist should, in the best sense, be. In
recognition of his contributions, Dr. Hollister has been awarded the Meritorious
Service Award and the William S. Middleton Award for Outstanding
Achievement in Medical Research from the V.A. He has also received the Taylor
Manor Award for Outstanding Service to the American College of
Neuropsychopharmacology (ACNP), the William Menninger Memorial Award
from the American College of Physicians and the Oscar B. Hunter Award for
Experimental Therapeutics from the American Society of Clinical Pharmacology
and Therapeutics (ASCPT).

Dr. Hollister is a dedicated member of many professional societies and advisory
boards. For instance, he has been President of ASCPT, ACNP and CINP. He
chaired the Committee on Problems of Drug Dependence from 1972-77, and
served as Executive Secretary from 1979-81, a period which saw the Committee
move from the National Academy of Sciences to its present status as a respected
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independent body. Without his dedicated leadership, I doubt this would have
been accomplished.

Thus, with the citation:

“Leo E. Hollister, brilliant clinical pharmacologist, dedicated public servant, the
Committee on Problems of Drug Dependence salutes you with the Nathan B.
Eddy Memorial Award.”

AFFILATION:

Department of Pharmacology and Toxicology, Medical College of Virginia,
Virginia Commonwealth University, Richmond, VA 23298-0613
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Peregrinations Among Drugs of
Dependence: Nathan B. Eddy
Memorial Award Lecture

Leo E. Hollister

It is a special pleasure to receive this award which
memorializes the contributions of Nathan B. Eddy to the field
of drug dependence. | was privileged to know Dr. Eddy
during the last several years of his life. It has also been my
privilege, through a long association with the Committee on
Problems of Drug Dependence, to have known personally all
previous winners of this award. There also seems to be a
good possibility that through that association | shall know
many future winners of this award.

My entry into the field of drug dependence, as with other
aspects of my career, was somewhat fortuitous. Studies in the
laboratory of Dr. Sidney Raffel, Professor of Microbiology at
Stanford, had shown the chlorpromazine had static action
against M. tuberculosis in concentrations of 5 ug/ml and cidal
action in concentrations of 10 ug/ml. As there were not too
many drugs available in the 1950s effective against this
mycobacterium, we organized a trial of chlorpromazine in
patients with pulmonary tuberculosis.

Thirty six patients entered a blind, controlled trial, 17 of
whom received chlorpromazine in daily doses of 300 mg with
the majority receiving such doses of 6 months or more.
Nineteen other patients were assigned randomly to placebo.
We found little difference between the two groups in terms of
infectiousness of sputum or x-ray changes. When the study
was terminated, the drugs were stopped abruptly. Four of
the 17 patients on chlorpromazine developed immediate
symptoms of restlessness, insomnia and gastrointestinal
disturbance which suggested a withdrawal syndrome. These
responded promptly to resuming chlorpromazine or use of
sedatives. None of the 19 patients withdrawn from placebo
showed such effects.

This experience was mentioned in a few lines in a paper
published in the American Review of Respiratory Disease,
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hardly a widely read journal in the field of drug dependence.
I was still naive enough to believe that once you had
mentioned a phenomenon in the medical literature, there was no
need to repeat such mention. In retrospect, the experience
was notable. First, it was probably the first placebo-
controlled demonstration of a drug withdrawal syndrome.
Second, it was probably the first documentation of a
withdrawal syndrome in a class of drugs other than those
known to be abused. Third, it was probably the first
experience of a withdrawal syndrome occurring in the context
of therapeutic doses. Talk about missing the boat!

I had become aware of the superb work being done at the
Addiction Research Center at Lexington in explicating the
mechanism of withdrawal to alcohol and barbiturates. Having
studied the newest sedative, meprobamate, and having seen
some instances of spontaneous withdrawal from that drug, |
decided to borrow the Lexington techniques to study the
phenomenon experimentally. We accomplished three studies.
The first substituted placebo for meprobamate given chronically
in doses thought to be within the therapeutic range (median
1600 mg/day). Only 10 of 60 patients abruptly withdrawn by
placebo substitution experimented mild reactions, usually those
who had received higher than average doses. We concluded
that “symptoms from withdrawal at ordinary therapeutic doses
were infrequent and mild, resembling recrudescence of
symptoms being treated”. That statement pretty Wwell
summarizes the story of therapeutic-dose dependence today.
Our second study looked at the results of placebo substitution
in patients (largely schizophrenics for whom the drug was
being tried to determine whether it might be helpful), who had
been treated chronically with “supra-therapeutic” doses (3.2 to
8 g/day). Sixteen of 21 patients experienced a classical
sedative withdrawal syndrome soon after placebo substitution;
14 of 19 tested showed abnormal EEGs which later reverted to
normal. However, no seizures were observed. In a third
study, 8 of 10 patients treated with similar doses of
meprobamate in combination with the phenothiazine, promazine,
also developed definite withdrawal, with a seizure in one
patient at 72 hours. Promazine, rather than protecting against
withdrawal from meprobamate, probably aggravated it. These
studies emulated those of the Lexington group - not a bad
example to follow.

During the course of these studies, we measured plasma
concentrations of meprobamate. The plasma half-life following
chronic administration was estimated to be 24 hours, with the
usual wide interindividual variations. Later, we found the
plasma half-life following single doses to be a median of 11
hours. The time-course of withdrawal reactions we observed
with meprobamate was similar to that which had been described
by the Lexington group for short-acting barbiturates.
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During 1959, | was invited to attend a pre-marketing meeting
for the new anxiolytic, chlordiazepoxide, even though | had
not studied the drug myself. At the conclusion of that
meeting, after hearing the way the drug was extolled, |
thought that if it were half as good as touted, it would very
likely be abused. This led me to initiate a study in which the
drug was used in high doses in schizophrenic patients (to
determine possible efficacy) but also to provide a basis for a
discontinuation trial. Eleven patients were treated with daily
doses of 300-600 mg for a median period of 5-6 months. Under
careful observation, they were abruptly switched to placebos.
Ten of the 11 patients demonstrated withdrawal manifestations,
although onset was delayed until the second or third day and
the peak was not attained for a couple of days more. Two
patients developed seizures, at 7 and 8 days post-withdrawal.
Measurement of plasma concentrations of the drug, and by the
methods then available probably all its metabolites, indicated a
possible half-life of 48 hours, which accounted for the
attenuated time-course of the withdrawal syndrome. This
experiment was published prior to the introduction of
chlordiazepoxide into medical practice. In a subsequent study
of the effects of diazepam in schizophrenics, one of the
participating hospitals (without my knowledge or assent)
abruptly discontinued patients from doses of 120 mg/day and
demonstrated a similar attenuated withdrawal reaction. This
study, too, was published prior to release of diazepam into
clinical practice. Somewhat to my disappointment, it took
several years before spontaneous instances of abuse of these
benzodiazepines and withdrawal reactions were reported in the
clinical literature. Nature took a long time to imitate art.

The meprobamate homolog, tybamate, provided an
opportunity to observe a different aspect of sedative drug
withdrawal. Doses of 4.9 to 14 g/day given for 4 to 16 weeks
and then abruptly withdrawn failed to elicit a withdrawal
reaction. The reason was that the plasma half-life of this
drug is so short, from 2-3 hours, that it was impossible to
sustain continued high concentrations with ordinary dosage
schedules. This experience, added to our others and to
clinical experience, led to the postulation that the rapidity of
onset and severity of a sedative drug withdrawal syndrome is
a function of the plasma half-life of the drug. Drugs having
half-lives of 6 to 24 hours are associated with the most severe
withdrawal; drugs, such as tybamate, with very short
half-lives, are unlikely to produce withdrawal; drugs with long
half-lives, such as chlordiazepoxide and diazepam, produce
attenuated withdrawal reactions as we bad first noted; and
drugs with very long half-lives, such as phenobarbital,
generally produce no discernible withdrawal syndrome. This
schema has stood the test of time and is appropriate even
today,
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By the late 1950s, some generally poor work with lysergic acid
diethylamide (LSD) had been published. I felt | could do
better. Drugs of this type were easily obtained, LSD from a
friend who worked for Sandoz and mescaline by mail from
Nutritional Biochemicals Corporation. Subsequently, | became
engaged in a series of studies of these and other hallucinogens
that developed meticulous descriptions of their clinical
syndromes and time course, quantified responses to different
doses, tested a variety of psychometric and psychophysical
effects, and measured a variety of biochemical parameters.

Early on, we found that LSD and mescaline (as well as the
newly discovered hallucinogen, psilocybin) produced virtually
identical clinical syndromes despite doses differing by orders
of magnitude. The concept of the LSD group of drugs was
born, as contrasted with anticholinergic hallucinogens (the JB
series of compounds named after John Biehl, the chemist who
synthesized them) or drugs such as alpha- methyltryptamine,
which had both amphetaminelike and LSD-like effects.

To obtain information about the time-course of clinical effects,
we placed a tape recorder in the room with the subject. |
would enter and after providing a time cue would engage the
subject in describing their experiences. It was my job each
evening to review the tapes to reduce this material to data.
One of my early subjects was a creative writing student at
Stanford who said he was writing a novel and wanted to take
these drugs to see what it was like to be crazy. After
warning him that these drug effects were not especially like
those of schizophrenia, he enlisted in one of our studies.
When | entered his room to stimulate discussion, there was no
need; he was already expanding to the recorder his
experiences. #en | later listened to these tapes, it was
obvious that this chap had enormous talent; most of what he
described was unique and probably fictional, but the
descriptions showed a masterly command of language. When
“One Flew Over the Cuckoo’s Nest” was published, | thought
it possible that hallucinogens had indeed unleashed some
creativity. Later, | came to an opposite conclusion. Ken
Kesey may have been the subject most harmed by our
experiments with these drugs.

Our studies demonstrated a remarkable similarity between
members of the LSD group, not only in clinical syndromes but
in most other aspects. The impairments they produced in
psychometric tests were mainly due to inability to sustain
attention; they enhanced aspects of color perception, including
subjective colors; they had similar effects of enhancing
primary suggestibility. Their sympathomimetic actions caused
profound elevations of plasma free fatty acids and significant
reductions in serum phosphorus levels.
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Several assertions were made that, if true, would have made
hallucinogenic drugs highly useful pharmacological tools or
treatments. First, these drugs were alleged to provide a
“model psychosis”, similar to that of schizophrenia.
Presumably by studying their mechanisms of action, we might
learn something about the pathogenesis of schizophrenia. To
test the model psychosis notion, | took tapes of subjects under
the influence of hallucinogens as well as patients with
schizophrenia and carefully edited out any allusions that might
betray their origin. Nonetheless, it was easy for a variety of
mental health professionals to identify correctly which tape
came from which source. The psychotomimetics did not really
mimic schizophrenia. This experience, as well as one with a
potential endogenous psychotogen, 3,4-dimethoxyphenylethyl-
amine, found in the urine of schizophrenics, led to a series of
postulates that such a substance would have to meet. To date,
no proposed endogenous psychotogen has met these criteria.

A second claim was that LSD, in large single doses, could
provide enough insight to cure alcoholics. We compared a dose
of 600 ug of LSD with a dose of 60 mg of dextroamphetamine,
having devised a new rating instrument, the Drinking Behavior
Inventory, to grade degrees of alcoholism. A slight advantage
was found for LSD at 3 months followup but by 6 months, both
treatments were equal. Unknown to me at the time, three
other groups were also testing this therapeutic use. Although
each group used different techniques, the conclusions were
identical. LSD was not an effective treatment for alcoholism.

A third claim was that psychedelics, as they were then being
called, would facilitate psychotherapy by breaking down
resistances. We took patients with various disorders who had
plateaued in psychotherapy and made recordings of their
psychotherapeutic interviews during 5 conditions: no drug,
placebo, LSD, mescaline and psilocybin. These were then
rated blindly by an experienced psychotherapist for the
meaningful content of each session. Mescaline was slightly
better than the other treatments in providing increased
introspection, but none of the conditions was significantly
different from the other. One might have loosened up the
patients better with two martinis.

My first meeting with Nathan Eddy occurred during the mid-
1960s. The Veterans Administration had been enlisted for a
series of cooperative trials evaluating new analgesics, under
the prodding of Dr. Eddy and the CPDD. The chief
investigator was to be Bill Forrest, who was based at my
hospital. As | was then in charge of research there, it must
have seemed desirable to get my blessing. So | was summoned
to a meeting where every person was already known to me
except Eddy.
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Talk about presence with a capital P. | met a tall thin man
with a myasthenic face, eyes covered with bottle-bottom
lenses, with another set of lenses above them as an eye-shade.
Who could not have been impressed? He didn't say much, but
when he did it was in crisp language that was right to the
point. The great man more than lived up to his billing.
After the meeting, | had little idea that our paths would later
join.

During a committee meeting in Washington in June, 1967, |
happened to run into Milton Joffe, then with the FDA. He
mentioned that a new drug, given the epithet, “STP”, had
appeared on the streets of San Francisco. His agency would
like to know more about it. They had already signed a
contract to study the drug with a group at Johns Hopkins

headed by a young fellow named Sol Snyder. | told Milton
that | had a protocol for LSD in my office file that could easily
be adapted to 2,5-dimethoxy-4-methylamphetamine. | would

study the drug without a contract. He went to his unlocked
desk and gave me an envelope with an ample amount. | went
from his office to catch the Friday evening plane to San
Francisco. By the following Tuesday our first STP subject
was being studied. How greatly things have changed! In a
very short time, we proved that STP belonged in the LSD
group, Wwas more potent than mescaline, that tolerance to it
quickly developed, and that its effects could be partially
mitigated by chlorpromazine. By early September, | sent a
report to Joffe who passed it on to the members of the CPDD,
including Nathan Eddy, who had instigated the inquiry. Not
long after, | was approached about becoming a member of the
CPDD, the beginning of a long association. | have little doubt
that Eddy himself suggested my recruitment.

That same summer, new ways of studying an old drug became
available. The forerunner of NIDA, under the guidance of
Sidney Cohen, had arranged to supply various marijuana
components, including tetrahydrocannabinol (THC), to
investigators. I thought it would be of some interest to
compare authentic THC with synhexyl, a synthetic homolog
which had been studied in the 1940s, to determine the extent
to which the earlier studies might be pertinent to marijuana.
Through R. K. Richards, a pharmacologist recently retired from
Abbott, | was able to obtain some 25-year old synhexyl, a
brownish-black spot of tar in a small vial. We quickly defined
the clinical syndrome from these two drugs, which was similar,
the time course, which was somewhat delayed for synhexyl,
and the fact that synhexyl was less potent. As it turned out,
the Lexington group, headed by Harris Isbell, scooped us on
THC, but our studies were complementary.

Thus, began a series of studies of THC and its homologs
which has continued to the present. From the very first, we
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were interested in structure-activity relationships and
systematically explored the relative potency of various
cannabinoids and THC metabolites for THC-like activity. The
two major cannabinoids in marijuana other than THC,
cannabidiol and cannabinol, had no THC-like activity. Of all
cannabinoids, THC had the greatest activity and of all THC
metabolites, only one, 11-hydroxy-THC, had as much, or
according to our estimate, slightly more activity.

Our studies of cannabinoids over the past 22 years have
touched upon virtually every aspect of their actions. They
constitute the largest series of studies of the human
pharmacology of marijuana on record. Some have been
concerned with drug interactions, most notably with other
cannabinoids; we found none. Others have been concerned
with psychological functions, such as various aspects of
memory, time sense, goal-directed behavior, and expectancy
(contingent negative variation). Motor functions studied have
been effects on driving and the roadside sobriety test, as well
as residual impairment in simulated airplane operation.
Physiologic effects, such as those on appetite and hunger,
glucose tolerance, electrocardiogram and sleep have been
looked at. A variety of other studies have examined the
relationship between marijuana use and aggravation of
schizophrenia, the influence of setting on the marijuana
experience, and possible cytogenetic alterations from the drug.
As most of these studies have been fairly recent and may be
familiar, they will not be described in detail.

At some point in studying drugs, it becomes desirable to
measure plasma concentrations to obtain a sense of the drug’s
pharmacokinetics and to try to relate these to clinical effects.
The Swedish group, headed by Stig Agurell, was so far ahead
in techniques of measurement that | despaired of ever being
able to catch them. So following the old saying, “If you can’t
lick them, join them” we have collaborated with them during
the past 10 years, the clinical work being done in the US and
the laboratory measurements being done in Sweden. This
cooperation has elucidated the patterns of drug availability
from three routes of administration (smoking, ingestion and
intravenous administration), has found that the kinetics of the
inactive cannabinoids, CBD and CBN are similar to those of
THC, has found that heavy marijuana use as compared with
light use does not much change the kinetics, and has
correlated clinical actions with plasma concentrations. A
number of Swedish PhD candidates have based their theses on
this work.

I shall not mention my modest endeavors in the area of alcohol
use and opiate dependence. These are dwarfed by those of
many others who have made much more extensive studies.
still, the whole phenomenon of non-medical use of drugs
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commands attention. Enough needs to be done to require the
lifetimes of all of us in this room, and then some.

Please accept my thanks for this great honor, which | shall
surely cherish. Even more, | shall cherish the memory of the
many able scientists and wonderful people that my long
association with the CPDD has provided. Thank you all.

AUTHOR:

Leo E. Hollister, M.D.

University of Texas Medical School
at Houston

Houston, Texas
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Contamination of Clandestinely
Prepared Drugs With Synthetic By-
Products

William H. Soine

On the basis of the number of clandestine laboratories seized by
the Drug Enforcement Administration (DEA), the use of clandes-
tinely synthesized drugs would appear to be increasing. The num-
ber of laboratories closed by the DEA has increased from 184 lab-
oratories in fiscal year 1981 to 647 laboratories in fiscal year
1987. Although many risks are associated with the abuse of drugs,
purity is a major danger associated with these clandestinely pre-
pared drugs (Soine 1986). Compounds which can affect drug purity
can be classified as diluents, adulterants, impurities of manu-
facture and impurities of origin. The presence of diluents and
adulterants is highly variable, however, this is not true for the
impurities associated with the synthetic process. The impurities
of manufacture and origin are usually present and will vary pri-
marily in concentration. Therefore, it is not surprising that
these impurities may contribute to the pharmacological or toxico-
logical effects associated with clandestinely synthesized drugs.

This report updates information that was published in a prior
review on this subject (Soine 1986). The drugs discussed are
limited to the stimulants, amphetamines and cocaine. The syn-
thetic method for each drug is discussed, followed by the identi-
fication and occurence of synthetic impurities and their associ-
ated pharmacology/toxicology.

AMPHETAMINES

There are numerous methods reported for the synthesis of ampheta-
mine -(Frank 1983), as shown in Figure 1. The major methods uti-
lized by the clandestine chemists use starting materials that can
be easily purchased and/or synthesized. The major amphetamine
synthesized in the United States is methamphetnmine, whereas in
Europe, it appears to be amphetamine. An important precursor for
the synthesis of both amphetamine and methamphetamine is phe-
nyl-2-propanone (P2P). Four basic synthetic routes are used for
the synthesis of P2P (Frank 1983). The most frequently used
method starts with phenylacetic acid, acetic anhydride and sodium
acetate or pyridine. It is this reason that sales of large quan-
tities of phenylacetic acid (1 kg) are monitored by the DEA. The
most commonly observed by-product present in P2P prepared by this

44



O = QO L v

NH.OAC

X
|
m PCls @/\‘/
or HI NHR
& eSO
—
+ RCN  then wcon

dil NaOH

Figure 1

method is dibenzylketone (Herbst and Manske 1943). Dibenzylke-
tone will produce a synthetic impurity via the same reductive
amination reactions as P2P to give 2-(phenylmethyl)phenethylamine
(or the N-methyl homolog in the case of methamphetamine). The
methods using allylbenzene or B-methylstyrene (Dal Cason et al.
1984) are analogous to the methods used clandestinely for the
synthesis of 3,4-methylenedioxyphenyl-2-propanone (to be used in
the synthesis of 3,4-methylenedioxyamphetamines) from safrole or
isosafrole (Ellern 1985, Hanson 1988). Impurities present in P2P
using allylbenzene or R-methylsytrene have not been reported.

The Leuckart method is still frequently encountered as a method
for synthesis of both amphetamine and methamphetamine. Until
1981, the main impurity present in amphetamine clandestinely pre-
pared in the Netherlands was 4-methyl-5-phenylpyrimidine (Huizer
et al., 1985). After 1981 di-(B-phenylisopropyllamines, DPIA,
(or the N-formyl derivative, or both) were the main impurities
observed in amphetamine in both the Netherlands and in Norway
(Lambrechts et al., 1986). It was hypothesized that the change
in impurity pattern was due to the addition of formic acid during
the P2P and formamide condensation step. It should be noted that
DPIA isomers have two chiral centers, therefore both a diaste-
reomeric pair and a meso stereocisomer are usually present in
illicit amphetamines prepared via the Leuckart method.

The most popular method for the synthesis of methamphetamine is
via reductive amination using P2P, methylamine, aluminum foil,
mercuric chloride (catalytic amount) diethyl ether and isopropa-
nol (Frank 1983). This reaction goes in very high yields and a
very pure product can be obtained. It has been observed that
samples of illicit methamphetamine from numerous clandestine lab-
oratories have been found to contain mercury ranging from trace
levels to 1300 ppm mercury (Davidson 1983). Additional basic
contaminants have not been reported for this synthetic route.

The second most frequently encountered synthesis of methampheta-

mine is from ephedrines by conversion to the chloroephedrines
followed by reduction (Allen and Kiser 1987, Cantrell et al.,
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1988). (-)-Ephedrine or (+)-pseudoephedrine is converted to
(+)-chloropseudoephedrine or (-)-chloroephedrine, respectively,
using SOC1,, PC1l; PC1ls; or POC1l;. The reductive dehalogenation
to methamphetamine is accomplished using H,/catalyst, HI or HI
and red phosphorous (DEA Dec. 1986). The synthetic impurities
present in samples using this method are (+)-chloropseudoephe-
drine or (-)-chloroephedrine which also cyclize to form cis- or
trans-1,2-dimethyl-3-phenylaziridines, (Figure 2). All of these
impurities have been detected in varying levels in clandestinely
prepared (+)-methamphetamine. When synthesizing methamphetamine
using this approach or amphetamine from phenylpropanolamine,
retention of configuration at the amine carbon occurs. The enan-
tiomeric composition of illicit amphetamine or methamphetamine is
rarely reported.

Additional amphetamine analogs identified in the illicit drug
market since January 1984 are N,N-dimethylamphetamine (synthes-
ized from N-methylephedrine using HI and red phosphorous) (Tack-
ett et al. 1988, Bond 1988), N,N-dimethylphenethylamine (Clark
1986), N-ethylamphetamine (DEA Dec. 1985), 4-methyoxyamphetamine
(DEA Aug. 1985), 4-methoxymethamphetamine (DEA July 1987),
N-2-hydroxyethylamphetamine (Heagy and Allen 1987). N-2-cyano-
ethylamphetamine (DEA Aug. 1987), and 4,5-dihydro-4-methyl-5-phe-
nyl-2-oxazoline (U4Euh, prepared by the condensation of phenyl-
propanolamine with cyanogen bromide) (Inaba and Brewer 1987,
Davis and Brewster 1988). The impurities from manufacturing have
not been reported for these compounds.

The pharmacology reported for the synthetic contaminants in
amphetamines is very limited except for 2-(phenylmethyl)pheneth-
ylamine (Soine 1986). In a recent study the intraperitoneal LDgq
and CDs, (convulsive dose 50) of 2-(phenylmethyl)phenethylamine
and N-methyl-2-(phenylmethyl)phenethylamine in mice was evaluated
in relation to amphetamine and methamphetamine (Noggle et al.
1985). The LDs, values for both contaminants were comparable to
that of both amphetamine and methamphetamine, however, the conta-
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minants exhibited different non-lethal symptoms compared with
animals given the corresponding amphetamines. In doses well
below the LDs, the contaminants exhibited marked convulsive
episodes characterized by clonic and tonic seizures which suggest
greater CNS stimulation by the contaminants at the brain stem and
cord levels. These symptoms were seen for the amphetamines only
at doses at or near the amphetamine LDs, doses. The information
concerning the pharmacology of the other synthetic impurities is
minimal (Soine 1986).

COCAINE

Cocaine is obtained from the leaves of coca plants belonging to
the genus Erythroxylum (family Erythroxylacae) with the major
species used for the legal and illegal production of cocaine
being E. coca Lam. var. coca ("Bolivian" or "Huanuco coca")
(Novak et al., 1984). In general the primary method for preparing
illicit cocaine in the coca-producing area involves crushing and
soaking the leaves in a Na,COs/kerosene mixture. Upon filtra-
tion, the kerosene filtrate is extracted with dilute H,SO,. The
acid extract is made basic and the solid precipitate obtained is
referred to as coca paste or cocaine sulfate base. Coca paste
varies in cocaine content from 30-90% cocaine. This coca paste
is further refined in cocaine "crystal" laboratories. During
this process the coca paste is dissolved in a dilute H,SO,
solution, the insolubles are filtered off and the acid solution
is made basic with ammonium hydroxide or an ammonium hydro-
xide/NaHCO; buffer. The cocaine base, which is relatively pure
(90-95%), precipitates. The cocaine base is dissolved in ace-
tone/ether to which concentrated HCI is added from which very
pure cocaine hydrochloride precipitates. Depending on the skill
of the operator and the stage at which the sample is obtained,
numerous other alkaloids, in addition to cocaine, will be pre-
sent. The alkaloids containing a tropane nucleus include benzoyl-
ecgonine, methylecgonine, ecgonine, cis- and trans-cinnamoyl
cocaine, a- and R-truxillines, and tropacaine. Due to crystall-
ization behavior similar to cocaine, the cinnamoylcocaines are
frequently detected, and are usually present in very low concen-
trations (less than 5%) (Soine 1986).

Due to the crude processing facilities that are used, residual
solvents are usually present in illicit cocaine. Because these
solvents may be indicative of solvent requirement or if samples
are being obtained from a common source the DEA has carried out
studies characterizing the volatile components present in cocaine
HCI. Prior to 1981 all cocaine samples contained trace levels of
acetone and ether. Recent studies indicate that acetone/ether is
still preferred for cocaine processing (49% of the samples).
However, a decreasing availability of diethyl ether in South
America appears to have forced the usage of other solvents such
as acetone , methylethylketone (Churchill 1985) and benzene
(Kiser 1986;. Volatile compounds that are also associated with
illicit cocaine samples are the hydrocarbons present in kerosene
(alkylbenzenes and hydrocarbons), contaminants of acetone (mesi-
tyl oxide and diacetone alcohol), and trans esterification
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products from cocaine (methyl benzoate, methyl cinnamate and
dimethyltruxillate) (Pettit 1986).

Numerous methods for the total synthesis of cocaine have been
reported in the scientific literature and many of these methods
have been attempted by the clandestine chemists (Cooper and Allen
1984). When cocaine is obtained by total synthesis it is
referred to as "synthetic" cocaine. To date all seizures of
operating clandestine laboratories have utilized routes through
the common intermediate, 2-carbomethoxytropinone. The most com-
monly observed route is that described in "head shop" publica-
tions which contain reprints of the work by Preobazhenski (1936).
The least commonly encountered method, although it is usually
used by the most experienced chemists, is the method described by
Findlay (1957). "Synthetic" cocaine is identified by the pres-
ence of the diastereomers of cocaine (pseudococaine, allococaine
or allopseudococaine) or by the d enantiomer of cocaine. Addi-
tional contaminants common to most of the synthetic routes are
shown in Figure 3. Contaminants that are present in both syn-
thetic and natural cocaines are benzoyl pseudotropine and benzoyl
tropine.

The biological activity associated with the naturally occurring
alkaloids of cocaine (other than cocaine and nicotine) have been
comprehensively reviewed up to 1984 (Novak et al., 1984). Based
on this review no recent reports are available concerning the
pharmacological activity of the tropane alkaloids methylecgoni-
dine, pseudotropine, a- and R -truxilline, and the pyrollidine
alkaloids hygrine, hygroline and dihydrocuscohygrine. Cinnamoyl-
cocaine had previously been reported to have no pharmacological
activity (Woker 1953). Recent studies have shown that cinnamoyl-
cocaine(s) suppress the primary humoral (PFC) immune response of
mice following oral administration (Watson et al., 1983). The
presence of a potential Michael adduct in cinnamoylcocaine could
be associated with this response, however, this is unlikely since
this effect was less than that observed for cocaine at the same
dose. In in vitro studies (-)-trans-cinnamoylcocaine was one
order of magnitude less potent than cocaine in binding to the
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central high-affinity [*H]-cocaine binding site, but was compara-
ble to cocaine in binding to the peripheral (liver) high-affinity
cocaine binding site (Calligaro and Eldefrawi 1987). The a- and
RB-truxillines are reported to have no anesthetic action although
they were originally reported as strong heart toxins (Liebermann
1888). The activity associated with the remaining ecgonine alkal-
oids suggest that these compounds do not contribute significantly
to the CNS effects associated with cocaine (Novak et al. 1984).

It is hoped that this review will bring attention to some vari-
ables that can influence the pharmacological effects of clandes-
tinely prepared drugs. lllicit drugs are usually impure
and will predictably contain certain synthetic contaminants.
Unfortunately, very little is known concerning the acute and
chronic effects of these compounds.
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Structural and Conformational
Aspects of the Binding of Aryl-Alkyl
Amines to the Phencyclidine
Binding Site

Andrew Thurkauf, James Monn, Marienna V. Mattson,
Arthur E. Jacobson and Kenner C. Rice

Relatively recently, the dibenzo[a,d]cyclohepten-5,10-imines have been
introduced into the family of structures which have appreciable affinity for the
phencyclidine binding site of the mammalian CNS with the discovery that the
anticonvulsant MK-801 (Dizocilpine)1 showed high affinity for the site (K; =3
nM). This class is somewhat unique from other classes of PCP agonists in that
it demonstrates the highest PCP affinity of the various structure, while having
structural simplicity and the least conformational mobility.

CHs

MK-801 (Dizocilpine) des-5-methyl MK-801

Structurally, the compound is an amino bridged dibenzocycloheptane. Previous
work in our laboratories has shown that the structure may be simplified further,
by removal of the C-5 methyl group giving des-5-methyl MK-801, and still
maintain an affinity for the binding site (K; - 120 nM) comparable to
phencyclidine.2

In an attempt to elucidate the structural requirements for binding in this series,
we undertook a study of partial structures of des-methyl MK-801. Although
structurally simple, the polycyclic nature of MK-801 permits it to be viewed as a
derivative of various partial structures. In analyzing the molecule we choose that
set of substructures which included both phenyl and the amino group.

As a bicyclic structure, MK-801 may be viewed as a tetrahydroisoquinoline or as

a dihydroisoindoline. The acyclic substructures which can be visualized are the
1,2diphenylbenzylamine or a-phenylbenzylamine.
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Substructures of MK-801

tetrahydroisoquinoline dihydroisoindoline
Q>
CHj; CHj;
a-phenylbenzylamine 1,2-diphenylethylamine

The acyclic structures examined are shown in Table 1. While o-
phenylbenzylamine (1) shows little affinity for the PCP binding site, 1,2-
diphenylbenzylamine (2) retains considerable affinity for the site. The partial
structure, (3) and the homologue (4). also show little affinity for the site. The

importance of the 2-phenyl ring to the binding of 2 is demonstrated by the poor
affinity of the partially saturated analogue (5).

The bicyclic derivatives examined are shown in Table 2. While
tetrahydroisoquinoline (6) itself shows no affinity for the PCP site, the 1-phenyl
(7) and lbenzyl (2) derivatives do interact to some extent. Note that compound
(8), which can be viewed as a conformationally restricted 1,2-

diphenylethylamine, has somewhat greater receptor affinity than (7), a
conformationally restricted a-phenylbenzylamine.
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Table 1. Acyclic Analogues

Comp. # K; (UM)
1 NH, 20
2 I o~
: NHs 0.69
/
3. NH 100
4. NH; 45
> NH, 33



Table 2. Bicyclic Derivatives

Tetrahrdroisoquinoline _Derivatives Dihydroisoindoline Derivatives

6 K, =>100 uM 9. ©:\/NH
NH
7. K= 2.1 M 10. O NH Ke=20 M
NH
8 K=13uM 11. O NH ICso=>30 pM
' NH

In the dihydroisoindole series, the parent compound (9) and the 1-phenyl
derivative (11)° both show no affinity for the PCP binding site while the 1-
benzyl derivative (10) retains some affinity for the site. As was observed in the
tetrahydroisoquinoline series, the conformationally restricted; 1,2-
diphenylethylamine derivative (10) is more potent, in vitro, than the
conformationally restricted a-phenylbenzylamine (11).

K = >100uM

The greater relative potency of derivatives possessing the 1,2-
diphenylethylamine substructure over those of the three alternative substructures
prompted us to further examine this system. Three conformationally restricted
analogs of 1,2-diphenylethyl amine which were examined are displayed
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Table 3. Conformationally Restricted 1.2-Diphenylethylamines

12.

9,

' O K, = 50 uM
NH,

K, = 20 pM
- OO “
N
H
O ICq = 3.9 pM

in Table 3. In compounds (12) and (14)°, the rotation of 2-phenyl ring is
restricted, while in compound (13), the rotation of both phenyl rings is
restricted. While the affinities of all of these compounds are reduced, relative to
the parent compound 1,2-diphenylethylamine (2), compound (14) with a
secondary nitrogen (as in MK-801). has greater affinity than those restricted at
the carbon adjacent to the nitrogen.

With the idea that secondary amines were not inimical to the effect of the 1,2-
diphenylamine derivatives, we prepared the acyclic compound (15).
Structurally, (15) can be visualized as MK-801 with the C4a-C5 and C5-C6a
bonds removed. This compound showed very respectable affinity for the PCP
binding site.



15. MK-801
K; = 257 nM

In conclusion, we have synthesized a number of partial structures of the
phencyclidine agonist des-5-methyl MK-801. The structural and conformational
requirements for binding are strict within this series. Analogues in which one of
the phenyl groups is allowed free rotation showed greatly diminished receptor
affinities.

Finally, the structural studies indicate that, for the purposes of medicinal
chemistry, MK-801 is best viewed as a conformationally restricted 1,2-
diphenylethylamine derivative.
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Desipramine Treatment for Relapse
Prevention in Cocaine Dependence

Susan L. McElroy, Roger D. Weiss, Jack H. Mendelson,
Siew K. Teoh, Brenda McAfee and Nancy K. Mello

Six open (Brotman et al., 1988, Gawin and Kleber 1984, Giannini et al., 1986,

Kosten et al., 1987, Rosecan 1983, Tennant and Rawson 1983) and 5

controlled (Arndt et al., 1989, Gawin et al., 1989, Giannini and Billett 1987,

O’Brien et al., 1988, Tennant 1984) studies have assessed the efficacy of
tricyclic antidepressants for the treatment of cocaine dependence. Nine of these
trials (Brotman et al., 1988, Gawin and Kleber 1984, Gawin et al., 1989,
Giannini and Billett 1987, Giannini et al., 1986, Kosten et al., 1987, O’Brien et
al., 1988, Rosecan 1983, Tennant and Rawson 1983) have shown that tricyclics
may facilitate abstinence in cocaine-dependent patients by reducing dysphoria
(Brotman et al., 1988, Giannini and Billett 1987, Giannini et al., 1986, O’Brien
et al., 1988) and/or cocaine craving (Brotman et al., 1988. Gawin and Kleber
1984, Gawin et al., 1989. Kosten et al., 1987) associated with cocaine abuse
(Gawin and Kleber 1986). Although the dosages and time course of treatment
response reported in these studies paralleled the antidepressant properties of
these drugs, the anti-craving and mood-elevating effects were observed in
cocaine abusers independent of a concurrent diagnosis of major mood disorder
(Gawin_et al., 1989, Rosecan 1983). Moreover, in 1 of the 2 negative studies
(Arndt et al., 1989, Tennant 1984) (double-blind, placebo-controlled trials with
desipramine), both the medication dose and the duration of treatment were
probably subtherapeutic (Tennant 1984).

In all of the reported studies, antidepressants were administered either during or
shortly after a period of active cocaine use. To our knowledge, there has been
only 1 report discussing the potential usefulness of antidepressants for the
prevention of relapse to cocaine abuse after abstinence had been achieved.
Weiss recently described 3 cocaine abusers who had been abstinent for 1 to 6
months and relapsed to cocaine use soon after initiating treatment with
desipramine (Weiss 1988). Development of an “early tricyclic jitteriness
syndrome” (Pohl et al., 1988. Pollack and Rosenbaum 1987) and increased
craving for cocaine were believed to be the likely precipitants of relapse in these
cases. In order to systematically investigate the efficacy of desipramine for
preventing relapse in cocaine abusers, we performed a double-blind, placebo
controlled 6-month crossover pilot study of desipramine in 15 cocaine dependent
patients who had attained 4 to 8 weeks of abstinence by completing an inpatient
substance abuse treatment program.
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METHODS

All study patients were hospitalized for cocaine dependence at the Alcohol and
Drug Abuse Treatment-Center of McLean Hospital, Belmont, Massachusetts,
where they participated in a multidisciplinary substance abuse treatment
program. The average length of stay in the program was 4 weeks, although
some patients stayed for up to 8 weeks. Abstinence during the hospitalization
was monitored by random urine drug screening. Patients who had positive
urine tests indicative of in-hospital drug use were ineligible for the study. From
September, 1986 through September, 1988, patients who met the following
criteria were recruited to participate in the study: a diagnosis of cocaine
dependence meeting DSM-III-R criteria; age between 18 and 65 years; no
significant medical or neurological problems; no history of major mood, anxiety,
eating, or psychotic disorders; consent for urine screens and blood tests; and no
past therapeutic trials of thymoleptic medication. Patients were included in the
study if they met DSM-III-R criteria for other psychoactive substance use
disorders, as long as cocaine was their preferred and most prominent drug of
abuse. Patients were also included if they had a past or current diagnosis of
attention deficit disorder with hyperactivity.

After providing informed consent, patients were randomly assigned to receive
desipramine or placebo. Medication was begun approximately 1 week prior to
discharge, after completion of the 4 to 8 week period of abstinence and inpatient
treatment.  Patients were administered identical-appearing capsules of
desipramine or placebo. Desipramine was started at S0mg a day and increased
by 50mg each day to a daily dose of 200mg. Patients were randomly assigned
to receive desipramine or placebo during the first 12 weeks of the study. After
completing the first 12 weeks, patients were then crossed-over to the other
condition for the remaining 12 weeks.

Patients were assessed at baseline and weekly thereafter for 24 consecutive
weeks. During weekly interviews any potential drug use during the past week
was discussed and psychiatric symptoms and medication side effects were
assessed. To measure cocaine craving, 100 mm line analog scale ratings for.
intensity and frequency of cocaine craving were completed. Patients were
instructed to mark the intensity and frequency of their craving for the past week
on a 100 mm line, with 0 representing the absence of craving and 100
representing “more craving than ever.” The Beck Depression Inventory (BDI)
(Beck et al., 1961). the Hamilton Depression Rating Scale (Ham-D) (Hamilton
1960). a urine toxicology screen, and a side effects scale were also completed.
Relapse to cocaine use was ascertained by both clinical interviews and urine
toxicology screens. Routine blood tests (CBC, SMA-12) were obtained every 2
weeks. If patients relapsed to cocaine abuse, they were still encouraged to
remain in the study.

RESULTS

Demographic and clinical characteristics of the 15 patients are presented in table
1. Eleven patients were men and 4 were women. The mean age of the patients
was 29.5 +: 5.7 years (range, 23 to 43 years). The average amount of cocaine
used was 23.1 + 31.5 grams/week (range, 2-125 grams/week); the average
duration of cocaine use was 4.9 + 3.6 years (range, 1 to 15 years). All patients
used cocaine intranasally; 5 also smoked the drug and 4 also used it
intravenously. All patients met DSM-III-R criteria for current or past abuse of
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other drugs in addition to cocaine, and most patients participated in 1 or more
modes of psychosocial treatment while enrolled in the study.

TABLE 1 Subject Characteristics®

Variable Desipramine first (n=9) Placebo first (n=6) Differences
Age (years) 31.9 + 6.1 (25-43) 26 £2.7 (23-31) NS
Sex (% M/F) 78/22 67/33 NS

Amount of cocaine used
prior to hospitilization

(grams/week) 29.3 + 37.8 (4-25) 13.8 + 17.71 (2-49) NS
Duration of cocaine abuse

(Years) 5.6 +4.3 (1.5-15) 3.7+23 (1-6) NS
Baseline cocaine craving-

intensity” 34.2 + 34.1 315+ 17.7 NS
Baseline cocaine craving-

frequency” 21.9 +24.1 158 +11.3 NS
Baseline Hamilton Rating

Scale for Depression score 6.6 £ 4.8 (1-16) 7.8 +5.9 (2-17) NS
Baseline Beck Depression

Inventory score 4.0 £ 4.8 (0.5) 9.5 £ 10.1 (1-24) p <.05
Duration of time in

study (weeks) 11.0 £ 10.7 (1-24) 6.5+ 54 (1-14) NS

* Values not identified as percentages are express as mean = SD (range).

® The range of the cocaine craving measure for both intensity and frequency
is 0 to 100, with 0 representing “no craving” and 100 “more craving than ever.”

Of the 15 patients, 9 were randomized to receive desipramine and 6 placebo
during the first 12 week phase. As shown in table 1, there were no significant
differences between those patients initially randomized to drug and those to
placebo with respect to sex, age, amount of cocaine used, duration of use, route
of use, concurrent or past alcohol or substance abuse, baseline measures of
cocaine craving, intensity and frequency. or baseline Ham-D scores. However,
the 2 groups differed significantly with respect to baseline BDI scores, with the
despiramine-first group being less depressed (p < .05) than the placebo-first

group.

Only 3 (20%) patients completed the entire 24 weeks of treatment, The
remaining 12 (80%) discontinued the study prematurely. Two of the latter
patients had crossed over from one treatment to the other. One patient dropped
out after 15 weeks of treatment, 3 weeks after being switched from desipramine
to placebo, and could not be contacted to determine his reasons for dropout. A
second patient terminated after 14 weeks, 2 weeks after being switched from
placebo to active drug, citing dry mouth, bad taste, feeling overly stimulated
and jittery, and experiencing increased craving for cocaine as the reasons for
drop out. The remaining 10 patients left the study prematurely after completing
12 weeks or less of treatment; 6 patients terminated after completing 2 weeks or
less. In total, 6 of the 12 non-completers (50%) dropped out while on placebo
and 6 (50%) dropped out while on active drug. Reasons for failure to completed
the entire 24 weeks of the study included relapse to cocaine abuse in 5 cases (3
on placebo and 2 on drug); uncomfortable or intolerable side effects without
relapse in 3 cases (all of desipramine); emergence of major depression without
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relapse in 1 case (on placebo); no longer wanting to participate in the study
because of time constraints in 2 cases (1 on placebo and 1 on drug, no relapses);
and failure to make appointments and loss of contact in 1 case (on placebo). AU
patients who relapsed to cocaine use discontinued the study.

Relapse to Cocaine Use

While they were participating in the study, 2 of 9 patients (22%) relapsed while
on desipramine and 3 of 6 (50%) relapsed while on placebo. This difference
failed to achieve statistical significance. However, this may be due in part to the
small sample size.. Relapse was not significantly correlated with age, sex,
amount or duration of cocaine abuse, baseline measures of cocaine craving and
mood, or duration of time in the study. Given the extremely high drop out rate,
however, it was difficult to accurately assess relapse over the long term. All 5
patients who, to our knowledge, relapsed to cocaine use did so while
participating in the study and within 4 weeks following hospital discharge. We
attempted to interview the other 10 patients by telephone to determine whether or
not they had relapsed to cocaine use after discontinuing the study. Of 8 patients
contacted at follow-up periods of 4 to 28 months after study termination, all
denied relapse to cocaine use.

Cocaine Craving and Mood

An analysis of variance for repeated measures was carried out to determine if
there were any significant changes in cocaine craving intensity (CCI), cocaine
craving frequency (CCF), BDI scores, and Ham-D scores over time. However,
this was not possible for the entire patient group because of insufficient data due
to the high drop out rate. The analysis was then repeated for patients who
completed the first 6 weeks of the study. There were no significant changes in
CCI, CCF, BDI scores, and Ham-D scores for the 3 patients who received
placebo for the first 6 weeks of the study. Similarly, there were no significant
changes in CCI, CCF, and BDI scores for the 5 patients who received
desipramine for the first 6 weeks of the study. However, there was a significant
decrease in Ham-D scores at weeks 3 and 4 when compared to baseline scores
(p < .05) for these patients.

Premature Study Termination by Patients Because of Adverse Effects

Premature termination due to adverse effects occurred more frequently during
treatment with desipramine than with placebo. However, this difference did not
achieve statistical significance. Termination secondary to adverse effects was
not significantly correlated with age, sex, amount or duration of cocaine abuse,
baseline measures of cocaine craving and mood, or duration of time in the study.
All 3 patients who dropped out because of adverse effects were receiving
desipramine at the time and reported either feeling overly stimulated, jittery
and/or anxious, feeling “high,” a “rush,” or a “crash” as if they were using or
had just used cocaine, and/or increased cocaine craving (all 3 patients) as the
primary reasons for ending the study. These side effects began within 1 to
several days after beginning desipramine therapy. Only 1 of the other 7 patients
ever receiving desipramine reported feeling stimulated and anxious. This was
not accompanied by feelings of cocaine intoxication and subsided after 2 weeks.
The 2 patients who relapsed to cocaine use while on desipramine did not report
adverse effects.
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DISCUSSION

Although more patients relapsed to cocaine use when treatment was begun with

placebo than with desipramine. this finding did not achieve statistical

significance. Our data suggest that treatment of cocaine-dependent patients with

desipramine - initiated well after induction of abstinence - may not be helpful in

prevention of relapse. This conclusion is inconsistent with many studies that

indicate that antidepressants may be helpful in facilitating abstinence in active

cocaine abusers (Brotman et al., 1988, Gawin and Kleber 1984, Gawin et al.,

1989, Giannini and Billett 1987, Giannini et al., 1986, Kosten et al., 1987,

O’Brien et al., 1988, Rosecan 1983, Tennant and Rawson 1983). A number of
these studies (Brotman et al., 1988, Gawin and Kleber 1984, Gawin et al.,

1989. Giannini and Billett 1987. Giannini et al., 1986, Kosten et al., 1987,

O’Brien et al., 1988) have shown that the reduction in cocaine use during
antidepressant treatment is associated with reductions in cocaine craving or post-

use dysphoria. The effectiveness of pharmacologic treatment in these studies

may thus have been due to alleviation of cocaine withdrawal symptoms.

However, in the present study, patients who completed the first 6 weeks of
treatment did not report significant changes in craving for cocaine. Hamilton

depression (Ham-D) scores but not Beck depression (BDI) scores were

significantly decreased at weeks 3 and 4 in comparison to baseline. There were

no significant changes in Ham-D and BDI scores for the 3 patients who received

placebo during the first 6 weeks of the study, even though baseline BDI scores

were significantly higher in the placebo-first group. These findings suggest that

although treatment with desipramine reduced depression, it did not promote

relapse prevention perhaps because cocaine craving was not reduced. Thus,

desipramine treatment may be more effective in facilitating rather than

maintaining abstinence from cocaine dependence because cocaine withdrawal

symptoms (particularly craving for cocaine) may diminish during protracted

abstinence (Gawin and Kleber 1986), when other factors may be more important

in precipitating relapse.

Our findings and conclusions, however, are limited by the design of the study.
First, despite random assignment, the desipramine-first and placebo-first groups
were not identical. Although the 2 groups of patients were similar with respect
to CCI, CCF, and Ham-D scores, the drug-first group had significantly lower
BDI scores. Since a recent report by Carroll (1989) has suggested that
concurrent depression may be a good prognostic sign in cocaine abusers,
patients who were given desipramine initially may have been more likely to
relapse because of a reduced degree of depression. This possibility seems
unlikely, however, since relapse was not correlated with depression scores in
our study.

Desipramine may have facilitated maintenance of abstinence for some patients
(4/9 or 44%), but it did not prevent relapse for other patients, (2/9 or 22%). The
drug also caused adverse effects (similar to the early tricyclic "jitteriness"
syndrome) in 4 of 9 (44%) patients. While these adverse effects did not
invariably lead to relapse, in contrast to the report by Weiss (1988), 3 of 4
(75%) patients discontinued the drug, fearing that persistence of these adverse
effects would cause resumption of cocaine use. Thus, desipramine may be
helpful for some cocaine abusers, but it also may be deleterious for others -
especially at the initiation of pharmacotherapy, when it may induce effects
similar to cocaine intoxication.
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Since neither relapse nor discontinuation of medication due to adverse effects
was associated with specific clinical or demographic factors (e.g., age, sex,
severity of cocaine dependence, severity or frequency of cocaine craving,
severity of depression), we are unable to identify predictors of favorable or
negative desipramine effects in cocaine abusers. Since relapse was less common
(although not significantly) when treatment was initiated with desipramine than
with placebo, desipramine treatment may be more likely to prevent relapse when
administered during the early rather than later phase of cocaine abstinence.

In summary, this study suggests that treatment of abstinent cocaine-dependent
patients with desipramine may not be effective in preventing relapse to cocaine
use or reducing craving for cocaine - even though it may reduce depression.
This finding must be considered tentative, however, in light of the study’s
design problems - unequal groups, high attrition rate, and small sample size.
Nonetheless, in some patients, treatment with desipramine appeared deleterious,
with induction of symptoms suggestive of the early tricyclic “jitteriness”
syndrome and increased craving for cocaine. When deciding whether or not to
treat cocaine dependence with desipramine, it will be important to realize that
some patients - particularly those who have achieved abstinence through
psychosocial means - may sometimes experience symptoms increasing the risk
of relapse. Currently, it is impossible to predict which patients with cocaine
dependence will respond to desipramine favorably or deleteriously. Further
research on the efficacy of tricyclic antidepressants in relapse prevention in
cocaine dependence is needed to identify those subgroups of cocaine abusers
who respond favorably to this class of medications.
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NIDA’s Medication Development
Program - 1989

Charles R. Schuster and Marvin Snyder

The development of improved treatment for drug addiction is one
of the most difficult problems confronting medical science
today. With the staggering cost of drug abuse and the burden-
some future liabilities associated with the spread of human
immunodeficiency virus (HIV) infection within the drug abusing
population, effective drug addiction treatment is necessary
now, more than ever. When NIDA alerted the Congress to the
possibility of new pharmacotherapeutic approaches to drug
addiction treatment, the Congress responded by specifying the
need for the development of new medications in the Anti-Drug
Abuse Act of 1988. NIDA has consequently made medications
development one of the top research and programmatic priorities
of the Institute, in line with the Public Health Service Plan
for Reducing the Demand for lllicit Drugs.

Drug abuse is a unique problem; individuals seek to alter, or
indeed to “experiment” with the functioning of the nervous
system in an attempt to change how they feel and how they see
the world and react to it. There is a distinction, however,
between drug abuse and drug addiction. Drug abuse is a
voluntary behavior; the casual user makes a free and conscious
decision to break the law and use mind-altering substances.
Drug addiction is a disease of the brain, resulting from
repeated self-administration of these substances.

Our brains are made up of billions of neurons. These cells
activate one another through the release of chemicals, and this
brain activity enables us to function: to see, to hear, to feel
anger, and to experience hunger for food, water, and sex.
Abused drugs disrupt brain function, short circuit, if you
will, the brain’s normal activity, so that the individual
becomes pathologically preoccupied with repeating the drug
experience, either for the pleasure it brings or the pain it
relieves. Such individuals have diminished freedom of choice.
They are not irrational but they are dysfunctional. Their
waking hours are focused on obtaining, selling, thinking about,
and experiencing drugs. One of the roles of medications in
these individuals is to restore a degree of normality to brain
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function and behavior so that they have the opportunity for
rehabilitation through counseling, psychotherapy, vocational
training, and other therapeutic services.

We pointedly use the term “medication” for that is what we
propose to develop. We have been unduly burdened by the fact
that we do not have different words to refer to chemicals used
therapeutically as opposed to those being abused. Other
languages, such as French, make a clearer distinction.
Unfortunately, semantics sometimes gets in the way of reality,
and there are those who say it is “silly” to talk about using
“drugs” to treat drug abuse. In reality, nothing could be
further from the truth. Drugs or medications are typically
used to treat the biochemical and physiological imbalances
caused by a variety of diseases. Treatment of psychiatric
conditions, like anxiety, depression, and schizophrenia is
perhaps most relevant here. Correcting the biochemical im-
balances in the brain that lead to the disordered behaviors
seen in these conditions not only improves the patient's
emotional state, but also improves behavior and increases the
effectiveness of other forms of treatment, like psychotherapy.
As just mentioned, we will be developing therapies to restore
some normality to brain function disrupted by the abuse of
illicit drugs. We will be using the word medication to help
keep the approach and the distinction between abused drugs and
medications clear.

Drug abuse research has led to fundamental insights about
drug-receptor interactions, the structure-activity relation-
ships of drugs and the brain, and mechanisms underlying
neurotoxicity. With this information and utilizing state-of-
the-science technological advances in areas like molecular
biology, neural imaging techniques, and computer-aided drug
design and modelling, we plan to develop medications that:

1. reduce the craving for abused drugs;

2. block the behavioral and physiological effects of abused
drugs;

3. safely serve as replacement therapies for the treatment of
drug addiction,

4. moderate and/or climinate the process of withdrawal;

5. block and/or reverse the toxic effects of abused drugs;
and

6. prevent, under certain conditions, the initiation of drug
abuse in individuals at high risk.

The development of pharmacotherapies for the treatment of drug

addiction has not received significant support from the
pharmaceutical industry. There are many reasons for this
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unfortunate circumstance. First, drug abusers are a unique
group of sick people who do not necessarily seek treatment and,
indeed, may actively avoid it. Research on this population is
difficult and is not attractive to many investigators. Second,
prior to the current cocaine epidemic, the number of drug
abusers, although large, was not of sufficient size to be
economically rewarding to pharmaceutical manufacturers and the
profit potential of new treatments was not great. Furthermore,
pharmaceutical manufacturers have noted that both the distribu-
tion and reimbursement for new medications are likely to be
carefully controlled, further reducing their attractiveness.
Third, some drugs that could be developed are either off patent
or about to come off patent, and, therefore, there is limited
protection for the product and, hence, little profit potential.
Fourth, drug companies are concerned about having their product
lines associated with drug abusers (“junkies”) in the public’'s
mind. Fifth, drug companies are concerned that by introducing
a product into the drug abuse population they might decrease
the market for the product's other potential uses or delay its
approval. The product, for example, may be placed in an
unacceptable schedule under the Controlled Substances Act or
its use restricted, like methadone. Finally, pharmaceutical
manufacturers are concerned about a large variety of liability
issues, some of which may be unique to drug abusers.

Although some of these concerns may be overrated, others are
real. The risk involved in developing treatment medications
for pregnant drug abusers, for example, has to be considered
excessive by even the most compassionate and concerned corpo-
rate officers. From a public health perspective, however, we
believe that society has been ill-served by the lack of
attention paid by the industry to the problems of drug addic-
tion. The existence of only two approved medications, metha-
done and naltrexone, available specifically for drug addiction,
is a testament to this failure.

However, the incentives of the Orphan Product Act, AIDS, and
the size and demographics of the cocaine epidemic are changing
this situation. Some discussion has taken place as to whether
the Act might be extended to all medications being developed
for the treatment of addictive disorders. Even though some of
the addictive disorders do not meet the technical criteria for
orphan conditions, the lack of private sector effort in
developing medications to treat the addictions suggests that
they are, in effect, orphan conditions. NIDA staff have been
visiting and discussing medications development with a number
of pharmaceutical firms, and we believe that there is increas-
ing interest in collaborative efforts and that these collabora-
tions will grow with time. It is nonetheless clear that
significant leadership is required, in this area - leadership
that NIDA plans to provide by committing itself, on a long-term
financial, programmatic, and scientific basis, to the develop-
ment of medications for the treatment of drug abuse.
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Starting in fiscal year 1989, NIDA expanded its efforts in the
area of medications development by establishing a research
program specifically seeking to identify new medications for
drug addiction treatment. We are quite mindful of the fact
that many of the chemicals that will be identified and/or
synthesized will, through their central nervous system (CNS)
actions, have potential value for other disease conditions
affecting the brain and behavior. We are, therefore, working
closely with our Agency leadership and sister Institutes, the
National Institute on Alcohol Abuse and Alcoholism and the
National Institute of Mental Health, so that the opportunities
to test new medications for both addictive and mental disorders
will not be lost.

Compounds for evaluation will be derived from a comprehensive
database that NIDA is developing about chemical entities with
CNS activity. The information in the database will include
pre-existing compounds, as well as compounds developed on the
basis of computer-assisted drug design and knowledge of
structure-function activity, receptor pharmacology, and the
functional mechanisms underlying drug reinforcement, euphoria,
dysphoria, tolerance and dependence.

New potential medications that meet our basic pharmacological
parameters for candidate treatment agents will then be evalu-
ated for potential efficacy and safety in animal models through
ongoing contractual relationships. The animal self-administra-
tion model for drug abuse is potentially one of the best models
of human disease available. It is highly reliable in predict-
ing the abuse liability of new compounds and it should prove an
invaluable tool for our treatment development program. The
evaluation of many proprietary compounds may be modeled after
the abuse liability testing program that is currently used to
make regulatory and scheduling decisions about new drugs.
Although NIDA now funds this abuse liability testing program,
we do not control it directly. NIDA will be more directly
involved in the new program for testing potential treatment
medications. The development of specific relationships with
individual pharmaceutical companies that will allow the Federal
Government to test and evaluate privately owned compounds and
to use the data for medications development is now being
explored.

Three issues surrounding the potential toxicity of new com-
pounds are of particular concern. Because we will be dealing
with substances that act on the CNS, and because recent
findings show that a variety of centrally acting compounds are
potentially neurotoxic, we will be paying particular attention
to both the acute and long-term effects of candidate medica-
tions on the brain. Second, the medications we are developing
are primarily being targeted to patients who are either
seropositive for HIV or at high risk of exposure to HIV. We
are particularly concerned that we do not administer anything
to these people that might accelerate the clinical course of
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the disease, increase the probability of clinical infection
after exposure, or interfere with anti-viral therapy. Given
the limited knowledge of the natural history of AIDS and the
role of co-factors in the disease, it is not clear how we will
do this. Nonetheless, it is an area of significant priority
that we are examining.

Finally, we are facing another unusual situation in developing
medications for the treatment of drug addiction. Drug addic-
tion is a disease that involves the self-administration of a
drug which, like cocaine, may produce an acute, fatal reaction.
Because a number of candidate treatment agents might potentiate
these reactions if taken with cocaine, we are working with the
Food and Drug Administration (FDA) on the issue of requiring
drug interaction studies to show safety of potential treatment
agents.

In terms of clinical trials, in fiscal year 1989 NIDA will
establish Treatment Research Units that will have a major role
in evaluating new medications and conducting the necessary
clinical trials for phases | and Il of the drug development
process. We also plan to establish in fiscal year 1990
agreements with a number of pharmaceutical firms that would
agree to take promising new medications through phase Il
clinical trials, New Drug Application (NDA), and approval, and
marketing of the drug in exchange for exclusive rights to the
compound for the treatment of drug addiction. In other words,
NIDA, as the lead Institute for the Agency, would, under some
conditions, perform all necessary preclinical and phase | and
phase 11 clinical studies and transfer these data to a pharma-
ceutical firm willing to complete the NDA process and market
the drug. Approaches like this have already been used success-
fully at both the National Cancer Institute and the National
Institute of Neurological Disease and Stroke, and we are
hopeful that it can work for us.

We would now like to briefly describe some of our ongoing
activities. Comprehensive discussion of the treatment of drug
addiction must begin with methadone. Methadone is certainly
not a cure for heroin addiction. It must be administered
daily. It maintains physical dependence on opiates. It is
subject to diversion and abuse. Children born to methadone-
maintained women must be withdrawn from the drug. But metha-
done is a successful treatment for heroin addiction and a
valuable tool for preventing the spread of AIDS. The evidence
indicates that children born to methadone-maintained mothers
are much healthier at birth than children born to heroin
addicts. The concept of methadone maintenance is consistent
with the medical management and treatment (not cure) of a
number of other diseases, including diabetes, heart disease,
and arthritis.

We believe that methadone maintenance has a place in the
treatment of heroin addiction. The 25-year-old heroin addict
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who comes into the clinic and is placed on methadone is no
longer an addict. That person is physically dependent on
opiates, but not addicted to them. This is an essential and not
a semantic distinction. Methadone stabilizes brain dysfunction
caused by years of heroin addiction and stops the on-off
cycling that typifies addiction. This person no longer injects
drugs, is no longer constantly involved in drug-seeking
behavior, and can be gainfully employed and involved in
rehabilitation programs. This person no longer needs to commit
crime to support his or her drug addiction. Perhaps most
importantly, the risk of contracting AIDS and/or transmitting
it to someone else is substantially reduced.

Tragically, AIDS and drug abuse are now and will continue to be
inseparable for the foreseeable future. Methadone maintenance
reduces intravenous drug abuse and thus reduces the spread of
AIDS. An unrealistic wait for a “cure” for heroin addiction and
a philosophy that refuses to accept the medically sound concept
of maintenance will needlessly sentence thousands. of people,
including innocent children, to death.

Methadone was the first medication available for the treatment
of heroin addiction. We need to continue its use until it is
replaced by something better. Such progress is attainable
through research. Medical science utilizes what it has and
improves upon it through the development of new knowledge. The
sulfa drugs were among the first true antibacterials. They
were followed by antibiotics, such as penicillin and tetra-
cycline, and then whole new classes of anti-infective agents,
each one useful in specific patients, with specific diseases,
and at specific times in their therapy. This is the goal of
NIDA’'s Medications Development Program. We are attempting to
develop new, more effective medications to treat addictive
disorders, most notably heroin and cocaine addiction. We would
like to be able to provide physicians with a wide variety of
potential treatments so that these can be tailored to the needs
of a particular patient.

With newly available funds, NIDA is renewing its sponsorship of
LAAM for the treatment of heroin addiction. LAAM therapy, like
methadone, is based on the concept of maintenance. We believe
it will find greater public acceptance than methadone and that
it will be a significant improvement over methadone for many
patients. LAAM is a long-acting medication that needs to be
taken only every 2 to 3 days. Many believe that this reduction
in drug-taking behavior, by itself, will have therapeutic value
because it will break the drug-taking cycle so characteristic
of addiction. In addition, because each patient will visit the
clinic less frequently, treatment capacity should increase and
costs decrease. Most importantly, LAAM does not produce a
high; it should have little, if any, abuse liability. Con-
sequently, we do not anticipate any problems with diversion for
street use.

69



We should know within a year if the available data show safety
and efficacy. If so, NIDA plans to work with the FDA to make
LAAM available as rapidly as possible and will explore the
mechanisms of a treatment Investigational New Drug (IND) to
accomplish this goal. This mechanism has been effectively used
in the AIDS arena, and we believe it is appropriate to follow
this approach with drug addiction. Under this program,
patients would be treated with LAAM while it is still awaiting
final approval by the FDA.

For those patients who wish to detoxify from heroin or be
medically withdrawn from methadone, NIDA-sponsored research has
been examining techniques and medications to facilitate this
process. One such medication is an anti-hypertensive agent
called clonidine which interestingly has shown value in the
treatment of heroin addiction. Clonidine by itself and in
combination with naltrexone appears to be quite helpful and is
currently being used to assist patients to rapidly become free
of physical dependence on heroin (Kleber et al., 1985; Charney
et al., 1986).

For those patients who are opiate-free but require “protection”
against re-addiction to heroin, NIDA developed, in a partner-
ship with DuPont, the narcotic antagonist naltrexone. Patients
whose heroin-free state is “maintained” by naltrexone Cannot
get high from any street narcotic. Naltrexone seems, in many
ways, to be an ideal medication. In effect, it “immunizes”
against narcotic addiction. However, there have been signi-
ficant problems with patient compliance. People don’'t want to,
or forget to, take it. The patient has to be highly motivated
to take a medication when its only action is to block the
effects of heroin, a drug he's not supposed to be using. We
believe however, that naltrexone offers substantial, unrealized
benefits in our battle against both drug abuse and AIDS. We
are, consequently, developing a “depot” form of this medica-
tion, which is slowly released over time. In this way, a
single injection will provide protection against heroin for
periods of 30 days or longer. The problems of patient com-
pliance will be greatly reduced. If we can give patients a
30-day window of drug-free opportunity, there should be
substantial improvements in treatment outcome. Clinical studies
of this new formulation will begin late next year. Again, as
with all of the medications under development, every effort
will be made to make the naltrexone depot available as soon as
possible in the development process.

We are also conducting clinical trials of buprenorphine, a new
type of medication that combines some of the effects of opiate
agonists with many of the effects of antagonists. This
medication may be especially useful in helping addicts detoxify
from heroin and may also serve as a useful maintenance agent.
If ongoing studies at our Addiction Research Center prove
successful, large-scale trials of buprenorphine should begin
next year.
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Buprenorphine may also be a useful treatment for combined
heroin and cocaine addiction. In one study, patients who were
being treated with buprenorphine for heroin addiction, and who
were also cocaine addicts, were observed to reduce the abuse of
cocaine (Kosten et al., 1989). In another study, recently
published in the journal Science (Mello et al., 1989), monkeys
that had been self-administering cocaine greatly reduced their
use of it once they had been treated with buprenorphine. This
is a very exciting, though still preliminary, finding.
Needless to say, we will be following up on these discoveries
as quickly as possible.

We would be remiss if we did not mention naloxone, a short-
acting narcotic antagonist. This medication is used to treat
the respiratory depression that follows a heroin overdose, and
over the years has saved the lives of thousands of people. It
is a success story that is frequently overlooked when we fail
to see the addict as a person; someone with a life-threatening
disease, who needs our help and our compassion.

What we have presented thus far is an abbreviated summary of
our Medications Development Program’s efforts to improve the
treatment of heroin addiction. A significant amount of
research is also ongoing to more precisely identify the
mechanisms underlying drug addiction, and we are hopeful that
this research will lead to innovative conceptual approaches to
treatment.

An additional area of particular interest and concern involves
the treatment of the pregnant addict. We are attempting to
develop medications that will allow us to treat the mother
without affecting the fetus. The scientific and technical
problems are considerable but we think addressable. This is a
new, high priority area that will involve a considerable amount
of basic research.

Heroin addiction is very different from cocaine addiction.
Although both substances are legally classed as narcotics, they
represent two distinctly different kinds of abused substances.
Heroin is a depressant drug. It acts directly on opiate
receptors and thereby affects brain activity. Self-admimstra-
tion of heroin satisfies the need for heroin for periods of 4
to 6 hours. Cocaine is a stimulant drug. Its effects last for
minutes rather than hours. In contrast to heroin, the self-
administration of cocaine does not satisfy the need for
cocaine. Rather, it stimulates craving for more cocaine. It
acts indirectly on brain and behavior by modifying the release
of other chemicals in the brain.

In light of what we understand about cocaine, the concept of
maintenance therapy, vis-a-vis methadone, is not applicable to
the treatment of cocaine addiction and is not consistent with
our stated goal of normalizing brain function and behavior. We
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are developing medications, however, that are designed to
assist in treatment by a) blocking the euphoria and “rush”
experienced by cocaine addicts, b)reducing the “crash” seen
after stopping cocaine use, c) reducing the ensuing. depression
and loss of the ability to experience pleasurable emotions, d)
reducing the intense “craving” for cocaine, and e) acting as
“antidotes” to toxic reactions and/or neurotoxicity.

There is new hope in regard to the treatment of cocaine
addiction. We are beginning controlled clinical trials of two
new medications that appear to hold considerable promise in
treating intravenous cocaine and crack addiction. One medica-
tion, carbamazepine, has been studied at the National Institute
of Mental Health for a number of years. Carbamazepine is
approved as an anti-epileptic treatment, and it blocks the
occurrence of seizures. Cocaine can produce these brain
abnormalities and it has been suggested that a medication that
controls these localized brain seizures might reduce craving
for cocaine. One preliminary test of this idea proved success-
ful in about one-third of the patients (Kuhn et al., 1989), and
the studies are being enlarged as quickly as possible. One
study will be run at NIDA’'s Addiction Research Center and
another in one of our Treatment Research Units.

Another new medication, flupenthixol, showed even greater
initial success in an open study of crack abusers (Gawin et

al., 1989). This medication is proposed to normalize the
disruptive effects of cocaine on dopaminergic systems. If
flupenthixol proves to be safe and effective in our upcoming
clinical trials, we will do whatever is necessary to ensure its
rapid development and approval.

Let me emphasize that we do not envisage that our Medications
Development Program will discover a magic bullet to cure drug
addiction. We will develop medications that will help to
normalize the brain and behavior of people made sick by drugs.
As mentioned earlier, these medications will give us the
opportunity to engage addicts in a variety of essential
rehabilitative services. These services are crucial; they give
the addict the skills needed to change destructive behaviors
into adaptive behaviors. We will fail those addicts who seek
help if we do not ensure that psychosocial counseling and
rehabilitation services are available to all those patients we
put on medications. Just as insulin will not save a diabetic
who cannot change his diet and lifestyle, medications to to treat
drug addiction. will not work by themselves. They must be part
of a comprehensive treatment program that gives addicts the
capabilities to achieve a life without drugs.

Medications play an essential role in our fight against
disease. They are also vital part of the search for solutions
to drug addiction. | hope that the scientists and physicians
present at this meeting will join us in this initiative to
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improve the treatment of drug addiction and prevent the spread
of AIDS through effective pharmacotherapcutic interventions.
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A Schema for Evaluating
Methadone Maintenance Programs
John C. Ball

® The Status of Drug Abuse Treatment Evaluation

There is a particular need to evaluate the effectiveness of
methadone maintenance programs in the United States in the AIDS
era. This is because programs which reduce or eliminate 1V drug
use by patients can influence the spread of HIV in high risk
metropolitan areas. Beyond the AIDS issue, there is a
fundamental need to unravel the dynamics of treatment and
rehabilitation in order to improve the effectiveness of drug
abuse treatment generally.

A considerable body of scientific and medical knowledge has been
published during the past twenty-five years about methadone
maintenance treatment. Most of this research falls within two
broad classifications: (1) pharmacological or clinical studies
of the efficacy of specific drugs, dosages or related treatment
regimens, (2) patient outcome studies which measure the overall
effectiveness of methadone maintenance treatment. Investigators
in both of these research areas have advanced our knowledge
considerably and these contributions have been reviewed in a
series of research monographs sponsored by the National

Institute on Drug Abuse.

Nonetheless, in the past decade, researchers have noted that
there is a pervasive lack of knowledge about how treatment is
actually carried out in methadone maintenance programs. Indeed,
this somewhat perplexing void in our knowledge of drug abuse
treatment has been dubbed the "black box" of treatment.

0 A Four Domain Schema for Treatment Evaluation

In order to conceptualize drug abuse treatment broadly and,
thereby, to open the "black box" of treatment, an evaluation
schema which includes four domains of data collection has been
established. These four domains are: the patients, the
treatment domain, services provided, and program outcome. Each
of these domains will be delineated with respect to data
obtained from a three-year comprehensive evaluation of six
methadone maintenance programs in three cities. (Figure 1).
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The first domain consists of patient data. In the three cities
evaluation, patient data was obtained through face-to-face
interviews at the programs as well as by record reviews. Repeat
interviews with the ASI were obtained in 1986 and a follow-up
study of patients who left treatment completed. In general,
patient data has not been neglected in contemporary program
evaluation.

The second domain in the schema is the treatment domain. This
domain includes the setting or environment in which treatment
occurs, the treatment policy followed, the leadership and staff
who provide services, as well as the physical facility and other
resources. In the three cities evaluation, treatment domain
data was obtained with respect to 51 variables. This domain of
treatment - which includes a major portion of the black box -
has been conspicuously neglected in drug abuse treatment
evaluation.

The third domain in the evaluation schema encompasses the actual
provision of treatment and rehabilitative services. In
methadone maintenance programs, this domain includes: number of
methadone doses dispensed on site and as take-homes; dosages
prescribed; hours of clinic operation; patient attendance;
number, type and duration of counseling sessions (e.g-,
individual or group); educational or vocational services; type
and frequency of medical services provided on site; referral
services provided; psychiatric coverage provided; frequency of
obtaining urine specimens and urinalysis procedure; as well as
any other services provided. In the three cities evaluation,
data were obtained with respect to 35 service provision
variables. This services provided domain has also been neglected
in evaluation, but somewhat less so than the treatment domain.

The fourth domain of the schema is patient and program outcome
following treatment. The area of patient outcome has not been
neglected. Thus, there has been a realization that it is
necessary to collect information about patient characteristics
following treatment in order to determine whether or not
positive change has occurred. In drug abuse treatment
evaluation, common outcome criteria are: reduction of drug abuse
(by type of drug), reduction of criminality, retention in
treatment, improvement in employment and reduction in welfare
status. In the three city evaluation, patient outcome was
measured by means of ASl scales as well as additional variables.

Conversely, the study of proaram output has been strangely
neglected. Although Dr. Dole advocated performance based
ratings of programs in 1982, these studies were not undertaken.
Therefore, program output remains a largely unexplored area. In
the three cities evaluation, program outcome was measured in two
ways: (1) the adequacy of the treatment domain and the adequacy
of services provided, and (2) differential effectiveness in
patient outcome rates.
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The present evaluation schema has made it possible to
conceptualize, measure and analyze dozens or scores of
treatment related variables in each of the four domains. As a
consequence, detailed information about patients in methadone
maintenance treatment has been obtained; comprehensive
knowledge about how methadone clinics are staffed and
function has been compiled; the actual provision of medical,
counseling and other services enumerated and analyzed; and
the effectiveness of individual program according to
objective outcome criteria determined.
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Figure 1: Treatment Evaluation Schema - Four Domains of Data

Sample, Scope

Source of Data

First Measurement
Second Measurement
Place of Measurement*
Data Collected By:

I\/IETHADONE MAINTENANCE PROGRAMS

//\\

TREATMENT SERVICES
l. PATIENTS I. DOMAIN I1l. PROVIDED IV. OUTCOME
Entire Census; 51 Variables 35 Variables 11 Variables
Sample of 633
Interviews Interviews, Records |Interviews, Records From I, Il & Il
& Records & Observation & Observation
1985 1985 1985 1985
1986 1986 1986 1986
At Programs At Programs At Programs (Analysis)
ISR; MES ME Staff-4 ME Staff-4 Follow up of 107
by ISR

* Data Collection was at six methadone maintenance programs;
two each in New York City, Philadelphia and Baltimore.
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Evaluation of Treatment for
Cocaine Dependence

Charles P. O'Brien, Arthur Alterman, Dan Walter, Anna Rose
Childress and A. T. McLellan

INTRODUCTION

The enormous increase in cocaine availability in the 1980’s has presented a
completely new problem to the substance abuse treatment community. The
clinical picture presented by patients exposed to cheap widely available cocaine
is new to all of us. The addeg complication of a new form, crack. which makes
free base cocaine accessible to the most vulnerable of our citizens is a further
unpredictable development.

As with any new disease or syndrome, there is a period of time in which
clinicians must orient themselves, set up treatment programs based on
extrapolation from similar illnesses and on their intuition and then observed the
results. Changes and improvements in treatment techniques should be based on
feedback from organized studies and preferably from controlled studies with
random assignment. Such a deliberate and rational process is unusually difficult
when faced with the clinical problems presented by cocaine dependent patients
in the late 1980’s. Patients apply for treatment while they are in a crisis and
often as an acute emergency. Frequently violence or threats of violence are
involved. These threats may be either suicidal or homicidal and not infrequently
directed toward members of the staff if patients’ demands are not immediately
met. This air of crisis inhibits a systematic research approach and also interferes
with an effective treatment program. It is not surprising, therefore, that there are
few studies currently available which describe the results of treatment for
cocaine dependence. Rather than review the existing studies, we will briefly
present a description of the patient populations, the treatment retention rates and
the current status of four treatment studies being conducted at our research
center.

POPULATIONS AND TREATMENT PROGRAMS

Table 1 shows the five different populations of cocaine dependent patients. All
are veterans who voluntarily applied at the Philadelphia Veterans Medical Center
for treatment of cocaine dependence. Over 90% are black in contrast to about
60% black among opiate dependent applicants. A large majority were legally
employed just prior to applying for treatment and crime-related activities were
relatively small, significantly less than we find among opiate dependent
applicants (Table II). The average cocaine dependent applicant had been using
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cocaine less than three years and only 11% of the non-methadone population
had had prior treatment for substance abuse.

1. General Program. This is our basic cocaine treatment program. We
currently receive 6-13 new applications for treatment each day and patients are
accepted as vacancies occur. The only exclusionary criterion 1s immediate need
for hospitalization, usually because of psychosis. The program consists of five
days per week in a multimodality day hospital program which includes group
therapy, activities therapy, individual counseling and psychoactive medication
as indicated. As as be seen from Table 1, only 37% of patients completed the
four week intensive outpatient program. The clearest indicator of early
termination from outpatient care is homelessness. One hundred per-cent of
homeless applicants have failed to complete the program.

2. Behavioral Treatment Study. This outpatient program randomly assigns
patients to either psychotherapy or drug counseling with or without a behavioral
treatment paradigm which involves extinction of conditioned responses to
cocaine related stimuli (Childress et al. 1989). The 51 patients who volunteered
for this study were almost all black and 89% were employed prior to beginning
treatment. They spent more on cocaine than the other groups and the retention at
four weeks for this group was 75%.

TABLE |
FIVE COCAINE DEPENDENT POPULATIONS
General Behav. | Methad. Inpat. | Outpat.

N 121 51 59 25 35
% Black 96 96 90 88 97
Mean Age| 34 34 40 33 32
%Employ | 82 89 67 64 77
Yrs Ed 12.5 12.5 12 12.4 11.6
Drug cost | $435 $1,500 $770 $412 $508
Yrs Coc 2.8 3 3 2.7 2
4dwkretnt.{ 37% 76% 78%" 86% 43%

*10 weeks retention in methadone/desipramine treatment

3. Desipramine for Cocaine Abusing Methadone Patients. Cocaine is a major
drug of abuse among dependent patients receiving methadone treatment. Those
with persistent positive urines for cocaine were given the opportunity to
participate in a double-blind trial of desipramine or placebo added to methadone
treatment. Seventy-eight percent of the 59 patients who volunteered completed
10 weeks of treatment. The results of the trial are reported elsewhere (Arndt,

1988).

79




TABLE |

Cocaine Dependent vs. Opiate Dependent Outpatients
Legal Problems

Cocaine Only| Opiate Only | F

N 113 43

ASI Legal Compos 0.06 0.19 15.05"
Days illegal act 1.4 10.3 40.06"
Money illegal act. $58 $808 19.27*
Arrests 2.4 9.2 20.71*
Convictions 0.43 5.7 65.66"
Months incarc. 1.7 17.0 30.16"

* p< .001

RANDOMIZED TRIAL OF OUTPATIENT VS. INPATIENT
TREATMENT

Populations 4 and 5 of this report participated in randomized trial in which
cocaine dependent volunteers were randomly assigned to either a 28 day
intensive outpatient program or an inpatient therapeutic community, also of 28
days duration. This study is still in progress, but we will present a preliminary
report because of the current need for systematic data on the efficacy of
treatment for cocaine dependence.

The research subjects were 60 male cocaine dependent patients. Thirty-five
were treated in the four week Day Hospital program of the Philadelphia VA
Medical Center and 25 in the 28 day inpatient rehabilitation program of the
Coatesville VA Medical Center. These two facilities are in tﬁe Philadelphia
metropolitan area about 40 miles from each other by car. Of the 35 Day Hospital
patients, 26 has been randomly assigned to Day Hospital treatment, while the
remaining nine were ‘“non-random” subjects who agreed to participation
provided they were treated in the Day Hospital. Of the 25 patients. 16 had
agreed to random assignment and by chance received inpatient treatment, while
nine participated as non-random subjects who agreed to participation contingent
on inpatient treatment. All patients had been screened for participation at the
Philadelphia VA Medical Center’s Central Intake Unit.

Procedures. All patients underwent both medical and physical examinations,
including laboratory evaluations. On this basis, all were determined to be
cocaine dependent. This diagnosis was subsequently confirmed by the NIMH
Diagnostic Interview Schedule (Robins, et al., 1981). None of the subjects
were demented, mentally retarded, currently psychotic, or suffering from an
unstable medical condition requiring immediate attention. Informed consent was
obtained following full disclosure. The subjects agreed to participation in a
study evaluating the relative efficacy and costs of inpatient versus Day Hospital
treatment for cocaine dependence. The Day Hospital program consisted of 27
hours of treatment over the five weekdays. Treatment consisted primarily of
group therapy supplemented by individual counseling, medical care, family
therapy, vocational counseling and recreational therapy. Group therapy
concentrated on overcoming denial, helping the patient to structure his life
around non-substance related activities and becoming involved in a self-help
group. The inpatient treatment was quite similar except for meals and housing
and more. structured recreational events.
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During the intake process the Addiction Severity Index (ASI - McLellan, et al.,
1980, 1985) was administered to all subjects. This instrument obtains
historical/sociodemographic information and also assesses level of
functioning/problems in seven areas of life functioning: medical, employment,
alcohol -related, drug-related, legal, family/social and psychological. The ASI
consists of a semi-structured interview which takes a trained research technician
about 40 minutes to administer. An abbreviated follow-up version is employed
to assess post-treatment functioning. Follow-up evaluations were obtained four
months after entry into treatment, i.e. three months after projected completion of
the course of treatment.

PRELIMINARY RESULTS OF THE INPATIENT VS
OUTPATIENT STUDY

Baseline Findings. Baseline data were analyzed using t-test for continuous data
and chi square (Yates correction) for nominal data. In all cases, the data were
evaluated both for all subjects (N’s =35 and 25) and for randomized subjects
only (N’s =26 and 17). The Day Hospital and inpatient groups of subjects did
not differ in basic sociodemographic characteristics such as age, race, years of
education, marital status and socioeconomic class. As was the case with the
other three populations we have studied, almost all of the patients were black.

AS Findings. The data revealed relatively low problem levels for all groups in
the medical and legal areas. Moderate problems levels were reported with
respect to alcohol and drug problem levels. Thus, the cocaine dependent
patients had been using cocaine less than 2.5 years and drinking to intoxication
for about 6 years. Negligible heroin use was reported. While the problem levels
are certainly serious, the overall drug problem level was lower than that
reported for heroin dependent patients at the same facility and the alcohol
problem level was lower than that for the alcohol dependent patients we treat.
Psychological problem level was also at a moderate level, while reported
employment and family social problems were relatively high for these patients.

Treatment Comﬁjletion. The rates of completion for the month of rehabilitation
were 43% for the Day Hospital and 86% for inpatients when all subjects were
considered. The difference lg)etween the two groups were significant X2 = 8.72,
d.f. = 1,n = 54, p = .003. Considering the randomized subjects only, the Day
Hospital completion rate was 42% while 88% of the randomized inpatients
completed treatment. Again, the difference between the two groups was
significant: X2 =7.02, d.f. = 1, n =40,p = .008.
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Table 1l

AS|I DATA FOUR MONTHS AFTER BEGINNING TREATMENT
OUTPATIENT, N=18 INPATIENT, N=15

BASELINE |FOLLOWUP|BASELINE [FOLLOWUP

Medical compos.| 0.16+ .4 0.18+.38 ] 0.19+.33 | 0.24% .33
Days Med Problems| 4.1+£9.6 4.4+ 9.4 3.1+ 8.6 5.4+ 8.7
Employ compos. | 0.59+ .26 0.60+ .34 | 0.66+.23 | 0.54+ .23
Employm. income 3371445 79611427 244+ 303 | 692+ 806
past 30 (all SS)

Alcohol compos. | 0.17+ .20 0.08+ .14 | 0.20+.23 | 0.12+ .19
Days drink past 30 7.1+ 6.7 1.3+ 1.6 7.4+ 8.2 2.6 4.7
Days intox past 30 5.8+ 6.9 0.72+ 16| 6.4+8.2 1.9+ 4.7
Drug compos. 0.25+ .06 0.07+ .08 | 0.24+.09 | 0.13+.10
Days cocaine use 10.6£ 7.9 0.78+£1.7]| 9.7+8.5 1.7£ 3.4
past 30 days

| Legal compos. 0.06+ .13- | 0.04+ 15| 0.11+ .16 0.00+.01
Days illegal activity | 1.2+ 3.6 0.00+ .00 | 5.5£ 10.7 0.50+ 1.9
Fam/soc compos.| 0.33% .20 0.18£.22 | 0.35+.27 | 0.22+ .27
Days family prob 3.0£7.3 1.8+ 3.7 5.3+ 8.9 4.00+ 8.9
Days problems 0.44+ 1.2 | 0.06+0.24] 3.3£87 | 0.20+0.78
with friends

Psychol. compos.; 0.25+ .24 0.18+ .27 0.21+ .26 [ 0.26+ .22
Days psychol prob 5.2+ 9.8 57+ 104 7.7+11.7 ] 9.3+ 10.8

Treatment Outcome. A follow-up ASI interview at four months following
treatment entry has been obtained on 83% of eligible patients. Seventy-six
percent of all patient reported no cocaine use in the prior 30 days and those who
were using cocaine were averaging only 1.2 days per month. Urine tests tended
to support the patients’ statement, but we do not have sufficient urine data yet to
report. It should be noted that there were no consequences to reporting drug use
to the follow-up interviewer. ASI data were obtained on 18 patients (14
randomized) and 15 patients (nine randomized). The data were evaluated
utilizing one way analyses of variance with repeated measures. There was a
significant effect for time for all groups. inpatient, outpatient, randomized and
non-randomized. Differences between baseline and follow-up were significantly
improved at p<.04 or better for all ASI factors except Medical and
Psychological variables. There were no differences between those patients who
had received inpatient treatment and those who had received outpatient treatment
despite the much higher treatment completion rate for the inpatients.

SUMMARY

1. At the Philadelphia VA Medical Center, veterans applying for treatment of
cocaine dependence were significantly different from applicants dependent on
opiates or alcohol without cocaine. The cocaine dependent patients were almost
all black and they were mostly employed. Few were involved in crime and, for
most, this was the first course of substance abuse treatment. Their use of
cocaine began within the past three years and they had relatively few
psychiatric, medical, employment or family problems when compared with
other applicants for substance abuse treatment.
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2. Completion rate for a course of outpatient treatment for cocaine
dependence varies from a low of 37% in the general Day Treatment Program to
76% in a special Behavioral Treatment Program and 78% among methadone
patients receiving an additional medication for cocaine dependence. Completion
of a 28 day course of inpatient treatment was 86% whether the patient selected
inpatient care or was assigned to it on a random basis.

3.  Those outpatients who remained in treatment generally did well and
refrained from cocaine use even during the course of outpatient, either day
hospital treatment or behavioral treatment. When both inpatients and outpatients
were re-examined four months after beginning treatment, there was significant
improvement on almost all ASI categories. Both drop-outs and completers were
re-examined. Despite the significantly greater completion rate for the patients
assigned to inpatient treatment, both groups showed equal levels of
improvements at the 4-month follow up point.

4. These preliminary results from five different treatment populations
suggest that cocaine dependent patients can be engaged in treatment and that
significant improvement is possible.
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Current Status of Alcoholism
Treatment Outcome Research
Richard Fuller

This review is selective rather than comprehensive. I have chosen those areas
which I consider the most important, and in those areas have selected either the
papers which I consider the most important or illustrative of the area. The
views expressed are mine and not those of the National Institute on Alcohol
Abuse and Alcoholism.

Alcoholism treatment has developed mostly from three sources: 1) the
experience of recovering people and clinicians who had worked for years with
recovering alcoholics 2) pharmacotherapeutic research, and 3) behavioral
therapy research. The class example of the first source is the prototype self-
help movement, Alcoholics Anonymous (AA). Alcoholics Anonymous
developed before alcoholism treatment was an active area of research, and, thus
to a large degree, its efficacy not been evaluated by randomized controlled
clinical trials (RCTs). This situation is similar to accepted pharmacotherapies
such as the antiarrhythmic medications, quinidine and procainamide, which
became accepted into medical practice before clinical trial methodology was
developed. Once a treatment becomes accepted, it is difficult to do a RCT to
test its efficacy because of the ethical dilemma of depriving half of the patients
of a treatment perceived as effective.

Much of what is done in alcoholism treatment appears effective, and health
utilization data discussed below supports this. Yet, for the specific components
of standard treatment we often lack compelling data that the changes in behavior
seen are, in fact, the result of the treatment. In contrast, pharmacotherapies and
behavioral therapies were usually developed in academic settings and their
efficacy has been tested by RCTs. (This is not entirely true for disulfiram
which was initially evaluated by uncontrolled studies, and only more recently
evaluated by RCTs). Our knowledge of the effectiveness of two of the
pharmacotherapies, disulfiram and lithium, is enhanced because not only large
scale multi-site studies with sufficient sample size to assure acceptable statistical
power. While some behavioral therapies have been found to be effective, their
generalizibility is limited because the sample sizes were modest and the benefit
may occur only in a special subtype of alcohol dependent person recruited into
those studies.

From a broad perspective, alcoholism treatment is effective. Holder and Blose

(1986) studied the effect of alcoholism treatment on health care utilization and
costs of federal employees in a health insurance program provided by the Aetna
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Insurance Company. In the years before treatment, alcoholics incurred
gradually increasing health care costs. These costs increased markedly (two
and one-half times) in the six months before treatment. The costs declined
during the year after treatment and remained stable for the next two years (the
period of data collection). For individuals under 45, costs declined to a point
comparable to the lowest pretreatment levels. This is an important study and
strongly indicates that what is done under the rubric of alcohol treatment is
effective. A skeptic can argue that without a concurrent control group one
cannot be sure that is was spontaneous remission rather than treatment which
was responsible for this happy outcome. However, the temporal linkage is so
strong that this possibility seems unlikely. This study does not, however, settle
the issue of what components in the treatment package are critical and which are
unnecessary.

The most common approach to the inpatient treatment of alcohol dependence is
the “Minnesota Model” or some variation of it. It is called The Minnesota
Model because it evolved from three treatment centers in Minnesota: Pioneer
House, Hazelden and Willmar State Hospital, which were founded in the late
1940s and early 1950s. In its simplest form, treatment consists of assessment
and admission to a residential treatment facility for 3-6 weeks followed by
intensive attendance at AA (Cook, 1988a). The inpatient phase is intensive,
offering counseling, lectures, and group therapy. The content is based on the
principles of AA and the goal is abstinence. The staff includes both recovering
persons and professionals.

Post-treatment surveys have been done on patients treated at Hazelden
(Gilmore, 1985). It is difficult to accept the results of these surveys at face
value because of several serious methodological problems. In the only survey
to cover a full one year period almost half of the questionnaires were either not
sent or not returned. Cook (1988b) recalculated the outcome results by
including patients unaccounted for. His calculations indicated a “good
outcome” for 63%. However, as Cook points out, this figure is probably an
exaggeration because of lack of clearly defined outcome criteria. Furthermore,
the surveys relied on self-report and the use of self-report alone to evaluate
alcohol treatment outcome research results in inflated outcome results (Fuller et
al., 1988). Additional methodological problems of these studies include lack of
control or comparison groups and need for longer follow-up (Cook 1988b).

Lectures are one component of the Minnesota Model. Do they add benefit to the
other components of the model? This question has not been answered.
However, whether patients retain the material they have been taught has been
studied. Two different teams of investigators (Sanchez-Craig and Walker,
1982 and Becker and Jaffee 1984) found that alcoholics tested 3 weeks after
beginning abstinence were unable to recall treatment-related information
presented in a film and, thus, unlikely to influence post-treatment behavior.

While this questions the therapeutic value of one part of the Minnesota Model, a
more important question is how effective is AA, the central core of the
Minnesota Model. Most studies of AA are correlational in nature and support a
relationship between attendance at AA and abstinence. Only a few controlled
evaluations of AA persons have been done and these were in court-mandated
programs (Brandesma, et al.. 1980, Ditman et al., 1967) or with patients in a
methadone maintenance programs (Stimmel et al., 1983). Whether the results
of these studies are generalizable to other alcoholics is unknown. Because of
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AA’s central role in so much of alcoholism treatment, it is unfortunate that more
controlled studies of it have not been done. It reflects the problem of trying to
study a treatment after it has become firmly established in practice. The Holder
and Blose (1986) data indicate the alcoholism treatment does work. What is
missing is more specific information about the benefit of the various activities
done under the table alcoholism treatment.

An effective pharmacological treatment for alcoholism would be of great
benefit. Vincent Dole (personal communication) was told by Bill W., one of
the co-founders of AA, that what alcoholism treatment needed was a methadone
equivalent, i.e. a medication that would abolish craving. Unfortunately, alcohol
does not act on a specific receptor as the opioids do and a magic bullet for
alcoholism treatment is not currently available. Nevertheless, research is being
done on development of “anti-craving” drugs.

Disulfiram is the most widely used medication, specifically used to treat
alcoholism. It causes an adverse reaction if a person drinks alcohol, and thus,
is a deterrent to drinking. The initial studies reported excellent results, but these
studies had serious methodological flaws. Only 10% of the studies were
controlled. The studies were not “blinded”, relied on self-report only, and the
therapists were the ones assessing the response to treatment. The recently
published multi-site VA cooperative disulfiiam study was a randomized
controlled, blinded clinical trial of 605 men (Fuller, et al., 1986). There were
two control groups: a 1 mg disulfiram dose and a no-disulfiram group. One
mg is not sufficient to cause disulfiram-ethanol reaction (DER) and this group
was a control for the threat of a DER. The no-disulfiram group was a control
for the counseling all the patients received. There were no significant
differences in the proportion of men achieving continuous abstinence for one
year among the disulfiram group (18.8%) and two control groups (22.5% and
16.1%. respectively) nor in time to first drink among the three groups.

There was a highly significant relationship between compliance to regimen and
continuous abstinence. Forty-three percent (50/1165) of the men judged to be
compliant were abstinent compared to only 8% (26/315) of the non compliant
men. This significant relationship was true for all three treatment groups,
suggesting that something occurred in these men’s lives to promote both
compliance and abstinence or vice versa.

Among the men who relapses and who provided all seven treatment response
assessment interviews (about half of the men who relapsed), there were
significantly fewer drinking days during the year (49.0 + 8.4) reported by the
250 mg dose disulfiram patients compared to the two control groups (75.4 +
11.9) and 86.5 + 13.6. respectively). This significant increase in abstinent
days in the conventional disulfiram dose patients was corroborated by a
cohabiting relative or friends. The men who provided all assessments
interviews were slightly but significantly older and had lived significantly
longer at their current address than those who provided less than 11 follow-up
interviews. Abstinence is difficult to achieve for any addiction and these
findings suggest that disulfiram may be partially beneficial, i.e. reduce the
frequency of drinking in men who can not remain abstinent.

Faithful compliance with the medication regimen was the Achilles’s heel for

many men in the VA study, only 20% were compliant. One study (Azrin et al,
1982) of 43 men attending a rural outpatient clinic found significantly more
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abstinent days in men whose spouses supervised the administration of
disulfiram than those who were given it to administer themselves. Another
recent study (Sereny et al. 1986) has indicated that if supervised disulfiram (in
the report administered by the staff) can be mandated as part of the treatment,
this will result in greater rates of abstinence among clinic attenders who
previously had failed the treatment. These methods of giving disulfiram
deserve more study because they are likely to increase compliance. Disulfiram
tablets have been implanted subcutaneously to assure compliance.
Unfortunately, the DER is weak or non-existent and a recent controlled study
showed no benefit from implanted disulfiram (Johnson et al., 1987). Work is
in progress to develop an injectable form of disulfiram,

Calcium carbamide is another deterrent drug with a short duration of action (12
hours). It is available in Canada, but not in the United States and there have
been no controlled trails assessing its efficacy.

Lithium carbonate is another medication which held promise of being an
effective treatment. Both human data (Judd and Huey. 1984) and animal data
(Ho and Tsai, 1976) indicated reduced craving for alcohol and/or reduced
consumption. Fawcett et al. (1987) did a randomized controlled blinded study
of lithium carbonate in 104 alcoholics. Overall, there was no difference in
resumption of drinking between patients receiving lithium and those receiving
placebo except for the compliant patients. The compliant lithium carbonate
patients were significantly less likely to resume drinking than were the placebo
patients. However, compliance was not determined by the same method in both
groups. Compliance in the lithium carbonate group was measured by blood
levels and in the placebo group by pill counts.

The results of VA cooperative study of lithium carbonate (Dorus et al) have
been presented at meetings and the results arc soon to be published. This study
of alcoholics with and without depression found no benefit from lithium
carbonate in either type of alcoholic; and no differences were found between
patients complaint with the lithium carbonate or the placebo regimen. Because
of the sample size (286 non-depressed alcoholics and 171 compliance in both
active drug and placebo groups. this study appears to provide the definitive
answer about the efficacy of lithium carbonate.

Disulfiram and lithium carbonate have been the most extensively studied of the
pharmacological treatments. The serotonin uptake inhibitors are currently the
most actively investigated medications. These agents block the presynaptic
uptake of serotonin, and, thus, increase the concentration of serotonin at the
synapse. Interest in these blockers derives from animal studies showing a
negative correlation between brain serotonin levels and spontaneous alcohol
consumption and more than a dozen animal studies showing that specific
serotonin uptake blockers decrease alcohol preference and intake in rodents
(Gorelick, 1989). furthermore, several studies have found significantly lower
levels of cerebrospinal fluid 5-hydroxyindol acetic acid (5-HIAAA), the major
metabolite of serotonin in alcoholics both during acute withdrawal and abstinent
for at least 5 days and a negative correlation between length of abstinence and
the cerebrospinal 5-HIAAA levels (Gorelick, 1989).

Four double-blind, placebo-controlled human studies, using different serotonin

uptake blockers have been reported. While all found a reduction in alcohol
intake, only one study was done with alcohol dependent subjects (Gorelick,
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1986). The others recruited “social drinkers” and “early stage problem
drinkers”. Gorelick studied 10 subjects received either fluoxetine (up to 80 mg
orally daily) or placebo and could request alcohol according to a fixed interval
schedule, i.e. 60 ml f 97.5 proof alcohol once an hour 13 times daily. During
the first week fluoxetine caused a significant reduction of daily alcohol intake
from 317 ml to 273 ml (a 14% reduction) and a significant decrease in alcohol
craving as rated by nurses. However, this effect lasted only one week. There
were no significant changes during the remainder of the study.

While these medications have been shown to decrease alcohol consumption, the
decrease is usually modest (about 10%) and the effect was quite transient in
Gorelick’s study. These factors limit the potential benefit of these medications
unless one of the other members of this class of agents (e.g. fluovaxamine) are
shown to be more potent and long lasting or the chemical structure of one of
these medications can be altered to enhance its effect

Other pharmacological agents e.g. naltrexone and bromocriptine are being
studied, but the data either are too preliminary and are not available to reach any
conclusions, Agents like emetine have been used to create an aversive
conditioning response to alcohol. This literature is characterized by a lack of
controlled clinical trials (Wilson, 1987). Short-term conditioned aversion
reactions to alcohol can be produced, but the efficacy of chemical aversion
conditioning independents from standard treatment has not been demonstrated
(Wilson, 1987).

The other major category of therapies studied are the behavioral therapies which
are derived from three theoretical psychological models: classical conditioning,
operant conditioning, and social learning theory. Most of the controlled studies
of alcoholism treatments have been of behavioral approaches. However, many
of the studies have recruited subjects who are not alcohol dependent and the
sample sizes of the studies are often small (less than 60). Behavioral therapies
applied to alcoholism treatment include aversion therapy, cue exposure,
community reinforcement, self-control training, stress management, social
skills training, marital behavioral therapy and relapse prevention. Aversion
therapy is an example of a classical conditioning response that attempts to
produce a conditioned aversion response to alcohol by pairing an aversive
stimulus with the sight, smell or taste of alcohol. Chemical aversion therapy
using emetine has been discussed above.

Another example of classical conditioning is based on extinction training. Cue
exposure involves presenting the patient with stimuli associated with alcohol
consumption but preventing him from drinking. Eventually the patient reports
less craving for alcohol and during trials manifests attenuated autonomic
reactions to alcohol cues. The ultimate value of such diminished responses has
yet to be demonstrated.

Community reinforcement is based primarily on principles of operant
conditioning. = Community reinforcement involves enhances access to
reinforcing activities, e.g. family, non-drinking social club, and work, and
makes access to these reinforcers contingent on abstinence. Azrin et al. (1982)
have combined community reinforcement and disulfiram. They have reported
that this combination resulted in almost complete abstinence during a six month
study contracted with patients assigned to “traditional;” therapy drinking 50% of
the time by the sixth month. These are remarkable results but the sample

89



consisted of 43 men seen at a rural Illinois outpatient clinic. Currently
controlled studies are being done in the United States and Poland to corroborate
or refute these results.

Marital therapy is relevant because post-treatment research has (Moos and
Moos, 1984) shown a strong relationship between favorable family adjustment
and sustained abstinence. McCrady and associated (1986) compared three out-
patient treatment conditions: 1) minimal spouse involvement; 2) alcohol-
focused spouse involvement; and 3) alcohol focused spouse involvement plus
behavioral marital therapy. At six months there were no significant differences
among the three groups in either total abstinence of number or abstinent days,
although all subjects had markedly decreased their drinking. However, the
marital therapy subjects decreased their drinking more quickly, relapses more
slowly, and maintained their marital satisfaction better after treatment. O’Farrell
et al (1985) also found better marital functioning in those receiving behavioral
marital therapy and significantly more alcohol-free days in the marital behavior
group members.

Relapse prevention strategies rely on cognitive therapy techniques to avert post-
treatment relapses. Marlat (1989) has presented data of a controlled trial in
“problem drinkers,” showing fewer relapses and drinking days n the drinkers
receiving relapse prevention training. Whether this method is effective in
alcohol-dependent individuals, remains to be demonstrated.

Conclusion: Alcohol treatment works as measured by a reduction in health care
utilization. However, what specifically under the rubric of alcoholism treatment
works is, for the most part, not known because adequate controlled studies
have not been done. Disulfiram appears to increase abstinent days in men with
families and residential stability. Some behavioral therapies appear promising,
but have been studied in small samples and often in non-dependent alcohol
abusers so that generalizability is unknown. We need new innovative treatment
methods, a better understanding of current methods, and learn how to enhance
treatment by matching treatments to specific patient subtypes.
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Pain Modulation: Opiates and
Chronic Pain
Howard L. Fields

INTRODUCT ION

Persistent and/or frequently recurrent pain is a problem that
afflicts millions of people. For example, in a recent survey,
8% of a random sample of the population of the United States
reported back pain severe enough to limit their activities for
at least 30 days (Taylor and Curran 1985). This translates
into about 20 million people losing 500 million work days from
back pain alone. Thus, the cost, both in terms of human
suffering and economic loss is staggering. Patients with
arthritis, cancer pain, severe headache and low back pain
provide us with a serious challenge to elucidate the neural
mechanisms that mediate the pain and to devise better ways to
treat it. Over the past two decades the related fields of pain
research and clinical treatment have begun to address these

objectives. In this paper, 1 will briefly review some of the
significant advances that have contributed to our understanding
of chronic pain. I will also discuss recent work on the

mechanisms of opiate analgesia that may help us to understand
some chronic pain patients.

TRANSMISSION

The transmission of activity evoked by noxious stimuli begins
with the transduction process in the peripheral terminals of
the primary afferent nociceptor (PANs). The message is
conducted to pain transmission neurons in the spinal cord
dorsal horn and from there to thalamus and cortex. In human
subjects, PAN discharge and subjective pain intensity covary
across the same range of stimulus intensities (Gybels et al.,
1979). Across this same range of stimulus intensities primate
spinothalamic tract neurons and human subjective pain ratings
also covary (LaMotte and Campbell 1978; Price et al., 1978). A
similar stimulus intensity/discharge frequency relationship has
been demonstrated for neurons at thalamic and cortical levels
(Kenshalo et al., 1980; Kenshalo and Isensee 1983). These
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studies indicate that stimulus intensity is encoded in a direct
manner by neuronal discharge frequency at each level of the
pain transmission system. With this simple code, the
mechanisms for persistent pain can be understood by a single
unifying principle: any process which leads to prolonged
increases in activity in PANs or central pain transmission
neurons can contribute to persistent pain.

There are several distinct neural processes that have the
potential to produce pain or to increase its duration and/or
intensity. The most straightforward cause of persistent pain
is a persistent, active tissue-damaging process (e.g. cancer,
arthritis or a herniated intervertebral disc). In these cases
the pain will persist unless the underlying disease is cured.
This possibile cause for chronic pain is the one most often
recognized and correctly managed by physicians.

Sensitization. In some cases of persistent pain no active
tissue damaging process can be identified. The patient may
point to an area that they say is painful but nothing can be
found that would be expected to activate a primary afferent
nociceptor. A theoretical possibility in such cases is that
primary afferent nociceptors have been sensitized so that
intense stimuli are no longer required to activate them. Thus,
normally innocuous stimuli such as brushing the skin or weight
bearing on joints can provoke pain. In fact, sensitization of
primary afferent nociceptors (PANs) does occur under
"physiological® conditions (LaMotte et al., 1983). Peripheral
inflammatory mediators such as histamine, prostaglandins and
leukotrienes can sensitize PANs (Lembeck 1983; Levine et al.,
1984). Furthermore, there is now good evidence that peptide
neuromodulators (e.g. substance P), are released from the
peripheral terminals of PANs and contribute to their own
sensitization (Juan and Lembeck 1974).

Sympathetic Efferents. Activation or sensitization of PANs may
be produced by activity of sympathetic efferents. Certain
patients have a burning pain that can be completely relieved by
blockade of sympathetic efferents. Such patients are said to
have sympathetically maintained pain (reflex sympathetic
dystrophy (De Takats 1937), or causalgia, if there is
accompanying nerve damage (Mitchell 1965). Whether sympathetic
efferents can activate or sensitize PANs is still an open
question (Roberts 1986). however, there is evidence for
sympathetic efferent induced peripheral release of
prostaglandins which can sensitize some PANs (Gonzales et al.,
1989). It should be pointed out that experimental studies of
sympathetically maintained pain have focussed on cutaneous
PANs. However, the innervation of the skin is quite unique and
chronic cutaneous pain is rare. Studies of other PANs may be
required to elucidate the mechanism of sympathetically
maintained pains.
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Muscle Spasm. The investigation of sensitization of deep
receptors, particularly musculoskeletal PANs, is needed to
understand muscle pain which seems to be extremely common in
patients referred to chronic pain management centers (Fishbain
et al., 1986). Such patients have muscles with focal areas of
contraction and tenderness (myofascial pain syndrome (Travell
and Simons 1983)). The pathology and cause of this "syndrome-”
is unknown (some even question the validity of the concept).
However, many of these patients obtain dramatic pain relief
with stretching or with injections of small amounts of local
anesthetic into tender-points of the involved muscles. This
observation implicates muscle PANs.

Neuropathic Pain. Persistent pain is occasionally produced by
injury of either the peripheral or central nervous system.
Damage to the axons of PANs can result in the generation of
spontaneous action potentials from sites along the damaged axon
(Devor 1984; Howe et al., 1977). Such ectopic impulses would
be interpreted as pain by the patient. Spontaneous discharge
can also be reliably observed in central pain transmission
neurons following damage to their afferent input (Lombard and
Larabi 1983)

Prolonged Effects of Afferent Input. In addition to the
sensitization of PANs by noxious stimulation or sympathetic
nervous system activity, there is good evidence that noxious
stimulation in the periphery can induce very long lasting
changes in spinal cord neurons. For example, a brief burst of
impulses from muscle PANs can enhance spinally mediated
withdrawal reflexes for hours (Woolf and Wall 1986). Whether
such long lasting changes in the spinal cord contribute to any
clinical chronic pain syndrome is unknown, however, some recent
clinical studies are consistent with this possibility. In thes
studies, patients who were premedicated with opiate analgesics
or local anesthetic block to reduce preoperative or
intraoperative pain had less post-operative pain (McQuay et
al., 1988; Bach et al., 1988).

PAIN MODULATION

In the discussion to this point 1 have considered only
processes that are subsumed under the general category of pain
transmission. However, it is clear that central pain
transmission neurons are under the control of powerful
modulating networks, some of which have endogenous opioid
peptide component neurons.

The discovery of these networks, and of the endogenous opioid

peptides that contribute to its action, are among the most
dramatic breakthroughs in the understanding of pain.
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Although it had been appreciated for many years that complex
brain pathways modulate sensory transmission, the presence of a
selective pathway for controlling pain was first clearly
demonstrated by the discovery of stimulation-produced analgesia
(SPA). Reynolds, in 1969, showed that electrical stimulation
in the midbrain area of the rat produces an analgesic effect.
During stimulation, the rats gave no evidence of being
disturbed by noxious stimuli. However, they were able to move
and to orient to visual and auditory stimuli. When the brain
stimulation was stopped, noxious stimulation produced a variety
of pain-associated behaviors: attempts to escape,

vocalization, biting, and signs of anxiety. In an attempt to
apply this observation clinically, several groups of
neurosurgeons placed electrodes in that same regions of the
human brain, the midbrain periaqueductal gray matter (Hosobuchi
et al.., 1977; Richardson and Akil 1977). These surgeons
demonstrated an analgesic phenomenon apparently similar to that
reported in the rat: over a period of approximately 10 to 15
minutes, patients experienced a fading of pain. The
demonstration of SPA in humans firmly established the existence
of a selective pain suppression system.

Subsequent animal studies have shown that SPA can also be
obtained from discrete sites in the medulla. Anatomical
studies have demonstrated that there is a discrete pathway from
the midbrain to the medullary SPA sites and from the medulla to
the dorsal horn of the spinal cord and trigeminal nucleus
caudalis (Basbaum and Fields 1984).

Opioid Peptides. The endogenous opioid peptides are found in
the periaqueductal gray and medullary analgesia region, and in
the spinal cord. Thus, there is a striking parallel between
the distribution of endogenous opioid peptides and the sites
that, when electrically stimulated, produce analgesia. In
addition, microinjection of opiates at these same sites
produces analgesia, indicating that morphine produces analgesia
by mimicking the effect of opioid peptides.

As mentioned above, the modulation network projects to the
spinal cord, where it inhibits pain-transmission neurons. The
brainstem cells that project to the spinal cord and inhibit
pain transmission are concentrated in two regions, the rostral
ventromedial medulla, which is rich in serotonin, and the
dorsolateral pons, which is rich in norepinephrine. Electrical
stimulation in either region inhibits nociceptive spinal
neurons and produces behavioral analgesia.

Activation of the Analgesia System. Research to date indicates
that stress and pain are both major activating factors (Basbaum
and Fields 1984). In man, stress may be produced by anxiety or
by any extreme emotional state. Assuming endogenous opioid
involvement, the activity of the analgesia system can be
demonstrated by giving naloxone, a narcotic antagonist, to
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subjects who have not received exogenous opiates. In normal,
pain-free individuals, naloxone itself has no effect. However,
naloxone increases the reported intensity of postoperative
dental pain, indicating that the stress and pain of the surgery
is sufficient to activate the analgesia system (Levine et al,
1978; Gracely et al., 1983).

Another approach to determining the physiological function of
pain modulation networks to monitor the activity of its
constituent neurons. To this end we have recorded from neurons
in the rostral ventromedial medulla (RVM) (Fields et al.,

1988). This area, which includes the nucleus raphe magnus, is
a convenient area to study using neurophysiological methods. A
high percentage of its neurons have activity that is influenced
by noxious stimulation and project to the spinal cord dorsal
horn.

The study of RVM neurons has provided us with unexpected
insights into the functional circuitry underlying pain
modulation. Most of our studies have been carried out in rats
under light barbiturate anesthesia. Radiant thermal stimuli
are delivered to the skin under feedback control and single
unit activity is monitored using extracellular recording
techniques. The time of onset of escape reflexes is also
monitored using a force transducer. With these techniques we
have defined three classes of neuron in the RVM: on-cells whose
discharge increases abruptly just prior to withdrawal from
noxious heat; off-cells, whose activity decreases just prior to
withdrawal; and neutral cells, whose activity is not correlated
with noxious stimulation or withdrawal. These neurons are
intermixed in RVM and a similar percentage of each class can be
shown to project to the spinal cord (Vanegas et al., 1984).
Although it is presently unclear what, if anything, neutral
cells contribute, there is compelling evidence that both on and
off cells modulate nociceptive transmission.

Simultaneous recording from both on and off cells in RVM under
light barbiturate anesthesia reveals that they are active
during alternating periods. Thus the RVM alternates between
periods when on-cells are active and periods when off-cells are
active (Barbaro et al., 1989). Withdrawal reflex latency is
shorter when on-cells are active, longer when off-cells are
active (Heinricher et al., 1989). When morphine is given, off-
cells fire continuously, while on-cells become silent, both
effects being reversed by naloxone. Neutral cell activity is
unaffected by morphine. Since off-cells are the only cell
class whose discharge is increased by morphine and since
lesions of RVM or its projection route to the spinal cord block
opiate analgesia, it is clear that off-cells are RVM inhibitory
output neurons.

Nociceptive Facilitation. The more intriguing question that
arises from these studies is that of the function of the on-
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cell. Its discharge pattern and the fact that, with most
manipulations, its discharge changes in a reciprocal way to
that of off cells suggest that the on-cell facilitates
nociceptive transmission. Direct support for this concept
comes from pharmacological studies. First, alpha-1 adrenergic
agonists excite on-cells when iontophoresed nearby and alpha-2
adrenergic agonists have an inhibitory action (Heinricher et
al., 1988). Significantly, adrenergic agonists have no direct
effect on off-cells. The functional importance of these
studies is indicated by microinjection of drugs into RVM;
alpha-1 agonists facilitate and alpha-2 agonists inhibit
spinally mediated nocifensor reflexes (Sagen et al., 1985).

Further experimental evidence that on-cells facilitate
nociception comes from studies of acute physical dependence in
rats. In lightly anesthetized rats when naloxone is given
after a single dose of morphine, an abstinence syndrome is
produced. One of the most reliable features of this abstinence
syndrome is a shortening of nocifensor reflex latency. During
this period of hyperresponsiveness on-cells fire at rates that
are much higher than they were in the pre-morphine baseline
period (Bederson et al, 1987). In fact, the magnitude of the
hyperresponsiveness is directly correlated with the increase in
on-cell discharge. Since off-cells are not firing during this
period, this data is consistent with the idea that the on-cell
has a direct facilitating effect on nociceptive transmission.

The notion that a central modulatory network can both suppress
and facilitate pain transmission is an important conceptual
advance. If, as is generally accepted at present, pain
modulation were a unidirectional inhibitory process, activity
of the network could only be manifested at the behavioral level
in the presence of noxious input. By having a facilitatory
component it becomes possible, with the nervous system intact,
to generate a pain signal iIn the absence of a noxious stimulus
in the periphery. Thus activity in on-cells could drive dorsal
horn nociceptive transmission neurons. It is not clear whether
an-cell driving of dorsal horn neurons could produce a
specific, well-localized somatic pain. However, because pain
intensity is encoded by discharge frequency, it is easy to see
how on-cell activity, through a generalized excitatory effect
on nociceptive transmission neurons, could increase the
perceived pain intensity produced by any stimulus.

These studies also suggest a potential link between chronic
pain and opiate dependence. If there were individuals with
relatively greater on-cell firing in any given situation, they
might experience a given noxious input as more intense.
Similarly, intense but not frankly noxious stimuli might be
experienced as painful. Such individuals might also have a
relatively greater on-cell discharge with falling plasma opiate
levels and thus experience abstinence as more unpleasant.

Along these lines, it is interesting that low back pain has
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recently been shown to be a reliable measure of naloxone
induced opiate abstinence in ex-addicts (Heishman et al.,

1989). Thus, the distinction between patients requesting drugs
for pain and those who need drugs to avoid abstinence may be
somewhat artificial. It also raises the possibility that some
groups of patients with chronic pain may be at relatively
higher risk for opiate dependence. At the very least, opiates,
by inducing dependence, could play a role in perpetuating pain.
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Clinical Effectiveness of Analgesics
iIn Chronic Pain States
Harlan F. Hill and C. Richard Chapman

INTRODUCTION

In recent years the problem of chronic pain has been recognized and
its impact on society and the health care system has captured the
attention of both health care providers and administrators, We now
know that conventional medical methods for managing acute pain are
inappropriate therapies for many chronic pain patients. Surgical
and pharmacologic solutions to pain problems have largely given way
to behavioral and rehabilitation approaches. This paper briefly
reviews the present and potential contributions of pharmacology to
the comprehensive, multidisciplinary treatment of chronic pain. We
argue that pharmacologic therapy is an underused resource. Careful
consideration of the varieties of chronic pain and review of a
largely overlooked literature on opioid management of certain
chronic pains suggests that selective application of analgesic drugs
can be of substantial value in the management of certain chronic
pain states.

Although we recognize the profound influence of behavioral factors
in the chronic pain problems seen in major referral clinics, we
argue here that many of the chronic pains seen in conventional
medical practice do, in fact, exist because of persisting
nociception; still others originate in abnormal neurologic function.
It is the responsibility of the physician to pursue the possibility
of nociception or neuropathology assiduously and not simply to "rule
it out.” When the cause of pain can be defined, pharmacologic
therapies are major elements in the physician®s therapeutic
armamentarium.

Types of Chronic pain. states can be divided
conveniently and usefully into three broad categories. First,
certain chronic pains are based on ongoing nociception. In these

pains, the nervous system is intact and tissue damage is the
persistent stimulus. Examples of chronic nociceptive pain are
arthritis, cancer pain, arachnoiditis and myofascial pain. Then,
there are pains that arise from damage to the central or peripheral
nervous system; chronic neuropathic pain such as reflex sympathetic
dystrophy, postherpetic and trigeminal neuralgias, diabetic
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neuropathy, post-stroke pain, phantom limb pain, and many others.
Finally, many cases of chronic pain exist for which an underlying
cause or pathophysiology cannot be found; or, the pain behavior
greatly exceeds that expected for the evident pathophysiology.
These so-called idiopathic pains defy medical treatment and
sometimes arise from it.

Most chronic pain patients present with one of the three categories
mentioned above. It is important to distinguish patients with
neuropathic pain from other pain patients because the drugs that
relieve neuropathic pain are not the conventional analgesics that
modulate pain of nociceptive origin. Appropriate treatment must
address the specific type(s) of pain involved in the oatient"s
complaint. Furthermore, many patients have more than one type of
chronic pain. This is especially true of cancer patients who
frequently have chronic nociceptive pain, chronic neuropathic pain
and idiopathic pain simultaneously (Foley 1985). Successful
treatment of the neuropathy only or nociceptive pain alone will
still leave behind a chronic pain patient.

NEUROPATHIC PAIN

Certain drugs that do not modulate nociception can relieve or reduce
non-nociceptive, neuropathic pain; such drugs have been referred to
as atypical analgesics. Their pain relieving actions are pain
mechanism specific. A prime example of this is seen with reflex
sympathetic dystrophy syndrome (RSDS). RSDS is an excruciatingly
painful condition resulting from injury to peripheral nerve and
involving sensitization of nociceptive nerve endings to
norepinephrine released from sympathetic postganglionic terminals.
Knowing the pathophysiology allows selection of adequate therapy and
pain relief even though the drugs employed (guanethidine or local
anesthetics) are not usually viewed as analgesics. In  trigeminal
neuralgia, nociceptive axons in one or more trigeminal branches
undergo focal demyelination and discharge spontaneously (Burchiel
1980); drugs most commonly used as anticonvulsants (carbamazepine,
phenytoin, clonazepam) are very useful as "analgesics" under these
well-defined conditions. They act by limiting the generation of
impulses at ectopic sites on primary afferents (Fields 1987).

Use of tricyclic antidepressants in chronic pain states continues to
be an area of active research. The ability of drugs such as
amitriptyline and doxepin to relieve pain of postherpetic neuralgia
(Max et al., 1988) and diabetic neuropathy (Max et al., 1987) has
been further documented in several well-controlled studies.

Tricyclic antidepressants are effective in these chronic pain states
at lower doses and in shorter times than required for their
antidepressant effects. Their effectiveness in other disorders such
as post-stroke pain (Leijon and Boivie 1989) opens the possibility
that tricyclics may ameliorate a variety of deafferentation pains in
addition to their widely known benefits. The mechanisms responsible
for the analgesic effects of tricyclic antidepressants remains
unclear, although they do not seem to depend on either the relief of
depression or the actions of serotonin directly (Kishore-Kumar et
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al., 1989). Tricyclic antidepressants may relieve pain by blocking
reuptake of both norepinephrine and serotonin in the central nervous
system; blockade of serotonin reuptake alone is not sufficient.

Locally applied steroids and local anesthetics are also useful for
certain chronic pains. Epidural steroids effectively relieve the
persistent inflammation and pain of arachnoiditis. Local
anesthetics can produce highly localized sympathetic blockade which
alleviates pain in reflex sympathetic dystrophy, and they are
effective in many neuralgias (especially lidocaine) for suppressing
ectopic neuronal firing (Lindstrom and Lindblom 1987). Lidocaine
infusion can relieve pain of diabetic neuropathy for as long as 21
days after a single 30-minute infusion (Kastrup et al.., 1987). The
most resistant neuropathic pains are those produced by
deafferentation. In such cases, pain arises centrally due to
altered neuronal dynamics in the spinal cord and/or brain (Lombard
and Larabi 1983; Fields 1987). The central mechanisms underlying
deafferentation pain remain mysterious and there is no generally
accepted, adequate treatment although carbamazepine, tricyclic
antidepressants and even opioids have been reported to be beneficial

(Urban et al., 1986).
NOCICEPTIVE PAIN

Conventional analgesics act by modulating generation or central
transmission of nociceptive information. Nonsteroidal
antiinflammatory drugs (NSAIDs) can modulate nociceptive impulse
generation by inhibiting production of prostaglandins and related
products in peripheral tissue. Opioids act at many levels of the
central nervous system (CNS) to decrease nociceptive
neurotransmission. Conventional analgesics are most useful in
chronic pain states maintained by nociceptive processes. Chronic
pain from rheumatoid arthritis and cancer (inflammatory components)
respond to NSAIDs. Opioids alleviate such pains as well; however in
practice they are usually reserved for the chronic pain of cancer.
Cancer pain usually has a distinct nociceptive component,

stimulation of normal nociceptors by ongoing tissue damage, which is
the sine qua non for opioid treatment. Second, cancer patients are
expected to have a shortened life expectancy, so the complicating
issue of physical dependence on opioids is of less concern. We
address this issue below.

In rheumatoid arthritis, opioids may decrease pain effectively, but
they do not affect joint destruction and inflammation and may
obscure the need for antiinflammatory drugs (Carruthers 1980). Gout
is another example of a painful condition maintained by ongoing
nociception; 1its treatment with colchicine and uricosuric drugs is
quite specific for the underlying pathology. Finally, the pain of
migraine and tension headache are effectively treated with
ergotamine and tricyclic antidepressants, respectively (Couch and
Hassanein 1979). So even the nociceptive chronic pains cannot be
approached singularly with respect to adequate pharmacological
treatment for pain reduction; optimal treatment depends on an
understanding of the underlying pathophysiology.-
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IDIOPATHIC PAIN

We often suspect that patients who suffer persistent pain without
evident cause are expressing some underlying psychopathology or
using their sick roles for secondary gain. The usual "pain clinic"”
approach to such patients is to withdraw all analgesics, protect the
patient from further invasive diagnostic and therapeutic
interventions, establish rapport and trust, and retrain the patients
to live with themselves and others in a more functional way. Most
physicians regard analgesic drugs as ineffectual for such problems
and possibly counterproductive; typically, referral clinics assume
that the patient has already tried and failed all conventional
therapies.

There is strong evidence that opioids are effective in relieving
many chronic idiopathic pain even when all other treatments have
failed. According to Taub (1982) patients with chronic intractable
pain can be effectively treated with relatively low daily doses of
opioids for prolonged periods up to 6 years with few management
problems, in most cases without need to increase dose. He reported
an incidence of inappropriate opioid usage of only 4.2% of 313
patients. Similar results with patients having a wide variety of
chronic pain states not relieved by other methods, have been
reported by Tennant and Uelman (1983) and France et al., (1984)
reported similar results with patients having a wide variety of
chronic pain states. In the most completely documented of these
studies, Portenoy and Foley (1986) found that opioids provided
partial or complete pain relief of chronic intractable pains in
about 60% of the patients studied for up to 4 years. Half of their
patients used the opioids for pain control for between 4 and 7 years
on a daily basis and the daily dose used remained stable over time
in nearly all cases.

There are other reports that chronic pain patients gain clear relief

from short term opioid administration (Price et al., 1986; Gourlay
et al., 1986a). It is thought-provoking to see that the effective

plasma opioid concentration for relief of postoperative pain is
exactly the same as for patients with chronic pain of nociceptive
origin (Gourlay et al., 1986a). So far, there is only one voice of
dissent in the research literature. In striking contrast to these
and other reports, Arner and Meyerson (1989) claim that opioids are
ineffective in similar patients with chronic idiopathic pains .
Nonetheless, the weight of the evidence favors the efficacy of
opioids in chronic pain. To understand the issue properly, we will
need to determine those types of chronic pain for which opioids are
ineffectual. They do not alleviate neuropathic pain states, for
example. However, they modulate pain at the level of the CNS and
therefore should work whenever there is a nociceptive component in
the painful condition.

Unfortunately, we note a strong, decisive rejection of opioid
therapy for chronic pain patients among many pain specialists. This
is difficult to understand in light of the evidence that exists:
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these drugs can be beneficial for the right patients under the right
circumstances. Perhaps physicians involved with chronic pain
patients have inadequate understanding of opioids and therefore fear
them 1inappropriately. The issues of most concern are tolerance,
physical and psychological dependence and addiction.

Tolerance. Tolerance to opioids refers to a change in patient
responsiveness to a drug such that more of the drug is required to
produce a particular magnitude of effect. One of the most widely
held misconceptions about opioids is that tolerance must develop.
Even such experts as Nyswander and Dole (1986) state that "In
summary, tolerance and physical dependence are inevitable
consequences of repeated administration of narcotic drugs." Yet,
reports of lack of tolerance development over years of daily opioid
use in chronic pain patients continue to accumulate (Kanner and
Foley 1981; Nyswander and Dole 1986). According to Twycross (1974),
opioid tolerance is minimal In most cancer patients treated with
oral doses of diamorphine for prolonged periods; dose increases,
when required, usually follow increased pain due to tumor
progression. Even when infused intrathecally for months for
treatment of pain in cancer patients, morphine did not consistently
induce tolerance (Yaksh and Onofrio 1987). Gourlay et al., (1986b)
found that many cancer pain patients treated with daily doses of
methadone or morphine in carefully tailored dosage regimens did not
require dose escalation over time. Furthermore, the minimum
effective plasma concentration of meperidine remained stable over
prolonged periods (e.g., 12 months) of drug administration in
chronic pain patients (Glynn and Mather 1982). Finally, in all of
the studies of opioid treatment of chronic non-neoplastic pain
described above pain relief was maintained with opioids without need
for dosage escalation for years in the large majority of nearly 400
patients.

Physical Dependence. The clinical importance of "inevitable”

physical dependence is often exaggerated. When tolerance does
develop, physical dependence usually accompanies it. However, there
are many reports of apparent lack of physical dependence in patients
using opioids for pain control for years (Nyswander and Dole 1986;
Twycross 1974; Glynn and Mather 1982). Physical dependence is not
inevitable and it presents an easily controlled clinical situation
when it does occur. As long as opioids are administered in
appropriate doses and times, physical dependence is essentially
transparent. Physical dependence becomes a clinical issue at the
end of a treatment period and is readily managed in the large
majority of patients by appropriate tapering of opioid intake.

Addiction. Investigators who have studied opioid treatment of
chronic idiopathic and cancer pain agree that de novo addiction is
very rare (Foley 1986). However, inappropriate use of opioids does
occur. Drug abuse including alcoholism is a significant problem
among patients with chronic pain. Maruta et al., (1979)

reported that 41% of a chronic pain clinic population misused
medication to a degree sufficient to warrant diagnosis as drug
abusers. This is not surprising since depression occurs frequently
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in this population and there is a correlation between rates of
depression and drug abuse.

The abuse of medications is a serious problem among chronic pain
patients seen at major referral clinics largely because well
intentioned physicians feel that they must do something for the
patient and can envision no other alternatives than a trial on
medication. For some patients, medication prescription validates an
otherwise questionable claim to invalid status to family or
employer. When the drugs are ineffectual, patients self administer
increasingly greater doses. This, in turn, causes side effects
including affect disturbance; these symptoms of toxicity are then
addressed with further prescriptions by physicians unaware of the
patient®s circumstances. Thus, to a large extent, the problems of
drug abuse among chronic pain patients can be attributed to
misprescription of psychoactive medications on the part of
physicians. In their zeal to limit this problem, pain specialists
have tended to obscure appropriate indications for opioids.

CANCER PAIN

Many recommend that cancer pain be treated with an "analgesic
ladder" approach (WHO 1986). The notion that cancer pain is
unidimensional is implicit in this strategy; the main goal is to
decrease pain intensity and that can be achieved by using
increasingly 'stronger" analgesics. This approach is effective in
about 70% of cancer pain patients. What about the remainder? Many
cancer patients suffer with neuropathic pain along with their
nociceptive pain. A recent report by Tanelian and Cousins (1989)
illustrates the situation clearly for a patient with nociceptive and
neuropathic pain associated with Pancoast tumor. In this case the
patient®s pain could only be made bearable by a combination
carbamazepine and hydromorphone; either drug alone is clearly
inadequate in patients having such a combination of chronic pains.
Optimal treatment of cancer pain requires appreciation of the fact
that many patients have a complex mixture of different types of
chronic pain that may respond differentially to conventional and
atypical analgesic drugs.

CONCLUSIONS AND RECOMENDATIONS

Chronic pain is not one thing; the term encompasses three classes of
persisting pain problems. Moreover, patients sometimes suffer with
more than one cause of pain, each of which may require different
medication. Pharmacologic interventions can be of great value for
chronic pain patients when the underlying problems are accurately
diagnosed and the choice of medications is based on the type(s) of
chronic pain. Sweeping policy statements that conventional
analgesic medications are ineffectual or contraindicated when pain
is chronic represent gross oversimplification and are
counterproductive for all but perhaps the highly selected patient
populations of certain major referral clinics.
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The potential value of opioids for some chronic pain problems merits
further exploration even though it is controversial because of the
general apprehension that accompanies these drugs in our society.

We propose on the basis of compelling literature that academic pain
clinics undertake controlled trials of opioids with selected chronic
pain patients. Comparisons between opioid management and
behavioral/rehabilitative therapies in patients with chronic
idiopathic pain could be of great value.
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Arthritic Inflammation in Rats as a
Model of Chronic Pain: Role of
Opioid Systems

Albert Herz, Mark J. Millan and Christoph Stein

Chronic pain represents a state of great significance both for
the individual and for society as a whole. The pathology of
chronic pain is multifarious and the cause often unknown. The
detection of opioid receptors and endogenous |igands of these
receptors initiated a new era in pain research. Mst research
has focused on the nodulation of acute pain. In contrast, the
role of opioids in the response to chronic pain has been the
subject of only a limted nunber of studies, largely due to the
experinmental and ethical problens involved in such investiga-
tions. Only recently has the role of opioids in chronic pain
attracted high interest and sone aspects of this work shall be
di scussed in the present paper which concentrates on two nodel s
of chronic pain, polyarthritis and nonoarthritis induced by
Freund's adjuvant in the rat.

Opioid Research over the last 15 years has revealed a highly
conplex picture of endogenous opioid systens: a considerable
nunber of opioid peptides deriving from three opioid peptide
precursors are presently known; there is also a nultiplicity of
opi oid receptors, the targets of these peptides; mu, delta and
kappa receptors are the nost inportant types. In view of the
differential affinity and selectivity of various endogenous
opi oid peptides for these receptor types it has been suggested
that dynorphin and related peptides represent the endogenous
ligands of the kappa receptors; nost probably the enkephalins
are related to the delta receptors; so fax, however, no endo-
genous ligand of the nu receptors has been detected - although
B-endoghin exhibits a certain preference for this receptor
type. The nu receptor type seens to play a particularly inpor-
tant role in the nodulation of pain; thus, it is not surprising
that nost of the conventional opioids used in pain therapy have
a high affinity for this receptor type (HOlIlIt 1986; MIllan
1986) .
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POLYARTHRI TIS AS A MODEL OF CHRONI C PAI N

I nocul ation of rats at the tail-base with Mycobacterium butyri -
cum |l eads to a generalized disease state; swelling and inflamma-
tion of the linmbs and tail is a promnent feature which is
accconpanied by an increased sensitivity to noxious pressure
applied thereto; this observation, together wth decreased
appetite, weight loss, disruption of circadian rhythns, hyper-
ventilation and, possibly, scratching suggests the animals may
be experiencing chronic pain (Col paert et al., 1980; Col paert
1987; Mllan et al., 1988; Calvino et al., 1987).

CHANGES | N OPI O D PEPTI DES

The npst inpressive changes seen in rats suffering from chronic
arthritic pain is the rise in dynorphin levels in the |unbal
dorsal horn. This increase (of up to 250% reaches its naxi mum
about 3 weeks after inoculation and parallels the tinme course of
inflammation and hyperalgesia. Wthin 10 weeks these paraneters
becone largely normalized. In the brain significant increases in
dynorphin content are found only in the thal anus; R-endorphin
increases in the anterior pituitary and in plasma pointing to
acconpanying stress; minor but not always significant increases
i n net hi oni ne-enkephalin content are found in the spinal dorsal
horn (Mllan et al., 1986, 1987).

These data pointing to a particular role of dynorphin (and other
pepti des such as &-neo-endorphin deriving from prodynorphin) in
the chronic pain state are supplenmented by the finding that the
expression of the prodynorphin gene under these conditions is
consi derably enhanced in the spinal cord (HolIt et al., 1987;
ladarola et al., 1988) indicating an increased functional state
of the dynorphin system This view is supported by the observa-
tion that in chronic arthritic rats, nal oxone induces a stronger
increase in firing of dorsal horn neurones than in control rats.
This is roost easily explained by an increased inhibitory tone
medi ated by dynorphin (Ménétry et al., 1988). In this context it
shoul d be nentioned, however, that the in vitro and in vivo
rel ease of net-enkepahlin from the spinal cord of chronic pain
rats was found to be decreased (Bourgoin et al., 1988; Cesselin
et al., 1988; Przew ocki et al., 1986). (Dynorphin release has
not been neasured so far.) Possibly the enkephalins react diffe-
rently than dynorphin.

OPI O D RECEPTORS

Some minor changes in opioid receptors have been found in the
chronic arthritic state in rats: Wile the density of nu and
delta opioid receptors did not change in brain and spinal cord,
a small decrease in kappa opioid receptors was detected in the
spinal cord (Mllan et al., 1986). This finding of a slight
down-regulation of this receptor type is in line with an in-
creased dynorphinergic tone in the spinal cord in chronic
arthritic rats (see above).
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NOCI CEPTI VE THRESHOLD

Noci ceptive thresholds in chronic arthritic rats are affected
differently: a pronounced hyperal gesia i s observed when pressure
is applied to the tailor the paw, in contrast, the nociceptive
threshold is increased when radiant heat is used as a noxious
stimuilus. The supersensitivity to pressure is further enhanced
by MR 2266, an opioid antagonist wth benzonmorphane structure
exhibiting some selectivity for kappa opioid receptors (but not
by application of nal oxone which |acks selectivity for particu-
lar opioid receptor types). The effect of MR 2266 is stereospe-
cific and not observed in the radiant heat test. These data
suggest that an enhanced activity of dynorphin neurones in the
spinal cord may, via kappa receptors, act to nobderate the hyper-
sensitivity of inflaned tissue to i nposed noxious pressure: that
is, dynorphin in this sense nmay conbat polyarthritic pain
(Mllan et al., 1987). Further information, however, is required
to confirm this hypothesis and its generality is not clear.

O particular interest are the changes in the response of
chronic arthritic rats to opioid agonists. Several papers show
an increased antinociceptive response to nu and delta opioid
receptor ligands (Mllan et al., 1987; Neil et al., 1986;
Kayser, 1988). Sone discrepancies exist concerning kappa opioid
receptor agonists. Wiile Neil et al. (1986) report an increased
duration of effect of U 50,488H Mllan et al. (1987) found a
reduced effect of this kappa agonist in the paw pressure test.
The nechanism of supersensitivity to norphine- |ike opioids
which is not acconmpanied by an upregulation of nmu receptors
awaits clarification.

MONOARTHRI TI'S - UNI LATERAL | NFLAMVATI ON

A second nodel of prolonged pain has gained increasing inpor-
tance in recent years: nonoarthritis or, rather, wunilateral
inflammati on induced by inoculation of Freund' s adjuvant into
the plantar surface of a single hind-paw in rats. From an

ethical point of view, this nodel is advantageous as the
intensity and generality of pain is nuch reduced in conparison
to the polyarthritic nmodel - as can also be deduced from

measurnents of stress hornones. In addition it has the advan-
tage that the reaction of the inflamed paw and the non affected
paw can be conpared in the same aninal. As will be shown bel ow,
this inmrediate conparison of both paws is an ideal nodel for
studyi ng peripheral antinociceptive effects of opioids nanifest
in inflaned tissue (Mllan et al., 1988a; 1988b).

There are sonme inportant differences between the nmpno- and the
polyarthritic nodel - although there are also close sinilarities
between these. Wiile in the case of polyarthritis there is a lag
time of several days or even a week before the swelling deve-
lops, the swelling and inflammatory process in nmonoarthritis
commences a few hours after inoculation and is quite strong
after one day; however, also in this npdel the pathol ogical pro-
cesses persist for several weeks arid in sane cases the
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inflammati on spreads to the contralateral paw, the changes in
opioid peptide levels resenble those seen in polyarthritis: an
increase in dynorphin is the predomnant finding; it is
restricted to the dorsal horn of the affected side as long as
the inflanmation is restricted to one paw. No changes in opioid
receptor density were found in the ipsi- as conpared to the
contral ateral dorsal horn. Concerning nociceptive thresholds,
simlar changes were found as in the polyarthritic nodel: a
decrease in threshold in the paw pressure test on the inflaned
side which was further decreased by nal oxone and MR 2266, indi-
cating that endogenous opioids (in particular dynorphin) tend to
counteract the inflamation-induced hyperalgesia (Mllan et al.,
1988a; 1988b).

PERI PHERAL SI TES OF OPI O D ANTI NOCI CEPTI VE ACTI ON

Several papers published in the last couple of years have
claimed peripheral sites for the antinociceptive actions of
opi oids, although these reports are controversial and in sone
cases it is not even clear whether they are dealing with effects
nedi ated by opioid receptors. The nodel of unilateral inflamma-
tion offers the opportunity to study possible peripheral anti-
noci ceptive/opioid effects (Stein et al., 1988a; 1988b; 1988c;
1989; Joris et al., 1987).

The key-finding indicating a peripheral site of opioid action in
inflaned tissue was the observation that a | ow dose of norphine
(2 ng/kg) greatly increased paw pressure thresholds in the in-
flamed paw, but did not change this threshold on the noninflaned
contralateral side. Simlar results were obtained with the
sel ective kappa agonist U 50,488 (10 ng/kg) and further experi-
ments showed that intraplantar injection of naloxone - but not
its inactive (+)isomer - antagonized the effect of the systemi -
cally applied agonists (Stein et al., 1988b). In subsequent
experinments, receptor selective opiods were applied intraplant-
arly. Low doses of DAGO (a mu receptor specific agonist), DPDPE
(a delta receptor selective agonist) and U-50,488H (a kappa
receptor selective agonist) exhibited antinociceptive effects in
the paw pressure test when injected into the inflaned paw, but
not when injected into the non-inflamed paw. These effects were
antagonized by the respective receptor-specific antagonists
CTAP, I1Cl 174,864 and binaltorphimne (Stein et al., 1989).
These findings suggest that opioids can produce antinociceptive
effects by a local opioid receptor-specific nechanism in
inflaned tissue. Several questions, however, remain to be clari-
fied: which are the endogenous |igands for these receptors, what
stimuli call theminto play and what is the anatomical source of
these endcgenous opioids. Studies addressing these issues are
going on in our |aboratory.

In summary, this chapter has reviewed sonme studies exam ning
animal nodels of chronic pain. So far, the npst widely used

model is the polyarthritic rat. Mre recently, wunilateral
hindlinmb inflammati on has begun to replace the forner, mainly
for ethical and practical reasons. Significant findings
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concerning alterations in endogenous opioid systens - in both
nodel s - are: Increased levels of dynorphin in the spinal cord
and evidence for its role to counteract inflammation-induced
hyper al gesi a. Exogenous opi oi ds exhi bit enhanced antinociceptive
activity in the inflamed tissue which is apparently due to a
recruitment of local opioid receptors therein. Future studies
wi Il focus upon the nmechani sms of activation of these peripheral
receptors and their endogenous |igands in prolonged inflammtory

pain.
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Use of the Formalin Test Iin
Evaluating Analgesics

A. Cowan, F. Porreca and H. Wheeler

INTRODUCTION

The choice of dilute formalin as a noxious stimulus in analgesic
research is a relatively new development, the rat paw formalin
test having evolved in only the past decade (Oubuisson and Dennis
1977; Abbott 1988; Bustamante et al., 1989). Formalin provides a
continuous (tonic) background of pain that may be neurochemically
and neurophysiologically different from the transient (phasic)
pain associated with conventional hot plate and tail flick tests
(Dennis et al., 1980; Abbott et al., 1982; Dennis and Melzack 1983).
The corresponding test with mice has been developed by Hunskaar
and his colleagues (Hunskaar et al., 1985; Hunskaar and Hole 1987)
and others (e.g. Murray et al., 1988) while Alreja et al. (1984)
have described a version of the test with rhesus monkeys. By
studying tonic pain, the hope is that results from the animal lab-
oratory will have a more direct bearing on drug therapy used in
the persistent types of pain encountered clinically.

In our experience, the rat paw formalin test is proving to be an
acceptable model (both ethically and pharmacologically) of steady
prolonged pain. There is still a need to compare (in a comprehen-
sive manner) key experimental opioids and clinically used analges-
ics against formalin. In the present work, morphine has been run
in the model and compared with (a) PO 117302, a selective kappa
agonist (Leighton et al., 1987; Clark et al., 1988) and (b) four
narcotic antagonist analgesics that are used clinically - bupren-
orphine, butorphanol, nalbuphine and pentazocine.

MATERIALS AND METHODS
Animals. Male Sprague Dawley albino rats (70-90 g; Zivic-Miller)
were used. They were acclimated to individual Plexiglas obser-

vation chambers (L, 21 cm; W, 25 cm; H, 30 cm) for at least 1 hr
before testing.

Behavioral testing. After the acclimation period, each rat was

injected s.c. into the dorsal surface of the right hind paw with
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50 pl of 5% formalin or 50 pl of saline. Preliminary experiments
have revealed two spontaneous behaviors indicative of pain: (@)
flinching/shaking of the paw and/or hindquarters, sometimes obser-
ved as a rippling motion across the back, and (b) licking/biting
of the injected paw. These behaviors were monitored between 0-10
min (early/acute phase) and 20-35 min (late/tonic phase) following
the injection of formalin or saline.

Assessment of antinociceptive activity. The potencies of morphine
sulfate (Mallinckrodt) and PD 117302.HCI, that is, (*,l-trans-N-

methyl-N[2-(I-pyrrolidinyl)-cyclohexyl]benzo[b]-thiophene-4-acet-
amide (Parke-Davis) were assessed in both early and late phases of
the formalin model. Buprenorphine HCI (NIDA), butorphanol tartrate
(Bristol Labs), nalbuphine HCI (Endo Labs) and pentazocine HCI
(Sigma) were only evaluated against the late phase. Doses are
expressed in terms of the free base.

Test compounds were injected s.c. Pretreatment times were chosen
so that peak antinociceptive activity coincided with the obser-
vation period. For early phase behaviors, morphine and PD 117302
were given 20 min and 30 min, respectively, before the formalin.
For late phase behaviors, PD 117302 was injected 10 min before the
formalin; the other compounds were injected immediately before the
formalin.

Separate groups of rats (n = 5-10 per dose) were used to generate
dose-response curves in each phase of the response and for each
agent. Results are expressed as mean % antagonism of formalin-
induced flinching (or licking) * S.E. and are calculated for
individual drug-treated, formalin-injected rats as follows:

(Mean F response-mean saline response)-Individual response % 100

(Mean F response-mean saline response)

where "mean F (formalin) response” is the mean behavioral score
obtained in concurrently run vehicle-treated, formalin-injected
rats, and "mean saline response” is the pooled behavioral score
for rats injected with 50 pl saline into the hind paw.

Antinociceptive potency is expressed as the Aso and 95% confidence
limits and was obtained by linear regression from the % antagonism
of formalin-induced responses.

RESULTS AND DISCUSSION

The recording of flinching and licking, at 5 min intervals for 90
min post-formalin, clearly demonstrated a biphasic response for
both behaviors (figure 1). An immediate (acute/phasic) effect

(0-7 min) was followed by a prolonged (tonic) response which, for
flinching, was maximal between 20 and 50 min and persisted for up
to 80 min. Late phase licking was of shorter duration (18-38 min).
We have found licking to be much more variable than flinching.

In our opinion, flinching is the more reliable measure in the rat
for evaluating different types of analgesic.
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FIGURE I. Time course of flinching and paw licking in rats

(n = 17) after s. c. injection of formalin into the right
hind paw at T= 0. Each point is the mean behavioral sCOre
per 5 min + S_.E. Closed symbols represent values which are
significantly different from controls (injected with saline
into the hind paw); P<0.05 (Student®s t test).

Despite the preceding cautionary remark, morphine was exception-
ally consistent as an antinociceptive agent in the rat paw formalin
model. Thus, A5, values for morphine against early (1.1 mg/kg,
0.9-1.4) and late (0.6 mg/kg, 0.5-0.7) flinching and early (1.8
mg/kg, 1.1-3.7) and late (0.7 mg/kg, 0.5-0.8) licking were compar-
able.

The situation was very different with PD 117302. This kappa agon-
ist was 27 times more potent against late flinching (0.2 mg/kg,
0.09-0.3) than against early flinching (5.2 mg/kg, 3.5-8.9) (fig-
ure 2). In contrast, PD 117302 was 5.3 times more potent against
early phase licking (0.06 mg/kg, 0.02-0.11) than against late
phase licking (0.4 mg/kg, 0.3-0.6). However, as with morphine,
there was a relatively poor correlation between the dose of PD
117302 and antagonism of formalin-induced licking during the
early phase. We therefore believe that, based on the flinching
results, the tonic pain state has a greater influence on kappa,
as opposed to mu, systems.

Reproducible dose-response lines were obtained with the narcotic
antagonist analgesics assayed in the formalin model. The rank
order of potency for attenuating flinching after s.c. administrat-
ion was buprenorphine>nalbuphine>butorphanol>morphine>pentazocine
(table 1). Four out of the five agents were (like PD 117302)
fully efficacious against flinching, the exception being nalbuph-
ine (figure 3). Efficacy was also lower for this compound after
i.c.v. and intrathecal administration (unpublished results).
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from formalin + water was determined with ANOVA followed by
Dunnett®s test (*P<0.05; **P<0.01).

TABLE 1. Effect of Test Agents on Late Phase flinching in
the Rat Paw Formalin Test.

Aso (mg/kg, s.c.)

Buprenorphine 0.03 (0.02-0.04)
Nalbuphine 0.08 (0.04-0.35)
Butorphanol 0.1 (0.02-0.4)
Morphine 0.6 (0.5-0.7)
Pentazocine 0.9 (0.7-1.2)
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FIGURE 3. Dose-response lines for morphine buprenorphine
and nalbuphine for antagonism of late phase flinching induced
by formalin in rats.

In conclusion, formalin evokes a robust, spontaneous response
(flinching) in rats - ideal for testing analgesics. Formalin may

be a noxious stimulus of choice in assessing the efficacy and
antinociceptive potency of kappa agonists/mixed agonist-antagonists.
The rat paw formalin test as described may be utilized in a mean-
ingful way to investigate both phasic and tonic aspects of pain.
Finally, receptor-selective agents (as exemplified by morphine

and PD 117302) show differential activities in the model depending
upon the phase of pain examined and the nature of the endpoint under

study.
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Nicotine Abstinence Effects
John R. Hughes

The valid effects of tobacco abstinence include
slowing of the EEG increased REM density with
subsequent sleep awakening, decreased heart rate,
thyroid functioning, and performance and increased
caloric intake, sweet taste, weight, anger, anxiety,
difficulty concentrating, restlessness, and

i mpati ence.

Tobacco withdrawal effects possess within-and

bet ween-subject reliability, are prevalent (50 -

80% and can be of clinical magnitude. Tobacco

wi thdrawal peaks in 1 - 2 weeks and declines to pre-
cessation levels by 4 weeks with no evidence of
protracted w thdrawal except for hunger and craving.
Several lines of evidence indicate tobacco

withdrawal is due in large part to nicotine

deprivati on.

Tobacco withdrawal is simlar to classical drug
wi thdrawal syndrones in that aninmal nodels are

available, it is associated with tolerance, has sone
evi dence of synptom stages, 'and is reduced by
gradual reduction. Tobacco w thdrawal is dissimlar

to classical drug withdrawal syndrones in that

ant agoni st precipitated, protracted and conditioned
wi thdrawal have not been denonstrated. The role of
tobacco withdrawal in snoking relapse is unclear.
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Disruption of Schedule-Controlled
Behavior During Abstinence from
Phencyclidine and

Tetrahydrocannabinol
Robert L. Balster

The repeated administration of many drugs of abuse results in
the production of dependence as evidenced by an abstinence
syndrome upon discontinued exposure. Aninmal nodels that have
been devel oped for studying drug dependence have traditionally
relied on weight loss and/or directly observable signs of drug
withdrawal . Using this approach it has been difficult to
establish animal nodels for dependence on drugs such as cocaine
and anphetam ne, phencyclidine (PCP), tetrahydrocannabi nol
(THC), caffeine and nicotine. This presentation reviews sone
studi es which have used the disruption of schedule-controlled
respondi ng during drug withdrawal in rats and nobnkeys as a nore
quantitative and subtle nmeasure of drug abstinence effects,
with a particular focus on our research with PCP and THC. The
pi oneering research wth norphine by Thonpson and Schuster
(1964) and Holtzman and Villarreal (1973) in rhesus nonkeys
provi des the background for this approach.

Based upon evidence we obtained for an observable PCP with-
drawal syndrone in rhesus nonkeys self-admnistering very |arge
doses of intravenous PCP (Balster and Wbolverton, 1980),
subsequent research found that disruption of food-nmaintained
fixed-ratio performance in nonkeys and rats occurred 12-16
hours after discontinuation of intravenous infusion of doses of
PCP which had little, if any, effects on behavior during
treatment (Slifer et al., 1984; Beardsley and Balster, 1987).
These behavioral effects occurred wthout clear observable
signs of wthdrawal, were imediately reversed by re-admni-
stration of PCP, and showed recovery after a few days. Cross-
dependence between PCP and ketam ne was al so denonstrated using
this nmodel. W were also able to characterize a dependence
upon THC in rhesus nonkeys using this approach; however, in
this case, the onset of behavioral disruption was delayed by a
day or nore, consistent with the slower elinmnation of THC than
PCP (Beardsley et al., 1986). THC abstinence produced disrup-
tion of behavior could also be reversed by re-administration of
THC.
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In a recent study by Wolverton and Kl even (1988) using this
sane general approach, continuous infusion of cocaine was able
to produce disruption of operant behavior during w thdrawal ;
however, the relative dose and duration of treatment required
was quite extensive. A recent study by Carroll et al. (1988)
illustrates behavioral studies of caffeine dependence. This
study also illustrates the disruption of behavior during
abstinence from a drug which has been self-adm nistered, thus
conbi ni ng studi es of drug reinforcenent and dependence.

The use of alterations of |earned behavior in aninmals during
drug w thdrawal provides a very useful tool to study depen-
dence. Wth the increased ability to detect subtle drug
abstinence effects, it may becane necessary to re-evaluate
traditional definitions of physical dependence. It has been
proposed to use the term behavioral dependence on drugs to
describe the condition where subtle behavioral effects during
abstinence are the primary indices of wthdrawal (Balster,

1985). It nmay be that for- some drugs and/or wunder sone
conditions it may be wuseful to neke distinctions between
physi cal and behavi oral dependence.
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Anxiogenic Effects of Drug
Withdrawal

M. W. Emmett-Oglesby

Drug withdrawal syndromes consist of signs (objectively observable)
and symptoms (subjectively experienced). Traditionally, classes of drug
withdrawal giving rise to signs are said to cause physical dependence,
whereas classes of drug withdrawal giving rise to symptoms are said to
cause psychological dependence. However, both phenomena are ex-
pressions of physiological reactions to drug withdrawal, and rather than
assigning drug withdrawal to one of these two classes, it is probably
more appropriate to conceptualize all drugs of dependence as produc-
ing withdrawal syndromes that involve mixtures of both signs and symp-
toms. Subjective events cannot be studied in animals, so it is not
surprising that our knowledge of symptoms of drug withdrawal is less
complete than our knowledge of signs of drug withdrawal. Nonetheless,
withdrawal from dependence on drugs such as benzodiazepines and
cocaine produce symptoms that appear to be critical in maintaining drug
dependence, and animal models may be useful in helping to understand
these problems. One symptom of withdrawal shared across many
drugs of dependence is anxiety, and it should be possible to use animal
models of anxiety to investigate this aspect of drug withdrawal. This
paper reviews the results with one such model, discrimination of the an-
xiogenic drug, pentylenetetrazole (PTZ), by rats. In this technique, rats
are trained to discriminate PTZ using a food-reinforced choice-task.
Prior to chronic treatment with a benzodiazepine, the benzodiazepine
antagonist, flumazenil, does not substitute for PTZ. However, following
a week of diazepam administration, 60 mg/kg/day, flumazenil substi-
tutes for PTZ in a dose-related manner (e.g., Emmett-Oglesby et al.
1987, 1988). In experiments with ethanol, immediately following four
days of ethanol, rats selected the saline lever; by 12 to 18 hours after
the last dose of ethanol, they selected the PTZ lever, and by 48 to 72
hours after terminating ethanol, they again selected the saline lever.
The amount of PTZ-lever selection was proportional to the duration of
ethanol administration and was a direct function of the daily dose of eth-
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anol administered (Lal et al. 1988). In experiments with chronic cocaine
-administration, after terminating a two week course of 60 mg/kg/day of
cocaine administration, rats initially selected the saline lever, but by 48
hour selected primarily the PTZ lever, and at two-weeks after stopping
cocaine, they again selected the saline lever (Wood at al. 1989).
These data are consistent with the hypothesis that a PTZ-like stimulus
arises during withdrawal from a variety of drugs. Because drugs such
as beta-carbolines, that substitute for PTZ are anxiogenic in humans,
these data further suggest that the PTZ discrimination has utility for in-
vestigating an aspect of drug withdrawal that may be related to the
human problem of anxiety. Such a model should be useful for exploring
treatments that alleviate this problem, as well as for understanding the
neurobiologic bases of this aspect of withdrawal.
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Caffeine Abstinence Effects in
Humans
Roland R. Griffiths

Although caffeine is the most widely used behaviorally
active drug in the world, caffeine physical dependence has
been only moderately well characterized in humans and is
not widely recognized by the lay population or by health-
care professionals. For example, the most recent version
of the influential diagnostic manual of the American
Psychiatric Association (DSM-III-R) does not acknowledge
the existence of clinically significant caffeine physical
dependence. In fact, physical dependence is among the
most clearly demonstrated adverse effects of habitual
caffeine use. Such dependence is manifested by
biochemical, physiological, behavioral, and subjective
disturbances which occur upon termination of chronic drug
administration. Thirty-three published reports--including
clinical observations, case studies, survey studies and
experimental manipulations, which provide information
about the signs, symptoms and time course of the caffeine
withdrawal syndrome--have been reviewed recently
(Griffiths and Woodson, 1988). Headache and fatigue are
the most prominent caffeine withdrawal symptoms, with
a wide variety of other signs and symptoms having been
reported at lower frequency (e.g., anxiety, rhinorrhea,
irritability, impaired psychomotor performance,
nauseal/vomiting, yawning, insomnia, confusion,
diaphoresis, muscle pains/stiffness, coffee craving).
When signs and/or symptoms of caffeine withdrawal
occur, the severity can vary from mild to extreme. At its
worst, caffeine withdrawal has been repeatedly
documented to be incompatible with normal functioning
and sometimes totally incapacitating. The withdrawal
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syndrome follows an orderly time-course, with onset
occurring at 12 to 24 hours, peak occurring at 20 to 48
hours, and duration most often being described as being
about 1 week. The pharmacological specificity of caffeine
withdrawal has been established by the observations that:
1) severity is an increasing function of maintenance dose;
2) withdrawal occurs after administration of caffeine in
capsules as well as in beverages; 3) caffeine withdrawal
symptoms are suppressed by administration of caffeine in
capsules, tablets, or beverages; 4) magnitude of
suppression is an increasing function of dose; and 5)
caffeine is more effective at suppressing withdrawal than
a variety of other drugs. The proportion of heavy caffeine
users (=500 mg/day) who will experience symptoms after
caffeine abstinence is unclear; however, the proportion
has been reported to be greater than 80% in a study using
a relatively unselected subject population. There has been
wide variability, perhaps reflecting stable individual
differences, in incidence, severity and duration of
withdrawal symptoms. Although the minimum conditions
necessary to induce physical dependence are also unclear,
there is evidence for withdrawal symptoms occurring
after termination of caffeine after short-term exposure
to high doses (=600 mg/day for 6 to 15 days) or after
long-term exposure to relatively low doses (100 mg/day).
Several studies suggest that physical dependence may
substantially potentiate the reinforcing effects of
caffeine.
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Behavioral Assessment of Subtle
Drug Abstinence Effects: Overview
and Discussion

Joseph V. Brady

The practices associated with the assessment of drug-
related abstinence effects have traditionally relied
upon physi ochem cal characterization and physiol ogical
activity in relationship to known standards of

phar macol ogi cal equi val ence. Such abstinence effects,
popularly referred to as wthdrawal, have |ong been the
defining characteristics of drug abuse disorders,
constituting evidence of so-called physical dependence.
This concept has conventionally been applied rather
narromly to describe only conditions involving
continuously repeated drug administration leading to a
syndrome of biochem cal and physiol ogical effects with
a characteristic time course corresponding to active
drug elimnation following cessation of drug intake and
reversible by drug re-admnistration. The increasingly
promnent role of nore refined behavioral nmethodol ogies
however, has extended the range of such evaluations and
provided a nore conprehensive basis for analysis of a
drug's abstinence effects. The resulting advances in
know edge about drug actions, and particularly in
research technology, as the presentations in this
synmposium clearly docunent, have nade possible a nore
operational approach to pharmacol ogi cal assessment of
abused drugs and have called attention to the need for
reapprai sal of traditional concepts and definitions in
the field.

The fact, for exanple, that a range of the npst
commonly used and abused drugs including nicotine,
caffeine, and even narijuana and cocaine, under an
equally broad range of self-administration conditions
were not thought to be associated with the nore obvious
bi ochem cal and physiological abstinence effects has
long diverted attention from their dependence potential
and delayed full appreciation of their abuse liability.
It is now abundantly clear however, largely as a result
of the research in which the participants in this
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synposi um have been pioneers, that behavioral
assessnment nethodol ogies can provide a franmework for
the analysis of subtle drug abstinence effects w thout
constraining such evaluations by limting definitions
to conditions that produce the nore traditional

physi cal dependence w thdrawal syndrone. Indeed, it is
now well docunented that the devel opnent of nore
sensitive behavioral assessment procedures can reveal
abstinence effects under conditions where the typical
bi ochem cal and physiological syndrones are either not
observed or do not covary with the measured behavi oral
changes.

The nost obvious contribution to be recognized in this
current series of presentations is of course

met hodol ogi cal . John Hughes has called attention to
sone inportant distinctions to be made both from
topographic and functional perspectives in confronting
the vast array of effects that follow drug withdrawal.
Moreover, the presentation by Roland Giffiths

i npressively documents the generalizeability of these
categorical changes to a caffeine withdrawal data base
that extends the range of John Hughes' nicotine
abstinence effects.

A second major strength revealed by the nethodol ogical
advances detailed in these presentations resides not
only in their increased sensitivity to abstinence

i nduced behavioral changes, but as well in the greater
degree of quantitative objectivity that they provide
when conpared to nore traditional procedures that rely
solely on observational techniques. Bob Balster's
analysis of THC and PCP abstinence effects based upon
schedul e-controlled response rate and pattern changes
for exanple, documents the quantitative nature of such
abstinence effects. Moreover, this approach is
advantaged by a nmethodol ogy that reveals the graded
expression of such effects by providing measurenent of
a continuous variable unlike the nominal variables
conventionally used in such abstinence assessnents
(e.g. vocalization, piloerection, convulsions, etc.).

But these presentations represent nore than a
refinement of existing behavioral nethodol ogies and
their rigorous application to the assessnent of subtle
drug abstinence effects. They call attention as well
to the novel initiatives that drug abuse research has
spawned in extending what used to be called state
dependent learning and is now famliarly known as drug
di scri m nati on. It has become increasingly clear, for
exanple, that the assessment of so called subjective
effects or synptons (as contrasted with objectively
measured signs) need not be the exclusive domain of our
human subj ect research colleagues. The application of
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this methodology to the laboratory animal evaluation of
phar nacol ogi cal agents has added a new dinension to the
assessnent of subtle drug abstinence effects.

M chael Emmett-Oglesby's work for exanple, has
denmonstrated convincingly that aninmals can be trained
in much the sane way that speaking humans are trained,
to emt a discrininated operant in reporting the
synptomatic effects of precipitated w thdrawal.
Moreover, while this approach requires no gratuitous
assunptions about what aspect of the abstinence
syndrone is being discrimnated, it does hold promse
of providing somewhat nore specific information about
the nature of the interoceptive changes involved. In
this regard of course, sone caution nust be exercised
in adapting nodels suggested by such clinical
vernacul ar as "anxiety". Wiile the realities to which
such referents call attention can not be denied, their
specification in "pop psychology,, ternms obviously

| eaves much to be desired. It is indeed a sad
comentary on our beloved "psych" desciplines that they
remain unique anong the fields aspiring to scientific
status in enbracing term nology taken from commobn usage
as though it were a technical |anguage. Mat hemat i ci ans
have their synbols and equations, chenmists their
structures and fornmulas, and even physicists have their
quar ks. Only the disciplines indentified by the
"psych" prefix persist in their recourse to street
corner termnology with all its excess neaning, as a
basis for technical reference.

Pol emics aside, perhaps the nobst significant
inmplication of the subtle abstinence effects reveal ed
by the assessnent procedures described in these
presentations relates to still unsettled issues
regarding the extent to which such residuals of drug
use contribute to the nmaintenance of abuse perfornances
and to relapse in those numerous cases where our npst
effective treatnent interventions prove evanescent.

The broad environnental perspective we have all cone to
appreciate in confronting substance use and abuse

probl ens enphasizes not only the conplexity of the
etiologic, maintaining, and relapse factors that
characterize such disorders but as well the web of
social nyths that surround this domain. These nmyths
and expectations function in curious ways to exacerbate
the problem by perpetuating notions and explanations
that endow terns like "addiction" "loss of control" and
particularly "abstinence avoidance', wth undeserved
expl anatory powers. One inportant advantage of the
research approaches described is their generally
operational orientation, which, though certainly not
culture-free in any literal sense, does strive for
definitional precision in clarifying the variables that
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characterize the abstinence syndrome as well as the
range of associated bionmedical and behavioral
antecedents and consequences.

O particular significance in this regard of course is
the convincing denpnstration that these subtle
abstinence effects can now be detected, recorded, and
quantitatively nmeasured, and that their conditions of
occurrence can be specified with accuracy and

pr eci si on. Under such circunstances, it should now be
possible to provide nore definitive answers to the

abi ding questions of how and to what extent these
subtl e behavioral changes following wthdrawal from
sel f-adm nistrated drugs of abuse contribute to the
persistence and reoccurrence of such disorders, as well
as their interactive effects upon treatnment and
prevention. The operational form in which such
questions nust of course be put would seem to focus
upon changes in the reinforcing function of a drug in
relation to the nature and degree of such abstinence
ef fects. The experinmental designs required to answer
such question may not be as straightforward as we would
like, but they are certainly not beyond the technical
advances in the field.

There are of course several other inportant
inmplications of the subtle abstinence effects findings
reported in these presentations that require at |east
brief nention. The generally accepted pharnacol ogical
lore about relationships between tolerance and
dependence (i.e. abstinence) has not been the focus of
this synposium of course, but the data upon which
these extensive analyses and discussions have been
based would seem to hightlight the need for a closer
look at the essential features of these presumably
interacting processes. It is certainly clear from
these presentations that the nore obvious indicators of
drug tolerance effects do not seem to be a necessary
precursor condition for denobnstrating the subtle
abstinence effects described. And from a nore
systematic perspective, these renmarkably detailed and
sensitive evaluative analyses would seem to require
that those of us who have found it so easy to

di stinguish between the abuse and dependence processes
on the basis of operationally defined but sonewhat
over-sinplified all-or-none criteria take another | ook
at our self-evident solutions to the conceptual
problens that continue to plague the field.
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Assessing the Reinforcing
Properties of Drugs
Chris-Ellyn Johanson

Drug self-administration studies using humans as experimental subjects are few in
number compared to those using animal subjects. Nevertheless, human drug self-
administration research has made important and unique contributions to our
understanding of the reinforcing properties of drugs relevant to drug abuse. Further,
despite their low frequency, the goals pursued in these studies have been broad.
This paper will review these various goals by describing selected examples of
individual studies. The use of specific examples to describe research goals will also
enable those unfamiliar with this type of human research to appreciate the range of
conditions under which such studies can be conducted. For those interested in more
extensive reviews, I recommend Griffiths et al (1980) and Henningfield et al
(1986).

ESTABLISHING DRUGS AS REINFORCERS

For each new type of drug studied in humans, it is initially essential to determine
whether the drug functions as a positive reinforcer before additional research
questions can be pursued. In addition to determining whether responding is
maintained by contingent drug delivery, such studies often evaluate the effects of a
variety of environmental variables. The rationale of this approach is that if the drug
is serving as a reinforcer, the responding it maintains should change when
manipulations are made that have been shown to alter responding maintained by
other events. In addition, if the reinforcing properties are related to the
pharmacological actions of the drug, appropriate pharmacological manipulations
should also be expected to modify responding. An additional test of whether a drug
is functioning as a reinforcer is to compare results in human studies with those
obtained with animals. In animal studies, it is more feasible to fully characterize the
reinforcing properties of drugs. Thus, if under the more limited conditions used
with human subjects results are comparable, the likelihood that these results are valid
is increased. But likewise, by demonstrating comparability with the results obtained
with humans, the validity of animal models is better established

Methods

In general, the types of procedures that have been used in animal studies have been
modified for human self-administration studies. Modifications have been necessary
to decrease any risk of toxicity and have included carefully selecting participants,
using relatively low doses, limiting drug exposure within experimental sessions, and
minimizing the length of the experiment.
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Two types of dependent measures have been used to measure the reinforcing
properties in most human drug self-administration studies. Henningfield and
Goldberg (1983) used a free-operant procedure to evaluate i.v. nicotine in human
cigarette smokers. Nicotine (1.5 mg) was available to subjects by responding on a
lever under a fixed-ratio 10 schedule of drug delivery. The rate of injections self-
administered during each 3-hr session was used as the measure of reinforcing
properties. Subjects who had no history of drug abuse (except for nicotine
cigarettes) initially self-administered few injections. Over time, however, rate of
injections increased. As further evidence that nicotine was functioning as a
reinforcer, these investigators showed that responding declined dramatically when
saline was substituted for nicotine.

Choice measures have also been used in human drug self-administration studies.
Johanson and Uhlenhuth (1980a) evaluated the reinforcing properties of 5 mg d-
amphetamine administered orally in normal human volunteers without a history of
drug abuse. In their procedure, there were 9 experimental sessions and subjects
were not required to remain in the laboratory after ingesting the drug capsule.
During the initial four sessions, subjects received drug and placebo twice on separate
sessions. During the last 5 sessions, subjects were given a choice of which capsule
they preferred and the measure of reinforcing properties was the number of times
drug was selected. They found that amphetamine was chosen over placebo on 4 out
of 5 sessions and considered this evidence that amphetamine was functioning as a
reinforcer.

Effects of Behavioral Manipulations

In behavioral studies using other types of reinforcers, increasing the behavioral
requirements can result in a decrease in the number of reinforcers obtained. Similar
findings have also been obtained with drug reinforcers. Bigelow et al (1976)
evaluated the reinforcing properties of sedatives in male subjects with a history of
sedative abuse who resided on a research ward. A maximum of 20 doses was
available during daily 7-hr sessions; the drug available on different days was either
30 mg pentobarbital or 10 mg diazepam. Subjects were required to ride an exercycle
for 2 minutes to obtain a single token which could be exchanged for drug or money.
When the cost per ingestion was 1 token, subjects took almost all available (20)
doses of both drugs. However, as the requirement increased to 3, 5 or 10, the
number of doses self-administered decreased. For instance, when the cost/dose was
3 tokens, approximately 5 doses of pentobarbital were self-administered whereas all
20 doses of diazepam were self-administered. When the cost increased to 10 tokens,
self-administration of pentobarbital was totally suppressed whereas about half of the
diazepam doses were still self-administered. The relative sensitivity of responding
maintained by pentobarbital to response requirements has also been shown in animal
studies (Goldberg et al. 1971).

In a similar study using the same experimental paradigm and doses of pentobarbital
and diazepam, Griffiths et al 1976) showed that drug self-administration was also
affected by the minimum interingestion interval between doses. When the interval
was 0, the exercycle riding requirement was completed for approximately 75% of the
available doses. However, as the interval increased, responding declined and this
decline was more pronounced for pentobarbital than for diazepam

In summary, early drug self-administration studies clearly demonstrated that the

paradigms used for humans were sensitive to behavioral manipulations that have
been shown in other studies to modify maintained responding. Such sensitivity was
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further evidence that the drugs were functioning as positive reinforcers and that
responding maintained by drugs in an experimental setting with humans as subjects
was predictable.

Effects of Pharmacological Manipulations

As a method of verifying that the response-maintaining characteristics of drugs are
related to their other pharmacological properties, drug self-administration studies
have evaluated the effects of manipulating dose, or magnitude of reinforcement.
Relative to animal studies, it is somewhat difficult to generate a complete dose-
response function with humans because of potential toxicity at the higher doses.
Nevertheless, many studies have succeeded in evaluating a wide enough dose range
to demonstrate that responding in humans can be influenced by the magnitude of
drug reinforcement. Henningfield and Griffiths (1980), for instance, showed that if
the dose of nicotine per puff was increased, rate of puffing (drug self-administration)
decreased. This result is similar to the results obtained using animal subjects with a
variety of drugs including i.v. nicotine under conditions (e.g., ratio schedules)
where rate of responding influences drug intake (Johanson and Schuster 1975).
That is, as dose is increased, rate of responding decreases. In contrast, with
reinforcers such as food, rate of responding tends to increase with magnitude. The
drug self-administration results have been interpreted as demonstrating that other
properties of the drugs influence rate of responding non-specifically (Johanson
1978). Therefore, in animal studies, non-rate procedures such as drug choice
paradigms have been used and it has been shown that relative choice increases with
dose (Johanson and Schuster 1975). Using a similar choice paradigm with humans,
Fischman and Rachlinski (1989) also showed that choice of cocaine increased as the
dose available increased.

Comparison of Animal and Human Studies

The results described above not only indicate that the procedures that have been
developed for human self-administration studies are sensitive to a variety of
independent variables, but also underscore the similarity between the results obtained
in human and animal studies. Another extremely convincing example of the
comparability between human and animal studies can be seen in Figure 1. Several
investigators have shown that local anesthetics, such as procaine, can maintain
responding in rhesus monkeys (Johanson 1980). Because procaine is not abused by
humans, the procaine results appeared to be an exception to the general finding that
animals self-administer the same drugs that humans abuse (Johanson and Balster
1978). However, Fischman has shown that procaine is also a reinforcer in humans
(Fischman 1989). In a choice paradigm, procaine was clearly selected over saline
but when given a choice between 8 mg cocaine (i.v.) and different doses of procaine
up to 96 mg, cocaine was overwhelmingly preferred. Likewise, in a study using
rhesus monkeys, Johanson and Aigner (1981) also showed that procaine was
preferred over saline but that when given a choice between cocaine and procaine,
cocaine was preferred even when there was a 16-fold difference in dose.
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A second example of the similarity between the results obtained with animals and
those obtained with humans can be seen in Figure 2 which shows the pattern of
responding maintained by ethanol in both humans and rhesus monkeys.
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One important goal of drug self-administration studies is to evaluate the dependence
potential of drugs. If human studies are to be useful in this regard, it is necessary to
demonstrate that the results generated under laboratory conditions correctly predict
which drugs would be abused. Thus, some studies have compared the reinforcing
properties of drugs that are known to be abused by humans with other CNS drugs
which are not drugs of abuse. For instance, Griffiths et al (1979) showed that
responding was maintained by pentobarbital but in the same drug-experienced
subjects, chlorpromazine was not a reinforcer. Likewise, Johanson and her
colleagues using a choice paradigm showed that under the same conditions where
responding was reliably maintained by &amphetamine. other psychomotor
stimulants that are also abused, such as phenmetrazine, were also selected over
placebo, whereas drugs such as fenfluramine and mazindol which are not abused by
humans were not self-administered (Chait, et al. 1987. Johanson and Uhlenhuth
1980a, Johanson and Uhlenhuth 1982). Given these differential findings, it appears
that results from human studies designed to assess dependence potential of new
drugs are likely to yield valid predictions.

Drug self-administration studies can be difficult and time-consuming to conduct in
humans. Traditionally, measures of subjective effects have been used to assess
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dependence potential. One goal of human drug self-administration studies has been
to evaluate the relationship between subjective effects and drug self-administration.
For instance, de Wit et al (1986) compared the subjective effects of amphetamine in
those subjects who preferred this drug over placebo in a choice paradigm with the
subjective effects produced in subjects who did not prefer amphetamine, and found
predictable differences between the subjective response of these two groups. Chait
et al (1987) using a similar choice paradigm with normal volunteers evaluated the
reinforcing effects of several pharmacologically related psychomotor stimulants and
found that the profile of subjective effects was similar for those drugs that were self-
administered compared to those that were not. However, Roache and Griffiths (in
press) did not find a reliable relationship between measures of self-administration
and drug liking with benzodiazepines in subjects who were previous sedative
abusers residing on a research ward. Differences between subjective effects and
level of drug self-administration have also been found in other studies (Johanson and
de Wit 1989). Thus, while subjective effects may be useful predictors of
dependence potential, the independent assessment of reinforcing properties in drug
self-administration studies may add important information for reliably predicting the
probability that humans will abuse a particular drug.

The assessment of the discriminative stimulus effects of drugs has been used in
animal studies to indicate dependence potential. In a series of studies that evaluated
both the reinforcing and discriminative stimulus effects of psychomotor stimulants in
humans without a history of drug abuse, differences were noted across the two
paradigms. For instance, although mazindol was not preferred over placebo in an
experiment using a choice paradigm, in subjects that were trained to discriminate ¢
amphetamine from placebo, mazindol substituted as a discriminative stimulus (Chait,
et al 1986, 1987). Since few drug discrimination studies have been conducted in
humans, further research is necessary to determine the usefulness of drug
discrimination methods to measure dependence potential (see paper by Bigelow).

DISCOVERING VULNERABILITY OR RISK FACTORS

Another goal of human drug self-administration studies has been to determine
whether certain types of individuals are more likely to find certain drugs reinforcing.
Such differences might indicate that individuals with these characteristics are
vulnerable to drug abuse. The types of possible risk factors that have been studied
in human drug self-administration studies have included demographic characteristics,
psychological status, and drug use history.

In one series of studies, diazepam preference was assessed in several groups of
subjects differing in levels of anxiety using the out-patient choice procedure
previously described for amphetamine. The rationale of this experiment was that
subjects who experienced a positive change in mood might be more likely to self-
administer a substance that produced such a change (i.e., self-medication). Thus
anxious subjects because of their high and presumably aversive levels of anxiety and
who experience a decrease in their levels of anxiety when administered diazepam
might be more likely than others to self-administer this drug. Subjects initially
sampled the effects of 10 mg diazepam and placebo under double-blind conditions
and then were given 5 independent opportunities to choose whether to self-
administer diazepam or placebo. In normal volunteers, diazepam was not preferred
to placebo (Johanson and Uhlenhuth 1980b). In subjects with moderate to severe
levels of anxiety, diazepam preference was the same as in the control group, i.e., all
subjects preferred placebo to a greater extent than drug despite the fact that diazepam
decreased anxiety as measured by the Profile of Mood States (de Wit et al 1986).
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However, in the group of subjects with the highest levels of anxiety and who wished
to receive treatment, preference for diazepam was slightly increased However,
placebo was still preferred on more than 50% of the choice opportunities even in this
group (McCracken et al. in press). Thus it appears that a decrease in anxiety in
subjects suffering from anxiety disorders is not sufficient for establishing diazepam
as a reinforcer.

Previous drug history may also influence reinforcing properties. In an experiment
by Johanson and her colleagues, the influence of previous alcohol consumption on
diazepam preference was evaluated using a modified choice procedure (de Wit, et al.
1989). Experimental sessions were conducted within the laboratory and 4 mg doses
of diazepam were available for a maximum of seven occasions during 4-hr evening
sessions (total possible dose of 28 mg). Under these conditions, subjects with a
history of greater but non-problematic alcohol consumption (approximately 11
drinks/week) preferred diazepam on more sessions than subjects with a history of
light consumption (approximately 4 drinks/week). Furthermore, within sessions,
the subjects who were moderate alcohol drinkers self-administered a greater
proportion of the available doses.

Griffiths and his colleagues have also demonstrated that drug history can influence
reinforcing properties. In their studies, subjects were recruited who had a history of
sedative abuse and tested on a closed research ward. As previously shown with
pentobarbital, diazepam was reliably self-administered across a range of
experimental conditions (Griffiths, et al. 1979, Griffiths et al. 1980, Roache and
Griffiths in press). This is in contrast to the results obtained by Johanson and her
colleagues that indicated that diazepam was not a reinforcer in subjects who did not
have a history of sedative abuse (Johanson and Uhlenhuth 1980b).

There are clearly many factors that could account for the influence of previous drug
history on diazepam preference. Although additional research is required to
determine the mechanisms accounting for the influence of drug history, these studies
illustrate the possibility of evaluating risk factors within an experimental context in
human subjects. Furthermore, the existence of populations of subjects that are more
likely to self-administer a particular class of drug allows questions concerning
relative dependence potential within this class to be addressed (Griffiths et al. 1984).

Animal research has clearly demonstrated that the reinforcing effects of drugs are not
solely determined by their pharmacological properties but are the result of an
interaction between the effects of the drug and the environmental conditions under
which it is available. Therefore, environmental factors that increase drug self-
administration may also be viewed as risk factors. However, few human drug self-
administration studies have evaluated the ability of behavioral factors to modify the
reinforcing properties of drugs (but also see Behavioral Treatments below). Early
self-administration studies that were reviewed above (Bigelow, et al. 1976,
Griffiths. et al. 1976) demonstrated that response requirements and minimum
interingestion interval could influence the probability that sedatives would be self-
administered. A mom recent example is the study described above by de Wit et al.
(1989). As previously reviewed, under a choice paradigm where normal volunteers
were allowed to choose between diazepam and placebo, placebo was preferred
(Johanson and Uhlenhuth 1980b). However, when the experimental conditions
under which diazepam was available were altered, it was found that diazepam
preference drastically increased to over 50%. Unfortunately, the modifications that
yielded an increase in reinforcing properties were numerous (laboratory setting,
multiple doses available per session, subjects tested in a group context) so additional
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research is necessary to determine what aspect of the environment accounts for the
increase in reinforcing properties. Nevertheless, this study does indicate that the
elucidation of environmental circumstances that enhance a drug’s reinforcing
properties and which therefore might constitute a risk factor is possible using human
subjects.

EVALUATING POTENTIAL TREATMENTS
Pharmacological Treatments

Human drug self-administration paradigms are ideal for determining whether
medications are capable of decreasing drug taking behavior. An excellent example of
this approach is Mello et al. (1981). In their study, male heroin addicts resided on a
research ward for a month. After an initial drug-free period, they were allowed to
respond under a second-order schedule on a portable manipulandum to obtain either
money or a dose of heroin. For 10 days, a total of 4 doses of 10 mg heroin was
available every day with each injection separated by 6 hr. In order to obtain each
dose, it took about 90 min of responding to complete the behavioral requirement
under the second-order schedule. In three subjects that were treated with a narcotic
antagonist, 50 mg/day naltrexone, few injections of heroin were self-administered.
In contrast, subjects administered a placebo antagonist worked for a large proportion
of the available heroin. A similar study was conducted by Mello et al. (1982) to
evaluate the effectiveness of a mixed opioid agonist-antagonist, buptenorphine, to
decrease heroin self-administration and similar results were found. That is, subjects
maintained on gradually increasing doses from 0.5 to 8 mg/day buprenorphine over
a 14 day period self-administered less of the available heroin than subjects who were
medicated with a buprenorphine placebo. As the authors stated, the results from
both of these studies not only demonstrate that naltrexone and buprenorphine may be
useful medications for suppressing heroin abuse but they also indicate that human
self-administration paradigms are useful for evaluating potential treatments. Given
the difficulty of conducting long-term clinical trials of new pharmacological agents
for the treatment of drug abuse, the approach of initially conducting laboratory
studies using self-administration procedures is extremely appealing.

Laboratory studies may also be helpful in understanding the mechanisms underlying
the usefulness of particular medications. With this in mind, Fischman and Foltin
(1988) assessed the ability of desipramine which has been shown in clinical trials to
be effective in the treatment of cocaine abuse to decrease cocaine self-administration.
The ability of cocaine to maintain self-administration was evaluated both before and
during a period of chronic desipramine treatment. The number of injections self-
administered under these two conditions did not differ as might have been predicted
from the clinical data However, the number of injections that the investigators were
able to administer decreased when desipramine was being given because of
cardiovascular toxicity. Furthermore, while subjects worked to obtain and requested
nearly maximum levels of cocaine to self-administer, their verbal response to
questions concerning their desire to self-administer cocaine indicated a decrease in
craving. In addition, the subjective effects of cocaine were altered during the chronic
desipramine period showing decreases in positive mood effects and increases in
negative mood effects such as anxiety. Thus these results indicate that desipramine
does produce alternations in the profile of cocaine’s subjective effects which may be
useful in treatment settings.
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Behavioral Treatments

Behavioral approaches are also used to treat drug abuse and it is possible to evaluate
their effectiveness in experimental settings. Stitzer and her colleagues evaluated the
ability of alternative reinforcers to decrease methadone self-administration using
outpatients being treated in a methadone maintenance clinic (Stitzer, et al. 1983). On
two days of each week, subjects were offered the opportunity to choose between
extra methadone doses and money. When the choice was between a $1 and drug,
drug choice increased as dose of methadone increased. That is, when the dose was
1 mg, money was selected on about 80% of the opportunities whereas when the
dose was 50 mg, drug was chosen exclusively. However, when the amount of the
money option was increased to $5, the dose-response function for methadone was
shifted downward and even when the extra dose available was 50 mg, only about
60% of the choices were for drug. This study illustrates that behavioral factors such
as financial alternatives can alter drug self-administration. The results also show,
however, that this ability to decrease drug intake is related to its dose. Both findings
have important implications for designing behavioral treatment interventions.

In another study by Stitzer and her colleagues, these investigators evaluated the
effects of two kinds of behavioral interventions on the self-administration of illicit
drugs within a treatment context (Iguchi et al. 1988). Methadone maintenance
patients who had tested positive for illicit drug use 70% of the time over the last 12
weeks were selected. Half of these subjects were given methadone take-home
privileges contingent upon the submission of negative urines. The other half were
also given contingent positive reinforcement (take-home medication) but were also
punished if their urines were positive by a reduction in methadone dose. Both
groups showed similar levels of success as defined by negative urines and remaining
in the treatment program. However, the group that received punishment had higher
drop-out rates from the program. The authors concluded that aversive consequences
can influence treatment outcome by increasing the probability that patients who do
not respond to treatment will remove themselves from the situation, thus limiting the
ability of therapists to intervene any further.

DESCRIBING CONSEQUENCES OF DRUG SELF-ADMINISTRATION

Toxic effects which are seen in drug abusers are often difficult to attribute to the drug
itself as many other factors contribute to manifest toxicity in the environment outside
the laboratory. Thus, measuring the effects of drugs that are self-administered in a
laboratory setting offers an opportunity to evaluate the contribution of the drug itself
to changes in health and behavior of drug abusers. Unfortunately, few experimental
studies have been conducted even in animal subjects and even fewer with humans.
For humans, this is largely due to the unwillingness to expose subjects to the doses
that are likely to produce toxic consequences. Thus, while the effects of drugs on
physiological functioning are routinely measured in human drug self-administration
studies, the doses are kept necessarily low. Nevertheless, while these studies may
not reveal actual toxicity, they may show that drugs alter the functioning of certain
physiological systems; it can then be assumed that toxicity is likely at higher doses
(Fischman and Foltin 1989).

In addition to physiological alterations, some studies have also evaluated the effects
of drugs at self-administered doses on mood. Griffiths et al. (1980), for instance,
showed that hostile behavior and feelings of dysphoria were more likely on days
when subjects self-administered diazepam than when pentobarbital was taken. These

142



findings clearly have implications for the use of these drugs in a treatment context.
However, they are also relevant in situations where these drugs are being abused
because they indicate that benzodiazepines may disrupt social interactions.

Another example of how drug self-administration studies can be useful for
evaluating the consequences of drug use is from a study by Mendelson et al (1976).
Heavy and casual marijuana smokers resided on a research ward for one month and
for 2 1 days during this period were allowed to respond on a portable manipulandum
under a fixed interval schedule to earn marijuana cigarettes or money.
Approximately 30 minutes of work was required to earn 1 cigarette or $0.50.
Relative to days when drug was not available, marijuana even at relatively high
levels did not disrupt performance. Further, patterns of responding within days
indicated that rate of responding correlated with rate of smoking. These data
suggested, therefore, that marijuana did not produce an ‘“amotivational syndrome.”
However, in a further analysis of the data, Mendelson et al (1976), showed that
there was an inverse relationship between amount of marijuana consumed and the
rate of responding on the following day. While there are clearly many possible
interpretations of these data, this study does indicate that self-administration studies
may be useful for evaluating changes in performance that occur at doses that are self-
administered

CONCLUSION

This report has reviewed the types of research questions that can be answered in
human self-administration studies. The goals illustrated are not exhaustive but
include a wide enough sample to demonstrate the utility of these procedures.
Furthermore, by using specific examples, it is hopefully possible for those
unfamiliar with the research area to appreciate the range of conditions under which
evaluations of the reinforcing properties of drugs can be made with human subjects.

REFERENCES

Bigelow, G.E.; Griffiths, R.R.; and Liebson, I.A. Effects of response requirement
upon human sedative self-administration and drug seeking behavior. Pharmacol
Biochem Behav 5: 681-685, 1976.

Chait, L.D.; Uhlenhuth, E.H.; and Johanson, C.E. The discriminative stimulus and
subjective effects of phenylpropanolamine, mazindol, and &amphetamine in
humans. Pharmacol Biochem Behav 24: 1665-1672, 1986.

Chait, L.D.; Uhlenhuth, E.H.; and Johanson, C.E. The reinforcing and subjective
effects of several anorectics in normal human volunteers. J Pharmacol Exp Ther
242: 777-783, 1987.

de Wit, H.; Pierri, J.; and Johanson, C.E. Reinforcing and subjective effects of
diazepam in non-drug-abusing volunteers. Pharmacol Biochem Behav, 1989, in
press.

de Wit, H.; Uhlenhuth, E.H.; Hedeker, D.; McCracken, S.; and Johanson, C.E.
Lack of preference for diazepam in anxious volunteers. Arch Gen Psychiatry
43: 533-541, 1986.

de Wit, H.; Uhlenhuth, E. H.; and Johanson, C.E. Individual differences in the
reinforcing and subjective effects of amphetamine and diazepam. Drug Alcohol
Depend 16: 341-360, 1986.

Fischman, M.W. Relationship between self-reported drug effects and their
reinforcing effects: Studies with stimulant drugs. In: Fischman, M. W. and

Mello, N. K., ed. Testing for Abuse Liability of Drugs in Humans. National

143



Institute on Drug Abuse Research Monograph. Washington, D.C.: U.S.
Government Printing Office, 1989, in press.

Fischman, M.W., and Foltin, R.W. The effects of desipramine maintenance on
cocaine self-administration in humans. Psychopharmacology 96: S20, 1988.
Fischman, M.W., and Foltin, R.W. Laboratory evidence for mechanisms of
cocaine-induced toxicity in humans. In: Czechowicz, D., ed. Clinical
Applications of Cocaine Research: From Bench to Bedside. National Institue
on Drug Abuse Research Monograph. Washington, D.C.: U.S. Government

Printing Office, 1989, in press.

Fischman, M.W., and Rachlinski, J.J. Cocaine self-administration in humans: A
Laboratory analysis. J Pharmacol ExD_Ther 1989. in press.

Goldberg, S.R.; Hoffmeister, F.; Schlichting, U.U.; and Wuttke, W. A comparison
of pentobarbital and cocaine self-administration in rhesus monkeys: Effects of
dose and fixed-ratio parameter. J Pharmacol Exp Ther 179: 277-283,1971.

Griffiths. R.R.; Bigelow, G.E.; and Henningfield, J.E. Similarities in animal and
human drug taking behavior. In: Mello, N. K., ed. Advances in Substance
Abuse: Behavioral and Biological Research. Vol 1. Greenwich, Connecticut:
JAI Press Inc. 1980, pp. 1-90.

Griffiths, R.R.; Bigelow, G.E.; and Liebson, I. Human sedative self-
administration: Effects of inter-ingestion interval and dose. J Pharmacol Exp
Ther 197: 488-494, 1976.

Griffiths, R.R.; Bigelow, G.E.; and Liebson, I. Human drug self-administration:
Double-blind comparison of pentobarbital, diazepam. chlorpromazine and
placebo._J Pharmacol ExD_Ther 210: 301-310, 1979.

Griffiths, R.R.; Bigelow, G.E.; Liebson, I.; and Kaliszak, J.E. Drug preference in
humans: Double-blind choice comparison of pentobarbital, diazepam and
placebo. J Pharmacol Exp Ther 215: 649-661, 1980.

Griffiths. R.R.; McLecd, D.R.; Bigelow. G.E.; Liebson, I.A.; Roache, J.D.; and
Nowowieski, P. Comparison of diazepam and oxazepam: Preference, liking
and extent of abuse. J Pharmacol Exp Ther 229: 501-507, 1984.

Henningfield, J.E.. and Goldberg, S.R. Control of behavior by intravenous
nicotine injections in human subjects. Pharmacol Biochem Behav 19: 1021-
1026, 1983.

Henningfield, J.E., and Griffiths, R.R. Effects of ventilated cigarette holders on
cigarette smoking by humans. Psychopharmacology 68 : 115-119, 1980.
Henningfield, J.E.; Lukas, S.E.; and Bigelow. G.E. Human studies of drugs as
reinforcers. In: Goldberg, S. R. and Stolerman, I. P., ed. Behavioral Analysis

of Drug Dependence. Orlando: Academic Press, Inc, 1986, pp. 69-122.

Iguchi, M.Y.; Stitzer, M.L.; Bigelow, G.E.; and Liebson. I.A. Contingency
management in methadone maintenance: Effects of reinforcing and aversive
conseqgences of illicit polydrug use. Drug Alcohol Depend 22 1-7, 1988.

Johanson, C.E. Drugs as reinforcers. In: Blackman, D. E. and Sanger, D. J., ed.
Contemoorarv_Research in Behavioral Pharmacology. New York: Plenum
Press, 1978. pp. 325-390.

Johanson, C.E. The reinforcing properties of procaine, chloroprocaine and
proparacaine in rhesus monkeys. Psychopharmacology 67: 189-194, 1980.
Johanson, C.E., and Aigner, T. Comparison of the reinforcing properties of

i%%aline and procaine in rhesus monkeys. Pharmacol Biochem Behav 15: 49-53.

Johanson, C.E., and Balster, R.L. A summary of the results of a drug self-
administration study using substitution procedures in rhesus monkeys. Bull
Narc 30: 43-54, 1978.

Johanson, C.E., and de Wit, H. The use of choice procedures for assessing the
reinforcing properties of drugs in humans. In: Fischman, M. W. and Mello, N.

144



K., ed. Assessing the Abuse Liability of Drugs in Humans. National Institute
on Drug Abuse Monograph Series. Washington, D.C.: 1989, in press.

Johanson, C.E., and Schuster, C.R. A choice procedure for drug reinforcers:
Cocaine and methylphenidate in the rhesus monkey. J Pharmacol EXD_Ther 193:
676-688, 1975.

Johanson, C.E., and Uhlenhuth, E.H. Drug preference and mood in humans: d-
Amphetamine. Psychopharmacology 71: 275-279, 1980a.

Johanson, C.E., and Uhlenhuth, E.H. Drug preferences and mood in humans:
Diazepam. Psychopharmacology 71: 269-273, 1980b.

Johanson, C.E., and Uhlenhuth, E.H. Drug preferences in humans. Fed Proc 41:
228-233, 1982.

McCracken, S.G.; de Wit, H.; Uhlenhuth; E.H.; and Johanson, C.E. Preference
for diazepam in anxious adults. Clin Pharmacol Ther 1989, in press.

Mello, N.K., and Mendelson, J.H. A quantitative analysis of drinking patterns in
alcoholics. Arch Gen Psychial 25: 527-539, 1971.

Mello, N.K.; Mendelson, J.H.; and Kuehnle, J.C. Buprenorphine effects on heroin
self-administration: An operant analysis. J Pharmacol Exp Ther 223: 30-39,
1982.

Mello, N.K.; Mendelson, J.H.; Kuehnle, J.C.; and Sellers, M.S. Operant analysis
of human heroin self-administration. J Pharmacol Exp Ther 216: 45-54, 1981.

Mendelson, J.H.; Kuehnle, J.C.; Greenberg, I.; and Mello, N.K. Operant
acquisition of marihuana in man. J Pharmacol Exp Ther 198: 42-53, 1976.

Roache, J.D., and Griffiths, R.R. Diazepam and triazolam self-administration in
sedative abusers: Concordance of subject ratings, performance and drug self-
administration. Psychopharmacology, 1989, in press.

Stitzer M.L.; Bigelow, G.E.; and McCaul, M.E. Behavioral approaches to drug
abuse. In: Progress in Behavior Modification. Vol. 14. New York: Academic
Press, 1983, pp. 49-124.

Woods, J.H.; Ikomi, R.I; and Winger, G. The reinforcing properties of ethanol.
In: Roach, M.K., Mclsaac, W.M., and Creaven, P.J., eds. Biological
Aspects of Alcoholism. Austin: University of Texas Press, 1971, pp. 371-388.

AUTHOR

Chris-Ellyn Johanson, Ph.D.

Department of Psychiatry

Unifcrmecl Services University of the Health Sciences
4301 Jones Bridge Road

Bethesda, MD 20814

145



Behavioral and EEG Studies of
Acute Cocaine Administration:
Comparisons with Morphine,
Amphetamine, Pentobarbital,
Nicotine, Ethanol and Marijuana

Scott E. Lukas, Jack H. Mendelson, Leslie Amass and
Richard Benedikt

Over the past five years we have been engaged in studies designed to determine
the electrophysiological correlates of drug-induced behavioral states. Since the
basic mechanism of drug-seeking behavior is not completely understood, the
identification of such correlations between mood states and electrophysiological
activity can be very important in relating these changes to the reinforcing
properties of various drugs of abuse.

Measures of brain electrical activity have been useful in characterizing various
naturally-occurring behavioral states such as sleep and wakefulness, but
electrophysiological correlates of drug-induced states such as euphoria have been
difficult to obtain. A major problem with detecting such a relationship between
brain electrical activity and drug-induced mood changes is the difficulty
associated with accurately measuring changes in subjective mood states without
introducing EEG artifacts. Questionnaires and visual analog scales alter a
subject’s levels of alertness which, in turn, affects the EEG (Otto, 1967;
Matousek and Petersen, 1983). Therefore, we have developed a nonverbal
instrumental device for recording continuous changes in drug-induced mood
states which requires a minimum of effort and, as such, does not alter the
subjects’ level of alertness (Lukas et al., 1986a,c.)

METHODS

Adult male and female volunteers provided informed consent to be prepared with
scalp EEG electrodes and intravenous catheters for blood withdrawal. Subjects
who received drugs intravenously did not have blood withdrawn. Subjects
served as their own controls and received placebo as well as all doses of a drug.
The following drugs and doses were tested: morphine (5, 10 or 20 mg, iv. ),
amphetamine (5, 10 or 20 mg. i.v.), pentobarbital (50, 100 or 200 mg. i.v.),
nicotine (0.75, 1.5 or 3.0 mg, i.v.), cocaine (32, 64 or 96 mg, i.n.), ethanol
(0.35 or 0.7 g/kg, p.o.) or marihuana (1.26 or 2.53% A9-THC, i.h.)

Continuous measures of drug-induced behavioral states were obtained by having
the subjects operate an instrumental joystick device (Lukas et al., 1986¢.) In
addition to providing data indicating the onset, duration and offset of drug
effects, the subjects could push two different buttons to indicate euphoric or
pleasurable and dysphoric or unpleasant experiences. All joystick responses
were recorded on the polygraph paper directly below the EEG recordings.
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Morphine, amphetamine, pentobarbital and nicotine were administered as slow
injections over 120 seconds. Marihuana cigarettes were smoked using a
modified water pipe device and using a specific series of inhale/hold/exhale
instructions. Ethanol solutions were pumped through a tube that rested in the
subjects’ mouth at a rate of 23 ml per minute. Cocaine was administered
intranasally as an aerosol. Two computer-controlled, one-second bursts (one in
each nostril) were provided with a five second inter-burst interval. A customized
air brush device was used to deliver the cocaine(Figure 1.) These techniques
were used so that subjects could remain seated with their eyes closed and their
left hand on the joystick device during drug administration. Thus, subject
movements were kept to a minimum in order to eliminate EEG artifacts.

EEG activity was recorded on a polygraph and on FM magnetic tape for
subsequent off-line computerized power spectral analysis. Data were recorded
continuously from thirty minutes before to two hours after drug administration.
A digital time code (which was copied onto the polygraph tracing) was also
recorded on tape to aid in the identification of specific EEG epochs that were
associated with abrupt behavioral changes as indicated by joystick responding
(Lukas et al., 1986b.)

Discrete samples of EEG activity that occurred while subjects reported feeling
good or euphoric were digitized and subjected to Fast Fourier Transformations in
order to generate the corresponding power spectra. In addition, the data from
some subjects who received ethanol or cocaine were further analyzed using EEG
topographic mapping techniques. These mapping techniques assembled
information from multiple EEG leads by simultaneously creating power spectral
arrays from all electrode sites. The values between electrode sites were computed
with a three-point linear interpolation algorithm using the activity from the nearest
three electrodes. The data were then combined into a composite color-coded
(Duffy et al., 1979; Lukas et al., 1989) map which provided an overall view of
brain electrical activity.

RESULTS

Subjects reported drug-induced behavioral changes by operating an instrumental
joystick device. Multiple paroxysmal bursts of euphoria occurred within a few
minutes of drug administration and each one typically lasted 1-10 minutes while
subjects continued to detect the drugs’ unique pharmacological effects (Figure 2.)
The total duration of euphoria was dose-related. Dysphoric responses after
nicotine and ethanol were frequently reported immediately after the highest doses,
but were usually replaced by euphoria within a few minutes. When questioned
after the studies were over, subjects were very accurate in correctly identifying
the intermediate and higher drug doses.

A microanalysis of the EEG after low and intermediate doses of all drugs tested
revealed that EEG alpha activity was significantly increased during these episodes
of drug-induced euphoria. Further analysis of some records using topographic
mapping techniques revealed that the increase in EEG alpha activity after ethanol
and cocaine was most prominent over the occipital area. In addition, ethanol-
induced euphoria was associated with a significant increase in EEG alpha over
more frontal and parietal areas while cocaine-induced increases remained over
occipital and parietal areas.
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Figure 1

Intranasal drug delivery device for providing a computer-controlled metered
dose of cocaine as a fine spray. The air brush is supported by a flexible metal
arm which permits the subjects to receive the cocaine without moving. The air
compressor and valve system are located outside the experimental chamber so
that the subject is not disturbed during their operation.
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Figure 2

Behavioral profiles after acute drug administration. Changes in behavior were
continuously recorded via an instrumental joystick device. Data are from
individual, representative subjects. Shaded blocks below each profile indicate the
actual drug delivery times.
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DISCUSSION

One of the more interesting findings in the present report is that a number of
drugs from various distinct pharmacological classes produced a similar EEG and
behavioral response. It should be noted that the highest drug doses typically
produced immediate and profound stimulation or depression, which may have
concealed the EEG alpha response observed after the lower doses. This was
most evident after the higher doses of cocaine in which behavioral stimulation
was associated with EEG dyschronization (beta activity) and pentobarbital which
resulted in behavioral depression and EEG slow wave activity. However, the
low and intermediate doses all resulted in paroxysmal bursts of euphoria, which
were associated with increases in EEG alpha activity. EEG alpha activity was not
increased during controlled joystick responding, so it is unlikely that this
neurophysiologic response is movement-related.

The relatively brief nature of these drug-induced euphoric episodes is difficult to
explain. While plasma drug levels were not obtained for all drugs, it does appear
that both a threshold level and a relatively rapid rate of increase in plasma drug
levels is necessary for euphoria to occur. However, these data only reflect the
concentration of drug in blood and not in the central nervous system.

The neurobiological significance of increased EEG alpha activity during drug-
induced euphoria is not completely understood. Increases in EEG alpha activity
are frequently associated with pleasurable, free-floating and extremely relaxed
states (Lindsley, 1952; Brown, 1970; Wallace, 1970; Matejcek, 1982) that are
not unlike those associated with transcendental meditation (Wallace, 1970.) The
covariance between increased EEG alpha activity over the entire scalp and
subjective reports of euphoria suggests that this neurophysiologic response may
be associated with drug-induced reinforcement. These data further suggest that
drugs of abuse may share a common mediator that is associated with
reinforcement. This interpretation supports the contention of Mello (1983) that
drug abuse is a form of stimulus administration and that the direction of change
is relatively unimportant while the speed and magnitude of change dictate the
response.
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Plasma Delta-9-THC Levels as a
Predictive Measure of Marijuana
Use by Women

Jack H. Mendelson, Nancy K. Mello, Siew Koon Teoh,
Barbara W. Lex, Scott E. Lukas and James Ellingboe

A number of studies carried out at our Center examined marijuana-induced
alterations in hormonal homeostasis in women (Mendelson et al., 1984,
Mendelson et al., 1985 a,b). However, plasma delta-9-THC levels were not
measured in these studies, and we have been unable to locate any reports which
describe relationships between plasma delta-9-THC levels and marijuana
smoking by women. The purpose of this study was to determine plasma delta-
9-THC levels in women prior to, during and following a period of marijuana
self-administration on a clinical research ward.

METHODS
Subjects

Sixteen adult female volunteers (average age 26, range 21 to 34 years) with a
history of regular marijuana use, gave informed consent for participation in
studies to evaluate the effects of marijuana smoking on reproductive function in
an inpatient clinical research study. Volunteer subjects with a mean of 13.5
years of education were recruited through advertisements in local newspapers.
Subjects were fully informed about the nature and duration of each phase of the
study and were told that they could withdraw at any time. Each woman was in
good health as determined by clinical and laboratory examinations. Urine
screens for drug use other than marijuana and pregnancy tests were performed
before admission to the research ward and all were negative.

Sequence of Drug Conditions

After admission to the research ward, subjects were drug-free for 7 days.
Marijuana cigarettes were available for 21 days. After the period of marijuana
availability, subjects remained on the ward for an additional 7 days, under drug-
free conditions, to evaluate the time course and severity of any marijuana-related
abstinence syndromes (cf. Mendelson et al.. 1984).
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Marijuana Cigarettes

All marijuana cigarettes were obtained from NIDA in lot standard dosage form.
Maximal standardization and the equivalent dosage and “draw” characteristics of
these cigarettes were ensured by machine rolling. Each cigarette weighed
approximately 1 g and contained 1.83% of A9-tetrahydrocannabinol as assayed
by NIDA. Details of the Soxhlet and modified Lerner extraction procedures and
the gas chromatogmphic assay procedure are available from NIDA.

Marijuana and Money Acquisition Procedures

Operant techniques were used to provide an objective and quantitative measure
of performance for 2 alternative reinforcers, marijuana and money. Subjects
could work for money at a simple operant task throughout the study. The
opportunity to work for money was intended to encourage subjects to remain in
the study during the 14 days when marijuana was not available. Points earned at
the operant task could be accumulated for money, payable at the end of the
study, or could be exchanged for marijuana cigarettes during the period of
marijuana availability. Patterns of operant acquisition of marijuana by women
have been reported previously (Mello and Mendelson 1985).

Blood Sampling Procedures

Blood samples for THC analyses were obtained on admission to the ward; again
after 7 drug-free days; on alternate days during the 21 day period of marijuana
cigarette availability; and 1 and 7 days following cessation of marijuana use.
Blood samples were taken between 8 and 9 a.m. Most recent marijuana
smoking for each subject prior to blood sampling occurred between 11 p.m. and
1 am.

RADIOIMMUNOASSAY OF DELTA-9-TETRAHYDROCANNABINOL
(DELTA-9-THC) IN PLASMA

Delta-9-THC was analyzed by radioimmunoassay using kits obtained from the
Research Triangle Institute, where they were prepared with support from
Contract No. 271-81-3828 from the National Institute on Drug Abuse. The kits
provided I-125-labeled delta-8-THC, rabbit anti-delta-9-THC serum, an
immunobead second antibody reagent, blank human plasma, delta-9-THC
standards in human plasma, blank human plasma and delta-9-THC controls.
Plasma samples were analyzed in duplicate, following the protocol supplied with
the kits. In our laboratory the sensitivity was 1.0 ng/ml. Intraassay CVs,
calculated from duplicates of all samples, including those with very low delta-9-
THC concentrations, averaged 21.4%. Interassay CVs, determined using
controls supplied by the Research Triangle Institute, were 12.6% for the high
control (31.2 ng/ml mean value) and 12.4% for the low control (8.0 ng/ml mean
value). According to information from the Research Triangle Institute, cross
reactivities for other cannabinoids in this assay were as follows: delta-9-THC
100%.  11-nor-9-carboxy-delta-9-TCH  0.6%, 11-hydroxy-delta-9-THC  21%.
delta-8-THC > 70%. cannabinol 30%. cannabidiol 0.23%. 8-alpha-hydroxy-
delta-9-THC 10% and 8 beta-hydroxy-delta-9-THC 7%. In order to ascertain
the accuracy of our radioimmunoassay procedures we forwarded selected
plasma samples to Dr. Roger Foltz (Utah Toxicology Laboratory) for
confirmatory gas chromatographic analysis. Plasma delta-9-THC values
obtained with the RIA procedure were higher than those determined by gas
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chromatography (Wilcoxon Matched Pairs Test t [n=21] = 47.0, z = 3482, p =
0.9164). but the linear correlation between the 2 methods was highly significant
(" - 0.992).

RESULTS

The 16 women who participated in this study were classified into 3 groups
based upon the actual number of marijuana cigarettes smoked on the research
ward. Table 1 presents smoking behavior, plasma delta-9-THC levels and
demographic data for the 3 groups of subjects. Four subjects in group 1
smoked an average of 4.7 marijuana cigarettes per day on the research ward.
Subjects in group 2 smoked an average of 2.7 marijuana cigarettes per day on
the research ward, and subjects in group 3 smoked an average of 0.4 marijuana
cigarettes per day during the study. There were no significant differences
between the ages of the subjects or their level of education. Subjects in group 1
reported an average past history of marijuana use of 15.5 years which was
approximately twice as long as the duration of marijuana use reported by
subjects in groups 2 and 3 (7.7 and 7.6 years, respectively). Subjects in group
1 reported an average use of marijuana 35 times per month and subjects in
groups 2 and 3 reported average use of 13 and 7.6 cigarettes per month,
respectively. No detectable levels of plasma delta-9-THC were found for the 5
subjects in group 3. In contrast, peak delta-9-THC levels for the group 1
subjects were 75.8 ng/ml and 32.9 ng/ml for subjects in group 2.

TABLE 1
Group X Use Per X Peak X Years X Times Used
Study Day | A9 THC (ng/ml) | of Use Per Month
1 4.7 75.8 15.5 35
(N=4)
2 2.7 32.9 7.7 13
(N=7)
3 0.4 N.D. 7.6 7.6
(N=5)

Individual values for peak delta-9-THC levels for group 1 and 2 subjects as well
as mean levels are shown in figure 1. Peak delta-9-THC levels were
significantly greater for group 1 as compared to group 2 subjects (P < .05).
Figure 2 shows individual and mean delta-9-THC levels for group 1 and 2
subjects on study days 2 and 7. Mean plasma delta-9-THC levels were greater
for group 1 subjects on day 2, however, these differences did not achieve
statistically significant values. On day 7, when subjects had been abstinent from
all marijuana use since their admission to the research ward, plasma delta-9-
THC levels were similar for both groups of subjects. Figure 3 shows plasma
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delta-9-THC levels on day 30 (the first day following cessation of marijuana use
on the research ward) and on day 35. No statistically significant differences
were observed for plasma delta-9-THC levels for the 2 groups of subjects.

DISCUSSION

Relationships between marijuana smoking and plasma THC levels observed in
this study are consistent with the pharmacokinetic profile of marijuana effects
described by Hunt and Jones (1980). A good correlation was found between
the number of marijuana cigarettes smoked and peak plasma delta-9-THC levels.
Women who reported the highest level of marijuana smoking prior to
participation in the study smoked the greatest amount of marijuana during the
research ward study. Those women who reported smoking the least amount of
marijuana prior to the study smoked the smallest number of cigarettes during the
study in comparison to other subjects. Thus verbal reports by women of past
history of marijuana use, at least when obtained in the context of a research
program, appear to be highly reliable when confirmed by observations of
marijuana smoking under controlled investigator-observed conditions.

Women who reported the longest duration and greatest use of marijuana prior to
the study, smoked the largest number of cigarettes on the research ward and had
the highest peak plasma delta-9-THC levels. Moreover, these women also had
higher plasma delta-9-THC levels when they entered the study in contrast to
other subjects. These data suggest that plasma delta-9-THC levels may be a
reliable marker for not only past history of marijuana use but also for predicting
future smoking behavior when marijuana cigarettes are freely available.
However, lack of significant differences between plasma delta-9-THC levels
following 5-7 days of abstinence in women who smoked various amounts of
marijuana suggest that plasma delta-OTHC levels would be a poor marker for
previous marijuana use approximately 1 week after cessation of smoking. If
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THC and THC metabolite levels in urine specimens are related to plasma delta-
9-THC levels, similar problems would be encountered in interpreting the
significance of urine testing for either determining past history of marijuana use
or predicting future marijuana smoking behavior.

Plasma delta-9-THC levels were undetectable in those women who smoked less
than 1 marijuana cigarette (average 0.4 marijuana cigarettes) per day during the
study. These women reported they smoked an average of 7.6 marijuana
cigarettes per month and none had detectable plasma delta-9-THC levels on
admission to the study. Thus the women who used marijuana least frequently
had the least probability of detection of plasma delta-9-THC levels prior to or
following the study. If plasma delta-9-THC levels are correlated with long term
presence. or absence of delta-9-THC in urine, similar false negative findings
might be anticipated from urine test results. We have been unable to locate any
study which has attempted to correlate plasma delta-9-THC levels following
observed marijuana use with the magnitude and duration of positive results in
urine screening tests. Since it has been argued that false positives in marijuana
urine screening may be more likely to occur than false negatives, such studies
may be of assistance in determining the effectiveness of urine tests in pre-
employment screening and work place settings.
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Opioid Receptors and Ligands

Hans W. Kosterlitz, Alistair D. Corbett and Stewart J.
Paterson

INTRODUCTION

One of the main problems of our understanding of the mode of
action of the endogenous opioid peptides is the multiplicity of
the fragments of pro-opiocortin, pro-enkephalin and prodynorphin.
Furthermore, none of the fragments interact with only one of the
U-, 8- and k- sites of the receptors (Kosterlitz and Paterson,
1985). The complexity of the system has recently been aggravated
by the finding that the non-peptide morphine is present in low
concentrations in animal tissue where it can be biosynthesized
from its non-morphinan precursor reticuline (Donner et al, 1986,
1987; Weitz et al., 1986, 1987). Its possible physiological
significance in animal tissue is still uncertain (Kosterlitz,

1987).

It is important to note that the binding interaction of a
molecule may or may not lead to a biological response of either
excitatory or inhibitory activity. Pharmacologically, such
activity would indicate that the response is that of an agonist.
An antagonist compound would also bind to the receptor but block
its excitatory or inhibitory response.

A difficulty of the interpretation of the physiological effects
of the endogenous opioid peptides is due to the fact that almost
all are degraded by peptidases. It is therefore necessary
either to use antipeptidases or synthetic peptidase-resistant
analogues, the action of which may be different from the
endogenous peptides.

BIOASSAYS OF OPIOID p-, §- AND k- RECEPTORS IN ISOLATED TISSUE
PREPARATIONS

While a final understanding of the mode of action of opioid
peptides or non-peptide opioids has to await investigations in
vivo, the pharmacological effects of opioid compounds and their
physiological properties are often more readily analysed in
excised tissues. By such an approach, it is possible to decide
whether a synthetic opioid has agonist or antagonist properties
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or a combination of both. Such a differentiation is not
possible in binding assays on homogenized brain membranes.

In the bioassays used in this section, the opioid peptides or
non-peptides have high selectivity for one of the p-, §- or
K-receptors. The assay tissues are from five different species
which have opioid receptors of one, two or three subtypes

(TABLE 1). The opioid receptors of the rabbit vas deferens
interact with k-ligands, e.g. dynorphin A and U-69,593, those

of the hamster vas deferens withé-ligands, e.g. [D-Pen?D-Pen’]
enkephalin, those of the rat vas deferens mainly but not

solely, with p-ligands, e.g. morphine and [D- -Ala?,MePhe* Gly-o1°]
enkephalin and B- endorphln those of the 5gumea pig ileum with p-
and k-ligands, e.g. [D-Ala?2,MePhe* Gly-ol°] enkephalin, dynorphin A
and U-69,593, and, finally, those of the mouse vas deferens
interact with all three p-, §- and k-ligands (Kosterlitz and
Paterson, 1985) .

TABLE 1

Opioid Receptor Activity (37°C) in Rat Vas Deferens (RVD),
Hamster Vas Deferens (HVD), Rabbit Vas Deferens (LVD), Guinea Pig
lleum Myenteric Plexus (GPI) and Mouse Vas Deferens (MVD)\aJ

LVD HVD RVD GPlI MVD
() (&) () (p+c) (u+6+k)

Morphlne 0 0 A A A
[D-Ala?,MePhe*,Gly-01°]enkephalin 0 0 A A A
R- Endorphln 0 A A A A
[Met]- and [Leu] enkephalin 0 A A A A
[D-Pen? D-Pen’lenkephalin 0 A 0 A A
Dynorphin. A A (A) 0 A A
U-69,593(bJ A () o A A
Naloxone ANT ANT ANT  ANT ANT
(-)-Bremazocine A ANT  ANT A A
(-)-Ethylketazocine A ANT  ANT A A

% 0 = no effect, A = agonist, ANT = antagonist. Antipeptidases
were present for assay of [Met]- and [Leu]enkephalin and
dynorphin A. (Kosterlitz 1985; Kosterlitz and Paterson 1985;
McKnight et _al., 1985; Paterson et al., 1984)

® Lahti et al., 1985. (5,7%,8B)-(+)-N-methyl-N(7-(l-
pyrrolidinyl)-l-oxaspiro-[4,5]dec-B-yl)-benzeneacetamide
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There are unsolved problems concerning the physiology and
pharmacology of opioid compounds. Firstly, almost all
endogenous opioid peptides are liable to degradation by
peptidases and, secondly, potent selective agonists have only
recently become available.

TABLE 2

Binding Affinities of p-, §- and k-Opioid Antagonists and
Their Relative Binding Affinities in Homogenates of
Guinea Pig Brain. Antagonist Activity (K.)

Affinity Relative Affinity  Antagonist ‘4

-1
(Ki, nM) u 8 K (Ke, nM)
cTop\® 0.52(y)  >0.998 - - 16.1
Naltrindole ‘™ 8.3 (6) 0.01 098 001 0.11
Norbinaltor-
phiminel®’ 2.9 (K) 0.02 003 095 0.14

& Hawkins et al., 1989. b Portoghese et al., 1988
¢ Portoghese et al., 1987

Selective agonist for the u-site, [D-Ala’MePhe’ Gly-ol°]-
enkephalin (GPI), for the §-site, DPDPE (MVD), and for the
k-site, U-69,593 (GPI)

The new antagonist for the k-site, norbinaltorphimine
(Portoghese et al., 1987), has considerable selectivity for the
K-receptor but appears to be degraded in brain tissue (Birch et
al, 1987). Its properties will be discussed in a later section.
One of the selective §-antagonists, IClI 174,864, is highly
selective but is of low potency (Cotton et al., 1984). It is
now superseded by the potent and selective §-antagonist
naltrindole (Portoghese et al., 1988). Recently, a selective
u-antagonist, CTOP, has become available (Hawkins et al., 1989)
but its antagonist potency (K. = 16 nM) is lower than that of
the §-antagonist of naltrindofe (K. = 0.11 nM) or that of the
K-antagonist norbinaltorphimine (K, = 0.14 nM). (TABLE 2).

It is important to be aware of the fact that ligands may be
agonists at opioid receptors in some tissues but antagonists in
others. Ethylketazocine and bremazocine are examples of this
behaviour, as they are k-agonists in the guinea-pig ileum and
the vasa deferentia of the mouse and rabbit but u-antagonists in
the vas deferens of the rat and §-antagonists in the vas
deferens of the hamster. (TABLE ]).
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BINDING ASSAYS OF p-, §- AND K-LIGANDS IN MEMBRANES OF
GUINEA PIG BRAIN

The affinity of a Iigand is given as its binding affinity
constant, (K;, nM)™", which is the reciprocal of its inhibition
constant. (TABLES 3-5). In addition, it is useful to determine
the relative binding affinities. by the ratio K;* for p, 6 or
K/Ki' for u + K.l'1 for § + l(.l'l for k), the maximum being 1.00.

The temperature of the binding assays was 25°C when peptidase
resistant compounds were used and 0°C when peptides that are
sensitive to enzyme activity were used.

TABLE 3
Binding Affinities of u-Selective Opioids and Their Relative

Binding Affinities for the p-, §- and K-sites in Homogenates
of Guinea Pig Brain 2/

p-Affinity Relative Affinity
Ky nM) ! u 8 K
[Met]enkephalyl-Arg-Arg-
Val-NH, 16.7 0.77 0.03 0.20
[Met]enkephalyl-Arg-Arg-
Val-Gly-Arg-Pro-Glu-Trp-
Trp-Met-Asp-Tyr-GIn (BAM 18) 3.4 0.68 0.06 0.26
[Met]enkephalyl-Arg-Phe 0.29 0.60 0.36 0.04
3-Endorphin 0.49 052 045 0.03
Morphine 0.56 0.97 0.02 0.01
Tyr-D-Arg-Phe-Lys-NH, 0.28 0.998 0 0.002

Relative binding affinities at the p-, §- and K-sites are:
Ki'1 for u, 8 or |</(Ki'1 for u + Ki'l for & + Ki'l for k)

& Hurlbut et al., 1987; Kosterlitz 1985; Kosterlitz and
Paterson 1985; Paterson et al., 1984; Schiller et al., 1989.

In TABLE 3 four peptides are shown that, at the u-site, have
relative affinities varying between 0.52 and 0.77. Two of
these are [Met]enkephalins extended at the C-terminus with
-Arg-Arg in positions 6 and 7. [Met]enkephalyl-Arg-Arg-Val-NH2
is of particular interest since it has the very high affinity
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of 16.7 nM™. The relative affinities of this peptide and its
possible precursor, BAM 18 (Hurlbut et al., 1987) are 0.77 and
0.68 at the u-site, 0.20 and 0.26 at the K-site and very low at
the §-site. In  contrast, [Metlenkephalyl-Arg-Phe and

Bendorphln have much lower binding affinities of 0.29 nM™ and
0.49 nM™. Their relative affinities are 0.60 and 0.52 at the
u-site, 0.36 and 0.45 at the§-site and very low at the K-site.

The binding pattern of morphine is very different. As discussed
in the Introduction, morphine is an endogenous compound, but is
present only in low concentrations. Its binding affinity is of
an average order but it is of particular interest that this
plant opioid has the very high relative u-affinity of 0.97 which
is much higher than the relative affinities of any of the known
endogenous p-opioids in animal tissue.

Since none of the endogenous peptides is sufficiently
selective for the u-site, it was important to obtain Zynthetlc
compounds Tyr-D-Arg-Phe-Lys-NH, (TABLE 3) and [D-Ala® MePhe*,
Gly-ol’lenkephalin (TABLE ‘1) fulfil this purpose.

TABLE 4
Binding Affinities of §-Selective Opioids and Their Relative

Binding Affinities for the p-, 8- and k-Sites in Homogenates
of Guinea Pig Brain\a/

§-Affinity Relative Affinity
(K;» nM) -1 u $ K
[Leu]enkephalin 0.85 0.06 0.94 0
[Met]enkephalin 1.10 0.09 0.91 0
[D-Ala?,D-Leu’lenkephalin 0.74 0.10 0.90 0
[D-Pen? D-Pen’lenkephalin 0.37 0.004  0.996 0

® Kosterlitz and Paterson 1985: Paterson et al., 1984

The endogenous §- ligands, [Met]lenkephalin and [Leu]enkephalin
have relative affinities of 0.91 and 0.94 but the low values of
0.09 and 0.06 at the p-site éTABLE 4). These high values at
the §-site should be compared with the corresponding maximum
values for the geptlde p-ligands of 0.77 (TABLE 3) and for the
K-ligand of 0.83 (TABLE The availability of an even more
selective §&- ligand, [D- Pen ,D-Pen’lenkephalin has become
important, as is the already mentioned §-antagonist  natrindole
(TABLE 2).
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TABLE 5

Binding Affinities of k-Selective Opioids and Their Relative
Binding Affinities for the p-, 8- and k-Sites in Homogenates
of Guinea Pig Brain‘®/

K-Affinity Relative Affinity

(K;, nM~! H 8 K
Dynorphin A 8.7 0.13 0.04 0.83
Dynorphin B 8.5 0.14 0.03 0.83
a--Neo-endorphin 5.1 0.10 0.23 0.67
Dynorphin A (1-8) 0.75 022 0.16 0.62
[D-Pro*°]dynor-
phin A (1-11)‘®/ 34.7 0.05 001 0.94
U-69,593 0.74 0.001 O 0.999
PD 117302 \bJ 1.72 0.003 0 0.997

& Kosterlitz 1985; Kosterlitz and Paterson 1985;
Paterson et al., 1984

® Birchmore et al. 1987. (+)-trans-N-methyl-N-

[2-(I-pyrrolidinyl)-cyclohexyl]benzo[b]thiophene-
4-acetamide

With regard to k-ligands, there are no endogenous peptidase-
resistant compounds of high potency, with the possible
exception of dynorphin A (1-17). Dynorphin A (1-17) and
dynorphin B (1-13) and a-neo-endorphin have high affinities at
the K-sites (5.1-8.7 nM™). In contrast, the fragment
dynorphin A (1-8), present in many areas of the nervous system
in higher concentrations than dynorphin A (1-17), has a much
lower affinity at the K-site (0.75 nM™) and is also much less
selective. The physiological significance of this difference
between the two peptides is still not understood (TABLE 5).

Non-peptide ligands with a very high degree of selectivity for
the k-binding,site are U-69,593 and PD 117,302 with relative
affinities at the K-site of more than 0.99. Another interesting
compound is [D-Pro'®|dynorphin A (1-11) which has the highest
affinity to the k-site so far observed but its relative

affinity at the k-site is somewhat lower than the values
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obtained with the two compounds,
CONCLUSIONS

An investigation of the present state of our knowledge of the
opioid receptors and their ligands confirms that analyses of
their mode of action is now increasingly complex. The synthesis
by Portoghese and his group of compounds which are selective
§-antagonist and almost selective k-antagonists is of high
significance. We may expect that our understanding of the

mode of action of endogenous opioid fragments will be much
facilitated.

The discovery by the groups of Goldstein and of Spector that
morphine is an endogenous opioid, although present only in low
concentrations, may not only be of pharmacological but also of
physiological significance. Whatever the results of future
experiments may indicate, it is interesting that morphine is
the only known member of the morphinan group having such a
highly selective p-opioid ligand. The known endogenous opioid
peptides are much less selective in this respect.
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The Role of Opioids in Analgesia
and Gastrointestinal Function

Thomas F. Burks

Two of the nost striking pharmacol ogical effects of
opioids in animals and humans are those affecting
sensory perception of pain and those affecting
gastroi ntestinal function. The antinociceptive or
anal gesic effects of opioids occur primarily from
their actions in the brain and spinal cord. The
antidiarrheal effects of opioids result both from
central nervous system and enteric nervous system
sites of action (Parolaro et al., 1977; Stewart et
al., 1978; Shook et al., 1987). her _
gastrointestinal effects of opioids, as described
below, may also be nediated by either central or
peri pheral chenmpsensitive sites.

Recognition of nultiple types of opioid receptors in
the central nervous system and in the periphery
(Martin et al., 1976; Lord et al., 1977) has provided
new insight into opioid regulatory functions.
Availability in recent years of agonist and antagonist
ligands with selectivity for the individual types of
opioid receptors has provided an opportunity to

determ ne which supraspinal, spinal and peripheral
receptors are responsible for opioid analgesic effects
and for opioid gastrointestinal effects. Sel ective

agoni sts have been given by intracerebroventricul ar
(i.c.v.) and intrathecal (i.t.) injection techniques
to ensure that agonists reach critical sites or to
limt their actions to specific sites. The rrajor

sel ective agonl st s enployed were DAM3O ([D Al a2 N-

met hyI Phe*, dy® ol ]enkephalin) and PLO17 ([MaPhe D
Pr o*] nor phi ceptl n) for nu receptors (Handa et al.

1981 Chang et al., 1983), DPDPE (cyclic [DPen2 D
Pen®l enkephal in) for delta receptors (Msberg et al.
1983), and U-50,488 (trans-3,4-dichloro-Nnethyl -N-[2-
(1-pyrolidinyl)-cycl ohexyl]-benzeneacet ani de

met hanesul fonate) for kappa opioid receptors (Von
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Voigtlander et al., 1983). In nost experinments,
nmor phine has been enployed as a standard, nmu-
preferring opioid agonists.

Anal gesi a

The antinociceptive (analgesic) effects of DAM3O,
DPDPE, U 50,488 and norphine have been evaluated in
unanesthetized rats and mce. In rats, all four

agoni sts produced dose-related analgesia after i.c.v.
admi nistration in the hot plate test (Galligan et al.,
1984). The order of potency was DAM3O > norphine >
DPDPE > U 50, 488. This study established that a
highly selective delta opioid agonists, DPDPE, can

produce analgesia after i.c.v. admnistration.

More extensive studies of analgesic actions of
receptor-selective opioid agonists have been carried
out in mce. DAMO, norphine, DPDPE and U 50, 488
produced anaglesia in the nouse withing test (Porreca

et al., 1987). The rank order of potency after i.c.v.
adm ni stration was DAM3O > norphine > DPDPE > U

50, 488. Simlar results were found after i.t.

adm nistration, except that all agonists were nuch
more active in the withing test after i.t. than after
i.c.v. admnistration. In the nmouse hot plate test,

DPDPE was nore potent when give i.t. than i.c.v.,

nmor phine was approxi mately equipotent by the two
routes, and DAM3O and U 50,488 were nore potent when
given i.c.v than i.t.

Evidence to date indicates that nu, delta and kappa
opioid receptors in the central nervous system can

i ndependently nediate anal gesia. For exanple, the

anal gesic actions of DAM3O, but not DPDPE, are blocked
by the nu-selective antagonist, R-funaltrexan ne,

where as anaglesic responses to DPDPE, but not those
to DAM3O, were blocked by the delta-selective

ant agoni st, [1Cl-174,864, (Hey-mans et al., 1988).

Mor phi ne, PL017 and U 50,488, but not DPDPE, produced
significant analgesia when admnistered subcutaneously
(s.c.) in mce (Shook et al., 1987).

Dynorphin-(1-13) given i.c.v. to mice failed to
produce analgesia and attenuated analgesia induced by
nmorphine (Friednan et al., 1981). However, dynorphin
was found subsequantly to produce analgesia after i.t.
adm nistration to mce or rats (Piercy et al., 1982;
Han and Xie, 1982). We found that dynorphin-(l-9)
given i.t. in mce produced dose-related analgesia in
the warm water tail flick test (Porreca et al., 1983).
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Gastroi ntestinal Transit

Opi oids of the norphine type have long been known to
inhibit flow of contents through the gastrointestinal
tract. Mor phine was shown to produce dose-related

inhibition of small intestinal transit in rats after

i.c.v., s.c. or intragastric admnistration, wth the
i.c.v. route approximately 100-fold nore potent than
the s.c. route (Galligan and Burks, 1983). It was
subsequently discovered that norphine can also inhibit
gastrointestinal transit by means of actions in the
spinal cord of the mouse or rat (Porreca and Burks,
1983; Koslo et al., 1985). The inmportant site(s) of
morphine anti-transit actions after systenic

adm ni stration have been the subject of debate, wth
advocates for purely peripheral sites of action

(Tavani et al., 1979; Mnara et al., 1986) and those
proposing both central and peripheral sites of
antitransit actions (Parolaro et al., 1977, Stewart et
al . 1978; Burleigh et al., 1981). In studies using

the hi ghly selective nu opioid antagonist, CTP (D Phe-
Cys- Tyr-D- Trp-Lys-Thr-Pen-Thr-NH,), it was found that
i.c.v. admnistered CTP blocked the analgesia induced
by s.c. administered norphine, but not norphine's

antitransit effect (Shook et al., 1987). Wien the
peptide antagonist, which does not effectively cross
the blood-brain barrier, was given s.c., it blocked

the antitransit effects of low (0.3 ng/kg) doses of
S.C. nmorphine, but only partially inhibited the
antitransit effects of high (3 ng/kg) doses of s.c
nmor phi ne. Thus, with systemic doses that produce
anal gesia, norphine appears to exert snmall intestinal
antitransit effects by actions both in the periphery
and in the central nervous system

The roles of brain and spinal opioid receptors in
medi ation of antitransit effects where explored in

mce and rats wth receptor selective agonists. In
mce, DAM3O and norphine given i.c.v. and i.t.
produced dose-related inhibition of snall intestinal
transit (Porreca et al., 1984). DPDPE and U- 50, 488
were essentially inactive when given i.c.v. However,

DPDPE produced dose-related inhibition of transit when
adm nistered i.t. U 50,488 produced only nodest

antitransit effects when given i.t. Simlar results
were obtained in rats (Glligan et al., 1984).

Mor phi ne and PL0O17 given peripherally (s.c.) produced
dose-related inhibition of small intestinal transit in

mce (Shook et al., 1987). DPDPE and U 50,488 did not
exhibit antitransit effects when admnistered
peripherally.
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Ant i di arr heal Ef fects

Pat hol ogi cal diarrhea results wusually from excessive
secretion of fluid and electrolytes into the lumen of
the intestine. The rate of fluid secretion exceeds
the rate of absorption, there is net accunulation of
fluid in the lunen, and diarrhea results (Cooke,

1989). Micosal transport in the small intestine is
regulated primarily by neural nechanisnms (Cooke, 1989;
Shel don et al., 1989). Brown and MIller (1983)

di scovered that nmucosal transport in the intestine can
be regulated by the central nervous system W
examned in mce the antidiarrheal properties of
receptor selective opioid agonists. Wen give i.c.v.,
nmor phi ne, PL0O17 and DPDPE inhibited experinmental
diarrhea in a dose-related fashion (Shook et al.

1989). Interestingly, the nu agonists, norphine and
PLO17 given i.c.v., inhibited diarrhea at doses mnuch
lower than those needed to produce analgesia or to
inhibit gastrointestinal transit. DPDPE was

equi potent in inhibiting diarrhea and in producing

anal gesia, but did not affect the rate of transit. U
50,488, given i.c.v., inhibited diarrhea only at
extrenely high doses and had no effect on transit.

When given peripherally (s.c.), norphine, PL0O17, DPDPE
and U 50,488 all inhibited diarrhea in a dose-related
manner . The antidiarrheal effects of the nu, delta
and kappa opioids were probably attributable to

effects on nucosal transport of fluid and electrolytes
because the antidiarrheal effects occurred at doses
lower than those necessary to inhibit gastrointestinal
transit.

Gastric Secretion

The effects of receptor-selective opioid agonists on
gastric acid secretion were assessed in pylorus-
ligated rats (Fox and Burks, 1988). The nu opi oids,
nmor phine, PL0O17, and DAM3O, all produced dose-related

inhibition of gastric secretion after i.c.v.

i njection. When given i.v., larger doses of norphine
and PLO17 inhibited gastric secretion, but DAM3O had
no effect. DPDPE did not alter gastric secretion when
given either i.v. or i.c.v. However, i.v

admnistration of U 50,488 produced a dramatic

increase in volume of gastric secretion and acid
output, whereas i.c.v. admnistration of U 50,488 had
no effect. These data indicate that nmu opioids act in
the central nervous system to decrease acid secretion,
U- 50,488 acts peripherally to increase secretion, and

DPDPE has no effect either centrally or peripherally.
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Concl usi ons

Supraspinal and spinal opioid receptors clearly

medi ate antinociceptive responses in rats and mce.

Mi and delta opioid receptors and, to a |esser extent,
kappa opioid receptors, are associated wth

antinoci ception. Supraspi nal, spinal and peripheral
mu opioid receptors also mediate gastrointestinal
antitransit effects in rats and nice. Spinally

adm ni stered DPDPE and U 50,488 produced nodest
antitransit effects, but essentially no effects after
i.c.v. or s.c. admnistration. In contrast, nu, delta
and kappa agonists can act at both brain and

peri pheral opioid receptors to produce antidiarrheal

ef fects. Qualitatively different effects associated
with different opioid receptors were observed wth
gastric acid secretion.. M opioids appear to act in

the brain to inhibit gastric secretion, U 50,488 acts
peripherally to increase secretion, and DPDPE had no
effect.

It is evident that opioids can act at multiple types
of receptors in the brain, spinal cord and periphery
to produce functional changes. The specific changes
observed depend on the site of opioid action, the
types of receptor involved, and the specific endpoint
measur ed.
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Opioid Delta Receptor Involvement
in Behavioral and Neural Plasticity

Joe L. Martinez, Jr., Gery Schulteis, Brian E. Derrick, Susan
B. Weinberger, Teresa A. Patterson, Edward L. Bennett and

Mark R. Rosenzweig

Opioid peptides affect conplex cognitive furctionirqg, as
assessed in a wvariety of conditioniqg paradigm in both
rodents and nonkeys. learning and nenory of both avoidance
and appetitive conditioning tasks are influenced by opioids
(see Schulteis et. al., 1989, for review). In nmany instances
the behavioral actions of opioid peptides depend on opioid
receptor activation, since many of their effects are bl ocked
by opioid antagonists (see Martinez et al., 1988, Schulteis
et. al., 1989, for review). Because all of the naturally
occurring opioid peptides have at |east some affinity for all
types of opioid receptors (Kosterlitz and Paterson 1985), it
is not yet known which opioid receptor type(s) contributes to
the behavioral effects observed following treatnent wth
opi oid peptides. The recent devel opnent of selective opioid
receptor agonists and antagonists (see Schulteis et al.,
1988, Schulteis and Martinez 1989, for references) has
all owed the comencenent of the analysis of the contribution
of specific opioid receptor types to particular behavioral
actions. This paper focuses on the role played by § opioid
receptors in three different situations: 1) avoi dance
conditioning in rats and mce, 2) taste avoidance
conditioning in chicks, and 3) long-term potentiation in the
rat hi ppocanpus.

AVO DANCE CONDI TI ONI NG | N RODENTS AND CHI CKS

Qur studies investigate the nodulatory role of the opioid
pent apepti de [|eu] enkephalin (LE) on |earning and nenory (see
Martinez et. al., 1988, Schulteis et. al., 1989, for review.
LE has higher selectivity for the § opioid receptor than any
other naturally occurring opioid peptide; it has only
nmoderate affinity for the n receptor and negligible affinity
for K receptors (Kosterlitz and Paterson 1985).
[ Met] enkephalin (ME), which shares many of LE s effects on
conditioning, has a slightly greater affinity for p receptors
than LE, but it also possesses responsible selectivity for §
receptors. Thus, we hypothesized that the effects of
enkephalins on the acquisition and retention of |earned
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behaviors are nediated by 6 opioid receptors, and that this
type of opioid receptor plays an inportant role in nodul ating
the strength of a |earned response.

An initial experiment testing this hypothesis used the
selective § receptor agoni st [ D- pen,, D- pen®] enkephal i n
(DPDPE) (Schulteis et al., 1988). In this study, nale
Swi ss-Webster mce were given intraperitoneal (i.p.)
injections of LE or DPDPE, 2 mn prior to training in a
one-way active avoidance paradigm Both IE (30 and 100
ug/ kg) and DPDPE (11.6 pg/kg) inmpaired acquisition of

the avoidance response. The dose-response functions for
both peptides were U shaped, an effect compnly seen in
studi es of drug effects on learning and nmenory (see Schulteis
et al., 1989, for further discussion). |If aninmals are
retested 24 hrs after training, then those aninals that were
inmpaired during acquisition were still inpaired upon retest
(Schulteis et. al., 1988). Thus injections of LE or DPDPE
prior to training resulted in learning inpairments; the
peptides did not sinply inmpair the ability of the animals to
perform the response during training.

Since stinulation of § receptors by exogenously adni nistered
ligands inpairs |earning, we hypothesized that the effects of
these ligands would be reversed by concurrent administration
of a selective § antagonist, and that bl ockade of éreceptors
with an antagonist which prevents endogenous opioids wth
affinity and selectivity for 6 receptors from binding to
these sites, would enhance learning. The results of several
experiments support these hypotheses. Concurrent i.p.
injection of LE (100 pg/kg) and ICl 174,864 (1.0 ng/kg), a
sel ective § receptor antagonist, results in conplete reversal
of the inpairnent in |earning produced by LE (Schulteis and
Martinez 1989). In addition, both IC 174,864 (3.0 ng/kg)
and the |l ess potent, but equally selective analog ICl 154,129
(30 and 100 np/kg), by thenmselves significantly enhance
acqui sition of the active avoidance response (Schulteis and
Martinez 1989, Schulteis et. al., 1988). Thus endogenous
opioid peptide systems nmay nodulate learning by acting
through the é opioid receptor. W suggest that LE and perhaps
the closely related peptide ME are the endogenous |igands
involved in this effect.

Studies in rats wusing an autonated shelf-junp avoidance
paradi gm confirmed our results in mce. Both LE (1.0 and 3.0
ug/ kg) and DPDPE (1.16 but not 11.6 pg/kg) were found to
impair acquisition of the shelf-junp response in rats
(Weinberger et al. 1988). A sinilar level of inpairment was
produced by equinolar doses of the two peptides, and the
dose-response function for the inpairment produced by DPDPE
in the automated shelf-junmp task was U shaped. These
results, together with our findings that DPDPE and LE both
inmpair acquisition of a one-way active avoidance response in
m ce, and that LE inpairs acquisition of the same response in

175



rats, further support our suggestion that & opioid receptors
are inplicated in the effects of LE on conditioning. In
addition, these results indicate that the involvenment of §
receptors in acquisition inpairment extends to at |east two
rodent species and to two different avoidance conditioning
t asks.

Recently we investigated the generality of the invol venent
of § opioid receptors by studying their role in taste
avoi dance conditioning in the two-day old chick (Patterson
et. al., 1989). Chicks naturally peck at a bright shiny bead,
and readily learn to avoid pecking if the bead is coated in

a bitter-tasting substance. This single-trial |earned
response is quite robust, since 80-90% of saline-treated
control animals will avoid the bead when it is represented

24 hrs after the original training.

LE (0.01 - 10.0 nnol es/ heni sphere) and [D-pen,, L-pen’]-
enkephal in (DPLPE; 0.003 - 0.10 nnol es/ hemni sphere) were
admini stered to chicks intracranially (i.e.) into the nedial
hyperstriatum ventrale (MHV) 5 nmin before training. Both
drugs produced U shaped dose-response functions, with a 1.0
nmol e dose of LE and a 0.03 nnole dose of DPLPE inpairing
acqui sition of the response. W also found that ICl 174, 864
(10. 0 nnol es/ heni sphere) , when given in conbination with the
impairing dose of LE or DPLPE, reversed the effect of both
peptides. These latter studies provide further evidence that
the effects of LE and DPLPE on learning in the chick are
nmedi ated by § opioid receptors.

The effects of § selective agonists and antagonists on
acqui sition of the taste avoidance response following i.e.
injection in chicks are remarkably simlar to those described
above for rodents. Selective § opioid receptor agonists
impair conditioning, produce U-shaped dose-response
functions, and are antagonized by § selective antagonists in
both rodents and chicks.

LONG- TERM POTENTIATION IN THE CA3 REGION OF THE RAT
HI PPOCAMPUS.

In addition to the nmodulatory effects on avoidance
condi tioning produced by§ receptor agonists and antagoni sts,

we are investigating a long-lasting form of synaptic
plasticity (long-term potentiation: LTP) in the rat hippo-
canpus that nmy be initiated by activation of § receptors.

UTP is an enduring change in synaptic efficacy observed
following high frequency activation of afferent projections
to and within the hippocanpal formation (see Bliss and Lynch
1988 , for review). LIP is a prom sing nodel for the synaptic
plasticity that may wunderlie sone types of nmenory. LTP
i nduction in many hi ppocanpal pathways requires activation of
the N methyl-D-aspartate (NVDA) receptor, a glutamate
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receptor subtype requiring both glutamate and sustained
postsynaptic depolarization for its activation. The npssy
fiber projection to area CA3, a putative enkephalinergic
pathway, is unique in that NVDA receptor antagonists do not
block LTP at nmessy fiber-CA3 synapses (Harris and Cotnman
1986). By contrast, nal oxone, an opioid receptor antagonist,
does block LTP induction at these synapses (Derrick et. al.,
submitted, Martin 1983). This blockade is not observed with
(+)-nal oxone, an inactive stereoisoner, indicating that the
effects of naloxone on LTP are due to antagonism of opioid
receptors. Induction of LTP in responses evoked in
conmmi ssural afferents to the sane popul ati on of CA3 pyram dal
cells is unaffected by nal oxone (Derrick et. al., subnitted).

Exogenous application of agonists selective for p or §
receptors produces narked excitation of hi ppocanpal pyram dal
cells (see Corrigal 1983, for review). Although it was
suggested that GABAergic inhibition may be indirectly

involved in this effect (see Bliss and Lynch 1988, for
review) and that the blockade of LTP induction by nal oxone
may result from a bl ockade of these disinhibitory effects of

endogenous opioid peptides (Bramham et. al.. 1988, Mrtin
1983), we found that coadninistration of bicuculline, a GABA
ant agoni st, and naloxone did not overcone the naloxone

bl ockade of LTP. Together these findings suggest that LTP
induction at the npssy fiber-CA3 synapse uses a unique
mechani sm that directly involves opioid receptor activation
(Derrick et. al., submitted).

Figure 1. The effect 1001
of DPDPE (1.0 and 10
pnol es) on field evoked
by stinmulation of npssy
fiber or conmissural
afferents. Maximal in-
creases were observed

1 pmol

< *

: B

at 0-30 nmin and at 90
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cation. Data are
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The high frequency stinmulation needed to induce LTP nay
rel ease opioid peptides (Bramham et. al., 1988). This
hypot hesis suggests that exogenous application of opioid
agonists should mmc the effects of high frequency
stinul ati on of enkephalinergic pathways. W found that DPDPE
produced increases in nossy fiber-CA3 evoked responses that
were significantly greater than those observed in the non-
opioid commissural pathway to CA3 (Derrick and Martinez
1989), and that DPDPE produced a long |asting enhancement in
mossy fiber-CA3 responses qualitatively simlar to LTP. The
increase in nossy fiber responses was greater 90 nin
following than imediately followi ng peptide application (see
Figure 1). By contrast, DPDPE effects on commssural
responses had nearly returned to baseline by 90 min. Simlar
effects were not observed followi ng application of agonists
selective for p or K receptors. Together, these results
suggest that induction of LTP at npssy fiber-CA3 synapses is
dependent on opioid receptor activation, and that § opioid
receptors nmay be the inplicated receptor type.

CONCLUSI ONS

Al of the studies reviewed above suggest that & opioid
receptors play an inportant role in behavioral and neural
plasticity. The nopdul atory actions of enkephalins in several
tasks and species (mice, rats, chicks) appear to be nediated
by stimulation of the 6§ receptor. Further S receptors may
play a direct role in the induction of LTP at nossy fi ber-CA3
synapses. Thus, it is evident that § receptors appear to be
critically involved in nechanisms of neural plasticity at
several levels of analysis.
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Thermoregulation and the Opioid
System
Martin W. Adler and Ellen B. Geller

One of the most commonly utilized measures of the actions of a variety of drugs

from numerous pharmacological classes is body temperahure (T;). Despite that,

little thought is given to the relationship between T,, and thermoregulation. T, is
merely a reflection of heat-gain and heat-loss mechanisms:

Body Temperature = Heat Gain + Heat Loss

Just because a drug alters T, does not mean that it interferes with or affects
thermoregulation. It does not mean that it alters the ability of the body to maintain
a temperature around a given point, the set point. In mammals, including the
human, T, is regulated in an exquisitely narrow range. This tight regulation
allows an organism to maintain a thermodynamically stable internal environment in
which the rates of a myriad of biochemical reactions can be altered without having
to compensate for changes in ambient temperature. We become aware of
thermoregulation only when something like infection occurs with resulting fever.
If the temperature keeps going up as the result of release of substances such as
endogenous pyrogen or IL- 1 or as a result of malignant hyperthermia, we begin to
look for ways to return the Ty to normal On the other hand, we look to raise the
T, in circumstances where hypothermia occurs, as with stranded winter mountain
climbers, inadequate ambient temperature in the homes of the aged, or a child
falling through the ice and suffering from the so-called “near-drowning”
syndrome. Furthermore, physicians are always looking for better ways to alter Ty
and exert thermoregulatory control when they cool patients during cardiac surgery
or heat patients in treating some forms of cancer. Our crude ability to modify and
modulate the thermoregulatory system is impeded by our poor understanding of
the system itself. If we knew more about it, perhaps we could more effectively
use it in conditions such as cardiac surgery, preservation of organs for transplant,
treatment of stroke, treatment of trauma to the spinal cord, and treatment of
malignancies.

There appear to be three components in temperature regulation: a set of sensors to
monitor ambient and core temperatures, portions of the CNS (especially the
hypothalamus) to receive and coordinate this information, and the effector system
of nerves and organs utilized by the regulator to make appropriate responses.
Although the sensory and effector systems are fairly well understood, we know
very little about the regulator (coordinator) part of the system. The recent data that
has been forthcoming about the opioid system indicates that this system is
intimately involved in thermoregulation and, perhaps, is the coordinating or
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regulatory part of the system. Before giving some indication of what we believe
that involvement to be, it may be worthwhile summarizing the very confusing
literature about the possible role of several neurotransmitters in thermoregulation.

Among the most frequently implicated transmitters in thermoregulation are
norepinephrine, dopamine, serotonin, acetylcholine, and histamine (Cox and
Lomax, 1977; Myers, 1980; Lomax and Schonbaum, 1979). Although it is
generally accepted that all of these substances play some role, the degree of their
involvement is still very much unresolved. The only neurotransmitter that
virtually all investigators agree is involved in therrnoregulation is norepinephrine
(NE). When microinjected into the preoptic anterior hypothalamus (POAH), NE
causes a dose-dependent hypothermia in most species studied. This effect can be
blocked by prior injection of an alpha adrenergic antagonist into the hypothalamus
(Rudy and Wolf, 1971). Dopamine (DA) has also been shown to induce
hypothermia when injected into the POAH in most species, and this decrease can
be antagonized by DA receptor blockers. Based on this and other evidence, it has
been proposed that catecholamines mediate heat loss or block heat production
(Myers, 1980). Other investigators have reported opposite results in rats, however
(Cox et al., 1980; Lin et al., 1982). Likewise, there is contradictory evidence for
the role of serotonin (5-HT). In most species, 5-HT elicits a dose-dependent
hyperthermia when microinjected into the POAH and is thought to be involved in
heat-gain mechanisms (Myers, 1974; Borsook et al., 1977). However, elevating
levels of 5-HT in hypothalamus by stimulation of the midbrain raphe, or by
administration of the precursor 5-HTP, or by inhibiting 5-HT uptake has been
shown by others to cause a decrease in metabolism, cutaneous vasodilation, and
hypothermia in rats (Lin, 1984). The story on acetylcholine (ACh) is even more
confusing. Whether it results in a hyperthemtic or hypothermic effect is very
much dependent on the species and route or brain site of administration. It has
been implicated in both heat-production and heat-loss pathways (Lin, 1984;
Myers, 1980). Results with histamine have been more consistent: it causes
hypothermia at normal ambients whether administered systemically or centrally
(Lomax and Green, 1979). Of course, there are a host of possible reasons as to
why after so many years of research we still have no clear picture of the role these
and other transmitters play in regulating Ty, but it appears that this system relies on
redundant pathways and balancing complex interrelationships among
neurotransmitters, neuropeptides. hormones, and cations in order to maintain its
remarkable stability. The opioid peptides, at a minimum, may just represent one
more group of substances that can affect T,. On the other hand they may turn out
to have a command function in the overall system.

We can begin the opioid story with a brief review of the effects of these drugs on
Tp. Until the last few years, we knew little about the actions of opioids other than
morphine. What was known was that the effect of morphine given by a parenteral
route varied with the species.

TABLE 1 Morphine on Body Temperature in Various Species

HYPOTHERMIA HYPERTHERMIA DUAL EFFECT
do cat rat
rabbit horse mouse
bird cow primate
goat
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A further confounding factor is that the effect is often determined by the route of
administration. For example, in the rat, morphine has a well-known hyperthermic
effect when admininistered by a parenteral route in low doses and a hypothermic
response in high doses. On the other hand, intracerebroventricular (icv)
administration results in only a dose-related hyperthermia (Geller et al., 1986)

Studies in our laboratory have been primarily in the young adult male
Sprague-Dawley rat. Ty is measured in most instances by means of a temperature
probe inserted 7 cm into the rectum. Animals are essentially unrestrained and Ty is
measured several times over a 3- to 4- hour period with each animal acting as his
own control (Geller et al., 1986). Unless stated otherwise, the effects of all the
opioids and opioid peptides on T, are blocked by naloxone. After testing a large
number of opioids administered by the subcutaneous (SC) and the icv route, we
found that the drugs separated into 5 classes based on the nature of the effects they
produced, as described below.

TABLE 2 Effects of Opioids on Body Temperature in Rats

GROUP 1: dual response; antagonized by naloxone; stereospecificity
GROUP 2: hyperthermia; antagonized by naloxone; stereospecificity
GROUP 3: hypothermia; partially antagonized by naloxone; stereospecificity
GROUP 4: little effect; naloxone causes hypothermia

GROUP 5: little or no effect

Our first attempt to put some order into the chaos was a 2-receptor model (Geller et
al., 1983.) This dual receptor hypothesis might explain the dual effect of
morphine on Ty,. Briefly, the low-dose hyperthermia is due to the presence of a
high number of receptors with high affinity but low intrinsic activity. The high-
dose hypothermia is due to a smaller number of hypothetic receptors with lower
affinity but high intrinsic activity. As we continued our work, we began to define
the components of that system and came up with our current hypothesis that the
thermal actions of the opioid system are based on a 2-receptor model. There is a
p-receptor-mediated hyperthermia and a K-receptor-mediated hypothermia.
Further, the p actions are, at least in part, due to actions in the brain, while K
actions are primarily outside the brain (Geller et al.. 1986). We were able to
predict that a drug such as U-50,488H, the highly selective K agonist, would
cause a drop in T, and it did (Adler et al., 1986). Since the guinea pig has a
preponderance of K receptors, we predicted that it would be even more sensitive
than the rat to the hypothermic effects of U50,488. As expected, it was (Adler et
al., 1988).

Using gradient-layer calorimeters, we have begun to look at whether heat-gain or
heat-loss factors are responsible for the changes in T, with p and K agonists in
unrestrained animals. The precipitating event for the drop in Ty, with U50,488
appears to be a decrease in oxygen consumption. Decreased heat loss probably
results from a homeostatic attempt to conserve heat and a decrease in available heat
with the decline in VO,. If a drop in T, is always associated with K activity, then
we would expect similar patterns regardless of the opioid inducing the effect.
Methadone, when given in doses high enough to produce hypothermia, causes
similar changes in VO, and Q. The only difference lies in the recovery from the
hypothermia, which may be attributed to methadone’s actions on p receptors
(Lynch et al., 1987).
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To further explore the hypothermic effect of K receptor activation, we looked at
the combination of U50,488 with another drug known to drop T,. We chose
chlorpromazine (CPZ). In this case, the hypothermia results primarily from an
increased heat loss, rather than an effect on O, consumption. If we combine
U50,488 and CPZ, we get a composite of the effects seen with the individual
drugs, as illustrated in figure 1.
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FIGURE 1 Potentiation of U50,488 and CPZ. At time 0, rat received SC
injections of 5 mg/kg CPZ and 80 mg/kg U50,488H, dissolved in saline.

The increased heat loss caused by CPZ added to the decrease in O, consumption
caused by U50 results in a potentiation of the hypothermia. At the doses used,
each drug alone lowered T, by about 2°C. Combined, however, the temperature
dropped by over 8°C. Individual animals have shown drops of over 11°C (Adler
and Geller, 1987). There are no deaths at normal ambient temperature. The
reason for the huge drop in Ty is a large spike in heat loss plus a decrease in VO,.

There is certainly no question that calorimetry can provide important insights into
the mechanisms by which opioids affect thermoregulation. A number of other
approaches are also needed. For example, changing the ambient temperature can
tell us something about set point. Another approach is behavioral

thermoregulation. If an animal’s physical ability to choose an ambient temperature
is not impaired, we can learn much about set point by determining if an animal
chooses a warmer or cooler environment. Such a technique has been used to study
the effects of pn. K, and 6 agonists in rats (Spencer et al., in press.)
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More recently, we have begun to use selective opioid peptides and opioid
antagonists to pick apart the effects of opioids on T, and thermoregulation.
Although these studies are still in their initial phase, there are a few findings of
special interest. ID-Ala®, N-MePhe®, Gly’-ol]-enkephalin (DAGO), a p-selective
opioid peptide, elicits a dose-related hyperthermia preceded by a small, transient.
hypothermia. We felt that this hypothermic effect might be the result of some
activity at K receptors and, indeed, the K-selective antagonist nor-BNI
(Portoghese et al., 1987) antagonized this initial decrease in T,. Interestingly, the
purportedly k-selective antagonist, B-FNA, only partially prevented the
DAGO-induced increase in temperature when given 18-24 h before DAGO. It also
only partially blocked the hyperthermia caused by icv morphine.

Surprisingly, both the low-dose hyperthermia and the high-dose hypothermia
produced by SC morphine could be blocked by naloxone or either of the more
selective antagonists. We had not expected these results based on our model. (In
fact, the less selective K antagonist WIN 44441 had blocked the high but not the
low dose effect of morphine.) Just as surprising was the finding that neither
antagonist blocked the hypothermia caused by the purported K agonist dynorphin.
Naloxone, even at 10 mg/kg, did not completely block it, either. On the other
hand, as would be predicted from our model, the hypothermia produced by the
K-selective U-50488H was antagonized by nor-BNI and naloxone but not by
B-FNA. Although additional doses and routes of administration need to be done,
these preliminary results may indicate that the model needs to be modified to
accommodate subtypes of p and K receptors or an as yet unknown interaction
between the receptors. In our hands, DPDPE, the highly selective 6 agonist, and
naltrindole. the selective 6 antagonist, appear to have no significant effect on T,
either individually or in combination.

We have focused on p and K because the evidence is strong, not only from our
data but from studies in several other laboratories, that p is a receptor mediating
primarily hyperthermic responses while K is predominantly involved in mediating
hypothermic effects. Although the activation of 6 receptors may produce some
small effects on T,, them is no compelling evidence that it has a significant role in
thermoregulation. The same is true forQ receptors in the rat. Perhaps the use of
calorimetry, along with behavioral thermoregulatory methods and studies at
various ambient temperatures, will shed more light on the question of the role of
opioids in thermoregulation. It is hoped that such studies will provide us with the
information needed for important contributions to therapeutics as well as increase
our knowledge about the functions of the endogenous opioid system.
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Interactions of the Opioid and
Immune Systems
Robert M. Donahoe

The discipline of psychoimmunology is concerned with the

i nter-dependencies between neural and inmune processes. The
conceptual premse of this discipline is that inmunol ogical
function can be influenced by neuroendocrine and behavi oral
processes and vice versa. Since addicting drugs of abuse
modul ate both neural and imune functions, these substances
make interesting probes for study of the neuroimmune network.
I ndeed, the foundations of psychoi munol ogy can be traced to
observations nmade over seventy years ago that nmor phi ne
nodul at es phagocytic capacity of human | eukocytes (Archard et

al., 1909).

Di scoveries in the early 1970s (Pert and Snyder, 1973; Sinopn

et al.. 1973; Terenius, 1973) that opiates exert their
effects through specific binding sites (receptors) on the
cell surface and that such receptors are the basis for

intersystemc responses to both exogenous and endogenous
opi oids (Hughes et al., 1975) set the stage to appropriately
conceptual i ze the neuroi mune effects of opiates. There was a
growi ng awareness at the time that opiate addicts frequently
experience elevated levels of opportunistic infections and
cancer (Sapria, 1968; Harris and Garret, 1972; Louria, 1974).
Evi dence was also accunulating that addicts experience
clinically detectable signs of inmmune depression (Brown et

al., 1974). These circunstances led to consideration of the
hypot hesis that opiates may directly influence inmmune
function. It was not recognized then, and is still evident

today that this is not an easily testable hypothesis. The
role of opiates themselves in induction of inmmnodeficiency
cannot be tested prospectively in humans and retrospective
studies suffer from the uncertainty that imrune depression
evident in addicts may be the result of imune paralysis
induced by frequent exposure to mnultiple foreign antigenic
insults and repeated infections rather than a direct effect
of opiates. Notably, the findings of Falek et al., (1972)
were of particular relevance to the uncertainties inherent to
this situation.
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In cytogenetic analyses using phytohemmagl utinin-stimlated
whol e bl ood cultures, Falek et al. (1972) showed that heroin
addicts had elevated - levels of chronosonal danmage. Since
their anal yses were dependent on errant nitotic events during
DNA replication, they denonstrated a deficit in |ynphocytes
that was not easily attributable to imune paralysis. In a
separate study (Madden et al., 1979), they showed that this
danage was not likely to be related to direct chelation of
DNA by opiates but rather to inhibition of DNA repair
mechani sms which further suggested sone direct nmetabolic
effect of opiate binding to T-cells. Thus, their studies
encouraged further consideration of the notion that opiates
m ght influence T-cells directly.

Their cytogenetic observations led the Falek group to exam ne
the i mune status of heroin addicts using the total T-cell E-
rosette assay as an immunological measure of T-cell
functional integrity. This procedure is a receptor-nediated
assay which exploits the ability of T-cells to conbine
specifically with sheep erythrocytes (E) in a microscopically
visible rosette formation. Using this assay, MDonough, et
al. (1980) showed that heroin-addict |ynphocytes exhibited a
nal oxone-reversi bl e depression of E-rosette formation which
suggested that opiate receptors on the |ynphocytes were
responsible for the effect observed. Contenporaneous wth
these findings, Whbran et al. (1979) showed that norphine
used in vitro also caused depression of E-rosette formation
through interaction w th naloxone-reversible stereospecific
opioid receptor sites on the T-cell. Taken together, these
studies confirmed the suspicion that the immunol ogical
effects of opiates could be nediated directly on T-cells
within the inmmne system

Several pharmacol ogi cal studies have since identified opiate-
bi nding sites on |ynmphocytes, including sites for nal oxone on
purified T-cells (Madden et al., 1987). Ohers have shown
that norphine conpronises the imune status of mice relative
to their ability to reject bacterial infections (Tubaro et
al ., 1983). Also, there is considerable Iliterature
docunmenting the fact that many different branches of the
i mune armanentarium are affected by alkaloid and peptide
opi oi ds (reviewed by Donahoe and Fal ek, 1988). These fi ndings
and the other evidence |I|inking opiate wuse with
i munonodul atory phenonena as discussed previously provide
strong support for the hypothesis that opiate and other drug
abuse are direct causal factors in opportunistic diseases
like AIDS. However, as with all suspicions of the potential
for opiates to be immunoconpromising, this hypothesis, as
applied to AIDS, is a difficult one to prove.

The namin questions are how to distinguish immunological
effects of opiates from those attributable to other nmilieu
factors common in addiction and how to assess
i mmunoconpet ency prospectively? The nature of the forner

187



i ssue has been discussed above. The latter question is basic
to all clinical in vitro evidence that inmunoresponsiveness
of an individual is depressed cannot be taken as a priori
proof that that individual is imunoconprom sed. Such proof
can only be obtained de facto, i.e., when it is apparent that
the individual in question is incapable of warding off
opportunistic infections and cancers. therefore, wth
addicts, there is an inextricable |inkage of one research
problem with the other which makes study of the issues
invol ved very conplex, that is, evidence of inmunoconpron sed
conditions cannot be attributed to the opiate per se and
evi dence that opiates can depress inmune paraneters that are
measurable in in vitro assays cannot be taken as unequivocal
proof of immunoconprom sed i mmune status.

Because of these circunstances, research strategies to assess
the i munol ogi cal inpact of opiates and other drugs of abuse
must be based on developnent of strong circunstantial
evi dence. In several previous reviews (Donahoe, 1988;
Donahoe and Fal ek, 1988), we have presented the
conceptualization that the inmmunoconpromni sing potential of
opi ates and other addicting drugs of abuse is best estimated
by thoroughly analyzing the interconnections between the
neur oendocrine and inmmunol ogical systens while using the
drugs of interest as pharnmacol ogi cal probes. In essence, this
inplies that wunderstanding the way drugs affects imunity
requi res know edge of the direct effects of such drugs on the
cells of the immune system their indirect effects which
occur through induction of neuroendocrine products wth
i mmunor egul atory properties and, perhaps also, nodulation of
peri pheral synapses between neurons and i mmune cells, as well
as the conbination of all of these potential types of
interactions.

Qur current in wvitro investigations stem from this
conceptual i zati on and have focused on the ability of opiates
and other drugs of abuse to nodul ate expression of T-cell
surface receptors that are pertinent to the regulation of
i mmunor esponsi veness. This direction was chosen as the result
of previous studies (Donahoe et al., 1985, Donahoe et al..
1988) that identified receptor nodulation as a nmjor, and
probably key means by which drugs of abuse influence imune
function. In this context, nodulation of immunity by drugs of
abuse is the consequence of altered expression of surface
receptors on cells of the imune system regardl ess of whether
the effect is nmediated directly by the drug of interest or
indirectly through alteration in neuroendocrine secretions.
For this reason, we are trying to understand how drugs of
abuse and the neuroendocrine changes they induce affect
expression of several different regulatory nolecules on T-
cells which we know from ot her studies (Donahoe et al., 1985;
Donahoe et al., 1986; Donahoe and Fal ek, 1988) to be affected
by drug exposure in vivo and in vitro.
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Principally, we have been analyzing drug effects on CD2, CD4
and CDS antigenic markers on T-1lynmphocytes. W also plan to
include the T-cell receptor/CD3 conplex and class | and |1
hi stoconpatibility markers as well as the other nolecules
pertinent to T-cell function. By understanding how opiates
and other drugs of abuse influence both independent and
i nterdependent expressions of these T-cell antigenic markers,
we should be in a position to better delineate the
i mmunor esponsi ve effects of these drugs and thereby estimte
their ability to conpromise i mune function as well as assess
the nmeans by which such conproni se i nmune cones about. Since
the CD4 marker is the viroreceptor for the AIDS virus, H V1,
thi s approach al so bears special relevance to determ ning how
drugs of abuse that nodulate this molecule can influence
infections with this virus.
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Site-Directed Affinity Ligands as
Tools to Study the Phenomenology
and Mechanisms of Morphine-
Induced Upregulation of Opioid
Receptors

Richard B. Rothman, Joseph B. Long, Victor Bykov, Kenner
C. Rice and John W. Holaday

Selective site-directed irreversible ligands have proven useful for the
in viva and in vitro study of opioid receptor subtypes (Portoghese et
al. 1979; Goldstein, and James, 1984; Simonds et al. 1985; Rothman et
al. 1988; Holaday et al. 1986) several examples of which are described
by the other participants of this symposium. In our laboratories, we
have attempted to determine the specific targets of various site-
directed irreversible ligands. This approach has led to the further
delineation of opioid receptor subtypes, which in turn has permitted the
selective assay of these various subtypes of opioid receptors. Although
Table 1
Effect of Site-Directed Irreversible Ligands on
Opioid Receptor Subtypes

Agent Hnex Hex=Kex0ex  dnex K2 X1
BIT? D D N N N
FNAZ N A N PD N
UPHIT® N N N N D
FIT! N A D N N
(+)-TSF* N A D N N

Tabulated are the effects of the irreversible ligands on opioid receptor
subtypes. “D” means the membranes can be depleted of a binding site,
“A” means the binding site is altered, “N” means no effect, and “PD”
means partially depleted. (+)-TSF refers to (+)-trans-3-methylfentanyl
isothiocyanate '(Rothman et al. 1984).%(Rothman et al. 1988).3(De
Costa et al. 1989). “(Kim et al. 1988).

a thorough review of the model of the opioid receptors presented in
Table 1 is beyond the scope of this paper, in vitro (Rothman et
al. 1985b; Rothman et al. 1985a; Demoliou-Mason, and Barnard, 1986),
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and in vivo evidence (Vaught et al. 1982; Holaday et al. 1986; Heyman
et al. 1989; Sheehan et al. 1986), collectively indicates the existence of

an opioid receptor complex composed of interacting gy, d¢x and xex
binding sites (the term “cx”means “in the complex”), as well as ey, d¢ex

and x sites not associated with the receptor complex (the term ncx
means “not in the complex).

As illustrated in Table 1, the judICIOUS use of site-directed irreversible
ligands, together with appropnatei H]I|gands permlts selective assay
conditions. For example, since [*H][D-ala?,D-leu’]enkephalin labels

both the 8¢x anddnex binding sites, pretreatment of membranes with
FIT permits selective assay of the 8¢x site, while pretreatment of

membranes with BIT permits selective assay of the 8ncx site using this
radioligand (Rothman et al. 1984). Using this approach, we
demonstrated that chronic morphine upregulated the 8¢x binding site
(Rothman et al. 1986a). In this paper we review and summarize our

studies of the phenomenology and mechanisms of morphine-induced
upregulation of opioid receptors.

METHODS

Drug treatments and i.c.v. injections of 3-funaltrexamine are described
in detail elsewhere (Danks et al. 1988; Rothman et al. 1988). Frozen
membranes pretreated with BIT or FIT were prepared from whole rat
brain (minus cerebellum) as previously described (Danks et al. 1988).
Briefly, lysed-P2 membranes were divided into two aliquots. The first
(“+Na-membranes”) were resuspended with 50 mM TRIS-HCL, 0.4 M
NaCl, pH 7.4, incubated for 60 min at 25° C, and subsequently
washed three times by centrifugation. During this procedure, the
second pellet was kept on ice (“-Na-membranes”). The two pellets
were then pretreated with either 1 uM BIT or 1 pM FIT as previously
described (Rothman et aI 1984) and kept frozen at -70° C until
assayed. [*H][D-ala? D-leu”jenkephalin assays proceeded for 4 to 6 hr
at 25° C in 10 mM TRIS-HCL, containing 100 mM choline chloride, 3
mM MnCl,, 1 mM 2-mercaptoethanol, and a protease inhibitor cocktail.
Nonspecific binding was determined using 20 uM levallorphan.

[*H][D-ala?,D-leu’]enkephalin blndlng surfaces were generated by
d|selacmg two concentrations of [°H]ligand by concentrations of [D-
ala®,D-leu ]enkephalln The binding surfaces were fit to a one site
b|nd|ng model using MLAB (Knott, and Reece, 1972) for the best-fit
estimates of the Kd and Bmax. The method of binding surface analysis
is described in greater detail elsewhere (Rothman, 1986b; Rothman et
al. 1988). In the figures, an asterisk (*) indicates significantly different
from control (t-test, p<0.01).

RESULTS
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using -Na-membranes. The 8¢x binding sites upregulated by chronic
morphine were apparently labile to preincubation in 0.4 M NaCl.
Chronic naltrexone increased the Kd of the 8pex binding site (Figure
3), using both -Na and +Na membranes. In contrast, chronic morphine
significantly increased the Kd of both § binding sites using both -Na-
and +Na-membranes.

Figure 3
300 -
250 MORPHINE
. B NALTREXONE

PERCENT OF CONTROL Kd

D(cx)-Na D(cx)+Na D(ncx)-Na D(ncx)+Na
MEMBRANE TYPE

Effect of Chronic Drugs on the
Kd of 8 Binding Sites (+SD, n=3)

To determine if the morphine-induced upregulation of the 8¢x binding
site is linked to the development of tolerance and dependence, rats
were administered (i.c.v.) 20 nmol of the irreversible u-antagonist 3-
FNA 60 min prior to pelleting. As reported in Figure 4, although 3-FNA

did not effect the Bmax of the 8¢cx binding site, it did prevent the
upregulation.

DISCUSSION

Although current dogma holds that chronic morphine does not alter
opioid receptors (Robson et al. 1983), the data reviewed in this paper
demonstrate that both chronic morphine and chronic naltrexone
upregulate opioid receptors. Since chronic morphine increases the

Bmax of the d¢x site, and not thedpex binding site, it would be difficult
to detect the approximately 20% increase in the total number of &
binding sites. However, our use of site-directed irreversible ligands

permitted us to detect the change occurring in one site using a ligand
which labeled two binding sites.
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In the first series of experiments, the effects of the Na-preincubation on
dex @and 8pex binding sites were determined. As shown in Figure 1,
Na-preincubation decreased the Kd of the dpcx binding site, and

increased the Kd of the 6gx binding site. Na-preincubation had no
significant effect on the Bmax values-data not shown . In subsequent

Figure 1

Kd (nM)

D(cx)-Na D(cx)+Na D(ncx)-Na D(ncx)+Na
MEMBRANE TYPE

Effect of Na-prelncubation on Kd values (mean+SE (n=6)}..

Figure 2

300 -
1 MORPHINE
250 B NALTREXONE

200 A
150 +
100

50 A

PERCENT OF CONTROL Bmax

zZ

a D(ncx)+Na

D(cx)-Na D(cx)+Na D(ncx)-
MEMBRANE TYPE

Effect of Chronic Drugs on the Bmax
of 8 Binding Sites (+SD, n=3)

experiments, the effect of chronic morphine and chronic naltrexone on
the 8¢x @and dpex binding sites were determined using -Na- and +Na-
membranes, and compared as a percentage of the control values.

As reported in Figure 2, chronic naltrexone increased the Bmax of the
dcx and the 8npcx binding sites, using both -Na and +Na-membranes.

Chronic morphine increased only the Bmax of the 8¢x binding site
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Figure 4
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Effect of B-FNA on morphine induced
upregulation of 8 Binding Sites (#SD, n=4)

chronic naltrexone did not. Similarly, chronic naltrexone increased the

Bmax of the dpcx binding site whereas chronic morphine did not.

Moreover, although the mechanism(s) by which the preincubation in
Table 2

Effects of Chronic Morphine and Chronic

Naltrexone on Opioid Receptor Subtypes

Kd Bmax
d¢cx Onex M K | dex Spex M K
Chronic f f f = fr = fr 2=

Morphine

Chronic =] f & U f f ] l]

Naltrexone

Summary of the effect of chronic morphine and chronic naltrexone on
the binding parameters of opioid receptor subtypes. (ﬂ increase in
value;{ decrease in value;&no change in value).

If both drugs upregulated opioid receptors via the same mechanisms,
then we should have observed identical changes in the binding

parameters of thed binding sites. Instead, the pattern of alterations in
binding parameters differed (Table 2). For example, chronic morphine
increased the Kd of the 8¢x binding site whereas 0.4 M NacCl alters
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binding parameters is not known, the fact that the d¢x sites
upregulated by chronic morphine are labile to this procedure, and
those upregulated by chronic naltrexone are not, supports the
hypothesis that chronic morphine and chronic naltrexone upregulate
opioid binding sites by different mechanism(s).

Although the studies described above established that chronic
administration of morphine upregulates the opiate receptor complex,
they do not directly address the hypothesis that the observed
upregulation is a relevant in_vitro marker of the development of
tolerance and dependence. Although the acute administration of
morphine has no effect on the 8¢x binding site (Danks et al. 1988), it
remained a possibility that chronic morphine would upregulate the
opiate receptor complex even if tolerance and dependence were not
to develop. Such a finding would suggest that the observed
upregulation is not related to the phenomena of tolerance and
dependence.

To test this hypothesis, rats were administered R-FNA, prior to and
during morphine administration, a drug we observed to attenuate the
development of tolerance and dependence. If the observed
upregulation is linked to the development of tolerance and
dependence, the predicted result would be an attenuation of the

upregulation. The observation (Figure 4) that B-FNA administration
blocked the upregulation supports the hypothesis that morphine-
induced upregulation of the opioid receptor complex is a relevant
biochemical marker of tolerance and dependence.

Although it is tempting to discard these observations on the basis of
now classic studies conducted in the adrenergic systems (Creese, and
Sibley, 1981) a more fruitful approach is to hypothesize that the
mechanism(s) responsible for the development of tolerance and
dependence to morphine in the CNS are more complex than
previously thought on the basis of investigations carried out in simpler
model systems (Sharma et al. 1975; Chavkin, and Goldstein, 1984).
Models of tolerance and dependence must explain three phenomena
which are generally accepted to be inseparable consequences of
chronic morphine: 1) agonist subsensitivity (tolerance), 2)
dependence, and 3) antagonist supersensitivity (as the degree of
tolerance increases, less naloxone is required to produce withdrawal
(Way et al. 1969; Wei et al. 1973)).

Based in part on our results, we postulated an anti-opiate model of
tolerance and dependence (Rothman et al. 1986a; Danks el al. 1988;
Simonds, 1988), which hypothesizes morphine causes release of
endogenous anti-opiate peptides, which are largely responsible for the
development of tolerance and dependence. Recent data that the
chronic administration of morphine downregulates the MIF receptor
(an anti-opiate receptor) (Zadina et al. 1989) suggests that this anti-
opiate might play a major role in morphine tolerance and dependence.
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Because of the space limitations of this paper, we refer the reader to
(Rothman et al. 1989) for more complete description of this model.

Although speculative, this model provides for many testable
hypotheses. It is hoped that morphine-induced upregulation of the
opiate receptor complex will prove to be a useful in vitro marker with
which to examine the anti-opiate hypothesis of morphine tolerance
and dependence.
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Mu Antagonist and Kappa Agonist
Properties of b-Funaltrexamine
(b-FNA): Long Lasting Spinal
Antinociception

Qi Jiang, Julius S. Heyman and Frank Porreca

The multiplicity of opioid receptors has led to the development of novel and
irreversible probes to facilitate the study of the effects mediated by individual
receptor subtypes. One such compound [-funaltrexamine (3-FNA)(Portoghese et
al,. 1980). Using the electrically stimulated guinea pig ileum longitudinal muscle
preparation and-the mouse vas deferens as bioassays in vitro, RB-FNA has been
characterized as a reversible K agonist and an irreversible p antagonist (Takemori et
al., 1981; Ward et al., 1982b,c). Antinociceptive studies in the mouse in Vivo (acetic
acid-induced writhing test and tail flick test) and studies of gastrointestinal
propulsion as pharmacologic endpoints are consistent with the conclusion that -
FNA acts as a reversible K agonist and as an irreversible p antagonist if the data are
interpreted in light of findings in vitro (Ward and Takemori 1983a,b).

A growing body of evidence suggests, however, that some opioids classified as K
preferring may act as p antagonists in systems where they exert no agonist actions
when given alone. For example, K agonists such as ethylketocyclazocine and MR2034
have been found to be potent antagonists of [D-Ala®, NMe¢Phe’, Gly-ol]enkephalin
(DAMGO) and [D-Alaz, D-Leu’]enkephalin (DADLE) in the field-stimulated rat vas
deferens (Gillan et al., 1981). Additionally, the K agonists U50,488H, tifluadom.
ethylketocyclazocine and MR2034 were found to consistently antagonize the increase
in striatal dopamine metabolism and respiratory depression produced by morphine
(Wood 1984). In recent studies using p opioid inhibition of rat urinary bladder
motility, Sheldon et al. (1987,1989) found that K agonists such as U50,488H.
ethylketocyclazocine and tifluadom, as well as dynorphin A-(1-17) antagonized the
effects of some p agonists. such as morphine. Additionally, the antagonism of
morphine by dynorphin A-(1-17), but not the direct agonist effect of morphine, was
blocked by the K antagonist, nor-binaltorphimine (nor-BNI)(Takemori et al., 1988).
suggesting that dynorphin A-(1-17) modulated morphine effects through a K receptor
(Sheldon et al., 1989).

In the pharmacological characterization of R-FNA in vivo Ward and colleagues allude
to the fact that the agonist actions of B-FNA in the mouse writhing test are present
up to 48 hr after subcutaneous (s.c.) administration of the compound (Ward et al.,
1982a; Ward and Takemori 1983a,b); this time course parallels closely, that of R3-
FNA to antagonize the antinociceptive effects of morphine, a p agonist. in the tail
flick test (Ward et al.. 1982a). Additionally. it is often difficult to detect actions of
K agonists following direct administration into the brain or spinal cord, particularly
in tests utilizing heat as the nociceptive stimulus (Porreca et al., 1984). Thus, it
seemed possible that the p antagonist properties of 3-FNA might be the result of its
long-lasting agonist actions at the K receptor, rather than by direct interaction at the
u site. The present study was designed to test this possibility using the mouse acetic
acid-induced writhing test, a reliable indicator of central K agonist actions (Porreca
et al., 1987).
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METHODS

Male, ICR mice (20-30 g. Harlan) were used for all experiments. Animals were kept
in groups of 5 in temperature controlled room with a 12 hr light-dark cycle (lights
on 7:00 A.M. to 7:00 P.M.). Food and water were available ad libitum until the time
of the experiment. l.th. injections were made according to the modified method of
Hylden and Wilcox (1980). Injections into the subarachnoid space between L5 and
L6 were made to unanesthetized mice using a Hamilton microliter syringe fitted with
a 30-gauge needle. All i.th. injections were made in a volume of 5 pl.

Acetic acid writhing test

The method used was as previously described (Porreca et al., 1987). Each mouse
received i.th. administration of agonist, antagonist, or saline at various times prior to
the intraperitoneal administration (i.p.) of acetic acid (0.6%. 10 ml/kg), and was then
placed into an individual observation chamber. After 5 min, the mouse was observed
for a further 5 min, and the number of writhes displayed by each mouse was counted.
Percent antinociception was determined according to the following formula:

% antinociception = 100 x (mean number of writhes in control group - number of
writhes for each test mouse)/(mean number of writhes in control group), where the
control group was defined as all animals treated with i.th. saline.

Tail flick test

The thermal nociceptive stimulus was 55°C warm water with the latency to tail flick
or withdrawal taken as the endpoint. After the determination of control latencies.
the mice received graded doses of id. agonist, or antagonist at various times. [3-
FNA was given i.th. as a single injection and testing took place 10 min and 1, 2, 4,
24, 48 and 72 hr later. In some antagonist studies, B-FNA was given as a single
pretreatment dose at various times up to 48 hr prior to testing. Nor-BNI was always
given 10 min prior to the agonist, or in the case of pretreatment with 3-FNA. at 10
min prior to testing. A cutoff time of 15 sec was employed; if the mouse failed to
demonstrate a tail-flick, the tail was removed from the water and that animal was
assigned a maximum score. Mice not responding within 5 sec in the initial control
trial were eliminated from the experiment. Antinociception at each time point was
calculated according to the following formula % antinociception = 100 x (test latency
- control latency)/(15 - control latency).

RESULTS

Both B-FNA and US50,488H produced dose-related antinociception when tested 10
min after i.th. administration in the writhing test (Figure la). While B-FNA
produced a long-lasting antinociception in this test (Figure 1b,c,d), U50,488H failed
to produce significant antinociception after 1, 2. and 4 hr (Fig. 1b,c,d). The
antinociceptive effect of B-FNA was dose- and time-related up to 48 hr after a
single i.th. administration. Nor-BNI (0.37 nmol, i.th.) produced no agonist actions in
either analgesic test, but administration 10 min prior to testing in mice pretreated
with B-FNA (at -10 min or -4 hr prior to testing) resulted in a rightward
displacement of the i.th. B-FNA dose-response curves in the writhing test; the [3-
FNA lines were shifted 62 and 34 fold when the agonist was given 10 min or 4 hr
prior to testing (Table I).

I.th. B-FNA failed to produce agonist effects in the tail-flick test, while morphine
was active in both analgesic tests. For this reason, the antagonist profile of B-FNA
could only be evaluated in the tail-flick test. In addition to its long-lasting agonist
effects in the writhing test, i.th. pretreatment with R-FNA (18 nmol at -12 hr) also
produced a long-lasting antagonism of the analgesic effects of i.th. morphine in the
tail flick test the B-FNA pretreatment resulted in a 3-fold rightward displacement
of the morphine dose-response line. Pretreatment with nor-BNI (-10 min. 0.37
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nmol) did not antagonize the antinociceptive effects of morphine in the tail-flick test
and additionally, did not block the antagonism of morphine by RFNA in this test.
Further, i.th. nor-BNI (0.37 nmol at -10 min) did not antagonize the antinociceptive
effects of i.th. morphine in the writhing test. When tested as an antagonist against
i.th. morphine antinociception. the time course of id. B-FNA antagonist actions in
the tail-flick test showed an inverse relationship to that for i.th. B-FNA agonist
effects in the writhing test.

TABLE 1

Effects of i.th. B-FNA in the mouse acetic acid writhing test. B-FNA was given 10
min or 4 hr prior to testing in the absence and presence of i.th. nor-BNI (0.37 nmol);
the K antagonist was always given 10 min prior to testing. Ten mice were used in
each test group.

Dose R-FNA control nor-BNI control nor-BNI
(nmol) (+ S.E) (+ S.E) (+S.E.) (+ S.E)
0.0019 25.8 £ 6.8
0.019 425 + 6.8 98 £ 7.3 212 + 4.6
0.19 772 £ 122 39.5 + 8.1 516 £ 94 20.0+£12.7
1.88 943 £ 3.9 54.6 £ 9.7 71.7 £ 10.7  50.0+14.9
18.8 - 944 £ 5.6 63.2+11.8
a B-FNA U-50,488H b
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FIGURE 1

Antinociceptive effects of i.th. B-FNA or U50,488H in the mouse acetic acid
writhing test when given 10 min (a) or 1, 2 or 4 hr (b, c, d, respectively) before
testing.
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DISCUSSION

Following the characterization in vitro of B-FNA as a reversible K agonist and an
irreversible p antagonist (Ward et al., 1982b,c). many studies have used this
compound as a tool with which to characterize the receptor involvement of opioids
in the production of effects in vivo such as antinociception (e.g., Hayes et al., 1986;
Zimmerman et al., 1987). respiratory function (Ward and Takemori 1983c; Hayes et
al., 1985a) and other actions such gastrointestinal propulsion (Ward and Takemori
1983b; Hayes et al.. 1985a; Heyman et al., 1987) and development of physical
dependence (Gmerek and Woods 1985; Aceto et al., 1986). Additionally, this
compound has also been extremely useful in studies in vitro, in classifying actions of
selective agonists in bioassays such as the mouse vas deferens and guinea-pig ileum
(e.g., Ward et al., 1982b,c; Gintzler and Hyde 1984; Smith 1986; Hayes et al., 1985b).
From these diverse studies, it is clear that B-FNA has played a significant role in the
development of current understanding of opioid actions in vitro and in vivo.

Analysis of the mechanism of R-FNA actions, however, has been somewhat
controversial. Radioligand binding studies in mouse brain, have suggested that -
MA may bind in a reversible (preferring K sites over p or 8) and an irreversible
(preferring p sites over§ sites)(Ward et al., 1985) fashion. The irreversible nature of
[3-FNA binding at the p site was confirmed using rat brain (Tam and Liu-Chen 1986;
Liu-Chen and Phillips 1987). and has been suggested to include both the p,;, and the
W, binding sites (Recht and Pasternak 1987). In the course of studies designed to
employ [FFNA as a long-lasting p antagonist at the spinal level, we observed that
this compound produced long-lasting antinociception in the writhing test after i.th.
administration to mice. Additionally, the time-course of the agonist activity of i.th.
3FNA in the mouse writhing test paralleled closely its ability to antagonize morphine
in the tail flick test. Coupled with other observations that K agonists could, under
some circumstances, act as | antagonists (e.g., Wood 1984; Holaday et al., 1985;
Tortella and Holaday 1987; Sheldon et al., 1987) and with the fact that the analgesic
effects of centrally-given K agonists can be difficult to detect in many tests
(especially those emphasizing heat)(Porreca et al., 1987). it seemed possible that the
long-lasting p-antagonist properties of this compound were related to its K agonist
actions.  This concept was particularly intriguing as the receptor binding
characteristics of B-FNA had been determined using brain, rather than spinal cord,
tissues. The present study has thus systematically examined and extended the
pharmacology of this important opioid tool in vivo using two analgesic tests and
administration of selective K agonists and antagonists at spinal sites in the mouse.

We have focused on the actions of B-FNA as an agonist or antagonist at the spinal
level. Unlike administration of U50,488H, a highly selective K opioid agonist (Von
Voigtlander et al., 1983), B-FNA produced long lasting antinociceptive effects after
i.th. administration in the writhing test. The antinociceptive actions of i.th. RFNA
were shown to be K mediated in that they were blocked by the K antagonist, nor-
BNI (Takemori et al., 1988) whether B-FNA was given either either 10 min or 4 hr
prior to testing. B-FNA was not effective in-the tail-flick test following i.th.
administration, the nature of its antagonist actions could also be investigated.
Pretreatment with R-FNA but not nor-BNI, produced a rightward shift of the i.th.
morphine dose-response line. I.th. nor-BNI did not, however, prevent the
antagonism of morphine produced by I.th. B-FNA indicating that the antagonist
actions of this compound were not related to its K agonist properties, and thus were
probably mediated through actions at the p receptor. On the basis of the present
experiment, we conclude that i.th. B-FNA produces its long-lasting agonist actions
through K receptors, and that its antagonist properties are most likely the result of
activity at p receptors. The nature of its long lasting interaction at these receptors
appears to be similar, however, in that the agonist and antagonist time-course are
similar.
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In conclusion, this study has demonstrated long-lasting agonist actions of i.th. 3
FNA in an analgesic test emphasizing chemical stimulation. Additionally, at the
spinal level, the antagonist profile of this compound appears to be mediated through
different receptors than its agonist actions. These experiments suggest a complex
mechanism of action for this compound and indicate that the possibility that ZFNA
antagonizes | agonists by its own agonist action at K receptors cannot be supported.
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Urine Screening: What Does it
Mean?
D. E. McMillan

Surveys conducted by the National Institute on Drug Abuse suggest that
men and women of working age frequently use psychoactive drugs (NIDA,
1986) and it seems likely that a considerable portion of this drug usage
occurs on the job. One recent survey found that one in ten of all job
applicants and employees tested positive for drugs (U.S. Department of
Labor, 1989). Estimates of the dollar cost of workplace drug abuse suggest
that the cost of drug abuse in the workplace may be as much as $700 billion
(Walsh and Gust, 1986). Although data on both prevalence and costs are
imprecise,

there is general agreement that drug usage at the workplace is a serious
problem, not only in terms of dollar costs, but also in work-related
accidents, job dismissal, illness and mortality.

In response to the problem, the Reagan administration initiated a broad
based program with an ultimate goal of a "drug-free workplace" with the
federal workforce serving as a model for American business. The
President's Executive Order directed federal agency heads to develop
policies on drug abuse, including employee assistance programs (EAPs),
training programs and a drug testing program. Since that time a large
number of private companies in the United States have initiated programs
designed to eliminate drug use in the workplace, the centerpiece of which
is frequently a drug testing program. These programs have been widely
publicized and exceedingly controversial for legal, moral and scientific
reasons. To set the stage for later papers, I would like to review briefly
some of these issues about which you will be hearing in greater detail later
in the symposium.

A. ANALYTICAL AND PHARMACOLOGICAL CONSIDERATIONS

The consequences of screening the urine of a worker or job applicant for
illegal drugs include refusal to hire, dismissal from the workforce and other
forms of discipline, loss of the worker's reputation and other punishments,
as well as more positive outcomes, such as referral to treatment. Because
the consequences of a positive screen are so important, the chemical
analysis of the urine must be absolutely accurate.
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An adequate drug test usually consists of two parts: an initial screening test
and a confirmation test when the initial screen is positive. A number of
initial screens are available, including the EMIT, ADX and TDX. These
screens have the advantages that they are highly automated, reasonably
specific and relatively inexpensive. Thus, they permit the rapid and
inexpensive screening of large numbers of urine specimens. Unfortunately,
reasonably specific is not adequate when the consequences of a positive
drug test are so important. Therefore, these initial screening tests are used
only to enable the testing laboratory to eliminate drug negative specimens
from further consideration, while positive specimens must be validated by a
confirmation test.

The "gold standard" of confirmation tests is gas chromatography-mass
spectrometry (GC/MS), a procedure with a high degree of analytical
accuracy. Although the GC/MS test is more difficult and expensive than
initial screens, confirmation of a positive screen with this test is an
extremely reliable index of drug exposure. It is most unfortunate that with
the widespread proliferation of drug testing programs many companies do
not perform any confirmation testing (U.S. General Accounting Office,
1988; Thomas-Holladay et al., 1989). Failure on the part of a company to
perform a confirmation test probably results from ignorance on the part of
management as to the importance of a confirmation test and a desire to do
drug testing at the lowest possible cost. Obviously, this can be a false
economy, since a positive drug test consisting only of an initial screen is
subject to legal challenge.

Although an initial screen, followed by a GC/MS confirmation, under
conditions of a carefully documented chain of custody appears to be quite
straightforward, in practice this is not necessarily so. Under the Mandatory
Guidelines for Federal Workplace Drug Testing Programs cutoff points
have been established for both the initial screen and the GC/MS
confirmation (Federal Register, 1988). The need for cutoff points arises
because our increasing analytical capacity has resulted in our ability to
measure ever smaller amounts of drug or drug metabolites in urine.
Theoretically, the ultimate level of analytical precision might be reached
when a single molecule of drug or drug metabolite can be detected in body
fluids. Obviously, at this extreme the accidental inhalation of a few
molecules of marijuana smoke would be detected. Although we have not
yet reached this level of precision and sensitivity, our ability to measure
drug exposure has probably outstripped our ability to interpret the results.

Cutoff points have been recommended in the Mandatory Guidelines
(Federal Register, 1988) which are designed to eliminate problems such as
passive inhalation of marijuana smoke. Unfortunately, private companies
are not required to follow these federal guidelines and many do not. For
example, in a six state survey of union workplaces in the midsouth, only
24% reported that their company used the guidelines (Thomas-Holladay et
al., 1989). In our experience in the Occupational Substance Abuse
Prevention Program at the University of Arkansas for Medical Sciences we
have found that companies often have rational reasons for adopting cutoff
points other than those recommended by the federal guidelines. For
example, a company may institute a policy that no contract worker can go
on a worksite without a drug-free" urine. When a worker's urine is positive
in the initial screen and negative on confirmation, the company may have
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to pay the contractor's workforce during the period between the screen and
the availability of the confirmation test Thus, the company might have
economic reasons for wanting to have most positive screens confirmed in
the GC/MS test. Toward this end the company might set a high cutoff
point in the initial screen and a low cutoff point in the GC/MS
confirmation.

Some companies can have difficulty in understanding the results reported
to them. According to the Mandatory Guidelines, results can be reported
as negative or positive, but the Medical Officer may request a quantitation
of the test results (Federal Register, 1988). In our program we nave found
that most Medical Officers do want a quantitative report; however, with
small companies, the Medical Officer is frequently a part-time general
practitioner, or perhaps an occupational nurse, with little or no experience
in interpreting drug testing data. For example, the Mandatory Guidelines
recommend 100 ng/ml as a cutoff point for the initial screen and 15 ng/ml
for the GC/MS confirmation for marijuana. The  initial screen shows
various degrees of cross reactivity to a variety of a”-tetrahydrocannabinol
(THC) metabolites. The method has a sensitivity down to 10 ng/ml for
combined cannabinoids to which cross reactivity occurs. The GC/MS is for
a specific A°-THC metabolite, a°-THC-9-carboxylic acid, which can be
measured reliably at levels of 2 ng/ml. Thus, both initial and confirmatory
assays are sensitive well below the recommended cutoff points. How a
company interprets and uses this quantitative information is frequently
beyond the control of the testing laboratory.

Perhaps the greatest source of confusion in drug testing programs is the
meaning of a positive report. The detection of a drug in the urine of a
worker does not imply that the worker was impaired at the time of testing,
or even that the worker ever was impaired. A positive result is indicative
only of exposure, not pharmacological effect This should not be surprising
since the recommended cutoff points for initial screens for marijuana,
cocaine and opiates are based on metabolites rather than the parent drug
and the GC/MS analysis for marijuana and cocaine are also based on
metabolites. Many of these metabolites are not psychoactive.
Furthermore, these metabolites are frequently detectable long after the
psychoactive effects of the drug have terminated.

Closely related to the issue of screening for detection of exposure to a drug
versus impairment of performance is the question of whether or not a
confirmed positive drug screen means that the worker has a drug
"problem". Some companies feel that one confirmed positive drug screen is
adequate evidence for action, while others may require repeated positive
tests, or evidence of impaired performance.

A final issue that should be mentioned is that drug testing programs are
biased toward the detection of drugs or metabolites that remain in the body
for long time periods. For example, cocaine metabolites are detectable in
the body for only a few days, while metabolites of marijuana can be
detected for a month or more in the urine of chronic users. Thus, a drug
testing program is more likely to detect the weekend marijuana smoker
than the weekend cocaine user. Which of these workers represents the
greatest problems in the workplace is not clear.
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B. COST EFFECTIVENESS

The basic assumption underlying the screening of the workforce for
exposure to illegal drugs is that the screening program is an effective
deterrant to drug use. According to recent surveys, drug usage (during the
past month) declined in the military by over 80% during the 8-year period
after drug screening was initiated (NIDA, 1988). Whether or not similar
decreases in exposure can be demonstrated in private industry seems less
clear and the degree to which the drop in drug usage by the military has
improved military performance is also unclear.

At this time there is a strong movement toward development of drug
screening programs in American companies. These programs are not
without financial costs. Depending on the particular test and the number
of workers to be tested, drug screens cost in the range of $15 - $30 per
specimen and GC/MS confirmation generally costs from $35 - $100. Thus,
the screening of 100 million workers might cost about $2 billion based on a
10% rate of positive initial screens and average price levels. This figure
represents a very small fraction of some estimates of losses due to
substance abuse; however, estimates of losses due to substance abuse are
based on soft data and there have been very few studies that have
attempted to measure the cost effectiveness of drug testing programs. Do
drug testing programs really reduce employee drug use and does the
reduction of employee drug use lead to decreases in accidents,
absenteeism, utilization of treatment resources and increases in
productivity? It is a fundamental assumption in drug testing programs that
a drug-free workplace will increase productivity and decrease costs, but
there are few data available that compare the savings produced by a testing
program with the costs of the program.

C. LEGAL AND MORAL CONSIDERATIONS

Some individuals have held that mandatory drug testing is a violation of an
individual's civil rights. In general, courts have uphelc% the employer's right
to screen job applicants for drug use and to screen workers involved in
accidents or other work incidents for evidence of drug usage. The random
screening of selected employees or all employees is %ess well established.
Certainly everyone agrees that the worker has certain rights and that the
worker's dignity should be protected.

Although the Mandatory Guidelines (Federal Register, 1988) specify that
an employee with a confirmed positive drug test must be referred to an
employee assistance program (EAP), in private industry many companies
make little attempt to meet the federal guidelines (Thomas-Holladay et al.,
1989). Many smaller companies do not even have an EAP to which to refer
workers and frequently punitive actions result from positive drug tests up to
and including job dismissal. In our program we nave been reluctant to
work with companies that do not refer current employees with positive
drug tests to the EAP; however, the policing of private industry is not a
burden appropriate for testing laboratories to assume and for those testing
laboratories that feel squeamish about the use to which their testing results
might be put, it is likely that other testing laboratories with less concerns
about what happens to the worker will be only too ready to perform the
testing.
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These issues are very complex. Certainly the public has a right to expect
that those workers with jobs critical to public safety are not using
performance-impairing drugs that compromise public safety. Similarly, the
company hiring a worker would like to know that that worker does not
have a serious drug problem and the company owes it to its stockholders to
reduce any factor that increases costs and lessens productivity, including
illegal drug use. However, the company also has a responsibility to the
impaired employee to refer him to a treatment facility. Finally, the worker
also has a right to his or her dignity and to freedom from unnecessary
harassment and discipline by management.

For better or for worse, the industrial base of this nation, with the
encouragement of the federal government has embarked on a massive
experiment in drug testing. They are doing so with little education of
either management or the workforce as to the meaning of the data being
provided, inadequate determination of the cost effectiveness of the
approach and with important le%al and moral questions as yet unanswered.
It is important that scientists, physicians, lawyers, ethitists, economists and
others concerned with these complex problems work together to find
answers to some of these questions.

The next series of papers will assess the state of knowledge in some of
these areas. Dr. Royer Cook will provide further details about the
prevalence of drug abuse in the workplace. Dr. Dennis Crouch will review
research on drug testing program effects on absenteeism, accidents and
costs. Captain Leo Cangianelli will report on the experience of the military
with their drug testing program. Professor Eleanor Schroeder will update
the current legal status of drug testing. Finally, concluding remarks and a
summary will be made by Dr. John Grabowski.
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The Effects of a Drug Testing
Program in the Navy
Leo A Cangianelli

HISTORICAL OVERVIEW

Two significant incidents early in this decade had a great impact
on the U.S. Navy®s resolve in fighting its "War on Drugs":

In November 1980, the Department of Defense (DOD) conducted the
first of four surveys to investigate the prevalence of drugs in
the military and the consequences on work performance and health.

The second incident took place in the spring of 1981, when results
of autopsies on fourteen sailors killed in a crash of an EA-6B
Prowler on the deck of the USS NIMITZ revealed that six of the
flight deck crew had traces of marijuana in their blood system.

Each incident effected a measured response on the part of the
Navy: the first started the development of a well thought out
long range program; the Nimitz crash greatly accelerated this
program.

The First DOD Survey

The results of the survey, titled "The Burt Study,' revealed a
shockingly high incidence of drug use > in all the services with
marijuana use of epidemic proportions. The highest prevalence was
in the Navy and Marine Corps: 47 percent of E-1 to E-5 Navy
personnel (essentially those junior members under 25 years of age)
had used marijuana in the thirty days prior to completing the
survey questionnaire.

The survey also revealed that drug use was not an off-duty

problem -- 26 percent of the junior enlisted reported being under
the influence of drugs while at work, and nearly one-half of these
respondents reported using drugs on 40 or more occasions in the
previous year. To Navy leadership, this latter result was
particularly devastating because of the obvious impact on combat
readiness and national security.
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To verify the survey statistics, the Navy conducted random
urinalysis testing on a similar group of sailors in Norfolk,
Virginia, and San Diego, California, and confirmed the findings of
the DOD report.

In response to the survey results, Chief of Naval Operations,
Admiral Thomas B. Hayward, tasked his drug prevention staff with
developing a strong program aimed at ""Zero Tolerance"™ of drug use
and stressed that the Navy®s renewed emphasis on pride, profes-
sionalism and readiness, was incompatible with drug use. He
promulgated the "'get tough” policy in July 1981 in a message,
NAVOP 097-81, in which he admonished commanding officers and
supervisors that the illegal use of drugs, regardless of the
degree of acceptance in the civilian sector, would not be
condoned.

This policy contrasted with the Navy®"s previous policy of
depending heavily upon treatment and education programs to deal
with the problem.

The USS NIMITZ Incident

Media treatment surrounding autopsy results of the six flight deck
crew members, the second incident impacting the "War on Drugs",
caused public outrage. Congress demanded that the Navy take a
tougher stance on drug use.

Ironically, at the time of the NIMITZ crash and the adverse
publicity, the Navy was involved in long-range planning to combat
drug use. This plan was not altered but was accelerated: the
planned three-year implementation of the program was speeded up
and was in place in one year.

In December 1981, Admiral Hayward launched his three-pronged
offense against drug use and announced the goal of "Zero
Tolerance': (1) any unauthorized use of illegal drugs, including
marijuana, would be considered a serious breach of discipline;
(2) violators would receive stiff penalties including courts
martial and administrative "bad paper' discharges; and

(3) urinalysis testing aimed at detecting, identifying, and
deterring drug abusers, would be implemented on a wide scale.

The detection and deterrence program and Admiral Hayward®s hard-
nosed, get tough policy to stamp out drug use was announced in a
special videotaped message sent fleetwide. The famous expression,
“Not on my watch! Not on my ship! Not in my Navy!"™ was first
decreed in his video message and became the "battle cry" for the
program.
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NAVY POLICY

The new Navy policy was promulgated in two messages issued on
December 23, and 29, 1981 (NAVOPS 172-81 and 178-81). The program
commenced one month later on February 1, 1981, and remains the
same today with only minor changes. Essentially, the policy
contained in the two directives states:

"The illegal possession, use, and distribution of drugs
and drug paraphernalia are not tolerated in the U.S. Navy
at any time: ashore, afloat, on or off duty, on or off
base ...1t is Navy policy to make full use of urinalysis
testing to assist in controlling drug abuse...." Policy
requires that senior personnel be separated after a single
incident of drug use. Junior personnel may be allowed a
second chance if they demonstrate exceptional potential
for continued service.

URINALYSIS TESTING

Implementation of the policy places emphasis on urinalysis testing
of new recruits at the point of entry within 48 hours of their
arrival at "boot camp"™ and again immediately upon arrival at the
first training school. Processing for separation is mandated for
individuals who produce an initial "positive” for any drug other
than marijuana. Those testing positive for marijuana may be
retained and randomly tested once each month for six months. A
second positive for any drug results in processing of an
individual for separation.

A confirmed positive urinalysis test at entry is considered a
first drug use incident. A second drug use incident is cause for
mandatory processing for separation.

This intensive testing program early in the member®"s career is
designed to demonstrate a strong commitment by the Navy to
identify and eradicate drug abuse.

Once a sailor reports to his or her first duty station, the member
is subject to the command urinalysis screening program wherein 20
percent of each unit is tested every month. Most of these are
random tests but testing can be conducted incident to a search and
seizure, for probable cause, during medical examinations or to
determine fitness for duty.

In addition to urinalysis testing, commanders use every means
available to identify individuals involved in any way with illegal
drugs. This includes special investigative agencies, on and off
base, to identify traffickers supplying illegal drugs to Navy
personnel; drug detection dog searches to locate and identify drug
"stashes”; health and welfare inspections; and randomly searching
vehicles for contraband. Traffickers are court-martialed and
placed in pretrial confinement.
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Leaders set the example. Any use or possession of illegal drugs
by leaders is considered reprehensible and totally inconsistent
with the exemplary role they play in the Navy. Consequently,
officers and senior petty officers who use or possess drugs are
processed for separation at the first drug incident. Junior
enlisted personnel may be afforded a second chance provided they
totally reject the drug use and show potential for continued
drug-free naval service. Following a first drug use incident,
junior enlisted personnel are disciplined, educated or counselled,
and generally returned to duty following successful
rehabilitation.

Llecti I .

Random samplings and unit "sweeps' are two ways of conducting
urinalysis inspections in the Navy and serve as strong deterrents
to drug use. In the random sampling program, individuals selected
for testing are chosen at random through combinations of social
security numbers, computer number selections, etc. A unit sweep
is the testing of an entire unit or a subunit -- an identifiable
segment or class of a unit -- e.g., a division, barracks, all E-4
and below, all officers, all personnel who have reported for duty
in the last month, etc. The urinalysis program is designed so
that a member®s chance of selection, and therefore detection,
remains constant throughout the individual®s enlistment.

A sample of at least 60 milliliters of urine is provided under the
direct observation of a designated individual. The observer signs
a ledger certifying that the specimen bottle contains the sample
provided by the member and that it has not been tampered with in
any way. The submitting member signs the ledger and initials the
label on the specimen bottle. The coordinator initials the label
and records the information on a Urine Sample Custody Document
(OPNAV 5350/2). The coordinator prepares the sample for shipment
to the cognizant drug screen laboratory.

The Navy Drug Testing Laboratory system tests over two million
specimens annually. Each sample is tested for seven drug classes
at five locations: Great Lakes, 1l1., Jacksonville, FIl., Norfolk,
Va., Oakland, Ca., and San Diego, Ca. The drug classes and cutoff
levels are as follows:

SCREENING CONFIRMATION
DRUG LEVEL LEVEL

THC (MARIJUANA) 100 NG/ML 15 NG/ML
COCAINE 300 NG/ML 150 NG/ML
OPIATES:

MORPH INE 300 NGIML 4000 NG/ML
CODEINE 300 NG/ML 2000 NG/ML
HEROIN (6 MAM) 300 NG/ML 10 NG/ML
AMPHETAMINES 1000 NG/ML 500 NG/ML
pPCP 25 NG/ML 25 NG/ML
LSD .5 NG/ML .4 NG/ML
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When the sample reaches the drug testing laboratory, the specimen
packages are inspected, the specimen bottle is numbered, and a
sample is poured into the testing vials. Samples are screened
using the radioimmunoassay (RIA) method which tests for a class of
drugs; negative samples are eliminated from further testing.

From samples that test positive, two additional aliquots are
poured and forwarded for simultaneous RIA screening and
confirmation testing by the gas chromatography/mass spectrometry
(GC/MS) equipment. The testing data for each positive sample are
summarized, evaluated, reviewed within the lab, and only when all
three tests (two RIA and one GC/MS) prove the sample to be
positive above the cutoff levels are the results reported back to
the submitting command.

To assure consistency across the entire system, the labs function
under a centrally-managed, standardized operating procedure
controlled by the Naval Medical Command. Quarterly inspections
are conducted to enforce this policy and each lab conducts an
intensive internal quality control program which requires that at
least 20 percent of the samples tested in the lab are for quality
assurance.

In addition, a centrally-monitored external quality control
program is administered by the Armed Forces Institute of Pathology
(AFIP) and closely monitored by both line and medical leadership.

External quality control is conducted in two separate and distinct
procedures. The "blind" sample program imposes 48 samples per
week on each laboratory--36 of which are negative and 12 of which
are positives. These samples are provided by the AFIP directly to
certain designated field commands who place their own label with
an AFIP SSN on the bottle and include these samples with their own
collected specimens. The entire package is submitted to the
designated laboratory for testing. Results are monitored by AFIP
and Navy line leadership. In the "open" sample program 24 spiked
samples are provided to each lab for testing. In this case the
lab must correctly identify the drugs and levels for each sample.
Since 1982, when this program was implemented, none of the labs
have reported a "false positive” of 6,000 negative blind samples
submitted annually.

Each year, Navy line leadership conducts a full inspection of each
laboratory with assistance from at least two leading civilian
forensic toxicologists. This inspection has opened Navy labs for
external technical scrutiny by the scientific world and has paved
the way for Navy to become the model program for drug forensic
testing.
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EDUCATION AND TREATMENT PROGRAMS

In addition to a wide variety of command education and prevention
programs, treatment and counselling programs are available
worldwide and are designed to deal with all types of drug use
problems from experimental use to full drug dependency. Four
free-standing and twenty hospital-based residential alcoholism
rehabilitation facilities are among the best in the world annually
treating over 6,000 Navy and Marine Corps personnel. The
intensive, six-week multi-disciplinary therapeutic program
includes counseling, education, and participation in self-help
groups. Over 85 Counseling and Assistance Centers provide
screening, referral, outpatient counseling, and aftercare to Navy
members whose problems do not require the inpatient treatment.

CONCLUSION

A program of this magnitude is not problem free. While there is
close management and oversight of the laboratory process, urine
sample collection procedures are the weakest link.

Over 2,000 Navy commands are responsible for collecting samples
under chain of custody procedures which must be followed
precisely. These procedures are explicitly outlined in Navy
policy directives; a handbook provides guidance for urine
collection teams.

Experience has shown that drug users will go to great lengths to
defeat urinalysis testing including substituting clean urine,
adulteration of the sample with foreign substances, and dilution
with water. Direct observation and close supervision of the
collection process, and attention to detail during the chain of
custody process, have proven the best countermeasures.

The Navy"s program is a resounding success. Follow-on DOD surveys
in 1982, 1985, and 1989, have shown that drug prevalence has been
reduced from 33 percent in 1980 to 5.4 percent today.

Decline of Nav l
Drug Abuse |
Perocent of Drug Abuse=8==6=
mw * Any Nonmedical Drug used Within
Past 30 Days of Questionnaire
o] e
30%
| 20% 162% o
10%4 5.4%
% —= ] . )
DoD Survey Years
—]
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The "Zero Tolerance" policy remains the cornerstone of the
program. Sixty four percent of respondents in follow-on surveys
agreed that urinalysis testing has reduced drug use in the
military and 81 percent believed that the program has not hurt
morale. 3

The Navy®s urinalysis program remains a national standard for a
sound, valid, and legally-supportable testing plan. Analysis
indicates that the multi-faceted approach of urine testing for
identification and deterrence, appropriate application of
discipline, and referral for treatment and counseling when
relevant, are the essential features of a successful drug
prevention and control program.

FOOTNOTES

'Subsequent DOD studies, titled "The Worldwide Survey of
Alcohol and Nonmedical Drug Use Among Military Personnel," were
conducted in 1982, 1985 and 1988. To compile the statistics for
the 1988 DOD survey, about 19,000 questionnaires were mailed to
selected installations worldwide requesting anonymous responses.
To provide correlations and consider significant predictors of
drug use, a model of any drug use during the previous 12 months
was incorporated into the survey questionnaire. Conclusions are
reached after extensive computer analysis and review by survey
teams.

2'Drug use" is defined as use of marijuana, cocaine, PCP, LSD,
or other hallucinogens, heroin or other opiates, inhalants,
"designer drugs" or other non-medical drugs.

Among Military Personnel, Research Triangle Institute, June 1986,
Page 154.

AUTHOR
Captain Leo A. Cangianelli, U. S. Navy, is the director of the

Navy"s Drug and Alcohol Abuse Prevention and Control Division,
Washington, DC.
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Legal Aspects of Urine Screening
Elinor P. Schroeder

Federal initiatives such as President Reagan's 1986 Executive
Order 12,564, requiring the head of each Executive agency to
establish a drug testing program and Public Law 100-71, 101 Stat.
468 (1987), governing the scope of Federal Governnent drug
testing, have been the driving force for enploynent drug testing
in this country. That fact, plus the availability of constitutional
chall enges to government's actions, neke it not surprising that
nost of the judicial analysis of drug testing prograns has involved
the public sector. The outcone of this litigation will, however,
strongly influence devel opnents in the private sector as well.

FEDERAL LAW
Fourth Anendnent

On March 21, 1989, the United States Supreme Court upheld the
constitutionality of two different federally mandated enpl oynent
drug testing prograns. Wiile the Court did not give a blanket
approval to drug testing under any and all circunstances, the
sweepi ng | anguage of these opinions, allow ng testing of workers
wi t hout individualized suspicion of drug use, wll undoubtedly be
used to justify many programs. |In Skinner v. Railway Labor
Executives' Association. 109 S. C. 1402 (1989), by a vote of
seven to two, the Court upheld regulations pronulgated by the
Federal Railroad Administration requiring railroads to conduct
blood and urine tests of enployees involved in serious train
accidents and authorizing railroads to conduct breath and urine
tests after <certain rule violations. In National Treasury
Enpl oyees Union v. von Raab, 109 S. C. 1384 (1989) , by a vote of
five to four, the Court held that the Custons Service did not
violate the Fourth Amendment by requiring a wurine test of
applicants for positions directly involving drug interdiction or
enforcement of drug laws and for positions requiring the carrying
of a gun. The Court found the record inadequate to evaluate a
testing requirement for a third category of positions, those
involving the handling of "classified" material, and it remanded
that portion of the case for further findings.
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In both cases, the Court first cane to the fairly unrenarkable
conclusion that urine tests are "searches" within the meaning of
the Fourth Amendnent, because they infringe upon I|ong-established,

wi del y-recogni zed, and serious expectations of privacy.

Traditional Fourth Anendment analysis requires that the governnent
have probabl e cause and obtain a warrant before proceeding with a
search. There are, however, sone exceptions to the warrant
requirement, when "special needs, beyond the need for |aw
enforcement," make obtaining a warrant inpracticable, New Jersey
v. T.L.O, 469 U S. 325, 351 (1985). The court deternined that
there was no need for the protection a warrant provides from
arbitrary governnment action in either Skinner or von Raab because
the tests were standardized and those in charge of the program
had little discretion in selecting individuals to be tested.

Moreover, in Skinner, the fleeting nature of the metabolic evidence
required that tests be perforned inmmediately, w thout the delay
entailed in seeking a warrant. Noting the possibility that the
results of a post-accident drug test might be turned over to |aw
enforcement authorities, the Court left "for another day" the
question whether routine wuse of test results in crimnal

proceedi ngs would present a problem 109 S. C. at 1415 n.5.

As to the Fourth Anmendnent's requirement of probable cause,
al though the Court has remarked that probable cause is not an
"irreducible requirement" of a valid search, New Jersey v. T.L.O,
supra at 340, wuntil Skinner and von Raab. the search of an
individual other than a prison inmate had never been upheld w thout
sone level of individualized suspicion. See New Jersey v. T.L.O,
supra (search of student's purse by public school principal after
the student was caught snoking in the school bathroom); O Connor
v. Otega, 480 U.S. 709 (1987) (search of public enployee's office,
desk, and files as part of investigation of specific financial
i mproprieties); Bell v. WlIfish. 441 U S. 520 (1979)
(suspicionl ess body cavity searches of prison inmates).

Actual |y, Skinner could have been shaped to fit this requirenent
of individualized suspicion. The FRA regulations required
mandatory testing of all crew nmenbers on a train involved in a
serious accident, even if some were not suspected of having
played a part in the accident. The government presented evidence
of significant problens of alcohol and drug abuse anopbng railroad
workers, including 34 fatalities, 66 injuries, and over $28 nillion
in property damage during an eight-year period fromthe errors of
al cohol and drug-inpaired enployees. That information, conbined
with the difficulty of determining individual responsibility in
the chaotic aftermath of a mmjor train accident, could have |ed
the Court to allow a presunption of reasonable cause to test all
crew menbers. Instead, the nmajority in Skinner abandoned entirely
any requirement of individualized suspicion and in its place
imposed a balancing test that neasures the enployees' privacy
interests against the governnent's interest in drug testing.
Performing this balancing, the Court termed the privacy interests,
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those very interests that were significant enough to trigger the
Fourth Amendment in the first place, "mninal," while the
government's interest in "regulating the conduct of railroad

enpl oyees to ensure safety", 109 S. ct. at 1414, was "conpelling."

The Court also rejected arguments that post-accident testing is
unr easonabl e because the results of blood and urine tests for
drugs other than alcohol do not reveal current intoxication or
degree of inpairnent. The Court reasoned that the tests do provide
rel evant information that nay aid investigation, and, in any event,
anot her of the governnent's purposes is to deter drug use in the
first place, and that purpose is furthered by tests that reveal
only past use. Consistent with this rationale, a few days after
Ski nner and von Raab, the Court vacated a decision that the
District of Colunbia school system could conduct drug tests of
certain enployees as part of a regular medical examonly if the
tests were capable of detecting current inpairment. Jones V.
McKenzie. 833 F.2d 335 (D.C. Gr. 1987), vacated sub nom Jenkins
v. Jones. 109 S. Ct. 1633 (1989).

The key to the distorted reasoning in Skinner is its conpanion
case, von Raab, which could not have been decided as it was under
pre-Ski nner Fourth Amendnent analysis. There was no evidence of
a drug problem in the Customs Service. In his announcenent of
the program to enployees, the Conmi ssioner of the Service
described the testing program as setting "an inportant exanple in
our country's struggle with this npst serious threat to our
national health and security," 109 S. C. at 1401; as the dissent
pointed out, this is pure synbolism O the first 3,600 enpl oyees
tested, there were only 5 positive results. Cearly, there was
no basis for suspicion of any individual or for the kind of group
suspi cion that mght have been found in Skinner. Having adopted
a new balancing test in Skinner, however, the mpjority found
several conpelling governnental interests in drug testing:
"ensuring that front-line interdiction personnel are physically
fit, and have uninpeachable integrity and judgnent," 109 S. Ct.
at 1393, elimnating "the risk that enpl oyees who nay suffer from
i mpaired perception and judgnent will be prompted to positions
where they may need to enploy deadly force," id., "deterring drug
users from seeki ng such pronotions," id. at 1395, and "protecting
truly sensitive information from those who, under conpul sion of
circunstances or for other reasons, . . . mght conpromse [it],"
id. at 1396. It was on this last point, protecting inportant
information, that the remand occurred. The Customs Service had
included in its testing program positions such as "Accountant,"
"Ani mal Caretaker," Baggage Cerk," "Attorney," and "Messenger."
It was not clear from the record that all occupants of these
positions would actually have access to classified information.

Attorney General Thornburgh has declared that Skinner and von
Raab give a "green light" to drug testing, in both the public and
private sectors, and in large part, he may be right. Anpng the
questions that remain to be answered in the wake of these
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decisions is what other groups of workers may be subjected to
suspi cionless drug testing. Although there have been argunents
that safety is the only justification for testing, the Court relied
on both public safety and integrity concerns. The safety rationale
certainly would include all |aw enforcenent and npbst other public
safety officers, as well as the operators and nmintainers of neans
of mass transportation. In addition, both mjority opinions and
Justice Scalia's dissent in von Raab mentioned favorably a Court
of Appeals decision, Rushton v. Nebraska Public Power District.
844 F.2d 562 (8th Cir. 1988), which upheld testing of workers at
a nuclear power plant. As Justice Scalia pointed out in his
dissent in von Raab, the safety rationale would also include the
operators of dangerous equipnent, construction workers, and school
crossing guards, as well as autonobile drivers. Cf. National
Gypsum Co. v. Kansas Enploynent Security Board of Review 244
Kan. 678, 685, 772 P.2d 786 (1989) ("The threat posed by enpl oyee

drug use ... is particularly dangerous when enpl oyees are engaged
in the operation of heavy equi pnent, work on wall board production
lines, and use extrenmely hazardous materials. . . .")

The Court's second rationale for drug testing was the need to
insure that enployees could not be bribed or blacknailed into
revealing sensitive information or conpronising the mssion of
their agency because of a drug habit. This integrity/honesty
factor certainly justifies testing nmenbers of the mlitary and
enpl oyees of law enforcement and intelligence agencies. The
Court's remand on the question of access to classified infornation
does indicate that there nust be some people working in this
country who may not be subjected to suspicionless drug testing,
but a powerful argunent can be advanced that the Court's reasoning
m ght include others with access to inportant, although perhaps not
"classified," information. For instance, enployees w th know edge
of trade secrets, or enployees of law firms, accounting firms, and
publicly-traded corporations with access to "insider" information,
mght be equally subject to blackmail or bribery.

Anot her major unanswered question from Skinner and von Raab is the
constitutionality of random testing. A few lower courts have
al lowed random testing in what they termed "pervasively regul ated"
industries, on the ground that workers in those fields have a
reduced expectation of privacy. See, e.g.. Shoenmmker v. Handel.

795 F.2d 1136 (3d Cir.), cert. denied. 479 US. 986 (1986)
(jockeys) ; Rushton v. Nebraska Public Power District supra
(nucl ear power plant workers); Policenan's Benevol ent Associ ation
v. Township of Washington. 850 F.2d 133 (3d Cir. 1988), cert.
denied. 109 S. C. 1637 (1989) (police officers); MbDonell v.
Hunter. 809 F.2d 1302 (8th Cir. 1987) (prison enployees). On the
other hand, district courts have been routinely striking down the
random testing conponents of Executive agency testing prograns.
See, e.g., Bangert v. Hodel, 705 F. Supp. 643 (D.D.C. 1989) (random
testing of Department of Interior workers in "sensitive" positions
unconstitutional); NTEU v. Lyng, 706 F. Supp. 934 (D.D.C. 1988)
(conmputer specialists and nmotor vehicle operators in Departnent
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of Agriculture); Harnon v. Meese, 690 F. Supp. 65 (D.D.C. 1988)
(Department of Justice enployees). |If “randon nmeans only
"suspi cionl ess", random testing entails a great potential for
supervi sory abuse and harassnent. A truly random system however,
such as one in which individuals to be tested are selected by
lottery, would elimnate the supervisor's discretion and thus
the possibility of discrimnatory selection. One of the reasons
no warrant was required in Skinner was the unlikelihood of abuse
of discretion by railroad supervisors; simlarly, in von Raab
the occasions for testing were set forth in the regulations and
were not controlled on an individual basis by Custons Service
officials. Further, one of the conpelling governmental interests
found in both cases was deterring drug use. If one is interested
in deterring workers from ever using drugs, a truly random testing
program would be a very effective nechanism

Handi cap Discrinination

A "predictable. and inevitable consequence" of enploynent actions
based on the results of drug tests will be challenges under federal
and state laws prohibiting discrimnation on the basis of handicap,
al though those challenges may require enployees to make sone fairly
unsavory arguments about thenselves. The Rehabilitation Act of
1973 prohibits Federal contractors and recipients of Federal
financial aid from discrimnating against "otherwi se qualified
individuals with handicaps." 29 US. C. 88 793(a), 794. For
enpl oyment purposes, an "individual wth handicaps" is defined as
a person who has or is perceived as having "a physical or nental
i npai rment which substantially limts one or more of such person's
major life activities." 29 US. C 8§ 706(8) (B). A npst all of
the states have laws prohibiting discrimnation against the
handi capped; their coverage varies, but nost follow the federal
definition. Wile alcoholism and drug addiction have been found
to be inmpairnents, a 1978 anendnent to the Rehabilitation Act
excludes from its coverage for enployment purposes "any individual
who is an alcoholic or drug abuser whose current use of al cohol
or drugs prevents such individual from perform ng the duties of
the job in question or whose enploynent, by reason of such current
al cohol or drug abuse, would constitute a direct threat to property
or the safety of others." 29 US.C 8§ 706(8) (B). The Suprene
Court has commented that by this anendment Congress did not intend
to exclude fromthe protection of the Act all al coholics and drug
addicts. School Board of Nassau County v. Arline, 107 S. Ct.
1123, 1130 n.14 (1987). Therefore, the issue wll be the
significance of a positive test. Wuld a positive test for
marijuana, for instance, allow an enployee to argue that he or
she is a "drug abuser" and therefore protected from discharge
unless his or her drug abuse constitutes a direct threat to
property or safety? Casual use of drugs, particularly alcohol,

m ght be found to be either not an inpairnent at all, or at the
most a "voluntary" inpairment, which is probably not covered by
the Act. On the other hand, any consunption of illegal drugs

m ght be considered "abuse," or an enployee who tested positive
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m ght contend that he or she is in fact an abuser. To date, there
have been only two reported cases on this point, although nore
litigation can be anticipated as the threshold questions of
constitutionality are answered. In Burka v. New York City Transit
Authority. 680 F. Supp. 590 (S.D.N. Y. 1988), the Rehabilitation
Act was held to apply only to those otherwise qualified drug
abusers who have been or are being rehabilitated, and not to
individuals who tested positive but had not sought rehabilitation.
In MCeod v. City of Detroit. 39 Fair Enp. Prac. (BNA) 225
(E.D.M ch. 1985), the court assuned that use of marijuana is a
"physical inpairnment," but held that being denied a job as a fire
fighter (the position at issue) did not "substantially limt.
.[the] major life activity" of working; there were still plenty
of jobs in the labor market for which plaintiffs were qualified.
If drug testing of applicants becomes comonpl ace, this rationale
may no |longer suffice, for continuing positive tests may neke an
i ndi vidual unenpl oyabl e.

STATE LAW
State Constitutional and Statutory Rights
In a few States, constitutional protections against unreasonable

searches and seizures or invasions of privacy have been interpreted
more broadly than their federal counterparts. See Horsenen's

Benevolent and Protective Association. Inc. v. State Racing
Conmmi ssion. 403 Mass. 692, 532 N E 2d 644 (1989) (random and
reasonabl e suspicion drug testing of licensees in state racing

industry violates the Massachusetts Declaration of Rights);
Hennessey v. Coastal Eagle Point Gl Co., No. WO003611-86 (N.J.
Super. Ct. 4/28/89) (random drug testing of private sector
enpl oyees viol ates New Jersey constitution). Over half the States
have considered |egislation authorizing or regulating drug testing;
as of this witing, twelve, lowa, Kansas, Louisiana, M nnesota,
Nebraska, North Carolina, Rhode Island, Tennessee, Utah, Vernont,
Virginia, and Wsconsin, have enacted |laws on the subject. Wile
most of these laws restrict an enployer's freedom to test and
limt disciplinary action after a positive test, the Utah statute
gives great freedomto private sector enployers and linmts enployee
rights. Skinner held that when a private search is the result
of the Government's "encouragement, endor sement , and
participation," 109 S. C. at 1412, the Fourth Amendment is
i mplicated. Feder al regul ations requiring private sector
enpl oyers to conduct drug tests will probably be held to preenpt
conflicting State laws. See French v. Pan Am Express. Inc., 869
F.2d 1 (1st Cir. 1989) (Rhode Island drug testing statute is
preenpted by Federal Aviation Act, as applied to a pilot for an
interstate air carrier); Al verado v. Washington Public Power Supply
System 111 Wash.2d 424, 759 P.2d 427 (1988), cert. denied. 109
S. Ct. 1637 (1989) (Federal preenption of the field of nuclear
safety prevents application of Wshington Constitution to drug
testing at nuclear power plant).
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Common Law Torts

State tort law offers a variety of possible challenges to drug
testing, such as wongful discharge, invasion of privacy, outrage,
defamati on, and negligence. There has been very little litigation
under State common law to date, but it can be anticipated that
State courts will be heavily influenced by devel opments under the
Fourth Amendnent, and enployers wth well-designed prograns
containing sufficient procedural safeguards will not face a great
risk of tort liability. Even though nobst States have recognized
exceptions to the enploynent-at-will rule, workers fired for
failing a drug test must find some public policy enbodied in State
law that his or her firing allegedly violated. In States wth
drug testing statutes, a firing in conpliance with the law will
not be found to violate public policy. Even in States w thout
statutes, it may be hard for at |east sone workers to make a
conpelling public policy argunent, see Luedtke v. Nabors Al aska
Drilling Inc., 768 P.2d 1123,4 Indiv. Enp. Rights Cases (BNA) 129
(Al'laska 1989) (public policy supporting health and safety outweighs
public policy supporting enployee privacy rights; discharge of
two workers on North Slope oil drilling rigs who tested positive
for narijuana upheld). Mreover, since there is no cause of action
for "wongful refusal to hire," applicants who fail pre-enploynent
drug tests are cut of |uck.

torts of outrage, such as invasion of privacy and intentional
infliction of enptional distress, require egregi ous behavior, "an
unjustified intrusion ... of such negnitude as to cause an
ordinary individual to feel severely offended, humiliated, or
outraged." K-Mart Corp. Store No. 7441 v. Trotti, 677 S.W2d
632, 636 (Tex. App. 1984) . Once again, well-designed drug testing
prograns that conform to public sector constitutional requirenents,

where enpl oyees are given advance notice of the testing program
and where reliable tests are used, will probably stand up to nost
tort challenges. See, e.g., Trotti (invasion of privacy to search
enpl oyee's | ocker, where enployees were allowed to bring their
own |ocks); Kelley v. Schlunberger Technology Corp., 849 F.2d 41
(1st Cir. 1988) (affirm ng verdict against enployer for invasion
of privacy and negligent infliction of enotional distress under
Loui siana |law, where enployee was fired for failing a drug test
that involved direct observation of wurination); Bodewig v. K-Mrt,
Inc., 54 O.App. 480, 635 P.2d 657 (1981), pet. denied. 292 O.
450, 644 P.2d 1128 (1982) (tort of outrageous conduct found where
enpl oyer required strip search of enployee suspected of theft, in
presence of conplaining customer).
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Drug Screening in the Workplace:
Use, Abuse and Implications
John Grabowski and Peter B. Silverman

INTRODUCTION

Drug abuse constitutes a complex and substantial problem for
which numerous solutions have been proposed. Typically, the
goal has been to produce rapid and dramatic change. This has
not been achieved at any of the possible points of
intervention. Walsh (1989) has noted that efforts to reduce
supply at the source, or by capture of supplies in transit have
been of limited effectiveness. Reports of the effectiveness of
prevention efforts to reduce demand are equivocal. The 'zero
tolerance™ approach with users has limitations. Finally, the
development of efficacious treatments has been a slow and
difficult process.

The perceived magnitude of the problem and frustration with the
results of each of the single interventions (optimally
implemented or not) have led to proposal of exceptional
solutions. They are exceptional in so far as they stray
substantially from standard practice, require substantial
effort for the possible benefit, or are contrary to the current
wisdom or indications of available data. Thus, for example, at
one extreme, Buckley (New York Times), proposed that all drugs
should be legalized. At the other extreme, the concept of
""zero tolerance'" emerged with the view that any contact with
drugs should bring rapid and harsh penalties. Concurrently
there has emerged the call for panpopulation urine screening.
This has been variously proposed as an adjunct, a deterrent, or
a cure.

The desirability of the goal of reducing drug abuse in the
workplace is clear. The means for doing so are less clear.
Fundamental concerns reside in: whether drug screening serves
any of the proposed functions; the determinants of its
efficacy; and the possible short and long term consequences.
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PROCEDURES AND CIRCUMSTANCES FOR DRUG SCREENING

A. Drug Testing Technologies, Procedures, and Costs

The technologies for screening, their limitations and
advantages have been discussed extensively in the literature
and summarized by Hawks and Chiang (1987). Strict adherence to
chain of custody rules for specimens can reduce the probability
of errors from this source, although they can never be
eliminated. Appropriate combinations of immunoassays,
chromatographic and spectrographic techniques can provide
reliable screening and confirmation procedures. Precise
laboratory procedures potentially assure a specified level of
certainty concerning results. Yet problems of poor quality
control will be difficult to resolve in the public sector. As
Finkle has noted, "In the climate where there is money to be
made, inevitably there will be incompetent and inadequately
staffed laboratories... the tests are very easy to do badly and
difficult to do well™ (NYT, 1986). Elaborate and costly
efforts to increase quality control being implemented by
various professional societies and the NIDA can be expected to
reduce, but not eliminate, this source of error. In brief,
under the best of conditions, the tests can produce reliable
results but problems of unreliability can emerge under
conditions that are presumed to be acceptable (Lundberg, 1986;
Hansen et al, 1985).

While costs for testing with high specificity and sensitivity
are substantial, it is likely that these costs can be reduced
by improvements in technology and increased volume of testing.
However, the current costs of drug testing by proficient
laboratories using appropriate techniques have been estimated
by Miike (personal communication, 1988) and are considerable.
High volume and the special circumstances for the military
testing program minimized costs, yet 3.6 million drug tests
with 92,653 positives, cost the military over $52 million in
1986 (Miike, personal connnunication, 1988).

B. Types of Screening

The Urban Mass Transportation Administration (UMTA) has
described the range of possible employment testing strategies
in nonclinical settings related to transportation workers as
imposed on December 21, 1988 (53 FR 47156; 1988). These
requirements have had the most pervasive reach outside of the
military screening program. The basic types of testing
specified include; preemployment screening, random screening
during employment, reasonable cause screening, return to duty
screening, and post accident screening. (An additional
category in part intended to preclude performance enhancement
has been incorporated in athletics). The goal of the several
categories is said to be "a drug free workplace". While
several of these approaches are preventive, others are intended
to place blame.

Preemployment screening assures that only those who have
abstained from drug use for a sufficient period will be
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employed. Random screening will identify those using
behaviorally active drugs and is intended to detect and have
deterrent value. However, it appears that most random testing
is insufficiently frequent to have demonstrable benefit in
terms of prevention. For example, following the 50% rule,
employees are tested only once every two years. Patterns of
drug use can alter dramatically during such extended periods.
Further, some companies refrain from random screening because
of the potential for legal action. This view was voiced at DOT
hearings by those in the transportation industry. Procedural
problems also exist such as keeping testing dates confidential
and the need for elaborate bookkeeping and supervision.

Reasonable cause screening can be viewed as quasi-diagnostic.
IT an employee has been observed to engage in inappropriate
behavior, testing may be requested by supervisors. (Two
potential problems are that a minimally trained supervisor is
making judgements about drug effects and performance in a
situation rife with conflicts, and the behavioral problem
itself may warrant referral to an Employee Assistance Program
whether or not its origins reside in drug abuse). Return to
duty screening with long term repeated follow-ups is typically
related to prior positive screens but may also be used as a
means of implementing screening on existing employees not
covered by preemployment screening. Finally, post-accident
testing is explicity intended to identify or rule out factors
contributing to accidents. In general, screening other than
post-accident is an effort to preclude impaired performance.
Testing in athletics on the other hand addresses drug related
enhancement of performance, may deter drug use that might
permit continued participation despite injury, and presumably
is intended to have some larger social benefit.

Reasonable cause testing and particularly the subset of
post-accident testing may be the most widely accepted types.
Currently, preemployment screening is the most commonly used.

The general acceptability of screening appears to be related to
perceived consequences of drug effects on performance.

However, it is also determined by factors such as company size,
union strength, and cost. Large companies are more likely to
screen than small companies. Cost of testing programs,
insurance, presence of EAPS, and treatment are pertinent in
these decisions. Schools may be thought of as special
workplace sites and whether or not testing can or will be
implemented depends on the community view. lronically, one
school district that imposed testing did so for all drugs other
than alcohol and tobacco (NYT, 1986) thereby following the
approach of most industrial testing programs.

There is no agreement on who should be tested. "Fairness"™ might

dictate that all, if any, employees should be tested and some
companies have taken that approach. Others acknowlege
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privately that differential rules apply. Data on drug abuse
(e.g- Cook, 1988) suggest that some subgroups of the work force
have higher prevalence rates and therefore a data based
approach would adhere to differential, or targeted populations
for testing. Others have suggested that testing should focus
on professions based on risk in lives, money, or power. Data
strongly support screening during treatment for drug abuse, and
the high correlations between drug/alcohol use and accidents
dictate that post accident testing is indicated. (Peculiarly,
some treatment programs refuse to test due to concerns that
patients will feel they "are not trusted.') However, the issue
of who to test has not otherwise been satisfactorily addressed.

o
It has been stated that the "model policy" is intended to "get
the substance abusing employee into treatment, afford the
opportunity for help, and get the individual back on the job"™
(Walsh, 1989). There are no data about the extent of adherence
to the model policy. It can be expected that small companies
have difficulty implementing this costly approach. Policies
can be dramatically changed by events. Thus for example, Exxon
did not use available data in terms of fitness for duty for a
tanker captain and has now announced a policy that assures
dismissal of those found to have used drugs. AMTRAK, like
Exxon, had not used previously available data concerning those
involved in a serious accident. Punitive rather than
rehabilitative policies are likely to be the mode given the
costs of the latter.

CONSEQUENCES OF TESTING

_ - o
Proponents of drug screening in the work place predict the
consequence will be reduction in drug use in this environment.
They further believe that other drug use will be reduced.
There are some data such as those from the military that
suggest reductions may occur. However, screening in that
highly regulated environment is not an adequate test of the
effect. Evaluation of changes in rate of positives due to the
screening program in civilian environments will necessarily be
contaminated. Substantial public interest, concern, and the
changing perceptions about drug use have apparently produced
the reductions that Musto (1987) predicts in his description of
cycles of cocaine use (e.g. see NIDA, 1989, High School Senior
Survey). Reduced rates of drug use by current high school
seniors are predictive of reduced rates of use by the next
generation of employees. Therefore, future reductions of drug
use attributed to screening programs may be in fact the result
of other processes. In the face of substantial cost and
problems, determination of the contribution of effects of drug
screening on drug use should precede widespread implemention.
Further, it should be noted that the drug use rates in some
environments are sufficiently low (Cook, 1988) to assure that
there will be little evidence of effect. It is more likely
that screening programs in low use environments will create
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problems for nonusers, given false positives rates.

B. Reduction in Therapeutic Drug Use
Grabowski and Lasagna (1987) proposed that a major concern that

emerges with the current furor about drug use is exacerbation
of lay public fears about being "addicted". Added to this is
the new concern that they will be "caught" using their
therapeutic agents. Some individuals may stop using
therapeutic agents prior to a known drug screen to preclude the
need for responding to questions about use or about their
health status. While stated policies indicate that providing a
list of prescription (or nonprescription drugs) prior to
testing will obviate the need for concern, it presents obvious
problems. This is an undesirable consequence since compliance
is a major problem that can be complicated by drug screening .

C. Public Health lIssues
Decreases in substance abuse will enhance the public health.

It is unclear that drug screening will have benefit
proportional to the cost. The data suggest that drug abuse in
industry is relatively low, although high enough to be of
concern in certain subgroups. Further, it can be argued that
in some groups such as pilots any use is problematic although
the FAA acknowledges there are no data to support current
concerns (53 FR 47156; 1988). (In fact, the gravest public
health problems appear to be in unemployed drug abusing
populations.) To the extent that testing patterns in companies
do not reflect the "model policy", individuals who are fired
due to drug use may resort to more, rather than less, drug

use. While the company is no longer responsible, the public
sector must deal with a more severe problem with few
constraints on the individuals behavior. Despite the need to
resolve the potentially severe problems in the workplace,
resolution through dismissal has difficulties parallel to those
of expulsion of young people from school.

The First legal concerns are constitutional. When the employer
is "the state", or one acting for the state (e.g. via contract
or grant), the employee has a constitutional right of privacy
that cannot be encroached on in the absence of compelling
interest. The private employer with no link to the state has
substantial freedom to determine conditions of employment.
Commenting on a specific case involving random unannounced
testing of firefighters, Judge H. Lee Sarokin, noted that "the
harassment, coercion, and tactics utilized here, even if
motivated by the best of intentions should cause us all to
recognize the realities of government excesses and the need for
constant vigilance against intrusions in constitutional rights
by its agents"(NYT, 1986). Judge Sarokins point reflects
dissatisfaction with the necessarily intrusive character of
testing if it is to achieve the goal of reducing or deterring
drug use; i.e. properly implemented it will be intrusive. A
critical concern is whether decisions on panpopulation drug
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screening will provide the precedent of screening for other
disease or behavioral problems including those with genetic
origins whether or not relevant to performance.

Secondary legal issues include tort liability of the employer
for the acts of its employees. Is the company that does not
test or intervene liable if its employees under the influence of
drugs cause an accident, cost fortunes in the stock market, or
otherwise harm the public. Certainly, dram shop laws place
responsibility on bars for serving liquor to intoxicated
individuals subsequently involved in accidents. Corporations may
be held liable for accidents whether or not drugs were
contributory and thus have a vested interest in decreasing all
determinants over which they have control. Many corporations,
including the transit authorities now subject to the UMTA
regulations, are concerned they might be held liable for
untoward consequences of random testing. For example, an
employee fired due to a false positive could sue with costly
consequences.

RELATIONSHIPS TO OTHER TESTS OR CONTINGENCIES

There is no question that employers, educators, and directors of
organizations must have contingencies and consequences to govern
behavior. Absences as well as inappropriate behavior on the
work premises are of interest to the employer. The questioned
relationships are those between positive urines, behavior and
consequences. Similarly one should question denial of
employment based on HIV positivity rather than inab