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Foreword

The Proceedings of each Annual Scientific Meeting of the Committee
on Problems of Drug Dependence (CPDD) comprise a kind of contour
map of one year’s explorations and advances along the frontiers of
our knowledge about drug abuse. The remarkably broad range of
research interests among the membership of the CPDD is reflected
in the record of its meetings and the expertise of its membership,
which includes biochemists and pharmacologists, physicians,
sociologists, psychologists and other public health

professionals. The proceedings of its annual meeting enable the
reader to consider the vast scientific territory of recent
research advances in substance abuse in a single volume. For that

reason, the National Institute on Drug Abuse is once again pleased
to publish the CPDD proceedings in its Research Monograph series.

As in past years this volume contains a variety of timely papers
and progress reports on ongoing investigations in the field as
well as the annual report of the CPDD Drug Testing Program which
evaluates the efficacy and dependence liability of new compounds.
Several of the papers from the 44th Annual Scientific Meeting,
held in Toronto on June 27-30, 1982, present Canadian perspectives
on issues of common concern.

Approximately half of the projects discussed are fully or
partially supported by NIDA but much work is also underwritten by
our sister Institutes in ADAMHA, by other Federal agencies, by
State governments, by the governments of other countries, and by
private industry. A most important contribution of the CPDD 1is
its linking of the efforts of all of these groups to enlarge our
understanding of psychoactive substances and their effects on
human health and behaviors. This should help lead toward more
effective prevention and treatment of the serious public health
consequences of drug abuse.

William Pollin, M.D.
Director
National Institute on Drug Abuse
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The J. Michael Morrison
Award, 1982

Robert C. Petersen

One rarely gets ten minutes to say Jjust about anything one wishes,
to as distinguished an audience as this. But, since Joe Cochin
assures me I can, I mean to take full advantage of it.

To say that I feel honored and grateful to be the first recipient
of the J. Michael Morrison Award is to belabor the obvious.

When I first joined Roger Meyer, then Acting Chief of the newly
formed Center for Studies of Narcotics and Drug Abuse, I had no
idea that so much of my professional life would become involved

in drug abuse. Actually, I was more interested in mind alteration
more generally, with drug use as only one aspect. But the Center,
with Roger as its energetic chief, seemed like an interesting
place to pursue my interests. What a small handful of professionals
supported by a committed staff we were -- and with responsibility
for prevention, treatment and research all in a highly visible
area. Fortunately, the sheer magnitude of the newly passed NARA*
program was so obviously overwhelming that NIMH, of which we were

a part, created a Division of Narcotics and Drug Abuse. That
relieved us of the treatment aspects, freeing us to focus on
research which was of more primary interest. Nevertheless, I

remember Roger Meyer, who was surely dynamic, eagerly awaiting his
discharge from the public Health Service while muttering darkly
that if he had to remain Chief much longer he would climb the
walls! Unfortunately, the plane from California was slow, the
Washington scene dynamic, and by the time Sid arrived he dis-
covered he was slated to become Division Director. More or less
by default -- there being no more obvious contenders -- I
inherited Sid's mantle. How often I wished in succeeding months
I could return it!

It was a hectic time -- to say the least, a challenging time.
Marijuana, LSD and amphetamine use were all burgeoning. Public
concern approached hysteria and our program had high priority.
That does not, of course, mean that we had anything but the most
general ideas of just how to set up such a program. While there
were distinguished researchers in a few places, such as the
Addiction Research Center in Lexington, it's safe to say that
more traditional research settings, such as universities, were not
overly eager to become involved in drug research that might bring
them notoriety. Moreover, the Federal Bureau of Narcotics and

*Narcotic Addict Rehabilitation Act
1



Dangerous Drugs was a mite suspicious of the motives of those eager
to become involved, especially in marijuana research. Even the

well specified natural and synthetic materials needed for orderly
pharmacological research were largely unavailable. Development of
such resources was viewed with restrained enthusiasm by the gen-
eral public. Creation of a marijuana "plantation" at the University
of Mississippi, thought humorous by some, was greeted with down-
right irdignation by others. I remember a long distance call from
a lady representing the Garden Clubs of America. She demanded to
know why we were "wasting" $60,000 of the taxpayer's money when

the ladies of her garden clubs would be happy to grow the needed
material as a public service. My explanation of the need for
uniform growing conditions and adequate security left her unimpressed
She assured me that the good ladies would not dream of diverting

the pot to their personal use. It was only when I explained that
the ladies were not the problem, but unspecified others who might
steal the plants, that she was somewhat modified. And, of course,
there were the inevitable letters from farmers who wanted to get

in on the ground floor of the government's new "supports program.

Letters from the general public ranged from the sensible to the
sometimes bizarre and unconsciously humorous. I regret that we
didn't keep a scrapbook of some of them. But all had to be
answered -- together with congressional inquiries -- while plan-
ning an overall program. We certainly had our hands full on many
fronts. Thinking back to our beginnings, therewere those who
richly deserved to be honored, but only rarely were. one of them
was certainly Eleanor Carroll whom some of you remember as vividly
as I. I doubt that anyone who ever encountered her failed to
remember her very vividly. Ellie, while technically a sociologist,
was very widely read, formidably bright, immensely dedicated,

and not a little intolerant of bureaucratic absurdity. She surely
did not "suffer fools gladly."

In her uncompromising pursuit of excellence she shaped our over-
seas program, most of our psychosocial research program, and her
colleagues as well! Although she could be as kind as she could be
critical, few -- including those on the highest echelons -- were
eager to be confronted by her. They would often go out of their
way to avoid having to explain a bureaucratic decision they knew

she viewed with a jaundiced eye. Ellie could chill the soul of

the hardiest administrator, were she ton make her dismay visibly
apparent in a meeting, by rolling her eyes or striking her fore-
head in evident distress at the administrator's remarks. I'll only
tell one Ellie story, although they are many. During a research
review committee or IRG meeting, Ellie became increasingly irritated
with a reviewer who alluded to the physical attributes of a women
P.I. Unable to contain herself any longer, Ellie roared -- in
Spanish -- that the next time she went on a site visit to a male
P.I., she intended to include in her review that he had "testicles
the size of a cathedral." Following her Spanish version, she of-
fered her own inimitable translation for the uninitiated. Needless
to say, the frequency of remarks alluding to the physical attributes



of our principal investigators dramatically decreased. There were
many impressive members of our initial review groups as wall, some
of whom here today. I hesitate to single any out for surely
I would omit others no less impressive. But, I would especially
like to mention Jack O'Donnell of the Addiction Research Center.
To the very end of his very productive life Jack gave generously
of his time, his energy, and his wisdom in shaping our program.
Whatever the request -- to consult, make a site visit or to write
a report -- Jack rarely refused and always gave in full measure.
Then, as now, review committee members were overworked, underpaid,
and their contribution largely unrecognized. While peer review
has its problems, in my opinion, it is like democratic government
itself, the best system so far devised.

I would, most especially, like to thank all those who served on
review committees during my tenure who gave so freely of their
wisdom and time to help make our programs work.

During my years as Center Chief at NIMH, I increasingly chafed at
the role of being an administrator. As the organization grew
inevitably larger and the bureacratic restrictions multiplied,

more and more energy seemed to be consumed overcoming the inertia
of the cumbersome bureaucracy. The yeasty initial excitement of
innovative programming because increasingly an ordeal of meeting

a myriad of requirements that often seemed extraordinarily remote
from accomplishing our objectives. I had long cherished the idea
of developing a Research Monograph Series of high guality to
provide integrative reviews of our scientific knowledge concerning
drug abuse. I also yearned for the opportunity to once again play
a planning role, to supplant the "go, go, go" demands with which

we were contending daily with n-ore thinking. Our reorganization

as part of NIDA provided an obvious opportunity to realize these
long dormant objectives. Fortunately, NIDA's new research director,
Bill Pollin, shared the vision. "Thank you, Bill, for your support."”

Once again, a formidable woman entered my life. Her name was
Eunice Corfman. I had talked with a number of people who might
assist in editing the new Research Monograph Series without much
conviction that any of them really suited. Bill Pollin suggested
I might want to talk with Eunice. Within the first ten minutes I
was convinced she was the person for the job. While her back-
ground in science was modest, her commitment to learning about it

was not -- and she was impressively bright. Whether the question
was one of readability of possible format or actual content, Eunice
was soon knowledgeable. Not easily daunted, her energies seemed

limitless and through our combined efforts the new monograph series
was launched. Alas, as was true of others hired, one hazard of
hiring very able people is that they are soon offered still more
demanding opportunities elsewhere. It was, however, a shock to

us all when shortly after becoming publications chief at NIMH
Eunice died quite suddenly. I'd like to take this opportunity to
publicly thank her for her profound contribution to my life,

both professionally and personally.



Looking back -- as well as looking forward -- is especially reward-
ing after having retired from government service at a relatively
young age. I did not start out to be a bureaucrat, but 1 soon
discovered that without bright, committed bureaucrats, the pursuit
of excellence in the larger scientific community is far more
difficult, and sometimes impossible. Michael Morrison typified the
best in that type of commitment. Unlike the stereotyped government
worker more interested in his paycheck than his performance,
Michael pursued his task with impressive courage and dedication to
the end of his tragically short life. I am very proud to be

chosen as exemplifying the tradition of scientific administration
and service that Michael Morrison represented.

This is a difficult time for my in government service. Too often
their contribution is minimized and there has been the indication
that their jobs are sinecures. Any of us who have navigated the
bureaucratic straits in pursuit of excellence know just how false
that characterization is. It has been my privilege to have worked
with some of the ablest and the best. Without their collective
dedication, an innovative program of the properties that has
resulted would not have been possible. To have been involved

from a program's inception to its initial fruition --and to have
that role recognized -- is gratifying, indeed. There have certainly
been times of profound self doubt in which I wondered whether my
choice of government service was a worthwhile career choice. This
is not one of them.

Thank you all.

Author

Robert C. Petersen, Ph.D.

Fomrly Assistant Director
Division of Research

National Institute on Drug Abuse
Rockville, Maryland 20857



Pharmacological Treatment of
Narcotic Addiction

(The Eighth Nathan B. Eddy
Memorial Award Lecture)

Vincent P. Dole and Marie E. Nyswander

Marie and I are privileged to join with you in honoring the memory
of Nathan B. Eddy. We owe much to him. On two critical occasions,
he endorsed our efforts when it appeared that the work might be
stopped by unfriendly authorities.

In 1955, eight years before I knew her, Marie Nyswander presented a
paper before this Committee suggesting that narcotic addicts could

be treated on a voluntary basis as ambulatory drug-free patients by
psychotherapists in New York City. Although this approach was total-
ly at odds with the accepted practice of incarceration and compulsory
treatment and had been condemned by the Federal Bureau of Narcotics,
the Committee listened sympathetically and encouraged her to go for-
ward with the trial. She recruited physicians, psychologists and
social workers to work as unpaid volunteers in this project, and
carried it through to a conclusion.

Three important findings came from this pilot study: chronic users
of heroin were found to be sufficiently motivated to volunteer for
treatment; they did not present any exceptional problems in manage-
ment as medical patients; and psychotherapy with social support was
not an adequate treatment for persons with Tongstanding habits of
daily heroin use. In short, she established that heroin addicts
could be considered as persons with a chronic disease for which an
effective medical treatment remained to be discovered. This pointed
to the next step when I joined her in 1964. We decided to look more
closely at the functional state of long term addicts given controlled
doses of various narcotic drugs under non-punitive conditions. After
much preliminary planning and with support from various authorities
including Or. Eddy, we began the research on a metabolic ward of
Rockefeller University Hospital.

It soon became apparent that methadone, when given in a constant
daily dose, had functional effects quite different from those of in-
jected heroin, morphine, and other usual narcotics. Patients on
stabilized doses of methadone lost their craving for narcotics and
appeared functionally normal in all important respects. They were
able to return to their old neighborhoods without being drawn back



to heroin. They, re-established family structures, attended school,
obtained jobs and desisted from criminal activities. At the time
we were unable to explain the marked difference. between methadone
and heroin, but accepted it empirically as a basis for a rehabili-
tation program.

Not Tong after this study had begun we were asked by Dr. Eddy to
summarize our findings before this Committee, which we did in the
annual meeting of 1966. Fortunately we had documented the work in
great detail. To provide an objective measure of drug taking, we
introduced a routine of daily urine testing after adapting a chroma-
tographic method of Joseph Cochin for large scale use. We estab-
lished a computerized data system to record the intake and discharge
of every patient who entered treatment, including even those who re-
mained for no more than one day. We initiated systematic studies

of coordination, intellectual function and vigilance. We established
job placement services and legal supports to help 1in rehabilitation
and to record the shift from criminality to normal social function-
ing. We invited experts in pharmacology and social services to visit
our clinic and interview our patients.

The Committee appeared to be favorably impressed by these results.

It encouraged us to continue, while emphasizing that the treatment
was still in a research stage needing further systematic study. At
the time we did not fully realize how fortunate we were in receiving
this endorsement. Some years Tlater, when reading Eddy's monograph

in the work of this Committee, we learned that the Bureau of Narcot-
ics had been looking for scientific justification to extinguish the
study. Without the endorsement given to us at this critical time by
the Teading scientific authorities in the field, our work probably
would have been terminated and the effort recorded in history as an-
other failure of maintenance treatment. My admiration for Dr. Eddy's
scientific integrity was heightened by his frank comment that he per-
sonally disliked the idea of giving any narcotic drug to addicts,

and felt that it should be possible to discover a better way of
treatment - but that, nevertheless, he supported the work as scien-
tifically competent research. During the subsequent sixteen years,
mindful of his rigorous standards, we have been reaching for a bio-
chemical understanding of maintenance treatment. We wish that he
were here with us today to discuss the matter, taking into account
modern discoveries of endogenous opioid peptides and further evidence
supporting the metabolic disease concept of narcotic addiction. In
default of this opportunity, we address our report to his successors,
as surely he would have wanted us to do.

Our hypothesis of narcotic addiction as a metabolic disease stemmed
from the consistent therapeutic response of chronic, previously in-
tractable, addicts to adequate doses of methadone. Normalization of
function occurred independently'of social status, age, ethnic classi-
fication and. personality type. It suggested to us that the medica-
tion was somehow correcting (or compensating for) a biochemical de-
fect which was expressed in an abnormal appetite for narcotic drugs.
In 1967, we therefore launched a search for stereospecific binding
sites in the brain of rats, using radio-Tabeled 1- and d- methadone.



The study failed to disclose any, but in analyzing the reasons for
our failure it became obvious to us that the discovery of specific
narcotic binding sites would require narcotic ligands of higher spe-
cific activity and higher radiochemical purity than any available

at that time. This finding was reported in 1970. Subsequent work
in other Tlaboratories substantiated this interpretation and carried
the work far beyond our simple expectations.

Meanwhile in pursuing the difference between chronic administration
of heroin and methadone we obtained an explanation of why methadone,
but not heroin, can sustain patients in normal function. Reversible
binding of methadone by tissues in the T1iver and elsewhere estab-
lishes a huge buffer of inactive drug that stabilizes the blood
level. As circulating methadone is removed by metabolism, it is re-
placed by dissociation of molecules from non-specific binding sites
in the tissue. The difference in clinical effects of methadone and
other narcotics therefore does not reflect differences in action at
the stereo-specific binding sites; it is simply a reflection of the
much slower clearance of methadone from the blood.

When one compares the clinical phenomena of euphoria and abstinence
in addicts with the blood levels of narcotic drug, the quantitative
association between biochemistry and behavior becomes quite clear.
Figures 1 and 2 show (schematically) the disparate effects of heroin
and methadone in a narcotic addict and a maintenance patient, re-
spectively. Both individuals have been made physically dependent

by repeated administration of a narcotic drug, and therefore will ex-
perience withdrawal symptoms if the concentration of circulating drug
falls below a critical level. At the upper Timit, both are pharma-
cologically tolerant and thus are-protected from disabling narcotic
effects until the circulating concentration is quite high. Here the
similarity ends, because blood morphine (the active metabolite of
heroin) fluctuates rapidly between the extremes of narcosis and ab-,
stinence, while methadone remains relatively constant if the medi-
cine is given in proper dose on a fixed schedule. The reservoir of
bound methadone stabilizes the concentration of blood in circulation,
and possibly releases extra drug under conditions of stress.

What we are witnessing in clinical symptomology is a titration of
narcotic receptors in the intact organism using the clinical state
as an end point. From this perspective it is interesting to note.
that the apparent binding affinity of these receptors in vivo is 1
or 2 orders of magnitude lower than the p receptors that have been
studied in vitro: Either the functionally significant receptors are
of a category still undiscovered, or more Tlikely the affinity of
receptors in vivo is modulated downward by Tlocal conditions of temp-
erature, salt concentration and competitive ligands. Since the ad-
dict can be normalized by exogenous narcotic, it seems unlikely that
the defect in addiction is a failure of transducer function of the
narcotic receptors. As a speculation, we suggest that the Tink be-
tween biochemistry and addiction will be found in deficient produc-
tion of endogenous opioids, impaired release of these 1ligands in
stress, or in abnormally low affinity of receptors. These variables
are open to study with modifications of existing methods. If our



speculation 1is correct, the deficiency in endogenous opioid function
will provide a rationale for maintenance treatment that would meet
even the rigorous criteria of Nathan Eddy. Incidentally, according
to this interpretation naltrexone and other narcotic antagonists are
precisely the wrong agents to use in treatment of narcotic addiction.
If endogenous opioids are deficient, antagonists would add to the
biochemical disability. Their therapeutic efficacy, in comparison
to that of agonists, thus provides another test of the metabolic
theory of addiction.

Before closing, let us Teave no doubt that this award reflects the
efforts of many hundreds of quietly dedicated people. We have been
fortunate in our associates. While it is impossible to Tist all of
them, at least we must note those who contributed in the early, form-
ative stage of the work: Beatrice Berle pioneered in the delivery
of medical services in Harlem and introduced Marie Nyswander to work
in this area. Mary Jeanne Kreek participated in the studies of nar-
cotic pharmacology, and has emerged as a leading authority in this
field. Joyce Lowinson, Harold Trigg, and Robert Newman participated
in the clinical application, and showed the feasibility of Tlarge-
scale treatment programs. Norman Gordon and Ann Ho demonstrated the
functional normality of stabilized patients using sophisticated tests
of coordination and reaction time. Ray Trussell, as an administra-
tive leader in public health, Tifted us out of the sheltered world
of metabolic research and enabled us to develop maintenance programs
in the context of a general hospital. The Trustees of Beth Israel
Medical Center were courageous in their firm support of this program
at a time when it was surrounded with controversy. And, above all,
the addicts themselves, with the sad wisdom of their experience,
guided our efforts. We proudly accept this distinguished award on
behalf of these contributors.

AUTHORS

Vincent P. Dole

Marie E. Nyswander

Rockefeller University Hospital
New York, NY
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FIGURES 1 and 2. The essential difference between methadone
maintenance and chronic use of heroin is illustrated in these
schematic diagrams. A maintenance patient can be stabilized
on a constant dose of methadone, which holds the blood Tevel
in the range of normal function. The heroin user is repeat-
edly disabled by alternating periods of narcotic effect
("HIGH") and abstinence ("SICK"), even with multiple injec-
tions during a 24-hour period. Because of instability of the
blood level of morphine (the metabolite of heroin) and the
need for progressively increasing doses, "heroin maintenance"
fails as a treatment program. In contrast, patients remain
in good health and normal function for years when maintained
on a constant daily dose of methadone.



Chemical Dependence in Canada:
A View From the Hill

lan W. D. Henderson

While Canada has not been immune for many years to substance
abuse, it 1is recently that the social as well as the health as-
pects of the non-medical use of drugs have been recognized as
causative of a multiplicity of problems. It is generally agreed
that the largest component of substance abuse in Canada still
rests with the simple chemical ethanol. We are all aware, how-
ever, that the social and addictive of psychotropic drugs
cannot be ignored from the public health viewpoint, and that
many adverse social effects are engendered as a result of abuse
of a wide variety of chemical agents.

It was well stated in A New Perspective on the Health of
canadians, issued by Marc Lalonde, Minister of National Health
and Welfare in 1974, that there are risks of all sorts inherent
in drug use, and that for the most part, all of these are self-
imposed. The effect of drug-related risk-taking on the levels
of sickness and mortality in Canada is well reflected in a
delineation of destructive lifestyle habits and their
consequences.

(a) alcohol addiction leads to cirrhosis of the liver,
encephalopathy and various forms of malnutrition;

(b) social excess of alcohol leads to a very high
incidence of motor vehicle accidents, which account
for a very high proportion of premature deaths among
young people of both sexes in Canada;

(c) cigarette smoking causes chronic bronchitis, emphysema

and cancer of the lung; at the same time, it
aggravates coronary artery disease;
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(d) the abuse of pharmaceutical agents of legal origin not
infrequently results in states of drug dependence, and
occasions a variety of drug adverse reactions and
interactions. It was for this reason that Canada in
1972 chose to restrict drastically the conditions for
which amphetamines could legally be prescribed; it 1is
also this which expedites our examination on a regular
basis of the scheduling of drugs to groups that
require appropriate degrees of social and professional
control in terms of general availability:

(e) other psychotropic drugs lead to suicide, homicide,
and to many forms of accidents;

(f) the continuedand regular social use of a variety of
mind-altering drugs leads to social withdrawal,

"anomie" , alienation, nonprcductivity, and to acute
panic and anxiety states that commonly require expert
treatment.

Notwithstanding this holistic approach, one can readily contend
that in terms of drug-related crime, and the cost to society,
opiate abuse is unique. Although is difficult to provide
definite figures concerning the prevalence of addictive states
when the substances involved are legally prohibited, it appears
that within Canada's presumed 15,000 heroin-dependent persons,
the number of convictions for possession or trafficking repre-
sents only 5%; in terms of the total number of heroin users,
both dependent and nondependent, the conviction figure repre-
sents under 1% of the the numbers involved. The conviction
rate, therefore, 1is 1little more than the tip of an iceberg which
warns us of the vast nature of this drug problem in our country
- a problem which is relatively hidden from view of the general
public.

The policy of government against heroin addicts in Canada has
been one of containment. Our police forces have had to attempt
to apprehend the opiate user when he has prepared the substance
for use, and when he is just about to use it. This apprehension
has been predicated by the need to possess a sample of the sub-
stance before it is placed beyond physical reach. In this
sense, possession "in the hand" and possession in some physio-
logical compartment of the body are not regarded by the law as
entirely equivalent. A high proportion of persons convicted of
possession of opiate narcotics have previous criminal records.
Federal penetentiaries demonstrate an average of over 8
convictions per person. These previous offences usually include
breaking and entering, theft, forgery, counterfeiting,
possession of stolen property, vagrancy and prostitution. There
are also many kinds of wviolence.
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The situation in terms of alcohol is entirely different. While
it is true that alcohol is associated with a number of types of
crime, including personal assault and rape, impaired driving,
theft, brawling, wife and child abuse, and homicide, it is
relatively ingrequent that people who are alcohol dependent are

in deliberate contravention of the law. This is due to the fact
that ethanol is entirely legal and is usually bought in a legal
manner, rather than obtained by theft. The vast majority of

alcohol-dependent persons in need of treatment are not skid-row
alcoholics, but persons whose only transgressions are those of
social disintegration and personal health deterioration.

If substance dependence states, whether these be opiate, bar-
biturate, or alcohol related, are to continue to be regarded

in Canada as "treatable conditions," then individuals with any
of them must be included under the heading of persons whose
drug-induced states warrant subsidized care, treatment and
rehabilitation. Apart from actual medical treatment of the
many conditions that can result from substance abuse, there are
social forms of treatment including retraining, job placement,
sheltered workshops, and a slow build-up of self-esteem and
feelings of personal social responsibility.

You realize that there are many basic issues with respect to
control of drug abusers. These include relevant and pertinent
questions regarding: the appropriateness of offences for simple
possession; offences for non-medical use, both intermittent and
regular; what the penalties for such offences ought to be; and
whether there should be coercion or compulsion for treatment
with respect to the users.

Despite continuing concern over the social limitations and the
social consequences of employing a form of criminal justice in
the field of non-medical drug use, the majority of law-abiding
citizens in Canada are greatly concerned with crime in our
society, and they are constantly asking about the relationship
of this crime rate to the abuse of drugs. There is moreover a
growing public concern over wasted lives and the societal
problems that are created by chronically dependent persons.

This is particularly relevant for the heroin addict who must
commit criminal acts to survive in his dependent state. It is
perhaps less an issue with regard to the cocaine user, who is
not uncommonly a relatively affluent, if not wholly respectable,
member of the social community. The LeDain Commissioners in
their final report discussed the controversy that underlines the
case for coercion or mandatory treatment of the drug addict.
Some Canadian experts have argued against the assumption that
persons can be motivated for treatment by any form of coercion;
indeed some contend that any person who is compelled to submit
to any form of treatment will almost invariably lack the
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motivation which is essential to a successful outcome. There is
almost certainly some merit to this argument, but I am not sure
that it 1is universally the case.

Even although actual apprehension has been caused by drug-
related criminal behaviour such as theft, it is probably not
essential that all offenders have to be subjected to con-

finement. For some, adequate control can be exercised within
the community by means of surveillance in the form of parole or
probation, or within community programs. However, non-confine-

ment treatment is very difficult to accomplish in view of the
small number of probationary officers, their very large work
loads, and their general lack of enthusiasm for this type of
work. It is difficult to launch and maintain non-residential
programs unless adequate training facilities for professionals
and para-professionals are available, and unless continuing
community support is forthcoming. Again, any form of community
control of the drug abuser has to be backed up by some sanctions
for violations of the conditions of the probationary form of
"court-diversion" from a confinement in prison. Probably the
only effective sanction is the deprivation of liberty. If we in
Canada choose a system of control of the drug user, it will be
necessary to prepare ourselves for the use of some forms of

confinement. If this is so, then it is obvious that we must
possess both the facilities and the will to make the threat of
confinement a credible back-up position. Confinement as such

however is unlikely to accomplish any therapeutic goal.

Treatment, therefore, in a residential setting has to be regarded
in a totally different light from programs for non-motivated
incarcerated addicts. The therapeutic community has obviously
been developed to fill this gap. What has still to be
established in Canada is a formalisation of court diversion from
punition to treatment - be that residential or not.

JURISDICTION IN CANADA WITH RESPECT TO HEALTH

There have been expressions of opinion that the general or
residuary jurisdiction with respect to health rests with the
Parliament of Canada on the basis of its general power; but the
weight of opinion and the assumption on which governments have
been acting, is that the provision of health care rests with the

provinces. Parliament, of course, can invoke its general power
to cope with emergencies. Two important functions in respect to
health are treatment and quarantine. In each case, the general

jurisdiction appears to be provincial. The primary jurisdiction
with respect to medical treatment lay with the provinces by
virtue of Section 92(7) of the British North American Act, which
conferred upon provincial legislatures exclusive Jjurisdiction
with respect to "the establishment, maintenance and the
management of hospitals, asylums, charities and eleemosynary
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(sic) institutions in and for the province, other than marine
hospitals." The federal jurisdiction with respect to the estab-
lishment of treatment facilities was also restricted. The only
expressed power was in Section 91 (11), which gave Parliament
jurisdiction with respect to "quarantine and the establishment
and maintenance of marine hospitals." In addition, Parliament
may establish and manage treatment facilities in other areas of
Federal concern such as the Armed Forces, the Indian population
on reservations, the population in federal institutions, and in
matters of health related to immigration.

It is necessary to distinguish between the regulatory jurisdic-
tion with respect to hospitals and other treatment facilities
which lies with the provinces, andcapacity of the Federal
Government through the exercise of its spending per to provide
financial assistance for the establishment of facilities within
provinces. The use of the Federal spending power in areas
beyond Federal legislative jurisdiction remains a controversial
issue as a matter of policy, but it has not ever been ruled to
be constitutionally invalid. By this device, the Federal
Government may impose conditions upon grants of financial
assistance, which will assure the implementation of certain
Federal policies and standards.

Whether the Federal Government has a true general power in
relation to non-medical drug use, and the scope of that federal
power with respect to matters of health are particularly
relevant in view of the non-penal dispositional alternatives
suggested by Article 22 of the Convention on Psychotropic
Substances (1971), which provides

when abusers of psychotropic substances have
committed such offences, the parties may provide, either as
an alternative to conviction or punishment, or in addition
to punishment, that such abusers undergo measures of
treatment, education, after-care, rehabilitation and social
re-integration in conformity with Paragraph 1 of Article
20 .

I should, of course, point out that Canada is not yet a
signatory to this Treaty but probably will be in the not too
distant future.

In the absence of a true general power with respect to non-
medical drug use, or a general jurisdiction with respect to
health, federal powers to provide for treatment have to be
grounded on the Criminal Law. On this issue, the special
committee of the Senate on the traffic in narcotic drugs which
reported in 1955, contended:
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that it is not within the constitutional authority of
the Federal Government to assume responsibility for treat-
ment of drug addicts, nor to enact the kind of legislation
necessary in that connection. This legislation would need
to include the compulsory treatment of addiction, the legal
supervision of control over the individual during
treatment, and the right of control of the individual
following treatment to prevent his return to the use of
drugs, former associations or habits. These are considered
to be matters beyond the competence of the Federal
Government.

Notwithstanding, Parliament has provided for the compulsory
treatment of drug offenders in Part II of the Narcotic Control
Act (1961). However, this part of the Act has not yet been put
into force by proclamation. This my be so because of doubts
about the constitutional wvalidity of these provisions, or the
failure to develop suitable treatment methods and facilities,
or, in fact, the continuing reservations of the Federal
Government as to the advisability of compulsory treatment in
principle, or a combination of all these.

For this reason, facilities necessary for the acceptance from the
courts of drug offenders, whose offence has been occasioned by
their state of dependence or addiction, have been very few in
number. This is in contrast with the United. States, where
residential facilities, including therapeutic communities,
receive a considerable proportion of their clientele from the
law courts as a form of diversion to treatment in lieu of
punishment. In France since 1970, the illicit use of drugs has
been an offence. Provided that persons are charged and con-
victed of the offence, they may be ordered by law enforcement
authorities to submit to detoxification, following which they
can be kept under medical surveillance for indefinite periods of
time.

Canadian experience, however, with the deprivation of liberty as
a means of facilitating treatment and rehabilitation has so far
not been encouraging. Treatment within prison settings has been
unsatisfactory. Indeed, bringing addicts together for long
periods of confinement without a restructuring of lifestyle
accomplishes little or nothing. It may indeed have a negative
effect.

TREATMENT NEEDS OF DRUG ABUSERS

While there are many physical needs of many drug abusers, there
is a proportion within any sample of narcotic-addicted persons
who heed some form of what is generically referred to as
psychotherapy. Often it is this group that voluntarily seeks
aid for their problems that are commonly long-standing in
nature.
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The therapeutic community, the history of which is well
documented, was predicated on the concept that a controlled
environment could be utilized as an effective instrument of
therapy. The idea is not a new one; indeed nearly all theories
of personality development have emphasized the fundamental
importance of inter-personal relationships, group experiences
and social interactions. Nevertheless, 1in spite of this
awareness and notwithstanding its historical and basic
importance for all Dbehavioural sciences, the therapeutic
community has been poorly appreciated in the treatment and the
rehabilitation of both drug and alcohol abusers.

This might be due to the relative newness of the term, which
originated with Maxwell Jones about 25 years ago. Another
factor may be the wide disparity of standards that have existed.
in North America among various therapeutic communities. Some
have been based in schools, others in prisons, and others within
community or half-way houses. They have ranged from crisis
intervention centers to long-term residential facilities. Some
have tolerated a code of behaviour that has been generally
unacceptable to the community at large, while others have
enforced strict, demanding codes of conduct. Starting patterns
have varied from purely professional to entirely non-pro-
fessional. Some programs have maintained liaison with the
establishment, the law enforcement agencies, and the courts,
while others have eschewed this entirely. There are programs,
the orientation of which is to return persons to society as
constructive, productive citizens, while others have held that
society itself is the wvillain,, and it may be counterproductive
for residents ever to consider leaving the umbrella of group
support.

Approximately six years ago, I was privileged to receive a
special award from the National Institute of Drug Abuse of the
United States to join a group of drug dependence administrators
from overseas countries in examining American programs in a
number of large U.S. cities. During that month-long stay, I saw
for myself how many differences exist within various modifi-
cations of the models of treatment.

There is, however, a general sense of agreement for an
existential approach on the basis of three principles:

1. addicts are curable until proven otherwise;

2. that they are, and should be treated as though they
are responsible for their own conduct and treatment;

3. that the treatments must be aimed at profound

character reconstruction, rather than just physical
detoxification and social adjustment.
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In virtually all the programs that I was privileged to visit,
there was the belief that underlying all severe chronic d-rug
use, there are serious maladaptive patterns of response to
emotional states which are induced by biological needs and
psychological conflicts, as well as by outer stress, familial,
social and situational in nature. It appears to be generally
accepted that such emotional response patterns predispose
individuals to drug use. At the same time, there continues to
be an optimism that these patients can be altered. The primary
objective, therefore, has to be the effective alteration of in-
effective emotional and response pattern behaviours, to more
effective ones.

I believe, personally, that there is still a place for the
professional worker and the physician within most treatment
programs, especially to identify possible psychopathology within
the residential body. Serious and even irreparable damage can
occur as a result of say, encounter technology when the fund-
amental distinction between the sociopath and the pre-psychotic
is not wholly appreciated. While the sociopath improves as a
result of healthy guilt feelings and stressful anxiety, these
very techniques can be wholly destructive of the individual who
has an underlying mental illness, such as undiagnosed
depression.

I was especially interested to note that in some programs of the
United States, there are special provisions for women. It seems
clear that the needs of the pregnant addict, the older female
and the addicted mother are often beyond what the average "co-
educational" program can provide. It is even possible to
contend that in addition to the emotional problems found in male
addicts, females have additional problems of hostility, and a
confused sexual identity, not uncommonly manifested with a
degree of brutality. Most of them seem to have grown up in a
sterile, unemotional milieu. Most seem never to have known what
it is like to be loved, nor have they ever experienced any warm,
meaningful relationships. Most have not been prepared to become
adequates mothers. All this can lead to the birth of a child by
a mother whose main motive in the pregnancy seems to be a re-
assertion of her female ego. What 1is disturbing about this 1is
the reported high incidence of child abuse and child neglect,
directly attributable to drugs, or alcohol-addicted parents.

From a community perspective, it is becoming increasingly clear
that for the highly complex field of treatment of addicted
states, a multi-modality approach is required. Psychotherapy
still has a place, albeit a small one; for others, some form of
behaviour modification may be appropriate. Chemical aversion
has its advocates, while contingent reinforcement is a batter
approach for others. Even acupuncture may be indicated for
some !
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If the Department of National Health and Welfare has any

concern, it seems to rest on the tendency of many forms of
treatment to substitute one kind of dependence for another.

While this is not done in terms of one drug for another within
therapeutic community programs, there is even the potential for
dependence on the program and its specific principles. It is a
feature of nearly all forms of chronic treatment, and even
therapeutic communities cannot escape from it. it is a seductive
tread which is easy to ignore, especially when one is intimately
concerned with treatment, and may, in fact, be more obvious to an
outsider than those involved with the program itself.

METHADONE PROGRAMS

While Canada has established both methadone slow withdrawal and
methadone maintenance programs in all geographic areas that have
a significant opiate problem, there has not been the enthusiasm
for Maintenance that has been reported from the U.S.A.

A publication from the Addiction Research Foundation of Toronto
in 1972* analysed the outcomes of the first 90 patients treated
within the methadone maintenance program. They reported that
half of the male patients left the program voluntarily either by
quitting without notice (28.1%) or by requesting a planned

withdrawal (21.9%). A further major cause for dismissal from
the program was legal arrest (37.5%) of the men and (31.6%) of
the women. The most prominent cause of discharge among won-en

was excessive drug use other than narcotics, involving most
often barbiturates. About 16 months after the last patient
intake it was found that over 50% of the group discharged
voluntarily or by dismissal were readdicted to heroin or other
narcotics. One in four was in prison.

In a study of employment rates the authors found that after one
year on methadone maintenance 66.7% of their patients were
working or participating in a vocational rehabilitation program.
At the time that they entered the program 43.6% of the group was
employed. This was considered a limited success.

With regard to employability of methadone-maintained persons it
is generally accepted that one legitimate excuse which can be
made by methadone program directors for limited success in this
area 1is that they are being asked to attain levels of employment
and productivity for people who, prior to their use of heroin,
were chronically unemployable. Indeed, a high percentage of
heroin users in their early 20's have little or no skills, a

* M. Krakowski; R.G. Smart: "The Outpatient Treatment of Heroin
Addicts with Methadone.”™ Can. J. Public Health, 63 (1972)
397-404.
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limited education, and usually no established work pattern. A
high proportion has never worked at all. It may be somewhat
unfair therefore to expect methadone programs to accomplish a
vocational reintegration process into society when the limited
capabilities antedated, and were not the result of, heroin use.

In the year 1975 the Government carried out an investigation
into the reasons for a decline in a number of Canadian addicts
receiving methadone as part of their treatment of opiate addict-
ion. Specifically program controls were examined with a view to
establishing whether or not they were so stringent that they
were discouraging new addict clients; and whether or not our
controls, if lessened, would lead to increased diversion of
methadone to the streets.

The study committee contacted and received reports from medical
practitioners who have been licensed to use methadone to treat
drug addicts; from the treatment agencies where methadone 1is
regularly used; from drug free treatment programs; and from
social workers and counsellors in the field of correction
treatment and rehabilitation who are in daily contact with
addiction problem. There appear to be four main reasons in
Canada for the decrease in the total number of narcotic addicts
being treated with methadone.

1. Changed attitudes on the part of physicians and
concomitant loss of interest in methadone on the part
of addicts.

It would appear that at least some physicians who once used
methadone have become disillusioned with obtained results. In
addition, there seems to be evidence that addicts, in general,
are disenchanted. Reasons for this include the fact that oral
methadone 1is not perceived by many addicts as an adequate
substitute for intravenous heroin. Addicts are aware that
methadone is just as addictive as heroin, and indeed withdrawal
from it my be more difficult and prolonged. Many complain of
the side effects of methadone such as constipation and loss of
sexual drive. Addicts also seem to be worried about the dangers
of methadone overdose.

2. Addict dissatisfaction with conditions imposed by some
clinics.

The examples here include inflexibility in handling patients,
and some degree of insensitivity to their daily needs. Addicts
will not put up long with what they term a daily "hassle" in
dealing with clinics. The necessity for daily visits to obtain
methadone restricts their activities such as going away for a
weekend. This is despite the fact that the lifestyle of the
average junkie has long necessitated a daily contact with a
pusher on the street, including the weekend days.
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3. Changing trends in drug use.

Tnis seems to be an important factor in Canada. There is a
trend towards multiple drug use, and this is lessening the number
of hard core addicts to opiates. Better enforcement activities
by the police have reduced supplies of heroin, and at the sane
time have produced a lower grade of heroin available for sale.
Individuals using this are not as heavily addicted as far as
physical dependence is concerned. Most addicts use drugs such
as tranquilizers, barbiturates, and alcohol to help them over
periods of heroin non-availability. Lastly, there seems to be
little doubt that a rapid increase in the use of cocaine is a
factor in the decrease in heroin addiction. While some addicts
use both heroin and cocaine the cost militates against heavy
use; this again lessens the degree of physical dependency.

4. There is a tendency in Canada for programs to orient
addicts towards a drug free state as a preferred
future.

For this reason n-any clinics are moving to slow detoxification
with methadone, rather than maintenance with it. There is
generally more interest in drug free programs.

I have chosen to present this overview of arrests, deaths, drug
seizures, of details of Canadian programs and success/failure
rates. I trust that it has ken of use as an introduction to
this conference on continuation of international approaches to
the prevention and treatment of the unfortunate victims of
chemical dependence.

Thank you.
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Cultural Aspects of Alcohol and
Drug Problems in Canada

Juan Carlos Negrete

This analysis of cultural trends in drug and alcohol abuse in
Canada is based on a comparison with the U.S.A. and on differ-
ences observed between separate regions of the country. The
subject is approached from an epidemiological standpoint in the
hope that speculation on cultural influences would result from
the study of quantitative evidence rather than from subjective
impressions. This approach is, of course, not without its
shortcomings and serious limitations: national statistics are
scarce and tend to cover mostly items whose nature is perhaps
too general to accurately reflect cultural variance. In add-
ition, the comparability to data from separate countries or reg-
ions 1is frequently rendered difficult by differences in sources
of information and in the methods utilized to gather them.

In comparing the sociocultural basis of drug and alcohol use in
Canada and the United States, it 1is warranted to begin by adopt-
ing the null hypothesis, not simply as a matter of standard
scientific procedure, but also because one can truly expect to
find no major differences in cultural phenomena occurring in two
societies which have so much in common. There are few countries
in the world as much in contact with one another, sharing life-
styles to the same extent. Both populations are exposed to com-
mon mass media messages; they tune in to the same television
stations on a daily basis. Canadians are frequently more aware
of what is current in the United States than in other parts of
Canada. The same consumer products are marketed simultaneously
in both countries, often using identical commercial advertising.
The mobility of persons across the border is practically unre-
strained. These factors greatly facilitate cultural trans-
mission and contribute to the development of similar habits and
social attitudes in both countries.

In spite of these similarities and of the many historical, soci-
oeconomic and political ties which unite these two societies,
there are certain divergences which may be expected to differen-
tially influence patterns of alcohol and drug use in them. An
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important one is the ethnic and subcultural breakdown of their
populations. The 1981 census data Jjust released on the popula-
tion of Canada (1) shows that the largest group (61.3 percent)

is that of persons indicating English as their mother tongue.

As 1in the United States, this group is composed mainly of the
original British settlers plus descendants of earlier immigrant
groups (Irish, German, Dutch, Scandinavian) who have been large-
ly assimilated by them. But it also includes second and third
generation descendants of other immigrant groups such as Ital-
ians, Greeks, Asians and Eastern Europeans who, on being quest-
ioned, would declare English as their mother tongue. The
French-speaking group is the second largest (25.7 percent); with
the exception of some very recent and as yet not significant
additions (Haitians, North Africans), French mother tongue per-
sons represent the original French Canadians.

Notable differences with the American population are, in the
first place, this very large French minority. People of French
origin in the United States represent 1.5 percent of the total
population. Secondly, the important southern European minor-
ities - Italians, Portuguese, and Greeks - in Ontario and Quebec
(6 percent and 3.1 percent, respectively), and the Ukrainians in
the Prairies (4.0 percent). Thirdly, the existence in the
United States of two major ethnic groups not yet significant in
Canada: Dblacks and Hispanics (11 percent and eight percent,
respectively) . This difference is important in relation to the
problems of drug abuse, as these two groups appear to be part-
icularly wvulnerable.

Another important feature is the regional distribution of ethnic
groups 1in Canadian society. A solid French majority in Quebec
(82.4 percent) has created a veritable separation of cultures
which appears to influence some aspects of the alcohol and drug
abuse problem. There are in Canada some 370,000 natives who
account for 1.5 percent of the total population. In the United
States, on the other hand, a total of 800,000 native Americans
represents less than 0.5 percent. Although in both countries
natives tend to concentrate in certain regions, their numbers in
the Canadian Prairies (5 percent) and the Northern Territories
(34.5 percent) are a major influence in the regional picture of
alcohol abuse.

Canadians are rather proud of the fact that different ethnic
groups tend to keep their own traditions and retain their sep-
arate identities. This cultural trait makes Canadian society
somewhat different from the American one where the homogeniz-
ation of lifestyle is encouraged.

ALCOHOL USE

National per capita consumption figures demonstrate that
Canada's pattern is closer to that of the United States than to
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the ones in other related countries. Canada and the United
States present medium overall levels which have increased at a

similar pace over the years. (Table 1)

The similarity extends to beverage class preferences: Dboth Can-
adians and Americans are heavy beer and light wine drinkers, a
tendency observed in Britain and Australia as well. However,
unlike those two culturally related societies, the consumption
of spirits is much higher in North America. The picture in

France 1is so markedly different, with 70 percent of the total
alcohol intake in the form of wine, that French influence on
Canadian drinking patterns may be considered as minimal. (Table

2)

The regional variance within Canada shows the highest total con-
sumption levels in the Yukon and Northwest Territories. There
is also a clear trend towards higher consumption in the western
provinces: Alberta and British Columbia yield figures well a-
bove the national average. The higher overall levels in the
West and the Northern Territories are accounted for almost en-
tirely by high rates of spirits drinking; beer and wine figures
appear to follow this asymmetric regional distribution. British
Columbians drink the highest average amounts of wine in the
country; this finding not only reflects the existence of a local
wine industry, but also a tendency among west coast Canadians to
follow closely social habits prevailing on the American west
coast. As British Columbia, California presents the highest
level of wine drinking in the country. The highest per capita
total consumption levels in the United States are also found in
the Pacific region.

Quebec shows the second highest figure for wine use in Canada,
but it must be noted that sales statistics do not include
homemade products. It has been well established that the
majority of Italians, Portuguese and Spanish living in Montreal
produce their own wine each year in amounts frequently beyond
the allowed quota of 200 gallons per household (2). Since these
ethnic groups constitute a sizeable minority in the province,
consumption figures could be significantly influenced by this
omission. (Figure 1)

The regional tendencies identified through beverage sales fig-
ures are supported by findings of general population self-
report surveys on drinking. There are more drinkers in the
western provinces and, more importantly, a considerably higher
percentage of heavy drinkers. The tendency 1is particularly
clear for females: the percentage of heavy drinking women in
British Columbia and the Prairies is three times that in Quebec
and the Atlantic provinces. One clear difference in alcohol use
practices between Canada and the United States is the number of
abstainers in the population of drinking age: 33 of 100 Amer-

23



icans as opposed to 25 percent of Canadians fall in this cat-
egory. The percentage of heavy drinkers, however, 1is remarkably
similar in both countries; an average of 6 surveys conducted in
the United States during the period 1971-1976 indicates that 18
percent of males and 4 percent of females consume 14 or more
drinks per week (3). (Table 3)

ALCOHOL-RELATED MORTALITY

Mortality due to cirrhosis of the liver 1is clearly higher in the
U.S. than in Canada, both for males and females. Yet Canadian
rates are closer to American ones than to those in the United
Kingdom or France. Also, the male-female ratio of 2:1 is rough-
ly the same in both countries, whereas it is considerably lower
in Britain and slightly higher in France.

Regional liver cirrhosis mortality figures within Canada do not
appear to correlate with local per capita consumption levels, as
could be expected. Quebec, for instance, with much lower aver-
age consumption than Alberta, Ontario and Prince Edward Island,
presents a higher rate than those provinces. Factors such as
beverage class preference - beer vs. spirits - and alcohol use
patterns - daily drinking vs. intermittent bouts - may be more
responsible for differences in cirrhosis rates than the varying
consumption levels. On the other hand, the regional variance in
male-female ratios of alcohol-related deaths (alcoholism, alco-
holic psychosis, liver cirrhosis, alcohol poisoning and suicide)
does follow closely that of consumption patterns: it is 1:1 in
the Yukon, while in New Brunswick and Quebec, where the percent-
ages of heavy-drinking women are the lowest, the relation is 4
males for each female (4).

ALCOHOL-RELATED SOCIAL PROBLEMS

There are very few quantitative indicators of social behaviour

which are suitable for cross-cultural comparisons. However,
some alcohol-related social problems can be tallied and rates
may be calculated. These indicators are more related to acute

alcohol intoxication than chronic alcohol abuse and tend to de-
pict alcohol-related public disorder rather than disturbances
which occur in private. (Table 4)

The number of DWI offences in a given year varies widely across
the different regions of Canada. The average rate for Canada 1is
slightly higher than that for the United States, with the west-
ern provinces and the northern territories showing highly sign-
ificant increases. It has been established that these areas
present larger consumption volumes as well, but there are some
environmental factors which may also contribute to the regional
disparity in rates. For example, drinkers are more likely to be
on the roads in sparsely populated rural areas where they must
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travel some distance to and from public drinking places. This
factor 1is particularly important where local attitudes do not

favour drinking at home. An additional influence may be a cul-
tural preference for distilled beverages and a pattern of heavy
weekend intoxication. This is no doubt the case in the prair-
ies, the northern territories and Prince Edward Island. (Table
S5)

Rates for aggressive behaviour incidents also vary across diff-
erent provinces. The number of violent crimes recorded by the
police tends to follow the same direction observed with alcohol
traffic offences, and the highest figures are found in the west-
ern region of the country. Admittedly, this type of offence is
not as reliable an indicator of alcohol abuse as DWI reports,
but the major role played by alcohol intoxication in violent
behaviour cannot be ignored. Disorderly and aggressive behav-
iour under the influence of alcohol is one of the features of
alcoholism more strongly linked to sociocultural factors and
some of these could explain the regional variance in Canada.
Jellinek, for instance, reported crosscultural differences in
the social behaviour of heavy drinkers. He noted that in count-
ries such as Switzerland, France, Italy and Portugal, middle-
aged individuals were observed who appeared with physical com-
plications of chronic alcohol abuse, such as cirrhosis of the
liver, without having been identified as alcoholics earlier in
their lives (5). They would apparently neither seek treatment
nor be perceived as needing assistance for this problem in their
milieu. The fact that their chronic abuse could go unremarked
for so many years may reflect a high degree of cultural toler-
ance for heavy alcohol consumption, but it also shows that these
heavy drinkers do not behave in a way that would precipitate an
earlier intervention. These examples are societies where the
prevailing pattern is one of regular daily use, mostly at home,
and where alcohol is not philosophically perceived as evil.

Alcoholic behaviour tends to be more disturbed in those commun-
ities whose value systems include strongly critical views on
drinking (6). A possible sociodynamic mechanism is that of the
self-fulfilling prophecy. Individuals whose social milieu
strongly cautions against the disinhibitory effects of alcohol
are likely to act up the apprehended behaviour when intoxicated.
They may, in fact, tend to drink with the purpose of releasing
repressed impulses. A classic study by Skolnick on the social
consequences of drinking experiences among American students
found that those individuals belonging to religious groups with
the strongest temperance views were the ones who became involved
in more incidents after drinking (7). Prohibition was introduc-
ed mostly in countries where stronger puritanical religious
beliefs prevailed. In Canada, a law was enacted which permitted
each local government to impose prohibition in accordance with
the results of a local plebiscite. The only province never to
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introduce it is Quebec which, coincidentally, shows the lowest
DWI rate and the second lowest violent crime figures.

Another factor that may account for the variance in rates of
reported crime is differential police action. That 1is, police
could be more inclined to intervene or to report in one region
than in another. There are, unfortunately, no elements which
could satisfactorily clear this question. However, it may be
relevant to look at data gathered some years ago in a compara-
tive study of alcoholics in treatment at a Montreal facility.
These were all local residents and consequently subject to con-
trol by the same police force. (Table 6)

Even after allowing for age and years of drinking, alcoholics of
Anglo-Protestant cultural identity were significantly more like-
ly than French Catholics to be arrested for public drunkenness
offences. Other parameters, such as permanence of marriage, also
indicate that the former faced a higher degree of social diffi-
culties and rejection. These findings are supported by those of
a recent study by Babor et al. (8) who found French-Canadian al-
coholics in the United States to show the second lowest rate of
public drunkenness and disorderly conduct arrests among seven
subcultural groups surveyed. The uneven distribution of these
cultural groups in Canada may be a factor in regional rates of
alcohol-related Dbehavioural problems.

Differential police action, however, may be a real factor in the
higher rates of alcohol offences registered in the Northwest
Territories, the Yukon and the prairies, where the proportion of
native population is the largest. In Canada, as 1in the United
States, Indians and Inuit are particularly vulnerable to alcohol
abuse problems; society at large, as well as its law enforcing
agents, have come to expect natives to exhibit disorderly
behaviour under the effects of alcohol. A vicious circle situ-
ation may have been created as natives tend to fulfill the
prophecy. In British Columbia, for example, natives make up
less than 2 percent of the general population but constitute 30
percent of jail inmates. The white-native ratio of referrals to
psychiatric centres in that province, however, is 10:1. This
evidence would suggest that behaviour problems normally handled
by health services in the case of non-natives, tend to be pro-
cessed through the justice system when presented by natives.
Studies of patient populations in Alberta and Saskatchewan found
that natives receive the "personality disorder" diagnosis sign-
ificantly more often than non-natives. It was also observed
that Indian and Metis patients were more likely than non-natives
to have entered hospitals on an involuntary basis. Rates of ad-
mission for alcoholism are also higher among natives but this
difference is accounted for by the number of females entering
hospitals with that diagnosis since the percentage of male nat-
ives so labelled is actually lower than that of non-natives. It
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would appear that there is a tendency to refer native female al-
cohol abusers to hospitals and male ones to jail (9) (10) (11).

In the United States, natives are twenty times more likely than
whites to be arrested for public drunkenness and the ratio for
violent crime convictions is 3:1; but these problems are not
evenly distributed across the different sectors of the native

population. French and Hornbuckle (12) have identified three
separate sociocultural categories among them with respect to
drinking Dbehaviour: a) the traditional native Americans, repre-

senting no more than 20 percent of the total aboriginal popula-
tion, and living isolated from mainstream culture, among whom
alcohol intoxication is one within a set of ritual practices and
appears to cause less social damage; b) the middle class nat-

ives, also called "white Indians," a selected minority repre-
senting the establishment-supported native spokespersons. They
are 1in active Indian affairs bodies. Their pattern of drinking

differs little from that of the non-native society; c¢) the mar-
ginal native Americans who form the largest group, accounting
for some 65 percent of the total native population. They are
neither traditional nor totally acculturated and display the
highest rates of alcohol-related social problems.

In Canada there is an equivalent of these distinctions: the
marginal natives are represented mostly by the Metis and the
non-status Indians, also called non-treaty Indians. As the
denominations indicate, these are people whose identity is most
conflictive, finding themselves at a crosspoint between native

and non-native cultures. They cannot fully identify themselves
with either and have insufficient elements for developing their
own. Surveys in Alberta and Saskatchewan have demonstrated that

the Metis when compared with treaty Indians and Eskimo are the
group with the highest rates of alcohol pathology (10).

PROBLEMS OF DRUG ABUSE IN CANADA

The United States has developed a multivariate monitoring system
which has no equivalent in Canada. The DAWN and CODAP pro-
grammes, and the periodic national surveys, for example, have
not yet been introduced in this country. An important exception
is the province of Ontario where the Addiction Research Found-
ation has been systematically recording general population drug
use trends since 1977. Currently available national drug use
data originates mainly from two sources: one 1is the Federal
Bureau of Dangerous Drugs which receives police reports of
arrests and pharmacy thefts, compiles conviction statistics and
keeps methadone treatment and "known user" files; the other is
the federal police force (R.C.M.P.) which has information on
crime reports, arrests and charges, drug exhibits submitted for
analysis, street drug purity control tests, street drug avail-
ability and cost; and keeps a file on narcotic users.
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The evidence thus collected points to some marked differences in
the drug abuse pictures of Canada and the United States. The
use of heroin, for instance, although a major drug problem south
of the border, would appear comparatively insignificant in
Canada, with the exception of the province of British Columbia
where reside close to 10 percent of all known opiate users in
the country. Vancouver is the port of entry for traffic coming
from the Orient and it has the largest concentration of Asian
immigrants who maintain active contact with Hong Kong and Indo-
china; consequently, greater availability of the drug in that
city is a likely explanation for this regional disparity. It is
also possible that many heroin users from other regions have
gone to British Columbia following the closure of drug main-
tenance treatment programs in their home provinces. Methadone
clinics which operated during the 60's in Montreal, for example,
were discontinued a few years later, mostly due to little sup-
port from the public and the health profession community. An
attitude of disapproval towards drug maintenance appears to
prevail elsewhere in the country as well. In places where
methadone is still used, it is given mostly within the context
of shortterm detoxification protocols. It would appear that
cultural support for continuing drug supply programs is more
readily accorded in the United States than in Canada. The ab-
sence of high risk ethnic ghettos in the latter, and a relat-
ively small number of addicts, markedly reduces the degree of
local concern about this problem. The use of cocaine, on the
other hand, seems to be equally prevalent in both countries; in
Canada it is concentrated mostly within the larger urban centres
(Montreal, Toronto, Vancouver).

Leaving tobacco aside, cannabis is the psychoactive agent most
widely used for non-medical purposes across the country. Sur-
veys conducted by Health and Welfare Canada in 1980 show that
levels of use for respondents aged 18 years or younger are
higher in Ontario and the western provinces than in the east.
However, samples of adults yield a remarkably stable rate of 10
percent in all regions (13). When compared with the surveys
conducted by Johnston et al. (14) in the United States, it would
appear that the Cannabis-using population in Canada is smaller
by a factor of 10 to 20 percent. Contrary to what climatic con-
ditions might suggest, cannabis is also available in Canada
through local production; the largest cultivation is concentrat-
ed in British Columbia where cannabis patches hidden in remote
public forest are constantly being detected by the police
through helicopter surveys. This illegal supply is reported to
have increased considerably since the recent introduction of the
sinsemilla variety, a high yield, shorter plant more difficult
to detect from the air (15). (Table 7)

Findings from a 1981 survey of high school students in Ontario
demonstrate the extent of prescription drug abuse in Canada. In
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this sample, ranging in age from 13 to 18 years, the use of
pharmaceutical psychotropics is particularly prevalent among the
younger ones, and has grown since 1977 when a similar population
was surveyed. The use of alcohol and cannabis, on the other
hand, appears to have peaked in 1979 and shows a declining tend-
ency in 1981. The latter finding correlates with cannabis use
trends in the United States, but the abuse of psychotropic medi-
cations is definitely a greater problem in Canada. (Table 8)

This assumption is further supported by data from client popula-
tions in the United States and Quebec. There are marked differ-
ences in the primary drugs of abuse reported by individuals
seeking help at publicly funded treatment centres in both loca-
tions. Whereas, in the United States, heroin abuse is by far
the most prevalent problem; in Quebec, the largest percentage
corresponds to the sedatives/hypnotics group of substances. It
is difficult to speculate on "cultural" reasons for these diver-
gences. A relevant factor may be the different degree of access
to medical care in these two societies: Canadian health insur-
ance programs allow for unrestricted contact with medical prac-
titioners, and prescription drugs are likely to be more often
reported; American drug rehabilitation centres are geared to-
wards narcotics addicts - perceived as the major local problem -
and have tended to neglect the care of other substance abusers.
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TABLE 1

APPARENT PER CAPITA CONSUMPTION OF ALCOHOLIC BEVERAGES IN LITERS OF
ABSOLUTE ALCOHOL IN PERSONS 15 YEARS AND OVER

YEAR SPIRITS WINE BEER TOTAL
FRANCE 1972 3.2 16.2 3.9 23.4
AUSTRALIA 1972-73 1.8 1.8 9.6 13.2
CANADA 1974 4.0 1.2 6.0 11.3
U.s.A. * 1975 4.5 1.3 5.2 11.1
U.K. 1974 2.1 1.1 7.7 11.0

* 14 YEARS AND OVER

Source: ADAPTED FROM MARK KELLER AND CAROL GURIOLI, STATISTICS ON
CONSUMPTION OF ALCOHOL AND ON ALCOHOLISM. NEW BRUNSWICK,
N.J., RUTGERS CENTER OF ALCOHOL STUDIES, 1976 ED. Reprinted
by permission from Journal of Studies on Alcohol, Inc.

TABLE 2

PER CAPITA CONSUMPTION (LITERS ETHANOL) BEER, SPIRITS AND WINE.
CANADA AND PROVINCES. TOTAL POPULATION. 1979.

REGION BEER SPIRITS WINE TOTAL
NEWFOUNDLAND 6.20 3.92 0.51 10.63
PRINCE EDWARD ISLAND 5.16 5.08 0.79 11.03
NOVA SCOTIA 4.89 4.44 0.97 10.30
NEW BRUNSWICK 5.05 3.44 0.73 9.22
QUEBEC 6.05 2.80 1.71 10.62
ONTARIO 5.61 4.44 1.51 11.56
MANITOBA 4.50 5.08 1.21 10.79
SASKATCHEWAN 4.70 4.56 0.85 10.11
ALBERTA 4.95 6.28 1.71 12.94
BRITISH COLUMBIA 4.65 5.88 2.44 12.97
NORTHWEST TERRITORIES 5.53 7.20 1.38 14.11
YUKON 8.61 9.72 2.77 21.10
CANADA 5.45 4.32 1.60 11.37

Source: STATISTICS CANADA, CONTROL AND SALES OF ALCOHOLIC BEVERAGES IN
CANADA. CATALOGUE 63-202, 1979

31



DRIVING

TABLE 3

MORTALITY FROM CIRRHOSIS OF THE LIVER,
RATE PER 100,000 POPULATION, 974

TOTAL MALES FEMALES
AUSTRALIA 8.3 11.6 4.9
CANADA 11.6 16.0 7.3
FRANCE 32.8 47.6 18.6
ENGLAND
& WALES 3.6 3.8 3.4
SCOTLAND 6.3 7.2 5.4
U.S.A. 15.8 21.4 10.6

Source: W.H.O. (1977) Wld Hlth Stat Ann 1

TABLE 4

WHILE IMPAIRED, OFFENCES REPORTED BY POLICE,

BY PROVINCE, RATES PER 100,000 PERSONS, 1977

NEWFOUNDLAND 650.1

PRINCE EDWARD
ISLAND 674.9

NOVA  SCOTIA 490.6

NEW BRUNSWICK 500.2

QUEBEC 433.8
ONTARIO 511.1
MANITOBA 728.4

SASKATCHEWAN 906.9

ALBERTA 997.7

BRITISH
COLUMBIA  900.9

YUKON 2,018.6

NORTHWEST
TERRITORIES 1,794.4

CANADA 604.2

Source:

STATISTICS CANADA. CRIME AND TRAFFIC
ENFORCEMENT STATISTICS, CATALOCUE 85-205,
1977
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TABLE 5

VIOLENT OFFENCE RATES PER 100,000 PERSONS, 1978

NEWFOUNDLAND 458.6

PRINCE EDWARD ISLAND 344.2

NOVA SCOTIA 523.1
NEW BRUNSWICK 433.6
QUEBEC 400.9
ONTARIO 621.1
MANITOBA 567.4
SASKATCHEWAN 593.1
ALBERTA 778.4
BRITISH COLUMBIA 871.0

Source: STATISTICS CANADA. CRIME AND TRAFFIC

ENFORCEMENT STATISTICS, CATALOGUE 85-205,

1978

TABLE 6

PERCENTAGE OF SUBJECTS EXPERIENCING SOCIAL

DIFFICULTIES, BY CULTURAL IDENTITY

PUBLIC DRUNKENNESS MARITAL EARLY LIVING
ARRESTS BREAKDOWN UNEMPLOYMENT ALONE
17 50 14 51
48 85 44 80

Source: NEGRETE, J.C., CULTURAL INFLUENCES ON SOCIAL
PERFORMANCE OF CHRONIC ALCOHOLICS. QUART. J.
STUD. AK. 34: 905-916, 1973. Reprinted by
permission from copyright holder. Journal of
Studies on Alcohol, Inc., New Brunswick, NJ

08903.
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TABLE 7

DRUG USE* AMONG HIGH SCHOOL STUDENTS,

ONTARIO. 1981

DRUG

TOBACCO

ALCOHOL
CANNABIS
STIMULANTS
BARBITURATES
HALLUCINOGENS
SEDATIVES

GLUE & SOLVENTS
COCAINE

HEROIN

PERCENT

30.

75.

29.

21.

20.

14.

12.

3

3

*

AT LEAST ONCE IN PRIOR 12 MONTHS.

ADAPTED FROM SMART ET AL., ADDICTION

TORONTO, 1981

TABLE 8

RESEARCH FOUNDATION,

PERCENT DISTRIBUTION CLIENTS, 1978

PRIMARY DRUG U.S.A. QUEBEC
HEROIN 51,7 8.0
SYNTHETIC NARCOTICS | 6.7 4,6
MARIJUANA 3.5 14.5
AMPHETAMINES 600 10.6
BARBITURATES 4.6 8.0
ALCOHOL 9.2 12.4
COCAINE 2.7 9.0
HALLUCINOGENS 5.2 13.0
SEDATIVES/HYPNOTICS 4.3 16.6
INHALANTS 1.5 3.3

Sources: CODAP DATA, U.

ALTERNATIVES,

34
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FIGURE 1

* PERCENTAGE OF HEAVY DRINKERS BY SEX AND REGION, 1978-79

Men
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The Addiction Research
Foundation—Mandate, Role,
and Directions

Joan A. Marshman

INTRODUCTION

Mr. Chairman, I am delighted that the Committee on Problem of
Drug Dependence elected to hold its 44 Annual Scientific

Meeting in Toronto. Not only does this venue ensure an oppor-
tunity for those of us in the Addiction Research Foundation
(A.R.F.) to "show off" our city while exchanging views with our

international colleagues, but it represents the salvation of our
travel budget which is currently reeling from the widening gap
between the Canadian and U.S. dollars.

I see my task for today as sharing with you the "flavour" of the
Addiction Research Foundation in the context of the Canadian
approach to problems of drug dependence. My perspective will be
managerial rather than scientific in character, and I will
attempt to shed some light on the Foundation's mandate and
organization, its program areas and goals areas, and its
approaches to future effort.

MANDATE AND ORGANIZATION

The Addiction Research Foundation was established by the
Government of Ontario in 1949. This initiative of the
Provincial Government reflected several factors, among them:

the constitutional responsibility of the Provinces
(rather than of the Federal Government) to provide
health care services;

the Provincial Government's decision to permit the
opening of Ontario's first cocktail lounges, and the
vocal negative response from several sectors of the
community, including the Temperance movement and the
churches: and
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the efforts of H. David Archibald, who was actively
involved in the mental health field, both provincially
and nationally, and became the Foundation's first
Executive Director.

This Foundation, established by Provincial statute, with respon-
sibility for research directed to a single type of health
problem, and reporting annually to the Legislature via the
Minister of Health, constituted a model in the Province for the
subsequently established research foundations in the areas of
cancer and mental health.

The initial legislation gave the Foundation responsibility in
the area of alcoholism. Not until 1961-62 was the mandate
broadened to include "drug addiction," and the name changed to
the Alcoholism and Drug Addiction Research Foundation. By
statute the mandate of the Foundation has three dimensions:
research, treatment, and information dissemination (which 1is
more commonly referred to, internally, as "education"). It is
noteworthy that the Foundation's responsibilities for inform-
ation dissemination include specifically the dimension of
"prevention," and in this respect this Foundation is unique
among the Province's statutory foundations.

The initial research efforts were effected through a program of
extramural grants to university scientists, but more recently
the program has been focussed intramurally and is located
largely in Toronto. Although the Foundation's treatment
services were established initially in Toronto, its outpatient
services (along with education services) were subsequently
diffused to many Ontario cities. However, in 1969, the
Foundation, with the Minister of Health's agreement, clarified
and focussed its role with respect to treatment. Specifically,
it undertook to concentrate its treatment efforts within the
framework of treatment research, demonstration treatment models,
and education and training for health and social service
personnel, rather than in widespread direct treatment service
delivery; thus, the Foundation currently provides treatment
services only in its headquarters building in Toronto.

Today the Foundation has a total (1982-83) budget of $26.4
million and a full time staff of 694, located in its Toronto
head quarters and in offices in Ontario cities. Administratively
it is organized into six Divisions: the Clinical Institute,
Social and Biological Studies, Education Resources, School for
Addiction Studies, Regional Programs, and Administration and
Support Services. In terms of the mandated responsibilities, the
allocation of functions to these Divisions is indicated in
Figure 1 (on the following page).
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Figure 1

Divisional Allocation of the Foundation's Mandated

Responsibilities

Research Social and Biological Studies Division

Clinical Institute Division
Regional Research Centre
(Regional Programs Division)

Treatment Clinical Institute Division

Regional Program Division

Information Education Resources Division
Dissemination School for Addiction Studies

Clinical Institute Division
Regional Programs Division

THE FOUNDATION'S PROGRAM AREAS AND GOALS

Perhaps a more useful perspective on the Foundation's programs
ing is that developed along the functional lines identified in

Figure 2.

As indicated in the Figure, these programareas are

not discrete and isolated; rather, the current management thrust
is directed to ensuring that they are appropriately interactive.

Some of the implications of such an interactive approach to
programming are clear, for example:

a "building" process from research to education
(including policy advice), so that the Foundation's
information, training, and advice has largely a
research base, rather than a moralistic or legal base;
this tends to alienate some other organizations whose
"causes" the Foundation cannot support;

a need for not only information dissemination to the
community but also feedback loops from the community-
based staff to the researchprograms; and

the opportunity and challenge to the Foundation of
effectively mobilizing its information so as to "sell"
its efforts to the community and government as being
relevent and cost-effective, on the basis of their
impact on prevention, treatment services, and policy
advice.

Other consequences of this interactive system may be less
readily apparent, and include:
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- the need to nurture effective dialogue between
research staff and community-based staff, and particu-
larly the need to ensure that the implications of
research findings for community programs are effect-
ively communicated; and

- the fact that the Foundation's position or advice on
any question is continuously subject to change over
tine as a function of new information, with the result
that the Foundation is periodically subject to some
criticism about the inconsistency of its position.

But to what ends are these program efforts directed? The goals
of the Foundation have recently been reviewed and reformulated,
and the goal areas are identified in Figure 2. They include:

- increased public knowledge and awareness;

- alcohol and drug control policies and strategies which
take into account public health aims;

- increased (addictions-i-elated) knowledge and skills of
(health and social service) professionals;

- effective and efficient treatment methods and systems
(for individuals with alcohol- and drug-related
problem) ;

- improved traffic safety programs;

- effective employee assistance programs.

"

This representation of the goal areas clearly has a "community
impact™ flavour, consistent with the interactive system
described above which suggests that "the job is not done until
the Foundation's work has had an impact on the community."
However, the detailed goal statements are actually formulated in
a manner which emphasizes the research base for the efforts
which will be directed to achieving-the goals.

FOUNDATION DIRECTIONS

Any attempt to enumerate research directions for the future is
fraught with risk. Therefore, it seems more appropriate to share
with you a sense of the factors which bear on the Foundation's
decisions concerning research priorities.

Traditionally, Foundation priorities have been determined by
assessment of "need" which might be defined hypothetically by
both the frequency of the problematic alcohol or drug use in
this Province and this Country and the severity of its
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consequences. (In this context assessment of consequences must
take into account not only the risk of morbidity and mortality
for the individual user, but also the costs to the community in
lost productivity, family and social problems, and law
enforcement costs.) On this basis, research into alcoholism and
tobacco dependence are seen by the Foundation as having higher
priority than research focussing on opiate/opioid dependence.
(Clearly this is an oversimplification, for it ignores the
potential of narcotic research to illuminate mechanisms which
represent common pathways or models for other drugs; however,
while such research is, in fact, carried on within the
Foundation, it has a somewhat lower overall priority.)

Coupled with "need" there must, of course, be opportunity -- a
knowledge base adequate to permit identification of productive
"next steps" which have a high probability of contributing to
the appropriate types of human and material resources.

In the context of this approach to priority setting, the area of
benzodiazepine research has been particularly problematic.
Certainly this class of drugs is widely used in Ontario, but
assessment of the benefits versus risks associated with their
use has been a complex task.

Finally, with respect to research, resource limitations require
careful decision-making with respect to the balance of basic vs.
pre-clinical wvs. clinical studies. This has been a serious
consideration for the Foundation in the area of cannabis
research, for which long term clinical studies would seem to
have particular importance; at present the Foundation is not
engaged in such research, at least partially because of the
demand that such studies would place on its available resources.

In the case of treatment services the Foundation's priorities
are two-fold: to provide a treatment system and treatment
programs in its Clinical Institute Division in Toronto which, in
addition to serving as the locus of treatment research efforts,
and of some professional training programs, represent models for
the community; and, through community development efforts, to
promote and facilitate the development of appropriate treatment
services in all areas of the Province.

The Foundation's gradual withdrawal from Province-wide direct
delivery of treatment services, beginning in 1969, was not
complemented by the systematic integration of alcohol and drug
treatment services into the existing health care system, as had
been envisaged. Instead, treatment services development has
been quite uneven across the Province. However, within the last
decade the Ministry of Health has established District Health
Councils (D.H.C.'s) throughout the province as local advisory
bodies to coordinate the development of appropriate health
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services in each district; some 26 D.H.C.'s have now been
established and the Foundation's Regional Programs Division
staff is actively involved with 19 of these D.H.C.'s working
towards the development of a rational plan for treatment
services delivery to individuals with alcohol and drug problems,
in the context of the general health and social services
systems.

Consistent with the Ministry of Health's position on health care
services delivery, the Foundation is advising:

- a community-based system of alcohol and drug treatment
services which will optimally involve existing health
care and social services resources:

- the establishment of patient assessment and primary
care capacities as integral parts of the system;

- an emphasis on outpatient treatment services, with
access to living accommodation where specifically
justified on the basis of assessment findings, rather
than a view that inpatient treatment facilities
represent the cornerstone of the system.

Further, through programs directed. to business, industry and
labour, the Foundation is providing consultative services for
development of employee assistance programs.

It is important to remember, however, that the Foundation
neither funds nor operates the treatment services system in the
Province, with the result that its achievements in this area are
a function of its proselytizing for its proposals, and its
function as a catalyst or facilitator within communities.

The Foundation's professional education and training programs
reside in two Divisions -- the Clinical Institute (a teaching
hospital of the University of Toronto) and the School for
Addiction Studies. To date, the programs of the School for
Addiction Studies have been directed primarily to training of
A.R.F. staff. However, the top priority for the forseeable
future rests in treatment-related training of health care and
social services staff from community agencies. Clearly this
direction is complementary to the thrust towards a community-
based system of treatment services.

Finally the Foundation has recently formulated a plan for its
public education activities for the '80's which is characterized

by:

- an emphasis on alcohol, tobacco, and cannabis;
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- a focus on pre-adolescents, adolescents and young
adults (together with persons who influence young
people, including teachers and parents);

- a focus on opinion-makers, gatekeepers, and
influencers in professional and other community
groups;

- efforts directed to the mass media, to provide maximum
access to relevant scientific data available from the
Foundation (rather than the development of large paid
media campaigns) .

As a government agency established in a Province which has been
governed by a single political party for more than 30 years,
A.R.F. has not been subject to the type of political turbulence
experienced by alcohol and drug programs in some other
jurisdictions. However, as the Government of Ontario has sought
to reduce its deficits and to achieve a balanced budget, the
Foundation has experienced some significant erosion of its
grant, over the past 5 or 6 years. Further, as the Province
faces the prospect of decreased federal transfers to health
care, it 1is giving increased attention to the cost effectiveness
of all of its health efforts. Clearly "accountability" is
today's password!

Author
Joan A. Marshman

Addiction Research Foundation
Toronto, Canada
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Recent Advances in Opiate
Detoxification: Clonidine
and Lofexidine

Arnold M. Washton and Richard B. Resnick

INTRODUCTION

Recent. studies (Cold et 61.1978; Washton et al. 1980) showing that
the nonopiate antihypertensive agent, clonidine hydrochloride,
suppresses signs and symptoms of opiate withdrawal have suggested
that clonidine and similar drugs might be useful in the clinical
management of opiate detoxification. The fact that clonidine is

not an opiate drug and does not itself produce addiction or euph-
oria suggests some unique and potentially useful applications of
this medication in the treatment of opiate-dependent persons. For
example, clonidine might be used to block the emergence of abstin-
ence symptoms during a gradual methadone detoxification, Clonidine
might also serve as a transitional treatment between opiate depend-
ence and induction onto the long-acting opiate antagonist, naltrex-
one (Resnick et al. 1979). If withdrawal symptoms were controlled
by clonidine, patients might be able to abruptly discontinue chronic
opiate use and remain abstinent during the minimum 10-day opiate-
free period that is required before starting naltrexone aftercare
treatment. In general, clonidine might increase the chances of
detoxification success and allow patients greater access to naltrex-
one and drug-free modalities.

Since the initial reports of clonidine's withdrawal-suppressing
effects in opiate addicts, a variety of clinical studies have ex-
plored the usefulness of this medication in opiate detoxification,
as reviewed recently by Washton and Resnick (1981). The present
paper will summarize the outpatient studies conducted at New York
Medical College with patients addicted to heroin and/or methadone.
It will also describe our recent studies of lofexidine, an analogue
of clonidine that appears to be a safer and more effective nonopiate
treatment for opiate withdrawal.

CLONIDINE
Our first study (Washton et al. 1980) sought to replicate the single-

dose findings of Cold et al. (1978) in order to gather additional
information on the physiological and subjective effects of clonidine
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in opiate-dependent humans. A single oral dose of 0.2 or 0.3 mg
clonidine was administered to 12 opiate-dependent outpatients exper-
iencing acute withdrawal from heroin and/or methadone. Blood
pressure and ratings for the presence and severity of withdrawal
symptoms were taken immediately before clonidine administration

and at 2 hours postclonidine. The data showed that clonidine
produced a marked and significant reduction in subjective with-
drawal severity. The particular symptoms reduced most effectively
by clonidine were chills, lacrimation, rhinorrhea, vyawning, stomach
cramps, sweating, and muscle and joint aches. Marked reductions

in anxiety and restlessness were also reported. Side effects were
dry mouth, drowsiness, and a decrease of 10-15 mm Hg in systolic
and diastolic blood pressure. None of the 12 subjects experienced
euphoria or any other opiate-like effects from clonidine, and none
reported unpleasant side effects.

We subsequently explored clonidine's usefulness as an adjunct to
methadone dose reductions and also as a transitional treatment
during the 10-day period between opiate dependence and naltrexone.
In an initial outpatient trial (Washton and Resnick 1980a) with

20 methadone-dependent volunteers, an attempt was made to determine
whether clonidine could be used to prevent emergence of abstinence
symptoms during the course of gradual methadone dose reductions.
This study addressed the issue of prophylactic blockade of the
abstinence syndrome in contrast to the previous studies that used
clonidine to reduce ongoing withdrawal symptoms. Patients taking
10-50 mg methadone daily were inducted onto clonidine doses of
0.5-0.9 mg per day before initiating methadone dose reductions of
5 or 10 mg per week. All patients had been taking clonidine for at
least 2 weeks before the methadone detoxification was begun. Ten
of the 20 patients (50 percent) reached a zero methadone dose and
remained opiate-free on clonidine for 10 days before starting
naltrexone. Although the patients who successfully completed the
detoxification generally complained of less severe and fewer symp-
toms than the patients who failed, it was evident that clonidine
did not totally prevent the emergence of withdrawal symptoms.
Patients who complained of intense withdrawal discomfort tended
to be those who had been taking clonidine for more than 3 weeks,
suggesting the development of tolerance to clonidine's antiwith-
drawal effects.

In another outpatient trial (Washton et al. 1980) clonidine was
administered to 88 opiate-dependent volunteers following abrupt
discontinuation of methadone or heroin, Forty-three patients had
received methadone 5-40 mg daily (mean 15 mg), and the other 45
patients had been taking illicit methadone or heroin in varying
doses. On day 1, all patients received placebo methadone and
started a self-administered clonidine dose regimen of 0.1 mg gid
with gradual increases as needed over succeeding days. The maximum
daily clonidine dose averaged 0.8 mg (range 0.3-1.2 mg). On day 10,
patients who showed opiate-free urines and denied using any illicit
opiates while on clonidine were given a naloxone challenge of 2.0
mg IV to assess their readiness to begin treatment with naltrexone.
Seventy-two percent of the 43 methadone maintenance patients and
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50 percent of illicit opiate users completed detoxification and
started naltrexone treatment. Those who were on the higher doses

of heroin and/or methadone had the greatest difficulty in completing
detoxification. All patients reported that clonidine reduced, but
did not eliminate, their withdrawal discomfort. Lethargy and insom-
nia were the most frequent and persistent residual complaints. Most
patients experienced some mild dizziness or lightheadedness upon
standing, but these side effects were unacceptably severe in only

six cases. No single clonidine dose regimen was best for all
patients, because sensitivity to clonidine's effects varied widely
among individuals. To achieve effective control of withdrawal

symptoms without untoward side effects, it was necessary to individ-
ualize the clonidine dose regimen according to each patient's blood
pressure and symptomatology.

Rawson et al. (1981) provided additional evidence of clonidine's
effectiveness in outpatient opiate withdrawal and found that the
availability of naltrexone aftercare treatment significantly
increased detoxification success rates. Among patients offered
clonidine as a transitional treatment between methadone and naltrex-
one, 9 of 12 (75 percent) achieved 10 days of opiate abstinence and
started naltrexone, whereas only 3 of 12 (25 percent) in a group
offered clonidine but no naltrexone achieved 10 days abstinence.

The differential efficacy of the clonidine detoxification procedure
between the two groups of subjects did not appear to result from
differences in the degree to symptom relief, but rather from differ-
ent subject attitudes toward their detoxification. Subjects in the
clonidine/naltrexone group perceived the clonidine detoxification

as a transitional treatment with a specific goal. Naltrexone
induction on day 10 postmethadone was perceived as a clear endpoint
to the detoxification. Subjects in this group frequently expressed
the feeling that they had "made it" when they started naltrexone

and many reported feeling relief that once on naltrexone they no
longer had to struggle with the urges and cravings to use opiates.
It appeared that if the clonidine procedure was perceived by subjects
as being for a specific number of days with a clear goal and end-
point such as starting naltrexone, most of them could exert suffi-
cient control to abstain from opiate use for the 10 days of post-
methadone. Subjects in the clonidine-only group did not view the
detoxification process as having a clear endpoint or goal and this
seemed to contribute to their inability to resist opiate cravings.

Although the clinical studies summarized above were encouraging,

none compared clonidine against other detoxification methods. We
recently reported a double-blind outpatient study (Washton and
Resnick 1980b) in which 26 volunteers dependent on methadone (15-30
mg daily) were randomly assigned to a clonidine or methadone detox-
ification procedure. The clonidine procedure (N=13) consisted of
abrupt substitution of clonidine for methadone on day 1 of the study.
The methadone procedure (N=13) consisted of methadone dose reductions
of 1 mg per day until a zero dose was reached. Both procedures

were placebo controlled with daily regimens of active or placebo
clonidine tablets individualized by a physician who was not aware

of the patient's assigned treatment group. No significant difference
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was found between the clonidine and methadone procedures in terms
of the numbers of patients who completed a 10-day opiate-abstinence

period after the last dose of active methadone. Four of 13 subjects
(38 Percent) were successful with clonidine, and 6 of 13 (46 Percent)
were successful with methadone (P<0.05, chi-square test). Major

withdrawal symptoms were nearly identical for both groups and
consisted mainly of lethargy, restlessness, and insomnia. The
clinical course of subjects was distinctly different for the clon-
idine and methadone procedures, making it impossible to maintain
truly double-blind conditions. Subjects taking clonidine reported
sedation, dry mouth, occasional dizziness, and onset of withdrawal
symptoms within the first 2-3 days of the study. By contrast,
subjects taking methadone reported no sedation, dry mouth, or
dizziness, and no major withdrawal symptoms until the final week
of the procedure when methadone doses were approaching zero milli-

grams.
LOFEXIDINE

Clonidine's efficacy in suppressing opiate withdrawal has suggested
that other alpha-2 noradrenergic agonists might also be effective
in opiate withdrawal but without untoward side effects. Lofexidine
is an investigational analogue of clonidine that has been shown to
suppress opiate withdrawal in morphine-dependent rats (Shearman

et al. 1980). Clinical testing in human hypertensive patients
(Wilkin et al. 1981) has suggested that lofexidine's sedative and
hypotensive effects are less potent than those of clonidine.

We have recently completed an open clinical trial of lofexidine

in opiate detoxification (Washton et al. 1981). As in our earlier
studies with clonidine, the clinical test of lofexidine's usefulness
was conducted in an outpatient setting with the measure of detoxi-
fication success defined by induction onto naltrexone. Our subjects
were 15 methadone-dependent male outpatient volunteers who showed
no evidence of medical or psychiatric illness and gave informed
consent to the study which involved an abrupt switch from methadone

to lofexidine. On day 1, subjects received their usual methadone
dose (10-25 mg) and began a self-administered lofexidine dose reg-
imen of 0.1 mg two or three times daily. On day 2, methadone was

abruptly discontinued with subjects receiving a matched placebo
methadone solution and the lofexidine dosage was increased to 0.1
mg four times daily. Subsequently, the lofexidine dose was increased
as needed to no more than 0.4 mg four times daily according to
symptoms and side effects. All subjects were told that the detox-
ification procedure would take 11 days and that naltrexone could be
started on day 11 (10 days postmethadone) provided that they used
no illicit opiates during the study as confirmed by the absence

of a precipitated withdrawal reaction to intravenous naloxone
challenge (2.0 mg) on day 11. Subjects who did use 1illicit opiates
during the first 10 days postmethadone were allowed to continue on
lofexidine and the naloxone challenge was postponed to the first
opportunity where it posed minimal risk of precipitating a with-
drawal reaction (i.e., to at least 5 days after the last opiate
use) but no later than day 21 of the study. Subjects who passed
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the naloxone challenge and started naltrexone on days 11-21 were
considered successful detoxifications. Those who returned to using
opiates and failed to begin naltrexone by day 21 were considered
unsuccessful.

Successful detoxification and induction onto naltrexone was accomp-
lished with 10 of the 15 subjects. All patients rated lofexidine
as moderately to extremely effective in reducing most of the
commonly experienced withdrawal symptoms: insomnia, lethargy, and
muscle/bone pain were the most frequent residual complaints. None
of the 10 subjects reported unacceptable withdrawal symptoms while
taking lofexidine. Those who failed to complete the detoxification
procedure cited opiate craving rather than withdrawal discomfort

as the major reason for returning to opiate use. None of the sub-
jects reported oversedation, dizziness, or lightheadedness from
lofexidine, despite rapid increases in the dose to as much as 1.6

mg per day within the first 5 days. The maximum daily lofexidine
dose ranged from 0.6 mg to 1.6 mg across the 10 subjects with an
average of 1.2 mg. There was no significant lowering of blood

pressure even at the maximum lofexidine dose (mean prelofexidine
BP; 115/74 mm Hg: mean BP at maximum lofexidine dose; 115/76 mm

Hg) . Dry mouth and mild drowsiness were the most commonly reported
side effects. Reductions in the daily lofexidine dose by 0.2 to
0.6 mg per day at the end of the study produced no symptanatic
complaints or significant changes in blood pressure.

DISCUSSION

While our studies of clonidine suggest the usefulness of this
nonopiate agent in outpatient opiate detoxification, it has also
become clear that clonidine is not without clinical risks and
potential drawbacks and thus is not an ideal agent for treating
withdrawal symptoms. Some patients are extremely sensitive to
clonidine's hypotensive and sedative effects and cannot tolerate

the doses needed to relieve withdrawal discomfort. This has led
patients to discontinue their detoxification before canpletion

and has seriously restricted the usefulness of clonidine in out-
patient withdrawal to patients whose level of opiate dependence

is below 30 mg/day of methadone. Additionally, the close monitoring
of patients that is required because of potentially trouble-

side effects during clonidine treatment can be inordinately time-
consuming and inconvenient for both patient and physician. These
factors tend to decrease the efficacy and acceptability of clonidine
detoxification especially in an outpatient setting where side
effects can interfere with the patient's daily functioning.

Cur results with lofexidine suggest that this medication is compar-
able to clonidine in terms of antiwithdrawal efficacy but without
the adverse sedative and hypotensive side effects that limit cloni-
dine's wusefulness. It appears, therefore, that lofexidine might

be a more clinically useful and viable treatment than clonidine

in opiate detoxification, especially with ambulatory outpatients
where safety and ability to maintain normal functioning are impor-
tant concerns. Additionally, because lofexidine can be administered
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in higher doses than clonidine without unacceptable side effects,
it might be possible to detoxify outpatients from higher levels of
opiate dependence than has been the case with clonidine.

Nonopiate treatment with clonidine or lofexidine may be specifically
indicated and preferable to detoxification using methadone in some
cases. For example, these agents may be the treatment of choice

for addicts with low levels of opiate dependence whose addiction
might be increased by the use of methadone. Clonidine or lofexidine
may be especially useful in treating iatrogenic addiction to pre-
scription opiates and treating addicted physicians or others having
no prior involvement with illicit opiates where exposure to methadone
or methadone treatment facilities might be undesirable or contra-
indicated. In general, clonidine and lofexidine may provide
potentially useful and desirable treatment options whenever detox-
ification using methadone 1is inappropriate, wunsuccessful, or simply
unavailable.

Clonidine and lofexidine seem best suited for clinical use as tran-
sitional treatments between opiate dependence and naltrexone.
Nonopiate medications with significant withdrawal-suppressing
effects can provide symptomatic relief following rapid discontinu-
ation of opiates without postponing the introduction of naltrexone
at the earliest possible time to foster continued abstinence. The
treatment sequence of clonidine or lofexidine followed as soon as
possible Dby naltrexone induction is highly attractive to outpatients
because it offers the opportunity for rapid detoxification with
minimal discomfort and a clearly defined endpoint to the detoxi-
fication process.

The role of detoxification treatment alone as a therapeutic modality
has long been overemphasized in addiction treatment. Attempts to
detoxify large numbers of opiate addicts using clonidine or lofex-
idine, based on expectations that these patients will remain absti-
nent without some form of intensive aftercare treatment, are highly

unrealistic. In most cases, readdiction will rapidly ensue. Addicts
are extremely vulnerable to relapse, particularly during the first
week or two following cessation of opiate use. Although clonidine

and lofexidine might be extremely useful in helping addicts achieve
initial abstinence, a more comprehensive multimodality aftercare
treatment approach including naltrexone and psychotherapy is usually
necessary 1in enabling detoxified addicts to maintain an abstinent
state (Resnick et al. 1981).
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Methadone Maintenance:
An Update

Edward C. Senay

It is only in the last two decades that we have acquired an exten-
sive experience with the use of legal opioids in the treatment of

opioid dependence. While our experience is modem the concept of
providing legal opioids to the opioid dependent is distinctly not
modem. In history the earliest mention of such a concept appears

to be in Siam in the 1850’s when the King of Siam decreed that
the state would give opium to persons addicted to opium. The
first direct American experience with the concept of narcotic
substitution was at the turn of the century when we took over the
Philippines and inherited a state-administered narcotic distribu-
tion system.

For a time we utilized morphine for maintenance in some of our
major cities but in the 1920’s court interpretations ended our
brief experience with this notion. In the 1950's a joint commit-
tee of the New York State Medical Society and the American Bar
Association called for exploration of the concept and, as every-
one in this room knows, Drs. Dole and Nyswander carried out a
series of studies on the potential of methadone. These studies
formed the base for an enormous expansion of this treatment in
America in the last two decades. In the brief time available, I
want to comment on our experience with methadone treatment.

Drs. Dole and Nyswander reported on the success of their experi-
ments in the middle 1960’s and some one hundred and fifteen
studies later one can say that their findings have held up, per-
haps not to the same degree of initial success because their
studies quite rightly excluded the more complicated cases which
had to be treated when the method gained approval for widespread
use.

To say that their findings have held up is not a casual statement.
Methadone maintenance has been evaluated more than any other
human service modality with the possible exception of psycho-
therapy. The public is not aware that this is the case, and there
is wvirtually no public recognition that the evaluations of
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methadone maintenance are almost uniformly favorable. Surpris-
ingly, many workers in the field of substance abuse share with the
public lack of awareness of the extent of the outcome research
which has been carried out on methadone and many also appear to be
unaware of the favorable findings of this research.

It is important to stress that the studies which have been carried
out have encompassed years of observation, thousands of patients,
and that independent groups have been involved. The General Ac-
counting Office of Congress (GAO), for example, reviewed the re-
views of the effectiveness of methadone maintenance and reported
to the U.S. Congress that it was an effective treatment modality.
But, persistently, a common critique of the outcome research on
methadone maintenance repeats what Dr. William Martin said at the
Second National Methadone Conference in 1969 to the effect that
we don’t have double-blind studies which would permit us to evalu-
ate this modality scientifically. This critique is no longer
valid because we do have one double-blind study with random as-
signment reported in the Lancet in 1979. Newman and Whitehead
recruited 100 heroin addicts in Hong Kong for a double-blind study
which lasted for 36 weeks. The study actually was biased against
the hypothesis that methadone is superior to placebo because both
groups received methadone in the induction phase of the study.
The experimental group was maintained for the 36 weeks of the
study while the control group was withdrawn from the daily induc-
tion dose of 60 mg. of methadone during the first 60 days. This
study was, in effect, a study of methadone maintenance versus
methadone detoxification. Large differences were observed be-
tween experimental and control groups, the differences being fa-
vorable for methadone maintenance.

In the face of data accumulation almost unparalleled in history,
complete with one double-blind study with satisfactory methodology,
the message that methadone works hasn’t gotten through. How can
we account for the public and, in large measure, those who work

in the field being unaware of or unaffected by the data? Part of
the reason stems, no doubt, from the factionalism so prominent in
the field of substance abuse. For example, workers in the alcohol
treatment community tend to be biased against the basic concept of
legal substitution. “It’s like giving an alcoholic bourbon”.

The Therapeutic Community groups have long been hostile to the
notion of substitute therapy and a host of workers, unfamiliar
with the clinical realities of opioid dependence, find the substi-
tution concept difficult.

Part of the reason also appears to be the cautious way in which

evaluators worded their findings. If one reviews the evaluations,
one does not find simple statements to the effect that the data
indicates that the treatment works. Why evaluators have been so

hesitant is a matter of conjecture; a good guess is that the tur-
bulence and politicalization of the field gave them pause.

Some may be ambivalent about methadone substitution because we
have not carried out replicated, and I underline replicated, double-
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blind studies of the effectiveness of maintenance treatment.

Given the current climate of anti-intellectualism and public sus-
picion of research it is doubtful that further double-blind stud-
ies can be carried out. In the event that they are, let us hope
that we institute control for factors such as degree of dependence.
We have many studies now indicating that applicants for methadone
treatment vary from no dependence on opioids to severe dependence
on opioids. Studies by Blachly, Resnick, Goldstein, O’Brien and
Senay indicate that this is the case. Improving diagnosis along
the lines suggested by Dr. Sellers’ work at the Addiction Research
Foundation here in Toronto is urgently needed. If we could mea-
sure psychological dependence it would be desirable to control for
level of psychological dependence occurring at any given level of
biologic dependence. Control for these factors would delineate
more precisely what methadone contributes.

Recent work by the Philadelphia group suggests that psychiatric
status is another factor which contributes substantially to vari-
ance. The most serious methodologic obstacle in studying legal
maintenance relates to the fact that we are studying a problem
that tends to take the form of a career, lasting at least ten and,
frequently, many more years. Obviously, we need to design studies
which cover long periods of time.

Another factor possibly explaining the discrepancy between data
and awareness 1s the large impact of a few poorly administered
programs; the bad press associated with these programs has im-
peded progress in recognizing the usefulness of methadone and has
in some communities, in Oklahoma and California for example, led
to abandonment of this modality.

The verdict of clinicians is almost uniformly favorable; that is,
those most in touch with the day-to-day realities of treatment of
opioid dependence with methadone are impressed with what it has

to offer. Part of the problem with public recognition of this
treatment stems from the fact that only a relative handful of
professionals have experience with methadone maintenance and until
recently their interest had little visibility in so-called “main
stream medicine” and no visibility in the public sector. Since
their interests were and are professional, they simply didn’t write
for the public. Those writing for the public tended to be jour-

nalists whose tenure in the field tended to be brief. I'm think-
ing of people like Edward Jay Epstein whose exposure to the field
was at most one to two years. Epstein wrote a review of methadone

and damned it for its purportedly evil political utilization.
His article, in the journal Public Interest, was widely read
and had an impact on the attitudes important people in
government. The Public Interest refused to print my letter
reviewing the many errors of omission and commission in the
Epstein paper. So we haven’t done a good job with public
relations.

A recent NIDA Treatment Research Report presents evaluation re-

sults from therapeutic community as well as methadone maintenance
and drug free treatment. We, who work in the field, need to
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review and to know these data. For too many years people who
work in substance abuse have been either blind proponents of one
modality or apologetic about what we do. If the people in the
field won’t read the outcome studies they should not be surprised
that the public has attitudes based on a lack of awareness of the
data. Again, I would call your attention to the number of sub-
jects involved in these studies. It is in the tens of thousands.
Although the study does not display Sells latest writing, the time
periods included in these most recent outcome studies are now
close to two to three years and the results remain favorable.

A causal relationship between treatment and the favorable out-
comes observed is, in my opinion, 1s not definitively established
by these studies either individually or in the aggregate; matura-
tion, regression toward the mean, reduction of symptoms following
the crises in which patients usually seek treatment, lack of rep-
lication, random assignment and lack of adequate control groups,
the use of remaining samples and other problems with methodology
mean that we can only say that treatment is associated with de-
sirable outcomes and probably produces the results we see. The
NIDA monograph from which these slides were made does not mention
other large scale studies of outcome such as those published by
Newman et al. in New York, Goldstein et al. in Palo Alto and
Senay et al. in Chicago. These three reports document additional
thousands of patients studied for extended periods of time and in
concert with the studies mentioned in the NIDA monograph demon-
strate that desirable changes are associated with treatment.

In passing one should also note that, although this is less true
now than it was in 1970, methadone maintenance is a treatment
which 1is attractive to consumers. Over the past decade and one
half, addicts numbering in the 100,000’s have utilized this treat-
ment . This is no small point. Ideally one would wish that all
these addicts could have been persuaded to accept treatment with
narcotic blocking agents such as cyclazocine or naltrexone. But
the fact is that the consumers of addiction services will not
accept such treatment in numbers which are significant from a
public health point of view.

Length of stay in maintenance has declined sharply in the past de-
cade . In 1970 more than one half stayed in treatment over a year
but in 1980 the figure was close to 25%. I believe that there

are at least three factors involved in the change of consumer at-
titudes. One, the most powerful in its impact, is the change in
the nature of our drug problems; to illustrate, in 1968, in Il1li-
nois, 80% of those seeking maintenance treatment used heroin as a
sole drug or the main drug of abuse. That is, these patients used
heroin with occasional use of another drug such as marijuana or
alcohol: In 1978, in Chicago, this figure was down to 18%. So the
consumer has changing needs. The second factor relates to our poor
public relations record. Again many, perhaps most, of the workers
in the field have ambivalent attitudes at best toward opioid sub-
stitution therapy. Another factor was the impact of regulation

on progress. The adversarial approach used by regulatory agencies
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in the United States helped to worsen the natural divisions among
workers in the field and generated the kind of low morale which

was reflected in Dr. Dole’s paper on the subject in the Journal

of the American Medical Association.

With the sharp reduction in resources experienced in the last few
years, the question of long term goals of maintenance has assumed
renewed importance. Currently we see administrators asking if we
can’t get successful patients on chronic maintenance detoxified
so we can use their slots to treat new patients. But our
collective experience 1is not encouraging in this regard. With-
drawal from legitimate narcotics 1is as problem-ridden as with-
drawal from illicit narcotics and the logic of exchanging a
proven success for an uncertain success is shaky. Ideally one
would wish for a drug free state but for many thousands of
addicts that is, as yet, an unreachable goal. Some can reach
this goal and we should continue to try, but we know the odds

are against successful detoxification of successful chronic
methadone maintenance patients.

The safety of chronic administration of methadone under medical

auspices 1is impressive. In some instances, patients have been
taking daily methadone for a decade or more and are suffering no
medical consequences. Indeed the clinical impression one has is

that the health of addicts improves dramatically when addicts use
the treatment to stop intravenous drug use. Hepatitis, endocar-
ditis, systemic infection and soft tissue infections certainly
seem to be greatly diminished during chronic methadone, as would
be predicted from cessation of the use of unsterile needles.

A number of recent large-scale studies suggest that treatment for
drug and alcohol problems greatly reduces further utilization of
the standard medical care system in the years following substance
abuse treatment. Roughly speaking, a dollar spent on treatment
for substance abuse appears to prevent two to three dollars of
future expenditures on visits to hospitals and outpatient offices
and clinics. In Illinois, a current study is under way attempting
to document further this relationship. Again workers in our field
ought to know and should be able to acquaint legislators and com-
munity leaders with the relevant data.

The dilemma of the pregnant active opioid addict seems to have
been at least partially solved by the utilization of low dose
methadone maintenance throughout the pregnancy and delivery.

Prior to the past decade clinicians attempted to withdraw pregnant
addicts and did not realize that the human fetus frequently will
die in narcotic withdrawal. This is in contrast to the adult ad-
dict who dies so rarely in narcotic withdrawal that there is real
question if some complicating factor must not be present to pro-
duce death. Early attempts at high dose maintenance of the mother
were associated with severe post-natal problems for the neonates.
Finally, low dose maintenance evolved and appears to be the best
solution to a difficult problem. Use of any opioid, licit or
illicit, may be associated with an increase in the occurrence of
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the Sudden Infant Death Syndrome (S.I.D.S.). The data, at this
time, 1is suggestive but not conclusive of such a relationship.
The attribution of causality is usually not possible because of
the use of multiple substances by most opioid-dependent pregnant
women.

When the decade started there was serious doubt by many that
there was an association between heroin dependence and crime.
There was also little data concerning the effects, if any, of
treatment on criminal behavior. The data base bearing on this
question has grown enormously. The preponderance of evidence
now strongly supports the notion that active phases of heroin
dependence are associated with a substantial increase in the
crime rate and that treatment, including but not limited to metha-
done maintenance, 1is associated with a substantial reduction in
the rate of commission of crime. The relationship appears to
hold in different ethnic groups in the United States. On this
ground alone Drs. Dole and Nyswander deserve our highest awards.

The question of high-dose versus low-dose maintenance was raised
by a number of studies in the early seventies with the general
conclusion that retention rates and outcome in treatment were as
favorable at low doses as they were at high doses. I don’t re-
gard the issue of dose as closed, however, because of my belief
that the opioid-dependent population of 1982 is bi-modal with

respect to degree of dependence. In my opinion, there are large
numbers of addicts probably not needing strong opioid agonists
such as methadone. It is time that we carried out maintenance

studies comparing weak with strong opioid agonists under double-
blind conditions.

The question of staffing of methadone maintenance programs is
still not settled. Although the para-professional, or community
worker, has succeeded in contributing to progress by creating for
the consumer a sense of familiarity, commonality of language and
custom and a role model, the training of such counselors has not
provided them with the skills they need to compete with standard
professional groups. Licensure and certification for this group
of workers, however distasteful, is necessary for their survival.

It is surprising that, in 1982, we have no substantial body of
data which would permit us to judge what contributions various
staff members make, 1if any. For some patients the mere provision
of methadone appears to be clinically potent while for other pa-
tients, many other patients in my view, the provision of metha-
done alone has little or no payoff. We tried to study this in
Illinois but resources did not permit us to study the matter
properly. Obviously it is a matter, in these times of diminished
funding, that we should examine in rigorous clinical studies.

The idea that methadone would work by exposing people to treatment
has not been resolved satisfactorily. We don’t know why we get
the results we get, and it is obviously something we need to exam-
ine critically in the future.
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In putting this program together we agreed to review the recent
advances in the particular area each of us was to review. In pre-
paring this paper I asked myself repeatedly the question, What
have Dbeen the advances in methadone maintenance over the past fif-
teen years? In thinking about these years, the events that came
to memory most immediately and forcefully are those in which we
reacted to attack from the media, from auditors, regulators, re-
viewers, inspectors, commissioners and interrogators in a line
which would have given Kafka material for two or three more ca-
reers. There was threat of assult from ideologues of every per-
suasion ranging from the National Caucus of Labor Committees
(members of this group threatened my life repeatedly) to the mind-
less libertarians who appear to want free access for all people,
including children, to any and all psychoactive substances. The
basis of the fundamental assault was that they viewed us not as
physicians working in communities with few resources, with
difficult clinical populations, often under dangerous conditions,
but rather as adversaries, often viewed as members of the “Drug
Abuse Industrial Complex” with the implication of a sybaritic,
criminal lifestyle based on stealing from the government. NIDA, to
its everlasting credit, did see to it that we were evaluated and
the evaluations speak for themselves. So, although we’ve spent
most of our energy on defense we have made one advance of great
importance. We’ve shown that treatment is associated with
desirable outcomes and the burden is now on those who say that

it isn’t.

We have not improved narcotic substitution therapy as we might
have if we had lived in less troubled times. The failure to get
LAAM through the bureaucracy is distressing. I regard LAAM as a
form of methadone maintenance and know this drug in clinical set-
tings. LAAM clinics especially in cities like Chicago where pub-
lic transportation for our patients is expensive and extremely
time consuming would represent a major advance which would permit
us to improve our services and to focus more energy on new and/or
difficult cases, I hope the CPDD will interest itself most vigor-
ously in the LAAM matter.

At the beginning of the decade, I hoped that we would come to re-
quire licensing and certification for physicians working in metha-
done programs. Methadone prescribing for maintenance and detoxi-
fication is not within the competence of every physician. Sub-
stance abuse is a specialty -- not a specialty with highly develop-
ed techniques like cardiac surgery or burn care but it is nonethe-
less a specialty. We have paid a high price by not recognizing
this fact. We could improve the entire field by requiring train-
ing for physicians and all other workers before they work in
methadone programs.

No review of narcotic substitution therapy would be complete with-
out examining the effects of sponsorship; that is, who is adminis-
tering the substitute narcotic and for what purpose. Drs. Newman
and Dole cautioned us early in our national experience of the dan-
gers of merging medical treatment with the criminal justice system
Their concerns were echoed by members of President Carter’s
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Commission on Mental Health who called our attention to the
“insidious” possibilities in such a relationship. If a court
orders treatment and the treatment of choice on the part of the
patient and physician is methadone, has an “insidious” merger
occurred? What is our experience in this regard? First we should
note that in most of the major cities of America substantial num-
bers of applicants for any treatment of narcotic dependence have
an active relationship with a criminal justice system. In my
experience an “insidious” merger has not occurred. Treatment
diversion programs have served well the individual, families and
communities involved. Court decisions influenced by communica-
tion from workers in treatment programs like myself have been a
near daily experience of mine for over a decade. This experience
does not lead me to want to change the relationship or to fear
that somehow, because in the abstract it could be bad, we

should avoid the relationship. Given the crowded situation in the
nation’s jails and prisons I predict a large expansion of diver-
sion programs in the 1980’s and believe that it would be criminal
not to include opioid substitution therapy as one of the possi-
bilities for diversion.

In 1982, as never before, the multi-modality concept developed by
Jaffe is most relevant. Methadone, for maximum public health
effectiveness should be part of a treatment system and it should
not stand alone. The continued use of alcohol and opioids is now
the rule, not an exception. The changes in the nature of our sub-
stance abuse problem argue strongly for this position. Chicago,
for example, has changed dramatically since 1967; the abuse of
weak agonists such as pentazocine has come to occupy a large part
of the sector of clinical demand. Methadone is, therefore, not
as central as it once was in our clinical efforts. The drug ex-
perimentation and use patterns identified by Dr. Lloyd Johnston
in the nation’s high schools suggest strongly that we will need
multi-modality programming for the foreseeable future. Dr. John-
ston’s data indicates that the use of multiple substances appears
to be the dominant mode among those who will come to our
attention in the future.

We have made some progress on the problem of detoxification from
chronic methadone maintenance in that we have learned to go slower.
In some instances, we can get patients drug free after some years
of successful maintenance but these patients, as I noted above,

are more of an exception than a rule. When this decade started,

I had high hopes that we would find a path back to drug free
living but this clinical dream has not been realized.

In summary, then, we have not changed clinical use of methadone
significantly in the past decade but we have proven that its use

is associated with desirable outcomes. I think that we know more
now about what needs to be studied and we know that we have to im-
prove training and staffing. Opioid substitution therapy has con-
tributed substantially to public welfare and, in the future, we
should be able to increase its contribution based on our experience
of the last two decades.

AUTHOR:
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Psychotherapy for Opiate Addicts

George E. Woody, Lester Luborsky, A. Thomas McLellan,
Charles P. O'Brien, Aaron T. Beck, Jack Blaine, Ira Herman,
and Anita Hole

SUMMARY

An opportunity to receive a six-month course of professional
psychotherapy in addition to paraprofessional counseling was
offered to opiate addicts who were beginning a new treatment

episode on a methadone maintenance program. The treatments
offered were drug counseling alone (DC), counseling plus
supportive-expressive psychotherapy (SE), or counseling plus
cognitive-behavioral psychotherapy (CR). Sixty percent of

patients meeting the study criteria expressed an interest in
the psychotherapy program and 60% of these actually became
engaged. One hundred and ten subjects completed the study
intake procedure, were randomly assigned to one of the three
treatment conditions and kept three or more appointments within
the first six weeks of the project.

A variety of outcome measures showed that patients in all three
treatment groups improved. Patients receiving the additional
psychotherapies improved in more areas and to a greater degree
than those who received counseling alone. The specific
improvements seen appear to be related to the focus of the
therapy used. Patients with antisocial personality disorder,
as defined by Research Diagnostic Criteria, did not benefit
significantly from therapy, but those with depression did.
Patients with high 1levels of psychiatric symptoms made many
significant gains 1f they received additional therapy, but
improved only in drug use if they received counseling alone.
Patients in all three treatment groups having low levels of
psychiatric symptoms improved significantly in many areas.

We conclude that more than a third of opiate addicts in our
treatment program are interested in psychotherapy and many of
these can benefit from it. Certain administrative procedures
appear necessary to maximize the chances that psychotherapy can
be used effectively with drug addicted patients.
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INTRODUCTION

There 1s sane evidence to suggest that psychotherapy may be
both practical and helpful with addicts if given under certain
conditions. The development of methadone maintenance treatment
programs has provided a means to reduce much of the intense,
impulsive and daily search for 1illicit substances that is
observed in private practice. Stabilization with methadone has
permitted the development of therapeutic, long term relation-
ships and this, in theory at least, methadone programs might
provide a medium in which psychotherapy could be employed
effectively. In addition, the most recent study on psycho-
pathology in methadone - maintained patients showed that
depression and not sociopathy is the most commonly diagnosed
psychiatric disorder, though sociopathy 1is certainly well
represented (Rounsaville et al. 1982). Further, about half of
those patients with a diagnosis of sociopathy also have other
psychiatric problems. Thus, there 1is reason to believe that
psychotherapy may be capable of providing benefits to addicts,
especially if it is delivered in a methadone treatment program.

Background Work

No published studies on the effectiveness of psychotherapy with
this population appear to have been done prior to 1970. The

one exception was the early work of Nyswander et al. (1958)
which was completed before the development of methadone
treatment. The overall conclusion reached from a review of the

few studies done is that there 1is evidence to indicate that
psychotherapy can be helpful for opiate-dependent patients.
This type of review and conclusion is similar to that reached
by Luborsky et al. and others in their overviews of many
diverse psychotherapy studies of treatment efficacy for
psychiatric patients in general (Luborsky et al. 1975; Smith et
al. 1980; Andrews and Harvey 1981). These reviews found that
65 percent of the patients in the psychotherapy outcome studies
showed a treatment effect.

PFESENT WORK: THE PENN-VA PSYCHOTHERAPY STUDY

This paper reports the results of a controlled study done to
test whether professional psychotherapy can provide additional
benefits when combined with standard drug counseling services
in a methadone treatment program. The study was done in the
methadone treatment unit of the Philadelphia VA Medical Center.

This treatment unit is one of eight methadone programs in the
Philadelphia area and has an active census of about 350
patients. It is a full service program which is mandated to
treat all veterans who apply. The program's administration has
always conceived of drug dependence as being related to life
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events such as social or psychiatric problems. Therefore,
services provided include, where appropriate, drug and social
work counseling, vocational rehabilitation, and medical
consultation. Psychotropic medications are also used along
with methadone and drug counseling to treat psychiatric
problems that accompany the addiction.

Administrative Procedures

Prior to beginning the study we gave considerable thought to
the administrative procedures that might be used in a psycho-
therapy program with this special population. We had completed
a previous study of family therapy with addicts in 1976 and
that experience was of considerable help because we learned
that there are special conditions under which therapy has the
best chance to work (Woody et al. 1981). Based on this
experience we expected three problems to occur: 1) missed
appointments by patients; 2) competition between counselors and
therapists; and 3) loss of morale by therapists in response to
the nature of the addicts' problems.

We implemented a series of procedures from the start of the
study, in a largely successful attempt to combat these
anticipated problems. These are described in detail elsewhere,
as are the treatments used (Woody et al. 1983).

Subjects and Methods of Recruitment

Patients selected were all males, between 18 and 55 years of
age, were nonpsychotic, did not have a persistent or clinically
significant organic brain syndrome, and met FDA requirements
for methadone maintenance treatment. They had teen on methadone
for at least two weeks but not more than six months during their
current treatment episode and were screened to exclude those who
appeared to have serious medical, legal, or personal problems
that would require their moving from the Philadelphia area
within one vyear.

Design - Patients were randomly assigned to three treatment
conditions upon completing intake: Drug Counseling alone (DC),
Supportive-Expressive psychotherapy plus counseling (SE), and
Cognitive-Behavioral psychotherapy plus counseling (CB).

Patients who completed the intake procedure were required to
keep three appointments with their counselor and therapist in
the first six weelks (total of six appointments), or with their
counselor if they were assigned to DC alone (total of three
appointments) . If they failed to keep these three appointments,
they were considered nonengaged and dropped from the study.
About 80 percent of the patients who completed intake kept
these initial appointments.
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Measures - A schedule of a sample of the measures used is given
in table 1.

Another highly objective set of measures were the records of
drugs used by patients during the six-mnth study period. The
drugs of particular interest were methadone prescribed for
maintenance treatment; ancillary psychotropic medicines
prescribed for treatment of psychiatric symptoms; and urine
test results for illicit drugs.

RESULTS
(1) Interest and Participation of Patients

It is a common opinion of booth professionals and non-
professionals that drug-addicted patients are not interested in
psychotherapy. Our results show this is not so. Most patients
who fit the 1intake criteria were asked if they wished to
participate. Approximately 60 percent of the patients who were
asked said they were interested in the project, and about 60
percent of these completed the intake procedure plus the three
initial appointments. Patients who were interested appeared to
be no different from those who declined. Some who declined
appeared to do so out of practical considerations such as
extended job hours. Thus, while participation was by no means
universal, there was a substantial number of patients who
demonstrated interest in the psychotherapy as an addition to
their drug counseling:

(2) Benefits Achieved by the Patients

The data to be presented in this section represent the seven
month ASI evaluations, the psychological test results, and the
methadone doses, ancillary psychotropic medications prescribed,

and urine test results for opiates and other abused drugs.

Specifically, data are presented for all patients in each group
who completed their intake evaluation plus the initial three
appointments. Composite scores and single items from the ASI
as well as psychological test scores for each treatment group

can be seen in table 2.

The clear overall result was that patients in all three groups
improved in many outcome measures, including lessened drug use,
crime days, illegal income, and improved psychological function.

The data also indicate that patients who received psychotherapy
in addition to drug counseling made more and larger gains than
those who received drug counseling alone. The SE group showed
twelve, significant changes; the CB group slowed nine, and the DC
group showed seven significant changes from intake to seven-
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month follow-up. The SE patients' gains were especially
prominent in the areas of psychiatric symptoms and employment.
All patients improved significantly in the drug use factor,
with DC and SE patients improving more than CB patients.

Some very significant group differences are also seen when one
compares the medications used by patients in the three treatment
groups. There are significant differences in the average
methadone dose required for the three groups. The average dose
for DC patients increased significantly (p<.0l1) up to week
eight where it leveled off at about 43 mg/day, which is approxi-

mately the average dose used in the clinic. CB patients doses
also rose and leveled off but then gradually but significantly
(p<.01) decreased. SE patients' doses were approximately level

for about 15 weeks and than decreased. The mean methadone dose
prescribed over the course of the study was significantly higher
for the DC group than for the two therapy groups, which did not
differ from each other.

It is important to mention that decisions for methadone dose
changes were not made by the therapists. Patients usually
initiated the discussion about the question of a medication
change and the counselor formed an opinion. The situation was
then presented to a clinic physician if the counselor felt that
a change was necessary. The physician sometimes met with the
counselor and patient and other times acted on the counselor's
recommendation without seeing the patient. All these procedures
are standard clinic practice and were not initiated simply for
the study. Five physicians were working in the clinic during
the study and only one of these physicians was a therapist.
This plysician saw eight therapy patients, and decisions about
medication changes for his patients were made by one of the
other M.D.'s.

The mean percentage of patients prescribed an ancillary psycho-
tropic medication was significantly higher in the DC group
(F=52.31, p<.01l) than the psychotherapy groups which did not
differ from each other (p>.10) . Further, there was a
significant increase in the proportion of DC subjects who were
prescribed ancilliary medication (p<.0l), while the two therapy
groups showed significant decreases (p<.0l) over the course of
the study.

One to three urines were collected weekly for each patient on
days that were chosen at random. All groups showed a
significant decrease in positive urines over the course of the
study (F=8.41, p<.05) but there were no differences among the

three groups (p>.10). There was significantly more variability
in the urine test results for the DC group than for either of
the therapy groups. We also examined opiate-positive
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urines separately from any other illicit substances. Again all
the groups showed a significant decrease over the course of
the study (F=11.81, p<.01). However, in this analysis the
patients receiving the additional ©psychotherapy showed a
significantly less use of opiates than the patients who received
counseling alone (F= p<.05).

The last analyses presented hare were done to see if there were
subgroups of patients who responded differentially to therapy
or to counseling. These analyses are seen in table 3 which
shows results of treatment outcome in therapy or counseling for
patients in each treatment group with either high or low levels
of psychiatric symptoms, as measured at study intake. The upper
and lower thirds of the composite scores were used to produce
this table, with the middle group (mid-severity patients) being
excluded.

As seen, low-severity patients achieved many significant gains
under each of the three treatment conditions. High-severity
patients assigned to the additional therapy groups showed many
significant improvements, but those high-severity patients who
received only counseling showed progress only in reducing their
drug use. These results suggest that the supplemental psycho-
therapies made a significant difference in outcome for the high
severity patients and produced a level of improvement that did
not occur if they received drug counseling alone.

Finally, we analyzed the data to see if psychiatric diagnosis
was a predictor of outcome. To accomplish this end we looked
at treatment outcome in patients who received therapy who had
RDC diagnoses of opiate abuse only, those who had opiate abuse
and depression, and those who had only opiate abuse and
antisocial personality disorder. Both therapy groups were
combined in this analysis in order to achieve a sufficient
number of subjects in each category.

The largest therapy effect was observed in those patients with
depression and there was no significant effect in patients with
only antisocial personality disorder except that drug use was
reduced. These findings are supportive of the idea that
psychotherapy 1is not helpful for people with sociopathy.
Preliminary analyses of outcome according to individual
therapists or counselors show that there are significant
differences in the treatment effect achieved Dby specific
individuals. Several therapists produced much better results
than others, and the same was true for counselors.
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Comments

It is necessary to comment on a limitation in this project,
which 1is the unbalanced design. Patients treated in the
therapy groups saw a helping person (therapist or counselor),
an average of 23 times whereas those in the DC alone group saw

their counselors an average of 17 times. Thus, the patients in
the therapy groups spent about 35 percent more time with a
helping person than the IX alone patients. This design was

deliberate since our aim was to see if the addition of
professional-therapy to counseling services would provide extra
benefits. This question was the major practical issue addressed
by the project. We never considered it reasonable that
therapists could be used to replace counselors. However, we do
think it 1is practical and advantageous for psychotherapy to
supplement the important role of counselors with certain
patients. We are also interested in the question of total time
spent with a helping person vs outcome and have begun to study
this issue.

We find it interesting to speculate about why the psychotherapy
provided the ingredients necessary to permit a reduction in
drug use without the necessity to elevate the methadone. One
central factor in this regard was the development of a
supportive relationship between the patient and the therapist.
Some authors in the field have theorized that drug dependence
is a substitute for certain aspects of important personal
relationships (Fenichel 1945) such as 1in the <case of an
alcoholic who brings out three bottles of his favorite ligors
and greets them as reliable old friends. Under this view it is
possible that the personal therapeutic relationship formed in
psychotherapy became a direct substitute for drug use. However,
we think that the benefits of psychotherapy are more than simply
the results of a relationship. Observations that we made during
this study and in other therapy situations suggest that the
benefits of therapy are a result of the therapists' ability to
form a relationship combined with special knowledge and skill
about how to wuse it. We have noticed that many of the
counselors form good patient relationships but have trouble
managing them, especially with the very disturbed patients. It
should also be remembered that, like other patients who have
been treated with psychotherapy, opiate addicts often have
significant psychiatric problems, especially in the areas of
depression and anxiety. To the extent that drug use 1is an
attempt to medicate these problems and to the degree that
psychotherapy can reduce them, psychotherapy can reduce drug
use indirectly.

It is important to mention in closing that there are
substantial predictors of the benefits received by adding
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psychotherapy to counseling. These predictors are related to
the severity of psychiatric symptoms and psychiatric diagnoses,
especially depression and antisocial personality. These
predictors and the effect of therapy plus counseling vs.
counseling alone speak to potential areas where additional
psychotherapy might be wused to improve ongoing treatment
services.
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TABLE 1

SAMPLE OF MEASURES USED

INTAKE 1-MO. 7-MO. 12-MO.
CONSENT FORM X

SCHEDULE FOR AFFECTIVE DISORDEPS AND

SCHIZOPHRENIA - LIFE TIME VERSION

(SADS-L) (26) X

MAUDSLEY PEPSONALITY INVENTORY (27) X X X X
BECK DEPRESSION INVENTORY (28) X X X X
SOCIAL ADJUSTMENT SCALE (29) X X X X
SCL-90 (30) X X X X
SHIPLEY (31) X

RETIATIONSHIP INVENTORIES (32,33) X

SCHEDULE FOR AFFECTIVE DISORDERS-

CHANGE VERSION (SADS-C) (26) X X X X
ADDICTION SEVERITY INDEX (ASI) (34) X X X X
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TABLE 2

SE CB DC
32 39 39 7-M0.
START 7-MO. START 7-M0. START 7-MO. ANCOVA

EMPLOYMENT FACTOR 129  ** 14 127 * 51 90 44 .01 SE* (CB,DC)
Days Worked 7 15 6 8 10 12 .01 cB* (SE,DC)
Money Earned 256 ** 614 307 372 369 382 .001 SE* (cB,DC)

DRUG USE FACTOR 182 * 123 198 * 146 208 x> 120 .05 CB* (SE,DC)
Days Opiates 6 ** 2 8 5 ]k 2 .05 CB* (SE,DC)
Days Sedatives 4 2 3 .07 1 5 3 .01 DC* (SE,CB)
Days Stimulants 3 2 1 1 2 1 N.S.

LEGAL FACTOR 236  ** 121 250  ** 74 168 .08 78 .05 SE*CB*DC
Crime Days 7 * 2 7 *x 1 5 * 2 .07 DC* (SE,CB)
[11egal Income 178  ** 75 347 *k 129 138 * 88 .10 CB* (SE,DC)

PSYCH FACTOR 203 ** 116 184 * 156 183 159 .01 SE* (CB,DC)
Beck 15  ** 8 14 * 10 13 10 .01 SE* (CB,DC)
Maudsley N 27 * 21 27 24 26 21 N.S.

SCL-90 187 ool 139 178 * 127 166 * 142 .01 DC* (SE,CB)
SADS-Anx 19 18 19 18 18 19 N.S.

*=p< .05

= p o< 01

Range of appointments: 3-24

SE average - 12 sessions
CB average - 9.3 sessions
DC average - 17 sessions
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MEDICAL

Days Med. Prob.

EMPLOYMENT
Days Worked
Money Earned

DRUG USE
Days Opiates
Days Stim.
Days Dep.

LEGAL STATUS
Crime Days
I11egal Income

PSYCH STATUS
Psych Sev.
Beck
SCL-90
Maudsley N
SADS Tot.
GAS

START TO SEVEN MONTH IMPROVEMENT

TABLE 3

LOW-SEV HIGH-SEV LOW-SEV HIGH-SEV LOW-SEV HIGH-SEV
12 10 10 1" 12 10
Start 7-MO. Start 7-M0, Start 7-M0  Start 7-M0. Start 7-M0  Start  7-MO.
164 21 158 208 186 168 286 309 203 2n 326 348
4 8 4 6 4 2 9 11 5 5 13 16
138 * 13 90 + 18 132 107 136 + 42 68 27 98 106
5 * 17 10 + 14 6 8 6 + 10 10 + 16 10 9
138 * 746 308 + 500 230 214 243 kY3l 348 399 270 285
123 120 148 * 116 138+ 101 208 * 122 146 * 92 226 + 140
2 + 0.4 5 * i 4 4 5 * 1 6 * 1 6 4
1 3 3 1 2 1 1 0 1 1 4 1
3 2 4 5 4 0 7 0+ 3 1 2 1+ 4
148 * 66 168 + 101 107+ 51 231+ 10 98 52 116 103
4 + 1 5 2 3 0> 0.4 g8 + 2 2 2 3 2
79 + 14 98 + 58 95 + 20 211 > 45 27 + 4 61 66
164 * 78 219 * 170 132 * 69 194 * 130 134 92 194 169
1.8 + 1.0 5.4 * 3.2 0.8 0.7 4.8 * 1.8 1.6 1.0 5.1 4.3
1+ 5 19 + n 10 * 6 18 * 9 9 + 4 15 15
60 + 24 101+ 64 42 * 21 84 * 42 47 + 33 7 56
23 * 12 35 31 15 13 32 + 24 21 + 17 38 33
44 39 57 52 46 42 59 + 46 a7 + 43 58 62
7% + 86 55 * 72 66 + 75 5§ + 70 n 74 58 64
*=p < .01
+ =p<.05




Opioid Antagonists: Do They Have
a Role in Treatment Programs?

Charles P. O’Brien, Robert A. Greenstein, Bradley Evans,
George E. Woody, and Robin Arndt

The rationale for using opioid antagonists 1is based on the
provision of a nondependence-producing drug to protect the
detoxified addict from readdiction despite his returning to
areas of high drug availability.

This paper will concentrate on naltrexone and only briefly

mention buprenorphine. We will not discuss the history of
opioid antagonists although this 1is a fascinating story in
itself. These drugs have helped to define concepts 1like

physical dependence, and they have been instrumental in the
discovery of opiate receptors and endogenous opiates. Drugs
like nalorphine, naloxone and cyclazocine have been used for
treating dependence clinically and discarded for wvarious
reasons over the past 15 years.

Naltrexone has been used in clinics since 1973. It is still an
investigational drug and its prospects for approval for general
use remain uncertain. Let us examine the important issues of
safety and efficacy.

SAFETY

Animal toxicity data indicate that naltrexone has a wide margin
of safety. LD 50's in several species are quite high and
chronic administration studies also indicate lack of toxicity.
Several years ago there were rumors in the treatment community
that naltrexone may be carcinogenic. That notion was based on
the misinterpretation of son-e interim data in a rat chronic
toxicity model. In fact, a full range of testing has found
naltrexone to be noncarcinogenic and one model even suggests
sane anti-tumor activity (Braude 1980).

Over 2,000 human subjects have teen treated with naltrexone,

most for a few weeks but sane for as long as two years. Toxic
effects have been few. The usual dose is 50 mg per day or 350
mg per week in two or three doses. However, up to 800 mg per

day have been given without apparent toxicity (Verebey 1980).
There have been several cases of skin rash and one case of
idiopathic thrombocytopenic purpura which cleared on cessation
of the drug and these may have represented immune reactions.
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The most commonly reported naltrexone side-effect has been

gastrointestinal distress. This usually occurs early in
treatment, and in sane cases, 1t may ©represent a mild
precipitated opioid withdrawal reaction rather than a

side-effect in the usual sense.

There are other naltrexone effects which relate to its
pharmacological actions separate from blocking re-addiction to
opioids. A wide spectrum of opioid receptors are affected by
naltrexone and this can be expected to influence the role of
these receptors in normal physiology. The hypothalamic-
pituitary-gonadal axis 1is a good case in point. Mendelson and
colleagues (Mendelson et al. 1979, Ellingboe et al. 1982) have
reported that naltrexone produces a prompt rise in luteinizing
hormone (IH) in both normals and recently detoxified addicts.
Cicero and co-workers (1979) have reported similar findings in
rodents leading to theories about the mechanisms of the
pulsatile release of LH. Normal human males given an acute
dose of 50 mg of naltrexone reported irritability, dysphoria,
sexual ideation and penile erections (Mendelson et al. 1979).
Such subjective complaints were not reported by normals given
10 mg of naltrexone increasing gradually to 50 mg over a period
of days (O'Brien et al. 1978). These complaints generally have
not been reported by thoroughly detoxified postaddicts given
gradually increasing doses of naltrexone.

Tolerance appears to develop to these endocrine effects;.
although, thus far, human subjects on long-term naltrexone have
not been adequately examined for chronic endocrine effects.

Most of the speculation concerning chronic disruption of the
endorphin system in human subjects is supported by anecedotal
evidence only. For example, one might expect pain systems to
be affected in the direction of a lowered threshold. However,

we have been impressed by the reactions of two long-term
naltrexone patients who sustained trauma and demonstrated a
higher than normal tolerance for pain. There is also reason to
suspect from animal studies that feeding Dbehavior may be
affected (Morley 1980). A few clinicians have also reported
cases of apparent naltrexone - related appetite suppression.

However, a review of the large NAS/NIDA series of naltrexone
patients reveals about an equal number of those who gain and
lose weight (Bradford and Kaim 1977).

One might also expect some direct effects of naltrexone on the
homeostatic equilibrium of the endorphin system. Zukin and
colleagues (1981) have reported increased sensitivity of rat
brain opioid receptors beginning within the first two days of
naltrexone treatment and increasing for eight days thereafter.
In postaddict humans treated for two to eight weeks with
naltrexone, we have reported increased endorphin activity as
measured by radioreceptor assay (O'Brien et al. 1981). However,
this can only be considered a preliminary report because the
magnitude of this increase is uncertain due to difficulties in
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extracting all of the naltrexone metatolites which themselves
were active in the receptor assay.

Several studies have reported a possible effect on "craving,"
but this has not been satisfactorily separated from the setting
variable, that 1is, the presence or absence of drug availability.

The bottom line on safety is that this is a powerful drug with
widespread effects; yet, by all of the usual criteria, it appears
remarkably safe.

EFFICACY

Pharmacological efficacy is a straightforward question and the
answer is equally straightforward. Naltrexone clearly acts as
a competitive antagonist of opioid drugs (Martin et al. 1976).
When a subject 1s "protected' by naltrexone, the effects of
opioids are blocked or attenuated in a dose-related fashion.
Significant antagonism can persist for 72 hours after a 150 or
200 mg dose of naltrexone (Resnick et al. 1974, O'Brien et al.
1975) . The degree of antagonism is related to the plasma
levels of naltrexone and its active metabolites,and thus it is
less in patients why are rapid metabolizers (Verebey 1980).
Under controlled laboratory conditions sane opiate effects can
be perceived by subjects injecting opioids while receiving

naltrexone, and these have hen confirmed by physiological
monitoring devices in two laboratories (O'Brien et al. 1975,
Verebey 1980). However, the attenuation 1is such that even
fairly large street doses of heroin are relatively non-
rewarding. Thus, it 1s practical to give naltrexone two or
three times per week and assume that the patient will be
wasting money if he uses street heroin. For perhaps the first

time in many years, a detoxified former addict is free to walk
the streets of his neighborhood without fear of becoming
re-addicted.

So, the pharmacological efficacy of naltrexone is ungquestioned.
What about clinical efficacy? This is a complex question which

involves hard-to-define issues such as readiness for
opioid-free treatment, patient goals vs. therapist goals, and
availability of other reinforcers such as employment. Perhaps

the most difficult question involves the technology to test the
clinical efficacy of an antagonist drug.

We are accustomed to using a double-blind trial of test drug vs.

placebo. Such trials have already demonstrated the clear
pharmacological efficacy of naltrexone in short-term inpatient
studies (Meyer et al. 1976). Clinical efficacy in a placebo
controlled trial is a different matter. The structure of such
a trial is based on naltrexone's known pharmacological
activity. Patients are told that they will receive either an

antagonist or placebo. If they test by using opioids, they can
"break!" the blind. If they fail to test, then placebo has, in
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a sense, "borrowed" naltrexone's pharmacological activity and
there is no advantage to being on naltrexone. In fact there is
an advantage to being on placebo Dbecause placetos have no
possible pharmacological side-effects.

The results of the one large placeto-controlled trial of
naltrexone follow this pattern (Hollister et al. 1978).
Overall there were no differences between placebo and
naltrexone. Among the small sub-sample who tested the
blockade, there was a significant advantage for naltrexone.
Those on naltrexone tested once or twice at the beginning and
then stopped illicit drug use. Those on placebo continued to
test intermittently throughout the trial.

What then is the clinical role of naltrexone? Cur review of
the literature and nine years of clinical experience with
naltrexone indicate that it is an important option for perhaps
5-10% of opioid addicts at a given time in a large multi-

modality treatment program. Patients who have done well on
methadone maintenance and who have undergone a planned slow
detoxification are good candidates. Retrospective analyses

have shown that these who have stable relationships and
employment are more likely to do well (Resnick et al. 1979).
Former addicts who have served a prison term, particularly
those in a work-release program have done well (Brahen et al.
1977) . Physician addicts have done exceptionally well on
naltrexone. Patients receiving psychotherapy, family therapy
or behavior therapy have generally done better than naltrexone
patients not getting these treatments (Grabowski et al. 1979,
Anton et al. 1981, Resnick et al. 1981). Long term follow-ups
have generally shown that the longer the patient remains on
naltrexone 1in the community the greater the 1likelihood of
finding that patient opioid-free at one year follw-up. While
naltrexone blocks only opioid effects, only a few patients show
increased use of alcohol and other drugs.

Of course, skeptics can appropriately point out that those who
continue on naltrexone are relatively good prognosis patients
anyway and that you may get equally good results by giving
placebo naltrexone. This is probably true, at least as long as
some patients in the population were receiving active
naltrexone so that the antagonist treatment structure and

reputation would be maintained. If naltrexone were made
totally unavailable, so that all patients received placebo, the
word would eventually get out. The results then would be no

different from drug-free outpatient therapy, which has even less
compliance than antagonist programs.

In our opinion, the release of naltrexone for general use is

long overdue. We realize that there are certain problems with
drugs used in a small specialized population, the so-called
"orphan" drugs. Unless new indications are found for

naltrexone, such as the treatment of certain types of obesity,
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there is unlikely to be much financial profit in this drug.
However, there will be a great loss to the addiction treatment
field if it is not approved.

Another promising agent in the antagonist category is
buprenorphine. This is a mixed agonist/antagonist with maximum
agonist effects equivalent to about 20 mg of parenteral
morphine (Jasinski et al. 1978). Although it has not yet been
tested in an outpatient addiction treatment program,
preliminary inpatient studies are promising. Buprenorphine may
overcome the major problem with naltrexone, which is the lack
of compliance. Patients generally like buprenorphine, although
they do not report withdrawal effects if they stop it. Perhaps
buprenorphine could play a transitional role in a gradual
progression from street heroin to methadone to buprenorphine to

naltrexone and finally the drug-free state. Of course
buprenorphine has its own set of potential problems. It must
be given parenterally or sublingually. Its agonist effects

give it a certain abuse potential reminiscent of pentazocine.
Potential abuse 1is further influenced Dby 1its expected
widespread usefulness as an analgesic. The seriousness of the
current pentazocine problem ("T's and Blues") makes it
mandatory that all agonist/antagonists be carefully considered
from this perspective.

In conclusion, the increased sophistication of treatment in the
area of substance abuse is reflected in the complexity of the

opioid antagonist issue. No longer 1is it meaningful to say
that a treatment was tested in a group of "addicts" or
"alcoholics." All addicts are not alike. We must specify the

relevant characteristics of the population and the setting.
Some patients do well in a particular type of treatment
(McLellan et al. 1982). others get no benefit or may even be
made worse by a specific treatment. Data on this concept of
matching patients are contained in a paper presented at this
meeting by McLellan and colleagues (1982).

Clearly, we have progressed far from the stage mentioned by Dr.
Dole in his 1982 Eddy acceptance address when he referred to
the time when the only treatment available for addiction was
incarceration. We now have many active treatments and although
we have a lot further to go in developing better treatments, we
have an even further way to go in making these treatments
available to the appropriate patients.
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Progress Report: Medical College
of Virginia—Sigma Agonists

L. S. Harris, M. D. Aceto, R. L. Balster, and B. R. Martin

Based on an immense amount of chemical and pharmacologic inform-
ation both in animals and man, Martin and his colleagues (Martin
et al., 1976) proposed a concept of multiple opiate receptors.
From their own work, they described three receptor types. These
were: mu, for morphine-Tike; kappa, for ketocyclazocine-Tike;
and sigma, for SKF 10,047(N-allylnormetazocine). Since then, the
concept of a mu receptor has been extensively investigated
(Goldstein et al., 1971). The discovery of stereospecific bind-
ing sites in the brain and other tissues led to the identifica-
tion of endogenous ligands subserving pain and other mechanisms
(Hughes, 1975; Chau, 1982).

More recently, attention has focused on possible kappa-type re-
ceptors and some progress in this area appears to be forthcoming.
In addition, attention is turning to investigations of sigma-type
activity. SKF 10,047, the prototypic drug of this type, has a
pharmacology quite similar to nalorphine. Thus, it is a mixed
agonist-antagonist analgesic which is associated at elevated
doses, with a high incidence of nalorphine-l1ike psychotomimetic
activity in man. This type of side effect has been one of the
limiting factors in the development of better therapeutic agents
from this class of compound. Our interest in sigma-like activity
was rekindled from a body of work appearing from our Taboratory
and others which showed a relationship between the pharmacolog-
ical properties of the sigma agonists and phencyclidine (PCP).
This information is summarized in Table 1.

0f particular interest was our finding (Brady et al., 1982) that
there may be some stereoselectivity to sigma-like activity.

Thus, 1in drug discrimination studies, (%)-SKF 10,047 generalized
to PCP while the (-)-isomer did not at doses below those which
produced behavioral disruption. We have later shown that animals
can be trained to discriminate (+)-SKF 10,047 from vehicle, and
that PCP is generalized to this discriminate cue while the (-)-
isomer does not at doses below those which produce behavioral
disruption (Balster and Brady, In press). Thus (+)-isomer of SKF
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10,047 is more specific for PCP-1ike effects. The (-)-isomer,
and therefore, the racemate, have prominent non-PCP-Tike effects
probably mediated by mu or kappa receptors which may mask sigma
activity.

Table 1

REPORTED SIMILARITIES BETWEEN PCP AND THE SIGMA-
AGONIST (+)-N-ALLYLNORMETAZOCINE (SKF 10,047)

1. Similar Effects in the Chronic Spinal Dog

Jasinsky et al., 1981
Martin et al., 1976

2. Receptor Binding Studies - Displacement of Bound PCP or SKF
10,047 by SKF or PCP, Respectively

Palmur et al., 1980
Quirion et al., 1981
Zukin and Zukin, 1979, 1981

3. Discrimination Studies - Generalization Between Phencycli-
dine or Ketamine and (+)-N-Allylnormetazocine

Brady et al., 1982
Holtzman, 1980
Shannon, 1981
Young, et al., 1981

4. Reported Psychotomimetic Effects in Humans

Davies and Beech, 1960
Domino and Luby, 1981
Keats and Telford, 1964
Martin et al., 1965

HRHHHHH T

The findings from the discrimination studies prompted us to
undertake binding studies. We hypothesized that binding of (+)-
SKF 10,047 would be a more homogeneous sigma-like class of recep-
tors than would the binding of the (-)-SKF 10,047. Binding of
the Tlatter should be more readily displaced by mu and kappa
agonists or antagonists. It is preliminary results with binding
of the isomers of SKF 10,047 that are described here. First,
radiolabeled (+)-SKF 10,047 with high specific activity had to be
prepared. This was done by preparing the pure isomers of N-pro-
parylnormetazocine and reducing them with *H (Figure 1). The °H
reduction was carried out by Dr. F. I. Carroll at the Research
Triangle Institute. This gave the (+)- and (-)-isomers with a
specific activity of **Ci/mmole and ®°Ci/mmole, respectively.
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Binding studies using rat brain homogenates with labeled dehydro-
morphine as the Tigand, showed that (-)-SKF 10,047 displaced with
a Ky = 1x107® M, while the (+)-isomer produced only a 67% dis-
placement at 10°M. Using the labeled SKF 10,047 isomers and rat
brain homogenates, Tlinear Scatchard plots were obtained for both
isomers. The (-)-isomers had an estimated K, = 1.2 x 10 M.

Using other Tligands, we found that (-)-morphine displaced the (-)
-SKF 10,047 but not the (+)-isomers while (+)-morphine displaced
(+)-SKF 10,047 25 times more effectively than (-)-SKF 10,047.
Displacement studies with a wide variety of other 1ligands are now
in progress. Sodium chloride did not effect the Ky of either
(+)- or (-)-SKF 10,047. However, the number of binding sites of
(-)-SKF 10,047 was markedly reduced by the addition of NaCl.

We also took the opportunity to reexamine the agonist and antag-
onist activity of (+)-, (+)-, and (-)-SKF 10,047 in a variety of
antinociceptive test procedures. Neither (+)-SKF 10,047 nor its
isomers were active as antinociceptive agents in the tail-flick

test. In the phenylquinone abdominal stretching (PPQ) test, the
racemate was about 50 times less potent than morphine (see Table

2).
Table 2
AGONIST ACTIVITY OF SKF 10,047 AND ITS ISOMERS

Tail-Flick Agonist PPQ Abdominal Stretching Test

Compound EDso mg/kg EDs; mg/kg

Morphine 5.8 0.23

(+)-SKF 10,047 Inactive to 30 10.4

(+)-SKF 10,047 Inactive to 30 Inactive to 40

(-)-SKF 10,047 Inactive to 40 1.3
HiHHHHHHHT

81



The (-)-isomer gave an EDsp = 1.3 mg/kg while the (+)-isomer was
inactive in doses up to 40 mg/kg. Thus, there was a separation
of greater than 40 to one between the (-)- and (+)-isomers as
agonists. As antagonists, the racemate was active against mor-
phine in both the tail-flick and PPQ tests (see Table 3).

Table 3

ANTAGONIST ACTIVITY OF SKF-10,047
AND ITS ISOMERS

Tail-Flick Antagonist PPQ Test Antagonist
Compound EDsy mg/kg EDso mg/kg
Morphine N/A N/A
(+)-SKF 10,047 1.9 3.3
(+)-SKF 10,047 13.2 Inactive to 30.0
(-)-SKF 10,047 0.2 1.2
B

The antagonist activity lies essentially in the (-)-isomer. The
separation in the tail-flick test was greater than 60 to one;
while in the PPQ test, the (+)-isomer was inactive in doses up to
30.0 mg/kg, giving a ratio of at least 30 to one. Thus, except
for some very weak antagonist activity in the tail-flick test,
(+)-SKF 10,047 appears to have Tlittle narcotic agonist or antag-
onist activity. In other experiments we found that naloxone was
able to antagonize the antinociceptive activity of (+)- and (-)-
SKF 10,047 in the PPQ test. However, it takes 30 times more
naloxone to antagonize the racemate than the (-)-isomer.

In summary, we have found many pharmacological commonalities
between the sigma agonists SKF 10,047 and PCP with evidence that
the (+)-isomers has more selectivity for PCP-like effects.
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Progress Report From the NIDA
Addiction Research Center
(Preclinical Laboratory),
Lexington, Kentucky

C. W. Gorodetzky, E. J. Cone, S. R. Goldberg, S. Herling,
M. E. Risner, H. E. Shannon, and D. B. Vaupel

First, a brief administrative update. In this transition period
(during which the ARC is in process of relocating from Lexington,
Ky. to Baltimore, Md.) a unit of the ARC remains active in Lexing-
ton, engaging primarily in animal and chemical research, but also
working coordinately and collaboratively with our colleagues in
Baltimore. We are anticipating at this time that final reloca-
tion will be accomplished in the summer of 1984. In my progress
report I will highlight briefly the results of several ongoing
studies in our laboratory.

METABOLISM OF OXYMORPHONE

This study is being performed in the Chemistry Section and
describes the metabolism and urinary excretion of oxymorphone

in man and several laboratory animals. This is part of a study
which was undertaken several years ago to study the comparative
metabolism of six compounds which had in common a ketone at the
no. 6 position. Naloxone and naltrexone are narcotic antagonists.
Oxycodone (in Percodan), hydromorphine (or Dilaudid), and oxy-
morphone (or Numorphan) are strong analgesics; and hydrocodone
(in Hycodid) is used primarily as an antitussive. Although these
drugs have been used for many years, there was little known of
their metabolism or urinary excretion profiles.

In the human study, single 10 mg. oral doses of oxymorphone hydro-
chloride were administered to six healthy, adult male, Federal
prisoners from whom informed consent had been obtained. All were
former addicts who were drug free at the time of the study. Con-
trol urines were collected for 24 hr. prior to drug administration;
and following drug, all urine was collected for 144 hr., with
collection periods ending at 2, 4, 8, 12, 24, 48, 72, 96, 120 and
144 hr.

In the animal studies, the following species were used: Male

albino Wistar rats (N = 6); male albino New Zealand rabbits
(N = 4); male albino Hartley guinea pigs (N = 4); and one male
and one female mongrel Beagle dog. Each subject received a single
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2.5 mg./kg. dose of oxymorphone hydrochloride, administered subcu-
taneously. Urine was collected for 24 hr. predrug and 24 hr.
following drug administration. Urine samples were frozen until
the time of analysis.

Standard extraction and acid-hydrolysis procedures were used for

isolation of oxymorphone and metabolites. Briefly, samples were
extracted for free or total drug at pH 10 with chloroform/isopro-
panol (9:1 v/v), back-extracted into acid, and basified and
reextracted with chloroform/isopropanol. Following evaporation,
samples were converted into silyl derivatives for GC and GC/MS
analysis. Recovery of oxymorphone by this procedure was 73.4
percent.

Oxymorphone was found to be excreted in small amounts in the intact
form, as well as being extensively conjugated at the 3-phenolic
position. In addition, metabolites of oxymorphone were isolated
which were identified by comparison with authentic standards as
6-ketone reduction products, i.e., 6B--oxymorphol and €t—oxymorphol.
No noroxymorphone was detected.

A quantitative assay for oxymorphone and its 6-keto reduced metabo-
lites was developed with GC/MS-mass fragmentography, using methane
chemical ionization mode, with 68‘—hydrocodol as internal standard.
Linear standard curves were obtained from 0.1-2.0 pg./ml. for
oxymorphone and from 0.05-1.0 pg./ml. for the metabolites. Samples
were analyzed in triplicate.

In the six human subjects, total oxymorphone excretion over the
6-day collection period ranged from 28 to 57 percent of the

administered dose, with a mean of 41 percent. Small amounts of
6B -oxymorphol were found (about 3 percent of the administered
dose) , together with traces of 60--oxymorphol. This pattern of

6-keto reduction (i.e., selectivity for the B configuration) is
consistent with that found for other 6-keto opioids possessing a
3-phenolic group (i.e., naltrexone, naloxone, and hydromorphone).
Both oxymorphone and its metabolites were extensively conjugated
(i.e., greater than 90 percent). Overall urinary recovery of the
administered dose ranged from 30 to 60 percent.

Results of the animal studies from this and previously presented
data from this study allow several cross-species generalizations.
There was very little 6-keto reduction in the rat and dog, while
guinea pig and rabbit produced about the same amounts as did man.
This is consistent with previous studies. With regard to stereo-
selectivity, man and rabbit produced predominantly the @ form,
while guinea pig showed predominantly 6Q.. Again, this is a con-
sistent pattern; the guinea pig generally shows the lowest B/a
ratio, but this is the first compound where it has been less than
1 in these in vivo studies. All species but the rabbit showed a
heavy preponderance of conjugated urinary metabolites. Generally,
the dog has always shown strong conjugation, with man strong to
intermediate. The rat and guinea pig have varied somewhat from
drug to drug; and the rabbit has been a consistently poor
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conjugator. Overall drug recovery ranged from about 15 to 90 per-
cent. In these studies, recovery has been consistently low in
the rat, moderate to high in man and guinea pig, and somewhat
variable in dog and rabbit.

The data from this study should prove useful in further defining
cross-species differences and similarities and for predicting
likely oxymorphone metabolites and amounts detectable in human
urine following use or possibly abuse of this compound.

SKF-10,047 EVALUATION IN THE DOG

This study is from the Whole Animal Pharmacology Section and con-
cerns our continued interest in the relationship of O -opioid
receptor agonists and PCP. The similarity between PCP and N-allyl-
normetazocine (SKF-10,047, NANM) has been reported in several
animal species including rat, dog, and squirrel and rhesus monkey.
Although initial studies evaluated primarily racemic SKF, more
recent studies (and those reported here) have focused on the phar-
macology of the stereoisomers. Specifically, this study was aimed
at determining if the PCP-like activity of SKF resided in one of
the two stereoisomers, thereby demonstrating a pharmacologic selec-
tivity of action. For this purpose, the spectrum of action and
relative potencies of the d- and l-isomers of SKF, the racemate,
PCP, and saline were determined in two groups of three chronic
spinal dogs using an incompletely randomized crossover design,
with geometrically spaced doses. Subjects were adult, female
Beagle dogs, with chronic spinal section at T-10, who had been off
all chronic drugs for at least 6 months prior to initiation of the
study. The study is now half completed and the results obtained
in the first three dogs are presented. The experimental paradigm
utilized a 30-min. control period, followed by the intravenous
administration of the drug over 4 min., and a 60-min. postdrug
observation period. Parallel 1line biocassay analyses of variance
were employed to evaluate physiologic effects measured as 60-min.
areas of the time-action curves and behavioral effects reported
as total 1-hr. scores.

Profilesofaction for PCP and racemic SKF have been established
previously in the dog. Common effects of these two compounds were
depression of the flexor reflex, tachycardia, mydriasis, retrac-
tion of the nictitating membrane, analgesia (as indicated by
increased onset latency of the skin twitch reflex), hyperthermia,
and the combination of nystagmus and stereotypy.

Comparison of d- and 1-SKF in the present study showed that both
isomers produced dose-related depression of the flexor reflex,
augmentation of the pulse rate and of skin twitch reflex latency,
dilatation of the pupils, increases in the incidence of concurrent
nystagmus and stereotyped head movements, and increase in whining.
Also, increases were seen in respiration, temperature, and inci-
dence of staring. At the highest dose tested, all of the dogs

at one time or another failed to attend to external stimuli.

Among the potency estimates, only the mydriatic response produced
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confidence limits that did not include 1; for this measure the
d-isomer appeared somewhat more potent than the l-isomer. Also,
it appeared that the l-isomer more effectively depressed the flexor
reflex than did the d-isomer, but confidence limits could not be
calculated because of preparation differences. A lower dose of
the l-isomer is being added to the study. The effects of the
racemate and PCP were identical to those observed for the individ-
ual SKF isomers. The dose-response curves of the racemate were
located in close proximity to or between those of the isomers.
With one exception, the PCP curves were positioned to the left of
the three SKF curves by 0.5 to 1 log unit, indicating a greater
potency of PCP than racemic SKF or its individual isomers. For
the flexor reflex, the PCP curve was partially superimposable on
the curve for 1-SKF.

In summary, it is tentatively concluded that both the d- and 1-
isomers show pharmacologic activity of the O type, indicating no
selectivity of action, with both profiles similar to that of PCP.
In addition, the isomers are generally equal in potency; although
the l-isomer was less effective as a mydriatic and possibly
depressed the flexor reflex more than the d-form. These two
exceptions could suggest aslightlyhigher degree of K activity
associated with the l-isomer of SKF.

NICOTINE AND COCAINE SELF-ADMINISTRATION IN THE DOG

This study, from the Behavioral Pharmacology Section, is a follow-
up on the continuing exploration of the reinforcing properties of
nicotine in comparison with cocaine in the dog. Subjects of this
study were four Beagle dogs surgically fitted with venous cathe-
ters, then given access to response-contingent drug infusions
under a fixed-ratio with limited hold schedule of reinforcement.
Daily sessions, conducted Monday through Friday, consisted of

16 trials, each trial lasting a maximum of 10 min. During each
trial, the 15th lever-pressing response produced a 15-sec. 1i.v.
infusion of drug (i.e., an FR-15 schedule). Successive trials
were separated by a time-out period, lasting at least 240 sec.
Following acquisition of stable responding (with cocaine as the

reinforcer). the does were tested with five doses of nicotine
(3-300 pg.lkg./infuEion), five doses of cocaine (3-300 pg./kg./
infusion), and saline. Each dose was tested for five to seven

consecutive sessions, with treatment order randomly determined
for each dog.

Results of the first study showed that both nicotine and cocaine
were self-administered above saline levels, with the maximum num-
ber of infusions occurring at doses of 30 and 100 ug./kg./infusion.
For both drugs, overall response rates varied systematically as a
function of dose per infusion, with nicotine reaching a maximum of
0.3 responses/sec. at 30 pg./kg./infusion and cocaine with a maxi-
mum of 0.7 responses/sec. at 10 pg./kg./infusion. The running
rate also showed systematic variation with dose with maximum

rates at 10 pg./kg./infusion for both drugs.
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Upon completion of the dose-response curves, the effects of pre-
session treatment with the nicotinic antagonist mecamylamine on
nicotine and cocaine self-administration behavior were assessed
in the same four dogs. Mecamylamine, at a dose of 1 mg./kg., i.v.,
was given 30 min. before the start of each session for seven con-
secutive sessions; both nicotine and cocaine were administered at
a dose of 30 pg./kg./infusion. For both infusions per session and
overall response rate, presession treatment with mecamylamine
altered the behavior maintained by nicotine, but not the behavior
maintained by cocaine. The number of nicotine infusions per
session dropped from 13.9 during the control period to 11 on the
first session of mecamylamine treatment and continued to decline
over the 7-day period to 4.7 infusions. Similarly, the overall
response rate dropped to 34.5 percent of control in the first
mecamylamine pretreatment session and continued to decline to

7 percent of control after 7 days of mecamylamine. When respond-
ing was maintained by cocaine infusions, presession treatment with
mecamylamine had little effect on the response rate and no effect
on the number of infusions self-administered each session. The
temporal pattern of nicotine self-administered during mecamylamine
treatment was much like that seen when saline was substituted for
drug. The first two or three fixed-ratio trials in each session
were rapidly completed, resulting in two to three infusions sepa-
rated by the shortest possible time-out period. If any subsequent
infusions occurred, they were separated by long periods of minimal,
if any, responding. During mecamylamine treatment, the temporal
pattern of cocaine self-administration was unchanged.

In summary, it 1is concluded that nicotine does have reinforcing
properties demonstrable in the laboratory; and they appear to be
due to a mechanism involving nicotinic receptors and different

from that of cocaine.

BENZODIAZEPINE  ANTAGONISTS

This study, also from the Behavioral Pharmacology Section, concerns
benzodiazepine antagonists. As the sedative-hypnotics have become
of greater concern as drugs of abuse, emphasis on these compounds
has increased in studies at the ARC and major studies have been
initiated in this area. This paper summarizes initial results of
studies on two benzodiazepine antagonists: Ro 15-1788, an imidazo-
diazepine derivative which has been reported to selectively
antagonize the effects of benzodiazepines in humans and animals;
and CGS 8216, a pyrazoloquinoline derivative reported to antagonize
the anticonvulsant effects of diazepam (although CGS may also
antagonize nonbenzodiazepine sedative-hypnotics). In these studies,
the discriminative stimulus paradigm in the rat was used. Male,
Fisher-derived rats were trained to discriminate between saline
and either 1.0 or 3.0 mg./kg. of diazepam s.c. in a two-choice,
discrete-trial, shock avoidance or escape procedure by responding
on one lever after receiving saline and on a second lever after
receiving diazepam. Each session consisted of 20 trials or

30 min.; data are presented as percent of responses completed on
the diazepam appropriate lever. Animals were trained and main-
tained at a 90 percent correct response criterion.
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The effects of CGS and Ro on the discriminative stimulus proper-
ties of diazepam and pentobarbital in rats trained to discriminate

1.0 mg./kg. diazepam were evaluated. The antagonists were adminis-
tered 40 min. before the start of the session (Ro as an oral
suspension and CGS i.p.) and diazepam or pentobarbital was adminis-

tered subcutaneously 30 min. presession. Diazepam and pentobarbital
alone produced greater than 85 percent diazepam appropriate respond-
ing. Both CGS and Ro produced a dose-related antagonism of diazepam
discriminative effects but did not alter the effects of pentobar-

bital. CGS was approximately ten times more potent than Ro on a
mg. for mg. basis. Both antagonists administered alone produced
almost exclusively saline appropriate responding. Similar results

were obtained in rats trained to discriminate pentobarbital from
saline.

The effects of varying doses of Ro on the diazepam dose response
curve in animals trained to discriminate 1 mg./kg. diazepam were
determined. Ro and diazepam were administered by the same routes
in the same time course as described above. Diazepam dose effect
curves were shifted approximately three- and 18-fold to the right
in a parallel fashion by 10 and 32 mg./kg. of Ro. Preliminary
data indicate that CGS produces similar parallel shifts in the
diazepam dose effect curve.

In another set of experiments, interactions between diazepam,
ethanol, and CGS were evaluated. In this study, cumulative dose
response curves were generated in a single session in each subject.
Ethanol or tap water was administered 30 min. presession. The
session consisted of consecutive 15-min. periods, the first 10 min.
of which was a black-out period, followed by a 5-min. period during
which a maximum of ten discriminative stimulus trials were run.
Diazepam was administered at the beginning of the black-out period
in amounts resulting in the cumulative doses of 0.1 to 10 mg./kg.
Animals were trained to discriminate 3.0 mg./kg. diazepam. The
cumulative latency was also determined, that is, the time from the
beginning to the end of each trial summed over ten trials for

each point. Ethanol alone at a dose of 1.8 g./kg. administered
orally caused no diazepam appropriate responding, but produced

an approximately three-fold shift to the left in the diazepam

dose response curve; about a ten-fold shift was seen in the cumu-
lative latency dose response curve. That is, ethanol potentiated
the discriminative stimulus and latency increasing effects of
diazepam. In CGS interaction studies, CGS was administered con-
currently with the first dose of diazepam in a dose of 3.0 mg./kg.
i.p. CGS produced a greater than 40-fold shift to the right in
the dose response curves for diazepam both alone and in the
presence of ethanol. These results indicate the potentiating
effects of diazepam by ethanol and the effectiveness of CGS in
antagonizing diazepam even in the presence of ethanol.

In summary, these initial data seem consistent with the conclu-
sions that Ro and CGS appear to be specific benzodiazepine
antagonists, working via a competitive antagonistic mechanism,

and they may have potential clinical utility. Studies are presently
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underway to further define their specificity and mechanism of
action.
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Progress Report of the NIDA
Addiction Research Center,
Baltimore, Maryland, 1982

Donald R. Jasinski, Jack E. Henningfield, John E. Hickey,
and Rolley E. Johnson

As reported last year, the Clinical Research Program of the
Addiction Research Center (ARC) has been successfully relocated
to Baltimore City Hospitals. The first subject was admitted in
February 1980. From February 20, 1980 to December 31, 1981 there
were a total of 179 volunteer admissions into the ARC clinical
unit for research studies. Of these admissions, 108 subjects
completed their study, 40 voluntarily withdrew, 24 were
discharged for medical reasons, 5 were discharged for adverse
behavior and 2 were discharged because of inability to give
informed consent.

Review of subject drug histories revealed a wide range of
patterns of abuse, from cigarette smoking to poly-drug abuse.
Comparison of selected psycho-social characteristics with those
obtained in the CODAP survey for corresponding periods,
nationally and in Baltimore, indicated that the ARC subject
population is similar to that in treatment. These observations
suggest that the subject population is appropriate to the type of
drug abuse/liability research studies conducted at the ARC.

STUDY I - EVALUATION OF CHLORDIAZEPOXIDE FOR PENTOBARBITAL-LIKE
EFFECTS

In the last annual report (Jasinski et al. 1981), we reported
that diazepam given in single doses produced typical
pentobarbital-like effects including euphoria. The onset, peak
and duration were similar for both diazepam and pentobarbital.
Relative potencies were similar across subjective and behavioral
measures indicating diazepam is 10 times more potent than
pentobarbital in producing euphoria and subjective effects. A
preliminary study comparing chlordiazepoxide 50, 100 and 200 mg,
pentobarbital 120 and 240 mg and placebo was conducted.
Chlordiazepoxide produced dose-related pentobarbital-like effects
and euphoria; however, the response to the 200 mg dose was less
than that of the 240 mg dose of pentobarbital. Consequently,
valid bioassays were not obtained; therefore, the study was
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repeated with a larger dose of chlordiazepoxide. In this second
study chlordiazepoxide 100, 200 and 400 mg pentobarbital 120 and
240 mg and placebo were all given orally and compared in six
subjects. The experimental design and procedures were similar to
those for the first chlordiazepoxide study and the diazepam study
as reported in last year's annual report. It was found that the
onset, peak and duration of response of chlordiazepoxide and
pentobarbital were similar. Valid relative potencies were
obtained on all measures except that for the euphoria scale in
which there was a flat dose response curve for chlordiazepoxide.
On the basis of the studies conducted to date with both
chlordiazepoxide and diazepam, it is concluded that (in the doses
studied) diazepam and chlordiazepoxide produced
pentobarbital-like effects including euphoria. Diazepam is 10
times as potent as pentobarbital while chlordiazepoxide is 1/2 as
potent as pentobarbital. Therefore, by extrapolation
chlordiazepoxide 1is approximately 1/20 as potent as diazepam in
producing subjective effects and euphoria. The flat dose
response curve for the euphoria scale scores with
chlordiazepoxide indicates the possibility of qualitative
differences between diazepam and chlordiazepoxide.

STUDY II - ASSESSMENT OF NABILONE AND
DELTA-9-TETETRAHYDROCANNABINOL (THC) FOR ABUSE POTENTIAL

The cannabinoids nabilone and THC are proposed for introduction
into therapeutics as treatment modalities for the nausea and
vomiting associated with certain forms of cancer chemotherapy.
Although THC has been shown to produce marijuana-like effects,
there is no epidemologic evidence to indicate that THC will have
an abuse potential equivalent to marijuana smoking. Further,
studies by others have indicated that nabilone may produce
effects which are distinct from that of 'IHC. A single dose study
has been initiated in which ten subjects are being given,
according to a latin square design, the following treatment
conditions: 1) placebo, 2) morphine, 15 and 30 mg subcutaneously,
3) THC 5, 10 and 20 mg orally, 4) nabilone, 2, 4 and 8 mg orally
and 5) on one occassion the smoking of a standard 1-1.5% NIDA

marijuana cigarette. Except for the cigarette smoking condition,
the studies are conducted under "double-blind" and "double-dummy"
conditions. The purposes of the study are to learn if marijuana

and THC produce similar subjective, physiologic and behavioral
effects and to learn if both are euphoriants compared to the
euphoric responses to standard doses of morphine and the standard
1-1.5% marijuana cigarette. The study is not completed; however,
a preliminary analysis of the data indicates that when given
orally, THC and nabilone produce similar effects. Both are
euphoriants as measured by responses on the ARCI MBG and liking
scales. It should be noted that oral THC and inhaled marijuana
have a more rapid onset of action than nabilone; however, the
effects of nabilone last longer than those of THC.
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STUDY III - CONTINUATION OF STUDIES OF INTRAVENOUS NICOTINE AND
TOBACCO SMOKE

In last year's annual report, we reported that nicotine is a
euphoriant when given to addicts either intravenously or in
cigarette smoke. Methods had been dweloped to quantify the
subjective, physiologic and behavioral changes produced by
nicotine, and a self-administration procedure was developed to
conduct behavioral pharmacologic studies of intravenous nicotine
in humans. In the past year these studies have continued and
have been extended. One major group of studies has been to
investigate mecamylamine as a competitive antagonist to the
physiologic, subjective and behavioral effects of nicotine.

These studies will be reported in greater detail in another
chapter in this volume (Henningfield, Miyasato and Jasinski). In
addition, we have continued self-administration studies for the
purpose of comparing and integrating the findings in man with
those of animal studies concerned with the reinforcing effects of
nicotine, predominantly those of Dr. Steven Goldberg in our
laboratory. Further, we have been interested in investigating
the relation of nicotine-induced euphoric and dysphoric responses
to the self-administration behavior and in investigating the role
of tolerance development in nicotine. When given access to two
levers, one resulting in the injection of saline and the other
resulting in injection of nicotine over a range of dosages,
subjects self-administer nicotine in preference to saline.
Studies of the euphoric responses to programmed injections of
nicotine indicate that tolerance develops rapidly to nicotine.
This suggests that in self-administration studies involving
repeated administration of nicotine (and by extrapolation
cigarette smoking) the positive effects of the nicotine are
rapidly lost through tolerance. It's probable that with short
periods of abstinence, the reinforcing effects are rapidly
recovered. In series of self-administration studies, subjects
rated the degree of positive responses to nicotine in an analogue
scale after each self-administration of nicotine. In addition,
after the three-hour self-administration session they were
required to give their overall liking for the drug effect in the
session. Increasing doses of mecamylamine reduced the liking
score, the self-administration and positive analog scale
responses 1in direct proportion to the dose of mecamylamine.

Our studies to date with nicotine delivered either intravenously
or in tobacco smoke have led us to conclude that 1) nicotine can
act as a reinforcer in humans relative to placebo, 2) that
tolerance to nicotine is rapidly developed and lost, 3) that
self-administration behavior is related to the perceived positive
and negative effects of nicotine. The relation between
self-administration and perceived positive and negative stimulus
strength is complex but orderly. Finally, the biomedical and
behavioral data generated to date justifies the investigation of
chemotherapy as an approach to treating tobacco addiction.
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STUDY IV - STUDIES OF BUPRENORPHINE AS A TREATMENT AGENT IN
NARCOTIC ADDICTION

In previous meetings we reported that the long-acting partial
agonist of morphine, buprenorphine, produced little or no
physical dependence and had proposed that buprenorphine might
have utility as a treatment drug in narcotic addiction. At last
year's meeting we reported on a series of single dose studies
evaluating the sublingual and oral route and had concluded that
given orally in doses of 10 to 40 mg, sublingually in doses of
24 mg, and subcutaneously in doses 1 to 2 mg, buprenorphine
could act as a maintenance/detoxification agent. In the past
year we have conducted studies by both the subcutaneous and
sublingual routes of administration on the use of buprenorphine
as a detoxification maintenance agent. At this meeting we will
report on only our experience evaluating buprenorphine as a
detoxification agent for methadone maintenance patients. Our
studies have emphasized detoxification in methadone maintenance
patients primarily because this has allowed us to use volunteers
with known levels of physical dependence. It is also felt that
the most difficult narcotic detoxification is that of methadone
and because of its long-Lasting withdrawal syndrome, it could
serve as the prototype for other detoxifications. Finally, a
major therapeutic problem in treating narcotic addiction is the
disruption caused by the discontinuation of methadone in a
patient who has exhibited psychosocial rehabilitation with
maintenance, and as such buprenorphine may have an immediate
utility.

As a partial agonist, under certain conditions buprenorphine was
shown to be able to precipitate abstinence. To determine if in
doses proposed for maintenance/detoxification buprenorphine would
precipitate abstinence, a series of studies were done in six
subjects dependent upon methadone. Maintenance levels of
methadone were 25 mg, 30 mg, 2 subjects at 40 mg and 2 subjects
at 45 mg for a mean methadone maintenance dose of 38 mg. Using
our standard precipitated abstinence procedure, under
"double-blind", "double-dummy" conditions, subjects were tested
twice weekly with test doses being given three hours following
the subject's methadone maintenance dose. Test doses of placebo,
naloxone 0.5 mg subcutaneously, and buprenorphine 2 and 4 mg
sublingually, were given in randomized order.

When compared to placebo, naloxone produced physiologic signs of
withdrawal that include pupil dilation, increased blood pressure,
lacrimation, rhinorhea, perspiration and subjective reports of

withdrawal sickness. Buprenorphine, on the other hand, produced
mydriasis and hypertension; however, there were no subjective
reports of withdrawal sickness. Subjects did report with two

doses of buprenorphine feelings of relaxation, coasting and
typical opiate-like subjective effects in contrast to naloxone in
which the primary symptoms were nervousness and upset stomach.
These observations suggest that there is lack of cross tolerance
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in methadone maintenance patients to some of the effects of
buprenorphine. In addition, there is no evidence that, in
methadone maintenance patients (up to 45 mg), buprenorphine will
precipitate clinically significant withdrawal.

A series of studies was conducted to determine if buprenorphine
would substitute for methadone such that the withdrawal from the
substituted buprenorphine would be less than that expected from
the methadone. The first set of experiments were concerned with
the transition from methadone to buprenorphine and the second set
with abrupt withdrawal of substituted buprenorphine. Both sets
of experiments were conducted under double-blind conditions with
subjects residing on the ARC ward with daily monitoring of signs
of abstinence, signs of intoxication and subject's and observer's
chronic opiate questionnaires and the items from the weak and
strong opiate withdrawal scale of the Addiction Research Center.

In the first set of transition experiments eight subjects on
methadone (25 mg in two subjects, 30 mg in one subject, 40 mg in
three subjects and 45 mg in two subjects for a mean of 36 mg)
were abruptly transferred from methadone to a 2 mg daily
sublingual dose of buprenorphine given under double-blind,
double-dummy circumstances. Subjects perceived the change,
reported mild discomfort, which reached its maximum following the
third day of substitution; however, by the fourth and fifth day
the subjects were stabilized.

A second group of four subjects were transferred from methadone
to 2 mg of sublingual buprenorphine under identical circumstances
except that after the administration of the daily sublingual
buprenorphine, methadone administration was continued in an
attempt to attenuate even the mild withdrawal symptoms.

In these subjects on methadone (25 mg, 50 mg in two subjects, and
60 mg in one subject for a mean of 46 mg) the methadone was
decreased 50% on the first day of substitution of buprenorphine
and 50% every third day until the final dose of methadone was
12.5 or 7.5 mg. When the subject reached this level, methadone

was discontinued. It was observed that the continuation of
methadone did not attentuate the mild opiate withdrawal signs and
symptoms seen during the abrupt transition. It was observed that

the symptoms and signs of withdrawal were equal or slightly
greater than those seen in the gradual and abrupt transition.
This suggests that certain actions of methadone are unrelated to
the effects of buprenorphine.

Once stabilized on buprenorphine, subjects reported little or no
subjective effects and in general were less sedated than on
methadone. Six subjects completed the double-blind study which
included 28 days of buprenorphine administration (2 mg
sublingually g. day) and the abrupt substitution of placebo under
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"double-blind" "double-dummy" conditions. These six subjects
originally had been methadone dependent on 40 mg and 45 mg (two
subjects each), 25 mg and 30 mg (one subject each) for a mean
daily dose of 35 mg. When the substituted burprenorphine was
abruptly discontinued, a mild abstinence syndrome was observed on
the first day of substitution reaching its peak on the second and
third day and then subsiding such that by the fourth day after
abrupt discontinuation there were little or no signs of symptoms
of withdrawal. The withdrawal after termination of the
substituted buprenorphine was different than that of abrupt
withdrawal of methadone since methadone withdrawal becomes
maximum the third day and persists for weeks. It was
hypothesized that the buprenorphine when substituted for
methadone would suppress the signs and symptoms of methadone
withdrawal but that the basic process of methadone withdrawal was
ongoing. Consequently, it was felt that the termination of the
substituted buprenorphine led to a re-emergence of the methadone
abstinence syndrome. To evaluate this hypothesis, the withdrawal
seen from day 29 through 38 following abrupt withdrawal from
buprenorphine was compared with previous data for days 29 through
38 following abrupt withdrawal form methadone. Comparison of the
abstinence scores and withdrawal signs and symptoms showed that
the two syndromes were similar in both degree and intensity,
supporting the concept that the abstinence after abrupt
discontinuation of the substituted buprenorphine was due to a
re-emergence of the methadone withdrawal syndrome. If this
hypothesis 1is true, then it was felt that a Longer time of
substitution of buprenorphine for methadone should be accompanied

by less intense withdrawal or "reversed dependence." A study was
conducted in which one subject dependent upon 45 mg methadone
daily was placed on "double-blind " "double-dummy" condition on 2

mg of buprenorphine subcutaneously. After fifteen days of
buprenorphine administration, placebo was substituted and an
abstinence syndrome of increasing intensity developed wer the
next ten days such that the subject was reporting moderate to
severe withdrawal. Administration of buprenorphine 2 mg
subcutaneously daily was reinstituted on day eleven and continued
for an additional fourteen days such that the second abrupt
discontinuation of buprenorphine took place 40 days after the
Last dose of methadone. Again, abstinence emerged but it was
mild and low in intensity lasting for about three or four days
and the subject was reporting no withdrawal symptoms ten days
later.

On the basis of these studies it is concluded that buprenorphine
will partially substitute for methadone. Buprenorphine treatment
attenuates the methadone withdrawal syndrome. As a result,
buprenorphine can be used to detoxify methadone-dependent
patients with minimal discomfort or behavioral disruption. It 1is
possible that buprenorphine and methadone act through separate
subpopulations of mu receptors. Finally, the time course of
methadone withdrawal appears to be independent of the presence of
buprenorphine.
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Testing Drugs for Abuse Liability
and Behavioral Toxicity: Progress
Report From the Laboratories at
the Johns Hopkins University
School of Medicine

J. V. Brady and R. R. Griffiths

A. ntroduction

Although this is the first formally constituted progress report
from the drug abuse 1liability assessment Tlaboratories at The Johns
Hopkins University School of Medicine to be included in the published
proceedings of the Committee on Problems of Drug Dependence Annual
Scientific Meeting, the programs supporting this work have been in
existence for well over a decade. The animal behavioral pharmacology
laboratories at the Johns Hopkins University School of Medicine were
established in the early 1970's with funds provided by the Drug
Enforcement Agency (DEA) and the National Institute on Drug Abuse
(NIDA). Continuing support from NIDA has provided for a vigorous
ongoing research program with Tlaboratory baboons focused upon both
drug self-administration procedures and senory-motor psychophysical
methodologies to evaluate the reinforcing properties and behavioral
toxicology of drugs with abuse potential.

B. Proqrgss Reoorp from The Johns Hopkins Univgrsitv School of

Research over the past decade or more in the behavioral
pharmacology Tlaboratories at the Johns Hopkins University School of
Medicine has convincingly demonstrated that there is a good
correspodence between the range of chemical compounds self-injected
by experimental animals and those abused by humans (Brady et al.,
1975; 1976; 1977a; 1977b; Griffiths et al., 1976; 1978; 1981).
Moreover, the variables of which such drug self-administration are a
function (e.g., dose, response requirement, schedule of availability,
environmental conditions, past history, etc.) have been found to
exert their influence in a similar fashion independently of the type
of substance maintaining the performance or the species of organism
involved (Griffiths et al., 1980). The recognition of these
cross-species and cross-drug generalities has radically changed
conceptualizations of drug-related problems and focused attention
upon the need to distinguish between two terms which have continued
to be wused interchangeably with reference to drug action --
"dependence" and "abuse". Drug dependence has been identified
traditionally with the biochemical, physiological, and behavioral
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changes  which occur acutely and become increasingly manifest
following repeated exposure to a pharmacologic agent (e.g., tolerance
and withdrawal). Drug abuse, in contrast, defined in the more
contemporary context of an extensive self-administration Titerature,
is clearly identified with the characteristically strong drug-seeking
and drug-taking behaviors which precede the pharmacological action of
abused drugs.

Within the context of these distinctions, the proper preclinical
evaluation of a given drug's abuse 1iability has been considered to
require an assessment which takes account not only of the reinforcing
properties of the compound in maintaining self-administration, but of
its toxic effects as well, in terms of disruptive
physiological/behavioral changes. An experimental model has been
developed (Brady et al. 1982) for comparing the relative potency of a
drug as a reinforcer maintaining self-administration, on the one
hand, with its relative potency in eliciting disruptive toxic effects
upon sensory and motor functions, on the other, thus providing a
potentially useful preclinical assessment of the extent to which
self-administration of a drug may involve exposure to the disruptive
sensory/motor effects of the compound as a basis for determining its
abuse Tiability.

1. Methods and Results with Animal Drug Self-Administration
Procedures

The procedure for determining reinforcing properties with a
range of drugs has been previously described in detail (Brady and
Griffiths, 1976; 1977a & b; Griffiths, Brady, and Snell, 1978;
Griffiths, Brady and Bradford, 1979): Briefly, male baboons (Papio
anubis or Papio hamadryas) weighing from 12-30 kg, were adapted to a
standard restraint cart, or a harness/tether system (Lukas et al.,
1982) and individually housed in a sound-attenuated chamber
approximately 0.8 x 0.8 x 1.2 m. Water via a drinking tube and the
opportunity to respond for food (1 gram Purina monkey pellets) were
continuously available. The food Tlever was located on the Tower
right side of a work panel facing the animal, and food pellets were
available on a fixed-ratio 30 schedule of reinforcement.

After initial behavioral training on a progressive-ratio

paradigm with food reinforcement, each subject was surgically
prepared with a chronic silastic catheter in either the internal
jugular, femoral, or axillary vein. The catheter was passed

subcutaneously, exited at the middle of the back, and was attached to
a valve system which allowed for the slow continuous administration
(approximately 100 ml1/24 hours) of heparinized saline via a
peristaltic pump to maintain catheter patency. Drug was injected
into the wvalve system near the animal by means of a second
peristaltic pump and then flushed into the animal with saline from a
third pump. This system necessitated a delay of approximately 20 sec
between onset of drug delivery and actual injection into the vein.
A11 drugs were delivered within a 2-min period. In experiments
involving manipulation of drug dose, the volume of drug solution per
injection and the injection duration remained constant throughout the
experiment.



The availability of a trial occurred at a minimum interval of
three hours since the completion of the preceding trial. The
availability of a trial was indicated by the illumination of a jewel
light directly over the initiate lever Tlocated slightly to the Tleft
of center at the bottom of the subject's work panel. In the presence
of an illuminated jewel Tlight, each response on a standard Lindsley
lever produced a brief feedback tone (approximately 0.2 sec). The
light remained illuminated until completion of the fixed-ratio
requirement (FR 160). At this time, the 1light over the Tever was
extinguished, the drug injection began, and a 5 x 5 cm 1light was
illuminated 1in the upper Teft hand corner of the intelligence panel
for a one-hour period. A time-out period of three hours followed
each injection. Thus, a maximum of eight injections was possible
each day.

A substitution procedure was utilized to determine whether an

unknown compound would maintain self-injection behavior.
Self-injection performance was first established with cocaine at a
dose of 0.32 mg/kg/inj. After three consecutive days of cocaine
availability, during which six or more injections were taken each
day, a specified dose of the test drug or saline was substituted for
the cocaine. At Teast twelve days access to each dose of drug or
saline was permitted. Cocaine was then reinstated, and when the
criterion of three consecutive days of six or more injections per day
had been met, another dose or drug was again substituted. The order
of exposure to drugs, saline and different doses was mixed; all
animals were given twelve days of access to saline several times
during the examination of different drugs at different doses. This
basic approach thus provided a standardized procedure for evaluating
the reinforcing properties of drugs.

A progressive-ratio procedure provided a measure of relative
reinforcing strength of a drug by determining the maximum amount of
responding (i.e., work) that can be maintained by the compound.

Progressive-ratio experiments involved first introducing a drug on
the progressive ratio procedure with a Tow ratio requirement on the
initiate lTever (usually FR 160) and obtaining a baseline performance
of a high and stable frequency of trial completion. Once this
performance was established, the ratio requirement on the Lindsley
lever was systematically increased until the rate of completing
trials fell below a criterion level. A breaking point was defined as
the ratio value at which criterion performance disruption occurred.
The sequence of ratio values typically included: 160, 320, 640,
1280, 2400, 3600, 4800, 6000 and 7200. Following disruption of
performance, the ratio requirement on the Lindsley Tlever was
lowered, and the original performance recovered prior to replication
of the experiment or substitution of another dose or drug. The
sequence of exposure to different doses of a drug and the order of
exposure to different drugs was mixed.

Figure 1 presents illustrative data obtained with the
substitution procedure in examining a range of doses of the
substituted phenylethyramine, diethylpropion, in one baboon. The
figure shows that when saline or a 1low dose (0.1 mg/kg) of
diethylpropion was substituted for —cocaine, the self-injection
performance decreased during the 12-day substitution period until the
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Figure 1. Daily pattern of self-injection maintained by
various doses of diethylpropion, HC1 and saline in the same
subject. The initial three-day period of each determination
shows the self-injection performance maintained by cocaine
HCT (0.4 mg/kg) prior to substitution of saline or the
indicated dose of diethylpropion.

subject self-administered only two or three injections per day. At a
dose of 0.5 mg/kg diethylpropion, self-administration performance was
maintained at an average rate of about five injections per day, which
was higher than saline but Tower than the preceding cocaine control
periods. Finally, at the highest doses tested of 1.0 and 2.0 mg/kg,
the figure shows that relatively stable rates of self-administration
were maintained at overall rates comparable to cocaine control
periods (seven or eight injections per day).

Figure 2 also presents illustrative data from the substitution
procedure showing daily patterns of self-injection performance
maintained by saline and several doses of phentermine in three
baboons. The figure shows that when saline was substituted for
cocaine, the number of injections per day progressively decreased.
At a dose of 0.5 mg/kg, phentermine self-injection performance was
maintained at levels similar to cocaine control levels. At a dose of
1.0 mg/kg, self-injection performance was also maintained in all
three animals, however, drug intake was characterized by a cyclic
pattern in which a number of consecutive days of self-injection at a
high rate (6 or more injections per day) was followed by several
consecutive days at a lower rate and then a return to the higher
rate. Previous experiments (Griffiths et al., 1976; Pickens and
Thompson, 1971) have documented a virtually identical cyclic pattern
of self-injection performance with d-amphetamine.
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Figure 2. Daily pattern of self-injection maintained
by saline or phentermine in three baboons. QOrdinates:
number of injections. Abscissae: experimental days.
Intravenous injections were delivered upon completion
of 160 Tever presses; a 3-hr timeout followed each
injection, permitting a maximum of eight injections per
day. The initial three-day period of each determina-
tion shows the number of injections maintained by
cocaine prior to substitution of saline or indicated
dose (mg/kg/inj.) of phentermine.

Figure 3 presents the chemical structure, and Figure 4 the mean
levels of self-injection for fourteen phenylethylamlnes evaluated.
As shown in Figure 4 of all the drugs examined d-amphetamine was
the most potent, maintaining levels of self-administration above
saline at doses of 0.05 and 1.0 mg/kg. Phentermine, diethylpropion,
phenmetrazine, phendimetrazine, benzphetamine, and MDA all maintained
levels of self-administration above saline at doses of 0.5 and 1.0
mg/kg. 1-Ephedrine, clortermine, and chlorphentermine were the least
potent of the drugs which maintained performance, supporting
self-injection rates above saline control Tevels at doses of 3.0 and
10.0 mg/kg (1-ephedrine), 3.0 and 5.0 mg/kg (clortermine), and 2.5
and 5.0 mg/kg-(chlorphentermine). In contrast to most of the other
phenylethylamines which maintained self-administration behavior, the
pattern of self-administration with l-ephedrine was particularly
unstable, characterized by either an erratic or cyclic pattern over
days. Finally, fenfluramine, PMA, DOM, and DOET were not
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self-administered at a rate greater than saline at any of the doses
studied (means of the determinations at each dose did not exceed the
range of saline values).

A comparison of Figures 3 and 4 provides some information about
i A, lati . of 1 lami Other
laboratory studies (Tessel et al., 1975a & b) have demonstrated that
the ability of a series of N-ethylamphetamines substituted at the
meta position of the phenyl ring either to increase Tlocomotor
activity in mice or to increase isolated guinea-pig atrial rate is
inversely related to the meta-substituted steric factor (size). In a
subsequent study (Tessel and goods, 19751, it has been demonstrated
that N-ethylamphetamine maintained self-injection performance in
rhesus- monkeys, whereas fenfluramine (meta-trifluoromethyl- N-
ethylamphetamine) failed to maintain self-injection performance.
These results indicate that the failure of fenfluramine to maintain
self-injection behavior is attributable to its meta-trifluoromethyl
group. The results obtained with the present series of
phenylethylamines extends these findings and suggests that ring
substitutions in general may decrease the potency of the
phenylethylamines in maintaining self-injection behavior. The seven
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compounds shown in the right columns of Figures 3 and 4 had
substitutions on the phenyl ring, and these compounds were generally
less potent (on a mg/kg basis) in maintaining self-injection than the
compounds in the Teft columns of Figures 3 and 4 which did not have
ring substitutions.



Figures 5, 6 and 7 present additional results from testing a
range of other CNS stimulants (i.e., cocaine, caffeine, and nicotine)
and CNS depressants (i.e., various barbiturates and benzodiazepines)
using the substitution procedure.

The reinforcing efficacy of a series of CNS stimulant drugs was
systematically evaluated using the progressive-ratio procedure
described above. Figure 8 shows the results of the progressive-ratio
breaking point determinitions over a range of doses with
fenfluramine, chlorphentermine, diethylpropion, and cocaine. Doses
of fenfluramine (0.02, 0.1, 0.5 and 2.5 mg/kg) did not maintain
criterion self-injection performance in the two baboons tested, and
therefore were assigned breaking point scores of zero. As shown in
Figure 8, chlorphentermine maintained self-injection performance at
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Figur . Average number of injections per day as a

function of dose of cocaine, caffeine, and nicotine.
Details of the experiments are presented in the legend
for Figure 4.
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some of the intermediate doses tested (1.0, 3.0, 5.6 mg/kg) in three

baboons. In all three animals, 1lower and higher doses failed to
maintain criterion self-injection performance. In the fourth baboon
tested (SA), chlorphentermine did not maintain self-injection

performance at the doses tested (1.0, 3.0 5.6 mg/kg). As shown in
Figure 8, 0.1 mg/kg diethylpropion did not maintain self-injection
performance, while at higher doses ranging between 1.0 and 10.0
mg/kg , the drug maintained behavior in all five baboons tested.
Therefore, the dose-breaking point function with diethylpropion was
an inverted U-shaped curve with a peak at 1.0 or 3.0 mg/kg. And
finally, Figure 8 shows that the 0.01 mg/kg cocaine dose did not
maintain performance; the 0.03 mg/kg dose maintained performance in
three of the four baboons tested; and doses of 0.1, 0.4 and 1.0 mg/kg
maintained self-injection behavior in all five baboons. Examination
of the figure reveals that for the four baboons which were exposed to
a number of intermediate doses of cocaine, the breaking point values
generally increased with increases in dose up to 0.1 or 0.4 mg/kg.
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Figure 6. Average number of injections per day as a
function of dose of three barbiturates. Details of
the experiment are presented in the legend for Figure 4.



Within-animal comparison of the maximum breaking points
maintained by the different drugs indicates that cocaine generally
maintained the highest breaking points, followed in order by
diethylpropion, chlorphentermine, and fenfluramine. More
specifically, within-animal comparisons of the data presented in
Figure 8 show that there were doses of cocaine which maintained
higher average breaking points than all the doses of diethylpropion,
chlorphentermine and fenfluramine tested. SimiTlarly within-animal
comparison reveals that there were doses of diethylprooion which
maintained higher breaking points than all doses of chlorphentermine
and fenfluramine, and finally that there were doses of
chlorphentermine which maintained higher breaking points than all
doses of fenfluramine.

Utilizing information collected during the initial screening of
drugs, it has been possible to develop another potentially valuable
dimension for ranking the abuse liability of anorectic drugs. The
rationale for the dimension is similar to that for the Therapeutic
Index, which provides a measure of the toxicity of a drug in terms of
a ratio expressing the relationship between the therapeutic or
effective dose and a dose which produces a given toxic effect. In
the present case, the Anorectic-Reinforcement Ratio provides a
dimension for rank ordering drugs in terms of a ratio between two
doses: a dose  which produces a specified anorectic effect
("therapeutic" effect), and a dose which produces a specified
reinforcing effect ("toxic" effect). Clearly, the most desirable
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anorectic drug would have potent anorectic properties but minimal
reinforcing properties. An undesirable anorectic drug would be a
weak anorectic but a powerful reinforcer. Undoubtedly, existing
anorectic drugs fall on a continuum between these extremes; a
quantitative measure of this continuum is provided by the
Anorectic-Reinforcement Ratio, and a number of substituted
phenylethylamines and cocaine were evaluated using this measure.

The analysis of the reinforcing properties of a drug required

examination of a substantial range of doses. Therefore, for many of
the drugs analyzed, the lowest reinforcing dose (dose which maintains
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Figure 8. Breaking point values for doses of fenfluramine,
chlorphentermine, diethylpropion, and cocaine in five
baboons. Ordinates: breaking points; Abscissae: Dose
(mg/kg/inj,).Each point represents a single breaking
point observation. Lines connect the means of the breaking
point observations at different doses of drug. Filled
circles indicate data obtained during the first exposure
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during a second exposure to a drug dose.
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self-injection performance at FR 160) had already been determined.
This dose provided the denominator of the Anorectic-Reinforcement

Ratio (Iable 1, Column B). And in the course of evaluating the
reinforcing properties of the drugs under study, concurrent

assessments were made of the effects of these compounds on food
intake. Increasing doses of all drugs were associated with decreases
in the total number of food pellets taken each day. The dose which
suppressed food intake to 50 percent of saline control Tevels was
calculated individually for all compounds on the basis of a
regression line fitted to the raw data and these values are shown in
Table 1, Column C for each of the indicated drugs.

Column D, Table 1 and the filled bars of Eigure 9 show the
resulting Anorectic-Reinforcement Ratios (based upon adjustment to an
arbitrarily assigned d-amphetamine value of 1.0) derived from the

relationship between- food  suppression dose (i.e., Column C,
numerator) and criterion reinforcing dose (i.e., Column B,
denominator) for each of the drugs studied. The ratio values range

from a Tow of zero for fenfluramine and phenylpropanolamine to a high
of 14.81 for cocaine, and reflect the fact that compounds with high
ratio values are more potent reinforcers (relative to their anorectic
potency) than compounds with Tower ratio values. But the measure of

ANORECTIC -REINFORCEMENT RATIO
9 %0 Y , ¥

Fenfluramine
Clortermine
Phentermine
Chlorphentermine
Phenmetrazine
d-Amphetamine
Diethylpropion

Cocaine

Figur . Anorectic-Reinforcement Ratios for cocaine and
eight anorectic drugs. Filled bars show data derived
entirely from baboon experiments. Striped bars show data
derived from both human clinical information and baboon
experiments. Compounds with high ratio values are more
potent reinforcers (relative to their anorectic potency)
than compounds with Tower ratio values.
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Table 1. Anorectic-Reinforcement Ratio
of the hydrochloride salts except for d-amphetamine and 1-amphetamine which

phendimetrazine which facilitate comparison, ratios

the tartrate. To

Fourteen

anorectic drugs and

cocaine.
are

were

doses are expressed on the basis

expressed as the sulfates,
adjusted to an arbitrarily

assigned

d-amphetamine value of 1.0. Numbers in parentheses indicate the number of observations on which the reinforcing dose
and food suppression dose are based.

A
Drug
Cocaine
Diethylpropion

d-Amphetamine
Phendimetrazine
Phenmetrazine
d-Hethylamphetamine
Chlgorphentermine
Phentermine
Benzphetamine
Clortermine
Mazindol
1-Amphetamine
1-Methylamphetamine
Fenfluramine

Phenylpropanolamine

B

Lowest Reinforcing
Dose in Baboon
{(mg/kg/infusion)

0.03 (40)

0.5 (14)

0.05 (13)

1.0 (9)

0.5 (7)

0.1 ()

2.5 (8)

0.5 (9)

0.51 (8)

3.0 (10)

0.3 (5)

1.0 (9)

3.0 (12)

9 (10)

a (9)

c
Dose Suppressing
Baboon Food Intake
50% (mg/kq/day)
16.0 (26)
22.0 (14)
1.8 (10)
15.9 (9)
7.4 (7)
0.98 (10)
20.3 (8)
3.7 (9)
3.5 (8)
21.0 (10)
1.6 (5)
3.9 (9)
1.25 (12)
7.0 (10}
48.1 (9)

D

Ratio

[

/
]

14.81
1.22
1.0
0.44
n.41
0.27
0.23
0.21
0.19
0.19
0.15
0.11
0.01

Lovest
Necormended Human
Anorectic Dose
(mg/day)

75
10
70
50
7.5
77.9
18.7
25
50

69
75

0.75%
1.9

0.35
0.50

.375

0.16
0.19
0.25
0.08
0.07



anorectic potency as determined with the baboon could be confounded
by non-specific psychopharmacological effects such a drug-induced
sensory or motor decrements. To provide more information about
anorectic potency of the drugs, an alternative set of values was
derived by wutilizing the Towest recommended daily human anorectic
doses. These doses appear in Column E of Table 1, and provide the
numerator for computing a comparative set of ratio values (Column F).
Since cocaine 1is not wused clinically as an anorectic, no entry
appears in Column E. Comparison of the values in Columns D and F
(also the striped bars vs. the filled bars of Figure 9) show the
correspondence between the ratios based upon these two independent
measures of anorectic potency.

Although the progressive-ratio procedure provides a useful
measure of the relative reinforcing efficacy of drugs, the procedure

is quite time consuming. An alternative procedure was therefore
examined to determine whether it might provide a more efficient
alternative to the progressive ratio procedure. Specifically, the

alternative procedure involved measuring stable response rates on a
drug maintained fixed-ratio schedule. A study was undertaken to
determine whether fixed-ratio schedules and progressive-ratio
schedules would provide similar information about +the relative
reinforcing efficacy of different cocaine doses. The
progressive-ratio procedure was identical that previously
described. On the fixed-ratio schedule, 160 responses were required
for each injection. Each injection was followed by a timeout of
either 3 or 12 hours. Each dose of cocaine was examined for at least
15 days and until response rates showed no trends. Figure 10 shows
that with the 3-hour timeout, the dose-breaking point function on the
progressive ratio schedule (left-hand column) was similar to the
dose-response rate function on the fixed-ratio schedule (center
column). As shown, these dose-effect functions were inverted
U-shaped curves characterized by a graded ascending limb (0.01 - 0.32
mg/kg) and a downturn at the highest dose (3.0 - 4.0 mg/kg). On the
fixed-ratio schedule the downturn in the dose response rate function
was attributable to a cumulative drug effect as revealed by
manipulation of timeout duration, analysis of sequential

interresponse time distribution, and cumulative response records.
Overall the study showed that these fixed-ratio and progressive-ratio
schedules provide similar information about the relative reinforcing
efficacy of different cocaine doses, and that both schedules may be
useful in the assessment of drug reinforcing efficacy.

2. Methods and Results with Animal Psychophysical Procedures
for Fvaluating the Sensory/Motor Effects of Drugs

The procedure for determining behavioral toxicity with a range
of drugs has previously been described in detail (Brady, Bradford,
and Hienz, 1979; Hienz and Brady, 1981; Hienz, Lukas, and Brady,
1981) and focuses upon a reaction time (RT) methodology with
laboratory baboons. This procedure has already been used extensively
with primates as an index of sensory function (Stebbins and Coombs,
1975). Briefly, in the RT procedure, an animal is required to press
and hold down a Tever for a variable time, following which a signal
is presented (e.g., a light flash or tone burst). Release of the
lever within 1.5 sec. following the onset of the signal 1is then
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reinforced with food presentation (190 mg banana pellets). The
reaction time, which is the time elapsed between the onset of the
signal and the release of the lever, has been found to be inversely
related to stimulus intensity, and decreases as stimulus intensity
increases. This relation between reaction time and stimulus
intensity is a naturally occurring one, and needs no prior training.
This is a distinct advantage of using the RT procedure as a measure

of sensory function. In addition, the procedure is easily employed
with either auditory or visual stimuli, and can be used to obtain
stimulus detection thresholds. There is also an already existing

large data base on auditory reaction time with a number of primate
species, including the baboon, and the procedure can be easily
modified, when required, to extend research into other areas of
possible drug effects (e.g., auditory frequency and intensity
discrimination).

In terms of data analysis, the use of reaction time has allowed
for the separation of sensory deficits from extreme motor deficits by
requiring that an animal hold a Tlever down for a considerable period
of time prior to a stimulus presentation. Thus, for example, an
ataxic subject would produce a number of "premature releases" as
compared to a normal subject. Further, since variability of RTs 1in
primates is generally quite small, changes in RTs resulting from
administration of specific compounds are readily detected. The
measurement of the threshold Tevels for pure tones 1in primates,
however, has been demonstrated not to change greatly when different
reaction time criteria are used for estimating detection (Pfingst,
Hienz, and Miller, 1975). Thus, a compound which produced a motor
deficit resulting in Tonger reaction times would not necessarily
cause an increase in sensory threshold estimates unless the deficit
was debilitating enough to be detectable by the monitoring of
premature releases. Both small and large motor effects of specific
compounds can thus be separated from purely sensory effects.

The use of both auditory and visual stimuli in the reaction time
procedure has provided for the assessment of drug-related changes in

specific sensory systems. If drug-related changes occur in auditory
RTs but not for visual RTs, for example, the observed effects can be
attributed specifically to the auditory system. Further, when

drug-related changes produce consistently 1longer reaction times to
near-threshold auditory stimuli but not to high intensity auditory
stimuli, a laboratory primate analogue of the clinical phenomenon
which has been demonstrated to occur as a result of a brief exposure
to intense sounds (temporary threshold shifts), or as a result of the
use of ototoxic drugs, is provided.

Following initial shaping of Tever pressing and discrimination
of the holding and release components of the response, all animals
were introduced to the discrete trial reaction time procedure. In
the presence of a flashing cue light (5/sec), a lever press changed
the flashing red Tight to a steady red light which remained instated
as feedback as long as the animal held the lever switch in the closed
position. At varying intervals (ranging 1.0 to 7.3 sec.) following
initiation of this maintained holding response, a test stimulus
(white Tight on the circular patch or tone burst through the speaker)
was presented for 1.5 sec. Release of the Tever within the 1.5 sec



test stimulus interval delivered a single banana pellet and initiated
a 1 sec. intertrial interval (ITI) during which no stimuli were
presented and Tlever responses re-initiated the ITI. Incorrect
responses (i.e., lever presses prior to test stimulus onset or after
the 1.5 sec test stimulus interval) reinstated the 1 sec. ITI without
reinforcement. Following the 1 sec. ITI, the flashing red cue Tlight
signalled initiation of the next trial in the series of several
hundred which comprised each daily 2 to 3 hour experimental session.
Asymptotic levels of performance on this procedure typically required
2 to 3 months of such daily training sessions.

Auditory and visual thresholds were determined by randomly
varying (in accordance with the method of constant stimuli) the
intensity of the test stimuli, from trial to trial and examining
detection frequencies (i.e., correct lever releases) at each
intensity. For the auditory modality (where the baboon can
discriminate a range of frequencies extending to 40 kHz) four
intensity levels (10 dB apart) of a 16.0 kHz pure tone were used,
with the Tlowest Tevel set just below the animal's estimated

threshold. Interspersed among the "test" trials were a series of
"catch" trials during which no tone was presented to measure the
false alarm (i.e., "guessing") rate. For the visual modality, four

intensity levels (0.5 log density units apart) of the white Tight
were used with the Tlowest level again set Jjust below the animal's
estimated threshold. Again, "catch" trials with no 1ight were
programmed to occur intermittently. In addition, sessions involving
visual threshold determinations were preceded by a 20-min dark
adaptation period in the 1light-proof chamber followed by a 10-min
"warm-up" with the various intensities of white 1light to be used in
the session.

For both the auditory and visual threshold determinations, each
test session was divided into four blocks of approximately 140 trials
with each of the 4 intensity levels (plus "catch" trials) presented

randomly approximately 28 times during each block. This provided 4
independent within-session estimates of the sensory thresholds and
functions relating reaction time to intensity. Sensory thresholds

were determined from percent correct detections at each intensity by
interpolating to the intensity which produced a detection score
halfway between the false alarm rate ("catch" trials) and 100%.
Stable auditory thresholds were based upon determinations from 3
successive test sessions with estimates which varied by no more than
4 dB. Stable visual thresholds were based upon determinations from 3
successive test sessions with estimates which varied by no more than

0.2 1log density units. In both cases, such a determination of
threshold stability required a false alarm rate below 30% and no
systematic change trends in the data. With regard to the response

latency measure of reaction time (typically skewed due to the
physiological Timits on lever release time), the measure of central
tendency employed for such distributions was the median, with
variability reported in terms of the interquartile range.

Following stabilization of the threshold and reaction time
measures, preliminary studies were wundertaken to explore the
validity, reliability, sensitivity, and specificity of these
psychophysical methods with respect particularly to the evaluation of



drugs of abuse. A11 drugs were administered intramuscularly at the
beginning of each experimental session, followed by a 30-minute delay
(dark adaptation and warm-up) before formal threshold determinations
were begun. Saline control sessions were conducted between each drug
session and return-to-baseline performances were required during
these intervening saline control sessions before further drug
administrations were programmed.

Figure 11 shows the orderly effects of increasing doses of
amobarbital sodium (i.e., 3.2, 10.0, 17.0 mg/kg, i.m.) upon reaction
time as a function of white 1ight stimulus intensity in the baboon.
The Tatency-intensity functions were recorded 1 to 2 hours after drug
administration (i.e., at the peak action time) and show the sytematic
relationship between drug dose and response Tlatency at all but the
lTowest (i.e., threshold) intensity Ilevel. Even at the highest
intensity levels where response variability is minimal, the orderly
progression of increasing latencies with increasing doses s
apparent.

12 illustrates the dose-dependent effects of
pentobarbital upon absolute auditory and visual thresholds, and their
respective median reaction times for 2 animals. All data points are
the average of at Tleast two determinations with each animal at each
dose, and represent the difference between those values at peak drug
action time and the corresponding saline values during the preceding
day's control session. Reaction time values are for auditory stimuli
presented at approximately 25 dB above the auditory thresholds, and'
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for visual stimuli presented at approximately 1.25 Tlog relative

density units above the visual thresholds. The 95% confidence Timits
of the variability for all saline sessions preceding a drug session
are shown to the left in each graph for each animal. Consistent

elevations in the visual threshold and in both visual and auditory
reaction times were observed following doses of 10.0 and 17.0 mg/kg
with no change in auditory threshold over this same dose range.
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Figure 12. Changes in absolute auditory and visual
thresholds and their respective median reaction times
for two animals (IK =@, PE =0)) as a function of
pentobarbital dose. The 95% confidence Timits in
variability for all saline sessions preceding a drug
session are shown to the Teft in each graph for each
animal. Values obtained following vehicle administra-
tion are marked "V".

Figure 13 shows samples of individual auditory and visual
psychometric functions and their corresponding reaction time
functions during the peak time of effect for animal IK after
pentobarbital administration over the dose range 1.0 to 17.0 mg/kg.
Percent correct Tlever releases and reaction times for correct
releases are plotted as a function of stimulus intensity in dB sound
pressure level (SPL) for the auditory functions (top) and in 1log
relative density units for the visual functions (bottom). The saline
points were similarly derived from the control sessions conducted on
days preceding each drug session. At the highest dose (17.0 mg/kg),
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pentobarbital produced different effects upon auditory and visual
thresholds, though similar increases occurred in both auditory and
visual reaction times. The clear shift in the visual threshold
function shown in Figure 13 (bottom) at 17.0 mg/kg pentobarbital
occurred in the absence of any change in the auditory threshold
function (Figure 13, top) under identical drug conditions. Also, the
drug-induced reaction time increases were approximately parallel
shifts for both the auditory and visual curves.
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Figure 3. Changes in individual auditory and visual

psychometric functions and their corresponding reaction
time functions during the peak time of drug effect for
animal IK over the dose range of 1.0 to 17.0 mg/kg
pentobarbital. Filled circles represent data from drug
sessions; open circles represent data similarly derived
from the preceding day's saline control session.

Figure 14 illustrates the effects of diazepam as a function of

dose (0.1, 0.32, 1.0, 3.2, 10.0 mg/kg) upon response latencies and
sensory thresholds in three baboons under the same stimulus
conditions and "peak drug action time" (i.e., 1-2 hours following
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Figure 14. Changes in absolute auditory and visual
thresholds and their respective median reaction times

for three animals (PE =0, IK =0, OL =& ), as a function
of diazepam dose. The 95% confidence Tlimits for all
saline sessions are shown to the Teft in each graph for

each animal. Values obtained following vehicle adminis-
tration are marked "V".

i.m. administration) relationships used with pentobarbital. The
range of saline control values is shown by the vertical lines on each
point. Clear effects upon reaction time and the visual threshold
were observed as a function of dose, and auditory thresholds were
similarly affected. For the most part, all three effects - increased
response Tlatency, visual threshold elevations, and auditory threshold
increases - appeared in a dose-dependent manner with progressively
greater decrements through the range from 1.0 to 10.0 mg/kg. 1In
contrast, observations with chlordiazepoxide over approximately the
same dose range (1.0 to 32.0 mg/kg) used in the pentobarbital (Figure
12) and diazepan (Figure 14) experiments, revealed only modest
elevations in auditory threshold and reaction times at the highest
dose (32.0 mg/kg) and no effect on visual threshold at any of the
indicted doses.

Figure 15 illustrates the dose-dependent effects of
d-met-amphetamine upon changes 1in auditory and visual thresholds,
and their respective median reaction times. Consistent elevations in
visual threshold were observed only at the highest doses.
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Figure 15. Changes in absolute auditory and visual
thresholds and their respective median reaction times
for three animals as a function of d-methylamphetamine
dose. Other details are presented in the Tlegend for
Figure 12.
Significantly, these elevated visual thresholds occurred in the

presence of a slight decrease 1in visual reaction time with one
animal. Dose-related decreases in auditory reaction times were also
observed with some animals during auditory testing, though auditory
thresholds were unaffected over the dose range 0.1 to 0.32 mg/kg d-
methylamphetamine. The effects of phencyclidine (PCP) over a range
of doses (0.0032, 0.01, 0.032, and 0.1 mg/kg) upon the auditory and
visual thresholds and their respective median reaction times were

also studied. Although frequent disruptions in performance occurred
at the highest dose, the auditory threshold and reaction time were
only minimally affected throughout this dose range. Visual

thresholds and reaction time were both significantly elevated at the
0.032 mg/kg dose level, however, though again frequent disruptions in
performance occurred at the highest dose (0.1 mg/kg).

3. Relationship Between Reinforcing Properties and
Behavioral Toxicity of Abused Drugs

The results obtained from an analysis of the relationship
between the measures of reinforcing efficacy (i.e., drug
self-administration) and behavioral toxicity (i.e., sensory/motor
decrements) with three barbiturates (amobarbital, secobarbital, and



pentobarbitall and two dissociative anesthetics (phencyclidine and
ketamine) have been detailed in a report incorporated in the present
volume (Brady, Lukas, and Hienz, 1982). A11  five compounds
maintained drug self-administration rates as a function of dose Tevel
and the dose of each compound which maintained criterion intravenous
self-injection was determined. Dose-dependent increases in reaction
time were also observed with all five drugs, and the dose of each
compound which produced a 10% change in this measure was determined.
The resulting Reinforcement/Reaction-Time-Toxicity Ratios derived
from the relationship between the criterion reinforcing dose and the
reaction time toxicity dose were determined for each of the five
drugs studied, the ratio values ranging from a low of 0.07 for
amobarbital to a high of 1.22 for phencyclidine.

Dose-dependent increases in sensory thresholds were also
observed with all five drugs, and the criterion dose of each compound
which produced a 50% change in either auditory or visual threshold
was determined. The resulting Reinforcement/Sensory-Threshold-
Toxicity Ratios derived from the relationship between criterion
reinforcing dose and the sensory threshold toxicity dose were
developed for each of the five drugs studied, the ratio values
ranging from a low of 0.04 for amobarbital to a high of 2.0 for
phencyclidine. The relationship between the criterion sensory and
motor change doses and the criterion self-administration dose for the
five compounds thus far studied revealed that with all three

barbiturates, the doses which produced disruptive sensory/motor
changes were generally higher than the doses required to maintain
self-administration of these compounds. Moreover, there was a

consistent relationship between the sensory and motor effects of
these three barbiturates, with the reaction time effects appearing at
lTower doses than the sensory effects. In contrast, both ketamine and
phencyclidine were differentiated from the three barbiturates by the
appearance of sensory changes at doses below those which produced
reaction time effects. The phencyclidine values also showed that the
doses required to maintain self-administration were generally higher
than the doses which produce disruptive sensory/motor changes.

The ordering of compounds derived from analyzing the
relationship between reinforcing efficacy and behavioral toxicity
shows that there are wide ranging differences between drugs of abuse,
with the Reinforcement/Toxicity Ratios for phencyclidine being up to
10 times greater than those for amobarbital. The high ratio values
reflect the fact that such compounds have disruptive sensory/motor
effects at Tower doses (relative to their reinforcing potency) than
compounds with Tower ratios. And in the case of phencyclidine, these
behaviorally toxic effects can occur below the reinforcing dose: In
contrast, the 1low ratio values reflect the fact that a drug has
disruptive sensory/motor effects at higher doses (relative to its
reinforcing dose) than compounds with higher ratios. Amobarbital,
for example, maintained self-administration at doses below those
which produce behaviorally toxic effects.

The sensory toxicity dose values for the compounds included in
the present analysis were determined on the basis of criterion
changes in either auditory or visual thresholds as a first
approximation in analyzing their relationships to reinforcing



potency. That these compounds can produce differential effects as a
function of sensory modality and drug dose, however, is illustrated
in Figures 12 and 13, and has as well been documented in recent
studies of the psychophysical profiles of drugs of abuse (Hienz and
Brady, 1981; Hienz, Lukas, and Brady, 1981). The results of these
experiments have shown, for example, that the barbiturates can
produce significant elevations in the visual threshold at doses which
produce no change 1in the auditory threshold. These findings suggest
that the relationships described 1in the present report can be
extended to provide a much more specific analysis of the nature and
degree of disruptive effects wunder wvarious conditions of drug
self-administration.

Extending behavioral models for drug elevation to include
analysis of the relationship between a drug's reinforcing effects and
the effects of that compound from a behavioral toxicity perspective
adds a critical dimension to the assessment of pharmacological
activity and abuse liability.
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Development of Clinical
Procedures for Abuse Liability
Assessment:

Progress Report From the Behavioral
Pharmacology Research Unit of the Johns
Hopkins University School of Medicine
and Baltimore City Hospitals

George E. Bigelow, Roland R. Griffiths, Maxine L. Stitzer, and
Ira A. Liebson

For the past 15 years the Behavioral Pharmacology Research Unit
laboratory at Baltimore City Hospitals has been conducting a
variety of studies concerning the self-administration and effects
of drugs of abuse in human volunteers. The purpose of the present
progress report 1is to summarize work conducted during the last two
years with supplemental grant support from The Committee on
Problems of Drug Dependence.

In mid-1980 the Committee initiated a program to provide research
grant support to clinical research laboratories for the develop-
ment of clinical testing procedures to be used in the assessment
of drug abuse liability in humans. A major impetus for this
research grant program was the fact that the clinical laboratories
of the National Institute on Drug Abuse Addiction Research Center
in Lexington, Kentucky, had been disallowed, since 1970, from
conducting clinical studies with volunteer federal prisoners.
Prior to that time, the NIDA-ARC research program, conducted with
incarcerated former drug abusers at the Lexington prison facility,
had provided the major resource in this country for the clinical
testing of drug abuse liability. With the closing of the Lexing-
ton clinical facility and the subsequent transfer and reopening
of the ARC program in Baltimore in 1980 it was clear that there
would be major changes in the nature and magnitude of the
facilities available for the clinical assessment of drug abuse
liability. For example, the transfer of the Addiction Research
Center to Baltimore was accompanied by a dramatic reduction in
the size of its clinical resources -- from approximately 60 beds,
to approximately 10 beds. Also, with the loss of access to
federal prisoners as research volunteers it was clear that new
clinical resources and procedures needed to be developed for the
conduct of clinical abuse liability evaluations.

Several questions arose: 1) What clinical settings would be
appropriate for these studies? 2) What subject populations could



sensitively and appropriately differentiate compounds along the
dimension of abuse 1liability? 3) To what extent would there be
generality and transfer of the methods developed in the ARC
prison facility to other settings and subject populations? and
4) What alternative procedures might be feasible and/or necessary
to maximize the data yield from these new research contexts?

Since the purpose of our CPDD support was to promote procedural
development, this progress will provide primarily a descriptive
overview of our clinical abuse liability assessment resources and
procedures, with only brief illustrative results from individual
procedures.

Approach

In designing our clinical research program we have considered and
attempted to assess four aspects of abuse liability: 1) The ex-
tent of maintenance of drug self-administration behavior; 2) The
profile of acute subjective and physiological effects; 3) Altera-
tions produced in cognitive/psychomotor performance; and 4) Al-

terations produced in global clinical mood and behavior. These
dimensions are intended to assess the two crucial aspects of abuse
liability -- the likelihood of a compound's being self-administered,

and the 1likelihood of its producing disruptive effects following
its administration.

Clinical Resources

As summarized in Table 1, our laboratory has utilized both a wide
variety of subject populations and a wide variety of clinical
research settings for conducting abuse liability evaluations.

TABLE 1. Resources for clinical Drug Abuse
Liability Assessment

A. SUBJECT POPULATIONS

Non-dependent abusers
Addiction treatment patients
"Recreational" wusers

General community volunteers
Medical patients

g W N e

B. RESEARCH SETTINGS

Residential laboratory
Intravenous laboratory
Methadone treatment clinic
Day-laboratory sessions
Weight control clinic

G N

It is possible to recruit from the community volunteers for re-
search participation with extensive chronic abuse histories who
are not physically dependent; these individuals would presumably



be most similar to the former addicts traditionally studied by
the Lexington Addiction Research Center. Patients enrolled in
addiction treatment also provide convenient access to volunteers
with extensive abuse histories; this population (i.e., methadone
maintenance patients) can also be appropriate for studies where
physiological dependence upon opiates is desirable. Another con-
venient and readily available population is that of “recreational”
drug users; these are individuals with extensive illicit drug use
experiences, for whom drugs function as reinforcers, but who are
not in treatment and whose patterns of use are not so intense or
destructive that one would necessarily recommend treatment.
General community volunteers without significant illicit drug use
histories, and medical patients who are exposed to potential
drugs of abuse for therapeutic reasons both provide alternative
populations in which the profile of drug effects can be readily
assessed; these populations can also provide a basis for assess-
ing whether similar abuse 1liability discriminations are made by
nonabuser versus experienced-abuser subjects.

Measures

Table 2 illustrates the range of measures which we attempt to in-
clude in our clinical drug abuse evaluations. These include a
range of behavioral, subjective and physiological variables. The

TABLE 2. Array of Measures Used in Clinical
Abuse Liability Assessments

BEHAVIORAL

Drug self-administration
Psychomotor/cognitive performance
Observer ratings of mood and behavior

SUBJECTIVE

Drug liking
Symptom ratings
Mood ratings
ARCI scales

PHYSIOLOGICAL
Vital signs
Pupil diameter

behavioral measures include indices of drug self-administration
behavior, psychomotor/cognitive performance, and observer ratings
of global clinical mood and behavior. The subjective measures
include evaluations of subjective drug liking, symptom rating
scales, mood rating scales and various scales of the Addiction
Research Center Inventory. The physiological measures include
periodic vital signs assessment and, for studies of opioids,
measures of pupillary diameter.



One general method which we have used to assess relative drug
abuse liability involves a series of forced exposure trials to
the various test doses or test compounds followed by a choice
trial, in which the subject himself chooses which of the pre-
viously-experienced test conditions he will receive again. Ex-
periments proceed as a series of alternating forced exposure
trials and choice trials. The forced exposure trials permit
evaluation of the profile and time-course of subjective and be-
havioral effects in a manner similar to that traditionally used
by the NIDA Addiction Research Center. The added choice trials,
however, provide an objective behavioral measure of the relative
reinforcing efficacy of the test compounds.

Residential TLaboratory

Within our residential laboratory we have used this alternating
forced-exposure/choice-trial procedure to compare diazepam
(50 - 400 mg) and pentobarbital (200 - 900 mg) in experienced

sedative abusers. In that previously-reported study (Griffiths
et al. 1980) the subjective liking data generally paralleled the
behavioral choice data -- with both active drugs being preferred

over placebo, and with higher doses of pentobarbital being pre-
ferred over lower doses, but with relatively 1little diazepam dose
preference over the range tested. Comparisons between the two
active drugs, using intermediate doses producing similar magni-
tudes of overall sedative effect, showed a uniform preference for
pentobarbital over diazepam.

Elsewhere in these proceedings Griffiths et al. report more re-
cent data from our residential laboratory indicating differential
effects of pentobarbital and diazepam upon global clinical mood
and behavior; disturbances in mood and behavior were seen follow-
ing diazepam (50 - 100 mg/day) which did not occur following
pentobarbital (200 - 400 mg/day).

At last year's CPDD meeting McLeod et al. (1982) presented data
illustrating use of the residential laboratory for assessing the
effects of pharmacological treatments upon the signs and symptoms
of the opioid abstinence syndrome and upon opioid drug-seeking
and self-administration behavior during methadone detoxification.

Intravenous Laboratory

One evaluation procedure developed specifically via our support
from the Committee on Problems of Drug Dependence is our intra-
venous laboratory. In this procedure subjects participate in
sessions of several hour duration 2 - 3 times per week while in-
tensive psychophysiological and subjective data are collected to
evaluate the profile and time course of effects of intravenously
administered drugs. An advantage of this intravenous procedure 1is
the speed of the drug effect onset and time course, which permits
intensive multifaceted assessment of changes over a relatively
brief period within a standardized laboratory setting.



At last year’s CPDD meeting (McCaul et al. 1982) and also else-
where in these proceedings , McCaul et al. have presented data
describing the profile and time course of the subjective and
physiological effects of a range of hydromorphone doses in experi-
enced opioid abusers and describing the effects of methadone
maintenance treatment (i.e., opioid tolerance) on those effects.
These data have identified symptom ratings and overall drug “high”
ratings which appear to track the time course of opioid agonist
effects at least as sensitively as the subjective effect indices
traditionally used in opioid evaluations by the NIDA Addiction
Research Center.

Day-Laboratory

A second procedure developed specifically via our support from
CPDD is our day-laboratory procedure for evaluating drugs in
“recreational” users and in general nonabuser community wvolun-
teers. In these studies volunteers from the community partici-
pate in within-subject experimental designs in which they spend
a number of hours in the laboratory on several different days
while subjective and behavioral effect time-course data are col-
lected concerning each of several drug or dose test conditions.
In studies in this setting we have evaluated the ability of
“recreational” drug users to detect the effects and time course
of normal therapeutic dose levels of various benzodiazepines
versus placebo, and we have assessed the effects upon psycho-
motor/cognitive performance of these therapeutic dose levels both
when given alone and when combined with various doses of ethanol

(0.75 and 1.5 ml/kg). Benzodiazepine doses have been 5 mg diaze-
pam, 1 mg lorazepam, or 7.5 mg clorazepate, each given twice daily
at a 4-hr interval.; when ethanol was given it accompanied the
second of the daily drug doses. Results have shown that in this

subject population both subjective liking measures and psycho-
motor/cognitive performance measures were able sensitively to
differentiate among these benzodiazepines even at these modest
dosage levels and that it is possible in this setting to track
the time course of these drug effects and to assess their inter-
action with ethanol. Detailed data analysis is still in progress.

Weight Control Clinic

A final setting in which we have conducted comparative clinical
evaluations of drugs of potential abuse is a behavioral pharmaco-
logical weight control treatment research clinic (Bigelow et al.

1980) . Here it 1is possible to evaluate the effects and self-ad-
ministration of drugs among nonabuser volunteer patients who are
exposed to the test drugs for therapeutic reasons. We have been

using this setting for comparative evaluations of the various
phenylethylamine CNS stimulant-anorectics which are marketed for
weight control. The general procedure is a within-subject ex-
perimental. design involving cycles of forced exposures to the
test compounds followed by choice trials, as described earlier.
Results have shown d-amphetamine (5 - 10 mg tid) to be preferred
over fenfluramine (20 - 40 mg tid) and diethylpropion (75 mg con-



trolled release) to be preferred over chlorphentermine (65 mg).
The behavioral choice procedure has proven its value by detect-
ing differences between compounds which were not detected by
comparing the effects of forced exposures. While it is not
possible to know whether variations in drug self-administration
within this therapeutic context are related to variations in the
reinforcing efficacy or abuse liability characteristics of these
compounds, it 1is interesting that the between-drug differences
so far observed have all been in a direction congruent with both
animal and clinical data concerning relative abuse liability.

Conclusions

We have found that a variety of settings and subject populations
appear adaptable to providing orderly clinical data concerning
the relative reinforcing efficacies and abuse liability of drugs.
Specifically, we have found that such studies can be conducted

in nonresidential settings and with volunteer participants with-
out chronic drug abuse histories. Many of the general methods
developed by the NIDA-ARC for conducting these evaluations with
incarcerated postaddicts have proven adaptable to these other
settings and other populations -- especially the general approach
of examining the profile and time course of subjective drug ef-
fects and the use of liking measures and the Addiction Research
Center Inventory as assessment instruments. In addition to the
ARCI scales we have found that there are a variety of other self-
report measures which appear to provide sensitive indices of
relative drug effects -- at times even more sensitively than the
ARCI scales. Finally, we would emphasize the value of the be-
havioral measures in these procedures. Behavioral choice measures
of drug preference would appear to provide us with the most
straightforward and direct measure of the criterion we are trying
to predict in abuse liability testing -- the relative efficacy of
compounds 1in sustaining self-administration. In addition, be-
havioral measures of drug effects on skill performances and on
global clinical behavior provide useful complementary data con-
cerning the relative risks which might ensue consequent to the
use or abuse of these compounds.
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Comparative Assessment of
Potential Abuse Liability of
Natural and Synthetic
Cannabis Compounds

Jack H. Mendelson, Nancy K. Mello, Barbara Lex, Jon
Pehrson, and Samuel Bavli

INTRODUCTION

Laboratory and clinical investigations have indicated that canna-
bis compounds may have therapeutic applications as analgesics,
antiemetics, bronchodilators, antihypertensives and in the treat-
ment of glaucoma (Babor et al. 1975; Cohen and Stillman 1976).
Since cannabis compounds produce hypnosedative and psychoactive
effects in humans and are commonly used as recreational drugs,

the risk of illicit diversion may increase as cannabis is used
more widely in medicine. The situation is analogous to the prob-
lems associated with the development of new analgesics. The ra-
tionale for FDA scheduling of prescription opioid drugs is to re-
duce drug dependence liability through illicit distribution. Dur-
ing 1979, the Committee on Problems of Drug Dependence, Inc. ini-
tiated a program to develop methodologies to assess the abuse de-
pendence liability of non-opioid drugs which may have applications
in clinical medicine. This report describes a new behavioral
paradigm for the evaluation of potential abuse 1liability of a syn-
thetic cannabis compound in man.

Following anecdotal reports that marijuana smoking reduced nausea
and vomiting associated with cancer chemotherapy? more systematic
observations suggested that naturally occurringA‘9 tetrahydrocan-
nabinol was an effective antiemetic agent for patients receiving
chemotherapy (Herman et al. 1977). The active compound in mari-
juana A®° THC is delivered in unpredictable doses of varying

potency in marijuana cigarettes. Consequently, synthetic cannabis
derivatives were prepared for use as adjunctive agents in cancer
chemotherapy. Nabilone is a modified cannabinol derivative which
has been shown to be efficacious in suppressing severe nausea and
vomiting induced by cancer chemotherapy (Isbell et al. 1967).
Studies of the clinical pharmacology of Nabilone have been carried
out with normal healthy male volunteers and acute-administration of
1 and 2.5 mg doses produced relaxation and sedative effects
(Lemberger and Rowe 1975). A minimal degree of euphoria, dry
mouth, tachycardia and postural hypotension were observed after

1 and 2.5 mg dosage (Lemberger and Rowe 1975). Although euphoria



was not significant at low dosage administration of Nabilone

(1 to 2.5 mg) (Lemberger and Rowe 1975)) illicit use of the drug
could occur. This report describes assessment of the reinforcing
properties of a single dose of Nabilone (2 mg) in comparison to
A" THC (17.5 mg) , a standardized marijuana cigarette containing
1.83 %. 4% THC, and placebo controls. Behavioral assessment of
reinforcing properties by a combination of self-reports and work-
contingent choice between these four substances provides an objec-
tive index of potential abuse liability.

METHODS

Subjects: Twenty-four healthy, adult, male volunteers recruited
through newspaper advertisements, provided informed consent for
participation in these studies. Prior to selection for the study
all subjects completed a standardized drug use questionnaire and
a Cornell medical index. All subjects received a complete medical
examination, an electrocardiogram, and blood and urine laboratory
studies.

No subject reported a history of drug use other than marijuana and
none had a history of drug dependence. No subject had a history
of alcohol abuse or alcohol dependence.

Subjects selected to participate in the study were divided into
three groups on the basis of their reported marijuana use. Regu-
lar users were subjects who smoked 1-3 marijuana cigarettes per
day and had engaged in this pattern of marijuana use for at least
one year. Eight subjects with a mean age of 26.8 years (range 23-
30) and a mean weight of 163.8 1lbs (range 140-216 lbs.) were regu-
lar marijuana users. Intermittent users smoked 1-3 marijuana
cigarettes per week and had engaged in this pattern of marijuana
use for at least one year. Eight subjects with a mean age of 25.3
years (range 22-30) and a mean weight of 158.6 1lbs. (range 131-181)
were intermittent (weekly) marijuana users. Occasional (monthly)
users smoked 1-3 marijuana cigarettes per month and had engaged in
this pattern of marijuana use for at least one year. Eight mari-
juana users with a mean age of 24.4 years (range 22-28) and a mean
weight of 164.1 1bs. (range 133-192) were occasional marijuana
users. Final data are reported on 23 subjects; one subject left
the study after the first experimental day because of anxiety
about his interaction with the other subjects.

Drugs: Each subject served as his own control over five consecu-
tive days during which Nabilone (2 mg), Nabilone placebo, a stan-
dardized marijuana cigarette (1 gram containing 1.83 percent THC),
a standardized marijuana placebo cigarette, 17.5 mg THC P.O.,

and a THC placebo were administered under double blind and double
dummy conditions to control for two routes of administration e.g.,
smoking and oral capsules.

Drug dosage for this study was selected on the basis of 2 mg of
Nabilone having equal potency of 17.5 mg of orally administered



A THC (Lemberger and Rowe 1975). Studies carried out by Isbell
and his associates (1967) have shown that the potency of’ THC
after smoking (as determined from changes in peak pulse rate) is
approximately 2.6 times that after oral ingestion. The marijuana
cigarettes used in the study contained 1.83 % of A® THC in each

1 gram cigarette. However, subjects actually inhaled only 1/3 of
the total pyrolyzed material in any cigarette or approximately

6.1 mg of A" THC.

Sequence of Procedures: During the first four days of the study
each subject received only one dose of the active compound (mari-
juana, Nabilone or THC) and placebos during each drug trial.

Drugs were administered according to a 4 x 4 Latin square design
to control for sequence effects. Each drug trial day (the first,
four consecutive days of study) was designated by a specific
color code (blue, red, yellow or green). During these four days
subjects remained on the research ward from 6:00 p.m. each eve-
ning until 7:00 a.m. the following morning when they were allowed
to depart for their usual school or job activities.

During the first four days of drug administration, subjects pro-
vided a urine sample for drug screening examination when they
reported to the laboratory. Questionnaire instruments adminis-
tered to assess the type and quality of subject drug effects in-
cluded a Profile of Mood States (POMS), the Adjective Check List
(ADCL) and a “High” scale to assess subjects’ levels of intoxica-

tion. These instruments have been successfully employed in pre-
vious studies to assess marijuana effects in humans (Mendelson
et al. 1976; Orr and McKernan 1981; Rossi et al. 1978)). Sub-

jects were also asked to provide a placebo-drug report to indicate
whether they believed they had received an active drug or a place-
bo. Blood samples were obtained for determination of pituitary-
gonadal hormones prior to and following drug administration.

These data will be reported elsewhere.

On the fifth day of the study, subjects were given an operant
manipulandum and told that they could work for one dose of the
red, yellow, blue or green drug which they received during the
four previous consecutive days. In order to obtain one addition-
al dose of their drug of choice, subjects were instructed to
press the response key on the operant manipulandum to earn 3600
reinforcement points. Acquisition of the required number of
points for their drug of choice required 30 to 40 minutes of work.
Following drug administration, subjects could then work at an
identical operant task to earn money. They could earn $10.00 for
3600 responses or 30 to 40 minutes of sustained operant perform-
ance.

RESULTS

Drug Safety: Eight regular marijuana users, seven intermittent
users and eight occasional users completed all phases of the study.
No adverse physical side effects or changes in vital signs
occurred during the course of the study. No subject became ill



or was unable to attend to work or school activities during the
five study days. All subjects were drug free during the study.
Daily urine drug screens did not reveal any psychoactive substan-
ces such as opiates, sedative hypnotics, stimulants, tranquilizers
or depressants for any subject.

Subjective Levels of Intoxication: The subjects were able to dis-
criminate placebo from active drugs with 98 percent accuracy.
Following marijuana smoking, all subjects reported "high" scale
scores which were significantly greater (p <.01) than after pla-
cebo administration. Subjects in the regular, intermittent and
occasional groups did not differ significantly in "high" ratings
following marijuana smoking. However, heavy and intermittent
users reported significantly lower "high" scores after THC than
after marijuana smoking (p <.05). Occasional users reported
equivalent "high" scores after marijuana smoking and oral THC ad-
ministration. Following Nabilone administration all subjects'
reports of "high" were significantly lower than after marijuana
smoking (p <.05). The degree of "high" following oral THC ad-
ministration and Nabilone did not differ significantly for any
group. Thus in terms of perceived high, the rank order from most
to least was smoked marijuana >oral THC >Nabilone >placebo.

Following marijuana smoking, a statistically significant increment
in "stoned" scores was obtained for all three subject groups
(p <.05) and there were no statistically significant differences

between these groups. Following THC and Nabilone administration,
"stoned" scores were significantly lower than after marijuana
smoking for all three subject groups (p <.05). There were no

statistically significant differences in "stoned" scores between
THC and Nabilone administration for the three subject groups.

Changes in Mood States: Following placebo administration no sta-
tistically significant differences occurred for any of the sub-
ject groups in POMS elation factor scores. After marijuana smok-
ing, a small but statistically significant increment in elation
scores (p <.05) was reported by the regular users. No significant
changes in the POMS elation factor scores were observed for any of
the subject groups following THC or Nabilone administration. How-
ever, there was a small but consistent decrement in the POMS ela-
tion factor score at the end of each experimental session for each
subject group. The most parsimonious explanation for this obser-
vation was that subjects tended to become more fatigued toward the
end of each experimental day assessment period.

Changes in Pulse Rate: No significant changes in pulse rate were
observed for any subject group following placebo administration.
Pulse rates increased after marijuana smoking and administration
of THC and Nabilone. Statistically significant increases in pulse
rate were observed for the intermittent and occasional users fol-
lowing marijuana administration (p <.05) and for all subjects fol-
lowing THC and Nabilone administration (p <.05). Although pulse
rate increases following marijuana, THC or Nabilone administration




achieved statistically significant levels, the biological signifi-
cance of these observations is questionable since the increment in
pulse rates were relatively small.

Operant Contingent Drug Choice: Eighteen subjects (7 regular
users, 6 intermittent users, and 5 casual users), worked to ob-
tain an active marijuana cigarette. Two subjects (1 regular and
1 intermittent user) worked to obtain 17.5 mg of oral THC. None
of the subjects worked for Nabilone and three subjects (all occa-
sional users) elected not to work for any drug on the fifth study
day. All twenty-three subjects worked to obtain the $10.00 mone-
tary reinforcement on the fifth study day and all earned the requi-
site 3600 reinforcement points within 30 to 40 minutes. There
were no significant differences in the time spent at operant work
or the efficiency of operant performance for money reinforcement
between the regular, intermittent and occasional users. There
were no significant differences in operant performance for mone-
tary reinforcement Dbetween those subjects who had elected to smoke
marijuana, ingested THC or who had not worked for any drug prior
to the opportunity to earn operant points for money.

DISCUSSION

The major findings obtained in this study were: subjects accu-
rately discriminated marijuana cigarettes, orally administered
THC and Nabilone from their placebos; marijuana smoking produced
the greatest change in subjective responses for the “high” and
“stoned” rating scales; marijuana was the drug of choice for

90 percent of the subjects (20 of 22) who elected to work at an
operant task for drug acquisition. Taken together these data
strongly suggest that marijuana smoking is the preferred mode of
cannabis self-administration by regular, intermittent and occa-
sional marijuana users and that orally administered THC compounds
are much less preferred (only two subjects who worked for a drug
of choice selected oral THC). Since no subject elected to work
for Nabilone and since Nabilone produced significantly less change
in self-rating scores than marijuana, we conclude that Nabilone
would have relatively low abuse potential liability for indivi-
duals who have a wide spectrum of past history of marijuana use.

This study also demonstrated that evaluation of new pharmacothera-
pies (with psychoactive properties) for safety and efficacy may
also be supplemented with procedures to determine potential abuse
liability in humans. The research design and procedures utilized
in this study may provide a useful model for assessing the rein-
forcing properties and potential abuse 1liability of psychoactive
drugs for selected populations who may be at risk for drug abuse.
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Synthesis and Analgesic Activity
of 5-Aryl-3-Azabicyclo [3.2.0.]
Heptan-6-One Dimethylacetals:
Compounds With Extraordinary
Morphine-Like Properties

J. W. Epstein, T. C. McKenzie, W. J. Fanshawe, A. C.
Osterberg, B. A. Regan, L. P. Wennogle, M. S. Abel, and
L. R. Meyerson

As a part of our studies of aryl azabicycloalkanes as analgesic
agents (Epstein et al. 1981, 1982), we undertook the synthesis of
S5-aryl-3-azabicyclo[3.2.0]heptanes (McKenzie et al. 1982). We
employed a [2+2]photocycloaddition of 1,l1-dimethoxyethylene to 2-
phenylmaleimides, 1, [prepared by the method of Izzo (1963)] to give
the cyclobutanedicarboximides 2, and subsequent reduction with
sodium bis (2-methoxyethoxy)aluminum hydride gave the desired 5-aryl-
3-azabicyclo[3.2.0]heptanes, 3a-3e. The structure of the photo-
products 2 was established by 'H NMR spectroscopy. The bridge-

head methine proton at § 3.32 is coupled to the adjacent cis and
trans cyclobutane methylene protons with a coupling constant of

4.4 and 10.5 Hz, respectively. The ring juncture was assumed to

be cis. The N-methyl-m-methoxyphenyl analogue 3b was demethylated
(Epstein et al. 1981) with sodium ethyl mercaptide in N,N-dimethyl-
formamide to give phenol 4. The N-allyl derivative 5 was obtained
from 3a by alkylation with allyl bromide in toluene-sodium carbonate.
Ketal 3b was hydrolyzed to the corresponding ketone 6 using hydro-
chloric acid.
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PHARMACOLOGY

The results of analgesic testing using the reversal of the 3-legged
gait in rats are presented in Table I, and an examination of the
data suggests that these compounds fall into the category of
narcotic-type compounds. The most potent members of the series are
the m-methoxyphenyl 3b and m-hydroxyphenyl-N-methyl 4 congeners,
while the absence of the N-methyl group in 3a significantly cur-
tails activity. The phenyl analogue 3c retains moderate activity,
while the p-chloro 3e compound is less active, and the p-methyl 3d
analogue is inactive. The significant aspect of this study is that
compound 3b shows considerable (EDs;= mg/kg) oral activity, and
remarkable morphine-like effects (Table II). The hydrolysis product
of 3b, the ketone 5, is inactive, which suggests that the ketal re-
mains intact in vivo. The N-allyl derivative 6 is active, but the
EDsy was not determined.

Table I also shows the inhibition of °H-naloxone binding by compounds
at 25 and 0.78 micromolar. It is interesting that compound 3b shows
inhibition in a range which is comparable to the less active,and
inactive compounds. The phenol 4, however, shows morphine-like
binding characteristics. Table III compares the ICy;, values of 3b
and 4, as well as sodium-index values. Compound 3b has an ICg-
value around 10,000 nM with a sodium index (6.3) car that of
morphine (5.1), while the phenol 4 has an ICy;, value (61 nM) equiv-
alent to morphine (74 nM). In adaition, the sodium index of 4

(9.4) suggests that it is a pure agonist (Pert and Snyder 1973).
Compounds 3b and 4 show narcotic toxicity at relatively low doses
and these effects can be inhibited by naloxone. Table II summar-—
izes these characteristics for 3b.

There are some geometric similarities between 3a and morphine that
are not obvious on casual inspection. The distances and orienta-
tion from the nitrogen atom to the other three atomic features
thought necessary for analgesic activity are similar to those of
morphine. These salient features are a benzene ring, a quaternary
carbon attached to the ring, and a hydroxyl group disposed meta



to the quaternary carbon. In addition, the two oxygen atoms of the
ketal are in similar positions relative to the nitrogen as the re-
maining two oxygen atoms of morphine. The distance from nitrogen

to the allylic hydroxyl group of morphine is 6.5A and from nitrogen
to thea--methoxylgroupof 4 is 4.6A. This is the largest discrepancy
of the five features discussed.

PHARMACOLOGICAL METHODS

Inflamed Rat-Paw Reversal of Abnormal Gait. A modification
(Epstein et al. 1982) of the procedure of Atkinson and Cowan (1974)
was used as the primary assay.

Inhibition of 2H-Naloxone Binding. Inhibition of *H naloxone
binding was conducted employing the procedure originally described
by Pert and Snyder (1973) and modified by Ong et al. (1980).

Mouse Hot Plate Method. An adaptation of the methods of Woolfe
and MacDonald (1944) and Eddy et al. (1950) was employed. Individual
mice were confined on a heated surface (Techni Lab Instruments,

Model 475) maintained at 55.0 + 0.5°C and the time required to elicit
a response (licking of paws or-an attempt to jump from plate), was
recorded. A maximum (cut-off) time of 30 seconds was used. The
criterion for analgesia is a 100% increase in response time over that
of vehicle treated mice.

Rat Tail Flick - Radiant Heat Method. A modification of the
method of D'Amour and Smith (1941) was used. The tail of each rat
was exposed to high intensity radiant heat stimulus 90 minutes after
oral administration of the compound, and the time required to elicit
a threshold response (characteristic tail flick) was recorded. A
maximum exposure (cut-off time) of 15 seconds was employed for the
high intensity stimulus. The criterion for analgesia is a 100% in-
crease 1in response time over that of vehicle treated rats.

Statistics. EDsy's and 95% confidence limits were calculated accord-
ing to the linear arc sine transformation method of Finney (1964).
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TABLE 1 ANALGESIC ACTIVITY
{ N ; S:X 3-Legged Gait
0
R Naloxone Binding ED5 (95%CL)
Cpd. X Y R Conc. (yM),% Inhibition mg/kg i.p.-rat
3a m-OCH:,) 2 H 25 >25
0.78
bl m-OCH 2 CH 25 61 4.0(2.8-5.6)p.o.
= 3 3
0.78 7
3¢l H 2 CH 25 62
3 0.78 13 <25 (4/47)
3dl p-CH 2 CH 25 62
B 5 0.78 11 R(25)
3e!l p-C1 2 CH 25
3 0.78 25
4 m-OH 2 CH3 25 99 3
0.78 85
5 m-0CH 2 allyl 25 69
= 3 0.78 10 <25 (4/470)
6 m-OCH 3 CH 25 22
- 3 3 078 12 R(25)
morphine 25 100 35 p.o.
0.78 97 0.4 s.c.
1 2 3
fumarate (00-13)2
Table II. Summary of Effects Induced by 3b in Mice and Rats
Procedure Results

Reversal of abnormal gait in rats.

Rat tail flick - high intensity
radiant heat stimulus

Mouse hot plate (55° C)

Induction of Straub tail in mice

Acute lethality in rats

Overt Effects

Rats

Interactions
Mice - naloxone (10 mg/kg i.p.)

Rats - naloxone (25 mg/kg 1i.p.)

EDs; = 4.0 (2.8-5.6) mg/kg p.o.

EDsg = 5.7 (4.5-7.3) mg/kg p.o.

significant increase in threshold

response at 20 mg/kg s.c.or p.o.

8/8 Straub tail (12.5, 25mg/kg
p.o.

Est. LDs; = 10 mg/kg i.p.,

20 mg/kg p.o.

Catatonia, exophthalamus, de-
creased respiration, decreased
motor activity (10 mg/kg i.p.)

Complete reversal of Straub
tail

Inhibition of overt effects
and lethality



Table III. ICs, Values in Competition Binding with *H-Naloxone
in the Presence and Absence of Na' Ions

ICsq (nM)° Sodium Index
Compound IC., (+ Na+t)
-NaCl +NaCl (100 mM)
ICso (= Na+)
Naloxone 46 42 1.1
Morphine 74 380 5.1
Levallorphan 9 34 3.7
3b 9,924 62,531 6.3
4 61 579 9.4

ICsy value is defined by the concentration of drug required to
inhibit by 50% the stereospecific binding of ’H naloxone (5 nM) to
homogenates of rat brain minus cerebellum in the presence or absence

of 100 mM NaCl. Each value represents the mean of three separate
experiments.
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Mr 2033 CL—A Novel
Non-Morphine-Like
Opioid Analgesic

K. Stockhaus, H. A. Ensinger, W. Gaida, H.-M. Jennewein,
and H. Merz

Compounds which are acting predominantly by means of the k re-
ceptors are different from the morphine-like p agonists with
regard to several unwanted side-effects and seem to be a new
group of potent analgesics (Martin et al. 1976). In various in
vitro and in vivo experiments, Mr 2033 CL was characterized as a
k agonist (Lord et al. 1977; Woods et al. 1979). The action
profile of this compound has some remarkable features which will
be reported here.

Drugs used: Mr 2033 CL = (£)-(1R/S, 5R/S, 9R/S, 2"S/R)-5,9-
dimethyl-2'-hydroxy-2-tetrahydrofurfuryl-6,7-benzomorphan hydro-
chloride, morphine, pentazocine, (%*)-ketazocine, nalorphine,
naloxone and naltrexone as hydroclorides, Mr 2266 CL = (-)-
2-(3-furylmethyl)-2"'-hydroxy-5,9 x--diethyl-6,7-benzomorphan hydro-
chloride synthezised in our laboratories, (%)-bremazocine hydro-
chloride (Sandoz, Basel), [*Hl-dihydromorphine (35.5 Ci/mmol),
[*H]-naloxone (50 Ci/mmol), [°Hl-Ethylketazocine (15 Ci/mmol) all
from New England Nuclear, and [°H]-D-Ala’-D-Leu® enkephalin
(26 Ci/mmol; Amersham).

1. Analgesia

Mr 2033 CL is a very potent analgesic drug in different test
models and species (Fig. 1). After subcutaneous administration it
is about 20 times more potent than morphine. Its duration of
action is longer than that of pentazocine in different assays.
Like ketazocine it is active in the Haffner test, the hot-plate
test, and the tail-flick model in mice, while pentazocine and
bremazocine are inactive in these rigorous test models.

144



Analgesic Activity of Mr2033-C1, Morphine and

Pentazocine (EDs)

& Writhing-T.
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Figure 1. Analgesic activity of Mr 2033 CL, morphine and penta-
zocine (EDsq) in different test models and species. Rb = rabbit.

According to Takemori (1976), the interactions of Mr 2033 CL,
bremazocine, and morphine with the selective p antagonist na-
loxone and the putative v antagonist Mr 2266 CL were analyzed by
means of the apparent pAz-values in the Haffner test and the
writhing assay in mice after subcutaneous administration (Tab. 1).

Apparent pA: Potency ratio
Agonist Antagonist |Writhing| Haffner |Writhing| Haffner
Morphine | i '9peeccL | 7:15 | s | 41 | 117
e [Wgme | 0% [0 | o | s
Brenazocine | y2'9RRC | 8737 orrecrivel L] -

Table 1. Apparent pA2-values and potency ratios for the inter-
actions of morphine, Mr 2033 CL and bremazocine with naloxone
resp. Mr 2266 CL in two analgesic assays.

In the writhing test, naloxone is 4 times more potent than
Mr 2266 CL as an antagonist of morphine and twice as potent in
the case of Mr 2033 CL. Antagonizing bremazocine, both anta-
gonists are equipotent. These data indicate that different re-
ceptor populations are involved in the analgesic effects of the
three compounds in the writhing assay. The potency ratios charac-
terize naloxone as the most potent antagonist in the Haffner test
because Mr 2266 CL has a relatively low activity in this assay.
The similarity of some of the apparent pA2-values suggest that

in part - similar receptor populations may be responsible for
the analgesic effects in both assays (Wister et al. 1981).
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2. Binding studies

Receptor binding studies with the two x agonists Mr 2033 CL and
bremazocine in membrane homogenates of rat brain resulted in
similar binding properties of these two drugs, comparing their
affinities to y,cand § opioid receptor subtype (Tab. 2). In
contrast to morphine and naloxone, which act predominantly via
the p receptor, Mr 2033 CL and bremazocine show high affinities
to both, p and x receptors (Kosterlitz et al. 1981). According
to the sodium shift, Mr 2033 CL should demonstrate some marked
morphine antagonistic properties.

u receptor |« receptor |6 receptor | Sodium Shift
morphine 1.4 9.0 37.0 12.5
Mr 2033 CL 0.7 1.3 2.6 3.6
bremazocine 1.0 1.8 1.4 1.1
naloxone 1.1 8.1 8.1 1.1
Mr 2266 CL 2.9 2.4 4.5 0.5
Table 2. Binding properties (k;j-values, [nM]) of morphine,

Mr 2033 CL, bremazocine, Mr 2266 CL, and naloxone. Radioligand:
U receptor: °‘H-dihydromorphine, « receptor: ‘H-ethylketazocine,
and & receptor: °H-D-Ala’-D-Leu’-enkephalin.

3. Morphine antagonistic effects

Morphine antagonistic effects of Mr 2033 CL have been found in
different assays. Stereotypic circling movements and the Straub
tail phenomenon induced by morphine were suppressed in mice. In
morphine-treated rats, catalepsy was antagonized and in rabbits
morphine-induced stupor was suppressed by Mr 2033 CL.

In morphine-dependent rats in the stage of withdrawal, exacerba-
tion of abstinence was observed after administration of
Mr 2033 CL. In non-withdrawn morphine-dependent dogs, Mr 2033 CL
precipitated abstinence (Gilbert et al. 1977). The antagonistic
potency of Mr 2033 CL ranged between that of nalorphine and that
of naloxone in these experiments.

4 ide-effects

The strong analgesic effects of Mr 2033 CL were not accompanied
by the Straub tail phenomenon or enhanced circling movements in
mice. Mr 2033 CL did not induce catatonia in rats and stupor in
rabbits in a morphine-Tike manner.

CNS-depressant  effects of Mr 2033 CL were observed in different
assays. In mice, the dose range of analgesia does not overlap
with the dose range reducing aggression, exploration and loco-
motor activity.
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In conscious rabbits, respiratory depression was weaker and of
shorter duration than 1in animals treated with morphine. After
stimulation of respiration in anaesthetized dogs by increasing
arterial CO, tension, 1 mg/kg of Mr 2033 CL i.v. did not in-
fluence the respiratory minute volume, while 2 mg/kg of morphine
i.v. provoked a pronounced depression.

The influence of Mr 2033 CL on the intestinal transit and the
analgesic effects on the hot plate were tested in mice simulta-
neously. Mr 2033 CL reduced gut motility in a minor degree than
morphine because it was 3 times more potent than morphine in re-
ducing the intestinal transit, and 7 times more potent than mor-
phine in the hot-plate test. Thus the analgesic EDsy of
Mr 2033 CL did not inhibit gut motility completely, while the
analgesic EDsy of morphine induced a complete inhibition.

In contrast to pu agonists, which cause urine retention,
Mr 2033 CL and other x agonists induce diuresis in unloaded rats
(Fig. 2). In waterloaded animals Mr 2033 CL had an antidiuretic
effect like morphine. The diuretic effect of Mr 2033 CL was not
antagonized by naltrexone and might be explained by inhibition of
ADH because the free water clearance increased significantly. The
antidiuretic effect was antagonized by naltrexone in a morphine-
like manner and might be a renal opioid effect. Concentration of
plasma electrolytes and plasma osmolarity were not influenced
with statistical significance.

Effects on Urinary Flow in Rats

Mr 2033-Cl Morphine

Urinary Volume (mI/100 mIBW)
w
L

C 03 03+N C 0303+N C 10 10+N C 10 10+N
unloaded 5 mi/100g BW unfoaded 5ml/100g BW

Figure 2. Effects of 0.3 mg/kg Mr 2033 CL and 10 mg/kg morphine
on the urine excretion of rats, unloaded and water loaded with
5 m1/100 g body weight, and the antagonistic effects of naltre-
xone (= N). Mean values 2 hours after s.c. administration. C =
saline control.



Dependence studies have been performed in rats, dogs and rhesus
monkeys. Mr 2033 CL did not substitute for morphine in morphine-
dependent animals of all three species. In the primary-dependence
experiments in rats and rhesus monkeys, symptoms of withdrawal
occurred, but these differed, both quantitatively and qualita-
tively, from those of morphine. Precipitation with nalorphine or
naloxone provoked also a mild abstinence syndrome in both
species. In self-administration studies in codeine-trained rhesus
monkeys, Mr 2033 CL was not self-injected at rates above saline
at any tested dose except one (Woods et al. 1979).

SUMMARY

Mr 2033 CL is a very potent non-morphine-Tike opioid analgesic as
shown in different test models and animal species. On a weight
for weight basis, it is about 20 times more potent than morphine.
The analgesic effects of Mr 2033 CL are supposed to be different
from those of morphine and bremazocine because of individual
sensitivity against selective antagonists T1ike naloxone and
Mr 2266 CL. Mr 2033 CL does not induce the Straub tail phenomenon
and increased circling movements in mice, catatonia in rats, and
stupor in rabbits which are characteristic for p agonists. More-
over, Mr 2033 CL does not have a morphine-like abuse potential in
rats, dogs and rhesus monkeys. CNS-depressive effects were ob-
served in different species. Respiratory depression and inhibi-
tion of intestinal transit seem to be of minor degree. In con-
trast to morphine, Mr 2033 CL provokes diuresis in rats. Binding
studies in rats as well as dependence studies in rats and rhesus
monkeys characterize Mr 2033 CL as a predominantx agonist with
morphine antagonistic properties.
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Preclinical Pharmacology of
Metkephamid (LY127623), A
Met-Enkephalin Analogue

Robert C. A. Frederickson, C. John Parli, Gary W. DeVane,
and Martin D. Hynes

The structures of the two enkephalins, Met- and Leu-enkephalin, were
reported in 1975 (9). There 1is convincing evidence that these
peptides function in brain as neurotransmitters mediating or modu-
lating various physiological functions including reaction to pain
(5,8,14). These endogenous opioids could, therefore, provide the
basis for development of specialized therapeutic entities but have
no obvious clinical utility themselves. They are too rapidly
degraded enzymatically to have any useful activity after systemic
administration. Synthetic efforts, however, have produced analogues
of the enkephalins which are more resistant to enzymatic degradation
and which provide analgesic activity by the parenteral route. One
such compound, which has been demonstrated to be an efficacious
analgesic in the clinic is Metkephamid (LY127623). The preclinical
pharmacology studies with this compound are reported in this paper.
Preliminary accounts of some of this data have been reported
previously (6,7).

METHODS

In Vitro Assays of QOpioid Activity

ICso values for inhibition of the electrically-induced (0.15hz,
Imsec, 40v) twitch of the mouse vas deferens preparation by
normorphine and metkephamid were determined as described previously
(6). ICsy values were determined also for inhibition of the
electrically-induced (0.8 hz, 0.7 msec, 40v) twitch of the guinea
pig ileum preparation. The comparative affinities of metkephamid
and morphine for p and & opioid receptors were determined by
measuring the displacement of 0.25 nM [*H1-naloxone and 0.75 UM
3H—D—AWa—D—Leu—enkephaW1'n, respectively, from freshly prepared
homogenate of rat brain (10).

In Vivo Assays of QOpioid Activity

The comparative EDso's of metkephamid, meperidine and morphine for
producing analgesic activity in the mouse hot plate (6), mouse
writhing (4,12) and rat tail jerk (12,13) tests were determined as
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described previously (4,6,12,13). Mouse locomotor activity was
measured in circular wire mesh cages. A light beam passed through
the center of each cage and a count was registered each time a mouse
interrupted one of these beams (11)

Assessment of Cross-Tolerance

Mice were made tolerant by treatment with 4 daily doses of morphine
for 4 days as described previously (10). Control mice received
saline on the same schedule. On day five, 16 to 20 hours after the
last morphine injection, dose-response curves to morphine and
metkephamid were generated in the mouse writhing assays.

Measurement of Placental Transport

Maternal femoral arteries in pregnant ewes were catheterized and
fetal Jjugular veins and carotid arteries were also catheterized and
externalized. When the animals had stabilized, metkephamid was
given intramuscularly and maternal (10 ml) and fetal (7 ml) arterial
blood samples were taken at 0, 10, 20, 30 and 45 minutes for later
assay. Nineteen - twenty day pregnant female rats were decapitated
and their blood collected in glass tubes. The fetuses were removed
from the uterus and their blood was collected either after
decapitation or via heart puncture using glass capillary tubes.

For the assay of metkephamid, one ml serum samples containing 6.72
mg NaF and 8.0 mg EDTA were precipitated with 2 ml of acetone. The
supernatants were saturated with NaCl and extracted with ethyl
acetate. The dried extracts were then derivatized with a Fluram
solution and the resulting solution was subjected to reverse phase
HPLC and fluorescence detection. For assay of meperidine, one ml
serum samples containing 6.72 mg NaF and 8.0 mg EDTA were made
pbasic with 0.1 ml of 1.0 M NaOH and extracted with diethyl ether.
The dried extracts were dissolved in 0.3 ml of ethyl acetate and an
aliquot was injected into a gas <chromatograph ¢
glass column packed with 3 percent 0V-1 on 100/120 mesh Gas Chrom
Q. The oven temperature was 165°C and the flame ionization
detector's temperature was 250°C.

Drugs

Metkephamid was synthesized in the Lilly Research Labs as described
previously (6).

RESULTS

Metkephamid produced potent naloxone-reversible depression of the
electrically-induced twitch of both the mouse vas deferens and the
guinea pig ileum. The ICso's for these effects are given in Table
1 together with the ICsy values for normorphine. pA, values for
naloxone versus normorphine, Met-enkephalin and metkephamid on the
mouse vas deferens preparation were determined to be 8.32 (9.06-
8.69), 1.54 (7.38-7.74) and 7.60 (7.43-7.80), respectively. Also
shown in Table 1 are the ICsy values for metkephamid and morphine
for inhibition of the binding of *H-naloxone (*H-Nx) and
*H-D-Ala-D-Leu enkephalin (*H-DADL) to rat brain homogenates.
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TABLE 1

In Vitro ICsy Values (nM)

Morphine Meperidine Metkephamid
(Normorphine*)

A. Isolated tissues

Mouse vas deferens (MVD) 390* 3900 5.4
Guinea pig ileum (GPI) 100* 1957 21.0
GPI/MVD 0.25 0.50 3.9

B.  Inhibition of binding

H-DADL 75 1814 4.4
*H-Naloxone 6.5 460 2.5
*H-Nx/3H-DADL 0.09 0.25 0.6

By the intraventricular route, the EDs;y, for metkephamid for
analgesia in the mouse hot plate test was 1.5 pmoles/mouse. For
comparison the EDsy's for morphine and meperidine were 103 and
48000 pmoles, respectively. Metkephamid was also analgesic by
systemic routes of administration. The EDsp's after subcutaneous
administration for metkephamid and several standards in the mouse
hot plate and mouse writhing tests for analgesia are given in Table
2. By the intravenous route the EDsy's for metkephamid and
meperidine in the hot plate jump response were 0.21 (0.03-0.57) and
3.1 (1.4-5.7) pmole/kg, respectively, and on the hot plate hind paw
lick response were 0.36 (0.08-0.05) and 1.7 (0.89-2.7) pmole/kg,
respectively.

TABLE 2
EDsp's* (pmoles/kg, s.c.) 1in Analgesic Tests

Mouse Hot Plate

Escape Jump Hind Paw Lick Mouse Writhing
Morphine 2.4 4.8 2.8
Meperidine 8.5 11.3 15.2
Metkephamid 0.2 1.5 5.5

*EDso's were determined at times of peak effect (30 minutes for
morphine; 15 minutes for meperidine and metkephamid).
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Comparison of the stimulation of mouse Tocomotor activity produced
by metkephamid and morphine revealed marked differences. Morphine
produced far greater Tocomotor activity in the 4 hour-test period
than did metkephamid (Fig. 1).

FIGURE 1
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The dose-response curve for morphine was shifted to the right after
chronic administration of morphine, resulting in a 3.5-fold increase
in the EDsy value for morphine (Fig. 2). A similar shift in the
dose response curve was not observed for metkephamid in morphine-
tolerant mice (Fig. 2).
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The morphine dose-response curves were shifted to the right by 3 to
4-fold in the mouse hot plate hind paw lick and escape jump measures
in mice treated 20 hours earlier with naloxazone (50 mg/kg, i.p.)
compared to mice pretreated with saline. Such pretreatment with
naloxazone produced no shift to the right of the dose-response
curves to metkephamid.

The ability of metkephamid to cross the placental barrier was
assessed by measuring maternal and fetal serum levels in sheep and
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rats at various times after intramuscular injection of high doses

of metkephamid. The data are summarized in Table 3. In the sheep,
maternal serum levels of metkephamid after a dose of 5 mg/kg were
8-10 upg/ml at 10, 20 and 45 minutes after injection while fetal
levels were undetectable at all times measured. The 1limit of sensi-
tivity of the assay is 50 ng/ml so the ratio of fetal:maternal

levels must be <1:200. In the rat the fetal:maternal ratio at 1 hr
(time of peak blood Tevels) after metkephamid (50 mg/kg, s.c.) was
about 1:60. The fetal:maternal ratio for meperidine, by contrast,
was about 1:2.

TABLE 3

Maternal and fetal serum Tevels (pg/ml) of metkephamid and
meperidine at various times after administration to sheep
(intramuscular) and rats (subcutaneous).

Metkephamid Meperidine

Species Time (min) Maternal Fetal Maternal Fetal
1. Sheep 0 0.0 0.0

10 9.46%3.01 0.0

20 9.43%2.6 0.0

45 8.54%2.6 0.0
2. Rat 60 7.17%0.28 0.12+0.04
3. Rat 45 3.73%0.89  2.02#0.23

1. The dose of metkephamid was 5 mg/kg. 2. The dose of metkephamid
was 50 mg/kg. 3. The dose of meperidine was 50 mg/kg.

DISCUSSION

Metkephamid (Tyr-D-Ala-Gly-Phe-N(Me)Met-NH,) is an analogue of
Met-enkephalin which has proved to be a very potent opioid ligand in
various in vitro and in vivo assay systems. PpA, analysis indicated
that metkephamid utilzed é-receptors in the MVD and the ratio of
ICs0's on GPI versus MVD further supported a predominant, although
not exclusive, action on a-receptors. Surprisingly, however, this
s-selectivity was not seen in binding studies with brain homogenate.
Metkephamid was much better (16X) than morphine at displacing the

& -Tigand (PH-DADL) in these studies but appeared roughly equi-
effective at displacing a p-ligand CH-Nx). One explanation for
these apparently disparate findings might be that metkephamid has
much greater efficacy at the 6-receptor than at the p-receptor.

Analgesic data supports the concept that Metkephamid acts on a
different receptor (presumably the a-receptor) than does morphine.

On a molar basis metkephamid was at Teast 100X more potent than
morphine at producing analgesia after administration into the lateral
ventricles and was about 10X more potent than meperidine after
intravenous administration. After subcutaneous administration
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metkephamid was more potent than morphine and meperidine in the mouse
hot plate test for analgesia and was intermediate in potency between
morphine and meperidine in the mouse writhing test for analgesia.
Both metkephamid and meperidine were considerably less potent than
morphine, however, on the rat tail jerk test. EDsp's for

metkephamid and meperidine in this test were not calculated because
of the very shallow dose-response curves. Analgesic testing in
morphine-tolerant mice revealed a relative lack of cross-tolerance to
metkephamid. Similar findings have been reported for morphine-
tolerant rats and monkeys (15). These findings indicate a different
mechanism of action for Metkephamid which most likely involves
production of analgesia by an action on &-receptors, as well as on
the u-receptors utilized by morphine. The Tlatter mechanism appears
to become more prominent at higher doses. This concept is supported
also by the selective antagonism of morphine analgesia without effect
on metkephamid analgesia by pretreatment with the appropriate dose
(50 mg/kg, i.p.) of naloxazone.

It was reported previously that metkephamid produces much less
physical dependence relative to its analgesic activity than do
standard analgesics such as morphine, meperidine or pentazocine
(6,7). This 1is confirmed here by the relative inactivity of
metkephamid compared to morphine on Tocomotor activity in mice.
This measure 1is a reflection of physical dependence potential.

Studies on placental transport in sheep and rats have revealed a
dramatic advantage for metkephamid for potential use 1in obstetric
analgesia. Very Tlittle, if any, metkephamid appears to cross the
placental barrier compared to an almost 1:1 transport for meperidine.

Metkephamid has been tested in man also (6,7) and clinical studies
have demonstrated analgesic efficacy for this unique new compound
(see eg. 1,2,3,).
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Development of Orally
Active Cannabinoids for the
Treatment of Glaucoma

Raj K. Razdan, John F. Howes, and Harry G. Pars

Glaucoma 1is one of the major causes of blindness in the
world. It is a condition of the eye where higher than
normal intraocular pressure (IOP) progressively affects
the field of wvision resulting in irreversible blindness.
Early observations by Hepler and Frank (1971) demon-
strated that smoking marijuana resulted in a decrease of
IOP in normal subjects. Several reports have since ap-
peared confirming the IOP-lowering effects of marijuana
or A°-THC in both normal subjects (Hepler et al. 1972;
Shapiro 1974; Perez-Reyes et al. 1976; Cooler and

Gregg 1977) and glaucoma patients (Hepler et al. 1976;
Lockhart et al. 1977) and are reviewed elsewhere (Razdan
and Howes 1980). Although A°-THC has been reported to
lower IOP in animals when administered topically, these
results have not been confirmed in glaucoma patients
(Merritt et al. 1981; Green and Roth 1982).

As part of an ongoing program in our laboratories to de-
velop new chemical entities derived from the cannabinoid
nucleus as potential drugs (Meltzer et al., 1981; Pars
et al. 1977), we describe in this paper two compounds,
Nabitan (SP-106) and Naboctate (SP-325), which reduce
IOP in animals and in man and are potential antiglaucoma
drugs.

Drugs from the cannabinoid class produce a number of
side effects such as tachycardia, orthostasis and sub-
jective CNS effects which could limit their therapeutic

use. The objective of our development program has been
to prepare a compound in which a good separation of
therapeutic and side effects exists. To achieve these

goals, we have looked for lowering of intra-ocular pres-
sure 1in animals, combined with a low incidence of tachy-
cardia. Identified candidates were then evaluated
clinically.

Our earliest evaluations were with Nabitan (Razdan et al.
1976) . This has been studied by Weber et al. (1981)
and Tiedeman et al. (1981) .



CH2C:CH

CH3CH3

Nabitan (SP-106; BW1464)

Table 1 shows the decrease in intra-ocular pressure ob-
served 1in normotensive human volunteers (Weber et al.
1981) . The falls in IOP are small but none of the sub-
jects in this study had a starting IOP of greater than
18.0mmHg.

Table 1. Changes in Intra-ocular Pressure Due to Nabitan*
No. of Change in IOP
Treatment Eyes lhr 2hr 4hr 6hr 8hr 24hr
Placebo 20 -0.80 -1.45 -1.40 -1.90 -1.25 -0.35
+0.40 #0.28 0.28 +0.37 +0.36 +0.33
5 mg 6 -1.00 -2.83 -3.17% -3.50 -2.83 -0.50
+1.32 #1.01 +#0.31 #1.18 =*0.87 =*0.34
10 mg 6 -0.83 -1.83 -2.83 -3.17% -1.67 +1.33
+0.75 #1.19 #1.65 #0.91 +0.76 =0.71
15 mg 12 -0.58 -2.58 -3.42% -2.25 -2.00 +0.25
+0.40 =*0.53 =0.45 =#0.79 +0.63 +0.07
20 mg 6 -1.67 -3.33 —2.83b -2.50 -2.50 +0.33

+0.88 *1.56 =*1.30 *1.59 =*1.98 =*0.56
*By the Mann-Whitney two-sample rank test, from Goldstein, A.:
Biostatistics, An Introductory Text. New York, Macmillan, 1964,

pp. 55-59.
£0.005 when compared to placebo controls
<0.01
€£0.05

a
b
c

At high doses, Nabitan caused a mild tachycardia (Weber
et al. 1981). Subjects receiving 10mg or more reported
marijuana-like side effects.

In a further clinical study on ocular hypertensives,
Nabitan showed a lowering of IOP (Figures 1, 2 and 3).
This was a double masked study carried out over a period
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of two days. On the first day, the subject received
only placebo; on the second day either a placebo or the
test drug. The results show that Nabitan caused a dose-

related fall of IOP. Mild tachycardia was observed and
some incidents of orthostasis occurred.

In an effort to reduce the cardiovascular side effects
a different compound, Naboctate (SP-325) was developed
(Razdan and Howes 1981).
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Naboctate (SP-325)
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Naboctate (SP-325) lowered the intra-ocular pressure of
normotensive rabbits at doses of 5, 10 and 20mg/kg orally.
The peak effect was observed after 3 hours at which time
a dose-related response was observed. The duration of
action in these experiments was about 6 hours. SP-325
caused a slight increase in heart rate in conscious
rats given doses of 5, 10 and 20mg/kg orally. A small
non-dose-related hypotension was observed at 3 1/2 to

5 1/2 hours in these animals. In the anesthetized ani-
mal, no significant cardiovascular effects were ob-
served. SP-325 did not affect respiratory parameters
in any of these experiments. When challenges of neuro-
transmitters were used, SP-325 exerted a weak anti-
cholinergic effect.

The acute LDs;, (p.o.) 1in the rat and the rabbit was
>1500 and >1000 mg/kg respectively. In a 30-day sub-
chronic study using rats and rabbits, SP-325 caused be-
havioral effects, which disappeared by the end of the
first week. These 1included ataxia and sedation. No
gross pathology was observed and microscopic analysis

of tissues revealed no drug-related pathological changes.

In normal volunteers Naboctate was well tolerated and
caused a dose-dependent decrease in IOP (Figure 4). 1In
this limited study there was a notable absence of cardio-
vascular and CNS side effects.

We conclude that marijuana and synthetic cannabinoids
appear to have a place in the therapy of glaucoma. The
two cannabinoids we have examined lower IOP when ad-

ministered orally. Naboctate 1s potent 1in normoten-
sive subjects and appears to be free of major side
effects. This drug 1is currently under development for

the treatment of glaucoma.
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Dependence Studies on Zopiclone
Tomoji Yanagita and Shin Kato

INTRODUCTION

Zopiclone is a nonbenzodiazepine hypnotic developed by Rhone-Poulenc
France, which is known to act through the benzodiazepine receptors
and shows a benzodiazepine-like pharmacodynamic profile. I[ts chemi-
cal name is 6-(5-chloro- 2-pyridyl)-7-((4-methyl-1-piperazinyl) car-
bonyloxy)-6,7-dihydro-(5H)-pyrrolo(3,4-b)pyrazine-5-one.

METHOD

Experiment 1. GROSS BEHAVIORAL OBSERVATION OF THE ACUTE CNS EFFECTS
OF ZOPICLONE AND DIAZEPAM IN NORMAL MONKEYS. Single doses of intra-
venous and intragastric zopiclone and intragastric diazepam were ad-
ministered to normal rhesus and crab-eating monkeys, and gross beha-
vior was observed until the drug effects disappeared.

Experiment 2. CROSS PHYSICAL DEPENDENCE TEST ON ZOPICLONE IN BARBI-
TAL-DEPENDENT AND WITHDRAWN MONKEYS. The suppressive effects of zo-
piclone and diazepam on the barbital withdrawal signs were' observed
in rhesus monkeys that had been made physically dependent on barbital
by twice daily intragastric doses of barbital 75 mg/kg for 3 months
or longer and withdrawn for 28-30 hrs. The severity of the with-
drawal signs was graded by our criteria (Yanagita & Takahashi 1970)

Experiment 3. PHYSICAL DEPENDENCE-PRODUCING TEST IN NORMAL MONKEYS.
Zopiclone 16 mg/kg was intragastically administered twice daily for 4
weeks to 4 normal crab-eating monkeys, followed by a withdrawal test
on week 5. Administration was thereafter immediately reinitiated at
the same dose as before for 2 weeks, and at 32 mg/kg twice daily for
2 more weeks, with a second withdrawal test during the next week.
Gross behavior, body temperature, and weight were observed regularly
during administration periods, and withdrawal signs were observed
several times daily during the withdrawal periods. Similar experi-
ments were conducted with diazepam in crab-eating monkeys and with
nitrazepam in rhesus monkeys, the doses being shown in table 1.

Experiment 4. CONTINUOUS INTRAVENOUS SELF-ADMINISTRATION OF ZOPI-
CLONE. This experiment was conducted in 4 rhesus monkeys. An intra-
venous catheter was connected through the restraint arm to an auto-



matic injector, each lever-press activating the injector to deliver a
predetermined unit dose of zopiclone at infusion volume 0.25 ml/kg
and speed 24-26 sec/ml. Two monkeys had had previous experience with
self-administration of the reinforcing stimulant Tefetamine and/or
other drugs and had been rested from any experiment for 1 month or
longer. The other 2 naive monkeys were first tested with saline
until the daily intake rate became Tow and stable, then with zopi-
clone. The unit doses and period observed are shown in table 2.

Experiment 5. CONTINUOUS INTRAGASTRIC SELF-ADMINISTRATION OF ZOPI-
CLONE AND DIAZEPAM. Intragastric self-administration of zopiclone
and diazepam was tested in 4 rhesus monkeys each as in Experiment 4
Here the unit volume was 1 ml/kg and infusion speed was 13-18 sec/ml.
The unit doses and period observed are shown in tables 3 and 4.

RESULTS

Experiment 1. By intravenous administration of zopiclone 0.25 mg/kg
1 out of 2 monkeys exhibited slow movements and diminished spontane-
ous motor activity. These signs disappeared in about 1 hr. At 1
mg/kg, marked motor impairment and hyporeactivity were noted. At 4
mg/kg the intensity of the above signs remained the same although the
duration of the effect was extended. With the crab-eating monkeys,
zopiclone 1 and 4 mg/kg produced practically the same results as with
the rhesus monkeys. With single intragastric administrations of zo-
piclone to rhesus monkeys, slowed movement was seen at 4 mg/kg from
30 min after administration, followed by motor impairment, diminished
spontaneous motor activity, and hyporeactivity. The intensity and
duration of the drug effects reached a plateau at 16 mg/kg. In
crab-eating monkeys single doses of 4 and 16 mg/kg produced slightly
less intense and shorter Tasting signs than with rhesus monkeys.
Single intragastric doses of diazepam 1 mg/kg in crab-eating monkeys
produced hyporeactivity and slight slowing of movement. At 4 mg/kg,
hyporeactivity and motor impairment were seen.

Experiment 2. At 28.5 hr after the final administration of barbital
all monkeys showed such signs as apprehension, hyperirritability, pi-
loerection, tremor, abdominal muscular rigidity, and motor impair-
ment. Some monkeys additionally showed clonic convulsions. Single
doses of intragastric administration of zopiclone 4 mg/kg Tlessened
most of the withdrawal signs, and 8 mg/kg suppressed the signs nearly
completely. At 16 mg/kg the signs were completely suppressed at 0.5
hr after administration. With diazepam the suppression was incom-
plete at 4 mg/kg but complete at 8 mg/kg. The complete suppression
continued for 1 hr with zopiclone and for 3 hrs with diazepam.

Experiment 3. In repeated administration of zopiclone the monkeys
showed depressed signs as described in Experiment 1. On day 7, all
monkeys showed Tless pronounced signs than on the first day, but from
day 14 on there was no noteworthy change in severity. In the 1-week
withdrawal test, monkeys showed apprehension, hyperirritability, tre-
mor, piloerection, and increased muscular rigidity of the Timbs from



the 2nd day, with the peak signs on day 3 or 4 and gradual Tessening
thereafter. Extremely moderate body weight Toss was noted in 3 out
of 4 monkeys during this period, and rise in body temperature was
confined to 1 C or less, so that the withdrawal signs were graded as
intermediate in all monkeys (table 1). The administration was re-
sumed thereafter for the 2nd test. O0n day 7, the severity was the
same as or less than that on the last day of the 1st administration
period. Due to further lessening on day 14, the doses were increased
to 32 mg/kg twice daily from day 15. On day 15 the severity incre-
ased in all monkeys, lessening again in a week to near that on day 14
and continuing at this level to the end of the second administration
period. The following 1 week of withdrawal observation showed signs
in all 4 monkeys to be nearly the same as before.

Table 1 DEVELOPMENT OF PHYSICAL DEPENDENCE IN MONKEYS

( HgTHD AWAL SIGNS"

Dose
(MG/KG 1.6. X 2/DAY) 0. OF MONKEYS

Drus Monkeys
1 sT 4 wks 2 ND 4 wks 1 57 (5 TH wk) 2 nND (10 TH wk)
ZoPICLONE 4 CRAB-EATING 16 16-32 INTERMEDIATE (4)  INTERMEDIATE (&)
InTerMeEDIATE (2)  INTERMEDIATE (1)
Di1azeram 4§ CRAB-EATING 4-8 8 SEVERE (2)  Severe (3)
NiTrazEPAM 4 RuESus ] 4-8 INTERMEDIATE (4)  INTERMEDIATE (4)

* 1 SEVEREST ~ GRADE DURING  7-DAY WITHDRAWAL  PERIOD.
"INTERMEDIATE" INCLUDES HYPERIRRITABILITY, RESTLESSNESS, TREMOR,
AND IMPAIRED MOTOR ACTIVITY, AND “SEVERE” INCLUDES CONVULSIONS.

With diazepam, depression less severe than on the 1st day was ob-
served on day 14 with shortened duration of effect in all monkeys.
Doubling the doses from day 15 produced somewhat severer depressive
signs and longer duration of effect, but the severity decreased again
on day 21 or 28. In the 1st withdrawal test, apprehension, hyperir-
ritability, tremor, and piloerection were observed in all monkeys,
with convulsions in 2 out of 4 monkeys on day 6. No body weight de-
crease exceeded 10 percent, and no body temperature increase exceeded
1 C. The withdrawal signs were thus graded as severe and intermedi-
ate in 2 monkeys each. In the 2nd administration period the effects
of the drug gradually weakened as observed on days 7, 14, 21, and 28.
During the 2nd withdrawal test convulsions occurred in 3 out of 4
monkeys on days 3, 6, and 7. The body weight of 1 monkey decreased
12 percent, but changes in the other 3 remained within 10 percent.
This time the grade was severe in 3 monkeys and intermediate in 1.

In the case of nitrazepam all monkeys showed gradual decrease in sev-
erity of the depressive signs throughout the 4-week administration
period, with a major decrease in the 1st week. In the withdrawal
test, all monkeys showed apprehension, muscular rigidity of the
limbs, hyperirritability, and/or tremor from the 2nd day, peaking on
day 4 in all monkeys, gradually lessening thereafter. Loss of body
weight did not exceed 10 percent and no body temperature rise was ob-



served; thus the withdrawal signs were graded as intermediate in all
monkeys. On day 14 of the 2nd administration period the depressant
effects weakened beyond the Tevel on the last day of the 1st period.
When doses were increased to 8 mg/kg from day 15, the intensity in-
creased in all monkeys, but it was still weaker on day 21 than on day
21 of the 1st period, and the intensity stayed at this Tevel until
the end of-the administration period. The 2nd withdrawal test showed
results in all 4 monkeys similar to those observed in the 1st test.

Experiment 4. The 2 experienced monkeys (Nos. 742, 1026)
self-administered saline at Tow rates (table 2). In
self-administration of zopiclone 0.25 mg/kg/inj, the animals took
respective daily averages of 75.3 and 34.1 injections in the 1st 2
weeks, increasing in the next 2 weeks. Replacing with saline for 2
days, No. 742 intook 36 and 18 times on days 1 and 2. No. 1026 in-
took 154 times on day 1. Returning to zopiclone produced further in-
crease of daily intake rates in them. These monkeys initially exhi-
bited reduced responsiveness to the observers, decreased spontaneous
motor activity, and motor impairment, but the signs gradually weak-

ened from week 2. In the final T-week saline test intake reduced
markedly from day 2 and such mild withdrawal signs as hyperirritabil-
ity and tremor were observed. One of the naive monkeys (No. 1062)

maintained daily average intake at 32.0 with the unit dose of 0.25
mg/kg for the 2 weeks, while the other (No. 1063) did not. The unit
dose for No. 1063 was thus raised to 1.0 mg/kg, with a resulting in-
crease in the daily average over 2 weeks to 24.0, then to 34.8 in the
next 2 weeks. In 2 days of withdrawal with saline, both monkeys ex-
hibited a rapid decrease in intake on day 2. When zopiclone was re-
sumed at 0.25 mg/kg in both monkeys fairly stable intakes were ob-
served. During the final 1 week with saline, rapid decrease in in-
take was noted and the mild withdrawal signs were observed.

Table 2
CONTINUOUS INTRAVENOUS SELF-ADMINISTRATION OF ZOPICLONE IN RHESUS MONKEYS

AVERAGE DAILY NUMBER OF SELF-ADMINISTRATIONS (PER 1 OR 2 wWks)

SaLINE  ZoPIcLONE (MG/kG/INJ)  SALINE ZopicLone (MG/KG/INJ)  SALINE

Honkey 0.25 1.0 0.25 1.0
1 wx 4 wk 4 wk 2 DAYS 4 wx 4 wx 1 WK

No. 742 2.0 75.3-739 — — 36, 18 93,1-96.9 — — 68, 14
ExPERIENCED

No. 1026 5.4 34,1-52,0 — — 154, 26 54,2-65.2 — — 63, 9
ExPERIENCED

No. 1062 7.3 32.0-63.4 — — 76, 11 69.8-83.9 — — 42,23
NaIvE

No. 1063 3.7 2.8 — 24.0-34.8 80, 12 — —  34,9-37,2 46, 22
Na1ve

Experiment 5. In intragastric self-administration of zopiclone at 1
mg/kg, 3 out of 4 monkeys self-administered the drug at higher daily
rates than for CMC; however, these rates were less than 10, although
different unit doses were tested (0.25, 0.5 and 2.0 mg/kg; table 3).



No. 256 did not show any intake during the 12-week test period in
spite of programmed forced administration of the drug for 2 weeks.
In 3 days of withdrawal with CMC, No. 595 extinguished the
drug-taking behavior without any increase of intake, but Nos. 755
and 1000 showed obvious rate increase and mild withdrawal signs.
During active self-administration periods in the 3 monkeys, only mod-
erate depressive signs were observable. In a final 1 week of with-
drawal, a slight increase of CMC intake was observed in Nos. 595 and
1000, and some increase similar to the previous withdrawal was ob-
served in No. 755. Again only mild withdrawal signs were observed.
Table 3

CONTINUOUS INTRAGASTRIC SELF-ADMINISTRATION OF ZOPICLONE IN RHESUS MONKEYS

AVERAGE DAILY NUMBER OF SELF-ADMINISTRATIONS (PER 1 OR 2 wks)

Monkey 0.57 CMC Zop1cLONE (MG/KG/INJ) Me Z0P1CLONE CHe
1.0 0.25 1.0 2.0 2.0 0.5
1wk Bwk 2wk 2wK 4wk 3pars 6wk 4wk 1 wk
No. 256 0 0 - - 0 - 0 - 0
ExPERIENCED - 0* 0.7
0.1
No. 595 3.1 8.9 6.0 2.4 5.9 1.0 3.5 8.6 8.7
ExPERIENCED - 4,2 - 6.9
No. 755 0 4,1 - - 6.4 16.3 7.8 8.7 11.9
ExPERIENCED 6.3 9.4 7.7 2.9
No. 1000 1.3 4,6 5.1 - 6.6 13.3 5.0 1.7 4,3
ExPeRIENCED 6.1 4.1 2.9 3.6

* : PROGRAMMED ADMINISTRATION ADDED (2 MG/KG EVERY 3 HRS)

Table 4
CONTINUOUS INTRAGASTRIC SELF-ADMINISTRATION OF DIAZEPAM IN RHESUS MONKEYS

AVERAGE DAILY NUMBER OF SELF-ADMINISTRATIONS (PER 1 OR 2 wks)

" 0.5% CHC DiazeraM (MG/KG/INJ) CMC Diazeram CMC
ONKEY M
; 0.25 1.0 0.5 1.0 1.0 2.0
1 wk Gwe 2wk 2wk 4wk 3pays 4wk Zwk 1wk
No. 433 0.1 4,5 4.9 5.1 8.7 3.3 2.3 - 3.1
EXPERIENCED 2.1 3.6 o220
No. 828 4.7 4.9 3.4 2.1 10.1 14,3 9.9 - 12.7
EXPERIENCED - 6.4 5.9
No. 993 4.3 1.4 1.2 - 1.8 1.7 1.0 0.1 0.4
EXPERIENCED - 0.6 ~
No, 1062 3.3 5.9 3.1 - 2.1 1.7 5.4 2.5 2.1
EXPERIENCED - 3.2 2.3




In the experiment on diazepam also, 3 out of 4 self-administered the
drug at relatively 1low rates at unit doses of 0.25 and 1.0 mg/kg
(table 4). The daily rates increased in Nos. 433 and 828 when the
unit dose was again increased to 1 mg/kg, but the rates gradually de-
creased thereafter. In 3 days of withdrawal, the daily rate of No.
828 increased but the rates of the other monkeys were Tlow. During
the active self-administration periods the monkeys showed CNS depres-
sive signs that were not so prominent. In the final 1 week with CMC,
only No. 828 showed meaningful increase of intake rate and manifest-
ed mild withdrawal signs.

DISCUSSION

In the present study, crab-eating monkeys were wused 1in some, and
rhesus monkeys in most of the studies. The reason for this was the
short supply of rhesus monkeys; however, in Exp. 1 not much species
difference was found between them regarding susceptibility to the CNS
effects of zopiclone. The acute CNS effects of zopiclone quite re-
semble those of diazepam in both rhesus and crab-eating monkeys. The
minimum effective doses from gross behavioral observation were less
than or roughly equal to 0.25 mg/kg i.v. and 4 mg/kg i.g. The i.g.
effect reached a plateau at 16 mg/kg, reflecting a characteristic
dose-response relationship of many benzodiazepines (Yanagita 1981)
Duration of effect was generally short in comparison to diazepam,
particularly at Targe doses. For reference, the respective minimum
effective doses of diazepam and nitrazepam in rhesus monkeys have
been reported as 1.0 and 0.2 mg/kg i.g. (Yanagita et al. 1975, Kato
& Yanagita 1981).

Zopiclone suppressed barbital withdrawal signs incompletely at 8
mg/kg and completely at 16 mg/kg. Diazepam 4 and 8 mg/kg were equi-
potent to zopiclone 8 and 16 mg/kg in this respect. The duration of
complete suppression by zopiclone was considerably shorter than with
diazepam. The cross physical dependence potentials of both drugs to
barbital appear to be nearly parallel to the potencies of the CNS de-
pressant effects. In physical dependence-producing tests, however,
diazepam showed higher potential to produce physical dependence than
zopiclone in crab-eating monkeys, since severer withdrawal signs were
found with diazepam in both withdrawal tests. With zopiclone, the
development of physical dependence appeared to have reached to a max-
imum level in the 1st 4-week period, since no increase of withdrawal
severity was observed in the 2nd test. The potential of zopiclone
appeared to be similar to nitrazepam. During repeated administration
of zopiclone, diazepam, and nitrazepam, obvious development of toler-
ance to the CNS depressant effects was observed in the monkeys' gross
behavior. With zopiclone, however, the tolerance development tended
to reach a maximal level relatively early.

It was quite evident that zopiclone possesses reinforcing effect,
especially when self-administered intravenously. The higher daily
response rate than for diazepam by this administration route may be
attributable to the shorter duration of effect. In contrast, with



pentobarbital (Yanagita & Takahashi 1973), no marked depressive signs
such as severe motor impairment or Tlight anesthesia were observed
during the active intravenous self-administration period with zopi-
clone, nor were severe withdrawal signs observed when the drug was

replaced with saline. In intragastric self-administration, however,
the daily rates were generally low regardless of unit dose, although
weak reinforcing effect has been demonstrated with the drug. These

results were very similar to the results with diazepam.

Thus the dependence potential of zopiclone was regarded to be weaker
than that of diazepam and nearly equal to that of nitrazepam physi-
cally, and comparable to that of diazepam psychologically.
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Dissociation of the Rewarding
and Physical Dependence-
Producing Properties of Morphine

Michael A. Bozarth and Roy A. Wise

Addiction to opiates is usually characterized by the repetitive
intake of large quantities of drug and the development of marked
physical dependence. Although recent definitions of drug addic-
tion emphasize the behavioral aspects of compulsive drug intake
(e.g., Eddy, 1973; Jaffe, 1975), several theories of opiate ad-
diction have postulated that the development of physical depen-
dence is essential for establishing compulsive drug use (e.g.,
Dole, 1980; Lindesmith, 1980; Spragg, 1940; Wickler & Pescor,
1967) . Specifically, the withdrawal discomfort produced by the
discontinuance of opiate intake in physically dependent persons
has been postulated to provide the motivation to ingest opiates
by relieving the distress produced by abstinence. This negative
reinforcement model of addiction seems to fit with many of the
patterns of opiate intake, but it fails to account for the initial
acquisition of drug-taking habits. Nonetheless, the notion that
opiate addicts self-administer drugs to alleviate withdrawal dis-
tress remains a very popular view.

The self-administration of drugs by laboratory animals has sug-
gested that many of the substances abused by humans can serve as
positive reinforcers (Seiden & Dykstra, 1977; Woods & Schuster,

1968) . Although some early studies of animal self-administration
used subjects that were made physically dependent on an opiate
prior to testing for self-administration (e.g., Weeks, 1962),

later studies have shown that naive subjects will also learn and
sustain self-administration of opiates at dose levels that do not
produce obvious physical dependence. On the other hand, it has
been shown that physically dependent animals will work to avoid
injections of narcotic antagonists that precipitate withdrawal
(Goldberg et al., 1972). Thus it seems that negative reinforce-
ment (i.e., the avoidance of withdrawal distress) is also capable
of maintaining behavior. This has led to controversy regarding
the relative importance of positive and negative reinforcement
mechanisms in maintaining opiate intake in human addicts. Even
studies reporting the absence of clear signs of physical depen-
dence in animals self-administering opiates cannot rule out the
possibility that the animals are experiencing some withdrawal dis-
comfort during periods of abstinence.

One approach to studying the relative contribution of the positive

and negative reinforcing properties of opiates to the maintenance
of drug intake is to identify the underlying neural substrate of
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each component and differentially manipulate them to assess their
impact on behavior. Usually, however, it is not possible to pro-
duce physical dependence without the concomitant positive rein-
forcing properties of opiate or to test for positive reinforce-
ment without the possibility that some degree of physical depen-
dence has developed as a consequence of drug intake. We report
here the results of two lines of investigation designed to deter-
mine the relationship between opiate reward and the development
of physical dependence. The first experiment was designed to
determine if the opiate receptor field responsible for positive
reinforcement is also involved in physical dependence and a sec-
ond experiment was designed to assess the rewarding properties of
a single injection of heroin. These studies should help to clari-
fy the importance of physical dependence in drug-taking behavior
by examining the degree to which positive reinforcement and physi-
cal dependence mechanisms can be dissociated.

EXPERIMENT I: Physical Dependence From Central Morphine Injections

Wei (1981) and Wei and Loh (1976) have reported that rats chroni-
cally infused with morphine into the periaqueductal gray-fourth
ventricle region show pronounced withdrawal signs when challenged
with the narcotic antagonist naloxone. In these studies, morphine
was infused chronically using an osmotic minipump (Alzet Corp.)
and various withdrawal signs were measured following a challenge
dose of naloxone. Although a variety of withdrawal signs are de-
monstrable after central morphine injections, the most clear
appear to Dbe escape attempts from a cylindrical enclosure, teeth
chattering, and wet-dog shakes. We have used the procedure de-
scribed in Wei (1981) to study the ability of morphine injected
into the ventral tegmental area to produce physical dependence in
rats. This brain region has previously been shown to contain the
opiate receptor population that is critical for the rewarding
properties of morphine (Bozarth & Wise, 1980, 198la, 1982; Britt
& Wise, 1981; Phillips & LePiane, 1980). The effects of chronic
morphine injections into other brain regions were also assessed to
determine the locus of the opiate receptor field mediating the
development of physical dependence.

Method

Male Long-Evans rats (weighing 300-375 g) were stereotaxically
implanted with 21 gauge cannulae aimed at the various brain re-
gions listed in Table 1. While the rats were anesthetized with
sodium pentobarbital (60 mg/kg), cannulae filled with morphine
were connected to osmotic minipumps and the cannula tips lowered

to the brain region under study. The minipumps delivered 1.0
ul/hr of 1.5 nmole/ul morphine sulfate dissolved in Ringer's solu-
tion. The minipumps were implanted subcutaneously between the

scapulae of the animals and polyethylene tubing was used to con-
nect the minipumps to the implanted cannulae (see Wei, 1981, for
details).

After 72 hours of continuous drug infusions, the rats were chal-



lenged with an intraperitoneal injection of naloxone hydrochloride
(5.0 mg/kg) and placed in a Plexiglas cylinder (23 x 25 cm). The
presence of teeth chattering, wet-dog shakes, and the number of
escapes from the cylinder were scored in five minute segments for
the next 20 minutes. Other withdrawal signs were also observed
but no attempt was made to quantify them since they have been
shown to be more variable than the measures assessed in this study
(see Wei et al., 1973).

anterior-posterior' lateral® ventral®’ animals tested
VTA -3.8 0.6 7.8 12
vTa30° -3.8 £0.6 8.8 19
PVG-R -3.8 +0.6 5.8 14
D3V -3.8 0.0 4.9 13
PVG-C -6.8 0.0 4.5 20

Table 1: Stereotaxic coordinates used for central morphine infu-
sions (adapted from Pellegrino et al., 1979). VTA: ventral
tegmental area; VTA30°: ventral tegmental area with cannulae
angled 20 to 30° from the midline to avoid the PVG,; PVG-R: rostral
periventricular gray substance; D3V: central aspect of the dorsal
third-ventricle; PVG-C: caudal periventricular gray-Aqueduct of
Sylvius. Imm from bregma,; 2mm fro the midline; 3mm from dura.
(Pellegrino, L.J.; Pellegrino, A.S.; and Cushman, A.J. A Stereotaxic Atlas of the

Rat Brain, 2nd edition, 1979. New York, Plenum Press.)

Results and Discussion

Injections into either the rostral or caudal regions of the peri-
ventricular gray substance produced marked physical dependence as
reflected in escape behavior (see Figure 1). The animals with
cannulae in the ventral tegmental area also demonstrated signifi-
cant escape behavior, although at about one third the frequency
of subjects injected with morphine into the rostral periventricu-
lar gray region. When morphine was injected into the dorsal as-
pect of the third ventricle, few escapes were seen after the
naloxone challenge. Other signs of physical dependence were also
observed in the rats injected with morphine in the periventricular
gray regions: teeth chattering was seen with equal frequency in
these two sites (26.2% vs. 26.7%), but wet-dog shakes were pri-
marily observed following infusions into the caudal periventricu-
lar gray region (36.2% vs. 12.5%). This supports the notion that
different brain regions may be involved in the production of dif-
ferent signs of physical dependence (e.q., Wei et al., 1973) and
cautions against consideration of the withdrawal syndrome as a
unitary phenomenon generated by a single brain mechanism. The
fact that morphine infusions into the central aspect of the dorsal
third-ventricle did not produce physical dependence suggests that
the dependence resulting from rostral periventricular gray infu-



sions was due to a local drug action and independent of ventricu-
lar diffusion.
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Figure 1: Mean (+SEM) number of escapes in 20 minutes
following nalozone challenge. See Table 1 for abbre-
viations

The possibility that the ventral tegmental area might play a role
in the production of physical dependence is particularly important
because this region has been shown to be involved in the rewarding
action of opiates. Since the rostral periventricular gray site
associated with maximal escape behavior was just two mm dorsal to
the ventral tegmentum, we investigated the possibility that drug
injected into the ventral tegmental area may have been diffusing
up the cannula shaft and acting in the periventricular gray to

produce physical dependence. Such drug efflux up the cannula
shaft 1is a well-documented problem in intracranial injection
studies (see Routtenberg, 1972). To test this possibility, we

implanted another group of rats with cannulae aimed at the ventral
tegmentum but angled to avoid penetration of the cerebral ventri-
cal and lateral periventricular gray substance. As shown in
Figure 1, rats with cannulae angled to avoid the periventricular
gray region displayed little escape behavior during naloxone chal-
lenge.

Physical dependence as indexed by escape behavior thus seems to be
produced by an action of morphine localized to the periventricular



gray region. The escape responding seen in animals receiving drug
in the ventral tegmentum probably results from drug diffusion up
the cannula shaft to the periventricular gray region. The results
of this experiment, considered with the earlier localization of
the reward-relevant opiate receptors in the ventral tegmentum
(Bozarth & Wise, 1980, 198la, 1982; Britt & Wise, 1981; Phillips
& LePiane, 1980), suggest that the site of action for opiate
reward and that for the production of physical dependence are
anatomically dissociable. The demonstration that rats will work
for morphine injected into the ventral tegmental area but not for
morphine injected into the periventricular gray region (Bozarth &
Wise, 1980, 1982) supports the notion that opiates can be reward-
ing because of a positive reinforcing action. This study does
not, however, rule out the possibility that negative reinforcement
mechanisms also contribute to the net rewarding effect during
systemic delivery of opiates in which drug reaches both of these
brain regions (see Weeks & Collins, 1979).

EXPERIMENT II: Temporal Dissociation of Reward & Physical Dependence

The intravenous self-administration paradigm has been used exten-
sively to study the rewarding properties of abused drugs. Work
with opiates has shown that laboratory animals will reliably self-
administer opiates for prolonged periods of time and that physical
dependence frequently accompanies this self-administration. Other
self-administration studies have shown that animals will self-
administer opiates at what appear to be sub-dependence producing
doses (e.g., Woods & Schuster, 1968). Upon termination of testing,
these subjects do not show obvious signs of physical dependence.
Nonetheless, the failure to observe marked signs of abstinence
does not eliminate the possibility that some degree of physical
dependence has developed unnoticed in these subjects. The absti-
nence syndrome is accompanied by marked dysphoria in humans, and
it is not clear that the autonomic effects that are usually quanti-
fied in animals are necessary for the production of this dysphoric
response. It seems likely that some degree of withdrawal distress
is produced by the termination of chronic opiate intake in animals
and that this subjective state is not readily detectable with the
current methods used by these investigators. Therefore, the
relief of the withdrawal distress by subsequent opiate self-admin-
istration may not be ruled out as a factor in the control of
opiate intake in any paradigm involving repeated drug administra-
tion.

To avoid the potentially confounding influence of negative rein-
forcement produced by the relief of withdrawal distress, we have
assessed the rewarding impact of a single injection of heroin in
rats. In a previous report, it was shown that animals which re-
ceived a series of four heroin injections that were associated
with a novel environment returned to the place where they had pre-
viously experienced the effects of these injections (Bozarth &
Wise, 1981b). This conditioned place preference paradigm has been
used to show the rewarding effects of several drugs including mor-
phine (Rossi & Reid, 1976), heroin (Bozarth & Wise, 1981b), and



amphetamine (Sherman et al., 1980), and it has been proposed as a
measure of the affective consequences of drug administration
(Rossi & Reid, 1976). The present study involved testing for a
conditioned place preference after only one injection of heroin,
and thus there was no opportunity for the animals to learn about
the effects of the drug injection on any opiate withdrawal discom-
fort.

Method

Naive rats were adapted to a shuttle box for five days and the
amount of time spent on each side of the chamber was automatically
recorded during 15 minute test sessions. One side of the test box
had a plain plywood floor while the other side had a plywood floor
covered with wire mesh. The amount of time spent on each of the
two sides on the fifth trial was used to determine the initial
place preference for each animal. On the sixth day, the rats were
subcutaneously injected with heroin (0.5 mg/kq) or saline (1 ml/kg)
immediately prior to being placed on their nonpreferred side of
the shuttle box. A partition was used to confine the animals to
their nonpreferred side for 30 minutes following the heroin injec-
tions. On the next day, the partition was removed and place pref-
erence was retested during a single 15-minute trial in the drug
free state.

Results and Discussion

The single injection of heroin resulted in a significant shift in
the animals' place preference suggesting that initial heroin ad-
ministration is rewarding in these animals (see Figure 2). Since
this study involved only one injection of drug, there was no op-
portunity for the drug injections to relieve withdrawal distress.
Thus, positive reinforcement mechanisms are sufficient to account
for the place preference of these animals.
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GENERAL DISCUSSION

Many theories of opiate addiction have focused on the physical
dependence-producing properties of this class of drugs. The pre-
sent studies show, however, that (i) the opiate receptor field
mediating the physical dependence-producing effects of morphine
is neuroanatomically dissociable from morphine's site of rewarding
action (Experiment I) and (ii) the rewarding properties of heroin
can be demonstrated at a time when there is no opportunity for the
subjects to have developed an association between the drug injec-
tion and relief from withdrawal distress (Experiment II). Thus
physical dependence is distinct from and not necessary for the
positive reinforcing action of opiates.

The fact that opiates can serve as powerful positive reinforcers
and that a state of physical dependence is not necessary for the
rewarding properties to occur does not mean that the tendency to
use the drug is independent of personality or psychosocial factors
nor does it mean that physical dependence is irrelevant to the
strength of the drug-taking habit. Indeed, it would seem likely
that both positive and negative reinforcing effects make important
contributions to governing the behavior of opiate addicts. The
reported dissociation does, however, leave open the possibility
that much of the rewarding impact of opiates is due to an action
on the neural substrate involved in psychomotor stimulant and
natural rewards (Wise & Bozarth, 1981)--an action which is inde-
pendent of the physical dependence usually associated with opiate
addiction.
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Buprenorphine Self-Administration
by the Baboon: Comparison
With Other Opioids

Scott E. Lukas, Roland R. Griffiths, and Joseph V. Brady

Animal drug self-administration procedures that have been developed
and refined over the Tlast two decades provide a great deal of
information relevant to human drug-taking behavior. Numerous
investigators, for example, have shown that animals will
self-administer most drugs that are abused by humans (Griffiths et
al., 1980; Johanson and Balster, 1978; Johanson and Schuster,
1981). In addition, a good correlation exists between the reported
subjective effects of opioids and animal self-administration
results (Griffiths and Balster, 1979).

The reinforcing properties of pure agonist opioids has been
previously studied (Schuster and Woods, 1967; Oeneau et al., 1969;
Woods, 1980), but the recent development of opioids that possess
both agonist and antagonist properties has provided a new and
interesting sub-class of compounds that need to be evaluated.

The present study was undertaken to provide information on the
relative reinforcing properties of a series of opioid mixed
agonist/antagonist analgesics using a substitution drug
self-administration procedure. Cocaine was used as the baseline
drug in order to obviate potential problems associated with
dependence development and, 1in addition, served as a reliable
standard upon which the comparisons between opioids were made.

METHODS

Sixteen adult male baboons (Papio anubis) weighing 15-31 kg were
subjects. Animals were adapted either to a standard restraint
chair (Findley et al., 1971) or a harness-tether system (Lukas et
al., 1982) and invididually housed in a sound-attenuated chamber.
Extraneous sounds were further masked by continuous white noise.
Water via drinking tube was continuously available; animals also
had the opportunity to respond for food (1 g Noyes monkey pellets)
via a separate lever on a fixed ratio 30 schedule of reinforcement.
Animals also received fresh fruit on a daily basis.

Each animal was surgically prepared with a jugular, femoral or



axillary venous catheter (inside diameter 0.79 mm, outside
diameter, 2.36 mm), using the procedure described by Lukas et al.
(1982). A detailed description of the drug injection system has
been reported previously (Findley et al., 1972).

SELF-ADMINISTRATION PARADIGM

The availability of an injection was indicated by a 5-s tone and
illumination of a light directly over a lever. Upon completion of
a 160-response fixed-ratio requirement, the Tight over the lever
was extinguished, the drug injection begun, and a 5 x 5 cm Tight
was illuminated in the upper Tleft-hand corner of the intelligence
panel for a 1 hr period. A time-out period of 3 hr followed each
injection, permitting a maximum of 8 injections per day. There was
no time Timit for completion of the fixed ratio response
requirement.

Self-injection performance was first established with cocaine at a
dose of 0.32 mg/kg. After three consecutive days of cocaine
availability during which six or more injections were taken each
day, a dose of test drug or vehicle was substituted for cocaine for
a period of either 12 or 15 days. Cocaine was then reinstated, and
when the criterion was met, another dose of a test drug was
substituted. Drugs tested included codeine (0.01-10.0 mg/kg),
butorphanol (0.00032-0.1 mg/kg), nalbuphine (0.001-0.1 mg/kg),
pentazocine (0.01-10.0 mg/kg), buprenorphine (0.00032-1.0 mg/kg),
d-,1- N-allyl normetazocine (SKF-10,047, 0.01-0.32 mg/kg), and
naloxone (0.01-3.2 mg/kg).

RESULTS

Figure 1 depicts the self-administration pattern for various doses
of codeine during the 15-day substitution period. When saline was
substituted the number of daily self-injections quickly dropped
from the 7-8 per day for cocaine (0.32 mg/kg/inj) to 1-2 per day.
A similar profile was observed for the Towest dose of codeine. As
the dose of codeine was increased, the number of daily
self-injections increased (to 4-5 per day at the 0.32 mg/kg/inj
dose, and to 7-8 per day at the 1.0 mg/kg/inj dose).

The results for the three mixed agonist/antagonist compounds
butorphanol, nalbuphine, and pentazocine were similar to those for
codeine. Butorphanol maintained self-injection behavior in the
dose range of 0.001-0.1 mg/kg/inj while the reinforcing dose ranges
for nalbuphine and pentazocine were 0.01-1.0 mg/kg/inj and
0.32-10.0 mg/kg/inj, respectively. In contrast, neither SKF-10,047
nor naloxone maintained performance above saline baseline Tlevels
over the dose range studied.

Self-administration of buprenorphine was characterized by only
modest performance at the dose levels studied and appeared to reach
a plateau 1in the 0.1-1.0 mg/kg/inj range (i.e., only 4-5
self-injections per day).
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Figure 1. Self-injection of codeine during
the 15-day substitution period in one subject.
Open circles represent cocaine self-
injections at a dose of 0.32 mg/kg.

When an ABA substitution procedure was employed in one animal,
however, it was clear that buprenorphine did in fact serve as a
reinforcer (figure 2). The 1.0 mg/kg/inj dose of buprenorphine
maintained marginal self-injection behavior which quickly decreased
after saline substitution. By the fourth day of buprenorphine
re-substitution, the daily number of self-injections had returned
to the pre-saline Tlevel.

DISCUSSION

The results of this study demonstrate clear differences among the
seven compounds examined with respect to their maintenance of
self-injection behavior. These findings replicate and extend
previous studies of opioid self-administration in the non-human
primate (Balster et al., 1977; Woods, 1977). Four of the opioids

tested (codeine, - butorphanol, nalbuphine, and pentazocine)
maintained dose-related self-injection performance that was maximal
(e.g., 7-8 injections per day) at some doses. Neither the racemic

mixture of SKF-10,047 nor naloxone maintained performance above
vehicle control.

In the present report, buprenorphine maintained only marginal rates
of responding; although it clearly serves as a reinforcer as
demonstrated by the saline substitution-resubstitution experiment
(fig. 2). In addition, the dose-response curve appeared to reach a
plateau at doses above 0.1 mg/kg/inj. These findings are in
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Figure 2. Self-injection of buprenorphine
(1.0 mg/kg) after cocaine baseline and after
saline extinction in one subject.

agreement with other reports. Woods (1977) compared buprenorphine
with 32 other opioids using a substitution procedure (fixed ratio
30 schedule of reinforcement) and codeine as the baseline drug.
Ruprenorphine maintained response rates that were higher than
saline-reinforced rates, but were only 54% of the rate maintained
by codeine. No changes in the dose response curve were observed in
the 0.003-0.1 mg/kg/inj dose range. Similar findings were reported
by Mello et al. (1981) in which buprenorphine maintained responding
on a second order schedule of reinforcement when substituted from a
cocaine or a morphine baseline. The marginal reinforcing
properties of buprenorphine were evident by the fact that only 3 out
of 4 monkeys self-administered buprenorphine; only 1 of these 3
actually increased its intake with increasing doses. Finally,
Yanagita et al. (1981) also demonstrated that huprenorphine
possesses reinfircing properties that plateaued with higher doses
and that performance was only 34-43% of the baseline drug,
lefetamine (SPA).

In conclusion, the results of this study show that buprenorphine
injections will maintain Jlever responding in baboons. When
compared with  other opioids, however, buprenorphine clearly
maintains Tower rates of responding and fewer daily injections. On
the basis of the available data, no distinctions can be made

between the reinforcing properties of codeine, butorphanol,
nalbuphine and pentazocine, all of which maintained maximal
performance.
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Somatic and Neurobiological
Alterations in the Progeny of
Female Rats Treated With
Methadone Prior to Mating

lan S. Zagon and Patricia J. McLaughlin

INTRODUCTION

Methadone, a synthetic narcotic analgesic, has received widespread
use 1in detoxification and maintenance programs for heroin addicts,
many of whom are females of childbearing age (Blinick et al. 1976).
Clinical reports suggest that infants maternally exposed to metha-
done may be considered at risk for growth retardation and neuro-
developmental dysfunction (Wilson et al. 1973, 1979). Laboratory
investigations support these clinical findings and demonstrate that
animals exposed perinatally to methadone may suffer numerous diffi-
culties including retarded somatic growth (McLaughlin et al. 1978;
Zagon and McLaughlin 1977), neuroanatomical and neurochemical abnor-
malities (Zagon and McLaughlin 1978), physiological dysfunction
(Rech et al. 1980; Slotkin et al. 1979; Thompson and Zagon 1981), al-
terations in nociception (Zagon and McLaughlin 1980), abnormal behav-
ioral ontogeny (Zagon and McLaughlin 1978) and impaired learning
ability (Zagon et al. 1979).

Given the problems in children of mothers treated with methadone,
and since methadone is known to persist long after cessation of drug
exposure (Harte et al. 1976), it is of great importance to determine
whether women discontinuing consumption are in danger of bearing
children who are physiologically and/or intellectually compromised.
The present study was designed to address this question in a labora-
tory setting by examining the offspring of rats delivered by mothers
who received daily injections of methadone for over 7 weeks and then
were removed from drug treatment at least 1 week prior to mating. In
addition to litter size and gestation time, infant mortality, birth-
weight, preweaning body, brain, and cerebellar growth, as well as noci-
ception at 21 days served as criteria in our evaluation.

METHOD

Female (180-200 g) and male (400-450 g) Sprague-Dawley rats (Charles
River Laboratories, Wilmington, MA) were used in this st