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Foreword

The Committee on Problems of Drug Dependence, Inc. (CPDD) is a
uniquely valuable independent organization of internationally
recognized experts in a variety of disciplines. From its early
years, it has fulfilled two functions that are not duplicated by
any other group: organizing and conducting the most prestigious
annual scientific meeting in the drug dependence field, and
coordinating a national system for assessment of the pharmacologic
efficacy and abuse potential of opiate drugs. For the current
year, the results of both can be seen in this volume.

The proceedings in this monograph include in condensed form the
papers presented at the 45th Annual Scientific Meeting of the CPDD,
held in Lexington, Kentucky, June 12-15, 1983, and the annual
reports of the CPDD drug testing program. Progress reports of
dependence liability studies supported by the National Institute on
Drug Abuse and summaries of NIDA's intramural research programs are
included as well.

Members of the scientific community and other interested readers
will find they can use this volume as a "state of-the-art" summary
of the Tatest developments in biological and chemical drug abuse
research. For the fifth year, the National Institute on Drug Abuse
is pleased to publish the proceedings of the CPDD Annual Scientific
Meeting as a NIDA Research Monograph.

William Pollin, M.D.
Director
National Institute on Drug Abuse
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The papers in this monograph were presented or read by title at
the 45th Annual Scientific Meeting of the Committee on Problems of
Drug Dependence, Inc., in Lexington, Kentucky, June 12-15, 1983.
Louis S. Harris, Ph.D., the editor, is chairman of the Department
of Pharmacology, Medical College of Virginia, Richmond, Virginia.
Opinions expressed in the papers are those of the authors and do
not necessarily reflect the opinions or official policy of the
National Institute on Drug Abuse or any other part of the U.S.
Department of Health and Human Services.

COPYRIGHT STATUS

The National Institute on Drug Abuse has obtained permission from
the copyright holders to reproduce certain previously published
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copyright holders.
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In Memoriam: H. Frank Fraser, M.D.

Dr. Frank Fraser, Former Asssociate Director of the Addiction
Research Center in lexington, Kentucky, died in Louisville on
November 6, 1982. He is survived by his wife, Dorothy, two
sons,Robert and Thomas, and one daughter, Jane Fraser Carpenter.

Frank had a distinguished career in medical research ranging

over many fields. He graduated from Cornell University in 1932
and immediately entered the U.S Public Health Service. After a
tour of duty at the U.S. Penitentiary at Atlanta,he was
assigned to the Laboratory of Nutrition in the National Institutes
of Health. While in that laboratory, Dr. Fraser discovered

that cozymase (coenzyme 1) would cure blacktongue in dogs, the
canine analog of human pellegra. This discovery provided the

clue to nicotonic acid being the pellegra preventive vitamin as
was soon proved at the University of Wisconsin. He then was



assigned to the Tennessee valley Authority where he studied the
bioavailability of phosphate in fertilizer made from TVA rocks.

During the war he worked in the Laboratory of Industrial Hygeine
at NIH where he studied the ability of different types of cloth-
ing to maintain body temperature under conditions of extreme cold.

After a tour of duty in Germany, he came to the Addiction
Research Center in Lexington in 1949 and remained in that labora-
tory until his retirement from the Public health Service in

1963, when he became a research advisor to the Eli Lilly Company
until 1971. In 1971, he returned to the ARC and to NIDA as a
consultant. Even after many illnesses had taken a toll, he con-
tinued to work and at the time of his death he was writing a
book setting forth his theories of drug dependence.

Frank's contributions to the study of drug dependence were

many. He evaluated many opioid analgesics for dependence lia-
bility and he was especially interested in the addictiveness of the
active optical isomers of opioids and in the dependence liabil-
ity of the demethylated derivatives of opioids. He also made
many contributions to the evaluation of opioid antagonists, par-
ticularly pentazocine and cyclazocine. Frank was equally at
home in research in the clinical wards and in the animal labora-
tory. He had a great interest in studying the subjective re-
sponses to opioids and other drugs of dependence. He developed
quantitative methodology for this purpose which is still in

use. Thus, he was a pioneer in psychopharmacology.

frank was a veritable idea mill, producing new hypotheses as
such a fantastic rate that the experimental resources he had
available could not keep up. Many of his ideas provided bases
for important and productive collaborations. He contributed
over 40 papers to the scientific literature. His enthusiasm for
science, pharmacology and drug dependence was infectious and
provided inspiration to his colleagues.

Frank served on the Expert Panel on Drug Dependence of the World
Health Organization and also served for a time as Chairman of
the Committee on Problems of Drug Dependence.

Frank was a very outgoing person who loved jokes. Often he
could not finish a story he was trying to tell because he would
start to laugh so hard as he approached the "punch line" that he
could not continue but had to hold his sides and roll on the
floor."

Frank was also an ardent fisherman and for years maintained a
trailer and a boat on Lake Cumberland. He was an enthusiastic
bridge player, regularly participating in duplicate bridge tour-
naments in which he earned many master points.

He will be sorely missed by his family, his many colleagues and
friends.

Harris Isbell, M.D.

Department of Pharmacology

University of Kentucky Medical Center
Lexington, Kentucky
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Introduction of Nathan B. Eddy
Memorial Award Recipient

Sydney Archer

I was pleased and honored to have been asked by the winner of
the Nathan B. Eddy Memorial Award to introduce him to this
audience. Eric J. Simon, who was born in Wiesbaden, Germany,
received his early education in that city, but after emigrating
to the United States he received his B.S. in Chemistry at Case
Institute of Technology in 1944, After a stint in the U.S. Army
from 1944-46, he returned to the University of Chicago where he
received his Ph.D. in organic chemistry with Professor Kharasch
in 1951. Shortly thereafter, he deserted his field for bio-
chemistry. After a short interlude as a postdoctoral fellow
with Professor Shemin at Columbia College of Physicians and
Surgeons, Eric accepted a position as a Research Associate in
Biochemistry at Cornell from 1952 to 1959. He became an
Assistant Professor of Medicine at NYU School of Medicine in
1959 and has been associated with that institution ever since,
where he is now a Professor of Psychiatry and Pharmacology.

His early research activities did not deal with opiates, but in
1963 he published a paper in Nature entitled "Inhibition of RNA
synthesis of E. coli by the narcotic drug Tevorphanol." As far as
I can determine, this was his first exposure to opiates. If one
continues to read his bibliography, it is easy to discern early
signs of dependence and, as we all know, he is now a confirmed ad-
dict. He is the current Secretary of the INRC or, as Eddy Way so
quaintly calls it, the Junkie Club. His investigations in this
field culminated with the discovery of the opiate receptor in

1973, which was also found independently in the Tlaboratories of
Snyder in Baltimore and Terenius in Uppsala. Since that time,
Professor Simon has made numerous contributions in this field

and he is clearly recognized as one of the Tleaders in the field

of opiate research. He was the recipient of the Research Pace-
setter Award presented by the National Institute on Drug Abuse

in 1977. In 1980, he was the recipient of the Louis and Bert
Freedman Award of the New York Academy of Sciences and, most
recently, received an Honorary Doctorate degree from the
University Rene Descartes in Paris. He has served on several



Study Sections and is the current Secretary of the International
Narcotics Research Conference. He has served on the editorial
board of several important journals in the biomedical field.

Yet, the most important thing about Eric is not his accomplish-
ments in science and the honors that have followed, but the fact
that he is a warm, modest, considerate and gentle human being
who is Toved by his family, friends and colleagues. I know of
no more deserving recipient of the Nathan B. Eddy Memorial Award
than Eric J. Simon, and I want to take this opportunity to thank
the anonymous Awards Committee for selecting him to be the 1983
recipient of this honor.



Recent Studies on Opioid
Receptors: Heterogeneity and
Isolation (The Nathan B. Eddy

Memorial Award Lecture)

Eric J. Simon

INTRODUCTION

I want to thank Dr. Sydney Archer for his very kind and flatter-
ing presentation. I am deeply honored and very grateful to CPDD
for having chosen me to receive the 1983 Nathan B. Eddy Memorial
Award. It is a great honor to receive an award in the memory of
Dr. Eddy. He was one of the founders of CPDD and for 50 years he
was a leader of this organization and a strong force in drug
abuse research. Though trained as a physician he made his most
important contributions in the chemistry and pharmacology of the
opiates. His laboratory contributed many important papers on the
structure-activity relationship of natural and synthetic analge-
sics. His account of the first 42 years of the Committee is out-
standing for its accuracy and completeness. Nathan B. Eddy was

a great man to whose memory it is a privilege to contribute.

This award is also a great honor because of the outstanding
recipients who preceded me and because of the many excellent and
deserving scientists who have not yet been so honored.

I would not be here today without the outstanding work done by my
collaborators and students. I am deeply grateful to them and I
wish to single out for special mention Prof. Jacob M. Hiller who
has been my coworker and friend throughout all of our work on
opioid receptors.

I also want to thank my wife, Irene, for her understanding, patience
and love throughout many years. Her willingness to take much
responsibility off my shoulders made possible whatever success I
have been able to achieve in my profession.

This paper will present a summary of our recent studies on opioid
receptor multiplicity and our efforts to solubilize and purify
the opioid binding sites. At the end, I will make some comments
regarding the relationship of these studies to drug dependence.



OPIOID RECEPTOR MULTIPLICITY

Three types of opioid receptors were suggested by Martin (Martin
et al. 1978, Gilbert and Martin 1978) based on his pharmacologi-
cal studies in chronic spinal dogs. He named them after their
prototypic Tligands, mu for morphine, kappa for ketocyclazocine
and sigma for SKF 10,047. These 3 receptor types have stood the
test of time extremely well and they have also been postulated
based on in vitro bioassay and binding studies. Work in Hans
Kosterlitz's laboratory (Lord et al. 1977) has suggested the ex-
istence of yet another receptor type, which binds enkephalins
with high affinity and has been designated delta.

Recent work in our Taboratory (Bonnet et al. 1981) has revealed
that heterogeneity similar to that found in rat or guinea pig
can also be seen in human brain. Competition binding data for
several regions of human brain are presented in Table 1.

TABLE 1
Binding competition experiments in human brain regions

n = no. of experiments. Results are expressed as the mean ICs
+ standard error of the mean. From Bonnet et al. 1981.
Copyright 1981. Elsevier Biomedical Press.

*H-naloxone *H-DADL

Brain _ -
region n Naloxone DADL Naloxone DADL
Thalamus 5 2.7%0.3 49+4.9 1.440.1 13+2.2
Amygdala 3 2.8%0.2 63124 14 £2.9 3.3%0.7
Frontal

cortex 4 2.7+0.3 57%4.9 12 5.4 2.2+0.5
Striatum 5 2.6x0.4 58+15 31 +5.2 3.8%0.6

Naloxone generally competes more effectively against labeled
naloxone than against °H-enkephalin, while the opposite is true
for Dala’-Dleu’enkephalin. An exception to this can be seen in
the thalamus where naloxone competes somewhat better-against
*H-DADL than against itself. This finding, similar to results
in rat brain (Chang et al. 1979) is best explained by the presence
in the thalamus of a large preponderance of mu sites. The pres-
ence of mu and delta sites is suggested by the above study. More
recent results from our Tlaboratory, suggest the presence of kappa
and sigma sites in human brain also (Itzhak et al. 1982).

One problem that plagued studies on opiate receptor heterogeneity
for some years was the inability to inhibit or inactivate one or
another class selectively by agents that are not Tigands of the
receptors. This led Robson and Kosterlitz (1979) and J. Smith
in my laboratory (Smith and Simon 1972) to do selective protec-
tion experiments. In these studies it was shown that a given
type of binding site could be selectively protected while all
others were inactivated by irreversible agents (N-ethylmaleimide
was used by us, phenoxybenzamine by Robson and Kosterlitz).

This approach provided strong evidence for the existence of



different receptor types and provided a method for enriching a
tissue in a given type of opioid binding site.

More recently our Taboratory (Hiller et al. 1981) has reported
that ethanol and other aliphatic alcohols inhibit binding to
delta sites selectively (Fig. 1) This inhibition is reversible
and much evidence was accumulated to demonstrate that the effect
of the alcohol is on the binding site and not on the ligand.
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Fig. 1. Effects of ethanol on the binding of °H-labeled opioids
to opioid receptors in rat brain membrane preparations. Duplicate
2 ml samples (0.9 to 1.1 mg of protein per milliliter) in 0.05M
Tris HCI (pH 7.4) containing 1 mM dipotassium EDTA were incubated
with 1 nM JH—dihydromorphine (specific activity, 73.2 Ci/mmole),
*H-naltrexone (8.5 Ci/mmole), and *H-DADL (31.0 Ci/mmole) . To
assess specific binding, samples were incubated in the presence
or absence of 1 uM unlabeled ligand. From Hiller et al. 1981.
(Copyright 1981 by AAAS).

The mechanism of the alcohol effect is not understood. We have
suggested that the alcohol increases membrane fluidity (a well
known action of alcohols) and that the delta sites are more sen-
sitive than mu and kappa sites to this change in their membrane
environment. Further work is required to prove or disprove this
hypothesis. The intriguing possibility that there may be a re-
lationship between alcohol and the endogenous opioid system is
also worthy of further investigation.

In order to indicate that our Taboratory also carried out research
which does not involve "grinding and binding." I will present one
in vivo study which bears on the heterogeneity of opioid recep-
tors. Dr. Kenneth Carr in my laboratory has been producing
aversive reactions in rats by stimulation of the pain-related



nucleus reticularis gigantocellularis. (NGC) with indwelling elec-
trodes. The rats are trained to press a lever to escape from the
stimulation. In a recent study (Carr et al. 1982) he showed that
both systemic morphine and ethylketazocine (EKC) will effectively
reduce escape attempts, which is interpreted to represent anal-
gesia. However, the effect of morphine is readily blocked by Tow
doses of naloxone while the effect of EKC is only partially
bTocked even at 10 times higher doses of naloxone. This result
suggests that the two drugs act via different opioid receptors.

It is also the first instance in which a supraspinally elicited
aversion is reduced by a kappa analgesic.

The molecular basis of receptor heterogeneity 1is not known. There
are a number of possible explanations. For example, there could

be a single receptor which can exist in several different confor-
mations. There could also be separate receptor molecules for

many or all of the types described. These could represent dif-
ferent gene products (polypeptide chains) or different post-
translational modifications of the same polypeptide chain (differ-
ent carbohydrates, 1lipids, disulfide bridges, etc.). Which of
these (and other) possibilities are the correct ones will only be

known when it becomes possible to isolate and try to separate
different opioid receptor types. My laboratory is working active-

ly in this direction and I will describe some of our recent

findings.

ISOLATION OF OPIOID BINDING SITES

I have already indicated one reason for undertaking the difficult
work of isolating and purifying opioid receptors. In addition to
trying to establish the molecular basis of receptor heterogeneity
there are other important possibilities. Antibodies against the
receptor can be produced and aid in the study of receptor function
and distribution. The receptors can be reconstituted into mem-
branes to study their effects on ion fluxes. The chemical compo-
sition and subunit structure of the binding site and of coupled
enzymes can be elucidated. Finally it will become possible to
study the amino acid sequence of the receptor proteins and to
learn about the structure of genes coding for them.

OQur attempts to isolate opioid receptors began early after their
discovery. It was quickly found that they are tightly attached
to cell membranes and that the first step, their removal from
the membrane and solubilization, may prove to be a difficult one.

In 1975 we reported that we were able to solubilize a macromole-
cular complex of 3H—etorphine from rat brain (Simon et al. 1975).
This complex had all the properties of an etorphine linked to an
opioid binding site. The molecular weight was about 400,000.

The solubilization of a receptor molecule that retained its
ability to bind opiates in solution did not meet with success
until 1980. That year we found in collaboration with Dr. Urs
Ruegg at the University of Geneva that we could solubilize active



opioid receptors from the brain of toads (Bufo marinus) using
digitonin (Ruegg et al. 1980).

The reason why we tried toad was our realization that it had been
possible to. solubilize active B-adrenergic receptors from non-
mammalian tissues, while only prebound 1ligand-receptor complex
could be solubilized from mammals. This did work for us and
appears to be due to a decreased sensitivity of receptors from
non-mammals to the deleterious effects of detergents.

At about the time we reported successful extraction of opioid
receptors from toad brain, success in receptor solubilization
was also reported by others. Bidlack and Abood (1980) reported
that they were able to solubilize opioid binding sites from rat
brain using the detergent Triton X-100. Simonds et al. (1980)
had success extracting receptors from neuroblastoma x glioma hy-
brid cells in culture and also from rat brain using a new deter-
gent called CHAPS.

More recently we (Howells et al. 1982) have learned how to solu-
bilize active opioid binding sites in good yield (20-40%) from
mammalian brain (rat, cow, human). The detergents digitonin and
glycodeoxycholate worked very well, provided a high concentration
(0.5-1 M) of sodium chloride was present during the extraction
process. The soluble binding sites had very similar properties
to those of membrane-bound sites. An example of this similarity
is shown in Fig. 2. Correlation of affinities of widely varying
ligands is excellent.
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Fig. 2. Correlation of the affinities of various opioid Iligands
for membrane-bound and soluble binding sites from bovine striatum.
Affinities were determined by Scatchard analysis or by competition
studies. The line of best fit was determined by Ilinear regression
analysis (r=0.99). From Howells et al. 1982. Copyright 1982,

The American Society for Pharmacology and Experimental Therapeu-
tics.



34-OPIOID  SPECIFICALLY BOUND  (CPM/03 ML)

We have already been able to obtain results with solubilized bind-
ing sites that were not possible with membrane-bound receptors.
Thus, we have studied the retention of solubilized receptors on
columns of agarose-bound Tlectins (Gioannini et al. 1982). Lectins
are plant (and sometimes animal) proteins that bind sugars speci-
fically. Out of eight lectins used, only one was found to bind
opioid receptors. This was wheat germ agglutinin (WGA), a Tlectin
that specifically binds N-acetylglucosamine. The receptors were
specifically eluted from the WGA column by solutions containing
N-acetylglucosamine. This result was found for soluble opioid
receptors isolated from the brains of five species. It was the
first evidence that opioid receptors contain sugar moieties and
are, therefore, glycoproteins. In addition to this important
information a single pass through a WGA column gave 30-50 fold
purification of solubilized opioid binding sites.

Dr. T. Gioannini in our Tlaboratory has recently constructed a
number of Tligand affinity chromatography columns (unpublished
results). One column, in particular, in which naltrexone is Tink-
ed via its 6 position to a side chain attached to agarose, has
proved very useful for receptor purification. A combination of
lectin and 1ligand affinity chromatography results in a purifica-
tion of several hundred fold for soluble opioid receptors. Par-
tial purification has also been achieved recently in the Tlabora-
tories of Abood, Klee, Loh, and Zukin.

In a very exciting recent study by Dr. Y. Itzhak (Itzhak et al.
1983) 1in our laboratory we have obtained evidence for a physical
separation of kappa sites from mu and delta sites. This was done
)y sedimentation of digitonin-solubilized receptors from guinea
pig brain on a sucrose density gradient. A typical result of such
an experiment is shown in Fig. 3, The kappa sites sediment with

Fig. 3. Sucrose density gradient
centrifugation of solubilized
opioid binding sites from guinea
pig brain membranes. fFractions
were assayed for binding of 3H-
bremazocine (3.5 nM) in the pres-
ence of DAGO and DADL (100 nM
each) (®),and for the binding of
3H-DAGO (7 nM) (&) and *H-DADL

(7 nMI (Q). Protein markers for
the estimation of molecular weight
are as follows: a) catalase,
b)thyroglobulin (monomer), c)
thyroglubulin(dimer). Each point
represents the mean = SEM of at
least three determinations.

From Itzhak et al. 1983.
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a velocity equivalent to a molecular weight of ca. 400,000 (as-
suming a globular protein), whereas mu and delta sites seem to
have a molecular weight of about 7110,000. This suggests that some
slight difference in the structure of the Tlatter causes them to
dimerize in the Tow digitonin concentration present in the sucrose.
Whatever the reason for the separation it represents the first
direct evidence for a molecular difference between receptor types.

RELATIONSHIP OF THE ENDOGENOUS OPIOID SYSTEM TO DRUG DEPENDENCE

The fact that Tlaboratories involved in this type of research have
received several Nathan B. Eddy Awards from CPPD and many grants
from NIDA reflects the conviction of these distinguished organi-
zations that knowledge of the endogenous opioid system will aid
us in our understanding of drug dependence. Nevertheless, it is
appropriate for me to address the question why 8-10 years after
the major discoveries we do not have definitive answers concern-
ing the biochemical mechanism of drug dependence.

There are basically two questions one can ask. During the devel-
opment of tolerance and dependence 1) are there changes in opioid
receptors? 2) are there changes in endogenous opioid peptides?

Rather careful studies on opioid receptors have led to negative
results. Neither the number of binding sites nor the binding
affinity seems to be altered during chronic treatment of rats with
morphine. These studies were done in whole brain by Klee and
Streaty (1974) and in three brain regions by our Tlaboratory
(Bonnet et al. 1976). It is therefore still possible that the
appropriate brain regions have not yet been examined.

Even more important is the fact that these studies were done prior
to our knowledge of receptor heterogeneity. Are there changes in
one of the types of opioid receptors? Recent work in several
laboratories has shown that selective tolerance can develop to a
particular opioid receptor type (for example, Schulz et al. 1980).
It is therefore essential to determine whether reduction of a
receptor type due to tolerance Teads to decreased binding to that
type of receptor. The answer to this question is not yet known.
If it turns out to be negative, which is entirely possible, the
effect of tolerance must be on a step subsequent to binding. Such
a mechanism is suggested by the cell culture model of Klee and
collaborators 1in which chronic morphine affects adenylate cyclase
and not the binding sites.

A number of reports on changes in levels of opioid peptides have
also appeared. However, these results are still controversial

and sometimes contradictory. In one report the plasma B-endorphin
levels of normal subjectswere 5-10 times higher than reported by
other Taboratories, suggesting non-specificity of the antisera
used. In another report the effects were observed only after four
weeks of morphine pellet implantation, when three days sufficed to
render the animal fully tolerant and dependent.
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There are, in my view, a number of reasons why these previous
studies have been inconclusive. One is the fact that many of the
assays were done on opioid peptides in the blood. It is very
unlikely that blood Tevels in any way reflect the situation in
the central nervous system. Recent studies done in cerebrospinal
fluid from Tumbar punctures would seem more promising in this
regard. Another reason is the fact that to date people have only
measured the Tlevels of B-endorphin and the enkephalins. We now
know that there are several other opioid peptides that may play a
role in chronic opiate treatment. Finally, it may become neces-
sary to study the biosynthesis and turnover of the peptides rather
than their levels in order to detect significant differences.

My feeling is, therefore, one of considerable optimism. Once we
learn more about the fundamental nature and function of the endo-
genous opioid system it is very probable that we will understand
the biochemical basis of the physiological aspects of drug depend-
ence such as tolerance and physical dependence and, perhaps some-
what Tater, of such behavioral aspects as euphoria and drug-seek-
ing behavior. It is for me impossible to imagine that an endo-
genous opioid system, already implicated in many acute effects of
opiates, would not have an important role in the chronic actions
of exogenous opiate drugs. I am even willing to stick my neck
out to suggest that once we understand opiate abuse we will also
begin to understand other forms of drug abuse and compulsive
behavior.
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In Memoriam: Abraham Wikler and
H. Frank Fraser--Introductory
Remarks

Jerome H. Jaffe

This plenary session of the 45th Annual Meeting of the CPDD is
dedicated to the memory of two pioneers in the field of research
on addictive disorders, Abraham Wikler and H. Frank Fraser. It is
altogether proper that we make such a dedication at this meeting
and in this place- Lexington, Kentucky. For it was in Lexington,
Kentucky that they lived for most of their professional lives and
in Lexington where for 15 years they were colleagues and key fig-
ures on a remarkable research team. To appreciate their accom-
plishments, one must put these accomplishments in the context of
the times: The time was 1940.

Himmelsbach had begun an effort to measure the intensity of opiate
withdrawal, but apart from this step, little was known of the
addictive processes. The way opiates relieved pain was unknown.

It was still not certain whether opiate withdrawal was physical or
largely psychological. Dalirium tremers was widely believed to be
a toxic reaction to the actions of alcohol. There were no narcotic
antagonists. Most of the opioids in use today were unknown; the
notion of quantifying the subjective effects of drugs was in its
perinatal period and the word psychopharmacology had not yet been
invented.

Today, when young medical scientists wish to enter a field of
research, they seek positions at an established laboratory, already
doing work on a problem. Today, 30 years into the golden age of
federal funding, there are usually several well-equipped labora-
tories from which to choose.

In 1940, when Abraham Wikler began his residency in psychiatry at
the USPHS Hospital here in Lexington, there was no laboratory for
the study of addictions. There was only the barest beginning;

the concept was still a gleam in the eye of Harris Isbell. The
men whose memories we honor today built the very tools with which
they worked and with which we continue to work. Every time we use
a questionnaire to measure the effects of an opioid or a
euphorigenic drug, we are building on a foundation laid down by
Frank Fraser. Every time we invoke notions of conditioning and
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reinfor cement to account for drug-seeking behavior, we are using
conceptual tools handed to us by Abe Wikler.

Today's plenary session includes four papers that build on work
by Abe Wikler or Frank Fraser. Dr. William Martin will speak
about opioid agonists and antagonists - the Lexington team was the
first to show that nalorphine could precipitate opioid withdrawal
giving impetus to the notion of the opioid receptor. Dr. conan
Kornetshy will talk about environmental factors influencing pain.
The paper by Hill, Kornetsky and Wikler, showing that at the
usual dosage, morphine affects anticipatory anxiety associated
with painful shock is still a classic. The next two papers touch
cm the issue of learning factors - both classic conditioning and
operant conditioning - in the addictive process. The first is on
conditioning factors in opioid dependence by Charles O'Brien and
Joseph Ternes. The second is on conditioned responses to alcohol
cues by Ronald Kadden, Ovide Pamerleau, and Roger Meyer. This
emphasis cm learning in the development of the addictive process
may emerge as Abe's most important contribution.

Dr. Eric Simon, this year's Eddy Award, 1is honored for his role
in the discovery of opioid receptors which, in turn, has helped
to open a major frontier in neurobiology. We in the field of
drug dependence have much to be proud of. This session dedicated
to the memory of Abe Wikler and Frank Fraser should prompt us to
recall the words of Robert Burton who said, "a dwarf standing on
the shoulders of a giant may see further than a giant himself."
Let us then do honor to two of the Lexington giants who have left
us.
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A Steric Theory of Opioid Agonists,
Antagonists, Agonist-Antagonists,
and Partial Agonists

William R. Martin

I am pleased and honored to participate in this symposium honoring
Abraham Wikler and Frank Fraser. When I first Jjoined the staff

of the Addiction Research Center in 1957, Harris Isbell and Frank
Fraser were among the great pioneers in clinical psychopharmacology.
Frank invited me to collaborate with him in a comparative study of
the subjective and physiologic effects of morphine and heroin. I
entered these experiments skeptical of the methods that had been
developed for measuring subjective effects and states through the
cooperative efforts of Harris Hill, Richard Belleville, Harris
Isbell, Frank Fraser, and Abe Wikler. I learned that these methods
were valid, yielded reproducible experimental results, and were
remarkably sensitive and discriminating instruments for measuring
drug effects. Despite Abe’s involvement in the development of these
instruments, he had little faith in them. He didn’t trust what
people said, only what they did. Of all the wonderful associations
at the Addiction Research Center, my interactions with Abe were

the longest and most deep. Abe had a profound and tenacious in-
tellect. He had just finished writing his arbeit “The Relation

of Psychiatry to Pharmacology” and his interests encompassed all of
neuropsychopharmacology. He was only then starting his experiment
dealing with conditioned abstinence and drug-seeking behavior, phe-
nomena which came to occupy his interest. Abe, however, retained
his interests in opioid antagonists. He and George Acheson invited
me to prepare a review of the narcotic antagonists for Pharmaco-
logical Reviews. Abe, with Chuck Gorodetzky and Don Jasinski, were
the first to recognize the significance of the concepts of multiple
opioid receptors and receptor dualism first formulated in this
review.

Those who have been involved in the development of strong anal-
gesics have recognized the complexity of the opioid receptor
(Beckett et al. 1956; Bentley and Lewis 1972; Archer and Michne
1976) . Over the last several years I have been extending these
models. The method employed has been to construct clay models of
receptors whose surfaces are complementary to Framework Molecular
Models of prototypic opioids. These clay models are then used

to form plaster shells. These plaster shells which consists of
hills and valleys are surveyed and the reactive moieties are placed
in rectangular coordinates (Figure 1). The reactive sites are
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FIGURE 1

The schematic three dimensional oblique representation of the
opioid receptor and the structural formula of a general opioid
molecule.

then coded to indicate the approximate bond strength between the
reactive sites on the receptor and the complementary sites of

the opioid molecule. A more detailed description of this model
has been presented (Martin, in preparation). The structure of the
molecule used to construct the model and the three dimensional
receptor map is illustrated in Figure 1. The X-Y plane of the
coordinate system is the flat site (Beckett et al. 1956). This is
labelled site A. The X axis goes through the center of the flat
site to a point which is the vertical projection of site B to the
X-Y plane. Site B is the anionic site of the Beckett et al. (1956)
model. Site B’ is located approximately 1 Angstrom counterclock-
wise from site B and is the anionic site of the K receptor. Site
C is closely associated with site B and is one of the sites with
which substitutions on the nitrogen can interact. Site D inter-
acts with the ketonic oxygen of ethylketocyclazocine and with
certain substitutions on nitrogen. The E site interacts with the
3-OH moiety. The F site has two parts: The F site which interacts
with the 14-OH group and the F’ site which can interact with highly
reactive substitutions on the 14 position to form covalent bonds.
The E site interacts with the 3-OH group. The G site interacts
with the 6-OH group. The closely related G’ site interacts with
highly reactive substitution on the 6 position. The H position
interacts with large hydrophobic substitution on the 7 position
(Bentley and Lewis 1972).

B AND kK RECEPTORS

Sites A and B of the p receptor (Figure 2) are called nuclear
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Figure 2 illustrates the A and B sites on the structural formula
and opioid receptor. The positioning of the p agonist is sche-
matically illustrated with the filled circles and heavy connecting
line.

sites for their occupation is necessary for p type agonistic
effects. Sites C, D, E, possibly F, G, and H are called satellite
sites and serve two roles: (1) To enhance the binding of the
drug to the receptor and (2) to orient the drug on the receptor.
Sites B', A and possibly D are nuclear sites for the x receptor
while sites E, F, G, and H are satellite sites.
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FIGURE 3

The orienting effect of the N-methylcyclopropyl substitution to
put it on A, D position at the u receptor and in the A, B', D
position on the kK receptor. The drug on the receptor is sche-
matized with the filled figures.
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AGONIST-ANTAGONISTS

Figure 3 illustrates a specific type of pharmacologic redundancy
in which the drug acts as a competitive antagonist at the n
receptor and as an agonist at the K receptor. At the p receptor
the N-methylcyclopropyl group interacts with the D site which
rotates the drug around the Z-axis off of the B site. Since it
no longer occupies the B site it does not exert an agonistic
effect; however it still covers the receptor and will compete with
a p agonist. At the K receptor the interaction of the methyl-
cyclopropyl substitution on the nitrogen at the D site will
position the nitrogen over the B’ site giving it k activity.
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FIGURE 4

The orienting effect of the 14-OH group in conjunction with an
N-methylcyclopropyl group which places the drug in the A, high D, G
position.

PURE ANTAGONISTS

In the context of this paper, a pure opioid antagonist is defined
as a drug which is a competitive antagonist at both the p and &
receptors. The steric formulation of the pure antagonist is pre-
sented in Figure 4. The 14-OH group which conveys antagonistic
activity to both N-allyl and methylcyclopropyl-noroxymorphone is
postulated to interact with the G site which in turn constrains the
rotation of the drug around the Z-axis. For the substitution on
nitrogen (allyl or methylcyclopropyl) to interact with the D site
the drug must rotate around the A-G axis allowing the substitution
on nitrogen to interact at a higher location on the D site, thus
shortening the D-G distance. This, however, lifts the nitrogen
above both the B and B’ sites, thus precluding both p and k agonistic
activity. Since the drug still covers both the p and ¥ receptors,
it acts as a competitive antagonist at both receptors.
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FIGURE 5

The orienting effect of 7 position substitutions interacting with
the H site. Buprenorphine 1is shown occupying the receptor in an
agonist and antagonist position.

PARTIAL AGONISTS

Three partial p opioid agonists have been identified: Buprenorphine
in the chronic spinal dog; profadol and propiram in man. The basic
idea underlying the steric theory of partial agonism is that because
of the complexity of the receptor, the drug can not only occupy the
receptor's nuclear positions but can also occupy it in satellite
positions. This principle is illustrated in Figures 5, 6, and 7.
Buprenorphine (Figure 5) is postulated to occupy the p receptor

at the A, B, and F sites and thus exert an agonistic effect. How-
ever, it can also occupy the receptor in the B, F, and H positions
which would not exert an agonistic effect but would cover the
receptor and thus act as a competitive antagonist in this position.
It is suggested that profadol (Figure 6) can also occupy the
receptor in two positions: In the A-B position it would have a

B agonistic property while an interaction between the phenolic

OH group and the E site would rotate the propiram molecule around
the Z-axis lifting it off of the B site. Thus, it would not exert
an agonistic action but would cover part of the receptor and act

as an antagonist in this position. Propiram (Figure 7) could also
occupy the p receptor in two positions: The A-B agonist position
and the A-E antagonist position. In position 1 (antagonist) the

E site is presumed to be occupied by the ethereal oxygen which
orients the propiram molecule such that the nitrogen is oriented

in a position slightly counterclockwise to the E site and away

from the B site.
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of the phenolic hydroxyl group interacting with the E position.
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Figure 7

The postulated orienting effect of the ethereal oxygen of
propiram.
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According to this formulation, the intrinsic activity of an agonist
is directly related to its affinity in the agonist position and
inversely to its affinity in the antagonist position. This
relationship can also be expressed as follows. The intrinsic
activity (a) of the partial agonist is defined by equation 4,
where K' is the dissociation constant for the drug occupying the
receptor in the agonist configuration and K" for the antagonist
configuration.

[DR]' Active Agonist Receptor Complex
[DR]" Inactive Agonist Receptor Complex
DI[R] . 4 (DI[R] _ gn
D ] K D T K
4. - [DR]' R K
[DR]| + [DR [ Kl + KH

CONCLUSION

The unique virtue of this steric theory of the opioid receptor

is that it provides an explanation for the diverse properties of
opioids acting as agonists at different receptors, as agonists at
one receptor and antagonists at others (agonist-antagonists), as
antagonists and as partial agonists. The postulated principles
that are presumed to confer these diverse properties to opioids

are three in number: (1) The large number of reactive sites.
There is evidence of eleven at this time. The reactive sites
play two roles: (2) Their occupancy initiates pharmacologic

actions and (3) They orient the drug in the receptor. This model
does not necessitate either the postulation of alternative con-
figurations of a receptor (agonist or antagonist) (Belleau 1964;
Feinberg et al. 1976) or that the receptor undergoes allosteric
changes (Archer and Michne 1976; Portoghese and Takemori, personal
communication) .
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Environmental Influences in the
Perception of Pain

Conan Kornetsky

INTRODUCTION

My presentation will describe some of the early experiments by
Abraham Wikler, Harris Hill, Harold Flanary, and myself on the
effects of environmental variables on the perception of pain. I
will try to relate these early experiments to current research
findings and place them in the Zeitgeist of the period, circa
1950. An appropriate sub-title for my topic would be "Old wine
in new bottles and new wine in old bottles."

I will not elaborate how Abraham Wikler, Harris Hill, Harold
Flanary and I got together except to say that for the most part
our roles were complementary. Each of us brought something uni-
que to the collaboration. Wikler brought a sophistication of
thought, ideas and experience from many fields. Hill, who had
just received his Ph.D. from the University of Indiana, brought

a broad base of psychological methodology, the ability to design
an idea into an experiment and also a quiet confidence. Flanary
brought to the group the ability of designing and putting together
the apparatus to fit any crazy idea. As a second year graduate
student I brought to the group an attribute not present in any of
the staff, a highly developed degree of naivete.

The topic, environmental influences on the perception of pain,

with specific reference to stress-induced analgesia (SIA) has
received a great deal of attention in the last few years. However,
the issue was not lost in the work of the research group at the
USPHS Hospital in Lexington, Kentucky over 30 years ago. Wikler,
in a review paper published in 1950 wrote,

It appears reasonable to postulate that the recognition
of the pain threshold in man is a discriminative func-
tion for which an optimum cortical excitatory state (CES)
is required. Emotional disturbances, pain, etc. may
raise pain threshold by elevating CES while analgesics
may raise threshold by lowering CES, in both cases away
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from the optimum level required for most precise
discrimination. Therefore the net effects of
analgesics or other drugs on pain threshold in any
individual under a given set of circumstances (e.g.,
tranquil, in pain, emotionally disturbed, etc.) may
be in the direction of increase or decrease in
discriminative ability and hence the pain threshold
may be elevated or lowered by the drug or drug
combinations used. (Wikler 1950)

Wikler then downgraded the importance of his own statement,

Such a concept, while only a restatement of the fact
that mental factors modify the effects of drugs on
'pain threshold,' may be useful in planning further
investigations. (Wikler  1950)

The concept that pain or other competing factors could alter the
perception of pain was, as Wikler indicated not an entirely new
idea, but was expressed very early in the history of medicine.

In the 5th century BC one of the Aphorisms of Hippocrates (Chadwick
and Mann 1950, Section II, #46, page 154) stated, "If a patient

be subject to two pains arising in different parts of the body
simultaneously, the stronger blunts the other."”

In 1940 Hardy, Wolff, and Goodell, using thermal radiation to produce
pain, reported that pain in one part of the body raises the thres-
hold to nociceptive stimulation to another part of the body. Many
examples of such phenomena are given in the later comprehensive
review by Beecher in his 1959 book, Measurement of Subjective

Responses.

Kelly, more recently (1982), argues that if such phenomena are not
simply distraction, then the analgesia must last beyond the duration
of the induced pain experience. A 1945 experiment by Parsons and
Goetzl clearly met the demands of Kelly. These investigators

used electrical stimulation of a tooth pulp to produce pain. The
threshold was defined as the voltage at which the subjects first
experienced painful sensations. The external painful stimulus

used to cause changes in the tooth stimulation threshold was in-
duced by spraying ethylchloride on a small area of the subject's
tibiae. Not only was the pain threshold elevated, but it was
clearly elevated long after the cessation of the ethylchloride
spraying. Unfortunately, these investigators did not have naloxone
available to see if it would block the observed threshold-raising
effect of the induced pain.

The role of culturally determined environmental factors in percep-
tion of pain was also known during the 1940s. Molone (1949) had
observed during World War II that Okinawan children showed rela-
tively little response to pain in the presence of major tissue
damage. This lack of response was not seen in the Okinawan children
living in close proximity to Westerners. Isbell at the Lexington
Hospital was very much aware of the differences in response to
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clinical pain between the Oriental patient reared in Asia and
those reared in the United States. Beecher (1946) had already
published his classic description of the wounded soldiers at Anzio
during World War II. He observed that badly wounded men, not in
shock, with clear sensorium showed little evidence that they were
in pain. Even earlier was the report of William McDougall, who, as
a member of a Cambridge University Anthropological expedition to
British New Guinea (Murray Island), measured the pain threshold in
47 Murray Islanders. He used a weighted pointed object and reported
the threshold in terms of kilograms of pressure. He stimulated
the thumbnail, forefinger, and forehand. Subjects were asked to
cry "stop" when they felt pain. However, he stated "I found that
in nearly all cases it was possible to detect the moment of onset
of pain by observing the slight flinching which is commonly caused
in expectant subjects."

He compared the thresholds of Murray Island boys and men with those
of English boys and men. These results are shown in the Table.

As can be seen the threshold was higher in the Islanders although
the younger subjects had thresholds not different from those of

the adult Englishmen.

TABLE

Sensibility to Pain (x)
(in kilograms of pressure)

Subjects (N) Thumb Nail Forefinger Forehand
Murray Island

Men (47) 6.7 5.5 6.2
Murray Island

Boys (18) 3.8 3.0
(10-14 yrs)
English Men (23) 3.8 3.6 3.8
English Boys (5) 2.9 2.4
(13-14 yrs)

(From McDougall, 1901)

In order to determine the specificity of the finding, McDougall
also measured the threshold for two-point discrimination and
discrimination of differences between weights. For this type of
sensory stimulation the Islanders had lower thresholds than the
English subjects. Of interest is that after the study by McDougall
there were, as far as I could find, no experimental studies that
compared pain threshold in various cultural groups until a 1965
report by Sternbach and Tursky. It is not surprising that investi-
gators were aware that environmental factors could influence the
perception of pain, for during this period and even earlier many
investigators were studying the influence of past experience on
perception in modalities other than pain (Braly 1933; Bruner and
Goodman 1947; Bruner and Postman 1948). These investigations
were often referred to as the "new look in perception.”
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During the period of the 1940's and 50's many of the studies that
experimentally tested the analgesic actions of the narcotic drugs
in man yielded conflicting results despite the well accepted
analgesic action of these drugs in the clinic. Although many
investigators reported consistent rises in the threshold for pain
after morphine, most investigators obtained variable results.
Wolff, Hardy, and Goodell (1940) found consistent rises in the pain
threshold for thermal radiation stimulation following morphine
administration, wusing the same procedure; however, Andrews (1943),
Denton and Beecher (1949), Chapman and Jones (1944), and Isbell
(unpublished data) found that the pain threshold might be elevated,
lowered, or unchanged following morphine. Wikler believed that
these discrepancies were a function of the large variability in
emotional response by subjects to experimental pain and that much
of this could be attributed to a class of responses which he called
"anticipatory."

THE LEXINGTON EXPERIMENTS

In order to study these anticipatory responses we embarked on a
series of experiments specifically designed to manipulate the degree
of anticipatory fear or anxiety in the subjects. In the first of
these experiments (Hill et al. 1952a), former narcotic addicts
(patients at the USPHS Hospital, Lexington, KY, with a history of
narcotic addiction) were used as subjects. In this experiment
simple reaction time (RT) was tested under four conditions. 1)
Electric shock penalties delivered to the hand for "slow" RT's,

2) shock penalties for slow RT's after morphine, 3) knowledge of

RT no shock control, and 4) morphine-control. Subjects were seated
in front of an opaque screen in which the response key and neon
bulbs were mounted. The subjects were told that the bulbs would
light in an "on your mark," "get set?" "go" sequence. The lowest
light indicated that a trial was beginning ("on your mark"). The
second bulb from the top flashed two sec later and indicated that

a trial was beginning ("get set"). The other two lights were

stimulus lights; one was above and one below the "get set" light.
Only one of these was lit for any one trial, the subject responding
to either by quickly moving the key to the left. The preparatory
interval between the warning and the "go" light was variable, a
pre-determined random order of 1, 2, or 3 seconds. For all pre-
conditions the two "go" lights had identical meaning for the
subjects and these appeared an equal number of times. After the
pre period each of the two "go" lights had different meanings to
the subject. If the first was 1lit, it would indicate that the
previous response was fast; 1f the second was 1lit, it would indicate
that the previous response was slow. RT was determined with know-
ledge of performance with and without morphine.

The same procedure was also used with the subject receiving elec-
tric shock for slow RT. Thus, if in the previous trial the response
was slow, the top light came on and at the completion of the response
the subject received the electric shock. The dose of morphine was
15 mg delivered intramuscularly. Figure 1 shows the results of

this experiment. Whether or not the subject's RT was considered
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Figure 1. Effects of morphine [MS] on RT as a function of
aversive electric shock. (Adapted from hill et al.
1952a)

slow or fast was based on the median of the series. What is clear
is that anticipation of the shock certainly slowed RT and morphine
clearly ameliorated this disruption in RT. It is not clear from
the experiment whether or not the anticipation of the shock made
the shock feel worse than it really was. The verbal report of the
subjects suggest that the shock itself was not the disturbing
factor but it was the anticipation of the shock. This experiment
led to two additional experiments, one using electrical shock and
one using thermal radiation as the nociceptive stimulus.

In order to test the hypothesis that the stress or anxiety level

of the subject could alter the threshold for pain, the following
experiment was carried out (Hill et al. 1952b). Volunteer subjects
were randomly assigned to one of two groups and prior to the
determination of the threshold they were treated quite differently.
In one group everything was done to decrease any fear the subject
might have regarding the anticipated painful stimuli. This was
called the "Informal" group. Subjects in the other group were
given no reassurance and nothing was done to decrease their putative
apprehension. This group was called the "Formal" group. Both
groups were studied with and without 15 mg of morphine. Except

for the difference in the formality of the experiment the procedure
was identical for all subjects.

The subjects were first trained in the procedure and then received

two suprathreshold stimuli that were called the "standard." Sub-
sequent stimuli would be rated by the subject as either "stronger"
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or “weaker” than the standard. If drug were to be given, it was

then administered. One hour later the threshold was determined

by means of the psychophysical method of limits. Figure 2 shows

the percent of “stronger” responses as a function of shock intensity
in watts. The upper graph shows the subjects in the “Formal”

group and the lower graph the subjects in the “Informal” group.

Of most interest is that morphine significantly raised the thres-
hold only in the “Formal” group of subjects and that the informal
procedure alone had almost as much effect as morphine in raising

the threshold. Note that the threshold after morphine was almost
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Figure 2. The percent "stronger" responses of subjects with and
without morphine as a function of intensity of elec-
trical stimulation under “Formal” and “Informal”
experimental conditions. (Adapted from Hill et al. 1952b)
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identical in the "“Formal” and "“Informal” conditions. Further, the
more anxiety-provoking formal treatment of the subjects resulted
in an overestimation of the intensity of the previously delivered
“standard” stimulus, and morphine resulted in a more accurate
estimate of the intensity of the “standard.”

This experiment was repeated using thermal radiation to the fore-
head of the subjects as the nociceptive stimulus (Kornetsky, 1954).
In this experiment a number of additional variables were added in
order to determine the role of the anticipation of the stimulus

in the pain experience. These were the amplitude of the galvanic
skin response (GSR) expressed as conductance, latency of the GSR,
anticipatory GSR’s and time from onset of the stimulus to when the
subject thought he felt pain. The dose of morphine was as in the
previous study 15 mg, administered intramuscularly 60 min before
the test. The results of this study are summarized in figure 3.
The verbal report results completely replicated the previous study
in which electric shock was the stimulus. In this study the mean
number of times the subjects stated that the stimulus was “strong-
er” than the previously delivered “standard” is shown in the lower
right chart. As can be seen morphine only caused a significant
decrease in the number of reported “stronger” stimulations in the
“Formal” group of subjects.
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Figure 3 The effects of morphine (M) compared to control (C) on
latency of response (motor response), GSR latency,

amplitude of GSR to thermal radiation stimuli, and
percent stimuli judged as "stronger" than a pre-

treatment standard under "Formal" and "Informal"
experimental conditions. Based on data from
Kornetsky, 1954)
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In each case illustrated morphine was only effective in the more
anxiety-provoking paradigm. Although latency of GSR and number
of anticipatory conditioned GSR’s were significantly altered by
morphine, the actual amplitude of the GSR was not affected, indi-
cating the importance of the anticipatory state in the percep-
tion of the painful stimulus.

DISCUSSION

These studies raise some important questions regarding current
experiments in which stress or pain are used to induce analgesia.
These early Lexington experiments suggest that pain threshold can
also be raised by decreasing the stress of the painful encounter,
certainly a maneuver not foreign to the clinician. Stress or
pain or simply decreasing the anticipation of a painful experience
are probably not the only maneuvers that will produce analgesia.
Pleasurable experiences such as sex (Beecher 1959, p. 153),
listening to music, watching the Superbowl, etc., will also de-
crease pain and often the pain does not return immediately after
the cessation of the behavior.

Experimental evidence that it need not be a painful stimulus that
induces analgesia is given by the 1965 report of Cox and Valenstein.
These investigators demonstrated that rewarding electrical stimula-
tion to the hypothalamus attenuated the aversive properties of

foot shock in the rat.

Of interest is that Mayer et al. (1971) in their paper on brain
stimulation-induced analgesia reported that there was a point-
biserial correlation of 0.83 between rewarding self-stimulation
rates of response and whether or-not these sites produced analgesia.
Although analgesia produced by intracranial stimulation is con-
sidered a discovery of the 1970’s, the Cox and Valenstein experi-
ment was done in 1965 and as early as 1954 Heath reported that
stimulation of the septal area resulted in immediate relief from
intractable pain. Lilly in 1960 reported that rewarding brain
stimulation raises the threshold for aversive central stimulation.

In the 1970’s numerous studies were published demonstrating that
various stressors would raise the threshold to pain (e.g., Akil

et al. 1976). An important question is the specificity of this
stress-induced analgesia. Kelly stated in a 1982 publication,

“It has never been proven that the sensory deficit induced by
stress is limited to the modality of pain.” Although some in-
vestigators have stated that responses to other sensory modalities
are not affected, there are no published experiments in which the
threshold for stimulation to other modalities was done with the
same care that these investigators used in measuring the threshold
for pain stimulation.

Evidence, however, that other aspects of behavior can be

altered by the stress of inescapable shock is given by the learned
helplessness model (Ovennier and Seligman 1967; Seligman and
Maier 1967) in which animals given inescapable electric shock
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showed subsequent performance deficits. The argument often given
for stress-induced effects being specific for perception of

pain stimulation alone is based on the reports that the in-

duced analgesia can be blocked by naloxone. Since naloxone itself
causes increases in sensitivity to nociceptive stimulation (e.g.,
Buchsbaum et al. 1977 in man; Carmody et al. 1979 in rats and
mice; and Sasson and Kornetsky 1983 in rats), simply increasing
the animal’s sensitivity to the pain stimulus under test may result
in apparent block of the induced analgesia.

The discrepancy between earlier work by Wikler and his colleagues
in which stress seemed to lower the threshold for pain and current
work in which stress raises the threshold may be a function of

where one’s attention is directed. In the Lexington studies the
stress (the “Formal” procedure) directed the subject’s attention
toward the stimulus. In the stress-induced analgesia studies the

stress is directing the subjects attention away from the nocicep-
tive stimuli.

In conclusion alteration in pain thresholds by stress or pain is
not a new phenomenon and the attempts to relate the phenomonon

to an analgesic endorphin-like action may result in losing sight of
a more general role of the endorphins in stress and their possible
role in modulating the attentional components of perceptions.

REFERENCES

Akil, H., Madden, J., Patrick, R.L., and Barchas; J.D. Stress-
induced increase in endogenous opiate peptides: concurrent anal-
gesia and its partial reversal by naloxone. In: Kosterlitz, H.W.,
ed. Opiates and Endogenous Opiate Peptides. Amsterdam: Elsevier/
North-Holland, 1976. pp. 63-70.

Andrews, H.L. The effect of opiates on pain threshold in post-
addicts. J. Clin. Invest, 22:511-516, 1943.

Beecher, H.K. Pain in men wounded in battle. Ann. Surg, 123:96-
105, 1946.

Beecher, H.K. Measurement of Subjective Responses. New York:
Oxford University Press, 1959. 494 pp.

Braly, K.W. The influence of past experience on visual perception.
J. Exp. Psychol, 16:613-643, 1933.

Bruner, J.S., and Goodman, C.C. Values and need as organizing
factors, in perception. J. Abnorm. Soc. Psychol, 42:33-44, 1947.

Bruner, J.S., and Postman, L. Symbolic wvalue as an organizing
factor in perception. J. Abnorm. Soc. Psychol, 43:195-201, 1948.

Buchsbaum, M.S., Davis, G.C., and Bunney, W.E., Jr. Naloxone
alters pain perception and somatosensory evoked potentials in
normal subjects. Nature, 270:620-622, 1977.

32



Carmody, J.J., Carroll, P.R., and Morgans, D. Naloxone increases
pain perception in rats and mice. Life Sci, 24:1149-1152, 1979.

Chadwick, J., and Mann, W.N. The Medical Works of Hippocrates.
Oxford: Blackwell Scientific Publications, 1950. 301 pp.

Chapman, W.P., and Jones, C.M. Variations in cutaneous and
visceral pain sensitivity in normal subjects. J Clin Invest,
23:81-91, 1944.

cox, V.C., and Valenstein, E.S. Attenuation of aversive properties
of peripheral shock by hypothalamic stimulation. Science, 149:
323-325, 1965.

Denton, J.E., and Beecher, H.K. New Analgesics I. Methods in the
clinical evaluation of new analgesics. J Amer Med Assoc, 141:
1051-1057, 1949.

Hardy, J.D., Wolff, H.G., and Goodell, H. Studies on pain. A
new method for measuring pain threshold: observations on spacial
summation of pain. J Clin Invest, 19:649-657, 1940.

Heath, R.G. Studies in Schizophrenia. Cambridge: Harvard
University Press, 1954.

Hill, H.E., Kornetsky, C., Flanary, H.G., and Wikler, A. Studies
on anxiety associated with anticipation of pain. AMA Arch Neurol
Psychiat, 67:612-619, 1952a.

Hill, H.E., Kornetsky, C., Flanary, H.G., and Wikler, A. Effects
of anxiety and morphine on discrimination of intensities of pain-
ful stimuli. J Clin Invest, 31:473-480, 1952b.

Kelly, D.D. The role of endorphins in stress-induced analgesia.
In: Verebey, K., ed. Opioids in Mental Illness: Theories,
Clinical Observations, and Treatment Possibilities. Annals of
the New York Academy of Sciences, 398:260-271, 1982.

Kornetsky, C. Effects of anxiety of morphine on the anticipation
and perception of painful radiant thermal stimuli. J Comp Physiol
Psychol, 47:130-132, 1954.

Lilly, J.C. Learning motivated by subcortical stimulation. In:
Ramey, E.R. and O'Doherty, D.S. eds. Electrical Studies on
Unanesthetized Brain. New York: Paul B. Hoeber, Inc, 1960. pp. 78-
105.

Mayer, D.J., Wolfe, T.L., Akil, H., Carder, B., and Liebskind,
J.C. Analgesia from electrical stimulation in the brainstem of
the rat. Science, 174:1351-1354, 1971.

McDougall, W. Cutaneous sensations. In: Hadden, A.C., ed.
Reports of the Cambridge Anthropological Expedition to Torres
Straits, Vol. 2. Cambridge: Cambridge University Press, 1901.
pp. 189-195.

33



Moloney, J.C. The Magic Cloak. Wakefield, MA: Montrose Press,
1949. 299 pp.

Overmier, J.B., and Seligman, M.E.P. Effects of inescapable
shock upon subsequent escape and avoidance responding. J Comp
Physiol Psychol, 63:28-33, 1967.

Parsons, C.M., and Goetzl, F.R. Effects of induced pain on pain
threshold. Soc Exp Biol, 60:327-329, 1945.

Sasson, S., and Kornetsky, C. Naloxone lowers brain stimulation
escape thresholds. Pharmacol Biochem and Behav, 18:231-233, 1983.

Seligman, M.E., and Maier, S.F. Failure to escape traumatic shock.
J Exp Psychol, 74:1-9, 1967.

Sternbach, R.A., and Tursky, B. Ethnic differences among house-
wives in psychophysical and skin potential responses to electric

shock. Psychophysiol, 1:241-246, 1965.

Wikler, A. Sites and mechanisms of action of morphine and related
drugs in the central nervous system. Pharmacol Rev, 2:435-506,

1950.
Wolff, H.G., Hardy, J.D., and Goodell, H. Studies on pain.
Measurement of the effect of morphine, codeine, and other opiates

on the pain threshold and an analysis of their relation to the
pain experience. J Clin Invest, 19:659-680, 1940.

ACKNOWLEDGMENT

Preparation of this manuscript supported by NIDA grant 02326.

AUTHOR

Conan Kornetsky, Ph.D., Boston University School of Medicine,
80 East Concord Street, Boston, MA 02118

34



Classical Conditioning in Opiate
Dependence

Charles P. O’Brien, Ronald N. Ehrman, and
Joseph W. Ternes

INTRODUCTION

Opioid use provides an excellent opportunity for classical
conditioning. The opiate drug 1is a Pavlovian unconditioned
stimulus (US) which is reliably and consistently followed by an
unconditioned response (UCR) which involves several efferent
systems. Whether in animals or in humans, drug administration
usually involves a set of complex procedures and several sensory
systems, which can function as a conditioning stimulus (CS3).
Dr. Wikler, one of the pioneers we are honoring today, often
pointed out that repeated drug use could produce conditioned

effects. According to his analysis, the CS should initially
acquire the power to elicit a conditional response (CR) which
resembles the UCR. In an opiate-dependent individual another

possible conditioning situation can occur. As the last dose of
drug is metabolized a withdrawal syndrome occurs and in this
instance environmental stimuli or rituals may be paired with the

withdrawal symptoms. After repeated pairings, the CS alone may
acquire the ability to evoke a conditioned response which
resembles withdrawal effects. In Wikler's terms, the individual

has acquired an additional disease, a disease sui generis as he
called it.

Despite wvastly improved addiction treatment programs in the
1980's we still have no available treatment modality which
directly deals with the conditioning aspects of addiction. Why
is this? Part of the problem relates to the confusion about
which type of conditioned effects to treat, conditioned opioid-

like effects, or conditioned withdrawal-like effects.
Additionally there is confusion about which systems to measure:
analgesia, temperature, salivation or euphoria. Do these

effects occur commonly or do they only occur in a few unusual
patients? Are these phenomena lawful and orderly? What about

the apparent contradictions in the literature? Definitive
answers to these questions are elusive. The goal of this paper
is to clarify some of the issues. We will begin by describing
three categories of opioid-conditioned phenomena: conditioned
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opioid like effects, conditioned withdrawal-like effects and
conditioned tolerance. Then we will attempt to put some of the
sources of conflict into perspective and discuss their clinical
implications.

OPIOID-LIKE CONDITIONING

Historically, the first observed conditioned opioid responses
were reported by Pavlov and colleagues. They found that
morphine injections caused profuse salivation, vomiting and
sleep in dogs. After several trials, the mere sight of the
technician who gave the injection was enough to produce the same
effects as morphine: salivation, vomiting and sleep. This was
such a reliable effect in Pavlov's lab that it was used as a
demonstration for students. It was reported by other labs in
the early literature and seemed to be a well-established
response.

However, more recently Lynch (1976) had difficulty producing a

morphine conditioned response in dogs. After several failures,
he consulted Dr. W. Horsley Gantt, who had been a student of
Pavlov in Leningrad. Gantt pointed out that Lynch was

administering four conditioning trials in a one-hour session.
Following Gantt's advice, he began limiting the trials to one
or two per session with no other protocol Changes. After a few
more sessions, Lynch began to observe behavioral, salivary,
heart rate and respiratory responses to the conditional
stimulus. He found morphine-like conditioned responses to be
robust and parts of the response were very resistant to
extinction.

Similar results have been reported in humans and in rats.

These are summarized in Table I. While these responses can be
reliably ©produced, they require specific conditions as
illustrated in the anecdote from Lynch's lab. The human
results (Meyer and Mirin 1979) were obtained in selected
hospitalized patients who self-injected sterile coded saline
solution which might have contained opioid. The more
naturalistic the setting, the greater the 1likelihood of
opioid like or "placebo" effects. Injections of saline given

by a nurse were less likely to produce euphoria or
physiological charges than those self-administered after a
"cook--up" ritual in a simulated "shooting gallery' (O'Brien et
al. 1975). Most subjects showed mild opioid-like effects which
extinguished after one to three unreinforced trials (saline
injections). A few, however, persisted in opioid-like
responses after many saline self-injections. Such subjects
have been clinically described as needle-freaks (Levine 1972).

WITHDRAWAL-LIKE CONDITIONING

A quite different type of opioid conditioned response has also
been described. These are conditioned withdrawal-like responses
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TABLE 1. Opioid-Like Conditioning1

s R DOEE SUBJECTS AUTHDRS
Sicht of experimenter Salivation, vomiting, sleep (not specified) dogs Paviav, 1927
Wwho previously
injected morphine
Sight of syrirge Salivation Morphine, 30-80 mg/kg dogs Collins and
Tatum 1925
Tone Hyperthermia Morphine, 20 mg/kg rats Miksie et al. 1975
Distinct injection Hyperthermia Morphine, 5~200 mg/kg rats Eikelboom and
environment Stewart 1979
Tone Reduction of withdrawal Marphine, 15 mg/kg rats Numan, Smith,
signs ("wet-dog shakes"') and lal, 1975
Tone Resumption of operant Marphine, 40 ma/kg rats Tye and Iverson,
behavior suppressed during 1975
morghine withdrawal
Buzzer Increased salivation, gas- 2mg/kg (hidher dose in dogs Rush et al., 1970
tric secretion and heart Table II)
rate.
Self-Injection of Saline Subjective reports of Higtery of street humans O'Brien, 1975
when gpiate expected; "taste" "rush," and opiate; variable
or self-injection of euphoria; meiosis and dese and duration
opiate in presence of increased skin temperature
naltrexone in some subjects,
quickly extinguished in
most subjects
Self-injection of heroin Slight decrease in pupil History of street humans Meyer and Mirin,

{0.5-4.5 mg/dose) in
presence of naltrexone
75 mg

1. Adapted from Grabowski, J., and O'Brien, C.P.
Substance Mouse: Behavioral and Biological Research.

size and decrease in
respiratory rate on first
few injections, disappeared
with later injections. (CR
seen only in the 11 of 22
subjects who voluntarily
continue to self-inject
heroin while receiving
naltrexone.

CopyTight 1981, JAT Press, Inc. Reprinted by permission.

heroin addiction

Conditioning factors in opiate use.
Greerwich, CT:

Jal Press, Inc., 1981.

1979

Mello, N.K., ed. Advances in

Pp. 63-122.



and they were first described by Dr. Wikler. He noted the
appearance of withdrawal symptoms (yawns, tearing, rhinorrhea)
in post-addicts in response to verbal stimuli. These former
addicts were 1in the Addiction Research Center at Lexington
during the 1940's and 50's. Dr. Wikler noted the appearance of
withdrawal symptoms during group therapy sessions when drug-
taking was discussed. He also heard fascinating anecdotes from
patients who told of feeling well after months or years of
incarceration and then returning to their home, wusually New
York City. As soon as they caught sight of their former drug-
using environment, however, withdrawal symptoms occurred and
relapse to drug use ensued.

Wikler interpreted these reports as classical. conditioning of
withdrawal signs and symptoms. In the laboratory, this
interpretation of the anecdotal reports has been supported by
experimentally producing conditioned withdrawal in animals and
in humans. A summary of the reports is given in Table II, Our
group has demonstrated that withdrawal symptoms can be
conditioned in human subjects (O'Brien, Testa, O'Brien, Brady,
and Wells, 1977). Naloxone, a narcotic antagonist, was used as
the US to produce mild dysphoria and physiological and
behavioral signs of withdrawal, the UCR. After patients in
methadone maintenance were given training injections of small
doses of naloxone paired with a compound (tone and odor) CS
test trials in which the CSs were paired with placebo
injections also produced similar withdrawal signs. It should
be noted that the CR which is described in this section is a
withdrawal response which resembles the UCR to naloxone. This
type of conditioning does not occur until after physical
dependence upon the opiate has developed and occurs only in
those instances where a CS is correllated with the onset of the
withdrawal syndrome. An addict who maintains his habit so as to
avoid withdrawal sickness would have little or no opportunity to
acquire the conditioned withdrawal reaction. Hence, the
directly conditioned withdrawal CR may not provide an adequate
explanation of relapse to narcotics use.

CONDITIONED TOLERANCE EFFECTS

There appears to be a third type of conditioning in which
compensatory mechanisms become conditioned during the addictive
cycle. In such cases, the conditioned stimulus comes to elicit
a CR which is opposite or antagonistic to the unconditioned
response. Unlike the two previous CRs, the conditioned
compensatory response 1is an atypical result of a Pavlovian
conditioning paradigm Dbecause the CR and the drug-elicited
response tend to cancel each other (see Siegel 1977 for a
review of compensatary CRs).

Wikler (1973) first pointed out that reactions to direct drug

effects could be conditioned. He described this as
conditioning of adaptive —responses to drugs and these
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TABLE TII.

Experimentally Conditioned Withdrawal Studies’

SUBJECTS ucs

UCR

CR

AUTHORS

Rhesus monkeys de- Malarphine, 2 mg/kg
pendent on mor- injection

phine ar other

opiates

Salivation, vomiting,
tremars

Injection procedure
(saline on Test
Trials)

Withdrawal-like
syndrome

Irwin ard
Seevers, 1956

Rats dependent on Metabolism of
morphine marphine

Gradual onset of
withdrawal measured
as “"wet dog shakes”

Distinct withdrawal
environment

Increased "wet dog
shakes" in distinct
enviromment

Wilker and
Pescar, 1967

Rhesus monkeys de- Injection of nalor-

pendent on phine, 0.2 mg/kg
morphine

Increased heart rate
and respiration,
decreased brain
temperature, emesis,
salivation;
suppression of
bar-pressing

for food

Red light

Suppression of bar-
pressing for food,

' heart rate decrease,
vomiting, excessive
salivation

Goldberg and
Schuster, 1970

Humans dependent Naloxone, 0.1 mg/70
on methadrne kg I.M.

1. Adapted from Grabowski and O'Brien, 1981, (See Table I.)

Increased heart rate,
blood pressure,
respiratory rate,
pupil size; de-
creased skin tem-
perature, nausea,
lacrimation, rhi-
norrhea, charac-
teristic motor
behavior

Tone/odor saline -

injection, I.M.

Copyright 1981, JAI Press, Inc.

Increased heart rate
blood pressure,
respiratory rate;
decreased skin
temperature, naw-
sea, lacrimation,
rhinorrhea,
characteristic
motor behavior

O' Brien

et al.,1976
O'Brien

et at., 1977

Reprinted by permission.



adaptations would be opposite to the direct drug effect.
Perhaps the clearest example of this 1is with atropine. One
unconditioned effect 1is an inhibition of salivary secretions.
After several trials, however, both dogs and cats begin to show
increased salivation prior to the injection of atropine. This
is presumably an adaptive response to the anticipated dry mouth.

Perhaps the most compelling evidence in favor of conditioned
compensatory mechanisms has been reported by Shepard Siegel
(1975, 1976). He has shown that the stimuli associated with
morphine injection come to elicit a reaction which reduces the
analgesic effect of morphine, thus demonstrating conditioned
tolerance. Siegel assessed morphine effects by measuring
analgesia on a hot plate. In one experiment, separate groups
of rats were given repeated morphine injections in one of two
environments: their home cages or the test situation (the hot
plate). When both groups were subsequently tested on the hot
plate after morphine injection, only those rats which received
morphine in their home cage showed evidence of analgesia to
pain. The other rats were tolerant to the effects of morphine,
that 1is, showed no analgesia. In addition, these tolerant rats
were hyperalgesic when given a placebo injection of physio-
logical saline instead of their regular morphine. Siegel
(1975) also reported that repeated placebo injections following
the development of tolerance were effective in extinguishing
the conditioned compensatory reaction of hyperalgesia. He
argues that morphine tolerance can be accounted for in terms of
a conditioning theory which posits the acquisition of timely
compensatory responses in anticipation of central drug effects.
His data (Siegel 1975) suggest that the compensatory response
is elicited by the stimuli which have been paired with drug.

Although Siegel has only measured the analgesic (1975) and
pyretic (1976) components of morphine effects, it would be
interesting to determine whether Other physiological
concomitants of the drug state act in the same manner. Siegel
proposed that the hyperalgesia he observed is a conditioned
compensatory CR. If Siegel's rat data can be extrapolated to
humans, they support our speculation that the incidence of
relapse to narcotic use among detoxified addicts is due to the
fact that cues associated with the drug come to produce
compensatory CRs. However, the procedures which produce

compensatory CRs instead of drug-like CRs are uncertain. Even
in controlled animal experiments, similar protocols can produce

dissimilar results. Thus, Sherman's (1979) attempts at
replication of Siegel's experiments were only partially
successful (see note added in proof, Sherman 1979).

There 1s evidence that most drug-associated cues produce
compensatory effects in humans (See Table TIII). When the
subject 1s in a drug-associated environment and performing
rituals which reliably predict the onset of drug effect, the
subject exhibits behavioral and physiological responses opposite
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TABLE III. Conditioned Response Opposite to Opioid Effect’

cs ®R DQsE SUBRJECTS AUTIHDRS
Saline injection Hyperalgesia Morphine, 5 mg/kg rats Siegel, 1975
Saline injection Hypothermia Morphine, 5 mg/kg rats Siegel, 1978
Distinctive pre-injection Hypothermia Morphine, 5-200 mg/kg rats Eikelboom and
envircnment N Stewart, 1979
Slides of drug-related Negative affects,usually History of heroin use, humans Teasdale, 1973
and drug-taking stimuli wi thdrawal dose unknown
Pre-injection rituals Decreased skin temperature, Histary of street opiate humans O'Brien, 1975
increased pupil size, use, drug-free or on
tachycardia, subjective opiate antagonist
reports of craving and
withdrawal sickness
Self-injection after one Increased skin temperature, Same as above humans O'Brien et al., 1975
or more unreinforced increased pupil size,
trials (opiate blocked tachycardia, increased
by naltrexcne or syrirge respiration, subjective
coantains saline) reports of craving, sick-
ness, arx anger.
Drug objects, slides, Decreased skin temperature, Two groups of former ‘humans Ternes et al., 1980
video tapes of drug~ increased heart rate, street opiate users,
taking behaviar increased scores on one stabilized on
withdrawal scales methadone, one drug-
free
Video tapes of drug- Tachycardia, subjective Recently detoxified humans Sideroff and Jarvik,
related behavior reparts famer opiate addicts 1980
Buzzer Tachycardia (UCR at this 10 mg/kg (lower dcse dogs Rush et al., 1970

1. Adapted from Grabowski and O'Brien, 1981.

dose was initial heart in Table I)
rate increase, then
decrease)

(See Table I.)

Copyright 1981, JAI Press, Inc. Reprinted by permission.



to opioid effects. These responses would tend to diminish
observed opioid effects and thus they may mediate conditioned
tolerance. In fact, there 1is preliminary evidence (Ternes
1981) that recently detoxified addicts receiving unsignalled
(unexpected) opioid infusions show relatively non-tolerant drug
effects whereas the same dose produces a more tolerant reaction
when it is self-injected.

An obvious source of confusion is that conditioned withdrawal
and conditioned compensatory responses appear to be similar.
Although they can arise by different mechanisms, their typo-
graphy is identical. In the event that a compensatory CR such
as hypothermia 1is attributed to a lack of narcotic in the
system by the addict, the effect may be mislabeled as with-
drawal symptoms. Perhaps this is why so many drug-associated
stimuli appear to produce withdrawal-like reactions in addicts
and why these responses are so difficult to extinguish (O'Brien
et al. 1979).

SOURCES OF CONFLICT

While we have not reviewed each type of conditioning in depth,
it is evident that there are enormous complexities and numerous
sources of conflicts which help to explain the discrepant
studies 1in the 1literature. First we should ask why sane
conditioned effects resemble opioid effects and others oppose
them. A major issue 1is the identity of the drug UCR in a given
situation. Recently, Eikelboom and Stewart (1982) in a
comprehensive review of this issue proposed that drug-like CR'S
occur when the drug acts on the afferent arm of a reflex arc so
that the observed effect or UCR 1is actually a homeostatic
response to this afferent stimulation. According to this model,
compensatory CR's occur when the drug acts on the efferent limb
of a reflex arc. In this case, the drug-elicited response in
the efferent arm is the US and the CNS-mediated response in the
efferent arm which opposes the drug effect is the UCR. The CR
mimics the UCR and in this instance, since it opposes the drug
effect, it is a compensatory CR.

The model described by Eikelboom and Stewart is appealing, but
there are difficulties in a simple use of the afferent and
efferent categories. This 1is particularly problematic for an
opioid because of recent advances in determining the opioids'
site of action. In the dorsal horn of the spinal cord, for
example, opioids apparently produce analgesia by mimicking the
effects of endogenous opiates released from enkephalinergic
nerve fibers which synapse onto the afferent pain fiber. The
result of the opioids: activity on the pain fiber is a
reduction in the release of substance P, a transmitter of
pain-related impulses. This is a case of neuromodulation which
fits poorly into an afferent-efferent integrator model. Also,
there is no postulated mechanism for a compensatory response to
this neuromodulation.
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We have observed an interesting pattern of behavioral and
physiological response when drug addicts are allowed to go
through their drug preparation rituals, followed by injection
under double blind conditions of either saline or opioid drug.
Prior to injection physiological changes occur such as
temperature decrease. These may be characterized as signs of
withdrawal. After the injection of saline, some warming of the
skin temperature and other behavioral high-like symptoms occur.

These can be characterized as opioid-like CR's. However, over
repeated injection trials, the opioid-like CR's disappear and
the pre-injection withdrawal-like CR's increase in strength and
duration. Typically, these withdrawal-like CR'S are
particularly resistant to extinction. Although it 1is easy to
characterize these conditioned responses as withdrawal-like or
drug-like, the specific conditions controlling their
development and the degree of interdependence in establishment
of these responses in the human opiate abuser is still obscure.

One study which observed morphine-dependent rats in both pre-
injection and post-injection environments (Eikelboom and
Stewart 1979) reported findings similar to those observed in
opioid-dependent humans: conditioned hypothermia in the
pre-injection environment and conditioned hyperthermia in the
post-injection environment. In a subsequent study, these
investigators (Eikelboom and Stewart 1981) found that temporal
cues, not environmental cues, were the salient CRs for the
pre-injection hypothermia. But they confirmed the finding that
the preinjection CR was withdrawal-like and the post-injection
CR was opioid-like. This pattern is similar to what we found in
human addicts (O'Brien 1975).

Another source of confusion about the form of the conditioned
response may result from deficiencies in the designs of
experiments which do not use continuous measurements in the
same subjects. Also, complex conditioning environments in
laboratory or clinical settings make it difficult to readily
identify the appropriate conditioned stimuli.

There 1is evidence in the animal literature pertaining to the
uncertainty about what stimuli associated with drug use will be
the most salient and thus most likely to acquire control over
conditioned responding. For example, even 1in the simplified
experimental situation where a bell or a distinctive cage 1is
used as the CS, there are multiple stimulus components competing
for control. As suggested above, this competition potentially
is greater in the clinical situation where "natural"
conditioning presumably is taking place. If a subject has drug
effects paired with complex environmental stimuli (for example,
sounds, smells, sights), conditoning to one CS may overshadow
that of another stimulus. If 1in the test situation a less
salient stimulus is evaluated, the elicited CR may be weaker or
perhaps different. The phenomenon of "overshadowing" was
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recently studied by Walter and Riccio (1983). These authors
have also pointed cut that internal stimuli produced by the
early effects. of the opioid may themselves serve as CS's
eliciting a CR. Internal cues may well be part of a complex
CS, but since they require the injection of the day, they are
always linked to a UCR and thus a test trial with CS but no UCR
is not possible.

Interestingly, at another level, we have evidence that the
cognitive expectations of the human subject, that is whether he
expects to receive drug or saline drug during a particular
self-injection, can affect his subjective evaluation of the
experience. For example, 1if the individual expects to receive
drugs and does not, although he may report feeling high, his
physiology and behavior do not suggest a drug effect. Such an
individual may represent the so-called "needle freak."
Alternatively, other individuals may not report getting high on
these saline self-injections even though their physiology and
behavior support the notion. In addition, the emotional state
of an addict at the time of his exposure to drug-related
stimuli can markedly affect the incidence and magnitude of a CR
to a drug-related CS.

As the above examples indicate, the conditioning phenomena are
truly multifaceted and exceedingly complex. We Dbelieve that
some increased resolution to these problems could be obtained
by studies designed to repeatedly and continuously assess these
conditioning phenomena in the same subjects. Furthermore, the
state of the organism at the time of conditioning: drug free.
methadone maintained, or withdrawn should also be studied to
determine whether it has any systematic effect on the type of
conditioned response observed.

CLINICAL APPLICATIONS

Classically conditioned responses to opioid drugs have been
experimentally reproduced in several animal species and in human

subjects. Clinical anecdotes and studies of addicts in
treatment suggest that conditioning occurs naturally during the
development of human opioid dependence. These studies in

patients have shown responses to drug-related stimuli or rituals
that can be interpreted as conditioned responses. However, it
is not yet clear what role if any these conditioned responses
play in the maintenance of the opioid-dependent state.

Although there are many aspects of drug-related conditioning
which remain unclear, our group is trying to determine whether
it is time for direct clinical applications. Elsewhere in the
volume, Childress et al. (1984) report the preliminary results
of a new controlled study in which systematic extinction 1is
integrated into a comprehensive treatment program for opioid
dependence. The data so far indicate that significant
conditioned responses are detectable in at least 30-40% of
patient volunteers: that the responses do not diminish with the
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passage of time and delivery of excellent standard therapy; and
that the responses do diminish with many extinction trials
although, as previously reported (O'Brien et al. 1979) they are
quite resistant to extinction. The results so far also indicate
a very important aspect of the experimental treatment: it is
acceptable to patients. Many patients spontaneously report the
value of systematic exposure to imagery, slides, video tapes and
rituals related to drug use. They have been keeping appoint-
ments and remaining involved in the treatment. Some have noted
the occurrence of apparently conditioned responses when they are
exposed to certain situations outside of the clinic. Thus
patients are seeing the relevance of this unusual addition to
their treatment program.

At this time we don't know whether the broad set of stimuli
composing the extinction paradigm will add anything to standard
treatments. Only long-term follow-up using objective outcome
criteria can determine that. However this is the direction in
which we are led by Dr. Wikler and other pioneers who have
demonstrated the conditioning effects of opioids. It may be
that conditioning plays a role in alcoholism and other forms of
drug dependence as well, but it is with opioids that the data
are the most comprehensive and clear. We hope that other
clinical researchers will not be dissuaded by the complexity of
the conditioned responses described here. The addiction
syndrome 1is a complex process, and there is ample evidence that
conditioning plays a role, at least with some addicts. We now
need new experimental treatment approches to determine whether
we can influence this portion of the illness and whether this
mskesanydifferencein treatment outcome.
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On the Stimulus Control of
Drinking in Alcoholics

Ronald M. Kadden, Ovide F. Pomerleau, and
Roger E. Meyer

Habitual use of beverage alcohol in such a way as to cause
serious health and psychosocial problems has been the subject of
considerable investigation in behavioral research laboratories
for some time. Our objective in this presentation is to review
this work as it relates to the persistence of drink-seeking
behavior and high rates of relapse following treatment,
phenomena so frequently observed that they have been
incorporated as part of the “alcohol dependence syndrome”
(Edwards and Gross 1976).

Behavioral analysis of alcohol dependence has viewed drinking as
a discriminated operant whose stimulus antecedents and
reinforcing consequences maintain the behavior at high strength
(Miller and Mastria 1977). Much theoretical and research
attention have been devoted to the operant--alcohol
drinking--and its consequences, through investigations of the
reinforcing potency of alcohol and the role of schedules of
reinforcement (see review by Falk et al. 1983). Relatively less
attention has been paid to the antecedent stimulus factors which
play an important role in the control of drinking, despite
widespread recognition of their relevance to the problem (e.g.,
Keller 1972; Warlatt and Gordon 1980; Mathew et al. 1979; Nathan
and Lisman 1976; Stricklet et al. 1979).

The work that has been done to examine the role of stimulus cues
for drinking has focused for the most part on Pavlovian
conditioning phenomena, with emphasis, on the effect of
environmental stimuli in the elicitation of conditioned
physiological responses. After sufficient pairings of
particular environmental stimuli with alcohol ingestion or
withdrawal, these cues become conditional stimuli (CSs) capable
of eliciting physiological responses that are experienced by the
alcoholic as a distinct subjective state. These elicited
responses can in turn serve as discriminative stimuli (S°s,)

that set the occasion for the operant behavior of drinking
(Pomerleau 1981; Pomerleau et al. 1983). This two-factor
conditioning model (e.g., Bescorla and Solomon 1967) may help to
account for the perseverative nature of alcoholic behavior. by
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virtue of its inclusion of involuntary elicited responding,
which often occurs without awareness on the part of the
individual. The drive state that is thus aroused is thought to
be highly compelling.

Adoption of a Pavlovian conditioning model to account for the
action of antecedent stimuli raises a number of experimental
questions, such as the reactivity of alcoholics to various
environmental cues, the relationship of physiological reactions
to cognitive factors such as “craving;’ and the degree to which
reactivity to environmental cues may predict treatment outcome.
One of the earliest contributions to this line of investigation
was the seminal work of Abraham Wikler who explored the role of
conditioned respondents, or what he called “conditioned
withdrawal.” This work and its implications for opiate
addiction have already been described in the preceding paper by
O’Brien and Ternes (this volume).

Extension of this approach to the problems of alcohol dependence
and relapse was first described in detail by Ludwig and Wikler
(1974) . Reasoning from a Pavlovian conditioning model, they
speculated on possible roles for both exteroceptive
(environmental) and interoceptive (arising from “visceral and
cerebral neuronal receptors,” p. 116) stimuli in reinstituting
drinking in abstinent alcoholics. These stimuli, they
suggested, become conditioned by repeated association, in close
temporal contiguity, with heavy drinking or with the
psychophysiological effects of alcohol-withdrawal. When the
newly abstinent alcoholic finds himself/herself in the presence
of these conditioned stimuli, he/she is likely to experience
physiological responses that are preceived and labeled as
"craving." The alcoholic is more likely to resume drinking in
such a situation (Ludwig and Wikler 1974).

Preliminary data supported this interpretation. In one study,
abstinent alcoholic subjects were more likely to agree to
perform an operant task that would be reinforced with alcohol if
they had received a priming dose of their favorite liquor and
mixer, and if a quart of their preferred liquor was placed in

view. Alcoholics receiving a non-preferred alcohol mixture,
regardless of quantity, and without a liquor bottle in view,
refused to perform the operant task (Ludwig et al. 1974). The

presence of customary alcohol cues was more effective than the
priming dose of alcohol.

In a subsequent study, the alcohol-related cues were enhanced by
providing a barroom simulation in the laboratory. The subjects
in that study were alcoholics who had been either binge or’
steady drinkers. The object was to test the hypothesis that
steady drinkers, having presumably had more frequent pairings of
alcohol-related cues with heavy drinking and withdrawal, would
show stronger conditioned responses. The data confirmed the
hypothesis, showing a higher degree of self-reported craving,
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higher rates of operant responding for alcohol, and some
indications of greater physiological arousal in former steady
drinkers when in the presence of alcohol-related cues, as
compared with former binge drinkers, or in the absence of
drinking cues (Ludwig et al. 1977). Statistical analyses showed
that most of the variance in operant responding in the barroom
situation could be accounted for by changes in craving, alpha
EEG activity, respiratory rate, and blood pressure. Although
the results of these studies were not definitive, they are
consistent with the hypothesis that elicited interoceptive cues
set the occasion for subsequent alcohol consumption.

These findings have been extended by our own work (Kaplan et al.
1983) . As part of a larger study, 16 detoxified alcoholics in
treatment were given two drinks of either real (alcoholic) or
placebo (nonalcoholic) beer, served in a frosted mug on a tray
with an empty beer can, while physiological and subjective
responses were recorded. There was a significant correlation
between skin conductance to the initial presentation of the
beverage (before consumption) and increased desire to drink in
the alcoholic subjects, but not in the control subjects. After
consuming the drinks, the alcoholics who received placebo
thought they had received real beer, whereas the control
subjects were less likely to make this error. This suggests a
significant cueing function, for the alcoholic subjects, by
alcohol-related discriminative stimuli (beer can, frosted mug,
physical aspects of the “near-beer” beverage), and possibly a
conditioned reinforcing effect as well.

Subjects were then asked to select a reward, in the form of a
third drink or a lottery ticket, for completion of a subsequent
operant task. Among the alcoholic subjects (but not among the
controls) there was a significant correlation between subjects’
reporting thinking that the preceding drinks had contained real
beer and their choice of the drink as the reward. To further
examine the variables affecting the choice of the drink as a
reward, a stepwise multiple regression was computed. For the
alcoholic subjects, increased desire to drink, a high degree of
alcohol dependence, and cardiac acceleration at the presentation
of the drink all contributed significantly in predicting the
choice of the drink as a reward, accounting for 57% of the total
variance. The actual alcohol content of the beverage they had
consumed was not a significant predictor of reward choice. For
the non-alcoholic control subjects, only desire to drink
contributed significantly as a predictor of reward choice
(Kaplan et al. 1983).

Further evidence for the role of associative processes in the
control of alcohol-related behavior has been developed using the
laboratory rat. The unconditioned response of rodents to an
injection of ethanol is a dose-related hypothermia. If given
repeated ethanol injections in a consistent environment, rats
develop tolerance to the hypothermic effects of the ethanol.
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Le. Poulos, and Cappell (1979) determined that this tolerance
could be explained, at least in part, on the basis of Pavlovian
conditioning. Ethanol and saline injections were given on
alternate days in two distinctive environments. When ethanol
was then given in the environment formerly reserved for the
saline injections, previously developed tolerance was partially
reversed. This result has been replicated by Mansfield and
Cunningham (1980) .

Siegel has suggested that the development of tolerance in a
distinctive stimulus situation may be due to the conditioning of
a response which is opposite in direction to the unconditioned
effects of the alcohol. When elicited by the conditioned
stimuli, the response serves to prepare the organism to modulate
the anticipated effects of the alcohol (Hinson and Siegel

1980) . The conditioned response (CR) can be observed by
providing a placebo injection in the distinctive environment
previously reserved for ethanol injections. This procedure
does, in fact, result in a hyperthermic response (Crowell et al.
1981; Le et al. 1979; Mansfield and Cunningham 1980), of
sufficient magnitude to account for the previously observed
tolerance.

Having demonstrated that the thermic response can be conditioned
to environmental stimuli, and having clarified the nature of the
elicited conditioned response, a further step was to determine
whether this response, like a true CR, could be extinguished by
repeated exposures to CS (alcohol-related cues) without
reinforcement (by ethanol). The hyperthermic response to
placebo injections did in fact decline over the course of
extinction sessions, and, upon retest with an ethanol injection,
the extinction procedure was found to have reversed the
previously developed tolerance (Crowell et al. 1981; Mansfield
and Cunningham 1980).

These studies are of importance in understanding alcohol
dependence, because acquired tolerance is a critical factor in
controlling the quantity of alcohol consumed by an alcoholic
(Cappell and LeBlanc 1983; Maisto et al. 1978). The role of
conditioning that has been demonstrated with respect to the
alcohol-induced thermal response may also apply to responses
having more obvious motivational significance (Donegan et al.
1983) .

Encouraged by research supporting the conditionability of
alcohol-related stimuli, and by studies showing conditioned
salivation to palatable food cues in people with a history of
obesity (Wooley et al. 1975, 1979; Rodin 1978), Pomerleau et al.
(1983) initiated a series of systematic investigations on
conditioning in alcoholics. An attempt was made to maximize the
effectiveness of the eliciting stimuli by having each subject
smell his favorite alcoholic beverage in an open, labelled
bottle, thus utilizing the alcohol-related cues that constitute
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the “final common pathway” for drinking. As a control
condition, subjects were asked to sniff cedar chips. Subjects
included 8 alcoholics in treatment, 10 control subjects who
reported no history of problem drinking nor parental alcoholism,
and two recovering alcoholics who claimed 2-3 years of
sobriety. Both heart rate and skin conductance responses were
elevated during alcohol sniff trials for the alcoholic subjects,
consistent with the findings of Kaplan et al. (1983), but the
elevations in the present instance were not statistically
significant. Swallowing rate (shown to be proportional to the
amount of salivation) and craving (selection of a number from
0-10 in response to the question, “How badly do you want to
drink alcohol?”) showed significant elevations for alcoholic
subjects on alcohol-sniffing trials. Control subjects were
relatively unresponsive. The two recovering alcoholics
resembled those in treatment on the swallowing measure. These
data strengthen the idea that conditioned respondents are
elicited by alcohol-related cues in people with a history of
frequent heavy drinking.

Although both swallowing rate (salivation) and craving were
significantly elevated, the changes in the swallowing measure
were more pronounced and may have provided a more accurate
indicator of conditioning and/or desire to drink. The craving
measure, like other subjective/cognitive measures, is a verbal
operant subject to the influence of the same complex variables
as the statement, “I’1ll never drink again.” The theoretical
question of whether conditioned respondents such as those
observed here are an essential part of the discriminative
stimulus complex for drinking behavior, or whether they are
simply an interesting epiphenomenon, remains to be resolved.
Even if the conditioned responses to alcohol cues are merely
correlated with drinking, determination of their magnitude may
provide a useful technique for estimating the probability of
subsequent drinking in alcoholics (Pomerleau et al. 1983).

We next questioned whether the salivary response is associated
with cognitive processes that might facilitate the decision to
drink (Cooney, Baker, Pomerleau, & Josephy, in press). Subjects
were 15 inpatients in an alcohol rehabilitation program, tested
in the same setting and with a procedure similar to that used in
the preceding experiment. They were asked to rate their craving
for alcohol and their anticipation of its taste. They also
completed a 37-item questionnaire (Southwick et al. 1981)
designed to assess expectations about the effects of alcohol
(e.g., anticipated pleasant effects or impairment from
drinking). These assessments were made following three 5-minute
trials in which subjects viewed, held, and sniffed a pint bottle
of their favorite alcoholic beverage. Salivation was greater
while sniffing alcohol and was significantly correlated with
several indicators of positive expectations regarding the
effects of alcohol, but not with self-rated desire to drink nor
with expectations regarding behavioral impairment. The failure
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to find a correlation with desire to drink suggests the role of
cognitive distortions (denial) in patients engaged in an
abstinence-oriented rehabilitation program. Nevertheless, the
significant correlations that were obtained do provide some
basis for inferring a relationship between a cue-elicited
respondent (salivation) and at least some of the cognitive
aspects of craving.

This series of studies supports earlier indications of
respondent conditioning to alcohol-related cues, and reaffirms
the relationship between elicited responses and the decision to
drink. The studies have begun to elucidate some of the response
variables involved in the conditioning process, and have so far
produced findings that are consistent with a two-factor
conditioning model.

If, indeed, the two-factor model is valid, then it should
provide some predictive power regarding treatment outcome.

Those patients who retain respondent activity in the presence of
alcohol-related cues might be expected to have a higher
probability of relapse than those who do not. We have put this’
question to an experimental test with 50 alcoholic subjects.

The basic design uses the sniff-test procedure described
previously and seeks to correlate measures of physiological
reactivity to alcohol-related cues with a number of indicators
of outcome six months after treatment. The treatment outcome
data are now being collected. The finding of a significant
relationship between physiological reactivity and treatment
outcome would be an important step toward providing an objective
means of identifying high-risk patients.

Should this study validate the role of conditioned respondents
as a factor in treatment outcome, then the logical next step
would be to study the effect of extinguishing the respondents.
This should reduce the probability of relapse if, as postulated
by the two factor model, respondents serve as s’s that set the
occasion for drinking. Repeated presentations of the sight and
smell of an alcoholic beverage without permitting consumption
should eventually result in a decrement in the conditioned
respondents (Cooney, Baker & Pomerleau, in press) and therefore
diminish their ability to precipitate drinking.

If this procedure were adopted clinically, a careful analysis of
each patient’s drinking history would be necessary to identify
the major stimuli requiring extinction (Poulos et al. 19811.
This approach to treatment was in fact undertaken in a study of

six cases by Blakey and Baker (1980). Patients were given
graded exposure to the “triggers” that set off their drinking,
but were not allowed to drink. Five of the patients attained

abstinence and reported a lack of desire to drink.
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FINAL CONSIDERATIONS

This review has examined a number of clinical and experimental
findings that implicate conditioned respondents as a factor in
the stimulus control of problem drinking. At this writing, the
case 1is far from being definitively established, and additional.
controlled experimental studies are called for. As the work
proceeds, other issues are sure to come to the fore. It may be
possible at this time to anticipate some of them.

One area of further research will undoubtedly focus on the
process by which environmental stimuli become conditioned as
alcoholism develops, and whether alcohol drinking cues are
conditioned to the intoxicating effects of alcohol, the
withdrawal effects, or both. Further interest may also be
devoted to the question of whether the elicited responses
resemble the unconditional response to alcohol, are opposite in
direction to the alcohol response, or are in some other way
preparatory for ethanol ingestion. The specific answer to this
question will undoubtedly vary, depending on the response
systems involved (Lynch et al. 1973).

A variable that has received but scant attention to date is the
difficulty of extinguishing certain conditioned respondents
(Lynch et al. 1973). This phenomenon may prove to be an
important element of the treatment-resistance of addictive
behavior, and may impose a formidable obstacle to improving the
effectiveness of treatment. Other means of behavior change may
therefore have to be considered, such as response suppression
through the use of aversive contingencies, or the
counterconditioning of alternative responses (preferably ones
incompatible with the undesirable response). perhaps through the
use of biofeedback techniques. Relapse prevention training
(Chaney et al. 1978), although emphasizing cognitions, could
also be used to teach patients to cope with recurrent
conditioned respondents.

Another issue relates to differences in types of alcoholics. It
may be found that patient variables, such as severity of
dependence, psychiatric diagnosis, or cognitive functioning,
interact with conditioning phenomena. For example, patients
diagnosed as having anti-social personality disorder have been
found to respond in a unique fashion to pre-aversive stimuli,
tending to reduce their impact more than “normals” (Hare 1978).
If these people were also alcoholic, they might respond
differently to alcohol-related cues or prove to be more
resistant to extinction procedures, a possibility with
far-reaching clinical implications since this subtype
constitutes a large, treatment-resistant group of alcoholics
(Hesselbrock et al. in press).

The possibility that certain environmental events can prompt
substance abuse without prior conditioning will also need to be
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considered. For several decades researchers have observed that
intermittent presentation of biologically important events such
as food or powerful electric shocks can induce a variety of
behaviors having no contingent relationship with the scheduled
event (see reviews by Falk 1981; Wetherington 1982). These
“adjunctive” behaviors are highly persistent and resistant to
extinction; examples include schedule-induced water consumption,
attack, hoarding, and pica. Translated to the particulars of
substance abuse, the suggestion is that various events in daily
life occurring on an intermittent basis, in the presence of
adequate motivation, can provide “conditions for the initial
capture of the stream of behavior” (Falk et al. 1983, p. 72).
Drug consummatory behaviors such as cigarette smoking, alcohol
drinking, or the self-administration of other psychoactive
substances may be sustained past the initial “priming” period
because, 1in the circumstances in which adjunctive behavior is
induced, the consequences of substance use may produce
neurochemical alterations that affect performance and/or mood
(Pomerleau and Pomerleau 1983).

As more data are gathered, modifications of the basic two-factor
model may become necessary. Studies of the antecedents to
abusive drinking have tended to emphasize the role of Pavlovian
conditioning factors. One reason for the appeal of this
theoretical approach is that physiological respondents are not
as susceptible to voluntary manipulation as are operants. Even
if the supposed conditioned respondent turns

out to be an epiphenomenon, the physiological reactions may
nevertheless accurately reflect the alcoholic’s current
motivation to drink and, thus, may predict future drinking and
relapse. Alternatively, in view of the multiple, concurrent
roles that stimuli play, it may be found that greater weight
will have to be given to the contribution of environmental
events (such as the setting, and substance availability) as
discriminative stimuli which set the occasion for abusive

drinking. Only systematic experimentation can settle these
issues.
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Progress Report on the
Stimulant-Depressant Abuse
Liability Evaluation Project

James H. Woods

The Committee on Problems of Drug Dependence has initiated a provi-
sional program for the assessment of abuse liability of compounds
with depressant or stimulant profiles. Currently, the program is
evaluating a set of methods that may be applied in the future to
the open assessment of compounds in animals. The Committee has
agreed to proceed with this provisional program to evaluate its
feasibility for open evaluation of compounds. The compounds that
have been evaluated so far have bean solicited by the stimulant-
depressant committee. The initial pair of compounds was selected
to provide an assessment of reliability of result and to charac-
terize a new agent with the procedures used in the laboratories.

The laboratories currently engaged in this effort are situated at
the Addiction Research Center, Lexington, (Drs. Gorodetzky, Cone,
Risner, Shannon, and Vaupel), University of Chicago (Drs. Johanson
and Schuster), Johns Hopkins (Drs. Brady, Ator, Griffiths, and
Lamb), and Medical College of Virginia (Drs. Harris and Aceto).
These laboratories use a set of procedures that may provide a
general assessment of these agents in a variety of species. The
initial approach was to submit two compounds under blind procedures
(designated CPDD 1 and 2); the laboratories would use procedures
that they considered relevant to abuse liability assessment of the
compounds. The overall objective to be met at some point in the
future is the selection of an optimal set of procedures that will
complement each other in providing the appropriate preclinical
assessment of abuse liability of unknown compounds in animals.

To accomplish blind assessment, compounds were solicited by Dr.
Jacobson, and sent to individual laboratories under code labels.
Each compound was assessed under blind conditions and reports on
the findings described and discussed at two meetings of the groups.
The compounds were identified for the laboratories and for the
purposes of reporting preliminary results at the CPDD scientific
meeting in Lexington.

A brief review of the procedures used by the laboratories and their
results with the two compounds will now be presented by individual
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laboratories. The compounds will be described as CPDD 1 (diazepam)
and CPDD 2 (bromazepam) .

Addiction Research Center

Both compounds were examined in the intact rat (1.0-10.0 mg/kg);
both decreased body temperature, produced ataxia and sedation.
CPDD 2 produced a loss of the righting reflex. It was concluded
that Dboth were 1likely sedative agents. In the sling dog
preparation, a set of beagles were used to compare pentobarbital,
diazepam, CPDD 1, and CPDD 2. Each of the compounds was given
intravenously using a cumulative dose procedure. Pentobarbital was
examined in 0.5 log unit increments from 0.3-30.0 mg/kg, diazepam
and CPDD 2 in a similar fashion in a dose range of 0.1-10.0 g/kg,
and CPDD 1 in a dose range of 0.03-3.0 mg/kg. Observations were
made under blind conditions by two observers. Each drug reduced
body temperature, had only slight effects upon respiration, pulse,
pupil size, and the nictitating membrane. Pentobarbital produced a
marked effect on the skin twitch at 30.0 g/kg. Neither diazepam
nor CPDD 1 or CPDD 2 produced comparable sedation to 30.0 mg/kg
pentobarbital.

In rats trained to discriminate diazepam from saline, CPDD 1 (i.p.)

was compared to diazepam (s.c.) and pentobarbital (S.C.). CPDD 1
substituted completely for diazepam and was as potent as diazepam
and more potent than pentobarbital. CPDD 2 was not examined, but
bromazepam has been evaluated by Dr. Shannon; it too substitutes
for diazepam in this procedure. The CGS-8216 antagonist reversed
the discriminative effects of CPDD 1 and diazepam, but not
pentobarbital.

In the dog, CPDD 1 and 2 were examined and compared to CGS-8216,
diazepam, pentobarbital, and methaqualone upon food-reinforced
performances in a multiple schedule of fixed-interval and fixed-
ratio components. All drugs ware administered orally except
CGS-8216 which was given i.v. CPDD 1 and 2 produced 50% increases
in fixed-interval responding at some doses (1.0-10.0 mg/kg) as did
diazepam over the same range of doses. Pentobarbital increased
responding at 10.0 mg/kg. Methaqualone and CGS-8216 failed to
increase fixed-interval responding over the range of doses
examined. Each of the drugs, except CGS-8216 (0.01-3.0 mg/kg),
reduced fixed-ratio rate of responding. CGS8216 antagonized the
rate-increasing effects of diazepam (CGS-8216; 1.0 g/kg) but
failed to antagonize the actions of pentobarbital on either
component of the schedule (CGS-8216; 3.0 mg/kg) or the
rate-reducing effects of methaqualone (0.1 mg/kg; CGS-8216).

University of Chicago

CPDD 1 and 2 were examined in groups of pigeons trained to discrim-
inate oxazepam (4.0 mg/kg) from saline or d-amphetamine (2.0 g/kg)
from saline. Both CPDD 1 and 2 substituted completely for
oxazepam; CPDD 2 suppressed rates of responding to a greater extent
than CPDD 1 though they were equipotent in substituting for
oxazepam as cues. In the amphetamine-trained pigeons, CPDD 1 and 2
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substituted for amphetamine in two of five ©pigeons. The
discriminative effects of CPDD 1 and 2 were antagonized by
pretreatments of Ro 15-1788 (0.03 mg/kg).

In modestly food-deprived rhesus monkeys, CPDD 1 and 2 increased
food intake. CPDD 2 was more potent than CPDD 1; both effects were
antagonized by RO 15-1788 (1.0 g/kg).

In rhesus monkeys trained to self-inject cocaine or pentobarbital
on fixed-ratio 10 schedules, CPDD 1 and 2 were studied over a
series of doses in a substitution procedure. CPDD 1 failed to
maintain rates of self-injection responding above vehicle in a
cocaine-trained monkey but did so 1in a pentobarbital-trained
monkey. This 1is 1in keeping with the individual differences 1in
self-injection behavior of diazepam in this procedure. Historical
controls with diazepam suggest that it will maintain self-injection
responding in less than a majority of monkeys whereas most monkeys
that self-inject pentobarbital also self-inject diazepam. The
range of doses of CPDD 1 studied were 0.02-0.4 g/kg/injection.
CPDD 2 has Dbeen studied more extensively; it has failed to be
self-injected in two cocaine monkeys, but was self-injected at
rates above vehicle in 3 of 4 pentobarbital-trained monkeys. The
doses of CPDD 2 studied were 0.001-0.03 mg/kg/injection.

Johns Hopkins University

This laboratory has made extensive use of the baboon in both drug
self-injection and drug-discrimination studies. They first carried
out dose-ranging studies of the effects of CPDD 1 and 2 in baboons
performing on a food-reinforced fixed-ratio schedule; observational
effects were also noted. CPDD 2 was more potent than CPDD 1 in
this procedure; both produced similar signs of ataxia. CPDD 1 was
similar in potency to diazepam and much less potent than triazolam.

In their self-injection procedure, cocaine was the maintenance drug
and various doses of CPDD 1 (0.01-1.0 mg/kg/injection) and 2 (0.1-
1.0 g/kg/injection) were studied. Dose-effect curves were flat
and neither compound was self-injected considerably more than
saline.

CPDD 2 produced overt behavioral effects not readily' apparent at
the doses of CPDD 1 studied. After a single injection of 1.0 mg/kg
of CPDD 2, clear ataxia was seen and the baboon almost fell off the

bench. Shortly thereafter, the baboon began lever ©pressing
steadily for food pellets (available 24 hr/day under an fixed-ratio
10 schedule of reinforcement). In fact, food pellet intake became

unusually high for both baboons studied under CPDD 2.

In the drug discrimination procedure,. the baboons were trained to
discriminate lorazepam (1.0 mg/kg) from the no-drug condition in a
two-lever procedure similar to those described above. In each of
three baboons, CPDD 1 and 2 produced complete drug-appropriate
responses at 3.2 mg/kg. Lorazepam was at least three times more
potent, and diazepam was equivalent in potency to CPDD 1 and 2.
CPDD 2 reduced rates of responding at the largest dose evaluated
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(3.2 mg/kg) whereas CPDD 1 failed to reduce rates even at 5.6

mg/kg. Ro 15-1788 (1.0 mg/kg) antagonized completely the
discriminative effects of lorazepam, CPDD 1, and CPDD 2.

Medical College of Virginia

The research at this laboratory is to be directed to assessment of
physiological dependence development. Their participation in the
program was agreed upon later in the history of the project, and
they have not yet had the opportunity to complete a set of studies
on these compounds.

Summary

The laboratories reported data on CPDD 1 that was indeed very
similar to that of their direct or historical controls for
diazepam. It 1is clear that the antagonists used 1in the program
will reverse only a benzodiazepine-induced behavioral effect. The
data on bromazepam suggest a very similar pattern and potency for
this benzodiazepine compared to diazepam.

Plans

Additional compounds have been submitted to the research groups
including compounds with stimulant profiles. When agreement among
research groups has been arrived at with respect to the composition
of a complete Dbattery of assessment procedures and sufficient
background material has been obtained with a variety of known
compounds, the group will attempt a thorough evaluation of the
effort. If they deem it worthwhile, the group will seek the
support of the Committee on Problems of Drug Dependence for the
establishment of an open drug evaluation program.
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Progress Report From the NIDA
Addiction Research Center
(Preclinical Laboratory), Lexington,
Kentucky

C.W. Gorodetzky, E. J. Cone, R.E. Johnson,
M. E. Risner, T.-P. Su, and S. Y. Yeh

As last year, I will begin with a brief administrative update.
At this time, all appears progressing on schedule for a total
relocation of the ARC from Lexington to Baltimore in the summer
of 1984. We are looking forward to the possibility of again
co-hosting this meeting in 1985 with Johns Hopkins University
in conjunction with an ARC 50th anniversary symposium and the
dedication of our new facility.

In my progress report this year, I will briefly highlight three
areas of research in the preclinical laboratory particularly
related to abuse liability and urine screening.

MARIJUANA VALIDITY STUDY

Several years ago the Syva Company marketed reagents for their
EMIT drug abuse urine assay (or EMIT-DAD) for detection of
cannabinoids in human urine. More recently similar reagents
have become available for the portable EMIT single test system
(or EMIT-ST). Most recently the Roche Company has produced a
cannabinoid radioimmunoassay in their Abuscreen series. Only
scarce data are currently available on the time course of detect-
ability of marijuana cigarette smoking using these assays or for
direct comparison of the tests. Most data which do exist are
anecdotal or come from outpatient studies, where control of drug
intake is less than optimal. Because of the interest in these
screening assays, and their increased use (for example, by the
Department of Defense), we decided to undertake a controlled
clinical wvalidity study under inpatient conditions in collabo-
ration with our colleagues in Baltimore.

Subjects for this study were male volunteers, between the ages

of 25 and 55, who gave informed consent for participation in a
protocol reviewed and approved by the Institutional Review Board
of the Baltimore City Hospitals. All gave a history of light to
moderate marijuana use and cigarette smoking. All were judged to
be in good health by pretest history, physical examination, labo-
ratory and psychological screens. Prior to initiating the
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protocol, each subject was required to have seven consecutive
days of urine negative for cannabinoids and other drugs of abuse
(by the EMIT-DAU screening procedure). The protocol provided for
administration to each subject of four drug conditions as follows:
1) One A9-"THC cigarette and one placeboAg—'. THC cigarette; 2) two
A%-THC cigarettes; 3) two placeboAg"THC cigarettes; and 4) two
regular cigarettes. The A”-THC cigarettes were the standard 10 mg.
cigarettes provided by the Research Technology Branch of NIDA’s
Preclinical Research Division. Cigarettes were required to be
smoked between 0800 and 0830 of the test day using a puff monitor-
ing system. Drug conditions were administered double-blind in
random order; each subject’s urine was required to be negative
for THC metabolites for not less than three consecutive days
prior to administration of the next drug condition. Following
drug administration various physiological signs were measured and
mood questionnaires administered at timed intervals for 24 hr.;
the results of this part of the study will be the subject of a
subsequent report. All urine samples were collected individually
for each subject from time of admission to the research ward (at
least 3 days prior to initiation of the protocol) to completion
of the protocol. Each subject urinated ad lib (that is, whenever
he felt the need to do so) and, in addition, was asked to urinate
at 0800, 1600, and 2400, to complete 8-hr. collection periods.
After recording volume, pH, and specific gravity, an aliquot of
each sample was put aside for immediate EMIT-DAU analysis and a
larger aliquot was frozen and shipped to Lexington for further
analysis.

All samples were analyzed in random order under blind conditions
by EMIT-DAU, EMIT-ST, and the Abuscreen RIA according to the
methods described by the manufacturers. All three immunoassays
are designed to detect with greatest sensitivity the major metabo-
lite of AgJTHC, 11—norA9"THC—9—carboxylic acid. All are cali-
brated using as a standard the more readily available synthetic

A8 analog. In each assay an unknown sample is considered positive
if its reading is greater than that of a cut-off standard, 20 ng./
ml. for EMIT-DAU, and 100 ng./ml. for both EMIT-ST and RIA.

Five subjects have now completed the protocol, producing a total
of 742 urine samples for analysis. Data were analyzed as percent
of urine samples positive by 8 hr. periods. The RIA and EMIT-ST,
both with 100 ng./ml. cut-offs, showed close agreement. There
were greater than 50% positive urines for approximately 16 hr.
following one marijuana cigarette and 24 to 32 hr. following

two cigarettes. The more sensitive EMIT-DAU showed greater than
50% positives for 40 hr. following one cigarette and 64 hr.
following two cigarettes. Based on analysis of 282 urine samples

from the placebo cigarette, regular tobacco cigarette, and pre-
test conditions, there were no false positives by EMIT-ST or RIA,
and .7% false positive by EMIT-DAU.

In order to examine between-subjects variability, the time to the

last positive urine sample was determined for each subject under
each drug condition. Time to last positive is defined as the
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first positive sample succeeded by at least three consecutive
negative samples. Considerable variability between subjects was
seen. Subjects A and B showed a relatively short time course of
detectability, while Subjects D and E remained positive for
considerably longer time periods. Subject C appeared to be inter-
mediate following one cigarette and detectable for a long period
following two cigarettes. Mean time of detectability by this
analysis was in the same range as the previous analysis. Exam-
ining concordance of results by the three screening tests, there
was a very high concordance between RIA and EMIT-ST, with only
18 of 742 analyses discordant. Both of these tests compared to
the EMIT-DAU showed a greater discordance, reflective of the
greater sensitivity of the EMIT-DALI test.

Tentative conclusions after completion of approximately one-half
of this study are: 1) Marijuana cigarette smoking is detectable
in greater than 50% of urine samples by EMIT-ST and RIA for
approximately 16 hr. after one marijuana cigarette and 24 to

32 hr. following two marijuana cigarettes. By EMIT-DAU time
course of detectability is approximately 40 hr. after one ciga-
rette and 64 hr. after two cigarettes; 2) EMIT-ST and RIA give
quite comparable results; 3) there appears to be a large amount
of between-subjects variability in time course of detection.

We currently plan, in addition to completion of the second five
subjects, to examine possible correlations of patient history

with time course of detection, and to analyze immunoassay positive
samples by confirmatory methods, based on HPLC, and possibly, GC.

REINFORCING PROPERTIES OF FENCAMFAMINE

Fencamfamine 1is a sympathomimetic central stimulant which has
recently appeared in the illicit drug market of the U.S., being
identified in samples from drug seizures in several states. It
is marketed as one ingredient of the multi-vitamin preparation
Reactivan, which is sold in the United Kingdom for fatigue. It
is not presently under control by the DEA and is available from
at least one chemical company catalog in the U. S. The abuse of
fencamfamine by athletes was described in 1969; and the influence
of alkalinization of its urinary detection has been studied. It
was concluded that alkalinization procedures did suppress fencam-
famine excretion and might make detection in the urine more
difficult. Fencamfamine is N-ethyl-3-phenyl-2-norbornanamine.
Although, like cocaine, it contains a bridged ring, the overall
molecule bears little relationship to that of cocaine. However,
fencamfamine has the beta-phenylethylamine structure character-
istic of amphetamine and may elicit pharmacological activity as

a rigid phenylethylamine analog. It might be noted that fencam-
famine has four asymmetric carbons and can exist as a variety of
endo- and exo- isomers.

The subjects for this study were two purebred beagle dogs pur-
chased from a commercial supplier. Between experimental sessions,
each dog was individually housed in a pen and given free access
to drinking water and dry food.
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Following recovery from surgery for implantation of a venous
catheter, the dogs were given access to response-contingent drug
injections under a fixed-ratio with limited hold schedule of rein-
forcement. Daily experimental sessions were conducted Monday
through Friday in operant conditioning chambers equipped with a
response pedal (positioned on the floor) and several stimulus
lights. Each session consisted of 11 trials, each trial lasting
a maximum of 4 min. During each trial, the 15th pedal-pressing
response produced a 15-sec. i.v. injection of drug (i.e., an
FR-15 schedule). Following acquisition of stable responding
(with either 30 or 100 pg./kg./injection cocaine as the rein-
forcer), the dogs were tested with five doses of fencamfamine
HCl1 (ranging from 10 to 560 pg./kg./injection) and five doses of
cocaine HCl (ranging from 10 to 1000 ng./kg./injection). Each
dose was tested for five consecutive sessions, with treatment
order arbitrarily determined for each dog. Saline (0.1 ml./kg./
injection) was also included in the test series and was tested
for five consecutive sessions at least twice during the experi-
ments.

Both fencamfamine and cocaine were self-administered above saline
levels. Across several doses of both drugs, the dogs self-
administered the maximum number of injections available each
session. Generally, there was an inverted U-shaped relationship
between the number of injections per session and dose per injec-
tion. local rates of responding also varied systematically as a
function of injection dose. At least one dose of fencamfamine
maintained higher local rates than did any dose of cocaine.
Finally, overall rates of responding were systematically related
to dose per injection, first increasing, then decreasing with
increasing doses. As with local response rates, at least one
dose of fencamfamine maintained higher overall rates of respond-
ing than did any dose of cocaine,

In summary, response-contingent 1i.v. injections of fencamfamine,
like cocaine, can maintain responding under a fixed-ratio schedule
of reinforcement. Dose-effect curves for both fencamfamine and
cocaine were similar; both the number of injections self-
administered per session and the rates of responding were
systematically related to amount of drug delivered per injec-
tion. Cocaine appeared to be slightly more potent than
fencamfamine, but the differences were not large. Taken

together, these data suggest that fencamfamine, like cocaine,

is a reinforcing drug and may have a potential for abuse.

OPIOID/ANTIHISTAMINE  INTERACTIONS

Although the abuse of tripelennamine with paregoric was described
as early as 1964, the use of antihistamines and opioids by drug
abusers has been reported with increasing frequency only in
recent years. Tripelennamine and pentazocine appears to be the
most common combination, being known in the vernacular as “T's
and Blues.” In this report, I will briefly summarize two sets

of studies presently underway in our laboratories on the opioid/
antihistamine interaction.
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One study has been examining the interaction of pentazocine with
both tripelennamine and other antihistamines using the rat hot-
plate method. Drug was administered subcutaneously or intra-
peritoneally, and analgesic activity was measured with a low
temperature hot plate maintained at 51.5° C. with cut-off time
at 45 sec.

Examining the time course of subcutaneously administered penta-
zocine analgesia, at doses of 5 to .30 mg./kg., peak effects were
seen between 15 and 30 min., with significant effects often
lasting to 75 min. A lesser degree of analgesia was also seen
with tripelennamine alone in doses of 5 to 20 mg./kg. using i.p.
administration.

When 20 mg of tripelennamine (i.p.) was administered simulta-
neously with 5 or 10 mg. of pentazocine (s.c.), tripelennamine
appeared to potentiate both doses of' pentazocine. Lower doses

of tripelennamine did not potentiate these doses of pentazocine.
The areas under the time action curve for several other anti-
histamines alone and in combination with 5 or 10 mg. of pentazocine
showed that pentazocine analgesia appeared to be potentiated by
diphenhydramine, chlorpheniramine, promethazine, and cyclizine,

but not chlorcyclizine.

These data appear to indicate that tripelennamine can potentiate
the analgesic effect of pentazocine in rats under some dose
combinations, and this potentiating effect does not appear to be
limited to tripelennamine alone, but is also common to some other
antihistamines.

Earlier studies in our laboratory with the discriminative stimulus
model showed that pentazocine partially generalized to SKEF-10047
in rats trained to discriminate the SKF compound from saline.
Tripelennamine under some dose conditions was found to antagonize
these discriminative stimulus effects of pentazocine. Therefore,
it was hypothesized that tripelennamine might antagonize dysphoric
sigma opioid receptor effects of pentazocine, thereby enhancing
its euphorigenic potential. Following from this study, the
present study has examined pentazocin.e and several antihistamines
in a sigma opioid receptor binding assay. This assay has been
previously described and utilizes specific °“H-SKF-10047 binding
to sites in a guinea pig brain homogenate which are inaccessible
to l-etorphine. These binding sites are saturable with respect

to the presence of increasing concentrations of labeled SKF-10047.
Ligand selectivities of these etorphine-inaccessible sites indi-
cate that these sites may represent sigma opioid receptors, since
psychotomimetic opioids were among the most potent in the assay.

In the present study, the sigma receptor binding assay was per-
formed using a 1% guinea pig brain suspension of the particulate
fraction. One nM. of °‘H-SKF-10047 was incubated with the suspen-
sion in the presence of 100 nM. of etorphine. The specific
binding was defined by that portion of °‘H-SKF-10047 inhibited

by 0.1 mM. of unlabeled SKF-10047. Two ml. of the brain
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suspension was incubated with inhibitors in the presence of

100 nM. l-etorphine for 5 min. Then 1 nM. of tritiated SKF-
10047 was added to the reaction mixture and the reaction was
allowed to proceed at 22° for another 15 min. After sitting

on ice for 10 min. the samples were filtered through GF/C filters
which had been presoaked in tertiary amyl alcohol-saturated water
before use. Samples were then counted in a liguid scintillation
counter.

Pentazocine 1is one of the most potent inhibitors in this assay,
with IC50 of 85 nM. Tripelennamine was also examined in this
assay and found to be one-fifth as potent as SKF-10047 as an
inhibitor of specific SKF binding. The dose response curves of
these two drugs also appear to be parallel to each other. The
Hill coefficients of both curves were close to unity.

The affinities of various other antihistamines for the sigma
opioid receptors showed that in addition to tripelennamine,
many other HI-antihistamines were also potent ligands for the
psychotomimetic sigma opioid receptors, The most potent one
was promethazone with a KI of about 170 nM. Additionally,
choropheniramine, pyrilamine, and chlorcyclizine appeared to
be slightly more potent than tripelennamine.

The results so far appear to be consistent with a possible sigma
opioid receptor interaction of pentazocine and tripelennamine.
Also, consistent with the results of other investigators, this
potential opioid/antihistamine interaction does not appear to be
limited only to tripelennamine. Further studies with other
opioids and other types of antihistamines are presently being
pursued.
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Progress Report From the NIDA
Addiction Research Center,
Baltimore, Maryland

Donald R. Jasinski, John J. Boren, Jack E. Henningfield,
Rolley E. Johnson, W. Robert Lange, and Scott E. Lukas

This progress report summarizes four ARC studies that are of
interest to the Committee and its activities. These are: 1)
The abuse potential of T’s and Blues (pentazocine and tripel-
ennamine ) , 2) The abuse potential of THC and nabilone; 3) Stud-
ies on the use of buprenorphine in treating opioid dependence;
and 4) The effects of mecamylamine and nicotine chewing gum on
cigarette smoking and subjective response.

ABUSE POTENTIAL OF T’S AND BLUES

Within recent years, there has been concern over abuse of il-
licitly obtained mixtures of tripelennamine and pentazocine.
In the pattern of abuse reported, usually two tablets of pen-
tazocine (50 mg each) and one of pyribenzamine (50 mg) are
crushed and injected intravenously. The resulting effects are
described anecdotally as highly euphorigenic. The effects of
this mixture had been attributed to pentazocine: however, the
contribution of the tripelennamine being uncertain.

The present studies were done 1) to learn if tripelennamine
itself is a euphoriant and 2) to learn if tripelennamine en-
hances the euphorigenic activity of pentazocine or antagonizes
the dysphoric effect of higher pentazocine doses. This was
conducted as a crossover study in nine (9) volunteer opiate
abusers who were non-dependent at the time of the study. Drugs
were given in single doses intramuscularly under double-blind
conditions. Subjects participated at twice weekly drug inter-
vals with drug administrations according to a latin square
design. The nine drug treatments given to each subjects were:
1) placebo, 2) pentazocine 40 mg, 3) pentazocine 80 mg, 4)
tripelennamine 50 mg, 5) tripelennamine 100 mg, 6) pentazocine
40 mg and tripelennamine 50 mg, 7) pentazocine 40 mg and tri-
pelennamine 100 mg, 8) pentazocine 80 mg and tripelennamine 50
mg, and 9) pentazocine 80 mg and tripalennamine 100 mg. Stand-
ard measures for opioid-like effects including changes in pu-
pillary diameter, blood pressure, pulse, temperature and res-
piratory rate, the single dose opiate questionnaires and
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items from the MGB, PCAG and LSD scales (Jasinski, 1977) were
used to evaluate drug effects.

Subjects correctly identified placebo and discriminated the
various drug conditions from placebo. They identified penta-
zocine alone as well as tripelennamine alone predominantly as
an opioid. The mixtures were also identified as an opioid but
at a greater frequency than either of the drugs alone. The
onset, time to peak and duration of pentazocine and tripelenna-
mine were similar across all measures. Pentazocine alone and
tripelennamine alone produced significant responses on sub-
jects’ 1liking, MBG, PCAG and LSD scale scores. In addition,
both drugs raise systolic and diastolic pressure. Pentazocine,
but not tripelennamine, constricted pupils. On all measures
except pupils, the effects of tripelennamine and pentazocine
were additive . There was no evidence of synergistic activity.
The tripelennamine appeared to antagonize the miotic effects of
pentazocine.

From this data, it is concluded:

1. Tripellennamine was identified as an opiate and induced
euphoria in experienced substance abusers.

2. The combination of tripelennamine and pentazocine produced
greater subject 1liking and euphoria than that seen for
either drug administered alone.

3. Both tripelennamine and pentazocine raised the systolic and
diastolic blood pressure, the combination produced a great-
er hypertensive response, and this increase was at least
additive.

4. Pentazocine constricted pupils, tripelennamine did not;
however, in combination, pupillary constriction was slight-
ly antagonized.

5. Low doses of tripelemamine increased the euphoric effects of
pentazocine and decreased the dysphoric effects seen at the
higher dose. High doses of tripelennamine did not! appre-
ciably further increase the euphoria and did not attenuate
the dysphoria of high doses of pentazocine. The combina-
tion producing the greatest 1liking most closely approached
the mixture popular in the street (2:1, pentazocine to
tripelennamine) .

ABUSE POTENTIAL OF DELTA-9-TETRAHYDROCANNABINOL (THC) AND
NABILONE

Delta-9-THC is held to be the active ingredient of cannabis.
Oral preparations of THC and nabilone (a chemically related
cannabinoid) will be introduced into therapeutics as drugs for
eliminating the nausea and vomiting associated with cancer

70



chemotherapy (Lemberger 1980). Although the abuse potential
of cannabis 1s well recognized, there is less evidence demon-
strating an abuse potential for THC. First, THC is generally
not a reinforcer in operant paradigms (Harris et al. 1974).
Secondly, there is little epidemiologic evidence of abuse of THC
since it has not been widely available either illicitly or
licitly in pure form. The purpose of the present studies was
to develop and validate clinical pharmacologic methods to as-
sess the abuse potential of cannabinoids, THC and nabilone.
The methods used in this study were essentially similar to
those used in other single dose studies and were derived from
the methods for studying opioids. This investigation was con-
ducted in subjects with histories of multiple drug abuse in-
cluding cannabis smoking. It was conducted as a crossover
study under double-blind conditions in ten (10) volunteers.
The nine drug conditions were given according to a latin square
design. The drugs given at twice weekly intervals were: 1)
placebo, 2) morphine 15 and 30 mg subcutaneously, 3) THC 5, 10
and 20 mg orally, and 4) nabilone 2, 4 and 8 mg orally. These
drugs were given both double blind and double dummy. Cm one
occasion subjects smoked a standard NIDA marijuana cigarette
(1.5%) and completed the observations in a manner similar to
the other conditions. The non-blinded marijuana smoking condi-
tion was administered as one of the ten treatments in the latin
square. The physiologic measures included changes in pupil
size, standing and supine blood pressure and pulse and respira-
tory rate. The subjects also completed single dose opiate
questionnaires, the MBG, PCAG and LSD scales (Jasinski 1977),
and a new questionnaire inquiring of strength in terms of the
number of joints which they would have to smoke on the street
to provide an equal effect. Finally observers completed the
observers’ single dose opiate questionnaire.

Abuse Potential of THC

In these studies subjects correctly discriminated THC from
placebo and morphine and identified THC as marijuana. THC and
the marijuana cigarette both produced tachycardia and similar
types of subjective effects as indicated by drug identifica-
tions and patterns of signs and symptoms. The onset, time to
peak, and duration effects of THC were longer than effects
after the marijuana cigarette. Both THC and the marijuana
cigarette produced morphine-like euphoria as evidenced by in-
creased liking scores, and MBG scale scores. The peak euphoric
effect of THC and the marijuana cigarette were at maximum no
greater than that of 15 mg of morphine.

On the basis of these studies it is concluded that THC has an
abuse potential; however, the abuse potential may be less than
that of the marijuana cigarette because of the slower onset
after orally administered THC. Further, it is concluded that
valid clinical pharmacologic methods were developed to assess
the abuse potential of cannabinoids. This data further sug-
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gests that the major effects of smoking marijuana are probably
due to the action of THC.

Abuse Potential of Nabilone

The subjects did not discriminate between nabilone and THC.
All doses of nabilone produced tachycardia, in contrast to THC
in which only the large dose produced tachycardia in the supine
position. Nabilone and THC produced similar subjective effects
including euphoria. The onset and time to peak effects were
similar for nabilone and THC. The duration of effects after
nabilone was. significantly longer than after THC. Both nabi-
lone and THC elevated supine, systolic and diastolic blood
pressure. Nabilone is seven (7) times more potent than THC in
producing subjective effects as determined from wvalid relative
potency calculations; however, valid relative potencies could
not be obtained for the physiologic effects. On the basis of
these studies it is concluded that nabilone has an abuse poten-
tial of the cannabinoid type.

STUDIES ON THE USE OF BUPRENORPHINE IN TREATING OPIOID
DEPENDENCE

Studies were conducted to demonstrate the efficacy of sub-

lingually and parenterally administered buprenorphine in sub-
stituting for’ methadone and heroin and subsequently reducing
the intensity of withdrawal. Subjects were admitted to the
research ward and the transition from the maintenance methadone
or heroin to buprenorphine was done under double-blind, double-
dummy conditions. After a period of buprenorphine maintenance,

placebo was substituted for buprenorphine again under double
blind conditions. Throughout the study subjects were observed
for self-reported symptoms and measured signs of opioid absti-
nence (Jasinski 1977).

Sublingual Buprenorphine in Methadone Dependence

Six volunteer methadone maintenance patients were transferred
to a daily 2 mg sublingual dose of buprenorphine. The daily
maintenance doses of methadone for these subjects were 45, 45,
40, 30, 25 and 25 mg of methadone daily for a mean dose of 35
mg. Abrupt substitution of Dbuprenorphine for methadone was
followed by abstinence signs and symptoms of mild intensity
that appeared to peak about the third or fourth day and gradu-
ally diminish. When compared to wuntreated methadone with-
drawal, it was clear that suppression of abstinence occurred
with the substitution of huprenorphine. Thus, buprenorphine
administered sublingually substituted for and partially sup
pressed methadone withdrawal. The substituted buprenorphine
was administered for 28 days, and abruptly discontinued by
substitution of placebo. The abrupt substitution of placebo
for buprenorphine was followed by emergence of a mild with-
drawal syndrome which reached its peak in the third or
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fourth day and gradually receded. The comparison with the
control data from untreated methadone withdrawal indicates a
significantly attenuated withdrawal syndrome. However, when
compared with untreated buprenorphine withdrawal, the with-
drawal syndrome from substituted buprenorphine was significant-
ly greater.

Subcutaneously Administered Buprenorphine in Methadone
Dependence

Eleven methadone maintenance patients were abruptly transferred
to buprenorphine subcutaneously administered in doses of 2 n-g
daily. The daily maintenance doses of methadone were 60, 60,
60, 58, 55, 51, 50, 40, 30, 30 and 25 mg daily for a mean daily
dose of 47 mg. Abrupt substitution of subcutaneously given
buprenorphine for methadone is followed by abstinence signs and
symptoms of mild intensity that appeared to peak about the
third or fourth day and then gradually diminish and resembles
those seen after the substitution of buprenorphine by the sub-
lingual route.

Eight of these eleven subjects completed the protocol of double
blind buprenorphine administration. These eight subjects were
divided into two groups. Buprenorphine 2 mg subcutaneously
daily was administered to Group I and Group II for two and six
weeks respectively. Group I included three subjects maintained
on 60, 55 and 51 mg of methadone daily for a mean daily dose of
55 mg. Group II included five subjects previously maintained
on 50, 60, 58, 30, 30 and 25 mg of methadone daily for a mean
daily dose of 42 mg of methadone in these. The purpose of
these experiments was to test a hypothesis that the emergence
of abstinence in methadone maintenance patients after the dis-
continuation of substituted buprenorphine was due to the re-
emergence of methadone abstinence and to learn if a longer
period of buprenorphine administration was followed by a lesser
abstinence syndrome. The abstinence syndrome with both groups
was significantly less than untreated methadone withdrawal;
however, no significant difference could be demonstrated be-
tween the two groups suggesting that the withdrawal syndrome
was not merely the reemergence of methadone withdrawal.

Transition and Withdrawal Studies in Heroin-Dependent Patients

Fifteen (15) heroin-dependent. subjects were admitted to the
research ward and stabilized on 60 mg of morphine daily, admin-
istered as 15 mg subcutaneously at 6 a.m., 10 a.m., 4 p.m. and
10 p.m. After stabilization they were abruptly transferred to
buprenorphine under double dummy, double Dblind conditions.
Nine subjects were given sublingual buprenorphine in doses of 2
mg once daily for two weeks. Six other subjects were given
subcutaneous buprenorphine 2 mg daily for two weeks. Following
two and six weeks of buprenorphine administration there was
abrupt termination by the substitution of placebo. By both
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routes of administration, Dbuprenorphine substituted for and
suppressed the abstinence during the transition from morphine
to buprenorphine although there were mild signs of abstinence
which were transitory and were diminished by the first week of
abstinence. The abrupt withdrawal of the buprenorphine after
two weeks of administration was followed by the onset of a mild
abstinence syndrome which emerged on the second day of with-
drawal and reached its peak on the third and fourth day of
withdrawal. The syndrome diminished such that by 7 to 10 days
after withdrawal patients were back to baseline in terms of
self-report and subjective measures of abstinence. On the
basis of these studies as well as the previous data reported to
the Committee (Jasinski et al. 1982) it is concluded that
buprenorphine is a safe and effective agent to be used as a
detoxification and maintenance drug in opioid dependence.

THE EFFECTS OF MECAMYLAMINE AND NICOTINE CHEWING GUM ON
CIGARETTE SMOKING AND SUBJECTIVE RESPONSE

As reported previously, studies have revealed that nicotine 1is
a dependence-producing substance and shares characteristics
with prototypic substances of abuse. On the Dbasis of these
observations, it was decided to pursue studies to determine the
feasibility of chemotherapy for treatment of tobacco dependence
using the paradigm for treating opioid dependence as a model.
In addition, we reported that mecamylamine attenuates the re-
sponses to intravenous nicotine. This observation suggests
that mecamylamine can be used as a form of antagonist therapy
similar to naltrexone in opioid dependence. In these same
studies we found the intravenous self-administration of nico-
tine 1is dose-related, suggesting that pretreatment with nico-
tine suppresses subsequent nicotine self-injections in a manner
similar to methadone’s suppression of opioid self-injections in
maintained individuals. As a result, the current experiments
were conducted to assess the effects of mecamylamine and the
effects of nicotine-containing chewing gum (Nicorette) on
cigarette smoking behavior.

Effects of Mecamylamine

In accord with its action to attenuate the effects of nicotine,
it was hypothesized that acute mecamylamine pretreatment would
increase the rate of smoking. This was a collaborative study
with Maxine Stitzer, Johns Hopkins University. The subjects
were five female hospital employees without substance abuse
histories who participated five days weekly. Under double
blind conditions subjects were given mecamylamine 25, 5 and 10
mg or placebo at the start of each workshift. Each dose of
mecamylamine and placebo was administered four, times according
to a latin square sequence. Several measures of effects were
taken prior to the administration of mecamylamine or eight
hours after administration of mecamylamine; otherwise, the sub-
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jects performed their normal duties and were allowed to smoke
ad lib.

In accord with the hypothesis, the doses of mecamylamine in-
creased the number of cigarettes smoked, increased carbon mon-
oxide levels and increased verbal reports of less satisfaction
with the cigarettes. The conclusion of this study i1is that
mecamylamine pretreatment increased smoking behavior and that
mecamylamine in doses to 10 mg once daily is safe and tolerable
with minimal side effects.

Effects of Nicotine Chewing Gum

The experimental paradigm was similar to that for the mecamyla-
mine studies; however, these studies were conducted with post-
addict volunteers admitted to the research unit. A total of
six subjects were studied; however, data are presented from
only three of the six subjects. The Nicorette gum contained
0, 2 or 4 mg nicotine per piece of gum. The hypothesis was
that nicotine administered by this route should substitute for
and decrease cigarette smoking behavior. The nicotine
chewing gum in the two doses and placebo were administered
throughout the day according to a latin square design across
days. Within each day there were seven doses administered at
two-hour intervals. Several measures of cigarette smoking
behavior and subjective response were taken from 8:30 a.m. to
bedtime, which was approximately 16 hours. Data from these
three subjects clearly shows that the nicotine gum decreased
the number of cigarettes smoked, lowered expired air CO levels,
decreased the number of puffs and lessened verbal reports of
desire to smoke. On the basis of these studies it is concluded
that Nicorette chewing gum 1is an efficacious and safe means
of suppressing cigarette smoking behavior.

EEG Correlates of Nicotine-Induced Euphoria

We previously have reported that acute intravenous injections
of nicotine increased 1liking scores and produce euphoria.
Further, these effects have a rapid onset and short duration
(one to three minutes) to which acute tolerance develops. A
series of studies have been done in which EEG recordings have
been made from subjects during the i.v. injection of wvarious
doses of nicotine (0.5, 1.5 and 3 mg) and placebo. During the
experiment the subject moved a lever with his finger in one of
two directions to indicate when he felt euphoric or dysphoric,
respectively. Movement of the pen produced a deflection of an
event pen directly beneath the EEG tracings. The EEG activity
was quantified using computerized power spectral analysis. The
results of this study indicate that there 1is a dose-related
decrease in the EEG power and a shift to a faster alpha fre-
quency during euphoric episodes. It 1is suggested that this
phenonema may provide a basis for the development and assess-
ment of animal models of euphoria.
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Antitussive Potencies of I- and
d-Opiates and Their Inhibition of
Codeine Binding

Thuy T. Chau and Louis S. Harris

Introduction

We have previously reported that 1l-codeine was 6 times more
potent than d-codeine in suppressing the cough reflex in the
anesthetized cat (Chau and Harris, 1980). At the doses tested,
the 2 isomers did not cause any significant respiratory effect.
The blood pressure and heart rate were not affected by 1l-codeine
but were decreased by the d-isomer. The antitussive effects of
d- and 1-isomers of codeine were not antagonized by doses of
naloxone ranging from 1 to 10 mg/kg i.v. Naloxone by itself did
not affect the cough reflex. The lack of naloxone antagonism
was also shown in the guinea pig. 1-Codeine given s.c. (20-60
mg/kg) produced a dose-related antitussive effect. A very high
dose of naloxone (10 mg/kg s.c.) was required to partially block
the effect of 1-codeine in this series of preliminary studies.

in the tail-flick and hot-plate tests. d-codeine on the con-
trary caused hyperalgesia, convulsions and death at high doses
(100 mg/kg s.c. or p.0.). The analgesic effect of l-codeine was
antagonized by naloxone. 1-Codeine also inhibited The stereo-
specific binding of dihydromorphine although its inhibitory
potency was rather weak. It is known that codeine has only a
weak affinity for the mu receptors (Chaw-Pham et al., 1978).

The d-isomer was completely inactive up to 107* M.

We also showed the antinociceptive effect of 1-codeine in mice

Based upon those preliminary studies, we hypothesized that the
antitussive effect of opiates might be mediated by a subtype of
receptor which appeared to be non-stereoselective and Tess
naloxone sensitive than the already established opiate recep-
tors. We are now reporting the antitussive effects of the
optical isomers of some mu, kappa and sigma opiates and their in
vitro inhibitory potencies of °*H-codeine binding in the guinea
pig medulla.
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Methods

1. Effects on cough reflex, blood pressure, and heart rate

Cats weighing 3 to 4 kg were anesthetized with sodium
pentobarbital 35 mg/kg i.p. The cough reflex was initiated by
manual stimulation of the pharynx or Tower part of the trachea
with a probe through a small slit made in the trachea. The
respiration rate, normal amplitude and the amplitude produced by
the cough reflex were measured by a pneumograph and recorded on
a polygraph. The control cough amplitude was initiated several
times prior to the i.v. injection of the drug into the femoral
vein. A decrease of the cough amplitude upon drug administra-
tion at different time points was defined as percent inhibition
of the cough reflex. Different doses of each isomer were given
and 3 cats were used for each dose. The Litchfield-Wilcoxon
method gave the EDsy expressed as base and the 95% confidence
Timits.

In other experiments 1 mg/kg of naloxone HCI1 was given i.v. to
the cat 3-5 min prior to an EDg dose of each drug. Two or
three cats were used to investigate the antagonistic effect of
naloxone upon each antitussive compound. The possible
antagonism of 1-codeine hydrochloride (1 mg/kg) or l-morphine
sulfate (Img/kg) by 1-SKF 10,047 (3 mg/kg), d-SKF 10,047 (3
mg/kg), by the ED,, dose of 1- or d-cyclazocine, and by the ED
dose of (+) ketocyclazocine in the-anesthetized cats was also
investigated using 2 cats per drug combination.

2. Inhibition of the saturable binding of (-)-*H-codeine in

the guinea pig medulla

The method was essentially that previously described (Chau
et al., 1982). Several final concentrations of 1- or d-opiates
ranging from 107'° to 10°* M were tested for their inhibitory
effect on (-)-’H-codeine saturable binding. The saturable
binding is defined as the difference between (-)-’H-codeine
binding in the presence or absence of cold (-)-codeine. The
protein content in the homogenate was determined by the method
of Lowry et al. (1951) and the results of (-)-°H-codeine
saturable binding expressed as pmoles/mg protein. The IC;, of
each drug, concentration which inhibited the saturable binding
of (-)-°H-codeine by 50%, was determined by Tlog probit analysis.
Each ICsy was repeated 3 times for reproducibility.

Results and Discussion
. . . F . ical i ¢
sigma agonists

The results are presented in Table 1.
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Table 1

Antitussive Potencies of 1- and d-Opiates
in the Cat-

ED., (95% C.L.)

Drugs mg/kg i.v base
1-Codeine 0.27 (0.14 - 0.47)
d-Codeine 1.61 (0.98 - 2.65)
1-Morphine 0.24 (0.13 - 0.43)
d-Morphine 0.18 (0.08 - 0.40)
1-Methadone 0.058 (0.035 - 0.098)
d-Methadone 0.84 (0.40 - 1.73)
Levomethorphan 0.51 (0.21 - 1.25)
Dextromethorphan 1.21 (0.61 - 2.4)
1-Cyclazocine 0.32 (0.20 - 0.50)
d-Cyclazocine 1.57 (0.79 - 3.12)
(+)-Ketocyclazocine 0.30 (0.16 - 0.50)
1-SKF 10,047 Inactive up to Tethal dose
d-SKF 10,047 Inactive up to 5 mg/kg

a) N + 3 to 4 cats per dose

b) The cats were anesthetized with pentobarbital 35 mg/kg
i.p

c) The cough reflex was induced by manual stimulation of
the trachea with a blunt probe.

In our study, we found that, in general, except for mor-
phine, the l-opiates were more potent than the d-isomers but
that these differences were much smaller than those found for
the other opiate-like pharmacological actions. The optical
isomers of the mu and kappa type of opiates exhibit strong cough
suppressant effect, whereas the isomers of the purported sigma
opiate SKF 10-047 are inactive up to high doses for the d-isomer
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and up to Tethal doses for the 1-isomer. This suggests, at
first, that the antitussive effects of opiates may involve both
the mu and kappa types of opiate receptors. The fact that both
optical isomers have cough suppressant effects suggests that
another type of receptor yet may be involved in this effect and
exhibit a lesser degree of stereoselectivity than the analgesic
receptors as evidenced by the Tow potency ratio between the 1-
and the d-isomers. Furthermore, the differences in naloxone
sensitivity of the opiates with respect to their antitussive
effects as shown in Table II also suggest that the antitussive
receptor(s) may be distinct from the analgesic receptors. It is
indeed puzzling that naloxone (1 mg/kg i.v.), in our studies,
antagonizes the cough suppressant effect of the optical isomers
of all the mu agonists except d- and l-codeine. Smaller doses
of naloxone also completely antagonize 1-morphine while much
larger doses of the antagonist fail to block d- or 1-codeine.

It is very conceivable that there is more than one mechanism by
which opiates exert their antitussive effects. The different
degrees of naloxone sensitivity are also evidenced by the
optical isomers of cyclazocine and the racemic mixture of keto-
cyclazocine which are only partially antagonized by naloxone.

2. Interaction between mu, kappa, and sigma agonists in the
suppression of the cough reflex in the cat.

(t)-Ketocyclazocine has been postulated to be a kappa
agonist (Martin et al., 1976) and cyclazocine, a mu antagonist
and mixed kappa and sigma agonist (Gilbert and Martin, 1976).

In our studies, l-cyclazocine does not antagonize the anti-
tussive effects of 1-codeine but blocks that of morphine, be-
having Tike naloxone (Table III). (%)-Ketocycazocine on the
contrary partially blocks codeine but not morphine. The in-
volvement of the kappa and mu types of opiate receptors needs
further investigation. The sigma receptors do not appear to be
involved in the cough suppressant effect of opiates as evidenced
by the inactivity of the optical isomers of SKF 10,047. It is
interesting, however, that 1-SKF 10,047 behaves Tlike naloxone in
our antitussive model in agreement with suggestion from other
investigators that 1-SKF 10,047 may be the mu antagonist whereas
d-SKF 10,047 may be the sigma agonist (Brady et al., 1982).

The hypothesis that opiates or at least codeine exert their
antitussive effects via non-stereoselective and Tess naloxone-
sensitive receptor(s) is verified by our in vitro studies. Both
opitical isomers of the mu opiates tested in these studies
inhibit the saturable binding of (-)-codeine in crude guinea pig
medulla homogenates. A good correlation exists between their in
vivo antitussive potencies and their in vitro inhibitory effect
on codeine binding. This suggests that the codeine binding
sites in our studies may be one of the antitussive sites but a
solid evidence of the Tatter remains to be established. The lack
of stereoselectivity of the hypothetical antitussive sites is
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also demonstrated by the isomers of kappa opiates, in both in
vivo and in vitro studies. It is, however, interesting to note
that the kappa opiates are more potent than the mu opiates in
displacing (-)-codeine from its binding sites, suggesting a
strong involvement of the kappa sites for which ketocyclazocine
and cyclazocine have a greater affinity.

Table 1II

Effects of Naloxone HC1 on the Antitussive
Potencies of d- and 1-Opiates in the Anesthetized Cat®

Dose ED¥, % Inhibition of the Cough
Drug mg/kg i.v. base WD/Naloxone  W/Naloxone(®)
1-Codeine 0.67 84 84 (d)
d-Codeine 2.5 84 80 (d)
1-Morphine 0.43 90 0
(c)
d-Morphine 0.43 89
0 ()
1-Methadone 0.18 94
0 (c)
d-Methadone 1.8 74
0 (c)
Levomethorphan 1.0 78 13
Dextromethorphan 2.1 82 7
Ketocyclazocine 0.5 80
48 (c)
1-Cyclazocine 0.5 82
54 (c)
d-Cyclazocine 3.0 92 44

a) N=2to3

b) Naloxone HC1 1 mg/kg i.v. given to 3.6 min prior to the
antitussive opiate.

c) With Naloxone HC1 0.2 mg/kg.

d) Naloxone 10 and 20 mg/kg i.v. did not antagonize 1- or
d-codeine.
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Table II1I

Interaction Between Mu, Kappa, and Sigma Agonists in the
Inhibition of the Cough Reflex in the Anesthetized Cats N=2

First Drug Second Drug % Inhibition of
(mg/kg i.v. base), (mg/kg i.v. base) the Cough Reflex
1-SKF 10,047 (3.0) 1-Codeine (0.75) 80
1-SKF 10,047 (3.0) 1-Morphine (0.43) 10
d-SKF 10,047 (3.0) 1-Codeine (0.75) 80
d-SKF 10,047 (3.0) 1-Morphine (0.43) 100
Ketocyclazocine (0.1) 1-Codeine (0.75) 47
Ketocyclazocine (0.1) 1-Morphine (0.43) 88
1-Cyclazocine (0.2) 1-Codeine (0.75) 86
1-Cyclazocine (0.2) 1-Morphine (0.43) 34
d-Cyclazocine (1.0) 1-Codeine (0.75) 94
d-Cyclazocine (1.0) 1-Morphine (0.43) 88

The two drugs in each combination were given 3-6 min apart.
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Table IV

In Vivo and In Vitro Studies

EDso(a) ICs0(b)

Drugs (mg/kg i.v. base) (-)Codeine (nM)
1-Methadone 0.06 1.2
d-Morphine 0.18 6.7
1-Morphine 0.24 8.4
1-Codeine 0.27 5.3
Ketocyclazocine 0.30 1.17
1-Cyclazocine 0.32 1.08
Levomethorphan 0.51 5.4
d-Methadone 0.84 24.0
Dextromethorphan 1.21 25.0
d-Cyclazocine 1.57 6.7
d-Codeine 1.61 40.5
Naloxone T 8% at 10° M
a) Antitussive effects in the anesthetized cats.

b) Inhibition of (-)-°H-Codeine binding in the crude
homogenate of the guinea pig lower brain stem (1 x 108 M).

rl = 0.65 at 5% level (all opiates included).
r2 = 0.87 at 1% level (kappa opiates not included).
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Inhibition by Adenosine Analogs
of Opiate Withdrawal Effects

John F. Tucker, Neil T. Plant, Alexa von Uexkdull, and
Harry O. J. Collier

SUMMARY

The stable derivatives of adenosine, 2-chloroadenosine and NG
cyclohexyladenosine, with high affinity for the A, (Ri) adenosine
receptor, suppress the naloxone-precipitated withdrawal contrac-
ture of the opiate-dependent guinea-pig ileum in vitro. These
adenosine derivatives also 1inhibit naloxone-precipitated Jjumping,
diarrhea and weight-loss 1in morphine-dependent mice. This effect
was not due to sedation, since (i) 2-chloroadenosine was effec-
tive at a non-sedative dose and (ii) sedative doses of chlordiaze-
poxide were ineffective.

INTRODUCTION

The final cholinergic motoneurone of the myenteric plexus of
guinea-pig ileum possesses specific receptors for adenosine
(Paton, 1981; Moody and Burnstock, 1982), whose activation in-
hibits the release of acetylcholine from the terminal (Vizi
and Knoll, 1976; Gustafsson et al. 1978; Hayashi et al. 1978).
Since adenosine thus resembles'opiates and alpha-adrenoceptor
agonists, it may be expected in the ileal model also (i) to
induce dependence, as do normorphine (Collier et al. 1981b) and
clonidine (Collier et al. 198la) and (ii) to inhibit the opiate
withdrawal effect, as does clonidine (Collier et al. 198la). We
have recently reported that adenosine and 2-chloroadenosine (2-
CA) induce dependence in the isolated ileum (Collier and Tucker,
1983). We report below that 2-CA and Nﬁ—cyc]ohexy]adenosine
(CHA), which resist the rapid enzymatic destruction to which
adenosine is subject, readily inhibit opiate withdrawal effects,
both in vitro and in vivo.

METHODS

Guinea-pig ileum in vitro
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Dependence was induced by incubating pieces of ileum with 10°°M
normorphine in Krebs solution containing 7 x 10 °M hexamethonium
for 18-24h at 4°C, as previously described (Collier et al, 198lb;
Collier & Tucker, 1983). Test and control preparations from the
same animal were then set up in pairs at 37°C in a solution of
the same composition as used for incubation at 4°C and aerated
with 5% CO, in 0,, for isometric recording of contraction of the
longitudinal muscle. Withdrawal was precipitated 25-30 min after
setting up at 37°C by challenge with 3 x 10 M naloxone. Test
preparations were treated with 107’M 2-CA, 1 min before challenge
or with 10 /M CHA, 2-3 min after challenge. After the response
to naloxone had been recorded, responses to electrical stimula-
tion (supramaximal voltage; 0.5 ms pulse width; 0.1 Hz) and to
acetylcholine were recorded. The withdrawal contracture was ex-
pressed as a percentage of the maximal response to acetylcholine.

Mouse in vivo

Using male LACA mice, one 35 mg pellet of morphine was implanted
subcutaneously into each mouse, anesthetized with ether. Three
days later, mice were treated i.p. with 2-CA, CHA, chlordiaze-
poxide (CO) or saline, and 25 min later, they were challenged with
1 mg/kg i.p. naloxone. The number of jumps was recorded for 15
min after challenge and the presence or absence of diarrhea re-
corded at 30 min. Before challenge, and 20 min later, the mice
were weighed. In other experiments, 30 min after treatment with
2-CA or CD, opiate-naive mice were run on a conical rota-rod with
spiral walls, and their performance measured by the lateral dis-
tance that they, travelled before they fell. Treatments were coded;
and the animals' responses were recorded by an observer who did
not know what treatment each mouse had received.

Materials

The drugs used were: acethylcholine chloride (BDA), adenosine
(Sigma), chlordiazepoxide (Roche), 2-chloroadenosine (Sigma),
N®-cyclohexyladenosine (Calbiochem), hexamethonium bromide (Koch-
Light), morphine (May & Baker), naloxone hydrochloride (Endo) and
normorphine (Wellcome).

RESULTS

ITeum in vitro

Using preparations not previously incubated at 4°C, we obtained
the following mean values = s.e.m. for the concentration required
to inhibit by 50% the electrically evoked contraction (acute 1C
50): adenosine 1.7 + 0.3 x 10 °M; 2-CA, 5.4 = 0.7 x 10 °M; CHA,
7.2 £ 0.8 x 10°°M.

In normorphine-dependent preparations, 2-CA, given before naloxone

challenge, almost completely prevented the occurrence of a with-
drawal contracture (Fig. 1). After 2-CA, as expected, responses
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to electrical stimulation were depressed, but those to acetylcho-
line were unchanged. Figure 2 shows that CHA, given 3 min after
naloxone challenge, Tlargely suppressed an existing withdrawal
contracture.
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FIGURE 1. Prevention by 2-Chloroadenosine (2-CA) of Withdrawal
Contracture Precipitated with Naloxone (Nx) in Guinea-pig Ileum
in vitro.

Pieces of ileum were incubated in 10°° M normorphine for 18-24 h
at 4°C and for 30-40 min at 37°C. ES, electrical stimulation
with 0.5 ms pulses at 0.1 Hz; ACh, acethylcholine; *p<0.01 for
differences between mean responses of test and control prepara-
tions (n=10 pairs).
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FIGURE 2. Suppression by Nﬁ—Cyc]ohexy]adenosine (CHA) of With-
drawal Contracture Precipitated with Naloxone in Guinea-pig
ITeum in vitro. Details as in Fig. 1

Mouse in_ vivo

In total, 137 morphine-dependent mice were used in experiments
with 2-CA, CHA and CD., Table 1 shows that 2-CA and CHA at low
doses significantly inhibited withdrawal jumping, diarrhea and
weight-Toss; whereas CD was ineffective. In about half the de-
pendent mice treated with CD, and in a few mice treated with 2-
CA, CHA or saline, the jumping response to naloxone was replaced
by a writhing response, with associated suppression of jumping.
These animals were excluded from the counts of jumping in Table 1.

The lowest dose of 2-CA effective in inhibiting withdrawal re-
sponses in dependent mice (0.2 mg/kg i.p.) did not significantly
worsen the rota-rod performance of opiate-naive mice (Figure 3).
It may be noted that all doses of CHA completely suppressed with-
drawal diarrhea. In general, the effects of the adenosine deri-
vatives were dose-related, but a kink in the Tower part of the
dose-response Tines consistently occurred.
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TABLE 1. Inhibition with 2-Chloroadenosine (2-CA) and N6—Cyc1o—
hexyladenosine (CHA) of Withdrawal Effects Precipitated with
Naloxone 1in Morphine-Dependent Mice.

Drug Dose n No. of jumps/ Incidence of Weight-Tloss
(mg/kg i.p.) 15 min £ SE diarrhea (%) (mg+SE)
Control 25-27 214 £ 17 85.2 750 + 67
2-CA 0.2 14 106 + 29** 28.6%* 441 + 62*
0.5 22 113 £ 9** 50.0% 641 £ 94
1.25 9-10 70 £ 12%* 10.0* 286 £ 72 **
3.125 14 32 & 7F* 21.4% 191 + 45%*
CHA 0.5 6 77 £ 25%* 0* 143 £ 76%*
1.25 8 84 + 10** 0~ 341 £ 79**
3.125 6-7 35 & 12%* 0* 63 £ 32%*
Ch 5 8-14 285 + 42 57.1 601 = 94
12.5 8.15 210 £ 15 80.0 789 * 130

* P<0.01; ** P<0.001: for significance of difference from
control value.

DISCUSSION

These experiments show that 2-CA and CHA potently inhibit opiate
withdrawal effects both in vitro and in vivo. The effect in vivo
was not due to sedation, since (i) 2-CA was effective at a non-
sedative dose and (ii) sedative doses of CO did not inhibit
withdrawal responses. If opiate dependence develops in vivo, as
it probably does in vitro, in neurones bearing opioid receptors
(Collier, 1980), this finding suggests that the neurones in-
volved also bear receptors for adenosine, the activation of

which would produce effects comparable to those of activating
their opioid receptors.

That 2-CA and CHA potently and effectively inhibit opiate with-
drawal effects raises the question: would these or other adeno-
sine derivatives be useful in the clinical management of opioid
withdrawal? This question generates a need for further experi-
ments on these two compounds in dependent mice to determine

(i) their side-effects and therapeutic ratios and (ii) their
efficacy relative to clonidine. A second question also arises:
would these adenosine derivatives themselves produce dependence
in vivo, as 2-CA is known to do in vitro (Collier and Tucker,
1983). If so, would this be accompanied by drug-seeking be-
haviour? It seems unlikely, however, that the adenosine
derivatives would produce drug-seeking behaviour, because the
adenosine antagonist, caffeine, 1is euphorigenic.
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That, in some mice, treatment with CD converted a precipitated
withdrawal response of jumping to one of writhing is remini-
scent of the observation that these two withdrawal effects
appear to be mutually exclusive in morphine-dependent rats
(Blasig et al. 1973).
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FIGURE 3. Dose/Response Lines of 2-CA and CD for Performance on
the Rota-rod. Thirty minutes after drug treatment, mice were
run on a spiral rota-rod. Performance was measured by the
lTateral distance that the mice traveled along the rota-rod
before they fell off.
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Abuse Liability and Behavioral
Toxicity Assessment:

Progress Report From the Behavioral Biology
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School of Medicine
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G. E. Bigelow, H. H. Emurian, S. E. Lukas, N. A. Ator,
M. J. Nellis, R. L. Ray, G. D. Pearlson, I. A. Liebson,
F. Funderburk, D. R. Jasinski, J. Henningfield, and
R. E. Johnson

A. ntroduction

The initial report on the Johns Hopkins program presented at the
44th Annual Scientific Meeting of the Committee on Problems of Drug
Dependence in Toronto, Canada, in June, 1982 summarized over a
decade of progress in drug abuse 1iability assessment with
laboratory baboons focused wupon both drug self-administration
procedures and sensory-motor psychophysical methodologies to
evaluate the reinforcing properties and behavioral toxicology of
chemical agents (Brady and Griffiths 1983). Against this back-
ground emphasizing the relationship between the reinforcing
properties of drugs, on the one hand, and their behavioral effects,
on the other, the present report will focus upon the progress made
over the past year in such animal and human Taboratory assessments
with PCP analogues, both short- and long-acting benzodiazepines, and
the somewhat "softer" drugs of abuse, caffeine, nicotine, and
marijuana. Additional studies described in other sections of this

volume (Stitzer et al., this volume; McCaul et al., this volume;
Ensminger et al., this volume; Griffiths et al., this volume;
Preston et al., this volume) augment this report of progress from

the Johns Hopkins and Baltimore City Hospital drug abuse research
programs 1in areas related to the sedative/anxiolytics and opiate
agonist/antagonist compounds.

B. Phencyclidine Analogue Self-Administration in laboratory
Baboons

Consistent with the substantial body of knowledge demonstrating

that animals will self-administer drugs that are abused by humans
(Griffiths et al. 1979, 1980; Johanson and Balster 1978), PCP has
been shown to be self-injected by monkeys (Balster et al. 1973;
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Pickens et al. 1973), dogs (Jasinski et al. 1979), and rats

(Carroll et al. 1981). In addition, studies on the structure-
activity relationships of PCP analogues have demonstrated a good
correlation between receptor binding potencies and pharmacological

effects (Kalir et al. 1969, 1978; Vincent et al. 1979). The
present study was undertaken in order to assess the reinforcing
properties of PCP and four analogues 1in baboons under relatively
larye fixed-ratio schedules (i.e., fixed ratio 160) and during 24
hr access to the drugs. In addition, the effects on food intake,

as a possible measure of anorexia and/or behavioral toxicity, were
characterized.

Eight male baboons (Papio anubis) weighing 18-28 kg served as
subjects, wusing a harness-tether restraint system (Lukas et al.
1982) to protect surgically implanted venous silastic catheters
(Lukas 1983). Drug injection was available upon completion of a
160 response fixed ratio requirement on a Lindsley lever with a
3-hr time out period following each injection, permitting a maximum
of 8 injections per day. Self-injection performance was first
established with cocaine at a dose of 0.32 mg/kg. After 3
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 the cocaine for a period of 15 days. Cocaine was
then reinstated, and when the criterion of 3 consecutive days of
six or more injections per day had been met (typically 3-5 days),
another dose of a test drug was substituted.

The following drug doses expressed as mg/kg/injection of the salt
were studied: ~cocaine hydrochloride (0.32), phencyclidine
hydrochloride (0.01, 0.032, 0.1, 0.32), ketamine hydrochloride
(0.01, 0.032, 0.1, 0.32, 1.0), N-methyl-l1-phenylcyclohexylamine
hydrochloride or NMPCA (0.0032, 0.01, 0.032, 0.1, 0.32). 1-(n-
butyl)-1-phenylcyclohexylamine hydrochloride or NNBPCA (0.01,
0.032,0.1, 0.32, 1.0), and 1-(1-(2-thienyl) cyclohexyl)
pyrrolidine hydrochloride or TCPY (0-01, 0.032, 0.1, 0.32). The
vehicle for NNBPCA was 0.5% ethanol in 0.9% NaCl; the vehicle for
all other drugs was 0.9% NaCl.

Figure shows the mean number of injections during the Tast 5 days
for PCP, ketamine, NMPCA, NNBPCA, and TCPY. Cocaine generally
maintained self-injection levels of 7-8 injections per day while
values for vehicle were in the range of 0-3 per day. Low doses of
all drugs were associated with self-injection Tlevels similar to
vehicle control; increasing doses were generally associated with
increasing numbers of injections per day. These relationships
observed with number of injections per day also generally held true
for response rates. Response rates for vehicle and low doses of
all drugs were typically in the 0.003-0.006 res/sec range.
Response rates increased to 0.25-0.45 res/sec as the dose was
increased for all compounds except TCPY which were approximately
0.07 res/sec. The maximal rates of responding maintained by PCP
and its analogues were similar to those maintained by cocaine (0.32
mg/kg). As measured by the number of injections per day, PCP was
1.3 to 1.4 times more potent than TCPY and NMPCA, 3 times more
potent than NNBPCA, and 15 times more potent than ketamine.
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FIGURE 1. Mean number of injections per day main-
tained by PCP, ketamine, NNBPCA, NMPCA, and TCPY.
Y-axis: injections per day; X-axis: dose (mg/kg/
injection, log scale. C indicates mean of all 3-day
periods with cocaine that immediately preceded every
substitution of a drug dose or vehicle. V indicates
mean of the Tast 5 days after substitution of the
drug vehicle. Drug data points indicate mean of the
last 5 days after substitution of a drug dose.

Lines connect means at indicated doses of drug.

C. Sensory/Motor Effects of Chronic Diazepam Administration

Previous reports of a procedure for determining behavioral toxicity
using a reaction time (RT) methodology with 1laboratory baboons
(Brady et al. 1979; Hienz and Brady 1981; Hienz et al. 1981; Brady
and Griffiths 1983) have focused upon sensory and motor effects
following acute administration of a range of drugs. Dose-dependent
elevations 1in both visual and auditory thresholds as well as
increases 1in response latencies following single doses of diazepam
have been described, and studies conducted over the past year have
provided an extended analysis of chronic diazepam administration in
relationship to such psychophysical effects. The procedures for
determining such sensory/motor toxicity involved training baboons
to press and hold a Tever until presentation of a sound burst or
light flash signalled availability of food delivery contingent upon
lever release (e.g., reaction time paradigm). Auditory and visual
thresholds were determined in separate sessions by randomly varying
the intensity of the test stimuli from trial to trial in accordance
with the method of constant stimuli, and examining detection
frequencies at each intensity. Drugs were administered intra-
muscularly (i.m.) immediately before each experimental session,
followed by 15 minutes of dark adaptation and 15 minutes of
"warm-up" on the reaction time task before threshold determination

was begun.
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Figure 2 presents changes 1in visual thresholds (top) and median
reaction times for visual stimuli (bottom) over 21 consecutive days
of daily 1i.m. administration of 0.32 mg/kg diazepam, and for the
following days of saline administration. Successive within-session
estimates of visual thresholds and median reaction times are
plotted for each session, and these within -session points are
connected with solid Tines for drug days, and with dotted Tines for
saline days. Thus each series of two to five connected data points
represents one day's data for changes in visual threshold (top
graph) and changes in visual reaction time (bottom graph). Day 1
shows the acute effects of 0.32 mg/kg diazepam on visual reaction
time, a small but consistent increase in reaction time, with no
apparent changes in visual thresholds. Tolerance to the drug's
effects on reaction times developed gradually, and by Day 6
reaction times were back to normal values. Starting at Day 15 an
anomalous decrease 1in visual reaction times occurred, possibly
related to the appetite-inducing properties of the drug (we have
previously shown that Targe changes 1in deprivation can shift
baseline reaction times). Diazepam was withheld from the animal
starting on Day 22, and reaction times then approximated normal
values, although the within-session variability increased
considerably during the withdrawal period. Visual thresholds
continued to show 1little change.

¢ - DIAZEPAM e 032 n?o_lﬁ
%i-z , v SALINE
Qg - oo

weha Aot At e e tin” T':-;'-'\\v_’t -t se 'A\
§§ E \[J W V\l\-’\ A 1\,‘ \\v ‘V4 iy "‘"k""."/f.:'»"h’
< 3 — T T T T T T T
g

80
48 4

=} / rid
v, s i
LT PERE Fp

-24

VISUAL REACTION TME CHANGE
(meec)
o
L

5 I Ivo "B 2‘0 2‘5 30 as
SUCCESSIVE TRIAL BLOCKS

FIGURE 2. Changes in visual thresholds (top graph) and
visual reaction times (bottom graph) over 21 consecutive
days of daily i.m. administration of 0.32 mg/kg diazepam,
and for subsequent days of saline administration.
Threshold and reaction time changes from baseline are
plotted for each successive block of trials within each
session, and within-session points are connected by solid
lines on drug days, and by dashed Tines on saline days.
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This general picture of reaction time effects, the development of
tolerance to these effects, and highly variable changes in reaction
times during withdrawal, became magnified at the daily dose of 1.0
mg/kg diazepam shown in Eigure 3. Again, visual thresholds showed
Tittle or no change during either drug administration or withdrawal
periods, while the 1initial effect of this dose of diazepam on
reaction time was slightly greater, with tolerance to this
reaction-time-increasing effect developing over 10 days as compared
to 6 days for the 0.32 mg/kg dose. When the drug was stopped,
reaction times showed a progressive and dramatic increase that
peaked at Day 10 following cessation of the drug, with a gradual
recovery following. Again, during this withdrawal period the
variability of within-session estimates of reaction times was
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FIGURE 3. Changes in visual thresholds (top graph) and

visual reaction times (bottom graph) over 21 consecutive
days of daily i.m. administration of 1.0 mg/kg diazepam,
and for subsequent days of saline administration.

Further description as in Figure 2.

Increasing the dose again to 3.2 mg/kg diazepam produced even more
dramatic effects on visual reaction times. The cumulative effects
of the drug on reaction time peaked at Day 2, while the first clear
effects on visual thresholds occurred on Days 4 and 5. Initial
recovery from the reaction time effects was evident by Day 6, but
not completed until Day 21. Stopping drug administration again
produced an immediate effect wupon reaction time, with complete
recovery from this effect not occurring for the 19 days shown after

drug administration was stopped.
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D. Relationship between Reinforcing Properties and Sensory/Motor
Toxicity of CNS Stimulants and Depressants

In a previous report (Brady et al. 1983), comparisons between the
relative potency of a drug as a reinforcer maintaining self-
administration, on the one hand, and 1its relative potency as
regards disruptive effects upon sensory and motor functions, on the
other, were described in terms of a "reinforcement/toxicity ratio."
The reinforcing properties of three barbiturates (amobarbital,
pentobarbital, secobarbital) and two dissociative anesthetics
(ketamine and PCP), were determined using the procedure described
in section B above. The same drugs were also evaluated to
determine the «criterion dose which produced a 50% change in
auditory and/or visual thresholds, and/or a 10% change in motor
reaction time using the procedures detailed in section C above.
Over the past year, additional reinforcement/toxicity ratios have
been determined for a short- (triazolam) and a long- (diazepam)
acting benzodiazepine and for the stimulant d-methylamphetamine.

Figure 4 summarizes in graphic form the relationship between the
criterion sensory and motor change doses and the criterion self-
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FIGURE 4. Relationship between criterion sensory and
motor toxicity doses and criterion self-administration
doses for three barbiturates, two benzodiazepines,

two dissociative anesthetics, and a stimulant. The
broken diagonal Tine represents equality between the
reinforcing and toxic doses.
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administration dose for the five previously reported compounds and
the three drugs added over the past year. With the broken diagonal
line representing equality between the reinforcement and toxic
doses, all three barbiturates, the short-acting benzodiazepine
triazolam, and d-methylamphetamine are characterized by ratio
values which fall above the diagonal, indicating that the doses
which produce disruptive sensory/motor changes are generally higher
than the doses required to maintain self-administration of these
compounds. There 1is also a consistent relationship between the
sensory and motor effects of these compounds which is also shared
by the long-acting diazepam in that the motor effects appear at
lower doses than the sensory effects. In' the case of diazepam,
however, the disruptive motor effects (i.e., slowed reaction times)
appear at doses below those required to maintain self-
administration as indicated by the reaction time value falling well
below the diagonal T1ine. In the <case of both dissociative
anesthetics, ketamine and PCP are readily differentiated by the
consistent appearance of sensory changes at doses below those which
produce motor effects, while PCP appears unique among the compounds
thus far studied in that both the sensory and motor change values
fall below the diagonal, indicating that the doses required to
maintain self-administration are generally higher than the doses
which produce significant behavioral toxicity.

e . - ) ) p . 1 Subi ) Eff
in Humans

A study with 14 outpatient volunteers with histories of
recreational benzodiazepine use compared the effects of diazepam
(0, 10, 30, and 40 mg) and lorazepam (0, 1.5, 3, and 6 mg) on a
series of performance (digit symbol substitution, saccadic
fixation) and subjective self-report (drug 1iking scale) tasks.
Drugs were administered double blind over 4 test days (one each for
the above indicated 4 doses) with experimental sessions for both
drug groups (i.e., diazepam and lorazepam) separated by at Teast
one week.

The dose-related changes in performance and subjective self- report
of drug 1liking were generally similar for the two drugs. The
higher doses of both diazepam and Tlorazepam were associated with
higher drug liking scores and with larger decrements on psychomotor
performance and digit symbol substitution tasks. Lorazepam proved
to be significantly more potent than diazepam, however, with 6 mg of
lorazepam having consistently more marked effects than 40 mg of
diazepam. Lorazepam also tended to produce effects of longer
duration than diazepam. EFigure 5 presents illustrative results on
a psychomotor performance task. These results demonstrate that the
magnitude and duration of benzodiazepine effects can be
differentiated by such performance and subjective self-report
measures, and that the direction and extent of these changes are
not predicted by the fact that lorazepam is more rapidly eliminated
than diazepam.
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FIGURE 5. Effects of oral doses of Tlorazepam
and diazepam on a circular Tights psychomotor
performance task.

A second study completed over the past year with an additional
twelve human volunteers with histories of sedative drug abuse
compared the effects of diazepam and oxazepam on psychomotor
performance and subjective self-report measures. Drugs were
administered orally every third day under double-blind conditions
with the order of the drugs counterbalanced over the dose range for
10-160 mg for diazepam (i.e., 0, 10, 20, 40, 80 and 160 mg), and
30-480 mg for oxazepam (i.e., 0, 30, 60, 120, 240, 360 and 480 mg).

Area under the curve (AUC) analysis showed diazepam was 2.6 to 5.7
times more potent than oxazepam on a variety of psychomotor,
behavioral, and subjective self-report measures. Comparison of
relative potencies across measures showed diazepam to be relatively
more potent 1in producing Tiking than in producing psychomotor and
behavioral effects. Diazepam produced greater peak effects than
oxazepam on a numper of staff- and subject-rated measures,
including Tiking. Analysis of time course showed that onset of
effect was more rapid and time to maximal effect was shorter (1-2
hr vs. 4-12 hr) with diazepam than oxazepam, while time to offset
of effect was similar for the two drugs. Diazepam was categorized
as producing barbiturate-like subjective effects (38.3%) more
frequently than was oxazepam (13.8%), while oxazepam was identified
as placebo more often than diazepam. Repeated administration of
160 my of diazepam and 480 mg oxazepam showed that AUC 1iking was
greater for diazepam than oxazepam, and that tolerance to
psychomotor and behavioral effects occurred with oxazepam but not
diazepam. This study suggests that diazepam may have a higher
abuse Tiability than oxazepam.

99



F. Human Residential Programmed Environment Studies of Caffeine
Nicotine, and Marijuana Use

These studies are being conducted in a self-contained human
programmed laboratory environment which has been previously
described 1in detail (Brady et al. 1975), and which provides
accommodations for small groups of three or more human volunteer
research participants during periods of continuous residence from
several days to several weeks. The overall floor plan of the
laboratory and its arrangement within the external building shell
are illustrated in Figure 6. The three identical private

FIGURE 6. Diagrammatic representation of the overall
floor plan of the Taboratory and its arrangements
within the external building shell.

rooms (P - each 2.6 x 3.4 x 2.4 m) are similar to small efficiency
apartments containing kitchen and, bathroom facilities, bed, desk,
chair, rug, and other furnishings. The social Tiving area (SL - 4.3
X 6.7 x 2.7 m) is equipped with tables; chairs, sofa beds, storage
cabinets, and a complete kitchen facility. The workshop (WS - 2.6
x 4.1 x 2.7 m) contains benches, stools, storage cabinets, tools,
and a washer-dryer combination. A common bath (B, Figure 6) serves
the social T1iving area and the workshop. Access to the exterior
walls of the Taboratory is provided by a four- to six-foot corridor
between the residential chambers and the external building shell
that permits transfer of supplies and materials through two-way
storage facilities accessible from both sides. Remotely controlled
solenoid 1locks on doors and cabinets throughout the environment
provide for experimental programming of access to various
facilities and resources, though at least one unlocked door in each
compartment permits departure from the Taboratory at any time in
case of emergency and preserves the right of subjects to terminate
their participation in an experiment at any time. The electro-
mechanical control devices throughout the environment are
interfaced with a computer system located 1in an adjoining
laboratory support facility that provides for experimental
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monitoring, programming, recording, and data analysis. Each of the
private rooms of the residential T1laboratory 1is equipped with a
microcomputer which is also linked to the central computer system.
A communication panel in each individual chamber includes both a
cassette tape player and a telephone intercom for exchanges between
subjects within the environment. Audio and video equipment in each
of the residential chambers permits continuous monitoring during
conduct of an experiment.

A series of three-person groups, both males and females, were
initially studied over periods of 7 to 12 days of continuous
residence in the programmed environment. During the experiments,
the participants engaged a behavioral program of contingently
scheduled activities which determined the sequence in which over
twenty activities were selected (Emurian et al. 1978; Emurian et
al. 1982). Throughout the experiments, cigarettes (each subject's
preferred brand) and coffee (instant Chase & Sanborn) were freely
available. Cigarette-smoking and coffee-drinking events were
defined by their onset, as indicated by (1) the operation of a
cigarette Tlighter or the first puff recorded by an automated
puff-detecting device, and (2) by the requisition of a cup of
coffee. An event time-series technique, the <cross-interval
histogram (Sayers 1970), was used to reveal possible relationships
between the two series of events defined by cigarette smoking and
coffee drinking. For any given inter-cigarette interval in which
coffee drinking occurred, a coffee-drinking act was measured in
time from the immediately preceding cigarette ("backward waiting
time") and from the immediately succeeding cigarette ("forward
waiting time"). From many such observations, frequency
distributions of backward waiting times and forward waiting times
were constructed. This event time-series analysis based upon
instances in time of each substance's use revealed a relationship
between cigarette smoking and coffee drinking: a coffee-drinking
event tended to occur late in the inter-cigarette interval, and a
cigarette-smoking event was most probable during the twenty minutes
immediately following a coffee-drinking event.

In a second series of studies, 3 female and 5 male participants
were exposed to a highly structured schedule in the programmed
environment which required activity changes every hour on the hour.
The program permitted selection in any sequence from a variety of
different recreational (e.g., reading, arts and crafts, etc.) and
work (e.g., computer tasks, manual Tlabor, etc.) activities, thus
permitting examination of the frequency and distribution of
cigarette smoking, in particular, within equivalent 1-hr blocks of
time in which markedly different activities were engaged. The rate
and patterning of smoking were markedly different during activities
in which subjects were paid for their performance (work activities)
and during activities in which subjects engaged in recreational and
leisure pursuits (non-work activities). The majority of cigarettes
smoked during work occurred during the last 10 minutes of the hour;
during non-work activities, a Tlarger number of cigarettes were
smoked and were more evenly distributed throughout the 1-hr period.
Seven of the eight subjects displayed this pattern, with slight
variations. The first cigarette was rarely ever smoked during the
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first 50 minutes of a work period, whereas during non-work
activities, the first cigarette tended to occur early in the 1 hr
period. An examination of the rate of smoking during 1 hr periods
preceding and following work periods revealed that the suppression
of smoking during work periods was not followed by a compensatory
increase in smoking rate during the succeeding activity.

A pilot study on smoked marijuana effects has recently been
conducted in the programmed human residential Tlaboratory focusing
upon a number of continuous behavioral and physiological
parameters. Two NIDA-supplied standard experimental <cigarettes
were self-administered on each of 4 consecutive days during 8-hr
continuous residences in the programmed environment by a volunteer
participant. In an ABBA design, the subject smoked a placebo
marijuana cigarette in the morning and afternoon of each "A" day
and an active mariiuana cigarette (approx. 8 mg delta-9-THC) in the
morning and afternoon of each "B" day. During -approximately 25% of
the time, the subject completed a performance battery and made

subjective mood ratings. During the remaining time, the subject
freely engaged in ordinary everyday activities (e.g., reading,
writing). Heart rate, general activity, and behavioral

performances were monitored continuously.

Figure 7 shows the cumulative number of activity transitions as a
function of day and time of day. The ordinate represents responses
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FIGURE 7. Cumulative number of activity transitions
as a function of day and time of day. Arrows
indicate cigarette smoking onset.

(activity transitions) and the abscissa represents time (8 hr).
Each record covers a daily session, beginning at approximately
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10:30 a.m. and extending to 6:30 p.m. The subject's behavior was
continuously monitored via a television camera mounted 1in the
subject's private T1living chamber with his knowledge. A mutually
exclusive and exhaustive set of activity categories was defined
(e.g, computer games, reading, experimental tasks, general
maintenance etc.), and the time of onset and offset of each
activity was entered in an Apple II computer by trained observers.
The cumulative records shown in Figure 7 reflect a dgeneral
suppression of activity during the two drug sessions as compared to
the two placebo days. The total number of daily activity
transitions was consistently greater during the two placebo
conditions (M=119.5) than during the two drug conditions (M=77).

Figure 8 shows the heart rate and general activity Tlevel during
each daily session. Heart rate was continuously measured with a
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FIGURE 8. Heart rate in beats per minute (bpm) and
general activity Tlevel 1in ultrasonic count frequencies
(ucf) presented as lo-minute averages over sessions.
Arrows indicate cigarette smoking onset. Brief
physical exercise periods are reflected in the
activity peak near the end of each daily session.

Lafayette heart rate monitor. The output of the monitor was
detected and counted by a SKED system and is presented in Figure 8
(upper section) as lo-minute averages. General activity was
measured with an ultrasonic motion detector which was sampled once
per second by the SKED system and is also presented in Figure 8
(Tower section) as lo-minute averages. Persistent heart rate
accelerations were elicited by active marijuana cigarette smoking
(see arrows at Days 2 and 3), though no such heart rate
accelerations were observed following placebo cigarette smoking
(see arrows at Days 1 and 4). Figure 8 also shows that general
activity Tevels were higher and more variable during the two
placebo <conditions than during the two drug conditions. This



latter finding, together with the suppression of activity
transitions, suggests that marijuana smoking had a general effect
on the rate of behavior. Interestingly, cross-correlation analysis
between the heart rate and general

activity series suggests that
the commonly observed relationship between activity and heart rate
was diminished

in magnitude during marijuana smoking.

Figure 9 shows the within-session self-ratings on the subjective
"high" scale collected at hourly intervals. Clear drug effects
obtained

immediately following active marijuana smoking were also
seen in the subject's ratings on the ARCI marijuana short form
(MAR-15-2). Immediately prior to smoking active marijuana, the
subject's average MAR score was 3.0 compared to an average score of
8.75 following active marijuana smoking. The average score
preceding placebo marijuana smoking was 1.0 and the average score
following placebo marijuana smoking was 1.75. These self-report
findings are consistent with the results obtained in a companion
study at the Addiction Research Center

in which smoking this 8 mg
marijuana cigarette produced subjective

"1iking" scores comparable
to a 20 mg oral dose of delta-9-THC or a 15 mg subcutaneous dose of
morphine.
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FIGURE 9. Subjective rating of "high" as measures
on a 100mm visual line analog scale. A score of
0 indicates "not at all high" and a score of 100

indicates "very high." Arrows indicate
cigarette smoking onset.

In the present pilot programmed environment study, each cigarette
was smoked through an automatic puff-detecting device consisting of
a cigarette holder connected to a pressure transducer. The output
of the puff detector was hard wired to a PDP-8 computer where the
onset and offset of each puff was timed and stored. A preliminary
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analysis of the data suggests that patterns of puffing differ for
self-administered active marijuana compared to placebo marijuana.
Figure 10, for example, shows the puffing pattern from an active
marijuana cigarette (upper record) compared to the puffing pattern
from a placebo marijuana cigarette (bottom record), both smoked as
the first cigarette of the day. Although the number of discrete
puffs did not differ markedly, there was a clear difference between
the two cigarettes in the patterning of puffs and in the total
duration of smoking time.
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FIGURE 10. Cumulative number of puffs as a function
of time from smoking onset for a single marijuana
cigarette and a single placebo marijuana cigarette.

A battery of performance tasks was administered after each
cigarette in both conditions. While performance on a computerized
multiple task battery (e.g., pattern identification, probability
monitoring, mathematical calculations, etc.) was not systematically
affected -by marijuana smoking, a time estimation task did show
differential drug effects. Intervals of 3, 5, and 10 seconds were
consistently underestimated following active marijuana smoking

(mean error = -.43, standard error = .10) while the same intervals
of 3, 5, and 10 seconds were overestimated following placebo
marijuana smoking (mean error = .15, standard error = .10).

The concurrent and continuous recording of general activity Tlevel,
behavioral performance transitions, and autonomic function, as well
as discrete measures of smoking topography, provide for a unique
analysis of the interacting processes which characterize the abuse
potential of this widely used substance.
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Probes for Narcotic Receptor
Mediated Phenomena 3. Oxide
Bridged 5-Phenylmorphans

Terrence R. Burke, Jr., Arthur E. Jacobson,
Kenner C. Rice, Ben Avi Weissman, and
James V. Silverton

In one phase of our program to characterize the opiate receptor
subpopulations on a molecular basis and obtain insight into the elusive
question of the physiological role of these subpopulations in the overall
modulation of the CNS (Rice et al. 1983, Klee et al. 1983), we are preparing
a series of conformationally restricted 5-(m-hydroxyphenyl)morphans to
map topological requirements for in vitro binding to receptor subpopulations
and for in vivo activity. Racemic 5-(m-hydroxyphenyl)morphan (1), first
synthesized by May (May and Murphy 1954) shows morphine-like in vivo
activity (May and Murphy 1955) and is resolvable into enantiomers which
exhibit different degrees of physical dependence capacity (May and Takeda
1970) . Examination of 1 shows it to contain a piperidine ring with a freely
rotating m-hydroxyphenyl substituent in the "“4” position of the piperidine
ring. (This is the 5 position of the 2-azabicyclo [3.3.1] nonane ring system.)
The equatorial orientation of the phenyl ring relative to the piperidine ring
is in contrast to the axial phenyl orientation of most rigid opiates.

2
NCH, NCH, HO o NCH,

; Zo“‘“

8
HO HO
1 2 3

Since the phenyl ring of 1 is freely rotating, any angle relative to the
piperidine ring can be adapted when binding to the receptor matrix. The
importance of the phenyl ring torsion angle has previously been cited as one
factor affecting the enantiomeric difference in potency Dbetween prodine
isomers (Larson and Portoghese 1973). We are utilizing an oxide bridge to
restrict the phenyl ring to a known conformation relative to the piperidine
ring. An oxide bridge between the phenyl ring and atoms 4, 6 or 9 of 1
allows a possibility of six isomeric oxide bridged phenylmorphans since each
site of attachment offers an alpha or beta orientation. Such a series of
compounds retains the basic 5-(m -hydroxyphenyl)morphan skeleton while
successfully changing the angle of the phenyl ring in 60° increments relative



to the previous member of the series. This paper describes the general
synthesis, preliminary biological evaluation and receptor binding of the first
two isomers of the series, 2 and 3. The detailed chemical synthesis of 2 is
presented elsewhere (Burke et al.).

SYNTHESIS
Et OCH, cl NHCHO
[
—> —>
CH;NH, OHCHN & cnpo o Yo
4 5 8
i NHCHO ci CHO NCH,
— — —
o 0oC o o
CH o o 0 RO )
© ; OCH 8 8 R=CH,
2 R:H
cl HCHO
6 —» —>
cH,0 " oR RO 0" 'NcH,
10 R:H
- H. 12 R:=CH,
11 R:=SOLCH, 2 R

Construction of both the methanobenzofuro[3, 2-d]azocine skeleton of 2
and the propanobenzofuro [ 2, 3-c] pyridine skeleton of 3 made use of the
heteroatom directed photoarylation developed by Schultz and Fu (1976) and
subsequently used in the synthesis of lycoramine (Schultz et al. 1977). Both
2 and 3 were prepared from 6, which in turn was obtained in six steps from
starting amine 4 via aryloxyenone 5. The synthesis of 2 required formation
of a carbon-nitrogen bond at the position B to the carbonyl function in 6.
This ring closure was achieved by first introducing the double bond present
in 7 (four steps from 6 by the method of Weller and Rapoport, 1976) then
allowing acid catalyzed 1, 4 Michael-type addition of the nitrogen to give 8
Treatment of 8 with LiAlH, reduced the ketone to an epimeric mixture of
alpha, beta alcohols with accompanying partial hydrogenolysis of the
aromatic chlorine in addition to reduction of the N-formyl function to
N-methyl. Dechlorination was completed by subjecting the crude product to
hydrogenation over 10% Pd/C. The resulting mixture of epimeric alcohols
was deoxygenated by conversion to the corresponding mesylate esters
followed by hydride displacement of the methanesulfonate groups with
LiEt;BH to yield methyl ether 9. O-Demethylation with BBr; under
conditions similar to those employed for the high yield conversion of codeine
to morphine (Rice 1977) gave an excellent yield of the phenolic product 2.



For the synthesis of 3, reduction of 6 with NaBH, gave alcohol 10 which was
converted to the methanesulfonate ester 11. Reduction of the N-CHO
function with diborane yielded the corresponding N-CH compound which
underwent intramolecular displacement of the methanesulfonate group.
Hydrogenolysis of the chlorine atom gave methyl ether 12 which was O-
demethylated with BBr; as in the case of 9 to provide the desired phenolic
derivative 3. Single crystal X-ray analysis confirmed the structures of 2 and
3 and showed that the phenyl ring was held at angles of 86° and 8°

respectively relative to least squares planes through atoms 1, 3, 4 and 9 of 1.

Results of biological evaluation are shown below.

PHARMACOLOGICAL AND BIOCHEMICAL PROPERTIES OF 5-(m-HYDROXYPHENYL-MORPHANS
AND OXIDE BRIDGED 5-(M-HYDROXYPHENYL)MORPHANS

Hot Plate® Tail Flick Antagonism Receptor Binding®
Compound {mg/kg) vs Morphine®img/kg) (nM)
NCH,
Q—@- HCI 0.63 inactive 5.2
H 141
NCH,
Q—@ * HCI 2.0 inactive 9.6
HO t-)
cH,
+ Oxalate inactive’ —_— 3,280
R
CHz0
NCH,
Q@ * HCI inactive’ inactive 1,766

HO )

CH3Q Qs /NCH,
6—6 * HCl inactived —_— 4,820
HO O, _ /NCHy
6—@ * HCI inactive® Ca30’ 96

“Atwell and Jacobson, 1978. "Aceto et al. 1983. “Method: according to
Itzhak et al. 1981. Only 10% of. mice were affected at 50 mg/kg. °Only
20% of mice were affected at 50 mg/kg. f53% of mice were affected at 30
mg/kg and 62% were affected at 60mg/kg at which doses convulsions were
observed.
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CONCLUSION

While both 2 and 3 are inactive in the hot plate assay for
antinociceptive activity, 3 does exhibit appreciable binding to opiate
receptor preparations from whole rat brain homogenate (ICs, = 96 nM for 3
as compared to ICsy = 5.2 nM for (+)-1 and ICs = 1,766 nM for 2) This
may indicae that the 8° phenyl torsion angle of 3 is approaching that
required for optimal binding. Work is in progress on the synthesis of the
remaining four isomers in the series. It seems likely that completion of the
series will provide valuable insight concerning the requirements of the
phenyl torsion angle for binding to opiate receptors.
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An In Vivo Pharmacological
Analysis of Benzomorphan
Binding Sites in Rats

Alan Cowan and Debra E. Gmerek

INTRODUCTION

Bombesin, a tetradecapeptide which was originally isolated from
frog skin, causes excessive scratching when given i.c.v. to rats.
Within 1 min of injection, low doses of the peptide (A = 0.013
ng, i.c.v.) elicit vigorous scratching (of mainly the ace, head
and neck) which continues, almost constantly, for at least 45 min
(Gmerek and Cowan, 1983a). Scratching is not a behavior that has
commonly been monitored in preclinical opiate research. This
situation may change, since pruritus is often an annoying side
effect of epidural or intrathecal analgesia in humans. It is
known that several opioids and opioid peptides antagonize the
reciprocal hindlimb scratching response associated with intra-
cerebral or intrathecal substance P in mice (Share and Rackham,
1981; Hylden and Wilcox, 1983). Also, when monkeys that have
received cyclazocine, nalorphine or certain oripavines chronically
are challenged with naloxone, or are abruptly withdrawn from these
agents, scratching is very prominent (Cowan, 1973).

We report here that scratching caused by bombesin in rats is
attenuated in a stereospecific and dose-related manner by several
important benzomorphan analgesics but is essentially unaffected by
a wide range of opioids. Our pharmacological analysis of this
antagonism has provided in vivo evidence for benzomorphan-selective
binding sites in rats. Such sites have previously been postulated
fran binding studies with, for example, rat brain membranes (Chang
et al. 1981) and homogenates of rat lumbo-sacral spinal cord
(Gouarderes et al. 1982).

MATERIALS AND METHODS
Animals and Surgery

Male Sprague Dawley albino rats (Zivic-Miller, 180-200 g) were
each implanted stereotaxically with a stainless steel cannula into
the right lateral cerebral ventricle. They were then housed
individually and allowed 4-7 days for recovery prior to testing.
Each rat was used on only one occasion.



Compounds and Injections

The following agents were dissolved in saline: azidomorphine
bitartrate. (Dr. J. Knoll, Semmelweis University of Medicine,
Budapest), buprenorphine HC1 (NIDA), codeine phosphate (MS & D),
dextrorphan (NIDA), ethylketocyclazocine (EK) methanesulfonate
(Sterling-Winthrop), heroin HC1 (NIDA), ketocyclazocine methane-
sulfonate (Sterling-Winthrop), levorphanol tartrate (Roche),
meperidine HC1l (Sterling-Winthrop), methadone HCl (NIDA), morphine
sulfate (Mallinckrodt), nalbuphine HC1l (Endo), nalorphine HC1

(MS & D), d~naloxone HCl and £-naloxone (Dr. A.E. Jacobson, NIH),
naloxone HC1l (Endo) and thebaine (NIDA).

Bremazocine (Dr. D. Romer, Sandoz, Basel), cyclazocine, d- and £-
EXK, thentazocine (all Sterling-Winthrop), phenazocine HBr, d- and
£=SKF 10,047 (N-allylnormetazocine HCl) (all SK & F) and Win
44,441-3 (200,60, 115*) - (€)-1-cyclopentyl-5-(1,2,3,4,5, 6-hexahydro-
8-hydroxy-3,6,11l-trimethyl-2, 6-methano-3-benzazocin-11-yl)-3-
pentanone methanesulfonate (Sterling-Winthrop) were dissolved in

a minimal volume of glacial acetic acid, the pH adjusted to 5 with
sodium bicarbonate and made up to volume with saline.

Aliquots of the following peptides were each dissolved in saline
daily as needed: B-endorphin (Dr. A.A. Manian, NIMH), synthetic
bombesin (Sigma and Boehringer Mannheim), DADLE (D—Alaz, D-Leu’-
enkephalin) (Sigma), dynorphin (1-13) (U.S. Biochemical), ICI
154,129 (N,N-bisallyl-Tyr-Gly-Gly=y~ (CH,S) -Phe-Leu-OH) (DR. M.J.
Turnbull, ICI, England) and metkephamid (Dr. R.C.A. Frederickson,
Eli Lilly).

ICI 154,129, metkephamid and the alkaloid opioids were injected
s.c. in a volume of 1 ml/kg 15 min before a standard submaximal
scratch-inducing dose of bombesin (0.10 pg, i.c.v.; Gmerek and
Cowan, 1983a). BR-Endorphin and dynorphin (1-13) were given i.c.v.
15 min before bombesin; DADLE, was administered i.c.v. immediately
before the bombesin. I.c.v. injections to hand-held, conscious
rats were in volumes of 3-4 pl (over 20 sec) followed by 0.5-1 nl
saline washes.

Doses of the enantiomers of naloxone were calculated in terms of
the freebase. Doses of other agents refer to the particular salt.

Dosing schedules that involved injecting rats with EK, morphine,
phenazocine or saline twice daily (at 8 a.m. and 5 p.m.) for 4
consecutive days are shown in table 1. Challenge with bombesin
took place 19-20 hr after the last of the multiple injections.

TABLE 1 Dosing schedules for test compounds

Compound Day 1 Day 2 Day 3 Day 4
Ethylketocyclazocine 5° 10 20 20
morphine 10 30 100 100
Phenazocine 1 3 10 10

“(mg/kg, s.c.)



Quantitation of Behavior

The rats were placed singly in Plexiglas observation boxes (22 an
long; 18 cm wide; 25 an high) at least 15 min before testing.
Monitoring sessions began immediately after the last bombesin
injection. Four rats were observed at a time with the help of a
microcomputer, as described previously (Murray et al. 1981). Each
rat was monitored for 5 sec out of every 20 sec for 30 min.
Positive scores were given for the demonstration of grooming
behavior during any 5 sec observation period. There was conse-
quently a maximum of 90 positive grooming scores per rat in each
30 min session. The percent of the maximum number of grooming
episodes (%MGE) was calculated for each rat. Groups containing a
minimum of 5 rats were used for each data point. Absolute groan-
ing scores were examined statistically by analysis of variance
followed by Dunnett's test or the Mann-Whitney U test, as approp-
riate. A values were determined by linear regression analysis
of absolute data from which saline control values had been sub-
tracted. Confidence limits (95%) of Ay, values are shown within
parentheses.

RESULTS
Classification of Opioids

Behaviorally nondepressant doses of 6 benzomorphan analgesics
significantly attenuated the excessive scratching elicited in rats
by a standard dose of bombesin (0.10 pg, i.c.v.). The benzo-
morphans (and highest nondepressant doses) were bremazocine (10
mg/kg), cyclazocine (5 mg/kg), EK (0.75 g/kg), ketocyclazocine

(1 mg/kg), £-pentazocine (20 mg/kg) and phenazocine (1 mg/kg)

The A;, values for EK and phenazocine were 0.36 (0.33-0.40) mg/kg
and 0.29 (0.19-0.43) mg/kg, respectively.

Even at a dose as high as 10 mg/kg, d-and d{-—enantiomers of the
benzomorphan SKF 10,047 (the prototype agonist at sigma opiate
receptors; Martin et al. 1976) did not markedly affect bombesin-
induced scratching. The rats were behaviorally excited by the
drug combinations used in this experiment. A high dose of Win
44,441-3 (20 mg/kg), a benzomorphan that is a pure opioid antag-
onist (Ward et al. 1983), had no great influence on the scratching.

The opioids and opioid peptides listed below were tested against
bombesin at their highest behaviorally nondepressant dose. None
are benzomorphans. None had a statistically significant atten-
uating effect on the scratching. The inactive agents were as
follows: azidomorphine (0.05 mg/kg), buprenorphine (0.50),
codeine (40), dextrorphan (30), heroin (0.50), levorphanol (1),
meperidine (25), methadone (1), morphine (10), nalbuphine (10),
nalorphine (50), naloxone (10), thebaine (25), ICI 154,129 (30),
metkephamid (30) and B-endorphin (10 npg). Classification of
dynorphin (1-13) and DADLE could not be accomplished because
these peptides caused excessive grooming by themselves.

Further Studies with EK and Phenazocine

The antagonism of bombesin-induced scratching in rats by EK was
stereospecific, with £ —Ex (0.50 mg/kg; $MGE = 1444, P<0.001), but



not d=EK (0.50 mg/kg; SMGE = 7146, P>0.05), being active.
£-Naloxone (50-100 ng/kg) prevented the antagonizing effect of EK
(0.50 mg/kg) in a dose-related manner. The A, value for £-
naloxone was only 76 (68-86) ng/kg; d~naloxone was essentially
inactive.

EK (10 pg) and phenazocine (10 ng) lost their ability to attenuate
the scratching if they were given i.c.v.

Pretreatment with Buprenorphine

Buprenorphine (0.50 mg/kg), given 0.5 hr before EK and phenazocine
(both at 0.50 mg/kg), or 24 hr before EK, did not counter the
ability of the benzomorphans to antagonize the scratching.

Tolerance and Cross-Tolerance Studies

Four twice-daily injections of EK (5-20 mg/kg) caused tolerance to
the anti-bombesin action of EK. Similarly, twice-daily injections
of phenazocine (1-10 mg/kg) for 4 days caused tolerance to the
anti-bombesin action of phenazocine (figure 1). When rats were
given 8 injections of morphine (10-100 mg/kg) across 4 days,
bombesin still elicited excessive scratching. The same dosing
schedule with morphine did not affect the ability of either EK or
phenazocine to attenuate the scratching (figure 1).

DISCUSSION

In this study, we found that bombesin-induced scratching in rats
is attenuated in a stereospecific and (dose-related manner by
benzomorphan analgesics. Other commonly used opioids and opioid
peptides were ineffective against bombesin when tested at behav-
iorally nondepressant doses.

We used EK and phenazocine as prototype benzomorphans for further
study of the inhibitory opiate link modulating bombesin-induced
scratching. The s.c. As;, value for EK (0.36 mg/kg) against
scratching 1is comparable to the corresponding antinociceptive A;,
value (0.40 mg/kg) in the tail compression test with ouT strain

of rat. The activity of EK resides largely in the levo enantiomer
in both procedures. The ability of EK to attenuate scratching was
prevented by naloxone in a potent and stereospecific manner.

These results, together with our demonstration of tolerance
development to the inhibitory action of EK (and phenazocine),
suggest that stereospecific opiate receptors are involved.

Recall, however, that opioids other than benzomorphans are not
active in this model. Mu opiate receptors (Martin et al. 1976)
can probably be excluded from consideration. Thus, an eight-
injection dosing schedule of morphine that, in our hands, causes
tolerance to even the gastrointestinal slowing effect of morphine,
had no marked influence on the ability of either EK or phenazocine
to antagonize scratching. Furthermore, when mu receptors were
occluded by buprenorphine, a partial agonist that dissociates very
slowly from mu receptors, EK and phenazocine could still antag-
onize Dbombesin-induced scratching.



—~—Q

&

% MGE £ S.E.
&

- [ EK| P S | K S|P S|EK| P
0.

8xS 8 x EK 8 xP 8xM

FIGURE 1 Effect of 4 twice-daily injections of saline (S),
ethylketocyclazocine (EK), phenazocine (P) or morphine (M)

on the ability of EK (0.50 mg/kg, s.c.) and P (0.50 mg/kg) to
attenuate grooming induced by bombesin (0.10 pg, i.c.v.) 1in
rats. SMGE 1is the percent of the maximum possible number of
grooming episodes in 30 min.

“P<0.001 compared to (8xS) + EK controls.

bP<0.001 compared to (8xS) + P controls (ANOVA and Mann-Whitney
U test).

EK and phenazocine show site specificity in their ability to
antagonize scratching elicited by bombesin. When given i.c.v.,
neither benzomorphan influenced scratching. It therefore appears
that, despite bombesin being given into the lateral cerebral
ventricle, the sites mediating anti-bombesin effects are not
readily accessible to EK or phenazocine after i.c.v. injection.

Five of the six benzomorphans found to be active in our study
(bremazocine, cyclazocine, EK, ketocyclazocine and pentazocine)
are conventionally regarded as kappa agonists, that is, they are
ligands for the kappa subtype of opiate receptor (Martin et al.
1976) . Recent findings from in vitro ligand competition studies
support the existence of distinct binding sites for kappa agonists
in the brains of several species (see Gmerek and Cowan, 1983b

for references). Binding sites showing selectivity for benzo-



morphans (both kappa and sigma agonists) have been identified in
the brains of rats, toads and humans (see Gmerek and Cowan, 1983b
for references). Interestingly, Gouarderes et al. (1982) claim
that benzomorphan and kappa sites in rat lumbo-sacral spinal cord
are distinct, with the former resembling benzomorphan sites of rat
brain.

The parallel activities of EK and phenazocine in our study suggest
that (a) phenazocine interacts with kappa binding sites to
influence rat behavior, and/or (b) the sites mediating inhibition
of bombesin-induced scratching are selective for benzomorphan-
derived agonists (Win 44,441-3, a benzomorphan that is a pure
opioid antagonist, is not active). The latter view may be the
more valid since nalorphine and nalbuphine are both inactive in
the test yet possess kappa-like features. Further experiments
with non-benzomorphan kappa agonists may help to clarify this
issue. Also, cross-tolerance studies between phenazocine and EK
will provide useful information on the mode of action of these
agents in our test.

In summary, we have used classic pharmacological approaches for
inferring opiate receptor mediation in vivo. Since bombesin-
induced scratching in rats is antagonized by benzomorphan analges-
ics, but not by other standard opioids, our results provide in
vivo evidence for the existence of previously postulated benzo-
morphan selective binding sites. The model affords a simple, yet
novel, behavioral endpoint that can be used when defining the
pharmacological profile of new benzomorphans and their antagonists.
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Differential Tolerance and Cross-
Tolerance to Chronic Treatment
with Mu and Kappa Opioid
Agonists in the Rat

Gerald A. Young and Naim Khazan

INTRODUCTION

We recently assessed the acute effects of mu, kappa and sigma ooioid
agonists on cortical EEG and EEG power spectra in the rat and re-
ported on differential dose-related effects of morphine, ketocycla-
zocine and SKF-10,047 (N-allyl-normetazocine) on these parameters
(Young et al. 1981; Young and Khazan 1983). Intravenously admini-
stered morphine produced high-voltage cortical EEG bursts associ-
ated with increases in EEG spectral power in the zero to 10 Hz
range. Ketocyclazocine produced high-voltage EEG bursts associated
with a predominant spectral peak in the 5-8 Hz band, SKF-10,047
produced desynchronized cortical EEG along with frequent theta wave
activity whose EEG power spectra peaked at about 7.5 Hz and had the
least power. Furthermore, the (-) enantiomers of methadone (mu
agonist) and ketocyclazocine were active, producing EEG and EEG
power spectral effects qualitatively similar to those produced by
the respective racemic mixtures. The (+) enantiomers were found to
be inactive. The (+) enantiomer of SKF-10,047, however, produced
behavioral changes that were, in part, similar to those produced by
the psychotomimetic agent dimethyltryptamine (Kovacic and Domino
1976) .

Another characteristic of the opioid agonists is their ability to
produce tolerance with variable degrees of cross-tolerance. In
this regard, it has been reported that chronic administration of
morphine, ketocyclazocine and SKF-10,047 to the chronic spinal dog
produced tolerance to their agonistic effects (Martin et al. 1976).
Using the same preparation, tolerance development to the agonistic
effects of cyclazocine, an opioid with purported kappa and sigma
agonistic and mu antagonistic oroperties, was also demonstrated.
However, morphine-dependent dogs demonstrated no cross-tolerance to
the agonistic effects of cyclazocine (Gilbert and Martin 1976). On
the other hand, ketocyclazocine-dependent dogs seemed to have de-
veloped cross-tolerance to morphine. Furthermore, in an in vivo
preparation utilizing tissue from guinea pig ileum, while toler-
ance to the effects of mu and kappa opioid agonists was produced,
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cross-tolerance was not demonstrated (Schulz et al. 1981).

The objective of the present study was to further assess the develop-
ment of tolerance and cross-tolerance to chronic administration of mu
and kappa opioid agonists (morphine and ethylketocyclazocine, re-
spectively) by studying their effects on EEG power spectra and be-
havior in the rat.

METHODS

Sixteen female Sprague-Dawley rats (250 - 300 g) were implanted with
bipolar epidural frontoparietal EEG and temporalis EMG electrodes
and with chronic indwelling jugular cannulae. Surgical procedures.
have been previously described (Khazan 1975). The i.v. cannulae
were prepared and implanted according to the method of Weeks (1962,
1972). During the experiments, rats were housed in individual cages
(12" x 12" x 24"). To permit free movement of the rat, each cage
was equipped with a swivel connector having concentric mercury pools
which served as noise-free sliding contacts (Khazan et al. 197).
These freely-moving rats were allowed to acclimatize to the experi-
mental cages for two to three days before experimentation. Lighting
conditions consisted of a timer-regulated lights-off period from

10 pm to 6 am.

For each rat, direct EEG activity was filtered to pass frequencies
between 1 and 35 Hz. The EEG and integrated EMG activities were con-
tinuously recorded on a Grass polygraph. The EEG was simultaneously
recorded on FM magnetic tape using a Hewlett-Packard. Model-3940-A
recorder. Power spectral analysis was performed offline using a
Nicolet MED-80 minicomputer system; EEG power spectra were derived
from 10-sec samples of EEG that were digitized at a sampling rate of
100/sec, and power spectral densities were estimated at 0.05 in-
tervals from zero to 50 Hz (Young et al. 1978; Khazan and Young
1980). Average power spectra were obtained by averaging spectra de-
rived from six 10-sec epochs; weighted geometric smoothing over three
neighboring frequencies was used.

Behavioral states of sleep, REM sleep and wakefulness were identified
by corresponding changes in EEG and EMG recordings (Khazan et al.
1967; Khazan 1975). Occurrences of opioid-induced high-voltage EEG
bursts and of hyperarousal were also identified from EEG and EMG re-
cordings.

One day prior to the initiation of chronic morphine treatment, each
of eight rats was given an i.v. dose of morphine (10 mg/kg), and the
effects of the injection on EEG, EEG power spectra and behavior were
studied. These eight rats were then chronically treated with mor-
phine by a series of automatic i.v. injections. Morphine sulphate
was dissolved in isotonic saline at a concentration of 10 mg/ml.

On the first day, rats received hourly injections of 1.25 mg/kg of
morphine. The dose was then increased to 2.5, 5.0 and 10.0 mg/kg/hr
on successive days. On the fifth day, the rats received 10.0 mg/kg
of morphine every three hours and were subsequently maintained on
this injection schedule. Effects of 10 mg/kg doses of morphine on



EEG, EEG power spectra and behavior during the seventh day were com-
pared with those before initiation of chronic morphine treatment.
Challenge doses of ethylketocyclazocine (EKC, 10 mg/kg) were sub-
stituted for morphine on the eighth 1 day. Effects of EKC on EEG, EEG
power spectra and behavior in rats chronically treated with morphine
were compared to the effects of EKC in non-tolerant rats and in EKC-
tolerant rats.

In a second group of eight rats, one day prior to the initiation of
chronic EKC treatment, each rat was given an i.v. dose of EKC (10
mg/kg). The same experimental parameters were assessed in these rats
and in the same way as those in the first group, These eight rats
were then chronically treated with EKC by a series of automatic i.v.
injections. EKC methanesulfonate was dissolved in a small amount of
0.5 N NaOH and brought up to a concentration of 2.5 mg/ml with iso-
tonic saline. On the first day, rats received a dose of 2.5 mg/kg/

2 hrs. The dose was then increased to 5.0 and 10.0 mg/kg/2 hrs every
other day. On the eighth day, challenge doses of morphine (10 mg/kg)
were given in the place of regularly scheduled automatic EKC in-
jections.

RESULTS

Representative effects of morphine administration (10 mg/kg) on EEG
and behavior before and after chronic treatment are depicted in
Figure 1 for an individual rat, In the non-tolerant state, morphine
induced a predominance of behavioral stupor that was associated with
high-voltage EEG bursts for 90 min, followed by a predominance of be-
havioral arousal associated with Tlow-voltage desynchronized EEG for
another 90 min. The first occurrence of slow-wave sleep emerged
three hrs after morphine administration. In the morphine-tolerant
state, however, morphine produced behavioral stupor for only ten min
followed by an arousal state for 80 min. In this case, the first
occurrence of slow-wave sleep after morphine injection emerged after
90 min. A11 eight rats demonstrated similar degrees of tolerance to
the EEG and behavioral effects of morphine challenge. Mean latency
for the eight rats to the occurrence of the first REM sleep episode
after morphine administration was found to be 246 + 5 (mean £ s.e.m.)
min in the non-tolerant state and 90 = 4 min in the tolerant state.

Representative examples of EEG and derived EEG power spectra during
the morphine-induced stuporous state are shown in the too of Figure
2 during non-tolerant and tolerant states. Five minutes after mor-
phine injection in the non-tolerant state, the EEG consisted of al-
most continuous high-voltage bursting, the spectral power of which
predominated over the zero to 10 Hz range. Five minutes after mor-
phine injection to the morphine-tolerant rat, however, the amount of
EEG bursting and the peak-to-peak amplitude of individual bursts
were substantially less than that which occurred in the non-tolerant
rat. This is reflected by a difference in the magnitude of the re-
spective power spectra; the power spectra associated with high-
voltage EEG bursts in the tolerant state consist of only about 25%
of total density area compared to that associated with the non-
tolerant state.
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FIGURE 1

EEG and behavioral responses of an individual rat to a
10 mg/kg dose of morphine during the non-tolerant and
tolerant states.

In the case of EKC in the non-tolerant state, an injection of EKC
(10 mg/kg) typically produced a predominance of behavioral stupor
and associated high-voltage EEG bursts for 70 min followed by a pre-
dominance of behavioral arousal and associated Tlow-voltage desyn-
chronized EEG for 50 min. The first occurrence of slow-wave sleep
emerged 2 hrs after the EKC injection. In the tolerant state, EKC
typically induced oscillations between behavioral stupor and wakeful-
ness for 25 min, and the first occurrences of slow-wave sleep emerged
in about 30 min. A1l eight rats demonstrated similar degrees of
tolerance to EEG and behavioral effects of EKC. Mean Tatency to the
first REM sleep occurrence after EKC administration was 220 = 9 min
in the non-tolerant state and 68 £ 3 min in the MC-tolerant state.

Representative examples of EEG and derived EEG power spectra during
the EKC-induced stuporous state are shown in the bottom of Figure 2
in both the non-tolerant and tolerant states. During the first five
min after EKC injection in the non-tolerant state, the EEG consisted
of closely spaced high-voltage EEG bursts. The correlated EEG power
spectra had a predominant peak in the 5-8 Hz band. During the first
five min after EKC injection in the tolerant state, the amount of
EEG bursting and the peak-to-peak amplitude of individual bursts
were substantially less than that which occurred in the non-tolerant
state. This is reflected by a difference in the size of the re-
spective power spectra; the power spectra associated with high-
voltage EEG bursts in the tolerant state decreased to about one-
third of the total power density area compared to that associated
with the non-tolerant state.
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Cortical EEG samples and associated EEG power spectra
are shown for individual rats during opioid-induced
behavioral stupor. Effects of morphine are Shown in
the top of the figure during the non-tolerant and
tolerant states. Similar data are shown after MC
administration in the bottom of the figure.

During cross-tolerance assessment, EKC administration (10 mg/kg) to
the morphine-tolerant rats induced a predominance of behavioral

stupor and associated high-voltage cortical EEG bursts for about 70
min, followed by a oredominance of behavioral arousal and associated
low-voltage desynchronized EEG for about 50 min. This overall effect
of EKC administration in the morphine-tolerant rats was analogous to
that seen when EKC was given to the non-tolerant rats; thus, no
cross-tolerance to EKC was seen in the morohine-tolerant rats. Fur-
thermore, mean latency to the first REM sleep occurrence after EKC
was 220 £ 10 min in the morphine-tolerant rats, In the EKC-tolerant
rats, on the other hand, morphine administration (10 mg/kg) produced
behavioral stupor and associated high-voltage EEG bursts for about 10
min, followed by a predominance of behavioral arousal and Tow-voltage
desynchronized EEG for about 75 min. This overall effect of morphine
in the EKC-tolerant rats was similar to that seen when morphine was
administered to the morphine-tolerant rats; thus, cross-tolerance

was demonstrated. Mean latency to the first occurrence of REM sleep
after morphine administration was 98 £ 5 min in the EKC-tolerant rats
compared to 90 £ 4 min in the morphine-tolerant rats.



DISCUSSION

Studies dealing with opioid-receotor interactions have demonstrated
that in the rat morphine does not readily displace radiolabeled EKC,
but that both ketocyclazocine and EKC displace radiolabeled dihydro-
morphine (mu agonist) and EKC equally well (Wood et al. 1981; Wood
1982). However, the nature of the interaction of EKC with mu re-
ceptors is not clear at present. Based upon these in- vitro data,
one might predict that chronic morphine treatment would have an
effect on the pharmacodynamics of kappa receptors, and that, there-
fore, no cross-tolerance to EKC in morphine-tolerant rats should
develop. On the other hand, one might predict that chronic EKC
treatment would alter characteristics of mu receptors, and, there-
fore, cross-tolerance to morphine in EKC-tolerant rats might de-
velop if EKC has mu receptor agonistic activity. Our EEG and EEG
power spectral data support these predictions, While EKC-tolerant
rats demonstrated full cross-tolerance to the effects of morphine

on EEG and EEG power spectra, no cross-tolerance to effects of Ekc
was observed in morphine-tolerant rats. Lack of reciprocal cross-
tolerance between different opioids has been previously noticed in
other in vivo experiments (Martin et al. 1976; Gilbert and Martin
1976). These authors noted that morphine-tolerant dogs demonstrated
no cross-tolerance to the agonistic effects of cyclazocine, while
ketocyclatocine-dependent dogs may have developed cross-tolerance to
the effects of morphine.

Although it is generally accepted that EKC demonstrates a significant
property to bind to mu receptors, the nature of the biological re-
sponse resulting from such binding needs further evaluation. Thus,
further studies will be necessary to more fully understand inter-
actions between mu and kappa opioid agonists at both the behavioral
and molecular Tevels.
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Relationship of Plasma Level and
Pharmacological Activity of
Methadone

Shean-Jang Liu and Richard |. H. Wang

INTRODUCTION

The metabolism and disposition of methadone in experimental animals
(Pohland et al. 1971; Misra et al. 1973; Ling et al. 1981) and man
(Inturrisi and Verebely 1972; Anggard et al. 1975; Verebely et al.
1975) have been reported. However, no report has appeared on the
quantitative relationship between the levels of methadone in brain
and plasma and the analgesic activity of methadone. Based on sev-
eral drug interaction studies in rats, we have shown that brain
concentration of methadone may be directly related to the analgesic
effect of methadone (Liu and Wang 1975; Liu et al. 1975; 1978).

In addition to being used as a potent analgesic, methadone is used
for treatment of opiate dependence. It has been suggested that
methadone maintenance patients with steady-state plasma concentra-
tions of methadone above 200 ng/ml have a better record of rehabil-
itation (Holmstrand et al. 1978). However, there are conflicting
reports regarding the relationship between the concentrations of
methadone in the plasma and several pharmacological effects of
methadone (Inturrisi and Verebely 1972; Blake et al. 1973; Horns
et al. 1975; Holmstrand et al. 1978). Whether monitoring of blood
methadone levels is helpful in adjusting the dosage of methadone
in patients maintained on methadone has not been established.

The present study was designed to investigate the quantitative
relationship between the levels of methadone in the brain and plasma
of rats and to provide insight into the possible utilization of mon-
itoring methadone levels in the plasma as an index of the pharmaco-
logical effect of methadone. Analgesia was chosen as the pharmaco-
logical effect of methadone evaluated for this study. The results
demonstrate that a good correlation exists between the analgesic
activity of methadone and the levels of methadone in brain and
plasma. This paper also gives evidence that decreased blood level
of methadone in methadone maintenance patients, as a result of
phenobarbital-induced acceleration of methadone Dbiotransformation,
precipitates opiate withdrawal symptoms.
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METHODS

Analgesic studies. Male Sprague-Dawley rats (King Animal Labs,
Oregon, WI) weighing 120-160 g were used. The rats were fasted
overnight with free access to water before being used for experi-
ments. Analgesia was measured by a modified hot-plate method of
Eddy and Leimback (1953) as described previously (Liu and Wang
1975) . The percentage of maximal possible effect (%$MPE) of anal-
gesia was calculated by the method described by Dewey and Harris
(1971) .

Analysis of methadone in brain and plasma. For tissue distribu-
tion study of methadone in rats, rats were given Hc-dl-methadone
hydrochloride (1.5-5.0 mg/kg, 15 pCi/kg) and killed by decapitation
at different times. Concentrations of total ''C in brain and
plasma were determined by directly counting 0.5 ml of 20% (w/v)
brain homogenate in distilled water or 0.3 ml of plasma in 15 ml

of Aquasol scintillation solution (New England Nuclear Corporation,
Boston, MA). The concentrations of '‘C-methadone and its major
metabolites in brain and plasma were determined by high-performance
liquid chromatography (HPLC) as described by Roerig et al. (1982).
Samples of brain homogenate and plasma were lyophilized and extrac-
ted three times with methanol. The combined extracts were evapor-
ated to dryness under a stream of nitrogen and the residue was
redissolved in methanol. Portion of the methanol was injected into
the HPLC system.

Methadone in the plasma of human subjects was extracted by n-butyl
chloride as described by Inturrisi and Verebely (1972), except that
methadol was used as an internal standard. The concentration of
methadone was determined by gas-liquid chromatography (GLC). The
GLC analysis was performed on a Hewlett Packard gas chromatograph
model 5711A equipped with a hydrogen flame ionization detector and
electronic integrator. The column is 1 m x 4 mm ID glass, packed
with 3% 0OV-17 on 80-100 mesh chromsorb W. Temperature for the
injector, detector and column oven were 250°, 300° and 220°,

respectively. The carrier gas was nitrogen at a flow rate of
60 ml/min. Hydrogen and air flow rates were 60 and 240 ml/min,
respectively.

Analysis of the regression line and calculation of ED50 and LD50
values were made according to the computer programs of Tallarida
and Murray (1981) using an Apple II Computer. Significance was
attributed at p <0.05 using Student's t test.

RESULTS

Concentrations of methadone in the brain and plasma and the anal-
gesic effect of methadone in rats. Figure 1 indicates that more
than 90% of the '°C in the brain was unchanged methadone while

only about 7% of the '‘C was 2-ethyl-5-methyl-3,3-diphenylpyrroline
(EMDP) . The pyrrolidine metabolite, 2-ethyllidine-1,5-dimethyl-3,
3-diphenylpyrrolidine (EDDP) was not detectable in the brain. The
percentage of *C in the brain as unchanged methadone was constant

during a 3-hr period after administration, of ‘‘C-methadone. There-
fore, the 'Cc in the brain was considered to be unchanged methadone
for practical purposes.
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FIGURE 2. Time-response curves of analgesia and concentrations
of methadone in brain and plasma. One group of 8 rats were given
methadone (5 mg/kg, sc) for measurement of analgesia. Another
four groups of 6 rats each were given C-methadone (5 mg/kg,

15 uCi/kg, sc) and killed by decapitation 30, 60, 90 or 120 min
after injection. Each point and vertical bar represents a mean

+ SE for 6-8 rats.

Figure 2 illustrates the time-response curves of methadone over

a 3-hr period after administration of methadone. It can be seen
that both the analgesic reaction time and brain concentration of
methadone fell sharply after reaching the peak time of 30 min.
There were significant differences between the brain concentrations
of methadone at 30-min vs 60-min and 60-min vs 90-min intervals.
There were also significant differences between the analgesic
reaction times at the same two time intervals.



The concentration of methadone in the plasma was much lower than
that in the brain at all the corresponding times after administra-
tion of methadone as shown in figure 2. The percentages of e

in the plasma of rat as unchanged methadone were 78, 68, SO and
53% at 30, 60, 90 and 120 min, respectively, after administration
of “C-methadone.

In order to test whether there are dose-response relationships
between the dose of methadone and the concentrations of methadone
in the brain and plasma, groups of rats were tested for analgesia
30 min after administration of several different doses of metha-
done and killed immediately after analgesia was measured. As
illustrated in figure 3, the relationship between the observed
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FIGURE 3. Dose-response effects of methadone for brain and plasma
methadone concentrations and analgesic activity of methadone.
Groups of 5 rats each were injected with a dose of '‘C-methadone
(1.5-3.0 mg/kg, 15 uCi/kg, sc) and analgesia was measured 30 min
after injection. Immediately after the analgesic reaction time
was taken the rats were killed by decapitation for &termination
of brain and plasma methadone concentrations. Each point and

vertical bar represents the mean t+ SE for 5 rats. o —o
brain methadone concentration, Q—————Q plasma methadone
concentration, Q---~-0 3%MPE).

analgesic response (expressed as $MPE) and the dose of methadone
administered was linear. The analgesic ED50 was estimated to be
2.04 mg/kg (1.58-2.63, 95% confidence limit). Figure 3 also indi-
cates that a linear relationship existed between the dose of metha-
done administered and the brain concentration of methadone.
Regression analysis of these data indicates a highly significant
correlation between the dose of methadone and the brain concentra-
tion of methadone (correlation coefficient r = 0.973, p <0.001).

A linear relationship also existed between the dose and plasma
concentration of methadone. Regression analysis of the data shows
a significant regression (p <0.001) with a correlation coefficient
0f 0.748.
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FIGURE 4. Relationships between the analgesia and the concentra-
tions of methadone in brain and plasma. Treatment of rats 1is as
described in figure 3. Values are means *+ SE for 5 rats.

A highly significant correlation (r = 0.861, p <0.001) between the
brain concentration of methadone and the analgesic $MPE was found
as shown in figure 4. A 50% MPE methadone analgesia corresponded
to a brain concentration of 1.44 nmole/g. Figure 4 also indicates
a significant correlation between the plasma concentration of
methadone and the analgesic $MPE (r = 0.718, p <0.001. A plasma
concentration of 0.52 nmole/ml corresponded to SO% of the analgesic
MPE.

Plasma concentrations of methadone in methadone maintenance patients.
Blood samples of a few selected patient volunteers from our metha-
done maintenance program were analyzed to determine methadone plasma
concentrations as a function of methadone dose. As shown in table 1
there are large individual differences in the plasma concentrations
of methadone. However, the time course of methadone in the plasma
was similar for each subject with peak methadone plasma concentra-
tions occurring at about two hours. The concentration of methadone
in the plasma of each subject at each time interval and the area
under the plasma methadone concentration-time curve were all
increased with increased doses of methadone.

Phenobarbital-induced decrease in methadone plasma levels and
withdrawal syndrome in a methadone maintenance patient. While we
were determining the plasma levels of methadone in patients main-
tained on different doses of methadone, we observed a case which
provided evidence of metabolic drug interaction between, pheno-
barbital and methadone. A 28-year-old former heroin addict was
maintained and stabilized on 95 mg methadone per day. Two months
after the patient had been maintained on this dose of methadone his
mean zero time plasma concentration was 283 ng/ml and the mean peak
plasma methadone concentration was 591 ng/ml which occurred 2 hours
after methadone administration as shown in figure 5. While the
patient was being maintained on this stabilized dose he was com-
fortable and without any complaint of withdrawal symptoms. Three
months after the blood methadone levels were monitored, the patient




TABLE 1

Plasma Concentrations of Methadone and Area Under

the Plasma Methadone Concentration-time Curve (AUC)
in Methadone Maintenance Subjects®
METHADONE CONCENTRATION AUC
Hours After Methadone
Dose
Subject  (mg) o” 1 2 4 8 0-8
T.L. 55 135 150 198 175 175 1375
80 170 255 380 250 305 2083
T.W. 80 78 125 177 113 105 956
100 75 345 356 306 220 2277
D.N. 45 26 145 135 87 75 775
60 16 117 97 114 56 809
A.C. 50 90 195 260 218 147 1552
70 115 188 318 275 205 1914

a Plasma concentrations of methadone are expressed as nano-

grams per milliliter.
milliliter x hour.

AUC 1is expressed as nanograms per

Each figure is the mean obtained from

3 consecutive days.

b The zero time samples were taken 24 hours after
vious dose and just prior to the administration

dose of methadone.
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complained that his methadone dose was not holding him and with-
drawal symptoms were appearing several hours before his next daily
methadone dose. The withdrawal symptoms included abdominal cramps,
nausea, sweating, restlessness, bone and muscle pain, anxiety and
tremor. Both the mean zero-time and mean peak methadone plasma con-
centrations at this time were found to be lower than those observed
three months previously as shown in figure 5. The area under the
plasma methadone concentration-time curve at this time was 3.03
nmole/ml-hr as compared to 3.84 nmole/ml-hr three months ago, indi-
cating the patient's plasma methadone level had declined. Routine
bi-weekly urine monitoring revealed the patient had abused barbit-
urates constantly for the previous month and when confronted, the
patient admitted constant use of phenobarbital for the previous
month.

After counseling by his physician and social worker, the patient
agreed to discontinue barbiturate abuse and this was confirmed by
routine urine monitoring during the next six weeks. At this time
the methadone plasma concentration at each time interval increased
to the original level (figure 5) and the area under the plasma
methadone concentration-time curve increased from 3.03 to 3.92
nmole/mlehr. The patient reported feeling good with no more with-
drawal symptoms before his next methadone dose.

DISCUSSION

The present study demonstrates that there is a good correlation
between the brain concentrations of methadone and the subcutaneous
administration of different doses of methadone in rats. In addi-
tion, our data demonstrate that there is a quantitative relation-
ship between the concentration of methadone in the brain and its
analgesic effect on the hot-plate test. This finding provides a
basis for understanding changes in this relationship which may
occur after administration of other drugs and after chronic admin-
istration of methadone. Both these conditions may change the brain
concentration of methadone and result in a change of the analgesic
effect of methadone. In this regard, we have previously reported
that increased methadone-induced analgesia by desipramine or diaze-
pam was associated with an increase in brain concentrations of
methadone (Liu and Wang 1975; Liu et al. 1978). On the other hand,
we showed that decreased methadone-induced analgesia after chronic
pretreatment with phenobarbital or methadone was associated partly
with a decrease in brain concentrations of methadone (Liu et al.
1978; 1979).

In our previous studies, we reported that measurements of changes

in the concentration of total '‘C in plasma by TLC after adminis-
tration of '‘C-methadone provided no practical information in deter-
mining changes in the pharmacokinetics of methadone induced by other
drugs (Liu et al. 1978; Roerig et al. 1975). In the present study
we separated and analyzed the plasma concentration of unchanged
methadone by HPLC and showed that there is a good correlation be-
tween the plasma concentration of methadone and the different doses
of methadone administered in rats. Similarly, the plasma levels

of methadone in methadone maintenance patients, expressed as areas
under the plasma concentration-time curves, were increased with
increased doses of methadone, In addition, our data demonstrate
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that levels of methadone in plasma correlated well with the anal-
gesic activity of methadone in rats. The peak analgesia corresponded
with the occurrence of peak levels of methadone in plasma and in
the brain in our study. Therefore, measurements of changes in
plasma methadone levels may reflect changes in methadone disposi-
tion and in pharmacological activity. The findings of the case in
the methadone maintenance patient support this suggestion. Our
findings clearly demonstrate that chronic phenobarbital intake
results in an increase in methadone metabolism which was reflected
in the decrease in plasma concentrations of methadone. As the
level of methadone decreased, the duration of pharmacological
action of methadone was shortened, resulting in a withdrawal syn-
drome. Our findings in this case thus confirmed our previous
reports 1in rats that phenobarbital induction of methadone metabo-
lism in man is possible, resulting in a decrease in the duration

of methadone (Liu et al. 1978; 1979). Our findings are consistent
with the reports of others that significant metabolic drug inter-
actions with methadone occurred in methadone maintenance patients
simultaneously receiving rifampin (Kreek et al. 1979) and phenytoin
(Finelli 1976; Tong et al. 1981). Both rifampin and phenytoin have
been shown to increase methadone biotransformation and cause nar-
cotic withdrawal symptoms in patients previously well-maintained

on the same dose of methadone (Kreek et al. 1979; Tong et al. 1981).
These and our present findings thus provide some direct evidence
that metabolic drug interactions with methadone which are sufficient
to alter pharmacological action can be detected from changes in
methadone plasma level, particularly from changes in the area under
the plasma methadone concentration-time curve.
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Irreversible and Reversible
Narcotic Agonists: Discriminative
and Analgesic Effects of
Buprenorphine, Oxymorphazone,
and Morphine

Charles P. France, Arthur E. Jacobson, and
James H. Woods

Buprenorphine is a highly lipophilic thebaine derivative with a
rapid onset and long duration of action. Classified as a partial
agonist of the morphine type (Martin et al., 1976), buprenorphine
has clearly been shown to have both agonist and antagonist be-
havioral actions--ranging from morphine-like analgesia 1in man
(Houde, 1979; Jasinski et al., 1978) and animals (Bryant et al.,
1983; Dum & Herz, 1981), to naloxone-like precipitation of with-
drawal in opiate-dependent animals (Cowan et al., 1977b; Dum &
Herr, 1981; Swain & Seevers, 1975). Some actions of buprenorphine
appear to be irreversible in that they can be prevented but not
reversed by opiate antagonists. While some dose-effect relations
with Dbuprenorphine are monophasic, in many cases, dose-effect
curves are bi-phasic, e.g., rat tail flick (Cowan & Watson, 1980;
Cowan et al., 1977b; Dum & Herz, 1981). In these latter cases,
supramaximal doses of buprenorphine result in a partially or
completely diminished behavioral response.

Drug discrimination procedures have been used extensively to
investigate the stimulus properties of opiates (e.g., Colpaert,
1978), yet very little is known about the discriminative effects
of long-acting agents; to date, the reversibility and long-term
effects, as both an agonist and antagonist, have yet to be charac-
terize-d for buprenorphine.

The purpose of these experiments was to compare buprenorphine,
oxymorphazone, and the prototypic opioid agonist morphine, in the
mouse hot plate analgesic assay and in pigeons trained to discrim-
inate morphine from saline. Oxymorphazone was selected for
comparison because unlike the mixed agonist-antagonist actions of
buprenorphine, oxymorphazone is thought to be a pure, irreversible
morphine-like agonist (Galetta et al., 1982; Hahn et al., 1982;
Pasternak & Hahn, 1980).

METHODS

Potency (ED50) and time course data in mice were derived by
procedures that have been described elsewhere (Atwell & Jacobson,
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1978) . Drugs were administered subcutaneously, and 8 mice were
tested at each of five dose levels.

Five pigeons were trained to discriminate intramuscular injections
of morphine from equal volume injections of saline for food
reinforcement. A multiple-trial training procedure was used, and
daily training sessions consisted of between 2 and 6 trials. Each
trial was preceded by an injection (saline or morphine). After a
10-minute pretreatment period, two response keys were illuminated
red and up to 10 reinforcements could be earned in 5 minutes, on a
fixed-ratio 20 schedule of food presentation. For non-drug
training trials, 20 consecutive responses on the right (saline-
appropriate) key resulted in food delivery. On drug training
days, @ single injection of morphine (5.6 mg/kg) was administered
randomly before one of the 2-6 trials, and only 20 consecutive
responses on the left key resulted in food delivery. Incorrect
responses reset the fixed-ratio requirement on the correct key.

Testing was conducted essentially the same as training, except
that 20 consecutive responses on either key resulted in food
delivery. A cumulative dosing procedure was used, and all drugs
were tested up to doses that markedly suppressed responding.
Dose-effect curves were determined for morphine, oxymorphazone,
and buprenorphine, each when administered alone, and following
pretreatments with various doses of naltrexone.

To test the reversibility of the acute effects of morphine,
oxymorphazone, and buprenorphine, the smallest dose of each that
reliably produced morphine-approrpriate responding within the 10-
minute pretreatment period, was administered on the first trial,
followed by increasing doses of naltrenone.

The duration of action for each drug was determined during two
saline injection test trials (i.e., 20 responses on either key
were reinforced) on days following a cumulative suppressing dose
of each.

Finally, buprenorphine was evaluated for its ability to antagonize
morphine. Buprenorphine was administered either 24 hours or 10
minutes before a cumulative dose-effect curve for morphine. Small
(subthreshold) doses of buprenorphine were administered 10 minutes
prior to morphine to test whether buprenorphine antagonized the
discriminative or rate effects of morphine. However, because
large doses (greater than 0.1 mg/kg) of buprenorphine occasion
morphine-appropriate responding when given alone, and did so under
these conditions, those doses could be evaluated only for their
ability to antagonize the rate-suppressing effects of morphine.

RESULTS
Results of the hot plate test are given in Table 1. The ED50 for
morphine and oxymorphazone did not differ significantly. Bupren-

orphine was approximately 30 times more potent than morphine in
producing analgesia in mice. The mean onset for analgesia was
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rapid for all three drugs. However, the time until peak analgesic
effect was longer for Dbuprenorphine than for morphine or
oxymorphazone. Conversely, oxymorphazone had a longer duration of
action than either morphine or buprenorphine.

TABLE 1
Mouse Hot Plate
ED50 Time Course
mg/kg umol/kg (minutes
(95% C.I.) (95% C.I.) Onset Peak Duration
Morphine sulfate 1.05 3.16 3.6 31.5 154
(0.8-1.4) (2.40-4.18)
Oxymorphazone 0.76 (1.7-3.5) 3.8 34.4 273
(0.54-1.1)
Buprenorphine HC1 0.035 0.09 3.5 42.7 191

(0.028-0.045) (0.07-0.12)

Figure 1 shows representative cumulative dose-effect curves for
morphine, oxymorphazone, and buprenorphine from a single subject.
All three drugs occasioned drug-appropriate responding in a dose-
related manner, and at large doses suppressed food-reinforced
responding completely. Greater than 90 percent of the trial res-
ponses were made
on the drug-
appropriate key
BIRD 630 at a cumulative
0- dose of 0.32
mg/kg bupren-
) BUP Oxy orphine, 10.0
mg/kg morphine,
Mor or 1.0 mg/kg
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morphine as discriminative stimuli; in suppressing food-reinforced
responding oxymorphazone and buprenorphine were approximately 2-3
times more potent than morphine. A much wider range of doses
occasioned drug-appropriate responding without completely suppres-
sing behavior for buprenorphine (0.32-32.0 mg/kg) than was the
case for morphine (10.0-32.0 mg/kg) or oxymorphazone (1.0-10.0

ng/kg) .

Naltrexone, administered 10 minutes prior to a test, antagonized
the discriminative effects of morphine, oxymorphazone and bupren-
orphine. Small doses of naltrexone (0.0l and 0.1 mg/kg) shifted
the morphine dose-effect curve approximately 1/2 log unit to the
right. The oxymorphazone and Dbuprenorphine dose-effect curves
were shifted slightly to the right following 0.01 mg/kg nal-
trexone; however the dose necessary to occasion complete (greater
than 90%) drug-appropriate responding was unchanged. Following a
pretreatment injection of 0.1 mg/kg naltrexone, the oxymorphazone
and buprenorphine curves were shifted in parallel to the right 1
full log unit. The largest dose of naltrexone (1.0 mg/kg) com-
pletely antagonized the discriminative effects of both morphine
and oxymorphazone, 1in that subjects continued to 'respond on the
saline-appropriate key up to a suppressing dose. In contrast to
this apparent insurmountable antagonism, 1.0 mg/kg naltrexone
caused a 100-fold shift to the right in the buprenorphine dose-
effect curve, with all subjects responding on the morphine-
appropriate key at a cumulative dose of 32.0 mg/kg buprenorphine.
The surmountability of the antagonism with buprenorphine, but not
with morphine or oxymorphazone, may be due to the wider range of
doses for buprenorphine that occasion responding on the drug key
without suppressing rates. The rate-decreasing effects of all
three test drugs were not significantly altered by naltrexone
pretreatments.

The smallest acute dose of each drug that occasioned responding on
the drug key following a 10-minute preteatment period, and con-
tinued to produce drug-appropriate responding for the duration of
the experimental session (1.5-2 hours), was 5.6 mg/kg morphine,
1.0 mg/kg oxymorphazone or 0.32 mg/kg buprenorphine. When nal-
trexone was administered on subsequent trials, it dose-dependently
antagonized the discriminative effects of morphine and oxymorpha-
zone. In the presence of 5.6 mg/kg morphine or 1.0 mg/kg oxy-
morphazone, a cumulative dose of 0.32 mg/kg naltrexone completely
antagonized the drug cue in all subjects. The discriminative
effects of buprenorphine however were not completely reversed by a
dose of naltrexone 30 times greater than the effective dose in
reversing morphine or oxymorphazone. Despite a cumulative dose of
10.0 mg/kg naltrexone , all but 1 of the subjects made greater than
90 percent of the trial reponses on the morphine-appropriate key.
Figure 2 presents the data from a single subject showing nal-
trexone reversibility of an acute injection of morphine, oxy-
morphazone and buprenorphine.



Oxymorphazone displayed a slightly longer duration of action than
morphine, as determined by drug-appropriate responding and rate
suppression on days following a cumulative suppressing dose.

While no discriminative or rate effects of morphine were evident
24 hours after a suppressing dose of 100.0 mg/kg, the day after
32.0 mg/kg oxymorphazone approximately 70 percent of the responses
were on the morphine-appropriate key. By 48 hours, however, the
discriminative effects of oxymorphazone were no longer present and
subjects once again responded on the saline key. Buprenorphine
had a duration of action that was significantly longer than either
morphine or oxymorphazone. Following a cumulative suppressing
dose of Dbuprenorphine, subjects continued to respond on the
morphine-appropriate key for up to 5 days (mean=2.6 days).

Figure 2. Dose-effect

curves showing the
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Buprenorphine failed to antagonize either the discriminative or
rate effects of morphine. A wide range of doses (0.01-10.0 mg/kg)
of buprenorphine were administered either 10 minutes or 24 hours
before morphine, and in no case did the morphine dose-effect curve
differ significantly from control determinations.

DISCUSSION

Duration of action in the mouse hot plate test was longest for
oxymorphazone, shortest for morphine, and intermediate for bupren-
orphine. The duration of analgesia for oxymorphazone was 273
minutes, which is far less than the 24-48 hour duration of action
reported by others (Galetta et al., 1982; Pasternak & Hahn, 1980).
These investigators, however, used doses 130-260 times greater
than the ED50 for oxymorphazone as determined in the present
experiment. Thus, when equipotent doses were compared, the
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duration of action for oxymorphazone was slightly less than twice
that of morphine.

Oxymorphazone and buprenorphine displayed morphine-like actions in
pigeons trained to discriminate morphine from saline. While there
was no evidence of oxymorphazone acting as an irreversible agon-
ist, the results with buprenorphine satisfy one criterion for
irreversible agonists: the acute effects were prevented but not
reversed by naltrexone.

The behavioral profile of oxymorphazone in this experiment does
not establish it as a unique pharmacological agent. In comparison
to morphine, oxymorphazone had a longer duration of action in the
mouse and the pigeon, and was approximately 10 times more potent
as a discriminative stimulus. The acute actions of oxymorphazone
as a discriminative stimulus were both prevented and reversed by
naltrexone, clearly demonstrating that it does not act irre-
versibly in the pigeon.

Once a discriminative effect was established with buprenorphine,
it was not completely reversed by very large doses of naltrexone.
Others (Cowan & Watson, 1980; Cowan et al., 1977a) have reported
difficulty in reversing the acute effects of buprenorphine, and in
subjects treated chronically with buprenorphine, opiate antagon-
ists fail to precipitate withdrawal (Cowan et al., 1977b; Jasinski
et al., 1978). Thus, while buprenorphine clearly acts via an
opiate mechanism, as evidenced by parallel shifts in discrim-
inative dose-effect curve after naltrexone pretreatments, it does
so irreversibly.

Duration of action of the magnitude demonstrated for buprenorphine
in the present experiment 1is a novel finding 1in behavioral
pharmacology. After a cumulative suppressing dose of Dbupren-
orphine, pigeons continued to respond on the morphine-appropriate
key for 24-120 hours; whereas, following suppressing doses of
morphine or oxymorphazone, subjects were responding on the saline
key within 48 hours, A long duration of action has been reported
for buprenorphine in the rat, monkey, and man (Cowan et al.,
1977b; Jasinski et al., 1978). Leander (1983) has reported that
in pigeons trained to discriminate fentanyl from vehicle, 10.0
mg/kg buprenorphine results 1in 75% of subjects selecting the
fentanyl-appropriate key 48 hours later. 1In opilate receptor
binding (Hambrook & Rance, 1976; Rance & Dickens, 1978), and in
isolated smooth muscle preparations (Kosterlitz et al., 1975),
buprenorphine has been shown to have a much slower dissociation
constant than morphine. The extremely slow pharmacokinetics of
buprenorphine are thought to be responsible for the long delay, or
even absence, or withdrawal signs wupon termination of chronic
treatment with buprenorphine (Cowan et al., 1977b; Jasinski et
al., 1978).

No ceiling effect or bi-phasic dose-effect curve, suggestive of a

partial agonist, was obtained with buprenorphine in these experi-
ments. Buprenorphine also failed to antagonize either the
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discriminative or rate-suppressing effects of morphine. While
some 1investigators have shown Dbuprenorphine to antagonize the
effects. of morphine on schedule-controlled behavior (Leander,
1983), others have reported no antagonism (Dykstra, in press). In
this experiment, both naltrexone and buprenorphine failed to
antagonize the rate-suppressing effects of morphine. This nega-
tive result suggests that these animals are tolerant to the
rate-decreasing effects of morphine, and thus under these con-
ditions, morphine may suppress responding by a non-opiate mechan-
ism. Narcotic-naive pigeons, responding on a schedule of food
reinforcement similar to that used in the present experiment, are
usually suppressed by 10.0 mg/kg morphine; pretreatment with 1.0
mg/kg naltrexone shifts the response rate dose-effect curve 1
full log unit to the right (unpublished observation). In these
same animals, a wide range of doses of buprenorphine (0.1-10.0
mg/kg) antagonize the rate-suppressing effects of morphine.
However, in both cases the shift to the right is no further than
the control curves determined in the present study, Thus,
tolerance to the rate-decreasing effects of morphine, in pigeons
receiving a training drug on a regular basis, may account for the
lack of antagonism by naltrexone and buprenorphine of this effect.

This comparison between morphine, oxymorphazone, and buprenorphine
clearly shows that in the pigeon, buprenorphine has irreversible
agonist actions; oxymorphazone, on the other hand, did not differ
significantly in its profile of action from morphine, and there-
fore cannot be considered a prototypic irreversible agonist in the
pigeon. The evidence in support of oxymorphazone acting as an
irreversible agonist, has in large part, come from in vitro
experiments. Thus, these data exemplify the problems involved in
attempting to predict a behavioral response in vivo from in vitro
data. Finally, these experiments demonstrate the application of
drug discrimination procedures to the study of irreversible
pharmacological agents, in such a way that the reversibility of a
drug can be evaluated within a single experimental session.
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Morphine Abstinence Syndrome:
Cholinergic Mechanisms in the

Ventral Periaqueductal Gray of

the Dog

Lawrence G. Sharpe and Wallace B. Pickworth

Central cholinergic systems appear to be involved in the opiate
abstinence syndrome. Morphine decreases, whereas naloxone
increases, acetylcholine (ACn) release in peripheral and central
tissues (Domino and Wilson 1973; Jhamandas et al. 1971; Paton
1957; Waterfield and Kosterlitz 1975; Yaksh and Yamamura 1977)
The cholinomimetic, physostigmine, potentiates abstinence signs
in the morphine-dependent rat (Jhamandas et al. 1973) and mimics
the morphine abstinence syndrome 1in the nondependent chronic
spinal dog (Martin and Eades 1967; Wikler and Frank 1948).
Atropine suppresses some manifestations of the morphine absti-
nence syndrome in the rat (Collier et al. 1972; Jhamandas et al.
1973; PinSky et al. 1973) and dog (Martin and Eades 1967). But
results concerning the effectiveness of atropine to diminish
opiate withdrawal signs are conflicting (Karczmar 1976; Way and
Bhargava 1976). One problem is that atropine alone, through its
peripheral action, produces some manifestations of the morphine
abstinence syndrome, such as mydriasis, tachypnea and tachy-
cardia. To evaluate central cnolinergic processes in the opiate
abstinence syndrome we microinjected either carbachol, morphine,
methylatropine or naloxane into the periaqueductal gray (PAG)
and adjacent regions of 6 nondependent and 1 morphine-dependent
dogs. Our purpose was to compare Carbachol-elicited responses
with those elicited by morphine withdrawal and naloxone in the
morphine-dependent dog, to map the distribution of carbachol-
elicited responses in the PAG region and to test whether
atropine could reduce any of the withdrawal-Tike signs through
its action in the PAG and surrounding sites.

METHODS

Six beagle dogs (9-13 kg) were selected for their ability to
adapt to a sling restraint. All procedures for surgery, micro-
injections, response measurements, data analysis and histology
are described in detail elsewhere (Sharpe and Pickwort:. 1981)

The data far pupillary diameter, respiratory rate, pulse rate
and temperature were analyzed by paired t tests in which the
areas under the time-action curve (1 hr) for the different drug
and control conditions were compared. All Other responses
(shiver, activity, 1lick, whine, rhinorrhea, salivate, yawn and
pant) were combined as one score for each animal by adding the
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number of 15-min periods 1in which the response occurred. A
score was assigned if the response was different from baseline
and occurred in at Tleast half of the 15-min time period. For
example, salivation was given a maximum score of 4 if it was
absent during baseline but was present during 50% or more of the
time in the four 15-min time periods (1 hr). A maximum score of
12 could be assigned to shiver and activity because of the rated
intensities from 0 to 3.

One animal (site 12, Fig. 1) was made dependent on 7 mg/kg/day
morphine for 175 days. Except on test days, this animal re-
ceived two subcutaneous injections of morphine every day; one at
0800 hr (2.3 mg/kg) and one at 1600 hr (4.7 mg/kg). The micro-
injection procedure (Sharpe and Pickworth 1981) was used as
preliminary experiments to test whether methylatropine (1-3.ug)
could antagonize any withdrawal signs precipitated by naloxone
injected either intravenously or into site 12 (Fig. 1).

RESULTS

Fig. 1 snows that microinjections of carbacnol evoked several
responses, the most susceptible being shiver or tremor, followed
in order by mydriasis, tachypnea, tachycardia, 1licking, saliva-
tion, EEG signs of arousal, behavioral activation and temper-
ature. Response susceptibility to carbachol was determined by
ranking responses based on frequency, magnitude and. duration
following the 3 doses of carbachol (0.05, 0.1 and 0.25 pg). The
active carbachol sites (8) were clustered primarily in the
ventral PAG (sites 4, 5, 8, 9, 10, 11, 12). Inactive Carbachol
sites (0) included tne third ventricle (site 1), dorsomedial PAG
(site 2), dorsolateral PAG (sites 3, 7) and the ventral teg-
mental area (site 13). Microinjections of methylatropine (1 pg)
significantly antagonized the responses evoked by 0.1 ug
carbachol (Table 1). Microinjections of morpnine (5 upg) into
the 4 ventral PAG sites (sites 4, 8, 9, 11, Fig. 1) produced a
general depression in behavior, which, except for 1licking,
appeared opposite in direction of that stimulated by carbachol.

In preliminary experiments on the morphine-dependent dog, we
precipitated abstinence with several doses of either intravenous
or microinjected naloxone at different times after the Tlast
morphine dose. At 19 to 21 hr after the Tast morphine dose,
naloxone produced equivalent amounts of mydriasis when injected
intravenously (33 pg/kg) and into site 12 (5 uyg; Fig. 2). The 5
ug naloxone dose elicited no Other sign of witndrawal, whereas
intravenous naloxone (33 upg/kg) elicited several typical absti-
nence signs that were equivalent to those caused by carbachol
microinjections. Microinjections of metnylatropine (1 upyg in 1
pul) antagonized the mydriasis precipitated by naloxone given by
both routes of administration (Fig. 2). However, other absti-
nence signs produced by intravenous naloxone (33 pg/kg) were not
antagonized by metnylatropine microinjections.
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Fig. 1. Results from 6 dogs receiving a total of 31 micro-
injections of carbachol (0.05, 0.1 and 0.25 pg) into 13 sites
at 2 levels of the rostral midbrain (R 14 and R 15, Lim et al.
1960). Responses are ordered from the most (shiver) to the
least (temperature) sensitive in being stimulated, by carbacho]
(indicated by +). Except for Tlick, morphine (5 pg, in
parentheses.) depressed (-) most of the responses that
carbachol stimulated. Abbreviations: EW--Edinger-Westphal
nucleus; PAG--periaqueductal gray; PC--posterior commissure;
R--red nucleus; SN--substantia nigra; III--oculomotor nerve;
8--carbachol sensitive site; 0--carbachol insensitive sites;
RESP.--respiratory rate; SALIV.--salivation; EEG--+ denotes
EEG signs of arousal and (-) denotes EEG signs of sedation;
ACTIV.--Behavioral activation; TEMP.--colonic temperature.

Table 1. Responses produced by carbachol (0.1 pg in 0.5 ul)
microinjected into the ventral PAG region of 4 dogs (sites 8,
9, 11, 12; Fig. 1) were antagonized by methylatropine (1 pg/pl
in 1.0 pl) microinjected 30 min before carbachol.

METHYLATROPINE
RESPONSE SALINE CARBACHOL  CARBACHOL
PUPILLARY DIAMETER (mm-min)’ 2 129 7
RESPIRATORY RATE (breaths-min)1 37 2580* 173
PULSE RATE (beats-min)’ 61 849* 127*
OTHER RESPONSES ( x score )’ 3 14> 6

"Areas under the time-action curve for 1 hr.
20ther responses (shiver, salivate, yawn, rhinorrhea, 1Tick,

pant, whine and activity) represent number of 15-min periods
in which responses occurred. *P < 0.05 compared with saline.

**p < (0.05 compared with carbachol.
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Fig. 2. Methylatropine (1 and
3 ug microinjected into site
12, Fig. 1, 30 min before
haloxone) antagonized the
mydriasis produced by naloxone
either microinjected (MICRO-
INJECT) into site 12, or
injected intravenously in the
morphine-dependent dog (N = 1).
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DISCUSSION

Several years ago Paton (1969) and Crossland (1972) proposed
that the morphine abstinence syndrome was caused in part by a
sudden increase in the release of ACh. In this study, the
striking parallelism between signs observed during microinjec-
tions of carbachol and those observed during morphine abstinence
in the dog (Martin et al. 1974) promotes the proposal that
increased ACh output in the PAG region may lead to a major
portion of the morphine withdrawal syndrome. That microinjec-
tions of morphine produced opposite reactions supports this
proposal because morphine has been shown to inhibit ACh release
(Jhamandas et al. 1973; Paton 1957). The effects of 5 ug
morphine microinjected in the ventral PAG resemble the effects
produced by an i.v. dose of 1 mg/kg morphine--an amount 2,000
times the microinjection dose (Pickworth and Sharpe 1979).

In the morphine-dependent dog, naloxone, injected either intra-
venously or into site 12 (Fig. 1), produced mydriasis--one of the
principal withdrawal signs in the dog (Martin et al. 1974).
Since pretreatments with microinjections of methylatropine
antagonized both instances of naloxone-precipitated mydriasis,
it is reasonable to argue that mydriasis during withdrawal
resulted from an increased release of ACh in this region. Given
systemically, atropine would potentiate this mydriasis. The
reason that changes in pupillary diameter were easily affected
by microinjections in the ventral PAG is most Tikely because the
Edinger-Westphal nucleus (EW) is Tocated 0 to 2 mm from the
sites yielding changes in pupillary diameter after carbachol and
morphine (Fig. 1). A simple and testable neuronal model to
explain morphine miosis and carbachol- or withdrawal-induced
mydriasis is schematized in Fig. 3.
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Fig. 3. Edinger-Westphal nucleus (EW) neuronal model. An
increase in the muscarinic inhibitory tone to the EW
(mydriasis) 1is caused by either carbachol microinjections
or morphine abstinence (increased ACh release), perhaps
through a mechanism of postsynaptic hyperpolarizing in-
hibition. A decrease in inhibitory tone (miosis due to
increased activation of the excitatory pupillary Tight
reflex path) 1is produced by morphine, perhaps through a
mechanism of inhibiting presynaptically ACh release.

We found that, 1ike morphine, clonidine (5 pg) produced miosis
when microinjected 1in the ventral PAG of the dog (unpublished
observations). The presynaptic action of morphine and clonidine
to inhibit neurotransmitter release in multiple neuronal systems
(see Vizi 1979) may partially explain the similar pharmacologic
profiles of these two drugs in the dog (Pickworth and Sharpe
1979) and why clonidine suppresses opiate withdrawal in humans
(Gold et al. 1978). We can argue that different but function-
ally redundant receptors exist at presynaptic sites if opioid
and nonopioid drugs inhibit neurotransmitter release as a major
function in their mechanism of action. Such redundant receptors
would include the p receptors (morphine), the a:2-adrenoceptors
(clonidine) and more recently, the adenosine receptors (see
Tucker this volume). Thus nonopioid drugs acting presynaptic-
ally as morphine does would be expected to be effective in the
clinical management of opiate detoxification. Conversely,
selective antagonists (i.e., atropine) that act postsynaptically
on single neurotransmitter systems would be Tess effective in
suppressing morphine withdrawal signs, especially if they produce
mixed or opposite effects depending on their site of action in
the central and peripheral nervous system. The preliminary
evidence on atropine in this report Tends support to this view.



When microinjected in the PAG of the morphine-dependent dog,
naloxone failed to elicit withdrawal signs except for mydriasis
and methylatropine failed to antagonize naloxone (i.v.) pre-
cipitated withdrawal signs except for mydriasis. However inter-
esting and puzzling these results may be, reasonable explana-
tions without further experimentation on more dogs would be
highly speculative and premature. A "multipartite" basis for
morphine dependence has been proposed (Collier et al; 1972) in
which several neurochemical systems participate. The method of
microinjecting opiates and transmitter agonists/antagonists into
discrete brain regions is an attempt to understand these dif-
ferent "parts" of morphine dependence by elucidating how specific
neurotransmitters in a given brain Tlocus control one or more
withdrawal signs.
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The Discriminative Stimulus
Properties of Cocaine and
d-Amphetamine: A Comparison of
Three Routes of Administration

Rene de la Garza, C. E. Johanson, and C. R. Schuster

The placement of new drugs into pharmacological classes is based on a
comparison of the spectrum of action of a test drug with prototypic
standards. One method designed to classify psychoactive drugs measures
their subjective effects in humans. For instance, studies have
demonstrated that morphine and related compounds produce a unique
spectrum of subjective effects that can be reliably discriminated from
subjective effects produced by other classes of psychoactive drugs
(Goldberg et al.,, 1982). Other studies have shown that the methods for
measuring the subjective effects of drugs are also useful for the
classification of other abused substances (e.g., psychomotor stimulants,
sedative-hypnotics). In recent years, drug discrimination procedures in
animals have been used as an alternative method to compare the spectrum
of action of drugs. A striking concordance has been found between
drug classes obtained on the basis of similarities in subjective effects
and those obtained on the basis of similarities as discriminative stimuli.
These findings have led to the suggestion that the components of drug
action responsible for discrimination among classes by animals are the
same as those responsible for the subjective effects reported by humans
(Schuster et al., 1981).

In drug discrimination procedures, reinforcement is made contingent upon
the presence of a drug or its vehicle so that differential responding is
maintained under stimulus control. When doses lower than the training
dose are administered under test conditions, they produce a lower
proportion of drug-appropriate responding, i.e., a generalization gradient
is obtained. Furthermore, when drugs other than the training drug are
substituted, they produce drug-appropriate responding to the extent that
they resemble the training drug, i.e., there is drug class specificity.
Drug discrimination studies can as well be used to compare the spectrum
of action of the same drug or related drugs administered by different
routes. Such comparisons may be especially useful for evaluating a drug
such as cocaine which presumably has relatively little effect when given
orally, or amphetamine which is used therapeutically by the oral route
but often abused parenterally.

The purpose of the present experiment was to compare the discriminative
stimulus properties of cocaine and amphetamine given orally and
parenterally in rhesus monkeys using an avoidance/escape procedure



(Schaefer and Holtzman, 1977; Shannon and Holtzman, 1976, 1977).
Rhesus monkeys were first trained to discriminate intramuscular cocaine
from saline, and generalization gradients for cocaine administered by
different routes (intramuscular, intravenous, intragastric) were
determined during test sessions. In addition generalization gradients for
c&amphetamine delivered intramuscularly or intragastrically were also
determined.

METHODS

Subjects. Five rhesus monkeys were used in this study. The subjects
were between 8 and 10 kg and were housed in stainless steel cages.
They were given ad lib water and were fed approximately 180 g
immediately after each experimental session. All subjects had previous
experimental histories in self-administration and schedule-controlled
studies with a variety of psychoactive drugs.

Apparatus. During experimental sessions, the subjects were seated in
Plas-Lab primate restraining chairs and placed in a cubicle containing
two response levers and stimulus lights. In order to decrease the
likelihood of responding on both levers simultaneously, a Plexiglas plate
was attached to the chair perpendicular to the body of the animal. The
monkey’s feet were placed into shoes fitted with brass plates that
allowed electric shocks to be delivered to the feet.

Avoidance/escape training phase. The monkeys were initially trained to
avoid/escape the delivery of electric shocks in a trial procedure with
only the right lever present. Trials were initiated with the illumination
of a houselight and the lights above the lever. Five seconds after the
initiation of the trial, a shock period began. During this period shocks
were delivered every 2 sec (250 msec in duration, 10 mA in intensity)
until a response occurred (escape). Immediately after a response
occurred, the houselight, lever lights and shock deliveries were

terminated. If a rezponse occurred before the 5-sec period had elapsed,
the houselights and lever lights were terminated and no shocks were

delivered (avoidance). In both cases, a 55-sec inter-trial interval (ITI)
followed before a new trial was initiated. During the ITI the cubicle
remained dark. The session lasted until 30 trials were completed or
until 40 min had elapsed, whichever came first. When the avoidance
response occurred on more than 90% of the trials for 3 consecutive
days, the left lever was made operational and the right lever was
covered. The same contingencies remained in effect until 90% of the
trials were. avoidance trials for 3 consecutive days. Thereafter, the
operational lever was changed daily. Concurrently, appropriate drug
injections were administered 10 min prior to the session. The right
lever was operative after the administration of 0.25 mg/kg cocaine (i.m.)
for two of the monkeys and the left lever for the other three. The
alternative lever was operative after saline. These conditions remained
in effect until 5 consecutive days with more than 90% avoidance trials
were obtained. Initially, the front of the chair was placed flush with
the lever boxes. However, in order to decrease the probability of
responding on both levers simultaneously, the distance between the chair
and the lever boxes was increased so that the monkey had to extend
its arm to depress the lever.
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Drug discrimination phase. During this phase the subjects were presented
with both levers simultaneously for the first time. The lever that
terminated the trial was made conditional upon cocaine or saline
administration. All other conditions were the same as previously
described. If a correct response occurred, i.e., a response on the lever
associated with the drug condition, the trial was terminated. If the
monkey responded on the incorrect lever, a change-over delay (COD)
period was started. During this period, responding on the correct lever
did not terminate the trial until 2 seconds had elapsed since the last
incorrect response (COD 2 sec). Further incorrect responses reset the
COD timer. Correct responses during the COD period were signalled by
a brief flicker of the houselight and lever lights. A trial was counted
as correct when no incorrect responses were emitted.

An additional procedure was introduced during this phase to facilitate
discrimination training. The intertrial interval was reduced to a few
milliseconds at the start of the training session but all other contingencies
remained the same. After several responses on the correct lever without
incorrect responses, the intertrial was increased during the session in
small steps (approximately 5 to 10 sec at a time) provided the subjects
continued responding on the correct lever. This procedure was continued
until the subject’s performance remained above 90% over several sessions
with the’ interval reaching 55 sec for at least a portion of the session.
Subsequently, the monkeys were reintroduced to the initial condition in
which the intertrial interval was 55 sec throughout the entire session.

Initially, cocaine and saline injections alternated on a daily basis. When
five consecutive sessions under the terminal contingencies occurred with
more than 90% correct, the drug conditions were presented in a
semirandom sequence. All other conditions remained the same.

Testing. When six consecutive sessions of more than 90% correct trials
were obtained, the ability of other doses of cocaine administered by
the intramuscular, intravenous or intragastric route to control cocaine-
appropriate responding was determined during test sessions. Similar
determinations were done with intramuscular and intragastric d-
amphetamine. When these drugs were tested intragastrically, the solution
was generally given 60 min prior to the session. For the other routes,
drugs were administered 10 min pre-session. During testing conditions,
responding on either lever terminated the trial. All other conditions
remained the same. Each dose of a drug was given twice by each
route. All doses of a compound were tested before a new route or
drug was tested. Test sessions occurred no more frequently than twice
a week and at least 2 training sessions (i.e., only one lever operative)
intervened.

Data Analysis. The percentage of cocaine lever trials was used as a
measure of drug substitution. The cumulative latency to the termination
of the trial was used as measure of non-specific effects.

RESULTS
Figure 1 shows that cocaine administered intramuscularly to five monkeys
(0.01 - 0.5 mg/kg) or intravenously to four monkeys (0.03 - 0.125 mg/kg)

produced cocaine-appropriate responding in a dose-dependent manner.
Regardless of route, the drug did not significantly increase the latency
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to the first response compared to saline. Likewise, intragastric cocaine
(1.0 - 16.0 mg/kg) produced cocaine-appropriate responding when
administered 60 min pre-session. In one monkey tested with intragastric
cocaine with a 10 min pretreatment (not shown), the same dose range
led to saline-appropriate responding while the latency to the first-
response remained unaffected.

d-Amphetamine delivered intramuscularly to three monkeys (0.03 - 0.25
mg/kg) or intragastrically to four monkeys (0.03 - 0.5 mg/kg) produced
cocaine-appropriate responding in a dose dependent manner at doses that
did not increase the latency to the first response.
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FIGURE 1. The percent of drug lever trials during test sessions with
cocaine (top panel) and d-amphetamine (lower panel) averaged across all
monkeys tested. Symbols indicate the route of administration: ( a )
im; (@) ig;and (®) iv. All im. and iv. administrations were given
10 min pre-session and the i.g. administrations were given 60 min pre-
session.
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Responding following both i.g. cocaine and d-amphetamine was more
variable both within and across monkeys than when the other routes
were tested. One monkey given 16 mg/kg of i.g. cocaine responded
only 30% on the cocaine-appropriate lever but died unexpectedly of
convulsions at least 8 hrs after the administration. A second monkey
tested with 8 mg/kg cocaine responded only 47% on the cocaine-
appropriate lever, but died 2 days later of kidney and liver complications.

Table 1 shows the ED50’s of all the dose-response functions and the
ratio of each over the ED50 of i. m. cocaine. Intravenous cocaine and
both intramuscular and intragastric &amphetamine were not significantly
different from im. cocaine in potency. In contrast, intragastric cocaine
was approximately 40 times less potent than i.m. cocaine. Significantly,
i.m. d-amphetamine was not different from i.m. cocaine whereas i.g.
cocaine dramatically differed from i.g. &amphetamine.

TABLE 1: RELATIVE POTENCIES

DRUG ROUTE ED 50 (C.L.) IN MG/KG  RATIO
D-AMPHETAMINE LM. 0.09 (0.07-0.11) 0.9
D-AMPHETAMINE L.G. 0.12 (0.02-4.9) 1.2
COCAINE LM. 0.10 (0.06-0.14) 1.0
COCAINE LV. 0.10 (0.08-0.13) 1.0
COCAINE ILG. 437 (2.1-14.8) 43.7%
DISCUSSION

With cocaine there is a clear separation in potency between the
intragastric route as compared to the i.m. and i.v. route of administration
in the ability to produce drug-appropriate responding. Intragastric
cocaine is at least 40 times less potent than i.m. cocaine. In addition,
the data from one monkey suggest that intragastric cocaine is ineffective
when given 10 min prior to a 30-min session. In rhesus monkeys, similar
effects of cocaine have been reported in studies that compared the
effects of different routes of administration on behavior maintained
under a variable-interval schedule. Downs et al.(1980) showed that oral
cocaine was 16 times less potent than i.m. and i.v. cocaine.

In humans, van Dyke et al. (1978) showed that orally administered
cocaine produced high cocaine plasma levels and subjective effects only
30 minutes after its delivery. These authors suggested that the early
belief that cocaine was ineffective through the oral route (Ritchie and
Cohen, 1975) may have been surmised from experiments that did not
allow enough time for cocaine to pass from the highly acidic stomach
to the small intestine where absorption of bases is more rapid. Similarly,
the results in the present experiment can be explained by the low
absorption rate of cocaine in the stomach, since approximately 1 hour
had to pass before the discriminative stimulus effects were detectable.



d-Amphetamine was also tested by Downs et al. (1980) using different
routes of administration and it was found that both i.m. and oral d-
amphetamine produced similar dose-dependent changes. Likewise, in
the present experiment i.m. and i.g. d-amphetamine were equipotent
even though by the im. route drug was administered 10 min before the
session and by the i.g. route, 60 min before the session.

REFERENCES AVAILABLE ON REQUEST

ACKNOWLEDGMENT

This research was funded by National Institute on Drug Abuse Grant
DA 00250.

AUTHORS

Rene de la Garza

The University of Chicago
Department of Behavioral Sciences
Chicago, IL 60637

Chris E. Johanson and C.R. Schuster
The University of Chicago
Department of Psychiatry

Chicago, IL 60637



Alcohol Self-Administration by
Female Primates: Effects on
Reproductive Function

N. K. Mello, M. P. Bree, J. H. Mendelson, and
J. E. Ellingboe

Alcoholism in women is often associated with derangements of re-
productive function. Amenorrhea, infertility (anovulatory cycles
and short luteal phases) as well as spontaneous abortions are re-
ported in the clinical literature (Harlap and Shiono, 1980;
Hugues et al, 1980; Moskovic, 197.5; Ryback, 1977). The mechanism
of amenorrhea in alcoholic women is unknown, and it is not clear
if the toxic effects of alcohol occur primarily at the hypotha-
lamic-pituitary level (Hugues et al, 1980); at the ovary
(Valimaki and Ylikahri, 1981; Moskovic, 1975) or both in combina-
tion. Since alcoholic women are often malnourished and also have
liver disease, it has been difficult to determine the relative
contribution of alcoholism and these related disorders to the de-
rangements of reproductive function observed clinically. Either
malnutrition associated with profound weight loss (Frisch and
MacArthur, 1974) or hepatic dysfunction can disrupt menstrual
cycle regularity (Hugues et al, 1980). These clinical findings
indicated that systematic evaluation of alcohol effects on female
reproductive function under controlled conditions would require

a model of alcoholism.

Since the reproductive physiology of female rhesus monkeys is

most similar to human women, and the neuroendocrine regulation of
primate reproductive function has been studied extensively (Knobil,
1974, 1980, 1981; Pohl and Knobil, 1982), we chose this species

to develop a female model of alcoholism. The feasibility of using
rhesus monkeys for alcohol self-administration studies (Woods et
al, 1971; Winger and Woods, 1973; Woods and Winger, 1974; Karoly
et al, 1978), as well as self-administration of other drugs (cf.
Griffiths et al, 1980; Johanson and Schuster, 1981), has been

well established.

This report describes the effects of chronic alcohol self-adminis-
tration on reproductive fiction in female Macaque monkeys. We
have previously shown that acute administration of alcohol (1.5,
2.5, 3.5 g/kg) that produced blood alcohol levels averaging
136, 260 and 344 mg/dl did not suppress 17-B estradiol or lutein-



izing hormone (LH) levels at the premenstruum, menstruation,
the periovulatory period or the mid-luteal phase (Mello et al,
1983a and b).

METHODS

Sexually mature female Macaque monkeys (4.6 to 7.5 kg) were housed
individually in a cage room with adult males. A 12-hour light-
dark cycle (7 a.m. to 7 p.m.) was in effect. Monkeys were main-
tained on ad lib food and water with daily supplements of fresh
fruit, vegetables and multiple vitamins. Vaginal swabs were done
daily to determine the onset and duration of menstrual bleeding.
Blood samples were collected two or three times each week for
radioimmunoassay of pituitary and gonadal hormones and to deter-
mine levels of alcohol in blood. Details of radioimmunoassay and
blood alcohol analysis methods have been published (Mello et al,
1983a and b). Monkeys were periodically evaluated with laboratory
tests to monitor the status of liver function, lipid and carbohy-
drate metabolism, electrolyte homeostasis and hematologic function.

Data are reported for five females, each of whom had occasionally
received single doses of alcohol via nasogastric intubation to
evaluate the acute effects of alcohol on pituitary and gonadal
hormones (Mello et al, 1983a and b). All monkeys appeared to have
normal ovulatory menstrual cycles as indicated by the mid cycle
luteinizing hormone (LH) surge. Menstrual cycles were stable for
at least 10 months before the initiation of the Dbehavioral studies.

Animal maintenance and research was conducted in accordance with
the guidelines provided by the Committee on Laboratory Animals
Facility and Care, the National Research Council Institute of
laboratory Animals Resources. The facility is licensed by the
U. S. Department of Agriculture. The health of the monkeys was
periodically monitored by a consultant veterinarian from the New
England Regional Primate Center.

Monkeys were trained to work for food in an operant paradigm on
gradually increasing response requirements on a variable ratio
(VR) schedule in which the number of responses required for each
reinforcement varied irregularly. An average of 16 responses

(VR 16) produced a brief stimulus light (S+) and a 1 gram banana
pellet. When response behavior was stable, a second order sched-
ule was used where only a brief stimulus light (S+) was delivered
after completion of each VI 16 response requirement. After four
consecutive VR 16 components were completed, both the brief stim-
ulus light and a food pellet were delivered. This is a second
order fixed ratio (FR) of 4 schedule with VR 16 components

(FR 4 [VR 16:5]).

Once food-maintained responding was stable, each monkey was sur-
gically implanted with an intravenous catheter under ketamine
anesthesia (25 mg/kg/i.m.) using aseptic procedures. Eight to 10
days after surgery, monkeys were given access to alcohol during
menstruation or the late luteal phase of the menstrual cycle.



Monkeys learned to self-administer alcohol intravenously on the
same operant schedule of reinforcement used for food acquisition.
An average of 64 responses was required for each food pellet or
alcohol injection (0.12 g/kg/inj) under a second order schedule
of reinforcement (FR 4 [VR 16:S]).

Food and alcohol each were available during four l-hour sessions

each day. Food sessions began at 11 a.m., 3 p.m., 7 p.m. and
11 p.m.; alcohol sessions at 12 noon, 4 p.m., 8 p.m. and 12 mid-
night. The conditions of food and alcohol availability and time

out (when responses had no programmed consequence) each were as-
sociated with a colored stimulus light (S+) projected on a trans-
lucent Plexiglas response key. Complete details of the apparatus
and basic operant paradigm used in our previous studies of drug
self-administration have been published (Mello and Mendelson,
1978) .

RESULTS AND DISCUSSION

Alcohol produced an immediate and sustained disruption of men-
strual cycle regularity in three monkeys. Each monkey began to
self-administer high doses of alcohol as soon as it was available.
During the first 30 days of alcohol access, these monkeys self-
administered an average of 2.29 (£ 0.26), 3.15 (£ 0.27) and 3.24
(£ 0.38) g/kg of alcohol per day. After the menstruation coinci-
dent with or within 10 days after initial access to alcohol,
menstruation did not recur for 84 to over 180 days.

Each monkey that developed amenorrhea showed signs of physical
dependence on alcohol. After the 1ll-hour interval between the
midnight and noon alcohol session, these monkeys had gross tremor
of the extremities and nystagmus which diminished appreciably af-
ter alcohol self-administration. Monkeys appeared intoxicated
after alcohol sessions and blood alcohol levels measured imme-
diately after a session ranged between 266 and 438 mg/dl.

Alcohol and food self-administration over successive 10-day inter-
vals by the amenorrheic monkeys for 84, 93 and 160 consecutive days
are shown in Figure 1. Despite daily alcohol intoxication, two
monkeys showed no change in operant food self-administration from
pre-alcohol baseline levels during the first 50 to 60 days of al-
cohol exposure. Monkey 10-80 worked for significantly more food
than baseline (p < .01-.001) after 70 days of alcohol self-adminis-
trat ion. After 80 consecutive days of alcohol self-administration,
Monkey T681 showed a significant decrease in food intake for 20
days (p < .02-.001). However, after 100 days of alcohol intoxica-
tion, food intake returned to levels that were not significantly
different from baseline and then significantly exceeded baseline
after 140 and 150 days of alcohol intoxication (p < .02-.001).

Only Monkey B428 reduced operant food intake significantly (p <
.05-.001) after the first 10 days of alcohol self-administration.
After 60 days of alcohol self-administration, banana pellet intake
returned to levels not significantly different from baseline.
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FIGURE 1. Reprinted with permission, from Mello et al., Science
221:677-679, 1983. Copyright 1983 by the AAAS.

Two of the three amenorrheic monkeys died after 84 and 93 consecu-
tive days of alcohol self-administration. One monkey (10-80) ap-
parently died of an overdose of alcohol; the postmortem blood alco-
hol sample was 502 mg/dl. A second monkey (B428) died of alcohol-
related pulmonary disease. Necropsy revealed pathological changes
in the reproductive system of both monkeys. The uterus was marked-
ly atrophied and ovarian mass significantly reduced. Decreased
ovarian mass appeared to reflect an absence of corpus lutea, which
suggested that ovulation had not occurred (Mello et al, 1983c).
Comparable pathology of the reproductive system has been reported
in alcoholic women at autopsy (Jung and Russfield, 1972) and in
rodents after chronic alcohol feeding (Van Thiel, Gavaler and
Lester, 1978; Gavaler et al, 1980).

Luteinizing hormone (LH) levels were significantly depressed below
pre-alcohol LH levels measured at menstruation (p < .02-.001) in
each monkey that developed amenorrhea during chronic alcohol self-
administration. Before the introduction of alcohol, LH values
during menstruation ranged between 27 (+ 1.06) and 36 (£ 1.36)
ng/ml. During chronic alcohol self-administration, LH values
ranged between 18 (f 1.36) and 24 (+ 1.41) ng/ml.

One amenorrheic monkey also had an unusual lesion of the adeno-
hypophysis characterized by many small cells with hyperchromatic
nuclei scattered among the the larger, polyhedral parenchymal cells.
The origin of the cells in the pituitary lesion was undetermined.

159



Details of these pathological changes in brain, uterus and ovaries
are described elsewhere (Mello et al, 1983c; Mendelson et al, 1983).
It is possible that this unusual degenerative pituitary lesion
occurred as a direct consequence of prolonged high dose intra-
venous alcohol self-administration. It is also possible that a
derangement in pituitary gonadotropin secretory function induced
the pathological changes observed in the ovaries and in the uterus.

Amenorrhea and the reproductive system pathology observed appear

to be due to chronic alcohol intoxication and not to malnutrition
or liver disease. Food self-administration remained relatively
stable during alcohol self-administration (cf. Figure 1) and each
monkey consistently ate daily supplements of fresh fruit, vegetables
and biscuits. Laboratory tests were within normal range. After

98 days of alcohol self-administration, onemonkey had a slight
elevation of alkaline phosphatase suggestive of mild hepatic im-
pairment, but SGOT and SGPT levels were normal. No monkey had
evidence of liver disease, i.e., hepatitis or cirrhosis.

The effects of alcohol on reproductive function were dose-related.
Two monkeys self-administered relatively low doses of alcohol
averaging 1.35 (+ 0.26) and 1.66 (+0.38)g/kg/day for 119 and 173
days respectively. These monkeys continued to have stable men-
strual cycles (28 days [f 0.89] and 31 days [+ 1.35]) which were
almost identical to the 10 menstrual cycles that preceded the al-
cohol self-administration studies (27 days [+ 1.41] and 31 days

[£ 1.14]). LH levels did not differ significantly from pre-alcohol
control levels.

This is the first report of alcohol-induced disruption of repro-
ductive function in a female Macaque monkey model. Monkeys con-
trolled their daily dose of alcohol in an operant paradigm so re-
sults cannot be attributed to non-physiological alcohol doses im-
posed by the investigators. The critical determining variable was
the average dose of alcohol self-administered. High alcohol doses
(2.95 - 4.41 g/kg/day) resulted in amenorrhea and pathological
changes in the uterus and ovaries (Mello et al, 1983c) whereas
lower alcohol doses (1.35 - 1.66 g/kg/day) were compatible with
normal menstrual cycle function. This behavioral model of alcohol-
ism in female monkeys provides an opportunity to systematically
assess the critical alcohol dose and duration of exposure necessary
to disrupt menstrual cycle regularity; to examine the neuroendo-
crine mechanisms underlying menstrual cycle disruption; and to
evaluate the capacity for recovery of function following a period
of chronic alcoholism.
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Benzodiazepines: Drug
Discrimination and Physiological
Dependence

Roland R. Griffiths, Nancy A. Ator, Scott E. Lukas,
R. J. Lamb, and Joseph V. Brady

The benzodiazepines are among the most widely used of all
prescribed drugs. Concern about abuse of these drugs has
prompted the development of preclinical methods for assessing
various pharmacological effects of diazepam-Tike drugs which are
relevant to their abuse and dependence Tiability. This abstract
describes results from a series of ongoing experiments to assess
discriminative stimulus effects and physiological dependence-
producing properties of benzodiazepines.

Drug discrimination: In drug discrimination procedures,
animals are trained to respond differentially depending on the
nature of drug pretreatment. The procedure can provide infor-
mation analogous to a human testing situation in which subjects
catagorize drugs with respect to their subjective effects.

In ongoing drug discrimination experiments, four baboons
were trained to discriminate Tlorazepam (1.0 mg/kg) and two
baboons were trained to discriminate pentobarbital (5.6 mg/kg)
in a two-lever drug versus no-drug discrimination procedure.
Food delivery depended on 20 consecutive responses on one lever
in sessions preceded by an intramuscular injection of the
training drug (60-min pretreatment time), and on 20 consecutive
responses on the other lever following no drug. A11 baboons
completed 100% of the response runs on the appropriate level in
training sessions. Test sessions were conducted in which a drug
dose different from the training dose was administered (either
orally or intramuscularly), and 20 consecutive responses on
either Tlever produced food. Pentobarbital-trained baboons con-
sistently generalized to Tlorazepam, diazepam, alprazolam, and
pentobarbital. Although Torazepam-trained animals consistently
generalized to Tlorazepam, diazepam, alprazolam, bromazepam, and
triazolam, only one of four baboons generalized to pentobarbital
(tested through a wide range of doses, and at 30- and 60-min
pretreatment intervals). These results demonstrate an inter-
esting asymmetry 1in cross- generalization with benzodiazepines
and barbiturates. In related experiments, oral doses of Ro 15-
1788 (a benzodiazepine antagonist), naltrexone (an opioid



antagonist), and caffeine were administered alone or immediately
before an injection of Tlorarepam or pentobarbital. Ro 15-1788
(0.1-1.0 mg/kg) had no effect on the pentobarbital stimulus and
produced a surmountable antagonism of the Torazepam stimulus.
Naltrexone (1.0-10.0 mg/kg) had no effect on the pentobarbital
or lorazepam stimulus. Caffeine (0.1-10.0 mg/kg) produced
variable effects within and across animals. When administered
alone, neither Ro 15-1788, naltrexone, nor caffeine generalized
to the pentobarbital or Tlorazepam stimulus. The differential
effects of Ro 15-1788 on the stimulus effects of lorazepam and
pentobarbital along with the asymmetry in cross-drug generali-
zation between Tlorazepam- and pentobarbital-trained baboons
suggest that the stimulus effects of these two compounds depend
upon different mechanisms of action.

Physiological dependence: Physiological dependence 1is an
important aspect of the behavioral toxicity of benzodiazepines
and may be related to the abuse Tliability of these drugs. In
ongoing experiments to explore the development of physiological
dependence on benzodiazepines in baboons, reliable observational
procedures were developed for assessing benzodiazepine with-
drawal by scoring a series of 15 withdrawal signs and body
postures. In one study baboons implanted with intragastric
catheters were given diazepam (20 mg/kg/day) continuously for 45
days. Termination of diazepam administration (spontaneous
withdrawal) resulted 1in a mild to intermediate withdrawal
syndrome over the next 15 days characterized by suppressed food
intake, tremor and abnormal body posturing. Parametric studies
have been undertaken to characterize precipitated withdrawal by
administering intramuscular injections of the benzodiazepine
antagonist, Ro 15-1788, 5.0 mg/kg, after periods of chronic
benzodiazepine administration. Intensity and consistency of
withdrawal signs are an increasing function of diazepam dose
(0.125-20.0 mg/kg/day) and duration of diazepam administration
(1 hr, 1, 3, 7, 35 days). Results to date indicate that
reliabie precipitated withdrawal occurs with diazepam doses as
low as 0.25 mg/kg/day administered for 7 days. Precipitated
witndrawal after higher diazepam doses administered for Tlonger
durations 1is characterized by emesis, retching, tremor, and
convulsion. Compared to spontaneous withdrawal, precipitated
withdrawal is more intense, has a more rapid onset, and is of
briefer duration.
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An Investigation of Brain
Reinforcement Systems Involved in
the Concurrent Self-Administration
of Food, Water, and Morphine

Steven |. Dworkin, John D. Lane, and James E. Smith

Since the demonstration in 1954 by 0lds and Milner that animals
will self-administer minute electric currents into various brain
regions, the existence of central reinforcement pathways has
been under vigorous investigation. Studies of the
neurobiological substrates of reinforcement have used two
general approaches. The first procedure has investigated
responding maintained by central pathways involved in the
presentation of an intracranial electrical stimulus

(intracranial self-stimulation).The second general procedure

is drug self-administration where responding is maintained by
the presentation of intravenous or intracranial drug infusions.
Variations of these procedures have been used to investigate the
neurochemical, neuroanatomical, and neurophysiological mechanisms
of reinforcement. Results from these studies have implicated
both dopamine-or norepinephrine-releasing neurons, although some
controversy has existed as to which catecholamine is "most"
important 1in central reinforcement mechanisms.

Generalization from studies of these two behavioral procedures
to a theory of the neurobiological mechanisms of reinforcement
is risky, especially considering the complexity of reinforcement
demonstrated at the behavioral level. The behavioral effects of
many stimuli, including intracranial electrical stimulation and
drug presentations, have been shown to be influenced by several
variables. These factors include the schedule of event
presentation, the rate of ongoing behavior, and the behavioral

and drug history of the organism.

Consequential events cannot be considered to have invariant
properties. For example, experiments with squirrel monkeys have
shown that responding can be maintained by a fixed-interval
schedule of electric-shock presentation in one component of a
multiple schedule and punished by the same intensity shock in a
second component (Barrett and Glowa, 1977). Using the same
species, cocaine has been shown to be both a negative and a
positive reinforcer at the same time (Spealman, 1979).
Furthermore, responding by rats can be maintained by the
termination of self-produced rates of brain stimulation (ICSS)
(Steiner et al., 1969). The behavioral effects of several
variables. including psychoactive drugs have also been shown to
depend on the event and/or schedule used to maintain its
presentation (for review, see Barrett and Katz, 1981). To avoid
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these problems in investigations of the neurobiological
substrates of reinforcement, it is necessary to monitor more
than one behavior.

The present study was designed to investigate the behavioral and
neurobiological effects of neurotoxin Tesions on responding
concurrently maintained by food, water, and morphine
reinforcement. Such procedures allow for assessment of the
specific involvement of small populations of neurons in
reinforcement processes associated with different reinforcers.
The results from this study indicate that kainic acid lesions of
the nucleus accumbens may selectively attenuate the reinforcing
efficacy of morphine.

METHOD
Subjects

Seven adult male Fisher-344 rats between 90-150 days old at the
beginning of the experiment were studied in an
operant-conditioning chamber with three reinforcers.

F nd W r

The rats were initially trained to lever press on two separate
retractable Tevers under a concurrent schedule of food and water
presentations. After stable responding was observed, the
schedule was then changed to a concurrent chained (conc chain)
schedule (Autor, 1969). Under this schedule requirement, the
first response on the food or water Tever resulted in the
retraction of the other lever (FR1 initial Tink). A fixed
number of responses, that was gradually increased from 1 to 9,
was then required on the extended Tlever (terminal link). Food
presentations consisted of the delivery of one 45 mg pellet, and
water reinforcers were 20 sec access to a 0.1 ml dipper of tap
water containing tetracycline. Following completion of the
schedule requirement, both levers retracted for 30 sec (time out
or TO). A Timited hold 100 sec contingency (from the first
response) was also used. Elapse of the Timited hold without
completion of the terminal ratio resulted in the scheduling of a
TO without reinforcer presentation. Following the TO, the
lTevers were extended and the schedule contingencies were reset.
The stimulus Tights above each lever were only illuminated
during Tever extension. After stable performance was observed
under the conc chain FR1 FR9 schedule, the animals were
surgically prepared as described below.

rgical Pr r

Each rat was implanted with a chronic jugular catheter using
previously described methods (Weeks, 1962, 1972). Intracranial
injection cannulae were also implanted into the nucleus
accumbens using a previously described procedure (Myers, 1966).
Guide cannulae (26 gauge stainless steel tubing) were implanted
stereotaxically using the appropriate coordinates for the
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nucleus accumbens (Konig and Klippel, 1963; 9.5 mm A to Tambda,
1.2 mm L, 5.1 mmV). The guide cannulae were permanently cemented
to the skull with dental cement and a stainless steel 32 gauge
stylet inserted.

Morphine

The rats were placed in one-lever operant conditioning chambers
and made physically dependent on morphine over a 12-day period by
delivering hourly infusions of morphine. The dose ranged from
1.25 - 10 mg/kg/infusion and was increased every third day. A
lever was then introduced and the rats were trained to respond
under an FR10 schedule. Subjects were then placed back into the
original conditioning chamber and a morphine reinforcer option
added to the initial food and water schedule. Subsequent re-

sponding was maintained under a conc chain FR 1 FR9 schedule
of food, water and morphine presentation.

Morphine Dose-Effect Study

Five subjects were used for the dose-effect determinations.
Morphine sulfate was dissolved in a bacteriostatic 0.9% sodium
chloride solution containing 0.83 USP wunits/ml of sodium heparin.
Dosages were determined as the salt and were calculated using the
average weight of 0.333 Kg. A range of doses from 2.5-40
mg/kg/infusion or dosages of 0/83-13.33 mg/infusions was inves-
tigated. Morphine presentations consisted of a 0.2 ml infusion
delivered over a 5.5 sec period and were followed by a 30 sec
tone presentation. Dose-effect curve determinations were made
by replacing the daily morphine dose (10 mg/kg/infusion) with
another dose of morphine or saline for 24 hours. Drug substi-
tutions were always made at the start of the dark cycle (5 a.m.).
At least two determinations of each dose or vehicle were made.

Kainic Acid lesion

Chemical Tesions were produced by the microinjection of kainic
acid through the implanted cannulae using a previously described
procedure (Myers, 1966) (see Surgical Procedures above). On the
day of microinjection, the animal was anesthetized with Valium,
the stylet removed and an injection cannula (32 gauge stainless
steel tubing that extends 0.5 mm beyond the end of the guide
cannula when inserted ) that is attached to a 1 yl microsyringe
by PE tubing, was inserted into the guide cannula and secured. A
0.2 ul injection of 2 ug kainic acid in artificial CSF was then
made using a precision microinfusion pump that delivers 0.033 pl
of solution per minute. The injection cannula was removed after
10 minutes and the stylet replaced. Artificial CSF alone was
microinjected into control animals.

Histologica Procedures
The histological method used to verify cannulae placement has

been previously reported (Pisa et al. 1980). The rats were
sacrificed by decapitation and 16 or 32 micron frozen sections
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cut and stained with the Kluver and Barrera (1953) method for
identification of both cell bodies and myelinated fiber
bundles. Location and extent of lesions were assessed by light
microscopy.

RESULTS

Control Performance

Characteristic rates and temporal patterns of responding were
maintained by the conc chain FR1 FR9 schedule of food and water
presentation. Responding consisted of a short pause after the
TO followed by a high rate of responding. Similar Tlocal rates
of responding were maintained by the two reinforcers. A Tlarge
number of consecutively completed ratios (runs) on the food
lever were followed by runs on the water Tever. These runs on
the food Tever were longer than the runs on the water Tlever,
resulting in twice the mean number of food presentations for the
six rats per day (285 £ 39) (values are mean = S.D.) compared to
the mean number of water'presentations, 143 = 57 per day. Over
90% of the responding occurred during the animals' dark cycle
(5:00 a.m. to 5:00 p.m). The addition of the third reinforcer
morphine, to the schedule did not alter the Tocal rate or
temporal response patterns. The three reinforcers maintained
characteristic fixed-ratio patterns of responding. Responding
maintained by morphine presentations was evenly distributed
over both Tlight and dark cycles and the mean number of morphine
presentations was 14 = 3 per day for the six subjects. The
addition of morphine to the food and water schedule produced a
small increase in the number of food presentations (333 £ 68)
and a decrease in the number of water presentations (115 + 23)
delivered per day.

Morphine dose-effect curve

The effects of substituting several doses of morphine (2.5-40
mg/kg/infusion) or saline for the fixed daily dose of morphine
on the number of ratios completed on the three levers are shown
in Figure 1A. Only the lowest dose produced a slight decrease in
the number of ratios completed on the food and water Tlevers.
Higher doses did not affect responding on either the food or
water Tlever.

Increasing the doses of morphine above the fixed daily dose of
10.0 mg/kg/infusion resulted in dose-related decreases in the
number of morphine infusions delivered. Decreasing the dose
below the daily dose increased the number of ratios completed on
the morphine lever. The most prominent effect of saline
substitution was the large increase in the number of ratios
completed on the morphine Tever and the almost complete
elimination of responding maintained by water presentation (see
Figure 1A).

Effects of lesions

The effects of the kainic acid lesion of the nucleus accumbens
on the number of ratios completed (percent of control) on each
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of the three levers are presented in Figure 1B. The lesion
resulted in a small increase 1in responding on the water lever
and no change in responding on the food Tever. However,
responding on the morphine Tever was significantly decreased
(see points above 10.0 mg/kg/inj). Furthermore, in contrast to
the effects observed before the lesion, morphine dose (2.5 - 40
mg/kg/inj) after the lesion did not significantly alter
responding on any lever. The lowest dose of morphine
investigated resulted in occasionally increased responding on
the morphine lever after the lesion. Moreover, the behavioral
effects of saline substitution after the Tesion were very
different from the effects observed before the lesion. Saline
substitution did not alter responding on either the food, water
or morphine manipulanda.
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Figure 1. Morphine dose-effect curves for concurrent responding
maintained by food, water and intravenous morphine before (A)
and after (B) the kainic acid lesion. Data are expressed as
percent of control or baseline intake determined by exposure to
10 mg/kg per infusion of morphine. "S" represents exposure to
saline. Points are means for double determinations of 24-hours
exposure to each dose (except 10.0 mg/kg - mean of 10
determinations) and the error values + standard deviations for
N=5 animals. Significant differences determined by Student's
t-tests comparing each point with the baseline condition were:
+=p<0.01, =p<0.001.
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DISCUSSION

Investigations of the neurobiological substrates of
reinforcement should include procedures for studying behavior
maintained by several different consequent events. Studies in
which responding is reinforced using a variety of different
events (e.g., food, water, and drug presentation) permit the
determination of specific neuronal mechanisms of reinforcement.
For example, two recent studies have demonstrated the
independence of neuronal systems mediating the reinforcement of
opiates and stimulants (Ettenberg et al, 1982; Petit et al,
1982). Demonstration of the reinforcer-specific effects of
neurobiological manipulations on behavior maintained by
different consequent events questions the involvement of only a
single neurotransmitter system in brain reinforcement
processes. In the present study, responding was concurrently
maintained by response-dependent food, water, and morphine
presentation. Changing the morphine dose was shown to alter
morphine responding, but had little or no effect on responding
maintained by food or water. Furthermore, kainic acid lesions
of the nucleus accumbens were shown to selectively reduce the
reinforcing efficacy of morphine.

A second advantage of the procedure used in the present study
was that non-selective effects due to motor impairment could be
independently evaluated. The fact that the neurotoxin Tlesions
only changed responding on the morphine lever indicated that the
lesion did not produce a non-specific motor deficit. Several
previous reports that suggest the involvement of dopamine
reinforcement systems in mediating food reinforcement have not
controlled for non-specific motor effects (Wise, 1980).

The dose-effect curves demonstrated that effects of morphine
observed were not the result of a shift in the dose-effect
curve. Behavior after the lesion was not sensitive to different
doses of morphine. Kainic acid lesions destroy interneurons and
outputs from the injected region. These data suggest that these
interneurons and output from the nucleus accumbens are
excitatory to opiate processes, but not necessary for food and
water reinforcement.

Several recent studies have demonstrated the complexity of
neurobiological substrates of reinforcement and have implicated
the involvement of several different neurotransmitter systems in
these processes. Furthermore, both common as well as
independent neurotransmitter systems appear to be involved in
the ability of different consequent events to maintain

behavior. Studies that attempt to determine both the general
and specific neuronal systems involved in responding maintained
by different reinforcing events provide a more complete
assessment of neurobiological substrates of reinforcement.
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Buprenorphine, Heroin, and
Methadone: Comparison of
Relative’ Reinforcing Properties

N. K. Mello, M. P. Bree, and J. H. Mendelson

Buprenorphine is a partial agonist of the morphine type. It is
both a long-acting opiate antagonist, like naltrexone, and a potent
opiate agonist with respect to analgesia, physiological and sub-
jective reactions in man (Houde, 1979; Jasinski et al, 1978; Lewis
et al, 1983) . However, buprenorphine does not induce physical de-
pendence in several species and appears to produce only minimal
physical dependence in man (Jasinski et al, 1978; Mello et al, 1982;
Rance, 1979).

Buprenorphine’s positive morphine-like agonist effects combined
with its antagonist potency, low toxicity, and minimal capacity for
producing physical dependence, suggested that it should be valuable
for the treatment of opiate addiction (Jasinski et al, 1978).
Clinical studies have shown that buprenorphine maintenance (8 mg/
day s.c.) significantly suppressed self-administration of heroin
(21 to 40.5 mg/day) by male heroin addicts over 10 days of heroin
availability in comparison to buprenorphine placebo (Mello and
Mendelson, 1980; Mello et al, 1982). Buprenorphine (0.282 to 0.789

mg/kg/day i.v.) also significantly suppressed opiate self-administra-
tion in the rhesus monkey drug self-administration model (Mello et
al, 1983). Recent clinical studies have shown that sublingual ad-

ministration of buprenorphine (1-2 mg) should be suitable for daily
maintenance for the treatment of narcotic addiction (Jasinski et
al, 1983).

The opiate agonist effects of buprenorphine resemble those of meth-
adone and morphine in terms of reported subjective responses
(Jasinski et al, 1978). The degree of euphoria and other positive
subjective effects of 8 mg/day of buprenorphine were equivalent to
those produced by 120 mg/day of morphine (30 mg g.i.d.) or 40 to 60
mg of methadone (Jasinski et al, 1978). There is usually a high
concordance between subjective reports of opiate effects and animal
drug self-administration data (Griffiths and Balster, 1979), and
buprenorphine has also been shown to be a positive reinforcer in
rhesus monkeys (Woods, 1977; Mello et al, 1981; Yanagita et al,
1982 and baboon (Lukas et al, 1983).
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The abuse potential of buprenorphine relative to the abuse potential
of the opiate agonist methadone is unknown, and the relative efficacy
of buprenorphine and methadone in attenuating opiate self-administra-
tion has not been compared in inpatient or outpatient clinical stud-
ies . The accumulated clinical experience with methadone abuse

(Kreek, 1978) argues for the importance of systematic evaluation of
the potential abuse liability of new pharmacotherapies. One approach
to evaluating relative reinforcing efficacy of various drugs, and
inferring potential abuse liability, is the progressive ratio pro-

cedure. This procedure provides a quantitative index of the number
of responses that a monkey will emit for a single drug injection, a
measure sometimes described as “response cost.” Different doses of

a single drug or different drugs can be ranked according to the
maximum number of responses emitted to acquire a single drug in-
jection (Yanagita, 1976; Yanagita et al, 1965). This report de-
scribes preliminary data obtained on the relative reinforcing pro-
perties of buprenorphine, methadone, and heroin using progressive
ratio procedures.

METHODS

Six male Macaque monkeys (1 Macaca mulatta and 5 Macaca nemestrina)
weighing 6.0 to 8.4 kg were studied. Five monkeys had a history of
opiate agonist and mixed agonist-antagonist self-administration and
one monkey was drug-naive at the beginning of these studies. Mon-
keys were surgically implanted with chronic indwelling catheters to
permit intravenous drug self-administration. All surgical proce-
dures were performed under aseptic conditions. Monkeys were
anesthetized with either pentobarbital (30 mg/kg/i.v.) or ketamine
(25 mg/kg/i.m.) and a double lumen silicon rubber catheter (I.D.
0.028”; 0.D. 0.088”) was placed in a vein. Following surgery,
animals were given 1 ml of combiotic every other day for a total of
five injections.

Animal maintenance and research was conducted in accordance with
the guidelines provided by the Committee on laboratory Animals
Facility and Care, the National Research Council Institute of lab-
oratory Animals Resources. The facility is licensed by the U.S.
Department of Agriculture. The health of the monkeys was periodi-
cally monitored by a consultant veterinarian from the New England
Regional Primate Center.

Monkeys worked at an operant task for food (1 gm banana pellet) and
for buprenorphine (.01, .03, .05, .10 mg/kg/inj), heroin (.01, .05,
.10 mg/kg/inj), methadone (.03, .10, .25 mg/kg/inj) and saline.
Food and baseline drug self-administration were maintained under a
second-order schedule of reinforcement [FR 4 (VR 16:S)]. An average
of 16 responses on a variable ratio schedule (VR 16) produced a
brief colored stimulus 1light (S+). However, a drug injection or a
food pellet was delivered only after a fixed ratio of 4 (FR 4) of
the VR 16 response requirements had been completed; i.e., each food
pellet or drug injection required an average of 64 responses. De-
tails of the apparatus have been published (Mello and Mendelson,
1978) . Monkeys were maintained at ad 1lib weight and given multiple
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vitamins, fresh fruit and vegetables daily to supplement a banana
pellet diet.

Food sessions began at 11 a.m., 3 p.m., 7 p.m. and 11 p.m. each
day, and drug sessions began one hour later at 12 noon, 4 p.m.,

8 p.m. and midnight. Each food or drug session lasted either one
hour or until 20 drug injections or 65 food pellets were delivered.
The chamber was dark between 1 a.m. and 9 a.m.

Each dose of buprenorphine, heroin, and methadone was available for
a minimum of 40 sessions over 10 days or until baseline drug self-
administration was stable. Subsequently, the second order schedule
response requirement was systematically increased by increasing

the number of responses required in the Fixed Ratio (FR) component
of the second order schedule in increments of two. The resulting
progressive ratio response requirements per drug injection are
summarized below.

Average Response

Schedule Requirement Per Number of

Requirement Drug Injection Sessions
64 8

FR 4 (VR 16:9) 96 8

FR 8 (VR 16:8) 128 8

FR 10 (VR 16:9) 160 8

FR 12 (VR 16:83) 192 8

FR.. .N (VR 16:83) N 8

Each increase in the FR schedule component was run for eight
sessions over two days. Progressive increases in the response
requirement were continued until drug self-administration de-
creased significantly below baseline levels. The usual ‘break-
point” criterion is two consecutive days of no drug self-adminis-
tration, The in-mediately preceding response requirement for a
single drug injection indicates the maximum number of responses
that the monkey will emit for that dose of the drug.

Once the “breakpoint” at a single drug dose was reached, the monkey
was returned to the baseline schedule requirement (FR 4 VR 16:S)

at the same drug dose until drug self-administration resumed.

This procedure was useful to reduce the extinction-like effects of
the progressive increases in response requirements for drug. Monkeys
were then given access to the next dose of drug and run at the
basic second order schedule response requirement until drug self-
administration was stable over 40 consecutive sessions or 10 days.
Response requirements were then increased progressively as before
and continued until the monkey reached the “breakpoint” at that
dose. All monkeys were not run at every dose of each drug.




RESULTS

These studies are still in progress and all 10 drug doses and sa-
line have not yet been evaluated in all monkeys. The group aver-
age breakpoints for buprenorphine (.01-.10 mg/kg/inj), heroin
(.01-.10 mg/kg/inj) and methadone (.03-.25 mg/kg/inj) are shown in
Figure 1.

The reinforcing efficacy of buprenorphine appears to be greatest

at low doses. Buprenorphine at doses of .01 and .03 mg/kg/inj
maintained responding on progressively increasing values of second
order schedules for longer than higher doses of buprenorphine

(.05 and .10 mg/kg/inj) . Yanagita and co-workers (1982) also re-
ported that rhesus monkeys worked longer for a low (.015 mg/kg/inj)
than for a high (.06 mg/kg/inj) dose of buprenorphine on a pro-
gressive ratio schedule. This pattern is consistent with the no-
tion that the antagonist component of this mixed agonist-antagonist
drug attenuates its agonist effect at higher doses. Several agonist
effects of buprenorphine such as euphoria (Jasinski et al, 1978),
“stupor” (Kareti et al, 1980), antinociception and respiratory de-
pression in rats (Cowan et al, 1977a and b) each are maximal at
relatively low doses and are significantly reduced or fail to in-
crease at higher doses.

These data are also concordant with observations in baboons that
self-administered buprenorphine on an FR 160 schedule (Lukas et al,
1983) . Buprenorphine self-administration tended to plateau over a
dose range of 0.1 to 1.0 mg/kg/inj (Lukas et al, 1983). Changes in
buprenorphine injections per day as a function of dose were less
consistent in rhesus monkey when responding was maintained on a
second order FR 3 (VR 16) schedule. Only 2 of the 5 monkeys showed
a consistent decline in buprenorphine injections as the dose per
injection was increased over a range of .005 to .10 mg/kg/inj

(Mello et al, 1981).

Monkeys consistently emitted more responses for heroin than for bu-
prenorphine across the range of doses studied. These data suggest
that the abuse potential of buprenorphine relative to heroin is

low. Moreover, in contrast to buprenorphine, the progressive ratio
breakpoint for heroin increased as a function of increased heroin
dose. These data are consistent with previous progressive ratio
studies of heroin (.001 to 0.5 mg/kg/inj) and codeine (.01 to 16
mg/kg/inj) self-administration in rhesus monkey (Hoffmeister, 1979),
but a number of procedural differences limit further comparisons
between these studies.

The lowest dose of methadone (.03 mg/kg/inj) maintained less re-
sponding in a progressive ratio paradigm than either buprenorphine
or heroin. At an intermediate methadone dose (.10 mg/kg/inj) pro-
gressive ratio breakpoints were almost twice as high as those for
buprenorphine. However, the abuse potential of methadone relative
to heroin and buprenorphine cannot be estimated with confidence
until additional progressive ratio data for methadone self-administra-
tion are available.
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Figure 1l: Group average maximum number of responses per injection
emitted for ascending doses of buprenorphine (.01-.10 mg/kg/inj),
heroin (.01-.10 mg/kg/inj) and methadone (.03-.25 mg/kg/inj) on a
progressive ratio schedule.
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Behavioral Interactions of Opioid
Agonists and Antagonists With
Serotonergic Systems

Richard H. Rech, David J. Mokler,
Randall L. Commissaris, and Judith W. Henck

Morphine interacts with brain serotonergic (5-HT) systems; these systems
have been implicated in morphine analgesia and dependence see Cervo et
al., 1981). The 5-HT agonist quipazine induces analgesia in rats that is
attenuated by naloxone and 5-HT antagonists (Minnema et al., 1980;
Samanin et al., 1976). Behavioral disruption by the hallucinogens LSD,
DMT and mescaline, mediated primarily through brain 5-HT effects (Rech
and Commissaris, 1982), is potentiated by naloxone and naltrexone (Com-
missaris et al., 1980; Ruffing and Domino, 1981) and is variably antago-
nized or potentiated by morphine and methadone (Ruffing and Domino,
1981). Cyclazocine causes a disruption of operant behavior similar to that
of the hallucinogens which is reversed in part by naloxone and the 5-HT
antagonist metergoline, and to a greater extent by the combination of
naloxone and metergoline (Henck et al., 1983). These studies indicate
that indole and phenethylamine hallucinogens interact to some extent
with brain opioid mechanisms as well as brain 5-HT components, whereas
opioid drugs influence behavior in part by actions on 5-HT systems.

We have extended these drug studies in an attempt to characterize
interactions with 5-HT mechanisms and to identify the various types of
opioid receptors involved.

METHODS

Male Sprague-Dawley rats were food deprived to 75-80% of free-feeding
weights and trained to a fixed ratio-40 (FR-40) schedule of food rein-
forcement. The number of reinforcers (Bioserve 45 mg food pellets) and
“pause intervals” (a 10 sec period without a response, Commissaris et al.,
1980; Rech and Commissaris, 1982) were recorded for daily 40-min
sessions. Changes in the patterns of responding were determined after
combinations of lysergic acid diethylamide (LSD) or 2,5-dimethoxy-4-
methylamphetamine (DOM) with naloxone (NAL), cyclazocine (CYCL)
with quipazine (QUIP) or metergoline (MTG), ethylketocyclazocine (EKC)
with NAL or MTG, and N-allyl-normetazocine (SKF 10,047; SKF) with
NAL or MTG. Dose-response curves were analyzed by a one-way ANOVA
using the least significant differences (Isd) test for comparing individual
doses to baseline; multiple dose-response curves were compared by a two-



way ANOVA using the Isd test for individual comparisons. The signifi-
cance level was set at p< 0.05.

RESULTS

LSD (12.5-100 pg/kg) or DOM (0.125-1.0 mg/kg) caused a dose-related
increase in pause intervals (Fig. 1) that was reciprocally related to a
decrease in reinforcers delivered. Pretreatment with 4 mg/kg NAL
potentiated the disruptive effects of LSD and DOM, but neither dose-
response curve was shifted in a parallel fashion.

CYCL disrupted FR-40 responding as shown in Fig. 2. Like the hallucino
gens, CYCL caused a dose-related decrease in reinforcers that was
reciprocally related to increases in pausing. This disruption was attenu-
ated over the entire dose range, at least for pauses, by pretreating with a
low dose of QUIP (0.5 mg/kg). Additional pretreatment with MTG (1.0
mg/kg) nullified the QUIP antagonism only at the highest dose of CYCL
tested. A previous report indicated that the CYCL effects were
antagonized over the middle-dose range by both NAL (4 mg/kg) and MTG
(1 mg/kg) pretreatment, and combination of these pretreatments showed
additive protection (Henck et al., 1983).

FR-40 disruption was also observed with QUIP (Fig. 3) and a dose-related
reciprocal increase in pausing was again associated with the decrease in
reinforcers. Therefore, the hallucinogens, certain opioids, and 5-HT
agonists appear to affect FR-40 responding in this manner. Pretreatment
with NAL (4 mg/kg) slightly potentiated the disruptive effects of low
doses of QUIP but had no significant effect at higher doses. Likewise,
pretreatment with a small dose of CYCL (0.5 mg/kg) slightly potentiated
low dose QUIP without influencing the effect of higher doses. However,
when the NAL and CYCL pretreatments were combined, the marked
disruption observed after 2.0 mg/kg QUIP. alone was greatly attenuated.
Thus, the disruptive effects of QUIP may involve both 5-HT and opioid
mechanisms.

The prototype kappa agonist EKC (Fig. 4) decreased reinforcers in a dose-
related manner with a reciprocal increase in pauses, but, unlike the
hallucinogens, exhibited a steep dose-response curve. Pretreatment with
NAL slightly potentiated the disruptive effects of low doses of EKC but
prominently antagonized the effects of higher doses. Pretreatment with
MTG also enhanced the effects of low doses of EKC and antagonized EKC
disruption only at the 1.0 mg/kg dose. A low dose (0.5 mg/kg) of CYCL
was also administered as a pretreatment (not illustrated) and interacted
with EKC in a pattern very similar to that noted with MTG pretreatment.

Since SKF has hallucinogenic properties and may be a selective agonist at
sigma receptors, its effects on the FR-40 operant pattern were examined
(Fig. 5). Once more the hallucinogenic profile of decreased reinforcers
with a reciprocal increase in pause intervals was obtained. In this case
pretreatment with 4 mg/kg NAL did not significantly influence the
disruptive pattern of the drug. Pretreatment with MTG slightly antago
nized the effects of SKF at several intermediate doses. Therefore, SKF
does not appear to exert these disruptive effects via NAL-sensitive opioid
receptors, but may act to some extent through 5-HT mechanisms.
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Pretreating with a low dose (0.5 mg/kg) of CYCL (results not illustrated)
slightly attenuated the increase in pausing at the highest dose (16 mg/kg)
of SKF, but otherwise had no appreciable effect.
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tergoline (MTG).
DISCUSSION

The shifts of the dose-response curves of LSD, DOM (Fig. 1 and
mescaline (Commissaris et al., 1980) to the left by pretreatment with 4
mg/kg NAL were not parallel, suggesting that the opioid interaction is
modulatory and not exerted at the same receptors as those affected by
the hallucinogens. Similar results were found for LSD and DMT by
Ruffing and Domino (1981). Additionally, they observed antagonism of
the operant behavioral disruption of hallucinogens by pretreating with low
doses of morphine or methadone. The dose of NAL required to produce
these interactions (2-8 mg/kg) is in the range optimal for kappa receptor
antagonism rather than that which is optimal for mu antagonism (0.2-1.0

mg/kg).
Disruption of the FR-40 operant pattern by these hallucinogenic drugs is

characterized by dose-related decreases in responses (reinforcers earned)
correlated with increases in pause intervals (10-sec intervals without a



response) over the entire dose-response curve (Rech and Commissaris,
1982). This pattern of impairment is not observed with many other
psychoactive drugs (chlorpromazine, d-amphetamine, pentobarbital), but
is seen with other 5-HT agonists, such-as QUIP and lisuride. The operant
behavioral effects of hallucinogens and non-hallucinogenic 5-HT agonists
are attenuated by pretreating with MTG and other 5-HT antagonists, but
the rate-decreasing effect of the other classes of psychoactive agents is
not affected by these pretreatments. However, the opioid mixed agonist-
antagonist CYCL was found to disrupt the FR-40 operant pattern in the
same way as the hallucinogens did, i.e., a decrease in reinforcers
correlated with a reciprocal increase in pause intervals (Henck et al.,
1983). Furthermore, this impairment was partly antagonized by pretreat-
ing with NAL, MTG, or a combination of the two.

The behavioral effects of CYCL were attenuated by a low dose of QUIP
(Fig. 2). This antagonism may relate in part to the opioid-like effects of
QUIP (Minnema et al., 1980; Samanin et al., 1976). However, 5-HT
influences may also pertain, since combined pretreatment with QUIP and
MTG reversed the protection by QUIP at the higher doses of CYCL. QUIP
itself, at higher dose levels, caused a decrement in FR-40 responding (Fig.
3), which was little affected by pretreatment with NAL or a low dose of
CYCL. Nevertheless, the combined pretreatment with NAL and CYCL
reversed both the decrease in reinforcers and the increase in pausing
caused by the 2 mg/kg dose of QUIP. It seems likely that both opioid and
5-HT mechanisms are involved in this complex interaction.

If the CYCL effects on FR-40 behavior act in part through kappa opioid
receptors, the more selective kappa agonist EKC might show similar
effects. However, interactions of EKC with NAL or MTG were quite
complex (Fig. 4). The slight potentiation of lower doses of EKC by NAL
may relate to subtle opioid influences at other than kappa receptors. The
prominent protection by NAL against higher doses of EKC probably does
involve kappa receptors. The fact that MTG pretreatment enhanced the
disruptive effects of low doses of EKC but attenuated those from a higher
dose suggests that EKC interacts in a complex manner with 5-HT
mechanisms that influence this behavior.

Lastly, the actions of SKF (Fig. 5) must be mediated via mechanisms
different from those involved in the effects of indole and phenethylamine
hallucinogens and QUIP and CYCL. NAL had no effect on the SKF dose-
response pattern in keeping with a mechanism involving sigma receptors,
which are considered NAL-insensitive (Simon and Hiller, 19781 MTG
pretreatment exerted only a slight protection against the behavioral
decrement caused by SKF, indicating that the latter drug does not act
primarily via 5-HT receptors.

The results of this study show that the opioids CYCL and EKC produce
their disruption of operant behavior by interacting, at least in part, with
5-HT and NAL-sensitive opioid systems. Thus, they appear to exert their
effects in a manner related to the actions of indole and phenethylamine
hallucinogens. On the contrary, the effects of SKF appear to be mediated
mainly through mechanisms different from those of the indole and
phenethylamine hallucinogens.
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Bioassay of Subjective Effects
Associated With Benzodiazepine
Withdrawal in Animals: A Novel
Direction in Dependence
Research

Michael W. Emmett-Oglesby, David G. Spencer, Jr.,
Marilyn W. Lewis, and Harbans Lal

In humans, the earliest arising and most readily detectable symptom
of withdrawal from drugs of dependence are subjective in nature.

For example, cessation of high-dose use of a number of drugs,
including benzodiazepine anxiolytics, initially produces complaints
of anxiety or a general sense of uneasiness. For most substances
with dependence liability, as withdrawal progresses, subjective
symptoms are superseded by more vivid physical manifestations of
abstinence, and it is only these latter phenomena that have been
well characterized in the drug-dependence literature. Signif-
icantly, however, continuation of the self-administration cycle in
man is not contingent on the emergence of overt behavioral signs of
withdrawal; therefore, subjective events occurring early during drug
withdrawal may be an important factor in continued drug dependence.

By definition, subjective events are not directly verifiable by
experimenter observation, and becauseo f the dangers of anthro-
pomorphism, animal investigations of subjective events are
particularly difficult. On the other hand, subjective events can be
tested experimentally if behavioral responses can be made
specifically contingent upon detection of the subjective occurrence
by the test subject. For example, subjects can be trained to use
the interoceptive discriminative stimuli (IDS) arising from drug
injection as the basis for choosing which of several potential
responses 1is correct. When only two responses are available, the
response emitted, be it human-verbal or animal-choice behavior,
resolves to "yes, the stimulus is present," or "no, it is not." The
qualitative nature of such a binary decision can then be quantified
through the method of population analysis; that is, the percent of
subjects reporting the presence of the subjective event is a
function of the stimulus intensity. In the past decade, many
investigations have shown that drug effects thus measured are
classified in parallel (e.g. LSD-like, narcotic-like) by humans
(Altman et al. 1977) and animals (Glennon and Rosecrans 1981).

This paper illustrates application of drug discrimination technology
to quantify in animals a subjective factor that frequently occurs in
man during withdrawal from drugs of dependence. The rationale was to
train animals to discriminate a drug possessing IDS properties that
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can be related to a subjective symptom often noted in man during
withdrawal: anxiety. Pentylenetetrazol (PTZ) administered in
sub-convulsant doses was chosen as the training drug because the IDS
produced by PTZ are correlated with the reported anxiogenic effect
of this compound in man (Rodin and Calhoun 1970), and discrimination
of these IDS has been proposed as an animal model of anxiety (Lal
and Shearman 1980) because 1) clinically efficacious anxiolytics
block PTZ IDS, 2) drugs known to be anxiogenic in man generalize to
PTZ IDS, and 3) although PTZ is a convulsant, non-anxiolytic
anti-convulsants do not block PTZ IDS (Lal and Emmett-Oglesby 1983).

In this paper we summarize results from pilot experiments designed
to detect PTZ-like stimuli occurring following termination of
short-term administration of diazepam and pentobarbital. The
results show that PTZ-like stimuli are produced by diazepam
withdrawal, whether precipitated by a benzodiazepine antagonist or
produced by termination of diazepam administration, and that these
stimuli are alleviated by diazepam and pentobarbital. Short-term
administration of pentobarbital failed to produce similar signs.

METHODS

Male Long-Evans hooded rats were trained and tested in conventional
behavioral chambers (Coulbourn Instruments) as described by Lal and
Emmett-Oglesby (1983). Scheduling of reinforcement contingencies
and-recording of data was done through TRS-80 microcanputers and
printers (Radio Shack) connected to the chambers through LVB
interfaces (Med Associates, Inc. using a program described by
Emmett-Oglesby et al. (1982). Briefly, subjects were trained to
press one of two levers to obtain a food reward. During training,
the correct lever to press was determined by injection conditions:
following administration of PTZ, 20 g/kg, only responses on one of
theleverswererewarded; following non-PTZ treatments, only
responses on the other lever were rewarded. In either case, 10
responses had to be emitted on the correct lever in order to obtain
reinforcement. Once subjects had learned the PTZ-saline
discrimination to the criterion of selecting the correct lever on
ten consecutive training days, experimental testing was begun. On
test sessions, independent of the injection condition, the lever
upon which ten responses were first emitted was considered selected
and was reinforced.

Following training, subjects were tested for the ability of various
treatments to generalize to or block PTZ IDS. Subsequently,
training and testing were stopped, and diazepam, 20 g/kg, was
injected every 8 hours. After 5 days of this regimen, the ability
of Ro 15-1788 to elicit PTZ-IDS was tested. Fifteen minutes
following diazepam administration, Ro 15-1788 was administered, and
rats were tested for lever selection 15 minutes later. Following
these tests, chronic diazepam administration was continued, and on
days 7-10, the ability of various treatments to generalize to or
block PTZ IDS was tested at 8 hours after a preceding diazepam
injection. After 11 days of diazepam administration, chronic
injections were terminated, and lever selection was tested at
various times over the next days. In a second experiment,
pentobarbital was injected in doses of 160 mg/kg/day for 7 days
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followed by 240 mg/kg/day for an additional 7 days. Subsequently,
chronic injections were terminated, and generalization to the PTZ
stimulus was tested at various times over the next 36 hours.

RESULTS

The PTZ discrimination was well established after training (Table
1). Prior to diazepam dependence, all rats selected the PTZ-correct
lever following PTZ injection and the saline-correct lever following
saline injection (Table 1). In addition, on acute administration,
neither diazepam, clonidine (Table 1) nor Ro 15-1788 (Figure 1)
generalized to the PTZ stimulus. Diazepam did, however, antagonize
the PTZ cue (Table 1).

TABLE 1. Generalization of various treatments to the pentylene-
tetrazol stimulus prior to chronic diazepam.

Dose Number of % Selecting
Test Drug (mg/kg) Rats Tested PTZ Lever (1)
Saline T 26 0
Pentylehetetrazol 20.0 26 100
Diazepam 10.0 10 0
Clonidine 0.04 5 0

0.16 4 0
Pentylehetetrazol 20.0
+ Diazepam 5.0 9 11
Pentylenetetrazol 20.0
+ Clonidine 0.04 5 100
Pentylenetetrazol 20.0
+ Clonidine 0.16 5 100

(1) % subjects emitting the first 10 responses on the PTZ-
correct lever.

PTZ-1like IDS occurred in diazepam-treated subjects after both
precipitated and spontaneous withdrawal. In contrast to the failure
of Ro 15-1788 to generalize to PTZ prior to dependence, in rats
treated with diazepam for 5 days, Ro 15-1788 produced dose-dependent
selection of the FTZ lever with an ED50 of 7.1 mg/kg (Fig. 1).

Termination of two weeks of chronic pentobarbital administration did
not produce significant generalization to PTZ IDS (Table 2).
However, spontaneous withdrawal from 11 days of 60 mg/kg/day of
diazepam did produce generalization to the PTZ stimulus (Table 2).
This generalization was greatest at 8 hours (chi square = 12.5,
p<.001) of withdrawal (earliest time tested), and was still
detectable 16 days after termination of chronic diazepam. At the
8-hour spontaneous withdrawal point, pentobarbital blocked the
appearance of PTZ-like IDS, whereas clonidine did not (Table 3).
When these subjects were moved from the chamber, injected with Ro
15-1788 and returned to the chambers, pentobarbital still blocked
PTZ-lever selection, but clonidine did not (Table 3).
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Figure 1. Dose-dependent generalization of Ro 15-1788 to the
pentylenetetrazol stimulus. Abscissa: dose of Ro 15-1788.
Ordinate: percentage of rats canpleting the first ten responses on
the PTZ lever. 0 = non-diazepam dependent . X = diazepam
dependent.

TABLE 2. Generalization to the pentylenetetrazol stimulus following
termination of chronic pentobarbital(l) or diazepam(2).

Pentobarbital Diazepam
Hours After % selecting Days After % Selecting
Last Dose PTZ Lever (3) Last Dose PTZ Lever
2 22 0.33 60
6 11 1 55
12 33 2 35
24 0 3 40
36 11 8 30
33
16 25
(1) Pentobarbital was given i. p., 40 mg/kg/injection, 4 times per
day for one week follwed by 6 times per day during the second week.
(2) Diazepam was given i. p., 20 mg/kg/injection, 3 times per day

for eleven days.

(3) See Table 1 for testing criterion. Spontanous occurrence of
PTZ-1like stimuli during withdrawal was tested by determining lever
selection following saline injection.
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TABLE 3. Generalization of various treatments to the pentylene-
tetrazol stimulus after 8-hour withdrawal fran chronic diazepam. (1)

Number of % Selecting
Treatment (2) Dose Subjects PTZ Lever (3)
Saline - 16 56
Pentobarbital 10 6 0
Clonidine 0.04 7 43
Pentobarbital 10
+ RO 15-1788 10 6 0
Clonidine 0.04
+ Ro 15-1788 10 9 54

(1) Tests were conducted on days 7 through 10 of chronic
diazepam administration, 20 g/kg, every 8 hours.

(2) Treatments occurred 8 hours post diazepam.

(3) See Table 2.

DISCUSSION

Physical dependence on diazepam has been reported in man (Marks
1978) and laboratory animals (Martin et al. 1982). What is novel in
the present results is that a subjective aspect of withdrawal can be
detected and quantified in laboratory animals. The discrimination
of non-convulsant doses of pentylenetetrazol, an animal assay for
drug effects related to anxiety in man (Lal and Emmett-Oglesby
1983), detects withdrawal from diazepam, whether precipitated or
spontaneous. Previous studies using overt physical signs of
withdrawal typically have found that benzodiazepine dependence in
rats can only be obtained after high-dose and/or prolonged
administration (Boisse et al. 1982; Martin et al. 1982). The
relatively short period taken in this study to demonstrate
withdrawal suggests that subjective aspects of withdrawal can be
detected and quantified after far less dependence than is required
to produce overt signs of abstinence.

Physical dependence on pentcbarbital has also been reported in
laboratory animals Martin et al. 1982), although demonstration of
physical manifestations of withdrawal requires prolonged and
high-dose administration. Thus, the failure to detect pentobarbital
withdrawal in the present experiment may be a reflection of
inadequate dose or duration of pentobarbital treatment. These
results can be contrasted with those for diazepam, suggesting that,
benzodiazepines may have a greater propensity for producing
subjective signs of withdrawal, even after relatively brief periods
of administration.

Acute administration of Ro 15-1788, a benzodiazepine receptor
antagonist (Mohler et al. 1981), generalized to PTZ only during
chronic diazepam administration. When combined with the results
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from spontaneous withdrawal, these data suggest that Ro 15-1788
precipitated diazepam withdrawal. This conclusion is supported by
previous studies showing that Ro 15-1788 precipitates physical signs
of withdrawal in animals exposed to prolonged high-dose
benzcdiazepine treatment (Boisse et al. 1982).

Spontaneous withdrawal signs, as wellas those precipitated by Ro
15-1788, were blocked by pentobarbital, but not by clonidine.
Pentobarbital is a non-benzodiazepine drug with anxiolytic
properties, and there is substantial evidence that its effects are
not mediated by benzodiazepine receptors (Davis and Ticku 1981).
The present findings support the hypothesis that a non-
benzodiazepine receptor mechanism is responsible for the
pentobarbital alleviation of benzodiazepine withdrawal. Clonidine
is effective in relieving signs of opiate abstinence in man (Gold et
al. 1978) and animals (Fielding et al. 1978), but the ability of
clonidine to allieviate benzodiazepine withdrawal signs is unknown.
The present data suggest that clonidine would not be expected to
relieve anxiety symptoms produced by benzodiazepine withdrawal.

Thedetection of PTZ IDS has been proposed as an animal modelof
anxiety, and the appearance of PTZ-like IDS during withdrawal from
diazepam is in agreement with reports in man that anxiety is a
protracted and frequently seen symptom of benzodiazepine withdrawal
(Marks 1978). The present results may thus aid in resolving a
controversy surrounding the role of drug dependence in the
appearance of subjective complaints when a drug is terminated.
Clinically, there is debate as to whether such anxiety is a
manifestation of drug withdrawal or is only a return of the
patient's preexisting condition. Petursson and Lader (1981) have
argued that anxiety often goes unrecognized as a true withdrawal
sign because anxiety was usually the condition for which the
benzodiazepine was initially prescribed. The present data support
their conclusion that subjects do indeed experience witbdrawal-
induced anxiety.

In summary, our data suggest that a subjective manifestation of drug
withdrawal, related toanxiety in man, can be assayed in animals.
This sign can be detected and quantified at levels of dependence
much less than those necessary to produce more overt signs (e.g.,
convulsions) of withdrawal. Thus, the pentylenetetrazol

disc rimination paradigm can be used to test subjective signs of drug
withdrawal, and it can be employed to investigate neurochemical and
behavioral factors mediating these signs.
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Self-Administration of Clonidine
and Oxazepam by Methadone
Detoxification Patients

Kenzie L. Preston, George E. Bigelow, and Ira A. Liebson

The benzodiazepines and clonidine have frequently been used to
alleviate withdrawal symptoms during methadone detoxification.
Clonidine has been shown to be effective in decreasing the symp-
toms of abrupt withdrawal from chronic methadone (Washton and
Resnick 1981; Charney et al. 1981); however, its usefulness in
gradual methadone detoxification, a procedure more commonly used
in outpatient methadone clinics, has yet to be demonstrated.
Because of the apparent efficacy of clonidine as a treatment
agent in opioid withdrawal, it has been suggested that clonidine
may possess some potential abuse liability -- either because of
its opioid-substitution properties or because of other sedative
or euphorigenic properties which it might have. Clonidine has
been shown to support intravenous self-administration in both the
rat (Davis and Smith 1977; Shearman et al. 1977) and the rhesus
monkey (Woolverton et al. 1982) . The availability of clonidine
in the illicit street market and the existence of some degree of
drug abuse has been reported (Gold et al. 1980).

The use of benzodiazepines and related compounds as adjuncts in
the treatment of the opioid withdrawal syndrome has been commonly
recommended (Goldstein 1972; Kleber and Gold 1978) and is commonly
practiced. Although insomnia, anxiety, and muscle cramps associ-
ated with methadone detoxification would appear to indicate the
use of these drugs, their efficacy as adjuvants in methadone de-
toxification has not been demonstrated in controlled studies.

It is well established that the benzodiazepines possess some de-
gree of abuse potential and will be self-administered by opioid
addicts (Woody et al. 1975; Stitzer et al. 1981). The reinforcing
properties of these agents may account for their popularity in the
treatment of methadone withdrawal symptoms.

The purpose of the present study was to examine the extent and
pattern of self-administration of clonidine and oxazepam during
methadone detoxification and to examine the extent to which these
drugs alleviate the symptoms of opioid withdrawal. Two groups of
methadone detoxification patients were used. In one group we com-
pared clonidine and placebo, and in the second group we compared



oxazepam and placebo. The procedures used were the same for both
groups and consisted of two components: (1) to assess efficacy,
patients were given exposure to active drug and placebo, and the
acute effects of the two agents and their effects on withdrawal
symptoms were monitored; and (2) to assess drug preference, follow-
ing the forced exposure, subjects were given the opportunity to
self-administer the drug of their choice and to choose the dose

of that drug. These preference data gave an indication of patient
acceptability of the drug and possibly some measure of abuse 1li-
ability. The two components were repeated six times over the
course of the detoxification to assess the relationship between
drug efficacy and preference and withdrawal symptomatology.

METHODS

Subjects and general procedures: The participants were 12 male
methadone maintenance patients who requested inpatient detoxifi-
cation from methadone, and who gave their informed consent to

participate in this six-week research protocol. The average age

of the subjects was 32 years (range 23 - 41 years). The subjects
reported an average of 13 years (range 3 - 25 years) prior nar-
cotic addiction. The average daily methadone maintenance dose was

39.6 mg (range 30 - 50 mg).

Subjects participated while residing on an 8-bed behavioral
pharmacology research ward. On the basis of admission data sub-
jects were assigned to either the clonidine (N=6) or oxazepam
(N=6) group. The study was run in double-blind fashion; neither
the subjects nor the staff were informed of the methadone detoxi-
fication schedule or group assignment.

Methadone detoxification schedule: Methadone was administered in
a constant volume (60 ml) of cherry syrup solution once daily at
6:00 p.m. Subjects were maintained on their maintenance doses
for the first 5 to 6 days that the protocol was in effect,
followed by five days at one-half of the maintenance dose. The
methadone dose was then decreased to zero over the next 10 days.
The subjects continued to receive a constant volume of methadone
placebo (cherry syrup) throughout the rest of the study (15 days).

Adjunct medications: Placebo (lactose) and commercially available
preparations of oxazepam and clonidine hydrochloride were admin-
istered in colored opaque capsules and given an arbitr