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Foreword

The National Institute on Drug Abuse (NIDA) is pleased to publish in
its Research Monograph series the proceedings of the 48th Annual
Scientific Meeting of the Committee on Problems of Drug Dependence,
Inc. (CPDD). This meeting was held at Tahoe City, Nevada, in June
1986. The scientific community working in the drug abuse area was
saddened by the untimely death of one of its very productive and
active leaders: Joseph Cochin, M.D., Ph.D. Joe was a talented
scientist who was greatly admired by his students and colleagues.
For the past five years, Joe had served as the Executive Secretary
of the CPDD. This monograph includes papers from a symposium on
"Mechanisms of Opioid Tolerance and Dependence," dedicated to his
memory. These papers were presented by many of his friends and
colleagues, who took the opportunity to express their high esteem
for Joe.

The CPDD is an independent organization of internationally
recognized experts in a variety of disciplines related to drug
addiction. NIDA and the CPDD share many interests and concerns in
developing knowledge that will reduce the destructive effects of
abused drugs on the individual and society. The CPDD is unique in
bringing together annually at a single scientific meeting an
outstanding group of basic and clinical investigators working in the
field of drug dependence. This year, as usual, the monograph
presents an excellent collection of papers. It also contains
progress reports of the abuse Tiability testing program funded by
NIDA and carried out in conjunction with the CPDD. This program
continues to represent an example of a highly successful
government/private sector cooperative effort.

I am sure that members of the scientific community and other
interested readers will find this volume to be a valuable
"state-of-the art" summary of the Tatest research into the
biological, behavioral, and chemical bases of drug abuse.

Charles R. Schuster, Ph.D.
Director
National Institute on Drug Abuse
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In Memoriam: Joseph Cochin, M.D., Ph.D.
1916-1985

This volume is dedicated to the memory of Dr. Joseph Cochin,
whose death on October 19, 1985, saddened us all. Dr. Cochin
had a long and distinguished career as a research scientist and
teacher. His service to the Committee on Problems of Drug
Dependence as a member and for the past five years as Executive
Secretary was characterized by his patience and dedication. He
is survived by his wife, Renee, and three sons, Joshua, Joel and
Jesse.

His friends, colleagues, and family mourn the passing of this
distinguished scholar and gentle man. We will all miss him.



Presentation of
J. Michael Morrison Award

William L. Dewey

Ladies and gentlemen, I am pleased and honored to have the
opportunity to present the J. Michael Morrison Award for 1986.
Mike Morrison was a fine young man who worked diligently 1in
science administration to the benefit of science and therefore,
all of society. These qualities characterize this year's
awardee, Dr. Edward C. Tocus. He earned his master's and Ph.D.
degrees in Pharmacology at the University of Chicago. He worked
at Lederle Laboratories for the first six years of his profes-
sional career. The majority of his time at Lederle was spent in
endocrine research, but he also spent some time in toxicology.
He has been 1in the Division of Neuropharmacological Drug
Products at FDA since 1966. During that time, 50 different drug
scheduling actions have gone through his office. These drug
scheduling actions have been concerned with amphetamines,
rescheduling barbiturates, scheduling of benzodiazepines, PCP
and its analogs, cannabinoids and the narcotic agonist-antago-
nist, as well as many opiates. Equally important, during this
time significant drugs have been evaluated which have been
approved for the treatment of addiction. These include metha-
done and naltrexone. Other drugs with potential abuse potential
which have been approved during his tenure include the agonist-
antagonist analgesics, Nicorette, Delta-9-THC and Cismet for the
treatment of nausea and vomiting associated with cancer chemo-
therapy.

Ed Tocus has also contributed to issues important to the
Committee on Problems of Drug Dependence by serving on a number
of government committees and study groups. He served for a
number of years on the interagency committee on pain and discom-
fort. He worked with the SAODAP office in setting policy for
the treatment of narcotic-dependent patients. Throughout his
career he has served as a consultant to the World Health
Organization and the Pan-American Health Organization on matters
dealing with drug abuse treatment and control. He has served as
an advisor to Congressional committees and to various state drug
abuse authorities. His administrative expertise and his knowl -
edge of drug abuse related issues have been recognized by the
FDA by being chosen as their representative in the area of drug
abuse at meetings of the American Medical Association, Drug



Enforcement Agency, National Institute on Drug Abuse, as well as
nongovernmental scientific societies such as ACNP and CPDD. Dr.
Tocus was honored by the FDA in 1981 when he was presented with
their commendable service award for his contributions to the
therapeutic treatment of dependency disorders and to the sche-
duling of abused drugs.

One of the most important aspects of the contributions of Ed
Tocus is the manner in which he has carried out his duties. He
has a judicious and fair way of protecting the subjects but yet
allowing the evaluation of drugs to proceed.

Ed and his wife, Nora, who is earning her Ph.D. in psychology at
this time, have two grown sons.

It is a pleasure for me to present this award to Dr. Tocus. The
plaque is inscribed as follows:

In recognition of Outstanding Contributions in Science Admini-
stration, The J. Michael Morrison Award is presented to Edward
C. Tocus at the 48th Annual Meeting of the Committee on Problems
of Drug Dependence Tahoe City, California June 16, 1986.
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J. Michael Morrison Award Lecture,
1986

Edward C. Tocus

I am deeply honored to receive the third J. Michael Morrison
Award and join the previous distinguished recipients, Robert C.
Petersen now retired from the National Institute on Drug Abuse,
and Kay Croker of the American Society for Pharmacology and
Experimental Therapeutics. The award is for achievement as an

administrator in the drug field. I have listened to recipients
of various awards say how surprised they were and how they
wondered what it was that led to their selection. I can say

that I completely understand that reaction because it is pre-
cisely what I felt. This award represents the convergence of
several phases of my professional career which I will share with
you in the next several minutes.

The first phase was graduate training beginning in 1953. I Tike
to brag that I am a direct descendent fourth generation pharma-
cologist; that is, starting with the father of modern experi-
mental pharmacology, Oswald Schmiedeberg, whose student was John
Jacob Abel (father of U.S. pharmacology), whose student was
Fugene Maximillian Karl (EMK) Geiling, chairman of my Department
at the University of Chicago. Dr. Geiling was a contemporary of
Aldous Huxley, who wrote "Doors of Perception", an account of
taking hallucinogenic drugs. Dr. Geiling was with Dr. Huxley at
the time and took notes on the effects as they were experienced.
Through several class lectures, I was introduced to the world of
drugs of abuse including alcohol and narcotics. This exposure
included an initiation into the need for careful observations
and measurements in biological research. This characteristic of
"staying with the data" of a carefully planned and executed
study, 1in 1its broadest sense, has been a singular guiding
principle in all facets of my career.

The second phase of my career Teading to this recognition is the
six years from 1960 to 1966 with a pharmaceutical company.
Those were the anti-Vietnam War years. They were years of
protests and marches against the government for social,
economic, political and environmental reasons. It was a time of
LSD. It was a time when I became disenchanted with both the



pharmaceutical industry and the Federal Government. I believed
my future was destined in the international arena and, there-
fore, applied to several international health organizations for
a job. After a number of months of waiting, it became apparent
that you cannot get to an international health organization
directly from an industry position. With the conviction that
you cannot change government with marches and protests, but must
join it and work from within, and with a plan to go from a
federal to an international position, I applied to the FDA and
was accepted to be a reviewing pharmacologist in the Division of
Neuropharmacological Drugs.

That began in 1966, the third phase of my career, the bureaucra-
tic years. Because of my interest in the pharmacology of the
hallucinogenic substances, I requested and was assigned all of
the drugs of abuse along with all of the narcotic analgesics.
One of the first drugs which I evaluated and continued reviewing

until marketing was naloxone. 0f course, LSD, marijuana, CME
(crude marijuana extract which Tater became delta-9-THC) were
all assigned to me as a reviewer. Although pentazocine was

available when I started, I had butorphanol and nalbuphine as my
drugs. Then came methadone. In about 1968, I began attending
the business and scientific meetings of the CPDD. I remember
one particular business meeting at the National Academy of
Sciences building in D.C. when Dr. Vincent Dole proposed estab-
Tishing methadone treatment centers around the country for the
heroin addicts who were without any treatment. That caused a
flood of applications to the FDA, all of which were assigned to
me. By 1972, it was obvious this treatment was no Tlonger
research and as a result, the methadone regulations were written
to handle the several hundred programs going at that time. In
1970, the Controlled Substances Act was written and the FDA now
had additional responsibilities in the drug abuse field. I was
also promoted to the supervisory pharmacologist in the Division
and all of the drug abuse work was too much, so we decided to
establish a Drug Abuse Staff within the Division. This was done
in 1971 with the agreement that I could continue to be responsi-
bTle for my drug classes and the research in these classes. That
began the era of LAAM and Naltrexone, the endorphins and peptide
opiates, the cannabinols, and Nicorette chewing gum to name a
few of the projects you might recognize. Every investigator in
the country who studies a Schedule I substance in humans must
have an IND with the Drug Abuse Staff of the FDA.

Recognition with the Morrison Award means that Jjoining the
government was the right choice, that my training, experience
and objectives converged. Luck put me in a position to follow a
class of drugs most pharmacologists rejected, drugs which my
naive artist friends in New York who -protested against the war
and nuclear bombs, and in support of civil rights and preserva-
tion of the environment were taking in spite of my advice. To
end the story, I have been able to work with the World Health



and Pan American Health Organizations anyway, because of
experience at the FDA. Thank you.
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Introduction of Nathan B. Eddy
Memorial Award Recipient—1986

Louis S. Harris

It gives me great personal pleasure to introduce this year's
recipient of the Nathan B. Eddy Award. Dr. Harold Kalant is a

native of Toronto, Canada. His formal education was at the
University of Toronto where, as a member of the Royal Canadian
Army Medical Corps., he earned an M.D. and B.Sc. in medicine.

He Tater received a Ph.D. degree in Pathological Chemistry from
the same institution. His post-graduate medical training was in
Canada and Chile, an early indication of his broad international
concern.

In the Tate 1950's he served as Biochemistry Section Head at the
Defense Research Medical Laboratories in Toronto where he began
his development of elegant analytical methods for the detection
of small amounts of hormones and drugs in body fluids. In 1959

he began his association with the Department of Pharmacology of
the University of Toronto and the Addiction Research Foundation
of Ontario where he rose through the ranks to his present
position as Professor of Pharmacology and Director of Biobeha-
vioral Research. At the Addiction Research Foundation he began
his pioneering studies on the pharmacology toxicology and
mechanism of alcohol action, tolerance and dependence. It is
fair to say that the work of Dr. Kalant and his colleagues over
the past 25 years have provided much of the scientific basis for
our understanding of alcohol intoxication. These studies were
lTater extended to other drugs of abuse and form the scientific
basis for his selection for the Eddy Award.

Dr. Kalant has also served the medical and scientific community
by his service on numerous national and international commis-
sions and boards. 0f particular note are his services to the
Committee on Problems of Drug Dependence, the Expert Panel on
Drugs of Dependence of the World Health Organization and the
National Institute of Alcoholism, and Alcohol Abuse, where he
currently is Chairman of the Board of Scientific Counselors.

His distinguished career has earned him numerous honors. These
include the Jellinek Memorial Award for Research on Alcoholism



(jointly with R.E. Popham), the Raleigh Hills Foundation Inter-
national Gold Medal, and the Upjohn Award of the Pharmacological
Society of Canada. In 1983, he was elected as a Fellow of the
Royal Society of Canada.

Dr. Kalant is a brilliant but modest man whose career may be
summed up by the following citation. "Harold Kalant distin-
guished scientist, gentle man. Your research on alcohol,
alcoholism and other drugs of abuse has greatly benefited
mankind."

The Committee on Problems of Drug Dependence is honored to name
you the 1986 recipient of the Nathan B. Eddy Award.
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Nathan B. Eddy Memorial Award
Lecture: Tolerance and its
Significance for Drug and Alcohol
Dependence

Harold Kalant

Tolerance has always been considered as one of the cardinal signs
of addiction, whether to alcohol or other drugs, yet the reason
for the importance attached to it has seldom been explained.

Why, indeed, does tolerance really matter? The answer is not
readily apparent from the research Tliterature on this subject.

Early in the course of investigation of tolerance, a metabolic or
pharmacokinetic variety was recognized, resulting from an
increased rate of biotransformation of the administered drug
(Pringsheim 1908). There are many examples of pharmacokinetic
tolerance, affecting virtually all types of psychoactive drug.

If tolerance is measured as a decrease in the duration of drug
effect, pharmacokinetic factors may be of considerable
importance, especially in relation to tests of long duration
(e.g., duration of loss of righting reflex in rats or mice after
administration of ethanol or other hypnotic-sedative drugs).
However, for most experimental purposes it is much more common to
express tolerance in terms of a reduction in the maximum
intensity of response, or of increase in the dose required to
achieve a given effect, such as increase in ED50 (Fernandes et

al. 1977). Most test responses reach their maximum levels quite
early after parenterial administration of drugs, or even in some
cases after oral ingestion. Pharmacokinetic tolerance is of

little importance under these circumstances, and one 1is dealing
then with functional or pharmacodynamic tolerance (Kalant et al.
1971; Cicero 1980).

The traditional view has been that pharmacodynamic tolerance
represents a physiological homeostatic adaptation to the direct
pharmacological action of the drug, occurring at the molecular
level (e.g., Collier 1965; Goldstein and Goldstein 1968). Such a
homeostatic process is also generally presumed to underlie
physical dependence: tolerance is shown by normal function in
the presence of the drug, while withdrawal of the drug then
unmasks the adaptive change which constitutes the basis of the
withdrawal reaction. Since, in this view, tolerance is
essentially a physiological adaptive process, it has been
generally held to be specific for the type of drug used,



according to the mechanism of action of the drug. Thus, for
example, tolerance to a drug such as morphine, which acts via
stereospecific receptors, has been conceived as a different
process from tolerance to ethanol, which acts by non-specific
interaction with Tipids and proteins of the cell membrane.
According to this view, therefore, transfer of tolerance and of
dependence between alcohol and opiates would be most improbable.

The relation of such postulated homeostatic change to continued
drug-taking or drug dependence is seldom explained, except for the
unproven assumption that the tolerant individual needs to increase
the dose of the drug in order to achieve the euphoric or other
desired effect of the drug, and for the more clearly proven
observation that drug-taking may become, in part, a self-
medication for the relief of withdrawal symptoms. Apart from
these two possibilities, the question remains unanswered: why
does tolerance really matter? Before attempting to answer it, one
should examine carefully what tolerance really is, and how well or
poorly the classical theories really explain it.

The traditional view of tolerance has been seriously challenged by
a number of findings beginning over 20 years ago. Irwin  (1963)
observed that tolerance to phenothiazines developed more rapidly
when the subjects were submitted to arousal stimuli during the
course of drug action. Chen (1968) reported that animals which
were obliged to perform a test daily under the influence of
alcohol developed tolerance, whereas those which received the same
dose of alcohol after the daily test performance did not become
tolerant. Kayan et al. (1969) observed similarly that animals
subjected repeatedly to tests of nociception under the influence
of morphine developed a high degree of tolerance, while those
receiving the same chronic dosage without the repeated tests
developed less or none. From such observations, there arose the
view that tolerance is essentially a Tearning process, rather than
a physiological adaptation, and it has even been asserted that no
tolerance occurs unless the drug-treated subject experiences test
performance while in the drugged state (Wenger et al. 1981).

This view of tolerance as a learning process is consistent with a
number of observations of formal resemblances between tolerance
and Tearning. For example, when rats were exposed to repeated
cycles of chronic alcohol exposure and withdrawal, they reacquired
tolerance on the Tater cycles more rapidly than they had acquired
it the first time (Kalant et al. 1978). The administration of
cycloheximide, during the course of chronic ethano]l
administration, prevented the development of ethanol tolerance
(LeBlanc et al. 1976) just as it had been previously observed to
inhibit the acquisition of new learning. However, it is
noteworthy that repeated cycles of alcohol exposure and withdrawal
also enhanced the rate of development and intensity of expression
of a withdrawal reaction (Branchey et al. 1971; Clemmesen and
Hemmingsen 1984). The concept of tolerance as a learned
compensation for drug effects does not offer any obvious
explanation of such a facilitation of physical dependence.
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Nevertheless, further support for the idea that tolerance involves
learning of some type was provided by a variety of studies on both
operant and classical (Pavlovian) conditioning. In studies of the
effects of various drugs on operant behavior, it was observed
repeatedly that drug effects which resulted in a Tloss of
reinforcements resulted in more rapid development of tolerance.
One of the earliest such observations was that by the Lexington
group (Fraser 1957), that tolerance to barbiturates in human
subjects was seen first on cash-rewarded tasks in which the drug
effects caused a loss of earnings. Subsequently, the same
phenomenon was observed in rats, in relation to the effects of
amphetamine (Schuster et al. 1966) and of tetrahydrocannabinol
(Elsmore 1976) on food-rewarded bar-pressing tasks. We were later
able to confirm this with cocaine in a different type of operant
procedure (H. Kalant and N. Woo, unpublished studies), and with
ethanol and chlormethiazole (Kalant et al. 1986).

Siegel, 1in a thorough and systematic series of experiments
beginning in the mid-1970's (Siegel 1975), has drawn attention to
the role of Pavlovian conditioning of environmental cues in the
development and expression of tolerance and physical dependence in
rats treated with morphine. When animals were tested in the same
environment in which they were treated with morphine daily, they
developed increasingly rapid expression of tolerance to the
analgesic and hypothermic effects, But when they were tested in a
different environment, the manifestation of tolerance was markedly
decreased or abolished. When they were treated with saline in
place of morphine in the morphine-linked environment, they
presented an overt withdrawal reaction. Similar findings have
been obtained with respect to the hypothermic effect of ethanol
(Lé et al. 1979; Crowell et al. 1981) and other drugs. The
suggested explanation 1is that an innate (unconditional) adaptive
response to the acute effect of the drug becomes Tinked
conditionally to the specific environmental stimuli, so that
subsequent exposure to those stimuli initiates the adaptive
response as a conditioned response, beginning even before the
administration of the drug. There have been numerous
confirmations of the functioning of this mechanism, and its
importance has been demonstrated in certain examples of
cross-tolerance. For example, both ethanol and hydralazine
produce hypothermia, but no cross-tolerance between ethanol and
hydralazine effects on body temperature is seen (Rigter et al.
1980) unless the animals receive hydralazine in the same
environment in which they have previously been made tolerant to
ethanol (L& et al. 1986¢c).

Further indirect support for the concept of Tlearning as an
integral part of tolerance is provided by observations of the
effects of certain neuropeptides on ethanol tolerance. DeWied and
his collaborators, in a long series of studies beginning in the
1960s, had observed that vasopressin, and the desglycinamide8
derivative of it (DGAVP) which is almost devoid of peripheral
endocrine action, were able to maintain a learned avoidance
behavior in the rat under conditions in which extinction would
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otherwise have occurred (deWied and Bohus 1979). Similar doses of
these hormones were found to maintain ethanol tolerance after the
end of a period of chronic alcohol administration (Hoffman et al.
1978; Rigter et al. 1980; L& et al. 1982). This effect of the
peptide was demostrable only in the presence of an intact
serotonergic pathway from the median raphe nucleus to the
hippocampus (L& et al. 1982; Speisky and Kalant 1985). It had
previously been observed that Tesioning of these pathways would,
by itself, impair the acquisition of tolerance (L& et al. 1981).
While the specific involvement of a hippocampal pathway in the
development and retention of tolerance can scarcely be considered
proof of a Tlearning process, it is at Teast compatible.

Despite all this evidence implicating a role of learning of
various types in the development of alcohol and drug tolerance, it
is nevertheless possible to produce tolerance in circumstances in
which no opportunity for learning under drug influence is
apparent. For example, continuous exposure of rats or mice to
morphine, released from a subcutaneously implanted pellet, results
in tolerance to the analgesic effects of morphine when the animals
are tested for the first time after removal of the pellet.

Similar results have been obtained with subcutaneous implantation
of barbiturate pellets, or with continuous administration of
various drugs from subcutaneously implanted osmotic minipumps. In
analogous fashion, ethanol tolerance and dependence can be
produced by continuous exposure to ethanol vapor in a closed
chamber (Goldstein 1972), or by continuous administration of
ethanol in a liquid diet modified from that of Lieber et al.

(1965) (Khanna et al. 1979).

Does this mean that different types of tolerance exist, in
learning and non-learning situations? At present, the answer can
only be "not necessarily". There is no feature of the tolerance
produced by these methods that distinguishes it from tolerance
produced by the techniques which involve Tearning opportunities.
In the studies referred to above, involving repeated cycles of
alcohol exposure and withdrawal, a crossover between the first and
second cycles from a learning to a non-learning model of tolerance
does not interfere with the facilitation of tolerance seen in the
second cycle (Kalant et al. 1978). On the other hand, tolerance
to ethanol is accompanied essentially by a parallel shift of the
dose-response curve, while tolerance produced by chronic high-dose
treatment with morphine (Mucha and Kalant 1980) or of
chlordiazepoxide (L& et al. 1986a) gives rise to a flattening of
the dose response curve rather than a parallel shift. Cross-
tolerance between ethanol and chlordiazepoxide is therefore
asymmetrical, involving only the "parallel shift" component (L& et
al. 1986c). Further, development of tolerance to ethanol is
accompanied by cross-tolerance to barbital but not to
pentobarbital, on a number of different tests (Gougos et al.

1986). These findings, which are suggestive of differences
relating to the different molecular mechanisms of action of these
drugs, Teave open the possibility that there may in fact be more
than one mechanism of tolerance.
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However, the most economical hypothesis to account for the
differences in tolerance produced by the same drug on the same
test, under different behavioral or environmental circumstances,
is that the stimulus to the development of tolerance is not the
presence of the drug per se, or its direct molecular interaction
with a specific receptor or other cell component, but rather, that
the stimulus is the functional impairment produced by the drug by
whatever means through which it acts. Clearly, the type and dose
of drug will have an important bearing on the functional
disturbance, but the Tatter can also be enhanced by environmental
or behavioral circumstances. For example, ethanol impairs
thermoregulation, and thus can give rise to hypothermia at Tow
ambient temperatures or to hyperthermia at high temperatures.

When rats are treated with ethanol repeatedly at an ambient
temperature (T,) of 4°C, which results in marked hypothermia,

they develop a high degree of tolerance to the hypothermic effect
of ethanol tested at normal room temperature. In contrast, rats
of the same strain, receiving the same dosage of ethanol at T,

of 36°, do not develop tolerance to the hypothermic effect at room
temperature (Lé et al. 1986b). When rats of different strains,
differing in initial sensitivity to the hypothermic effect of
ethanol, are treated chronically with ethanol, the strains which
were most sensitive initially show the greatest acquisition of
tolerance, so that they may ultimately reach the same Tevel of
response as the more resistant strains (Riley and Lochry 1977;
Khanna et al. 1985). The cross-tolerance between ethanol and
morphine, which has been observed in vivo and in vitro (Khanna et
al. 1979; Mayer et al. 1980) is most easily explained the basis
of tolerance to the same functional disturbances that are produced
by both drugs. The same principle can be observed to apply even
to relatively simple response systems. Tolerance to the effect of
ethanol on post-tetanic potentiation in the abdominal ganglion of
aplysia is observed only if the afferent fibres to the ganglion
are stimulated repeatedly during the exposure to alcohol (Traynor
et al. 1977). Tolerance to the effect of ethanol on a spinal
reflex in the spinally transected rat is seen only when the reflex
is elicited repeatedly during alcohol exposure (Jgrrgensen and

Hole 1984). One may conjecture that neurons or synapses, in an
altered state associated with functional activity, are more
sensitive to the effects of ethanol and other drugs and therefore
experience a greater stimulus to adapt to these effects.

This view of tolerance carries several important implications.

The first is that tolerance is not a global state of resistance to
the drug in question, but a delimited state that applies under
certain circumstances and not others. In experimental terms, this
implies that tolerance may be a test-specific phenomenon,
especially at Tow doses of drug which do not necessarily affect
all functions of the organism. Thus one sees, for example, that
rats subjected to daily gavage with ethanol in a dose of 2 g/kg
show substantial tolerance to the hypothermic effect of ethanol,
and to its impairment of operant responding for food reward, but
no tolerance on a test of motor impairment (Lé et al. 1984). At
higher doses, which impair many basic physiologial-functions, one
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is more Tikely to see generalized tolerance simply because almost
all of the animal's normal activities will have been affected even
in the absence of specific tests, and therefore an adequate
stimulus to tolerance development will have arisen in most
neuronal pathways. Another implication is that any proposed
molecular basis for tolerance must be able to account for the
interaction of the drug, the behavioral state and the
environmental context in which the drug is presented. Any

theory of tolerance based exclusively on molecular mechanisms such
as receptor change, altered membrane composition or function, is
likely to be overly simple unless it includes some postulated
means by which the Tevel of CNS arousal or the impact of incoming
neuronal stimuli can modify the drug effect at a particular

locus.

Another implication of this concept of tolerance is that the
relationship of tolerance to physical dependence is not
necessarily constant. In most purely pharmacological studies, in
which large doses of morphine, alcohol, barbiturate or
benzodiazepine, for example, are given regularly by intubation or
by intraperitoneal injection, and a global tolerance is produced
on the basis described above, physical dependence does usually
develop in parallel with tolerance and is manifested as a
spontaneous or evoked withdrawal reaction when the drug is
stopped. However, when tolerance is produced by Tower doses of
drug, in a model involving a substantial role of environmental
conditioning, this does not necessarily apply. For example,
Siegel (1975) found no withdrawal symptoms 1in morphine-tolerant
rats until they were exposed to the same environmental stimuli
after injection with saline instead of drug. One may well ask
whether such a subject is indeed dependent. Cochin and Kornetsky
(1964) described very Tlong-lasting tolerance in rats to which no
morphine had been given for many months, but which still showed
reduced antinociceptive effect of morphine when tested in the same
test environment as before. This is clearly suggestive of a
conditioned tolerance that has persisted because no extinction
trials have been carried out. Is this possibly related to what
has been described as "protracted abstinence"? Does this have
implications for treatment of addiction in humans? Perhaps the
withdrawal-Tike symptoms and craving experienced by addicts on
returning to the environment of their habitual drug use is in fact
the same phenomenon, as suggested many years ago (Wikler 1948;
Ludwig and Wikler 1974). Should treatment normally include
deliberate extinction trials in order to eliminate this
potentially important cause of relapse?

A final question concerns the relationship of this complex and
multi-faceted pattern of tolerance to reinforcement of drug

intake. An individual who is exposed for the first time to the
action of a drug is likely to experience a variety of effects,

some pleasurable or reinforcing and others unpleasant or aversive.
The relative balance between the aversive and reinforcing effects
presumably determines whether or not drug consumption is Tikely to
be repeated on other occasions. The aversive effects include most
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of those which are used as common Tlaboratory measures of drug
action, such as hypothermia or impaired intestinal motility with
morphine, dizziness or motor incoordination with ethanol, or
appetite suppression by amphetamine or cocaine. Even the
antinociceptive effect of morphine, which is a therapeutically
desirable effect in patients experiencing pain, is linked to
aversive effects in the healthy volunteer subject. The
reinforcing effects, designated in humans by subjective terms such
as euphoria and "high", must be inferred in experimental animals
from objectively measured behaviors such as drug self-
administration, or conditioned taste or place preferences.

Tolerance can be shown to develop readily to all of the aversive
effects. In contrast, there is 1little or no evidence that
tolerance develops to the reinforcing effects. In animal
experiments involving intravenous self-administration of morphine
or cocaine, for example, prolonged experience with a fixed drug
dosage does not result in extinction of responding, as would be
expected if the animal failed to experience the reinforcing effect
as a result of tolerance. Many investigators have suggested that
the reinforcing effects of drugs such as morphine, amphetamine, or
low doses of sedative drugs are Tinked to their stimulant effects,
including increased arousal, exploratory activity and elevated
body temperature. Though there are a few reports of the
development of tolerance to morphine-induced hyperthermia, for
example, most investigators have failed to find clear-cut
tolerance to these excitatory or stimulant effects. This may be
considered perhaps as indirect evidence supporting the view that
little or no tolerance occurs to reinforcement by drugs. In that
case, the development of tolerance would mean essentially
tolerance to the aversive effects, so that the preponderance of
reinforcement over aversive consequences of the drug would be
increased (Cappell and LeBlanc 1981). This should substantially
increase the strength of the behavioral dependence. One may
wonder whether an intuitive grasp of this relationship may have
been responsible for the importance which has been traditionally
attached to tolerance as a component of drug addiction. If this
picture is correct, it raises an important goal for new
therapeutic efforts in the treatment of drug dependence. This
objective would be to develop methods of diminishing the relative
strength of reinforcement, either by reversing the tolerance to
the aversive effects, or devising some strategy for producing
tolerance to the reinforcing properties. How such an objective
might be attained is a subject for future recipients of the Eddy
Award to discuss.

The history of the study of tolerance and drug dependence is full
of examples of important observations which have been made,
forgotten, and rediscovered years later. A few examples are
sufficient to illustrate the point. Pringsheim (1908) reported
clearly the development of pharmacokinetic tolerance to ethanol in
rats subjected to daily intubation with Tlarge doses; this finding
was reported nearly 60 years later by our own group (Hawkins et
al. 1966), who performed experiments which we would not have had
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to do if we had known of Pringsheim's work in time. Fraser et al.
(1957) described clearly the pattern of "learned tolerance" which
was rediscovered independently by Chen in 1968 and again by Wenger
et al. (1981) and others Tater. Himmelsbach (1943) described the
increased rate of development of tolerance on repeated cycles of
exposure to meperidine, which our own group observed over 30 years
later in relation to ethanol. Many other examples can easily be
found in the present-day literature.

Purposeful repetition of earlier work is often necessary or
desirable, because earlier methods are later shown to be
unreliable, or because the work was not given a theoretical
context which a modern repetition can provide. In many cases,
however, the people who rediscover the phenomenon are not even
aware after the fact that it had already been described years
earlier by other investigators. This loss of continuity of
knowledge is probably due to at Teast two factors. The first is
the excessive and increasing tendency toward compartmentalization,
so that what one investigator discovers with an opiate is not read
by another investigator working with ethanol or benzodiazepines.
The second is excessive preoccupation with what is most recent,
lTeading many investigators to carry their reviews of the
literature no farther back than five or at most 10 years. The
argument is often advanced that anything older than that has been
done with antiquated techniques, and is therefore not worthy of
further consideration. I should Tike to close with a plea for a
more general awareness of the need, in this as in other fields of
research, for scholarship and not only for technology. Knowing
what has been done in the past, and formulating the right
questions on the basis of that knowledge, are at least as
important as applying the most modern and sophisticated methods.

FOOTNOTE

'This paper is dedicated to the memory of the late Dr. Joseph
Cochin, a pioneer 1in research on drug tolerance.
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Early Studies of Tolerance to
Morphine

Conan Kornetsky

I believe it is most appropriate that the Committee on Problems of
Drug Dependence have this special symposium in honor of Joseph
Cochin. As all of you know, Joe invested a great deal of his
energy in this organization. And the topic of this special
symposium, Tolerance and Dependence is one that was the subject of
his scientific career. Although Joe’s death was a sad occasion for
us all, we are not here to mourn his death but we are here to
applaud his life.

Joseph Cochin was born the 21st of July 1916 in Winnipeg, Canada;
however, his family moved to Detroit where he attended secondary
school and Wayne University, receiving his B.S. in chemistry in
1937. He worked as a chemist from 1937 to 1939 at an oil refining
company. However, in 1940 he received a teaching certificate from
the state of Michigan and taught in the Detroit public schools
from 1940 to 1942. He served in the U.S. Army from 1942-1946 with
considerable duty in the South Pacific. After leaving the Army he
became a graduate student in the Department of Pharmacology as
well as a medical student at the University of Michigan at Ann,
Arbor. He received his M.D. degree in June 1953 and his Ph.D. the
following year. Joe’s first choice was biochemistry, but due to
an error in interpreting his undergraduate point average he was
not admitted to the program in biochemistry. However, the
Pharmacology Department at Michigan accurately interpreted his
point average and admitted him. Biochemistry’s loss was
pharmacology’s gain.

As many of you know, Joe was very loyal to the University of
Michigan. He took almost as much pleasure with every win of its
football team as with every publication from the Pharmacology
Department. He would use the metaphor that Michigan was the
“Harvard of the West” - I pointed out to him that he was somewhat
incorrect, the metaphor really was that Harvard was the Michigan of
the East.

Joe had a strong attachment to the University of Michigan. In
1958 the ASPET meeting was at Ann Arbor. It was the year that the
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Pharmacology Department moved to new quarters. Although the
building was empty he dragged me to it so that I would see the
house built by John Jacob Abel, and he, like many other former
Michigan pharmacology students, picked up a piece of the building
as a memento. I believe he took a thermostat off of the wall.

Joe’s Ph.D. dissertation was on the chemical determination of
morphine and its biological fate. His doctoral committee was
comprised of Associate Professor Lauren A. Woods as chairman,

Instructor Theodore M. Brody, Associate Professor Joseph P.
Chandler, Assistant Professor Edward F. Domino and Professor
Maurice H. Seevers. The first paragraph of the abstract of his

dissertation outlined the aims of the research and it was Joe’s
first but not last study designed to determine the variables
accounting for tolerance and physical dependence.

The metabolic fate of morphine and its possible
interrelationship with the problems of tolerance

and physical dependence have long been a matter of
great interest. It is the aim of this study to
attempt to elucidate the fate of the alkaloid in

the animal organism and to investigate the changes,
if any, which take place in the excretory pattern of
morphine in the dog during chronic administration of
the drug. (Cochin 1954, p. 1 Abstract).

This work was published in May 1954 in the Journal of Pharmacology
and Experimental Therapeutics. (Woods et al. 1954; Cochin et al.
1954) .

Reprioted from Tnx Jooawa or Pu AND. T=
Vol 111, No. 1, May, 1954
Printad in U.8.A,

PLASMA LEVELS, URINARY AND FECAL EXCRETION OF MOR-
PHINE IN NON-TOLERANT AND TOLERANT DOGS-*

J. COCHIN, J. HAGGART, L. A. WOODS axp M. H. BEEVERS
Department of Pharmacology, University of Michigan Medical School, Ann Arbor
Received for publication December 10, 1953

FIGURE 1
Title page of Joe’s published dissertation. Copyright 1954,
Williams and Wilkins Company.

Figures 1 and 2 are reproductions of the first page and a summary
table, respectively from Cochin et al. (1954). Figure 2 clearly
shows that there was not a significant difference in the metabolic
fate between the morphine tolerant and nontolerant animal. As

the authors pointed out the slight but not significant difference
between the two groups are of "little importance in explaining the

marked tolerance developed to morphine . . ." Joe, as always, was
very conservative in his interpretation for he added, “in the
dog,” to the statement.
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TABLE 6
Pamlkl uringry and fecal ezcretion of free, bound and tolal morphine (expressed as per cent of
i d doss) in tol ¢ and tolsrant dogs afler subculandous administration of
30 mgm./kgm. of morphine

FECAL FLUS URINARY MORPRINE
POO X0. R
Fre Bound Total Mean Toat
Non-tolerant M-11 3 87 80 8 % 6°
M-14 18 60 78
M5 20 66 88
M-16 25 88 (1
Tolerant Ms 2% 72 96 90 + 10
M.104 28 [N [
M-12¢ 31 47 78
M.13 31 [} "4
*P < 0.2 for the dlﬂerenee beureen the mean wul ex:nuon of the non-tolerant and
U dogs; th the is not i
t The urine values used for these calculati were the age of the last five con-
secutive daily excretion values (see table 3).
FIGURE 2
Summary table of the results from the dissertation publication
(Cochin et al. 1954). Copyright 1954, Williams and Wilkins

Company.

A minor historical note is that in the footnote of this paper the
word statistically is spelled incorrectly. I am not sure Joe ever
noticed the error but it clearly points out to me a flaw in a
Michigan education.

This paper, I believe, put to rest the hypothesis that alteration
in the pattern of morphine excretion accounts for the development
of tolerance and physical dependence. In order for Joe to make
that simple statement it was first necessary for him to develop a
sensitive, reliable and practical method for the quantitative
determination of morphine in plasma and urine, not an easy task.

Joe left Michigan in the Fall of 1954 where he became a member of
the Laboratory of Nathan Eddy in the National Institute of
Arthritis and Metabolic Diseases in Bethesda. Here Joe did
clinical studies on the efficacy of various new drugs in the relief
of pain. It was in Bethesda that I met Joe. We collaborated on
two series of experiments. The first of these was not directly
related to the phenomenon of tolerance. The second series of
experiments developed from Joe’s interest in tolerance and
dependence. We set out to study the time course for the develop-
ment and disappearance of tolerance to morphine in the rat using
both the “hot plate” and swimming speed, a simple test of motor
effects.

This seemed like a fairly simple thing to do. We measured the
response of the same animals to the hot plate” and speed of
swimming in a 15 foot long water trough. Figure 3, taken from
that paper (Cochin and Kornetsky 1964) clearly shows the rapid
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development of tolerance to a 20 mg/kg test dose. Daily dose
started at 20 mg/kg twice daily increasing to 20 mg/kg twice daily
so that by the 5th day the total daily dose was 200 mg/kg. They

—
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The development of tolerance
in the same animals to 20
mg/kg of morphine in the rat
on the “hot plate” and a
swimming test (Cochin and
Kornetsky 1964). Copyright
1964, Williams and Wilkins

Company.
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were then maintained on this dose until the end of the chronic drug
period. We then abruptly withdrew the animals and hoped to see a
rapid loss tolerance. To our surprise no rapid recovery was
forthcoming.

Figure 4 summarizes the results from this experiment. There were
two groups of animals, those that received the daily injections of
morphine and a control group that received a single injection at
the same time that the experimental animals were administered their
first dose and then they were not given a second dose until 68

days later. Each animal was tested on both the “hot plate”
procedure as well as speed of swimming. As can be seen there were

Figure 4

A comparison of recovering

of sensitivity to 72 days of

daily morphine administration
in the rat on the “hot plate”
and the swimming test. Group

1 & 2 depict the performance

of the experimental group on

8

[+]
(=]

PERGENT OF MEAN INITIAL RESFONSE O
LOmy/iy OF WORPHINE
»
o

a0l a 2 . the “hot plate” and swimming
L Vs test, respectively. Groups 2
20 ) —._,,—-. .
_3//‘r*-_——. 7 & 3 depict the performance of
i L N L L the control group. Copyright
wvee | © 100 200 300 1964, Williams and Wilkins
OF M3 ADM. DAYS POST WITHDRAWAL
o LY JANIMALS Company.

clear differences in loss of tolerance in the animals on the two
procedures. Striking was the marked attenuation of morphine effect
in the control animal’s response on the "hot plate". Their
response was only 40% of their original response to morphine. The
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experimental animals only reached the level of the control animals
on day 300 of withdrawal where both groups still showed a response
that was less than 40% of their original response. This phenomenon
was not observed in the swimming procedure, a simple test of motor
performance. However, even here recovery of sensitivity to the
level of the control animals did not occur until somewhere between
150 to 250 days post-withdrawal. One problem that we immediately
became aware of was that in order to test for tolerance we were in
fact priming the tolerance.

In order to determine whether priming played a role we designed

an experiment where animals would be tested for tolerance only
once. In order to determine the time necessary to lose tolerance
to morphine different groups of animals were used, each to be
tested only once at a specified time period. The results of this
experiment are illustrated in figure 5. What was striking in this
experiment was that the control animals that only received morphine
once at the start of the experiment, once 2 months later, and then
approximately once every two months (groups Cl), seemed to develop
what appears to be tolerance. Group Al, the experimental group who
received daily doses of morphine for the first 60 days also showed

Figure 5
MONTHS AFTER INITIAL INSECTION A comparison of "primed" and
LN t 2 "unprimed" animals recovery
of sensitivity to morphine
7; after chronic administration
/ doses (groups Al-5) or after
an initial acute dose 68 days
prior (groups Cl-6). Points
N1 & N2 are the response of
two groups of naive animals
to the test dose of morphine
response 1is expressed as a
percent of the initial
O ;m;u:csrsmwn?cm 12 response Fo the morphine of
OF GHRONIGALLY MORPHINIZED ANIMALS the experimental and control
groups. Copyright 1964,

Williams and Wilkins Company.
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little evidence of recovery of sensitivity to morphine. The C2-6
and A2-5 animals were only tested once after the second month after
the first injection of morphine. The results using the "hot
plate," shown here, were clearly different from that of the swim-
ming animals (not shown). The latter once again showed recovery of
sensitivity and it was the same for primed and unprimed animals.
What is most interesting in this figure is the control animal
curves (Cl, etc) suggesting that a single dose of morphine might
have profound lasting effects.

Subsequently we (Kornetsky and Bain 1967) looked at the effect of
a second dose of morphine on a foot shock titration analgesic
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procedure. The results of this experiment are shown in figure 6.
In this study all animals were tested only on the designated test
day with half of them receiving saline on the 1st day. The
indicated control level is the response of the saline animals to
their first dose of morphine on the designated day. The response
of the other animals is the effect of their 2nd dose but first

Figure 6
The effect of a single injec-
tion of 10 mg/kg of morphine
in the rat on the effects of
CONTROL a subsequent 5 mg/kg test dose

<]
<]

on a foot-shock attention
° 4 procedure. Scores are ex-
pressed as a percent of the
<4 effect of morphine in a
control group of animals who
-1 originally received saline

} rather than morphine (From

o s i t L ! N Cochin and Kornetsky 1968
! 3 7 i5 3l 179
Day post initial M.S. dose based on Kornletsky and Bain
1967) . Copyright 1968,
Williams and Wilkins Company.
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time tested with morphine. This experiment is not dissimilar from
one reported in 1953 by Nathan Eddy who showed that in mice the
effects of a second dose of morphine given 24 hours following the
first dose will not be influenced by the first dose, but if 72 or
92 hours intervenes the effect of the second injection is
significantly altered.

The interesting thing that this experiment shows is that when only
one day intervened between doses of morphine tolerance was slight.
It is as if there must be some sort of consolidation, much like
what is seen for short term memory. Only here we have the time
period spread out and that a given dose immediately after the
first, one day in this case, does not give the cell sufficient time
for the consolidation of the receptor to the opiate molecule.
Feinberg and Cochin (1972) reported that cycloheximide, a potent
inhibitor of protein synthesis, which will prevent consolidation of
short term memory, will also block the development of tolerance if
given one hour prior to the morphine administration in the mouse.

In the 1964 paper (Cochin and Kornetsky) in which we demonstrated
single dose tolerance, we suggested that "one of the possible
explanations may be the induction of some sort of immune mechanism
by the administration of morphine." This concept had been pre-
viously considered by others, Gioffredi in 1897 and 1898 (as
reported by Krueger et al. 1941) reported that injection of serum

25



from tolerant animals into naive animals protected the naive
recipients from the effects of an otherwise lethal dose of
morphine. Later investigators were not able to replicate these
findings and it was generally concluded that the evidence 1is
against the presence of any specific antibody as a mechanism for
tolerance. These earlier investigators mainly studied the lethal
effects of morphine and did not determine the effects of passive
transfer on sub-lethal doses.

The first experiment in which we attempted to passively transfer
tolerance was done with the dog as the donor animal (Kornetsky and
Kiplinger 1963). Dogs were given gradually increasing daily doses
of morphine for two weeks. The drug was abruptly withdrawn and 48
hrs later blood was taken and serum prepared from these animals as
well as comparable controls. Serum from the morphine-tolerant
donors and from control donor animals was injected into two
separate groups of rats and the effects of a test dose of morphine
on the time needed to swim a straight alley was measured 48 hours
after the injection of either control serum or serum from tolerant
animals. To our surprise we observed a potentiation of the
morphine effect that was subsequently replicated by Kiplinger in
another laboratory using the “hot plate as a measure of effect
(Kiplinger and Clift 1964).

Joe and I decided that we would pursue this work first using the
rabbit as the donor animal and the mouse as the test animal

(Cochin and Kornetsky 1968). Figure 7 shows the results of one of
these experiments. Serum was collected one week after withdrawal
and the effects of a test dose of 10 mg/kg in the mouse, given at

SERUM COLLECTED | WEEK AFTER WITHDRAWAL

{ RABBIT )
ne30 ne70 n=60 e 70 Figure 7
18- 1 Effect (x * SEM) of serum
Seconos obtained from morphine-
161 1 tolerant (T) and nontolerant
el i (V) donor rabbits on the “hot
plate” response of mice to
12k E 10 mg/kg of morphine.
Copyright 1968, Williams and
10 h Wilkins Company.
a L -4
T T U 1} T
2 hrs. 24 hrs. 48 hrs. 1

TIME AFTER INJEGTION OF SERUM

various time periods after the injection of the serum, were tested
using the “hot plate.” The ordinate is the latency of response

to the 10 mg/kg dose. As can be seen the animals receiving serum
from the morphine tolerant animals showed significant reduction in
effect at 24 and 48 hours and one week after the serum administra-
tion. We had similar results when the rat was the donor animal
and the mouse the test animal (Cochin and Kornetsky 1968).
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We continued this line of work attempting to see if we could
replicate the Kiplinger and Clift findings and our previously
mentioned findings unfortunately none of the results were as
robust as previously reported. However, there was a trend in that
either we found no differences or differences in the direction
previously reported, that 1is, serum from dogs chronically treated
potentiated the effects of morphine on the test procedure whereas
those results in which the donor animal was the rabbit the trend
was in the direction of an attenuated response in the test
animals.

Friedler, in her dissertation under the direction of Joe Cochin
(1968), tested the hypothesis of a possible immune factor in
tolerance by removing the thymus within 24 hours after birth and
then subsequently testing the mouse on the “hot plate” procedure.
Although no difference was found between these two groups, she did
make an important observation in that offspring of mothers treated
with morphine prior to mating at 4-5 weeks of age showed a
depression in the “hot plate” response to an initial dose of
morphine, suggesting in some way that tolerance was passed from the
mother to the offspring (Friedler and Cochin 1972). It should be
noted that if the offspring were exposed to morphine in utero it
could only be to trace amounts since the mothers were not bred for
at least 4 or 5 days after drug withdrawal. This has led to a
series of experiments by Friedler demonstrating that not only can
pregestational treatment of the dam with morphine affect the
offspring but the even more surprising finding, that the pregesta-
tional treatment of the sire will also affect the offspring
(Friedler 1985).

Although these experiments did not lead to a clear demonstration
of a immunological mechanism they did indicate that morphine and
possibly other drugs may have profound effects months after the
administration of morphine and further that these effects may be
passed on to the offspring.

Joe added much to our understanding of the phencmenon of tolerance
and physical dependence. I have described, for the most part,
only those experiments that he and I worked on together or
specifically related experiments. The legacy that Joe left to us
is not only the answers but also the questions that he asked
concerning the phenomenon of tolerance and physical dependence.

We will miss him.
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