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Foreword

In each year's calendar of scientific events related to drug abuse,
the Annual Scientific Meeting of the Committee on Problems of
Drug Dependence, Inc., 1is an occasion of outstanding importance.

The membership of the CPDD represents a broad spectrum of exper-
tise that includes pharmacology, clinical medicine, psychiatry,
public health, chemistry, and the social sciences. The Committee
maintains liaison with Government regulatory and research agencies,
with the pharmaceutical industry, with national and international
agencies that are interested in drug dependence and abuse, and with
educational and treatment facilities.

The proceedings of each annual CPDD meeting are a comprehensive
gathering of reports on current research in all aspects of drug
abuse and drug dependence. Topics presented in Problems of Drug
Dependence, 1980 include the effects of drugs on the central ner-
vous system, their pharmacological action, biological disposition,
safety, abuse potential, and clinical usefulness. Annual progress
reports of NIDA-supported dependence studies of new compounds are
included, in addition to the 40 papers presented and 6 papers read
by title at the 42nd Annual Scientific Meeting in Hyannis, Massa-

chusetts, on June 18-20, 1980. There is also an extensive index.
Some of the papers have been condensed by the authors to meet space
limitations of this volume.

In the belief that readers with widely diverse interests will find
this timely review of wvalue, the National Institute on Drug Abuse
is pleased, for the second year, to publish in its Research Mono-
graph series the Proceedings of the Annual Scientific Meeting of

the Committee on Problems of Drug Dependence, Inc.

William Pollin, M.D.

Director
National Institute on Drug Abuse
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Dynorphin
Nathan B. Eddy Memorial Award Lecture

A. Goldstein

It is indeed a very great honor to be chosen as recipient of the
1980 Nathan B. Eddy Memorial Award. Dr. Eddy was one of the truly
great pioneers in the field of opiabe research and, in more ways
than one, my own research owes inspiration to what he contributed

to our field. I have stood here so often before, on the platform
at previous meetings of CPDD, presenting some research finding,
while Dr. Eddy -- right there in the second row -- listened and

took notes. I can remember if one said anything at all that lacked
sufficient experimental evidence or was too speculative, he would
look up suddenly, then scribble more vigorously in his notebook.
And afterwards, in corridor discussion, one would have to defend
one's conclusions against his sharp and perceptive criticisms.

It has been said that if we accomplish anything at all in science,
it is because we can stand on the shoulders of giants. Besides Dr.

Eddy, there have been other giants in our field -- some of them in
this room today -- upon whose shoulders I was lucky enough to
stand. This Committee on Problems of Drug Dependence has played a

role of extraordinary importance in nurturing the environment in
which fruitful concepts and hypotheses about the opiates could
develop. Since I was a product and a beneficiary of that environ-
ment, the occasion of this award seems an appropriate time, and
this meeting an appropriate place, to acknowledge that debt.

Another major influenza in stimulating my early research in the

opiate field was Vincent Dole. His conviction that opiate addic-
tion was fundamentally a biochemical disorder -- a "metabolic
disease"-- had a very great influence on me in the late 1960's.

My clinical interest in heroin addiction was a direct outcome of
what Dr. Dole was saying and doing. But more than that, his view
of the disorder encouraged me to seek the molecular mechanisms of
opiate action, and consequently to develop, in 1971, the concep-
tual approach and practical technique for identifying the opiate
receptors (Goldstein 1971).

339-844 0 - 81 - 2



In late 1974 and early 1975, Terenius and Wahlstrom (1974) and the
Aberdeen group (Hughes, 1975) reported that the opiate receptors
really did have endogenous ligands which could be extracted from
brain. Then, at the May 1975 International Narcotic Research
Conference, when the structures of the endogenous ligands from
brain were still unknown, my group reported our discovery of opioid
activity in pituitary extracts. Our first paper (Teschemacher et
al., 1975) described a material from fresh bovine pituitary
glands which had all the properties later shown to characterize 8-
lipotropin- (61-91) , now known as B'—endorphin. Indeed, when later
in 1975, the sequence of methionine-enkephalin, reported by Hughes
and Kosterlitz and their colleagues (Hughes et al., 1975), proved
to be identical to the sequence 61-65 of B—lipotropin, my group, in
collaboration with Dr. C.H. Li, immediately demontrated the
opioid activity of &—endorphin (Cox et al., 1976). Simultane-
ously, Smyth's group (Bradbury et al., 1976) published essentially
the same finding.

Our second paper (Cox et al., 1975) dealt with an opioid peptide
obtained from a crude porcine ACTH extract. Its properties were
clearly different from those of B‘—endorphin or any fragment of B~
lipotropin. It was much more basic, its apparent molecular weight
was only about half as great, 1its naloxone-reversible inhibitory
effect in the guinea myenteric plexus preparation could not be
washed out as quickly, and its biologic activity was more easily
destroyed by trypsin. Most important of all, its biologic activity
was completely resistant to cyanogen bromide -- a reagent that
attacks methionine residues -- whereas the activity of every
opioid peptide containing mathionine-enkephalin is destroyed by
this reagent. The cyanogen branide result suggested the possi-
bility that this nor- S—endorphin—like "slow-reversing endorphin”
might contain leucine-enkephalin, and this turned out to be the
case.

We took a long tine to isolate enough of the new endorphin for
partial sequencing. Fortunately, Drs. Leroy Hood and Michael
Hunkapiller, at Caltech, were perfecting their microsequencing
technology at the same time. When we finally obtained two micro-
grams in a state suitable for sequencing, they had reached the
point where this amount was sufficient. The first 13 residues are
now know with certainty (Goldstein et al., 1979), but there is
some doubt about the next four (we think there are seventeen in
all) . Fortunataly, all the potency of the natural peptide -- and
an extraordinary potency it is -- was displayed by the synthetic
tridecapeptide.

The natural peptide was named dynorphin in recognition of its great
potency (Creek prefix dyn = power). Indeed, dynorphin is in a
class by itself. For example, in the guinea pig myenteric plexus
preparation it is fully 50 times more potent, on a molar basis,
than &—endorphin, 190 times more potent than normorphine and 700
times more potent than leucine-enkephalin.



By removing one residue at a time from the carboxy terminal of

dynorphin-(1-13), my colleague Charles Chavkin was able to ascer-
tain which residues were critically important for the potency,
using the myenteric plexus preparation as an assay. All 12

possible fragments in which the amino terminal Tyr1 remained
intact were prepared and purified to homogeneity. The results can
be summarized as follows: 1) The -COOH of Lys13 is not required,
as the methyl ester is fully active, and COOH-terminally extended
peptides (like natural dynorphin) retain full potency. 2) Removal
of Lysljcauses a loss of potency but this has been show to be due
to interference by the negatively charged free -COOH on Leuu, and
removal of Leu'’ restores potency to nearly that of dynorphin-(1-
13). 3) There are twocritically important basic residues, removal
of which causes major loss of potency; these are Lys11 and Argi

Our present picture of the dynorphin receptor is shown in figure 1.
The important point here is that the "alkaloid pocket," occupied by
Tyr-Gly-Gly-Phe, or even the "leucine-enkephalin pocket" occupied
by Tyr-Gly-Gly-Phe-Leu, represents only a small part of the exten-
sive recognition site in this opiate receptor.

The high potency of dynorphin-(1-13) is not restricted to the
guinea pig myenteric plexus preparation, but two properties of the
peptide make it difficult to assess potency accurately in membrane

Fig. 1. Hypothetical model of the dynorphin receptor,
showing the "alkaloid pocket," which accommodates Tyr-
Gly-Gly-Phe, the anionic site accommodating the proto-
nated terminal amino group, and a postulatad H bond
involving the phenolic OH group. There are two addi-
tional anionic sites, critically placed to accommodate
Arg7 and Lysu.



radioreceptor binding assays. Most important, this peptide (and
natural dynorphin too) is "sticky", i.e., it 1is adsorbed very
rapidly to glass and plastic surfaces, to the matrix of chromato-
graphic media, and to biological membranes. If a "sticky" peptide
is not vary potent, there is no problem, because relatively high
concentrations will be used, and the adsorptiw losses will be only
a small fraction of the total. However, when a "sticky" peptide is
vary potent, like dynorphin, the major fraction of what is present
may be lost by adsorption. This is illustrated in figure 2. The
radioreceptor binding assay was carried out with neuroblastoma X
glioma NG-108-15 cell membranes, well washed, with *g-D-Ala’-D-

LeuB—enkephalin as radioligand. At the end of the usual one-hour
incubation at 23°, the amount of dynorphin-(1-13) free in the
aqueous medium was measured by radioimmunoaassay (see below). The

log dose response curve at the right is based on the added
(nominal) concentrations, that at the left upon the measured
(actual) free concentrations. It is evident that the true ICs,
(about 200 pM) qualifies the peptide as at least as potent here as
in the myenteric plexus preparation.

100
3H-DADLE
NG 108-15 Membranes
80}
<+
Free ! Added y'!
60

.+
40

|
20l /////QZOQnM 6.17 nM

Free = 3% of added

o 1 1 1
0.10 .O 10

T

inhibition (%)

N
Y

Dynorphin(l - 13) (nM)

Fig. 2. Radioreceptor binding assay with NG-108-15 cell
membranes, showing, at left, the true potency of dynor-
phin-(1-13), based on radioimmunoassay of free peptide
in the supernatant solution, and at right, the apparent
potency based on total added peptide. Most of the added
dynorphin-(1-13) 1is adsorbed nonspecifically to mem-
branes or to tube walls.



In order to learn about the distribution of natural dynorphin, it
was essential to develop a good radioimmunocassay (RIA). One of the
rabbits immunized with dynorphin-(1-13) coupled to thyroglobulin
produced a wry sensitive and highly specific antiserum, as illus-
trated in figure 3. We can detect a few fmol of dynorphin-(1-13),
the ICs;y, is 50 pM final concentration in the 0.3-ml incubation
mixture, and the specificity is outstandingly good, in that
leucine enkephalin is not recognised even at 10 million times the

ICs, of dynorphin-(1-13). Another opioid peptide that contains
leucine endephalin =-- O -neo-endorphin -- crossreacts only at about
107%s. Finally, this antiserum, "Lucia," is indifferent to Tyr1

and also to Lys”, and therefore should recognize both COOH-
terminally and NH,-terminally extended dynorphin pepdides.

5
_ L2-p,-E = L-Enk
100 h— —,
-neo-E-{1-8)
[ ]
o
s sof 013
=X
! 10 100 1 10 100 1 0 100 ! 10
pM nM M mM
Fig. 3. Radioimmunoassay of dynorphin-(1-13) with

"Lucia" antiserum. ‘*’I-labelled dynorphin-(1-13) was

displaced by various concentrations of nonradicactive
dynorphin-(1-13), at left. These are final concentra-
tions in 0.3-ml incubation mixture. Low crossreactivity
with related peptides is shown in curves at right. There
was no detectable crossreactivity with B--andorphin  (not
shown) .

Figure 4 shows an assay of an extract of rat pituitary posterior
lobe after removal of intermediate lobe tissue. The upper graph
shows the parallelism of extract and standard curves, the lower
graph shows the loss of immunoreactivity after treatment with
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extract treated with papain and with heat-inactivated
papain ("control").



papain, thus demonstating the peptides nature of the dynorphin
immunoreactivity. In the pituitary, dynorphin is primarily a pars
nervosa peptide.

Gel permeation chromatography in 4 M guanidine hydrochloride re-
veals the presence of two immunoreactive peaks from porcine pitu-

itary posterior lobe. A major peak co-elutes with an ®-endorphin
marker (MW 1.7 K) , a minor peak co-elutes with a S—endorphin marker
(MW 3.4 K) . Similar results are obtained with rat posterior lobe.

Rat brain contains two very similar peaks to those in pituitary,
and also peaks of larger molecular weight, which could be precursor
("pro-dynorphin") peptides.

Rat brain contains immunoreactive dynorphin in many regions, and
the concentration 1is especially high in spinal cord. The material
in spinal cord does not seem to have a supra-spinal origin, since
immunoreactivity does not decrease below the level of a transec-
tion. My colleague, Dr. Brian M. Cox, has identified inmunoreac-
tive dynorphin in rabbit dorsal root ganglia. Dr. Stanley Watson,
using "Lucia" antiserum and immunohistochemical technique, has
found immunoreactive dynorphin in large cells of rat supra-optic
nucleus, and also in both the myenteric plexus and the submacous
plexus of guinea pig ileum. An interesting question is whether any
or all "leucine-enkephalin" previously localized by immunohisto-
chemistry may in fact 12 dynorphin, since some leucine-enkephalin
antisera do recognize dynorphin-(1-13). 1In the pars nervosa of rat
pituitary, we have made measurements with sufficiently specific
antisera to be certain that in this tissue, leucine-enkephalin and
immunoreactive dynorphin are both present in about equal amounts.
But we do not yet know 1if leucine-enkephalin can arise from
dynorphin, as seems to be suggested by the Arg6—Arg7 pair, since
double basic resides are often signals for peptide processing.

Dynorphin is in some ways the long-sought counterpart of B-en-
dorphin, namely, a long peptide that attains leucine-enkephalin
instead of methionine-enkephalin at its NH,-terminus. Although
studies with naloxone blockade indicate many highly significant
functions of endorphins, no function has yet been associated with

any particular endorphin . The most important research challenge
of the coming years is certainly to find out which endorphin does
what. Only then will we wuderstand the physiologic role of

dynorphin and how it relates to the roles of the other opioid
peptides.

In summary, dynorphin is a very potent opioid neuropeptide with
wide distribution in the central and peripheral nervous systems
and in pituitary. The function of dynorphin have not yet been
studied at all. It is appealing to imagine that opiate addiction
is associated with disturbed regulation of an endogenous opioid,
as I first proposed at a 1973 symposium (Goldstein, 1975). Perhaps
this new endorphin will shed light on the problem of opiate
dependence.



For the convenience of those who are interested in the historical
record, I include below, in addition to the references cited in
the text, a chronological annotated bibliography on dynorphin.
All the research described here was supported by grants DA-1199,
DA-7063, and DA-0054 from the National Institute on Drug Abuse.
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DYNOPHIN: Chronological summary, to June 1980

The discovery of opioid activity in pituitary peptides was
first reported at the Airlie House meeting of the International
Narcotic Research Club in May 1975.

H. Teschemacher, K.E. Opheim, B.M. Cox, A. Goldstein. A
peptide-like substance from pituitary that acts like morphine. 1.
Isolation. Life Sci. 16:1771-1776, 1975.

-- The properties of this substance, extracted from fresh
bovine pituitary glands, were those later found to characterize
beta-endorphin (see Cox et al., 1976, above).

B.M. Cox, K. Opheim, H. Teschemacher, A. Goldstein. A
peptide-like substance from pituitary that acts like morphine. 2.
Purification and properties. Life Sci. 16:1777-1782, 1975.

-- The properties of this substance, obtained from a basic
extract of porcine pituitary (crude ACTH), were very different

from the substance described above. The differences from B=
endorphin and all &—endorphin fragments ware the subject of
further publications -- some of which are listed below -- as the

material was purified.

S. Gentleman, M. Ross, L.I. Lowney, B.M. Cox, A. Goldstein.
Pituitary endorphins. In Opiates and Endogenous Opioid Peptides,
H.W. Kosterlitz, Ed., Elsevier/North Holland, Amsterdam, 1976, pp.
27-34.

M. Ross, T.P. Su, B.M. Cox, A. Goldstein. Brain endorphins.
In Opiates and Endogenous Opioid Peptides, H.W. Kosterlitz, Ed.,
Elsevier/North Holland, Amsterdam, 1976, pp. 35-40.

-- These two papers describe further the properties of the
non=B=endorphin opioid peptide in pituitary, and demonstrate its
presence also in brain. Outstanding characteristics were : (1) its
strong basicity, which could only be accounted for by Arg residues;

(2) its resistance to cyanogen bromide treatment, indicating it
does not contain a critical Met residue, and suggesting, there-
fore, that it might contain Leu-enkephalin; (3) its sensitivity to
tryptic digestion, which was greater than that of BFendorphin; (4)
its apparent molecular weight, only about half that of B-endor-
phin; (5) the slow reversal of its activity in the myenteric plexus
preparation upon washing.

B.M. Coxk, S. Gentlemen, T.P. Su, A. Goldstein. Further
characterization of morphine-like peptides (endorphins) from
pituitary. Brain Res. 115:285-296, 1976.

-- Further purification, confirmation of the strong basicity,
and indication that the non-B-LPH endorphin is degraded by brain
membranes.



L.I. Lowney, S.B. Gentleman, A. Goldstein. A pituitary
endorphin with novel properties. Life Sci. 24:2377-2384, 1979.

-- "Slow-reversing endorphin", purified further but still not
to homogeneity. Demonstration of predominance of this material in
posterior (neurointermediate) lobe of beef pituitary.

A. Goldstein, S. Tachiban, L.I. Lowney, M. Hunkapiller, L.
Hood. Dynorphin-(1-13), an extraordinarily potent opioid peptide.
Proc. Nat. Acad. Sci. USA 76:6666-6670, 1979.

-- Sequence through 13 residues (YGGFLRRIRPKLK), demonstra-
tion that synthetic dynorphin-(1-13) is about as potent as natural
dynorphin - 1in myenteric plexus preparation 190 times normor-
phine, 50 times B'—endorphin. Information about bahavioral effects
in rats, and rapid degradation in contact with brain membranes or
in wvivo.

V.E. Ghazacossian, C. Chavkin, A. Goldstein. A specific
radioimmnoassay for the novel opioid peptide dynorphin. Life
Sci. 26:75-86, 1980.

-- Sensitive RIA (IC50 17 fmol per assay tube), no cross-
reactivity with Leu-enkephalin at 20 million times the concen-
tration. Major losses of dynorphin-(1-13) by adsorption to glass
and plastic surfaces.

A. Goldstein, V.E. Ghazarossian. Immunoreactive dynorphin in
pituitary and brain. Proc. Nat. Acad. Sci. USA In press, 1980.

-- Application of the RIA to determination of immunoreactive
dynorphin in rat, porcine, and bovine pituitary, and in rat brain
and spinal cord. Immunoreactive dynorphin is concentrated pri-
marily in parsnervosa of pituitary. It is also widely distributed
throughout the central nervous system.
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Increasing Life Span; Changing
Disease Patterns; Changing Life
Styles: The Role of Government

J. L. Steinfeld

As you meet this year to discuss problems of drug de-
pendence, I thought it might be useful to review briefly
the changing health problems in the United States.

As the nation was born, the major health problems were
yellow fever, smallpox, scurvy, dysentery, malaria,
puerperal fever and childhood diseases occurring in
epidemics. The United States, through first the Marine
Hospital Service and later the United States Public
Health Service, played a major role in improving nutri-
tion, food and water supplies, sanitation, excretion
disposal, and discovering and implementing immuniza-
tion practices.

If we are not to repeat history, we must be familiar
with it. The Commissioned Corps of the PHS, threatened
with extinction just a decade ago for having outlived
its wusefulness, 1is thriving again with the National
Health Service Corps, Center for Disease Control,
National Institutes of Health, and Alcohol, Drug Abuse,
and Mental Health Administration among other units.

A similar period in the preceding century was tumul-
tuous just prior to and during the Civil War, when
marine health and hospital officers were appointed
politically by local Customs officials from the
Treasury Department, and the physicians so appointed
were accused of performing faulty examinations on
Union soldiers and others, thus permitting escape from
military duty for payment of legal tender at the time.
Following the Civil War, during which the Marine
Hospital System was neglected, Congress, after a
national study debated many recommendations and then
in 1870, federalized the Marine Hospital System and
set up a para-military organization for the Marine
Hospital Service with physicians appointed to a uni-
formed service after passing a competitive qualifying
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examination, with a Surgeon General as its Chief.
President Ulysses S. Grant appointed Dr. John M.
Woodworth, hero of General Sherman's march through
the South, as the first Surgeon General. I want to
emphasize that it was over a century ago that the U.S.
saw the ending of a politically appointed national
health corps, and the Dbeginning of a quasi-independent
professional group of health officials. There was
another rupture following World War I, again politi-
cally inspired, which led to the creation of the
Veterans Administration Hospital and health disability
programs.

The Public Health Service's Jjob was clearly cut out

for it after the Civil War -- as U.S. citizens moved
westward to the Pacific and the country absorbed many
thousands of immigrants. Health status in the United

States improved slowly, such that a child born around
the turn of the century (1900) could expect to live
47 vyears. Currently the expectation at birth is 73
years. Most of this increase 1in 1longevity occurred
between 1900 and 1950, resulting from decreased child-
hood deaths from infections and parasitic diseases.
Since 1950 approximately five years have Dbeen added
to 1life expectancy at birth and some of this recent
increase results not only from antibiotics and im-
proved technology other than drugs, but also results
from a decreased death rate from cardiovascular dis-
orders including hypertension and stroke in middle
age (particularly true since 1966).

Life expectancy in the United States is not the highest
in the industrialized world, but is respectable. The
period 1975-1980 provides some fascinating vital sta-
tistics. There are 105 male babies born for every

100 female babies. By age 20-24, the ratio is 100

to 100 and that male increase in mortality is deter-
mined more by 1life style characteristics than suscept-
ibility to disease; i.e., males have higher mortality
from accidents, including automobile accidents,
suicides, homicides, and accidental drug overdoses.
By age 65 there are 79 men living for every 100 women
and by age 85, there are only 47 men for every 100
women ! ! A male born in 1976 could expect to live 69
years and female 76 years.

Among young adults, violent deaths account for 75% of
deaths among the 15-24 year age group. One half of all
deaths from ages 5 to 14 years and 25 to 34 years are
the result of violence.

With an increasing life span, no longer dominated by

infectious diseases and epidemics, heart diseases
and cancer account for 60% of all deaths over age 35,
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followed by a rising toll from chronic pulmonary
diseases.

What do all these dry statistics have to do with drug
dependence? I have been speaking of quantity of life--
not quality of life. Certainly, government programs
of the past century including immunization, sanitation,
regulation of water and food and drug supplies have
contributed significantly to the increased quantity

of life we enjoy. And, government has been successful
in these programs because the average citizen could
remain relatively passive. Of course, he and his

family had to be immunized, the citizen had to support
water and sewer systems through taxation, as well as
food, drug, and occupational and environmental types

of regulation. But it was not necessary for the citi-
zen to undertake a life-long life style of exercising
regularly, eating an appropriate diet, drinking alcohol
in moderation or not at all and never driving when
drunk, avoiding smoking by never starting or quitting
if an individual had started, not abusing drugs, etc.

In addition to the spectacular hard drug abuse by the
young -- which may be associated with criminal be-
havior -- there is to my mind an equally spectacular
drug abuse by young, middle aged, and old alike in

the field of tobacco, alcohol, and prescription and
mood-altering drugs. As I reviewed the proceedings
of your meetings of the past few years, it occurred
to me that you should include tobacco as an appropriate
subject to study and for an entire section or session
at each of your annual meetings. Tobacco and other
substances of abuse are inextricably intertwined;
certainly, if the executive committees and program
committees had individuals knowledgeable about tobacco
use and abuse, then the sessions would follow. The
tobacco and health field has been relatively neglected
from the point of view of behavioral scientists; but
in terms of overall public health problems, it cer-
tainly is as worthy of study by your group as is heroin
or opium or marijuana. Clearly, our attitudes, mores.
and concerns about the social acceptability of ciga-
rette, pipe, and cigar smoking pervade the scientific
world.

Saturday, June 14, 1980, the New York Times had an edi-
torial complaining that unprecedented supplies of heroin
were on their way to the United States while the Federal
Government had cut funds for drug treatment programs and
needed to get its drug policies in order.

Sunday, June 15, 1980, the Richmond Times Dispatch had
an editorial on "Marijuana Hazards" pointing out that
two national experts, who earlier dismissed warnings
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about marijuana, now have joined a growing group of
physicians and scientists who believe marijuana poses
significant hazards to health.

The Richmond newspapers do not agree that smoking
cigarettes presents health hazards sufficient for

editorial comment. Perhaps that 1is appropriate, since
Virginia (after North Carolina) produces more tobacco
than any other state. From newspapers, television,

radio, the halls of Congress in Washington, of state
and even local legislatures, it is clear that our
nation is concerned about heroin, other hard drugs, and
marijuana, and our nation is willing to support bio-
logical, chemical, and sociophysiological studies on
these drugs.

ADDITIONAL DATA ON CIGARETTE SMOKING

Approximately 53 million Americans are regular smokers

while over thirty million have quit. Over 90% of
cigarettes now have filter tips, compared with approxi-
mately 1% thirty years ago. In 1980 the average tar

level as determined by the FTC is less than 15 mg
compared with the 25-37 mg tar cigarette of the 1920s,
1930s, and 1940s. The nicotine level 1is approximately
0.8 - 1.2 mg per cigarette now compared to 2.0 to 2.7
mg nicotine 30 years ago. Nicotine may be the addict-
ing chemical in the cigarette, but additional data
will be necessary to prove the point. These recent
data on relatively low tar and nicotine content ciga-
rettes are for the first quarter of 1980, but give no
information on carbon monoxide, HCN, nitrosamines, or
other toxic or potential toxic compounds in cigarette

smoke. Moreover, the data are for machine-smoked
cigarettes in which the machine takes one 35 ml puff
lasting two seconds per minute. An individual who

takes bigger puffs or puffs more frequently, and
inhales deeply and smokes to a shorter butt length
may, in fact, switch as he is advised to do from a high
tar, high nicotine cigarette to a low tar, low nico-
tine cigarette, and harm himself in the process, 1if he
alters the way he smokes.

MORTALITY AND MORBIDITY FROM CIGARETTE SMOKING

There is a 70% excess mortality for all U.S. current
male cigarette smokers.

Mortality ratios increase with the amount smoked (2
packs/day leads to an increased mortality ratio of

2.0 rather than 1.7). Mortality ratios increase with
length of time smoked, age at which smoking began,
and increase with depth of inhalation. For the ex-

smoker mortality rates approach that of the non-smoker
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by 7 to 10 years after quitting smoking and are essen-
tially similar to that of the non-smoker after 15 years.

Cigarette smokers have a higher likelihood of develop-
ing either fatal or non-fatal myocardial infarction.
Cigarette smokers have a higher incidence of being
dead on arrival following a heart attack. Cigarette
smokers have more aortic atherosclerosis, more athero-
sclerotic vascular diseases, and more arteriosclerotic
aortic aneurysms. Women smokers also on the pill
(birth control pills) have a marked synergism in their
susceptibility, both to myocardial infarction and to
subarachnoid hemorrhages.

Both men and women smokers have a higher incidence of
cancer of the 1lung, oropharynx, larynx, esophagus,
urinary bladder, and pancreas than do non-smokers. There
is a dose response relationship between cancer develop-
ment, tar content of cigarettes, years smoked, age
smoking began, depth of inhalation, and certain types

of occupations as well. Since women tended to smoke
filter cigarettes, with lower tar and nicotine content,
and since they appeared to smoke in what we described
10 years ago (for those who couldn't quit) as a less
hazardous way of smoking -- fewer puffs, less inhala-
tion, and leaving a bigger cigarette butt -- it had been
thought that with women smoking the less hazardous prod-
uct in a less hazardous way, perhaps their cancer
incidence would be low. On the contrary -- over the
past 5 to 10 years the rate of increase of lung cancer
in women who smoke in this country shows a slope as
steep as that for the lung cancer epidemic that occurred
in men in the 1930s, 1940s, and 1950s and is now contin-
uing in men, but at a less rapid rate of increase.

One can speculate that the female lung may be more
susceptible to tobacco carcinogenesis. A few
scientists are speculating that the female lung and
trachea and bronchial tree 1is smaller than the male
and may receive proportionately more of the carcino-
gens. But whatever the theory, there is an epidemic
of lung cancer among smoking women.

Chronic obstructive pulmonary disease (COPD) in the
elderly 1is extensively associated with long-term ciga-

rette smoking. COPD incidence in both men and women
is rising rapidly and has the beginning characteristics
of the cigarette-induced lung cancer epidemic. Stop-

ping smoking improves symptoms, but there is no evi-
dence of anatomical healing of the lung.
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In addition to these major diseases, smokers have
significantly more disability days, more days of
hospitalization without overt cancer, heart disease or
COPD, than do non-smokers.

Among the highest risk group is the cigarette smoking
pregnant female -- who even with low tar, low nicotine
filter tip cigarettes continues:

to have babies who weigh an average 200 grams
less and are shorter than non-smokers'babies,

to have a higher placental to birth weight,

to have a statistically significant higher
spontaneous abortion rate,

to have higher perinatal mortality (as high as
100% greater for a high parity, public hospital
status woman with previous low weight births,
and/or anemia, 1if she is a heavy smoker). Peri-
natal mortality is approximately 10% higher in
upper socioeconomic classes in women with few
children, good nutrition, and good obstetrical
care.

Clearly, what has been advertised as the less hazard-
ous cilgarette of the late 70s 1is still hazardous.

Smoking in this country appears to be class related as
has been clearly demonstrated in the United Kingdom.
However, young girls are Dbeginning to smoke at rates
equal to those of young boys in the 9 to 17 year group.

THE QUIT RATE
Many Americans have received and acted on the health
message that physicians and scientists have communi-

cated to the American people.

Smoking Statistics in the United States

White male 51.5% smokers in 1965 to 36.3% smokers in 1979
Black male 60.8% smokers in 1965 to 42 % smokers in 1979

White female 34.2% smokers in 1965 to 28.2% smokers in 1979
Black female 34.4% smokers in 1965 to 28.9% smokers in 1979

Current data in the United States shows smoking among
adults at 32.3% overall, the lowest level 1in 45 years.
In contrast, 1n the depression year of 1935, Fortune
magazine estimated 37.3% of all adults smoked.

16



WHAT IS THE ROLE OF GOVERNMENT?

Certainly, 1f tobacco-containing cigarettes were de-
veloped by a major pharmaceutical manufacturer today
as a vehicle for delivering nicotine or carbon monoxide
or some other chemical to the human lung, it is un-
likely that tobacco-containing cigarettes would be
approved by the FDA.

As matters stand, cigarettes are neither a food nor a
drug and are not subject to regulation by an govern-
mental department, except with respect to advertising,
through the FTC.

My own view 1is that the government's role is to educate
children and adults about tobacco's hazards, and further,
to do research on the pathophysiology of the multiple
disease processes caused by the over 4800 different
chemicals identified 1in cigarette smoke.

Where people in a work setting wish pure air, it seems
to me a cooperative arrangement between non-smoking
employees, smoking employees, and/or employer should

be worked out. Failing this, government may need to
step in to protect the rights of the non-smoker, assum-
ing, of course, appropriate legislation is on the
books.

THE ROLE OF PRIVATE GROUPS OF RESEARCH SCIENTISTS

The use or abuse of hard drugs including excess acute
alcohol 1ingestion leads to immediate and frightening
effects, especially when violent crimes become part

of the drug scene. I am concerned about heroin, opium,
cocaine, marijuana, alcohol, the amphetamines, and
related drugs, Jjust as you are. I am concerned about

the wrecked young lives and the enormous cost to
society.

While the number of heroin and opium abusers is far
fewer than the 5% of our population estimated to be
alcoholics, I remain puzzled why cigarette smoking,
which every year causes 225,000 excess deaths from
cardiovascular diseases, 102,000 excess deaths from
cancer and 19,000 excess deaths from pulmonary disease
(not to mention deaths from fires accidentally set by
burning cigarettes)-- I repeat -- I remain puzzled
why more Dbehavioral scientists are not interested in
this phenomenon. Is it because cigarette smoking was
socially acceptable Jjust a few years ago? Is it be-
cause most of you are ex-smokers, or still smoke, or
because your boss or your spouse or your parents smoke?
Is it because there 1is no career path for behavioral
scientists interested in the tobacco problem?

17

339-844 0 - 81 - 3



I think all of the above may be true. Very few

dollars are available from the National Institutes

of Health, the United States Government, The Depart-
ment of Health and Human Services, the Office on
Smoking and Health, National Institute of Mental Health,
or any other governmental agency to study this problem
in a comprehensive manner and with support reasonably
well guaranteed over a long period of time assuming

the work is well done.

Perhaps a group such as yours with support from a wide
variety of sources can provide the stimulus -- act

as the catalyst for improving both the quantity and
quality of research in the behavioral sciences regard-
ing smoking as a form of drug dependence. I know your
response -- there aren't any good ideas. My response
would be to point to a number of major scientific
fields where significant available research support
stimulated research, such as in cancer chemotherapy.
The exploding existing field of psychopharmacology may
be similar, although the ideas may have preceded the
funds. If scientists don't ask. the questions, it's
unlikely they'll find the answers.

In the last few years, the National Cancer Institute,
Office on Smoking and Health, and American Cancer Society
convened groups to review the latest data on behav-
ioral aspects of tobacco related research and all are

in agreement that the field is underpopulated and

needs nurture from senior scientists and organizations
concerned with both health research and education.

SUMMARY

Much progress has been achieved over the past twenty
years in informing the American people of the hazards

of cigarette smoking. Over thirty million Americans
have quit smoking cigarettes; many have quit as a re-
sult of social pressure-- cigarette smoking becoming
less socially acceptable. The average cigarette has

less than half as much tar and less than half as much
nicotine as 1its predecessor cigarettes a quarter
century ago. Moreover, most American cigarettes today
are filtered.

We still do not know why people begin or why they

continue to smoke. I would urge the Committee on
Problems of Drug Dependence to add tobacco -- as you've
added alcohol -- to your agenda for research, for
cooperative studies, and for an annual update. You

should examine and speculate upon the reasons why
53,000,000 Americans' dependence on tobacco has
attracted so 1little attention from scientists with
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knowledge and expertise such as yours. And when you
have the answers, I hope you will utilize those
answers to attract more research and appropriate
action to our number one public health problem and our
number one drug dependence problem.
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Governmental Control of
Individual Behavior—
Philosophical and Practical
Considerations

H. Kalant

THE UNIVERSALITY OF RESTRICTIONS

Since the Second World War, perhaps more than at any other time in
our history, our society has engaged in continuous and often heated
debate about the right of governments to restrict individual free-
dom in matters of taste, beliefs, personal practises, and choice of
pleasures and entertainments. This is well illustrated by, though
by no means restricted to, the use of cannabis, cocaine and other
drugs. The arguments about these are reminiscent of the debates
about alcohol half a century ago. Then, as now, the fundamental
legal and philosophical issue has been to what degree a government
has the right or justification to limit the freedom of individual
citizens to live their private lives as they wish.

It is a fact of life that all societies impose many kinds of res-
triction on the freedom of individual citizens. In contemporary
industrialized societies, in which the debate is perhaps the most
vocal and audible, we tend to think in terms of restrictions im-
posed by governments. Indeed, restrictions are imposed by all lev-
els of government, and in all spheres of human activity. In the
United States and Canada, for example, the federal governments re-
strict our freedom to spend our personal income as we choose, by
levying income taxes which they redirect to various social purposes
with which we may or may not agree. The military draft restricts
our freedom to serve or not serve in the armed forces as we might
choose. The criminal code determines whether we will or will not
have the freedom to read certain books or magazines, view certain
films, and use certain drugs for pleasure as distinct from medical
therapy. At the state or provincial level, governments determine
how rapidly or slowly we may drive our cars on the highway, what
forms of education our children may get, whether we must or must

not join a collective bargaining unit, and so forth. At the munici-
pal level, local governments determine in what areas of the city we
may build, and whether we may do so in the style and for the purpose
that we choose, whether we may or may not shop on Sunday, how we may
dress in certain locations and at certain times, and so forth. The
list is endless. There is a tendency for us to feel that this re-
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presents a progressively greater modern invasion by government into
the freedom of the individual, and many people long for the earlier
days in which our forebears supposedly lived according to their own
ideals and wishes, and in which their homes were their castles.

Unfortunately this nostalgic yearning for freer days of yore is
based on a delusion. Earlier, and even primitive, societies have,
or had, equivalent restrictions imposed by the society upon the in-
dividual, even though these restrictions were of a different nature.
In our own society, one does not have to look back too many decades
or centuries to see such astonishing examples as obligatory Sunday
closure of all businesses, the prohibition of contraception, and
even the prohibition of bathtubs and bathing of the whole body in
the nude except for medical reasons. In primitive societies, the
restrictions are probably even greater in importance because the
range of possible activities is much smaller, and each prohibition
weighs more heavily. The descriptions given by anthropologists
reveal the gravity with which religious taboos and tribal rituals
were enforced.

One must conclude, therefore, that restriction of individual free-
dom is part of the price for living in an society. In order that
a large number of people may live together in reasonable coopera-
tion and harmony, enjoying the benefits of mutual help and protec-
tion, it seems necessary for each member of the group to give up
certain freedoms for the sake of maintaining the necessary unity.
Our society 1is probably in many senses more free than most others
in human history. Nevertheless, the restrictions on individual
behavior are real enough to warrant some examination of the basis
on which they are formulated. Moreover, some of them are now re-
sented by enough people to warrant consideration of their purpose
and validity.

REASONS FOR UNIVERSALITY OF RESTRICTIONS

Though they may seem at times to be arbitrary and capricious, limi-
tations imposed by a society upon the behavior of its individual

members are usually not deliberately malicious. Of course, one
must exclude from this statement the cruel and perverse limitations
that have sometimes been imposed by despots. In the remarks that

follow, the assumption is made that we are referring to a funda-
mentally democratic society.

Social restrictions on individual behavior usually represent an
attempt to achieve the greatest common good, as this is perceived
at the time the rules are made. In earlier days, when travel and
communications were far below their present levels and xenophobia
was the norm, homogeneity of any given society was evidently a
highly desirable attribute. The more values, beliefs and customs
that people shared, the easier it was for them to accept and co-
operate with each other. Therefore, the Sunday blue laws were ac-
cepted by most people in North America as a perfectly Jjustifiable
and reasonable means of ensuring universal adherence to the pre-
dominant puritanical version of Christianity. In our own time,
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obligatory chlorination or fluoridation of municipal water supplies
is seen by most citizens not as an infringement of personal freedom
to drink water of a different taste, whether contaminated or other-
wise, but as a reasonable means of serving the common good by mini-
mizing the health costs of typhoid fever, dysentery, and dental
caries.

In general, it is probably fair to say that such social restrictions
of individual behavior are conscious or unconscious weighings of the
individual’s freedom versus the interests of the larger group. In
general, they depend upon an explicit or implicit weighing of the
costs versus the benefits of any given behavior to the individual
and to the society at large.

COSTS AND BENEFITS OF DRUG USE AND DRUG CONTROL MEASURES

The question of drug control measures offers a good example of the
various considerations that go into the formulation of social poli-
cies with respect to individual behavior. They illustrate very well
the scope and complexity of the cost-benefit analysis that must ul-
timately serve as the justification for any specific policy. It 1is
useful to analyze the nature of the costs and benefits that must be
weighed.

In the case of licit drugs used for medical or other therapeutic
purposes, the nature of the costs and benefits, and the balance
that is drawn between them, are relatively simple. The major bene-
fit is obviously the relief of disease and suffering, though one
must not ignore the significant economic benefit that comes from
the creation of a pharmaceutical industry which provides employment,
profit, and taxation revenue. The major costs can be identified as
the risk of iatrogenic disease created by improper use of the drugs,
and the economic burden to the individual and to the society, as a
result of widespread and sometimes unnecessary use of newer and more
expensive agents.

When we consider the nonmedical use of licit and socially approved
substances, such as alcohol, caffeine, and tobacco, the spectrum of
costs and benefits is rather different. The most important benefit
is individual pleasure, although this can often be a socially shared
pleasure which reinforces group values and traditions. This is
particularly true of the long established role of alcohol in the
social practices and traditions of our society. A very important
additional benefit is the large economic contribution made by the
production, distribution and taxation of these commodities. The
costs are most typically seen or incurred at high levels of use,

and are of three major types. The first category includes the
consequences of acute excess, such as alcohol-related motor vehicle
accidents, violence, rowdiness, and other behaviors which infringe
upon the rights and tranquility of other people. The second broad
category includes the harmful effects of such agents upon the health
of the user. Alcohol-related diseases of the liver, nervous system,
or cardiovascular system, and bronchopulmonary disease caused by
heavy smoking, are examples of major costs to the individual, the

22



family and society at large, in the form of both personal suffer-
ing and economic costs to the health care system. A third category
of costs, both social and economic, 1is represented by lost produc-
tivity, disruption of families and associated welfare costs, an
the creation of special problem groups such as the skidrow cultures
in many large cities.

In relation to the nonmedical use of illicit drugs, certain addi-
tional factors must be considered. The spectrum of "benefits" be-
comes much more variably defined, and depends much more on whose
point of view is reflected in the definition. For example, the
euphoria induced by amphetamine, or the alterations of perception
produced by LSD, are perceived by the users as novel, interesting,
and hence desirable, while to the general public all such drug use
appears bad - at best escapism, or at worst dehumanizing. The life
style of the chronic heavy user of cannabis is often represented by
the user as relaxed and more human by virtue of its avoidance of the
competitiveness of conventional society; in contrast, the same user
is often seen by the majority of the public as devoid of ambition,
shiftless, and irresponsible. In general, the heavy users of such
drugs perceive the effects as beneficial in providing interest and
solace to their lives, while society at large sees the drug use as
a threat to its values. In addition, a major cost of such drug use
arises from its illegal status, and consists not only of the econo-
mic cost of law enforcement measures against the use and sale of the
drugs, and the loss of currency from the country for the illict im-
portation of some of them, but also the human costs to users who are
convicted and imprisoned on charges of possession or trafficking.

It is worth noting here that the possible conventional therapeutic
benefits of a drug are quite irrelevant to the legal status of its
non-medical use. For example, the possible value of cannabis as an
anti-nauseant agent, or in the treatment of wide-angle glaucoma,
has no real bearing on the cost-benefit balance concerning legal
controls of the non-medical use of cannabis for personal pleasure.
This 1is readily apparent from our attitudes and practices with res-

pect to opiates. The therapeutic use of morphine is perfectly le-
gal, while trafficking and possession for non-medical use are il-
legal. In fact, the prohibition of manufacture and importation of

heroin for therapeutic use, in an effort to decrease availability
for non-medical use, 1s seen by many physicians as a glaring ano-
maly that illustrates the fallacy of confusing the two.

RELATION TO LEVELS AND DISTRIBUTION OF CONSUMPTION

In general, the perceived benefits of the use of licit drugs, and
even those of illicit ones, tend to occur at the relatively low
levels of use that are characteristic of the occasional or social
user. In contrast, the harmful effects on health and behavior, and
most of the economic costs, tend to occur in association with heavy
use.

There 1is now a considerable body of evidence to demonstrate that
the range of levels of drug use by individual users in a population
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follows a unimodal distribution-of-consumption curve that does not
differentiate, by any sharp inflection, between the normal and ab-
normal, light and heavy, social and addicted users. Rather, there
is a single continuous smooth transition between a majority of
light users and a minority of very heavy users, The levels of ha-
zard associated with the various risks mentioned above tend to rise
progressively with increasing average daily individual consumption.
Consequently, government interventions which are aimed at reducing
individual and social hazard by decreasing the levels of drug con-
sumption tend to affect both light and heavy users alike.

This is illustrated well by the effects of price manipulations and
of changes in legal status that have been tried at various times in
various countries. For example, when alcohol was rationed strictly
in France under the German occupation, the death rate from alcoholic
cirrhosis in Paris fell rapidly and drastically, only to rise equal-
ly rapidly after liberation in 1944. The enactment of prohibition
in the United States began with a variety of legal restrictions
imposed by the States and by the Federal government on interstate
commerce in alcohol in 1916, and continued with the constitutional
amendment enacted in 1921. These measures were followed by an
abrupt and rapid fall in the death rate from alcoholic cirrhosis

in the United States. Following repeal in 1932 the death rate did
not rise nearly as rapidly as it had fallen, because the United
States was now in the depth of the Great Depression, and the cost

of alcohol relative to average individual earning capacity had risen
sharply. Similar studies from Canada have shown a similar marked
effect of price interventions on the death rate from liver cirrho-
sis, and in Trinidad, price changes had equally striking effects on
the rate of alcohol-related road vehicle accidents.

It is clear, therefore, that government interventions can effec-
tively modify individual behavior with respect to alcohol and drugs,
even the behavior of those whom we would consider to be addicted and
at maximum risk of the health hazards associated with addiction.

The questions that must be asked are not whether such interventions
can work, but rather, at what cost, for whose benefit, by what
methods, and to what degree? The objective of such interventions
is obviously to keep the level of use low enough to minimize the
individual and social costs of drug use, while either maximizing
the pleasure or interfering with it as little as possible. However,
a further objective should be to keep the cost of the intervention
itself as low as possible.

BALANCING COSTS AND BENEFITS

The task of balancing the costs versus the benefits 1is considerably
more complex than might at first appear. It actually involves at
least three different types of cost-benefit accounting. The first
is a balancing of the costs versus the benefits of drug use at any
given average level of use by the whole population. How much plea-
sure from drug use is worth how much risk of physical or social
harm to the heavy users, or of health and economic costs to the
community at large? The second cost-benefit accounting must be
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applied to the various types of governmental intervention or con-
trol measure which might be applied. For example, deliberate price
manipulation by elevation of taxes on alcohol or tobacco is most
likely to decrease the level of use sharply if the prices are raised
drastically. But the same intervention may result in a net fall in
revenue to the government if it is too effective. The third and
most difficult type of cost-benefit accounting involves a comparison
of the costs and benefits of uncontrolled use with the costs and
benefits of the control measures taken to prevent this. The dif-
ficulty here lies in the fact that one is not comparing the costs
and benefits of the control measures against the costs and benefits
of the actual level of use found while these measures are in force,
but rather, one must compare the costs and benefits of the control
measures with those of the situation that would probably exist if
the control measures were not in place. Experience shows, for ex-
ample, that reduction of the legal drinking age is associated with

a large increase in the level of consumption of alcohol by teenagers,
and a disproportionate increase in the number of alcohol-related
traffic accidents among this age group. A particularly vexing pro-
blem is to assess how much increase in teenage drinking, drunkenness,
and drinking-driving accidents, is an acceptable price to pay for
the legal and philosophical consistency that someone who is old
enough to be conscripted for military service or to vote should also
be entitled to drink legally.

INPUTS TO DECISION-MAKING

It will be obvious from the examples given above that the drawing

of such a cost-benefit balance involves at least three different
types of input. The first and in some ways easiest input is that

of accurate factual information. Objective research can demonstrate
what the consequences of a given level of intake of a particular drug
may be, and also what individual and social consequences may follow
from a particular social policy. Disagreement among scientists at
this level are, on the whole, found at the fringes of knowledge, at
which facts are still not yet firmly established. Such differences
of opinion concerning actual fact are relatively easy to identify,
and the methods for resolving them are part of the objective equip-
ment of science.

The second type of input is the estimation of probability of oc-
currence of any particular type of consequence at any given level
of drug intake, or similarly the estimation of probability of oc-
currence of any particular individual or social consequence of a
particular policy option. Here, the reliability of estimates rests
upon the degree of expertise and impartiality of the experts making
them. In general, this is recognized as another part of the func-
tion of the expert. Subjective feelings, wishes and biases may all
influence the estimate of probability, but scientists by training
should be relatively capable of separating their personal prefer-
ences from their estimates of probability.

The third type of input is totally different in nature, and consists
of the wvalue judgment concerning the relative weights to be attached
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to the different costs and benefits. Clearly, the importance of
any particular consequence depends on the scale of values of the
individual making the judgment. This 1is easily grasped by compari-
son with similar problems in other fields. Two internationally ac-
claimed experts in nuclear physics can disagree radically concern-
ing the desirability or undesirability of a particular nuclear arms
program or nuclear energy program. The difference does not depend
upon substantive disagreement concerning the nature of radiation
effects, or the probabilities of their occurrence at any given level
of radiation, but upon such considerations as whether it is better
to be dead than red or better to be red than dead.

When one reaches this level of evaluation, dependent upon the re-
ligious, philosophical and cultural backgrounds of the people making
the judgments, it is apparent that an expert in nuclear physics, or
an expert in psychopharmacology, has no particular claim to moral
superiority over the ordinary citizen. When it comes to making a
value judgment concerning the future nature and course of our so-
ciety, every citizen is entitled to the same consideration with
respect to his or her scale of values. The expert is expert only
in matters of scientific fact and probability estimate. Once he
has explained the facts and probabilities, his personal preferences
and values have no more weight or authority than those of every
other citizen.

Since the government represents the ordinary citizens in a demo-
cracy, 1t 1is not surprising to find that governments tend to fol-
low, rather than lead, public attitudes and opinions in matters
which are heavily dependent upon moral, religious, and cultural
values. In matters such as drug control legislation and its en-
forcement, governments and political parties are as divided within
themselves as the general public is. This is not necessarily an
unhealthy state of affairs, because it puts the onus clearly back
where it belongs, on the shoulders of the public at large. Our
function as scientists is to explain, but it is the function of
the public to decide on its values.

When viewed in this 1light, the role of government intervention in
individual behavior is really that of codifying and formalizing the
beliefs and values of the constituents whom the government repre-
sents. In drug controls, as in any other matter within the purview
of government, it is unrealistic to hope for unanimity. That some
measures are unpopular with some segments of the citizenry is almost
inevitable. Under these circumstances, drug control measures are
philosophically no more unjust than any other legislation which does
not have the unanimous backing of the entire population. If the
citizenry at large wish that a certain field of human activity
should lie entirely within individual discretion, or conversely that
it be subject to governmental intervention for the common good, it
is the responsibility of the citizens to make that known to their
elected representatives. Viewed in this light, the role of personal
choice 1is not merely to use or not use a drug, but to participate

in choosing the type of society we wish to live in.

AUTHOR: H. Kalant, M.D., Ph.D., Department of Phamacology, University of Toronto,
Toronto, Canada M5S 1A8; Addiction Research Foundation of Ontario, Toronto, Canada M5S 2S1
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Compliance and Enforcement
Programs of the Drug
Enforcement Administration

R. W. Buzzeo

It is indeed a pleasure and an honor to be with you at this your
42nd Annual Scientific Meeting of the Committee on Problems of
Drug Dependence, Inc., and to represent Mr. Peter B. Bensinger,
Administrator of the Drug Enforcement Administration,

I want to emphasize that DEA considers it absolutely essential to
establish and maintain a close relationship with organizations
such as this. The membership which you represent forms a vital
partnership with DEA in monitoring over 600,000 registrants, both
practitioner and nonpractitioner.

Our sincere desire is to remain approachable and responsive to
the needs of these many registrants. Little progress would be
made if the DEA were to remain aloof, issuing edicts, regulations
and policies from Washington. We need to monitor the registrants
and we need to work closely with all groups in preventing diver-
sion. We must understand that enforcement or medical programs
going off in separate directions is a simplistic approach -- we
need to work together in addressing a common problem.

I would like to highlight briefly with you today the Drug
Enforcement Administration and its Compliance and Enforcement
Programs, which include DEA activities in State-Federal coopera-
tion and with professional licensing boards, and then close
with a major problem which faces this country.

The DEA is the lead Federal law enforcement agency charged with
combatting drug abuse and the drug traffic. We have both an
enforcement and a prevention responsibility.

The Controlled Substances Act of 1970, which we enforce, is
designed to improve the administration and regulation of manu-
facturing, distribution, and the dispensing of controlled
substances by providing a "closed" system for legitimate
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handlers of these drugs. The idea of a closed system, through
which flow 20,000 brand named products controlled under our
current law, 1is to reduce the widespread diversion of these drugs
from legitimate channels into the illicit market.

Often the public associates DEA with its better known role of
criminal drug investigation. The resultant arrests and seizures
of illicit drugs make daily headlines around the nation.

Perhaps less colorful, but no less important, is our compliance
work in which we enforce those portions of the Controlled
Substances Act that apply to the manufacturers, distributors,
prescribers, and dispensers.

The DEA has about 4,200 employees worldwide -- most of them
operating under five regional offices in the United States.

Approximately 2,000 of our employees are Special Agents, and
about 200 are Compliance Investigators. These 200 investigators,
working closely with 7,000 State investigators, are responsible
for monitoring a market which, for comparison, is reached by some
26,000 medical service representatives of the pharmaceutical
industry.

DEA's regulatory mission is performed by its Office of Compliance
and Regulatory Affairs. Under it, we carry out such major
responsibilities as registration, import and export monitoring,
voluntary compliance, scheduling, quotas, regulatory investiga-
tions, State assistance programs, pharmacy theft prevention,
DAWN, and the ARCOS system, which helps us spot problems and abuses
in the distribution of controlled substances.

Our Compliance Program is concerned with the registrant who
criminally diverts controlled substances into the illicit market.
Although these are in the minority, the damage resulting to our
society from such diversion can be most serious. These criminal
diverters are no better than the individual who deals in heroin;
even worse, since they have abused the trust placed in them by
society.

Diversion has been reduced at the manufacturer/distributor level
as a direct result of regulatory requirements under the Controlled
Substances Act and Federal and State efforts. I am sorry to say
the same results have not been achieved at the practitioner level,
which includes physicians, pharmacies, researchers, hospitals, and

clinics. Currently, the sources of diversion at this level are
forged prescriptions, indiscriminate prescribing, thefts, and
illegal sales. We estimate that 300 million dosage units are

diverted annually, with 70 to 90 percent coming from the retail
(level. Primary responsibility at this level falls to, the States
under the Controlled Substances Act which requires DEA to register
every professional who possesses a valid State license unless

he has. a drug felony conviction or materially falsifies his
registration application.

28



It is entirely true that only a minority of practitioners are
deliberately engaged in drug diversion; however, this minority
can, and does, create serious drug problems in many parts of the
country. In light of this problem, DEA embarked on a program
called "Operation Script," a cooperative effort which combines
the resources of both DEA and State drug agencies, which targeted
94 preselected pharmacies (44) and physicians (50) in 22 States
for extensive investigation.

This increase in effort has focused DEA technical, investigative
and legal expertise against preselected retail violators to

produce high impact investigations.

This increase in effort will be valuable in:

(1) decreasing diversion,

(2) demonstrating the Federal Government's concern,

(3) increasing public awareness of the diversion and abuse
of legitimately manufactured controlled substances,

(4)  encouraging States to address practitioner diversion,

(5) demonstrating the need for additional and continuing
Diversion Investigative Units (DIU's),

(6) giving impetus to potential Federal legislation,

(7) supporting possible FDA actions regarding indications
and uses of controlled substances,

(8) obtaining information which may be utilized in

decreasing quotas and/or restricting imports.

At this point, indictments have been returned in seven of these
cases and fifteen more are pending. Eight convictions have
already been obtained for the illegal sale of controlled substances.

These eight (two pharmacists and six physicians) were responsible
for an estimated diversion of 15.4 million d.u. per year.

Clearly, with 600,000 practitioners and only 2,000 agents/inves-
tigators, we must concentrate our efforts on practitioners who
are strongly suspected of criminality.

For example, in FY '79, as part of our regular Compliance and
Enforcement Investigative Program we were able to conduct only
129 practitioner complaint investigations (62 pharmacists,

42 practitioners and 25 others), while DEA arrested 4,900
nonprofessionals.

As part of our State assistance, we have developed a State
criminal investigation operation aimed at prosecuting willful
retail registrant diverters. We call it the Diversion
Investigative Unit Program. DEA supports these State-run,
State-manned units by providing 18- to 24-month seed funding,
regulatory training, a full-time DEA representative working in
the unit and investigative support. In addition to the DEA
representative, the unit and its overseeing policy board are
composed of personnel from the State's various regulatory
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boards and its law enforcement agencies. This blend of expertise
and the flexibility provided have had a beneficial impact in

the nineteen States (Massachusetts, New Hampshire, New Jersey,
North Carolina, Georgia, Hawaii, Washington, Oklahoma, Michigan,
Pennsylvania, Nevada, Illinois, Texas, California, Alabama,
Maine, Arkansas, Utah, New Mexico and the District of Columbia)
where the units now exist. Perhaps the best measure of the DIU
Program's success has been the willingness of State governments
to continue these units with State funding.

Since the program's inception in 1972, these DIU's have accounted
for approximately 3,000 arrests. In Calendar Year '79, these
units made 450 arrests, including 170 registrants and removed
750,000 dosage units of controlled substances from the illicit
market.

A spin-off of the DIU Program is our application of computer
technology to identify problem drugs and problem registrants for
investigation. In a pilot program in San Francisco, we utilized
our Drug Abuse Warning Network (DAWN) to identify legitimate
drugs appearing most frequently in the hands of abusers and our
Automation of Reports and Consolidated Orders System (ARCOS) to
pinpoint registrants excessively purchasing these drugs. This
project, in conjunction with the California DIU, resulted in the
criminal indictment of nine physicians and civil actions directed
toward 21 pharmacies, with administrative actions against an
additional 10 physicians and 16 pharmacies.

Additional progress in curbing diversion at the retail level has
been made with the development and implementation of a program to
address pharmacy thefts. Thefts from pharmacies and practitioners
accounted for the loss of over 34 million (out of 43 million)
dosage units of controlled substances in 1978, and in 1979 a
projected 40 million (out of 52 million) dosage units. I might
add that retail pharmacies are subjected to theft more than any
other pharmaceutical business category. In the first six months
of 1979, 73.5 percent of all thefts reported to DEA were reported
by pharmacies. During this same time period 64.4 percent of all
controlled substances diverted by theft were stolen from pharmacies.

In order to assist pharmacists who are concerned about this
alarming increase in pharmacy thefts, the DEA initiated a Pharmacy
Theft Prevention (PTP) Program which is available to all commu-
nities. DEA's PTP Program is a community action approach to
pharmacy theft.

The nucleus of a PTP Program is the leadership in a community.
These leaders form an executive committee which includes repre-
sentatives from the police department, DEA and the professional
associations.

The DEA currently has eleven active PTP cities and three that
are in the developmental stages. The active programs are:
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Philadelphia Pennsylvania; Milwaukee, Wisconsin; Nashville,
Tennessee; Johnson County Kansas; Dallas, Texas; Denver, Colorado;
Seattle, Washington; San Diego, California; Rhode Island State;
Utah State; and Clark County, Nevada. Programs are developing

in Louisville, Kentucky; San Juan, Puerto Rico; and Pittsburgh,
Pennsylvania.

In addition, DEA has been working with the various medical
associations in developing prescribing guidelines that provide
and establish acceptable professional responses to guard against
contribution to drug abuse through indiscriminate prescribing
of drugs or the acquiescence by practitioners to unwarranted
demands of some patients. These guidelines will also work to
ensure that multiple prescription orders are not being obtained
by the patient from different physicians, that prescriptions
only provide enough of a drug to carry the patient to his next
scheduled appointment, and that prescriptions are alteration-
proof.

While progress is being made, the curbing of retail diversion in
the future will require substantial increases in State and
professional monitoring of practitioners in order to identify
the problem areas and to develop solutions.

Before I discuss a major area of concern, I first wish to address
some additional items of interest --

Dextropropoxyphene

Pursuant to a recent UN decision to add dextropropoxyphene to
Schedule II, the DEA has determined that the placing of bulk
dextropropoxyphene into Schedule II and the leaving of all dosage
units in Schedule IV will meet our international obligation as
required by the Single Convention and our domestic needs. In
addition, a recent recommendation by FDA that propoxyphene be
classified as a narcotic will require practitioners using dextro-
propoxyphene in maintenance or detoxification programs to register
as NTP's.

Clandestine Laboratories

Another area of interest 1is DEA's Clandestine Laboratory seizures.
In 1979, 237 labs were seized in the U.S. This includes 10
amphetamine producing labs; 137 methamphetamine and 53 PCP labs.
Already for the first quarter of 1980, 74 labs have been seized.
This figure is 31 percent of all labs removed last year.

International Diversion

Another major drug abuse concern of the DEA is the diversion of
legitimate pharmaceuticals from international commerce. Many of
the manufacturers of pharmaceuticals are located in Europe, where
regulatory controls are quite different from those of the
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United States. Several drugs, such as methaqualone, secobarbital
and methamphetamine, which are tightly controlled in the U.S.
because of high abuse levels, have not historically been considered
a problem in some European countries and therefore have not

been or have only recently been controlled. These conditions
afford drug traffickers opportunity for diversion. Using various
means of ordering and employing complex shipping routes, drug
traffickers are diverting large quantities of drugs of abuse.

In response to this growing U.S. and potential worldwide problem,
the DEA has initiated a program in cooperation with host govern-
ments to establish a voluntary program of soliciting cooperation
from various manufacturers and pharmaceutical firms in Europe.
Firms are encouraged to watch for and report unusual or suspicious
orders from customers, requests for unusual or suspicious labeling
or shipping instructions, and excessive orders.

It appears the long-range solution to this problem of drug diversion
from legitimate sources will require the enactment of additional
legal controls over nonnarcotic controlled substances. Addition-
ally, it is necessary to ensure the application of adequate

criminal or civil penalties to those firms or individuals that
violate legal requirements.

Only through extensive international cooperation and sharing of
information can countries effectively curtail the illegal interna-

tional movement of abusable pharmaceuticals.

Southwest Asian Heroin

In many respects, DEA has seen considerable progress in its efforts,
but the instabilities of the governments of Southwest Asia are
having a dramatic adverse impact on the dimensions of the world

drug situation. This area -- Iran, Afghanistan, and Pakistan -- is
capable of producing many times over the amount of opium needed to
satisfy world demand. This gives us cause for concern. The con-

sequences of excessive opium production there have already been
experienced in Europe, and now are being felt in the United States
as well.

It is estimated that in 1978 Afghanistan produced 300 metric tons
of opium and Pakistan produced approximately 400 metric tons, for

a regional total of about 700 metric tons. Iran cannot be included
in the 1978 total because at that time opium cultivation in Iran
was legal and controlled. In 1979, however, opium production in

all three of these countries in Southwest Asia is believed to have
increased to a maximum of 1,600 metric tons.

We estimate a regional consumption of 1,000 metric tons of opium,

leaving 60 metric tons of heroin available for worldwide distribu-
tion from this one area of the world.

Of course, these are "guesstimates." As you can well imagine,
intelligence-gathering in that part of the world is, at best, very

difficult. Our agents stationed abroad are our primary intelligence
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source. However, DEA has had to close its offices in Iran and
Afghanistan. Our efforts in Pakistan have been disrupted exten-
sively, and still have not returned to the levels of previous years.

Foreign governments are often a secondary intelligence source,
but we do not have ongoing enforcement and intelligence exchange
in Iran and Afghanistan, and these countries have lost a number
of their career drug law enforcement officials.

The high quality and availability of Southwest Asian heroin has
made it a very marketable commodity. By mid-1977, West Germany
was inundated with this high-quality Southwest Asian heroin. The
problem has since spread to other West European markets which
traditionally have been and continue to be outlets for Southeast
Asian heroin. Despite sincere attempts by European governments to
control the narcotics addiction problem, the situation has
continued to worsen.

Throughout 1979, Western Europe served as a "sponge," absorbing
the increased Southwest Asian heroin production. Approximately
2.5 metric tons of heroin were consumed in Western Europe that
year. By way of contrast, a recent intelligence study estimates
that in 1978 0.6-0.8 metric tons of Southwest Asian heroin,
representing 17 percent of the total market, entered the

United States. I expect that proportion to have doubled during
1979.

Although the heroin picture in Western Europe may be stabilizing,
the situation still is not good. Drug-overdose deaths in

West Germany, for example, are almost double those of this country
and yet their population is one-fourth of ours. In West Germany,
street-level purity is currently between 20 and 40 percent and
prices in some European cities have dropped to as low as
$25,000-$35,000 per kilogram. According to our latest figures,
that same kilogram would sell for about six times as much in

New York City.

DEA intelligence reflects that some Iranian citizens, unable to
move cash out of that country because of the currency regulations,
have "converted" their cash to narcotics and have smuggled their
assets out in that fashion. The profit motive has enticed numerous
black, Hispanic, Italian, Iranian and other traffickers to enter
the Southwest Asian heroin trade in the United States. Although
at present this trade is best characterized as fragmented, there
are indications that in the future it will be dominated increas-
ingly by cohesive criminal groups.

Over the past two years, there has been a rising number of seizures

and resulting investigations. During 1977 and 1978, small
quantities of Southwest Asian heroin appeared in the U.S. and
were confined to the New York/Washington, D. C. corridor. Since

then, undercover purchases of Southwest Asian heroin also have
been made in Chicago, Detroit, San Francisco and Los Angeles.
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Seizures of heroin in this quantity and purity have not been
experienced in several years.

Given the magnitude of recent developments, the question then
becomes, "What plans are there for coping with this new presence
and accelerating problem?" Unfortunately, there are no easy
answers.

The United States Government has developed initiatives to attack
the Southwest Asian heroin problem. The Administration is making
the Southwest Asian heroin effort a high priority and is coordi-
nating efforts of the Departments of Justice, State, Treasury,
Defense, and Health and Human Services.

The Department of State 1is seeking international cooperation, not
only through contacts with individual nations, but also by raising
the issue in international forums such as NATO. We are accelerating
the enforcement activities of the U.S. Customs Service and DEA

both in the U.S. and abroad. Additionally, New York, Philadelphia,
Boston, Newark, Baltimore and Washington are being designated
target cities where major efforts are needed most to fight the

flow of Southwest Asian heroin. The State and local law enforce-
ment agencies are being involved in the antiheroin effort to the
maximum extent. As you can see, the Drug Enforcement Administra-

tion is involved in the forefront of this action plan.

On February 28, 1980, President Carter and Attorney General
Civiletti hosted approximately 120 law enforcement officials
including all State attorneys general and several police chiefs-
and prosecutors. At this meeting, a five-point program to
address the threat of Southwest Asian heroin was discussed with
these enforcement officials and their cooperation and participa-
tion were encouraged.

Both Attorney General Civiletti and Mr. Bensinger have met with the
Italian Prime Minister and Minister of the Interior of the Federal
Republic of Germany to discuss mutual concerns regarding the
Southwest Asian heroin problem. We intend to continue to assist
foreign law enforcement agencies with support services directed

at identifying and immobilizing major drug trafficking networks.

In all cases, our preference is to work as close to the source as
possible; but, in the case of Southwest Asia, that door has
virtually been slammed shut. Consequently, we have accelerated
our efforts as close to the source as we can get -- through our
agents and country attaches stationed along the transshipment and
destination corridor in Western Europe.

DEA has recently established a Special Action Office/Southwest
Asian Heroin to meet the imposing threat of renewed heroin
production, transshipment and trafficking in and from Europe, the
Middle East, and parts of Southwest Asia's opium producing countries.
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SAO/SWA will address this serious situation on both the European
and North American continents in a coordinated, directed,
high-priority enforcement effort.

All of these actions are designed to counter the increasing
availability that could cause Southwest Asian heroin to reach
epidemic proportions. We believe that for the present our initial
measures will blunt this threat to the best extent possible.

In closing, let me leave you with the following thoughts. The DEA
is committed to preventing diversion. However, you, too, must be
conscious of your responsibilities in the fight against drug
diversion and abuse.

I am confident that the application of your know-how and resources
to the abuse problem will have significant results. The urgent
need to effectively curtail drug abuse and prevent diversion cannot
be overemphasized. DEA has assigned the problem a high national
priority. You can help by giving your utmost attention to the
abuse of controlled substances.
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Reinforcing Properties of
Buprenorphine: A Behavioral
Analysis

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

Buprenorphine, a partial agonist of the morphine type, 1is a congener
of the narcotic agonist etorphine, and the antagonist, diprenor-
phine (Lewis 1974). Buprenorphine has morphine-like analgesic,
subjective and physiological effects and its analgesic potency 1is
estimated to be 25 to 40 times that of morphine (Cowan et al. 1977,
Jasinski et al. 1978, Houde 1979). However, buprenorphine does
not produce significant physical dependence in man (Jasinski et al.
1978, Mello & Mendelson 1980). The antagonistic potency of bupre-
norphine is equivalent to that of naloxone but it has a longer
duration of antagonistic action, comparable to that of naltrexone
(Jasinski et al. 1978).

Buprenorphine (8 mg/day) significantly suppressed heroin self-
administration (21 to 40.5 mg/day) by heroin addicts over 10 days
(P < .001) in comparison to buprenorphine placebo (Mello & Mendel-

son 1980). Placebo control subjects took between 93 and 100 percent
of all the heroin available. Subjects liked buprenorphine and said
they would prefer it to methadone or naltrexone. In view of bupre-

norphine's safety, efficacy, and acceptability to heroin addicts,
it should be an effective pharmacotherapy for heroin addiction.

This study examines the potential abuse liability of buprenorphine
in a primate drug self-administration model. This model has proved
useful for the preclinical assessment of drug abuse liability and
it is generally agreed that most drugs abused by man are also self-
administered by monkey (Schuster & Johanson 1974, Thompson & Unna
1977, Griffiths et al. 1980). This report is the first of a series
of studies that examine the conditions under which buprenorphine

is reinforcing, i.e. will maintain operant behavior leading to its
intravenous administration in monkey. Woods (1977) has shown that
substitution of buprenorphine (.0001-.10 mg/kg/inj) for codeine

(.3 mg/kg/inj) maintains responding on an FR 30 schedule of rein-
forcement, but response rates were lower than for codeine, morphine
or heroin. Evaluation of relative reinforcing efficacy is difficult
because of the problems involved in equating effective dose levels
per injection across drugs.

36



METHODS

Subjects were 5 adolescent male rhesus monkeys (Macaca mulatta)
weighing 5.5 to 8.2 kg. Four monkeys had a long history of mor-
phine self-administration. Two were drug free and one had been
maintained on cocaine (100 mcg/kg/inj) prior to buprenorphine self-
administration. Monkey A319 had no previous drug self-administra-
tion history.

Monkeys worked at an operant task for food (1 gm banana pellet)

and drug injections and were maintained at ad lib weight throughout
the study. After training on a food administration task, each
monkey was surgically implanted with a chronic double lumen catheter
to permit intravenous drug self-administration. Details of the
surgical procedures and operant apparatus have been published pre-
viously (Mello & Mendelson 1978).

Four periods of food availability, drug availability and time outs
occurred each day. A one-hour food session was followed by a 1-
hour drug session and 2 hours of time out (when responses had no
programmed consequences) . Experiments continued 24 hours a day,
7 days a week. The conditions of food and drug availability and
time out periods each were associated with a different color stimu-
lus light (S+) projected on a translucent response key on an oper-

ant panel. When saline was substituted for buprenorphine in control
studies, saline was also associated with a distinctive colored
stimulus 1light. Food and drug self-administration were maintained

under a second order schedule of reinforcement {FR 3 (VR 16: S)}.
An average of 16 responses on a variable ratio schedule (VR 16)
produced a brief stimulus light (S+) of the appropriate color.
However, a drug injection or a food pellet was delivered only after
a fixed ratio of 3 (FR 3) of the VR 16 response requirements had
been completed. Consequently, each food pellet or drug injection
required an average of 48 responses. Second order schedules were
used to minimize the possible disruptive effects of drug infusions
on operant responding.

Each of 5 buprenorphine doses (.005, .01, .03, .05, .10 mg/kg/inj)
was available for 60 consecutive drug sessions over 15 days.
Buprenorphine doses were presented in an ascending order. However,
the entire dose range was not completed by all monkeys. Buprenor-
phine hydrochloride solutions were diluted to the appropriate con-
centration for individual monkeys and doses are expressed in terms
of salts. The upper limit of this dose range was determined in
part by the solubility characteristics of buprenorphine.

The drug naive monkey and the drug free monkeys with a morphine
self-administration history were given access to buprenorphine

upon recovery from surgical implantation of an intravenous catheter.
Buprenorphine was immediately substituted for cocaine without an
intervening saline period. Each monkey began to work for buprenor-
phine on the same second order schedule of reinforcement previously
required for food and cocaine self-administration.
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After completion of the buprenorphine dose series, saline was sub-
stituted for buprenorphine, and monkeys were observed for signs

of opiate withdrawal. Saline and food self-administration patterns
were studied over 15 or more days.

RESULTS AND DISCUSSION

All monkeys self-administered buprenorphine over the range of doses
studied irrespective of their previous drug history. Increases in
the dose of buprenorphine per injection resulted in dose-related
increases in the total amount of buprenorphine self-administered
that day. Abrupt discontinuation of buprenorphine infusions did
not result in discernible withdrawal signs. Monkeys consistently
self-administered significantly more buprenorphine than saline.
The effects of buprenorphine on food self-administration were in-
consistent, but there were no significant changes in body weight
as a function of chronic buprenorphine self-administration.

FIGURE 1
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Figure 1 shows buprenorphine self-administration (mg/kg) and injec-
tions per day over 3 doses of buprenorphine (.005, .01, .05 mg/kg
/inj) by a drug naive monkey. Each data point is the mean (+ S.E.)
of 60 drug sessions over 15 consecutive days. There was a signi-
ficant increase (p < .001) in the daily dose of buprenorphine at
each increase in the buprenorphine dose per injection. The number
of injections per day also increased as the dose per injection in-
creased. Injections per day of .01 mg/kg/inj were significantly
higher (p < .005) than injections per day at a dose of .005 mg/kg
/inj. Despite a tenfold increase in the dose per injection, the
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number of injections at .05 mg/kg/inj was greater than at .005 mg/
kg/inj of buprenorphine.

Since the analgesic potency of buprenorphine is estimated to be
between 25 and 40 times more than that of morphine, .20 mg/kg/day

of buprenorphine is roughly equivalent to between 5 and 8 mg/kg of
morphine; .60 mg/kg/day of buprenorphine is equivalent to between

15 and 24 mg/kg of morphine; and 2.55 mg/kg/day of buprenorphine

is equivalent to between 63 and 102 mg/kg of morphine (cf. Figure 1).

Cumulative records of responding for buprenorphine on a FR 3

(VR 16:S) sechdule of reinforcement by the drug naive monkey are
shown in Figure 2. A high steady rate of responding, (between
2 and 2.5 responses per second) was maintained across a tenfold
increase in the buprenorphine dose per injection. Even at very
high doses of buprenorphine, there was no evidence of sedation.

As cumulative records at doses of .05 mg/kg/inj indicate, self-

administration of 1 mg/kg of buprenorphine, the equivalent of 25
to 40 mg of morphine, did not suppress response rates.

Since this monkey was drug naive, his performance cannot be attri-
buted to generalization from previous drug self-administration
experience. He learned to self-administer buprenorphine very
rapidly. He took 29 buprenorphine injections on the first day

of exposure to a low dose of buprenorphine (.005 mg/kg/inj) and
reached the final second order schedule requirement within 8
sessions on the first 2 days of buprenorphine exposure. In our
experience, acquisition of morphine self-administration by naive
monkeys on a VR 32 schedule of reinforcement required 3 to 4 weeks

FIGURE 2
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and codeine acquisition by naive monkeys on a FR 30 schedule of
reinforcement required almost 3 weeks (Woods 1977). The rapid
acquisition of buprenorphine self-administration on a second order
schedule 1is consistent with the interpretation that this drug is
highly reinforcing in monkey.

Drug experienced monkeys also showed progressive increases in
buprenorphine self-administration as the dose of buprenorphine
per injection was increased. Data for 4 drug experienced monkeys
are shown in Table 1. Three monkeys each took significantly
more buprenorphine at doses of .03, .05 and .10 mg/kg/inj than at
a low dose of .01 mg/kg/inj. Monkey A105 averaged a maximum of
2.95 mg/kg/day of buprenorphine at the highest dose level which is
approximately equivalent to 72 to 166 mg/kg/day of morphine. In
comparison to the lowest dose studied, injections per day remained
stable, or increased significantly (p < .05, .01) as the dose per
injection increased. One monkey (B205) did not show significant
changes in buprenorphine self-administration across the range of
doses studied. He took about .158 mg/kg/day,which is approximately
equivalent to 3.9 to 6.3 mg/kg/day of morphine.

Table 1
BUPRENORPHINE SELF-ADMINISTRATION (mg/kg) OVER 60 SESSIONS Xt s.E

MONKEY BUPRENORPHINE DOSE PER INJECTION (mg/kg)
.005 .01 .03 .05 .10
DRUG NAIVE
A-319 20 607 2.55%f

(£.03) (+.04) (£.17)

MORPHINE HISTORY

1-187 .16 .16 J12%
(£.02) (£.04) (£.13)
B-205 .13 .17 .14 .24 .11
(£.03) (£.02) (£.05) (£.09) +.04)
A-105 .19 L5T7x* 1.44%*1 2.95%*t
(£.02) (£.07) (£.13) (£.24)
B-255 .09 L43%x L62%% L94%xt

(£.01) (£.03) (£.06) (£.09)

* Different from intake at .005 mg/kg/injection (p < .001)
** Different from intake at .01 mg/kg/injection (¢ < .001)
t Different from immediately preceeding value (p < .01 - .001)

Figure 3 shows illustrative data for the substitution of saline
for buprenorphine for one monkey (B255) that took moderate bupren-
orphine doses. The range of the average number of buprenorphine
injections taken across the dose range studied is shown at the
right. This is a somewhat typical saline extinction curve insofar
as high rates of saline maintained responding occurred during the
first 10 days followed by a gradual decrease in saline injections.
The number of saline injections taken during the first 10 days of
saline substitution was significantly greater than during the
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last 10 days (p < .001).

Buprenorphine at all doses per injection
maintained

self-administration behavior significantly above the
last 10 days of saline (p < .001).

FIGURE 3
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No discernible withdrawal signs or weight loss were observed in any
monkey following prolonged buprenorphine self-administration. With-
drawal ratings were completed 3 times each day for 30 days in saline
substitution trials and when a catheter became occluded. An absence
of withdrawal signs after antagonist challenge in buprenorphine-

maintained monkeys has been consistently reported (Cowan et al.
1977) .

CONCLUSIONS

Buprenorphine is a positive reinforcer in rhesus monkey and main-

tains behavior leading to its administration on second order sched-
ules of reinforcement,

It appears comparable to morphine in re-
inforcing efficacy.

These data are consistent with clinical studies
of reactions to buprenorphine by heroin addicts

1978). Addicts' reports of "liking"
forcing properties in monkey,
morphine,

(Jasinski et al.
buprenorphine and its rein-

suggest that buprenorphine, 1like
may have some abuse potential in man.

The abuse potential of any drug must be balanced against its safety
and efficacy relative to other available compounds. In contrast

to morphine or methadone, buprenorphine has been shown to produce
minimal physical dependence in man. Its antagonistic properties
virtually preclude overdose. Buprenorphine maintenance effectively
reduces heroin self-administration by heroin addicts (Mello & Men-
delson 1980) and it appears to offer some advantages as an anal-
gesic (Houde 1979). Moreover, buprenorphine's agonistic properties
could be advantageous if it were used as a pharmacotherapy for

heroin addiction and as an analgesic for patients suffering from
chronic pain.
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Correlations Among Certain
Behavioral, Physiological, and
Biochemical Effects of Narcotic
Agonists

J. H. Woods, J. L. Katz, A. M. Young, F. Medzihradsky,
and C. B. Smith

INTRODUCTION

Types of narcotic agonists nay be differentiated behaviorally
according to their actions in various preparations. Morphine-
1iKe drugs ("mu" agonists) produce analgesia in rodents (Tyers,
1980) and are capable of suppressing completely the signs of
deprivation-induced abstinence in morphine dependent rhesus
monkeys (e.g., Deneau and Seevers, 1963). Additionally, these
compounds share common interoceptive stimuli; rhesus monkeys
trained to discriminate codeine or etorpnine from saline make
drug-appropriate responses to other morphine-1iKe drugs out not to
behaviorally active drugs from other pharmacological classes

(Woods et al., 197%9a; Herling and Woods, in press). Moreover, a
wide variety of morphine-like drugs maintain drug-reinforced
responding in rhesus monkeys (Woods, 1977; Woods et al., in press;

Young and Woods, in press).

Similar to mu agonists, ethylketazocine-like drugs ("kappa"
agonists) produce analgesia in rodents (Tyers, 1980; Woods et
al., 1978); however, these agonists fail to either precipitate or
suppress abstinence in morphine-dependent rhesus monkeys (Woods
et al., 1978; 1979b). These drugs also snare common intero-
ceptive stimuli that are distinct from those of "mu" agonists;
rhesus monkeys trained to discriminate ethylKetazocine from saline
make drug-appropriate responses to ethylketazocine-like drugs out
not to other behaviorally active drugs including mu agonists (Hein
et al., 1in press; Woods et al., 1979a). In rhesus monkeys
trained to self-administer codeine, kappa agonists (i.e., those
that share ethylKetazocine's discriminative and direct effects)
fail to maintain drug-reinforced responding (Woods et al., 1978;
1979a) .
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Thus, these types of narcotic agonists may be differentiated
from each other on the basis of their actions in morphine-
dependent monkeys, 1in monkeys trained to discriminate these
agonists from saline, and in maintaining drug-reinforced
responding. Mu and Kappa agonists also have characteristic
actions upon two smooth muscle preparations, the isolated guinea-
pig ileum and the mouse vas deferens (e.g., Kosterlitz and
Waterfield, 1975). In both preparations, these agonists inhibit
the electrically-induced twitch, and their effects are reversed by
narcotic antagonists. Similarly, both types of narcotic agonists
displace radiolabelled narcotics from binding sites in brain
(Hutchinson, et al., 1975).

A number of investigators have noted the similarity of potencies
across these preparations (Creese and Snyder, 1975; Hutchinson et
al., 1975; Kosterlitz and Waterfield, 1975; Lord et al., 1978).
The present study extends further the comparison of effects of
narcotic agonists across a wider range of mu agonists and among
some additional preparations. We nave compared across prepa-
rations a group of Kappa agonists that have been well identified
and characterized behaviorally, allowing the evaluation of certain
empirical generalizations about these classes of narcotic agonists
and the identification of compounds that deviate significantly
from the common spectra of action.

MATERIALS AND METHODS

Mouse vas deferens, Male, albino Swiss-Webster mice, weighing
between 25 and 30 g, were sacrificed by decapitation. The vasa
deferentia were removed, and 1.5 cm segments were suspended in
organ baths which contained a modified Krebs' physiological
buffer. The buffer contained the following: NaCl, 118mM; KC1,
4.75 mM; CaCl,, 2.54 mM; MgSO,, 1.19 mM; KH,PO,, 1.19 mM;
glucose, 11 mM; NaHCO;, 25 mM; hexamethonium bromide, 0.07 mM;
pargyline, 0.3 mM; tyrosine, 0.2 mM; ascorbic acid, 0.1 mM; and
disodium edetate, 0.03 mM. The buffer was saturated with 95%
0,-5% CO, and Kept at 37°C. The segments were attached to a
strain gauge transaucer and suspended Dbetween two platinum
electrodes. After a 15-minute equilibration period, the segments
were stimulated once every ten seconds with pairs of pulses of 1
msec duration, 1 msec apart, and at supramaximal voltage. The
segments were stimulated for 30 min or until a stable twitch
height was achieved. Cumulative concentration-response curves were
determined for the various drugs by increasing the concentration
of the drug my three-fold increments until a maximum response was

obtained. EC 50 values were calculated by probit analysis.
Guinea-pig ileum, The isolated guinea-pig ileum was prepared as
described by Paton (1957). Segments of ileum were suspended in a

Kreos physiological buffer at 37°C, saturated with 95% 0,-5%
CO,. The composition of the buffer was the same as described
for the wvas deferens preparation except that it contained
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pyrillamine maleate, 0.125 mM, and did not contain the pargyline,

tyrosine, ascorbic acid, or disodium edetate. Tissues were
equilibrated for 30-40 minutes with washes every 10 min. After
the equilibration period, cumulative concentration-response
relationships were determined for the wvarious drugs. EC 50

values were calculated by probit analysis.

iH—Etorphine binding to rat brain membranes Male Sprague-
Dawley rats, weighing approximately 200 g, were decapitated and
the brains were excised at 4°C. The Dbrains were homogenized in

50 mM Tris HC1l buffer, pH 7.4, and centrifuged for 15 min at
20,000 x g. The pellet obtained was resuspended in cold buffer
(1:100) and either frozen or used for the binding assay. The
assay mixture consisted of 400 ul of the membrane suspension, 50
ul of H,0 or 1.6 M NaCl, 50 ul of either dextrorphan,

levorphanol, or the narcotic drug under investigation and 25 ul
of [15,16(n)-3H]etorphine (specific activity, 31 Ci/mmole,

Amersham) . The final concentrations of NaCl, dextrorphan,

levorphanol, and etorphine in the medium were 1.5 x 107" M, 6 x
10-7 M, 6 x 100'M and 3 x 107° M, respectively. Incubations
were carried out for a period of 15 min at which time the labelled
etorphine was added. After a further incubation for 30 min, the
tubes were placed on ice and their contents were filtered through

Whatman GF/C filters previously washed in H,0. The samples on
the filter were washed with 3 x 4 ml of ice-cold 50 mM Tris HCI,
pH 7.4. Subsequently, the filters were placed in counting vials

with 1 ml absolute ethanol and 10 ml of a dioxane-xylene-
naphthalene scintillation mixture, and the vials were counted in a
liquid scintillation spectrometer. Tne binding of 3H—etorphine
in the presence of a given drug was related to the maximum
stereospecific etorphine Dbinding, obtained as the difference
between binding in the presence of excess dextrorphan and

levorphanol. The EC 50 values were obtained graphically from
log-probit plots of the binding data. Each drug was investigated
at 5 or more concentrations, run in duplicate. In order to

determine the sodium response ratio, the receptor assay was
carried out both in the absence and presence of 150 mM NaCl in the
medium. The sodium response ratio for a given drug was expressed
as the ratio of EC 50 values obtained under those two experimental
conditions.

Morphine-dependent rhesus monkey, Groups of rhesus monkeys were
trained to routinely receive morphine injections and were
maintained on a regular schedule of injections (3 mg/kg g 6 hr)
that produces physical dependence in this species (Seevers and
Deneau, 1963). After at least three months stabilization on the
above schedule, morphine injections were periodically withheld,
which was followed by the development of withdrawal signs.
Fourteen hours after the last morphine injection, when abstinence
signs are approximately half of the maximal severity, new
compounds were tested for their ability to relieve the abstinence
signs. Generally, morphine-like agonists suppress the abstinence
signs whereas narcotic antagonists exacerbate those signs. In
contrast to the morphine-like agonists, drugs identified as Kappa
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agonists neither suppress nor exacerbate abstinence signs.
Rather, these compounds at suitable doses produce a unique
constellation of signs of sedation (Woods et al., 1979Db). For
further details of the procedure, and details on the grading of
the various signs, see Deneau and Seevers (1963) and Villarreal
(1973) .

Drug self-administration, Rhesus monkeys were surgically
prepared with chronic indwelling venous catheters and fitted with
stainless steel harnesses which were connected by a jointed hollow
arm to the back of the experimental cubicles. The catheter passed
out the back of the monkey through the arm and to an infusion
pump. Mounted on the front panel of the cubicle were one green and
two red stimulus lights and two response keys. Experimental
conditions and data collection were arranged by a digital
computer.

Experimental sessions were conducted twice per day, during which
pressing the right-hand key in the presence of the right stimulus
light intermittently produced intravenous infusions of codeine
phosphate (0.32 mg/kg) according to a schedule of one injection
per 30 responses . Following each injection was a 600-sec period
during which responses were ineffective and all lights were out.
Sessions ended after 130 min or 13 injections, whichever came
first. Different doses of test compounds were substituted for
codeine on every fourth session. For further details of the
apparatus or procedure see Deneau et al., (1969) and Woods (1977,
1980) .

Drugs. The following were used: meperidine hydrochloride (v),
fentanyl citrate (b), levorphanol hydrochloride (c), morphine
sulphate (d), sufentanil citrate (f), etorphine hydrochloride (a),
d-propoxyphene hydrochloride (w), dl-propoxyphene hydrochloride
(e), ethylketazocine methane sulfonate (p), ketazocine methane
sulfonate (gq), methadone hydrochloride, ketobemidone
hydrochloride, heroin hydrochloride, azidomorphine hydrochloride,
UM  909: 2-(2-methyl-3-furylmethyl)-2'-hydroxy-alpha-

5,9-dimethyl-6, 7-nenzomorphan methane sulfonate (r), UM 911:
2-(3-methylfurfuryl)-2'-hydroxy-alpha-5,9-dimethyl-6,7-

benzomorphan methane sulfonate (s), UM 983: N-(alpha-pyridyl),
n- (l-beta-phenylethyl-4-piperidyl) ethylcarbamate hydrocnloride,

UM 1070: ( £ )-5,9-dimethyl-2'-hydroxy-2-tetrahydrofurfuryl-6,7-
benzomorphan hydrochloride (1R/S,, 5R/S, 9R/S, 2"R/S) (t), UM
1072: ( + )-5,9-alpha-dimethyl-2'-hydroxy-2-tetrahydrofurfuryl-

6, 7-benzomorphan hydrochloride (1R/S, 5R/S, 9R/S, 2"R/S) (u), UM
1112: 2-cyclopropylmethyl-10- m-hydroxy-phenyl-trans-
decahydroisoquinoline, UM 1113: 2-cyclopropylmethyl-10- m-
hydroxy-phenyl-6-methyl-trans-decahydroisoquinoline, UM 1124: 1
m-[2-(cyclopropylmethyl)-1,2,3,4,4a,5,6,7,8,8a-decanydro-4a-

isoquinolyl] phenol succinic acid salt, UM 1160: Structure
not disclosed, UM 1167: (-)-17-cyclopropylmethyl-7,7-dimethyl-
3-hydroxy-6, 8-dioxamorphinan d-tartrate methanolate (9), UM

1169: Structure not disclosed (h), UM 1170: 4-beta- (m-methoxy-
phenyl)-1,3-dimethyl-4 alpha-piperidinol proprionate hydrochloride
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(x), UM 1173: dl-(1-(2- dimethylamino)ethyl) -6, 7-dihydro-3-
methyl-4-oxo-6-phenylindole-2-carboxylic acid ethyl ester (E)
oxime, UM 1213: L-tyrosyl-D-alanylglycyl-L-N-alpha ethylphenyl-
alanine amide acetate (k), UM 1220: N- (2-methoxyetnyl) -
norketobemidone oxalate (1), UM 1233: N- (2-ethoxyethyl) -
norketooemidone oxalate (n), UM 1238: Structure not disclosed (o).
The letters following the drug names are used to designate
compounds in Figure 1 and 2.

RESULTS AND DISCUSSION

Narcotic agonists which act wupon mu receptors have been
differentiated from those which act wupon kappa receptors by
comparing their relative potencies upon the isolated, electrically
stimulated guinea-pig ileum and mouse vas deferens preparations
(Hutchinson et al., 1975; Lord et al., 1978). Mu agonists were
reported to be equipotent upon the two preparations, whereas kappa
agonists were found to be more potent in suppressing the twitch of
the ileum than in suppressing the twitch of the mouse vas
deferens. The present study reevaluated the potencies of standard
kappa agonists as well as certain mu agonists wupon the two
preparations and extends the number of mu agonists previously

evaluated. Mu and Kappa agonists were identified by their
behavioral actions as described above. The majority of the mu
agonists were found to Dbe roughly equipotent wupon the two
preparations (Table 1). Relative potencies wupon the ileum when

compared to the vas deferens ranged from one half as potent for
UM 1167 and UM 1169 to slightly more than 4 times more potent for
UM 1176. However, three mu agonists were much more potent upon
the guinea-pig ileum than upon the mouse vas deferens, namely
etorphine, fentanyl, and sufentanil. Sufentanil was remarkable in
that it was found to be approximately 8 million times more potent
upon the ileum than upon the vas deferens which suggests that this
drug either interacts with a unique receptor in the ileum or that
it possesses physical properties such as a very high degree of
lipid solubility which increases its affinity for the mu receptor
in situ. In contrast, UM 1170 is much more potent upon the
mouse vas deferens than upon the guinea-pig ileum.

Kappa agonists also varied greatly in their relative potencies
upon the two preparations. Ketazocine, UM 1070, and UM 1072 were

approximately equipotent upon the two preparations. However,
UM 909 and UM 911 were much less potent upon the ileum than upon
the vas deferens. Only ethylketazocine was found to be more

potent upon the ileum than upon the mouse vas deferens. Thus, tne
present observations fail to support the contention that mu
agonists are equipotent upon the two preparations whereas kappa
agonists are more potent wupon the ileum than upon the vas
deferens. These observations suggest further either that narcotic
agonists act upon a heterogeneous population of receptors in the
two preparations or that individual drugs ©possess physical
characteristics which alter markedly the manner in which they
interact with one or more receptor type in each of the
preparations.
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TABLE 1

Potencies of "mu" and "kappa" agonists
on the mouse vas deferens and guinea-pig ileum

Mouse Guinea-pig
vas deferens ileum Ratio EC 50's
"Mu" Agonists EC 50 EC 50 MVD/GPI
Sufentanil 4.43 x 107° 5.86 x 107'° 8,000,000
Fentanyl 3.71 x 107° 1.34 x 107%° 276.9
Etorphine 6.81 x 107 4.76 x 1077 142.9
UM 1176 7.97 x 1077 1.86 x 107/ 4.3
Meperidine 2.79 x 10°° 9.75 x 107’ 2.9
Morphine 1.83 x 107° 1.05 x 107° 1.7
UM 1238 7.28 x 1078 6.12 x 107° 1.2
UM 1177 6.22 x 1077 5.54 x 107 1.1
UM 1213 1.09 x 107° 1.01 x 107° 1.1
UM 1220 3.19 x 1077 3.87 x 107/ 0.8
UM 1167 8.68 x 10°'° 1.74 x 107° 0.5
UM 1169 8.38 x 107’ 1.86 x 10°° 0.5
UM 1170 7.78 x 107° 3.08 x 107° 0.0003
"Kappa" Agonists
Ethyl-
ketazocine 1.56 x 107° 1.49 x 107° 10.5
UM 1070 5.88 x 107'° 6.50 x 10°'° 0.9
UM 1072 2.58 x 107° 3.30 x 107° 0.8
Ketazocine 1.18 x 107° 1.58 x 107° 0.7
UM 909 6.17 x 107° 1.90 x 10°° 0.03
UM 911 1.21 x 107° 3.90 x 107/ 0.03
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The relationship between potencies of narcotic agonists upon
the two physiological preparations and potencies in displacing
3H—etorphine from opiate receptors on membranes isolated from
rat cerebrum has been evaluated for mu and kappa agonists.
Several investigators have compared the agonistic activity of
opiates 1in the two preparations with displacement of various
radiolabelled agonists and antagonists from rat brain membranes.
Creese and Snyder (1975) found a high correlation between activity
upon the guinea-pig ileum and activity in displacing *H-naloxone
from rat brain membranes especially in the presence of sodium.
Hutchinson et al. (1975) found a stronger relationship between
displacement of 3H—dihydromorphine from rat brain membranes and
activity in the mouse vas deferens than between displacement and
activity in the guinea-pig ileum. Finally, Kosterlitz and Leslie
(1978) found a good <correlation Dbetween displacement or
’H-naloxone from rat brain membranes and from membranes
isolated from the guinea-pig ileum and suggested that kappa
agonists are less susceptible to the sodium effect than are mu
agonists.

In the present studies a strong correlation was found between the
EC 50's for the displacement of 3H—etorphine from rat brain
membranes and EC 50's upon the mouse vas deferens for the mu
agonists. This correlation improved slightly when etorphine was
excluded from the analysis. For displacement in the presence of
sodium the correlation coefficient was 0.8559 and the slope of the
regression line was 0.9879 which indicates equal potencies in the

two preparations. In the absence of sodium the correlation
coefficient was 0.9174 and the slope of the regression line was
0.8448. A relatively good correlation also exists between EC 50's

for displacement and EC 50's upon the guinea-pig ileum if one
excludes etorphine, fentanyl, and sufentanil from the analysis. In
the absence of sodium, the correlation coefficient was 0.8838 and
the slope was 0.8830. When etorphine, fentanyl, and sufentanil
were added to the analysis, a lower correlation was found between
potency on the ileum and displacement of 3H—etorpine either in
the presence or absence of sodium (Figure 1). Low correlations
were also found between EC 50's for kappa agonists in either
preparation and displacement of 3H—etorphine from membranes
isolated from rat cerebrum. It 1is possible that higher
correlations will be found between the physiological effects of
the various agonists and displacement of labelled ligands other
than etorphine. The fact that etorphine is a mu agonist and that
the correlations for mu agonists improve with the exclusion or
etorphine supports this suggestion.

Correlations among effects of mu and kappa agonists upon mouse vas
deferens or guinea-pig ileum and the 1l4-hr withdrawn monkey are
shown in Figure 2. Drugs identified as kappa agonists do not
suppress abstinence signs in the monkey; however, these compounds
produce other overt effects including ataxia with marked body sag,
dozing, and pronounced mydriasis. These effects can be antagonized
by naloxone (Woods et al., 1978) indicating that, although they

are different from those of morphine, they are narcotic effects.
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FIGURE 1
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Correlations among effects of mu-type and kappa-type agonists
upon tritiated etorphine bound to membranes from rat cerebrum.
Abscissae: Log molar EC 50 for inhibition of electrically in-
duced twitch of either mouse vas deferens (left panels or guinea-
(right panels). Ordinates: Log molar EC 50 for dis-
placement of 3H—etorphine from membranes of rat cerebrum. Upper
panels: mu-type agonists; lower panels: kappa-type agonists.
Lower case letters adjacent to points refer to drugs as coded 1in
Solid straight lines were fitted to the
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the Drugs section above.
points by the method of least squares.
identical molar concentrations.
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FIGURE 2
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sae: log dose, 1in mg/kg, that produced complete suppression of
abstinence (upper panels) or log dose, in mg/kg, that produced
an intermediate grade of sedation (lower panels). Ordinates:
log EC 50 for inhibition of electrically induced twitch of the
mouse vas deferens (left panels) or guinea-pig ileum (right
panels) . Lower case letters adjacent to points refer to drugs
coded in the Drugs section. Straight lines were fitted to the
points by the method of least squares linear regression.
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Since the kappa agonists do not suppress abstinence, correlated
here with effects on the physiological preparations are their

sedative effects. Generally, correlations among the effects in
smooth muscle with the in vivo effects were quite high for
either guinea-pig ileum or mouse vas deferens. Most noticable

were the differences in slopes of the regression 1lines that
depended more on the particular physiological preparation than on
the type of agonist or the type of behavioral effect observed. A
similar relationship between slopes was obtained when effects on
the two physiological preparations were correlated with analgesic
effects obtained in mouse hot-plate tests (not shown). Thus,
while relative potency in the mouse vas deferens underestimated
relative potency in vivo. relative potency in the guinea-pig
ileum overestimated relative potency in vivo.

Two mu-type agonists ( d-, propoxyphene and UM 1233) snowed an
unusual effect in the mouse vas deferens (Woods et al., this
volume) . These drugs suppressed abstinence signs in the 14-hr
withdrawn monkey and inhibited the electrically driven guinea-pig
ileum. In the mouse vas deferens, however, at suitable
concentrations these drugs enhanced the magnitude of the twitch.
Naltrexone further enhanced the increases in response magnitude
produced by these compounds, suggesting a narcotic component to
their actions that opposed the increased twitch. Indeed, at low
concentrations, one of the drugs (UM 1233) produced a small
inhibition of the twitch that was completely antagonized by
naltrexone. Thus, while appearing to be morphine-like in the
rhesus monkey, these compounds have other interesting, possibly
noradrenergic, effects that obscure their narcotic actions in the
mouse vas deferens.

The behavioral effects of the mu and kappa agonists obtained in
the 14-hr withdrawn rhesus monkey were also correlated with the EC
50's obtained for the compounds in displacing tritiated etorphine
bound to membrane preparations from rat cerebrum in the absence or

sodium. While relatively better correlations were obtained with
kappa-type than mu-type agonists (0.9417 wvs. 0.7656, respec-
tively), the slope for the regression line was relatively more

steep for the mu-type agonists (mu: 0.65; kappa: 0.43). These
differences in slope were not merely due to differences in the
particular behavioral measures used for mu- and kappa-type drugs
since they were consistent with the different slopes obtained when
etorphine displacement EC 50's were correlated with analgesic ED

50's obtained in mouse hot-plate tests (not shown). Thus of the
seven identified kappa-type agonists there was little difference
in their ©potencies 1in displacing tritiated etorphine. In

contrast, of the fifteen mu-type agonists studied there was a
relatively wider range of potencies in displacing tritiated
etorphine that approximated the range of potencies obtained
in wvivo.

Two compounds that were effective in suppressing abstinence signs

in the 14-hr withdrawn rhesus monkey (meperidine and a meperidine
analogue, UM 1170) were ineffective in displacing tritiated
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etorphine in concentrations wup to 2 x 10°°M (Medzihradsky,
unpublished data; Swain et al., 1979). Both of these compounds
were also effective inhibitors of the electrically driven guinea-
pig ileum and mouse vas deferens (see above). A third compound
(UM 1213), while displacing etorphine with a relatively high
potency, suppressed abstinence in the monkey with a relatively low
potency. This compound 1is a synthetic peptide with opiate-like
effects (Woods et al., this volume). Its low in vivo potency
is probably a result of the high degree of deg?adation of the
compound before it reaches its site of action.

The potencies of mu agonists in suppressing abstinence in the
14-hr withdrawn rhesus monkey were also correlated with their
potencies in maintaining drug-reinforced responding (Figure 3).
The correlation between the mu agonists in exerting these
in vivo effects in the rhesus monkey was 0.8704; the slope of
the regression line was 0.77, suggesting a relatively good
agreement between the relative potencies of the mu agonists in
exerting these effects. Two interesting exceptions to this high
correlation were noted. First, the regression line did not fit
the points for very potent compounds such as etorpnine and
sufentanil as well as it did points for less potent compounds.
This disparity in the relative potencies of these compounds was
also found in the comparisons of the effects of etorphine and
sufentanil across the in vitro smooth muscle and binding
preparations. Second, two compounds, UM 1167 and UM 1170, that
were effective in suppressing abstinence in the 14-hr withdrawn
monkey did not maintain drug-reinforced responding by the monkey
(Swain et al., 1979; Woods et al., this volume). Interestingly,
UM 1170 did not displace tritiated etorphine at concentrations up
to 2 x 107° M.

SUMMARY

Relative potencies of Kappa and mu agonists on guinea-pig ileum
compared to mouse vas deferens varied across a considerable range.

In contrast to earlier reports (e.g. Hutchinson et al., 1975;
Lord et al., 1978), the present differences in potency failed to
distinguish between kappa and mu agonists, suggesting that

distinctions between agonist types on the basis of their relative
effects in these two preparations are unlikely to be general-
izable. It remains possible that differences between this and
previous studies may be due to differences in strain of subject,
to minor differences in procedure, or to differences in the
particular compounds studied. The study of a wider range of both
mu and kappa agonists will provide further information on whether
mu and Kappa agonists can be distinguished according to relative
effects in these two preparations. Identification of additional
compounds possessing kappa-like activity will be very useful.

In contrast to the correlation among effects in vas deferens and
ileum, correlations among effects in either of these preparations
with displacement of bound etorphine did distinguish between mu
and kappa agonists. Slopes of regression lines for mu agonists
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FIGURE 3
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Correlations among doses of mu-type agonists that maintained
maximal rates of responding under a fixed-ratio schedule of drug
injection and that completely suppressed abstinence in the 14-hr
withdrawn rhesus monkey. Abscissae: dose, in mg/kg on a log
scale, that produced complete suppression of morphine abstinence
on the Seevers scale; Ordinates: dose, in mg/kg on a tog scale,
that maintained maximal rates of responding under a fixed-ratio
schedule of intravenous drug injection in rhesus monkeys condi-
tioned to self-administer codeine. A straight line was fitted
to the points by the method of least squares.
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were generally steeper than slopes for kappa agonists. This
distinction was particularly clear in correlations of etorphine
displacement and effects in the mouse vas deferens. With exclusion
of exceptional compounds, slopes of lines fitted to mu and Kappa
agonists in the guinea-pig ileum were also distinctive.

Correlations among effects in vas deferens or ileum with effects
in the 1l4-hr withdrawn rhesus monkey showed an interesting
differentiation between smooth muscle preparations but not agonist
types. While all correlations were generally nigh, the slopes of
regression lines in comparisons of in vivo effects with effects
in ileum were steeper than with effects in vas deferens,
indicating that effects in ileum overestimate while effects in vas
deferens underestimate in vivo potency.

The displacement of etorphine and in vivo effects were also
highly correlated, with some interesting exceptions. Noteworthy
were meperidine and the meperidine analogue UM 1170. These
compounds suppress abstinence in the withdrawn monkey but do not
displace etorphine, suggesting that the narcotic actions of these
compounds are mediated by distinctive recognition sites.

An important property of mu agonists 1is that they suppress
abstinence in the morphine-dependent monkey. These effects were
very closely correlated with the reinforcing effects of those
drugs. In contrast, Kappa agonists neither suppress morphine
abstinence nor maintain self administration. To the extent that
the reinforcing effects are critical to the abuse liability of a
compound, the kappa agonists may be a significant step towards
compounds that are more useful analgesics.

The effects of narcotics have been studied in a variety of
experimental preparations and many of their effects are highly

correlated. An interdisciplinary approach comparing various
effects of narcotics offers an approach that naturally
highlights common characteristics of compounds. Possibly more

important, the approach also delineates distinct types of
narcotic agonists and individual compounds with unusual spectra
of activity.
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Comparative Studies of the
Pharmacological Effects of the
d-and |-Isomers of Codeine

T.T. Chau and L. S. Harris

Opiates are known for their stereospecificity. The l-isomers are
for example active as analgesics whereas the d-congeners are de-
void of analgesic properties. Based upon these properties, first
Goldstein et al., 1971, then other investigators have demonstrated
the stereospecific binding of opiates and attempted to correlate
such binding with specific opiate effects.

In our studies, the analgesic, antitussive, cardiovascular and
binding properties of l-codeine were compared with those of d-
codeine. An attempt was also made to demonstrate that the sup-
pression of the cough reflex was mediated through receptors dif-
ferent from "opioid receptors."

METHODS

1. Antinociceptive effects of d- and l-codeine

The analgesic effects of l-codeine phosphate and d-codeine HBr,
2H,0 were assessed in the mouse tail-flick test as described by
D'Amour and Smith (1941) and in the hot plate test as described
by Eddy and Leimbach (1953). Each mouse served as its own control.

The antinociception response was calculated as % MPE (percent
maximum possible effectiveness).

s MPE = Test - Control % 100
Cut off - Control

The cut off time was 10 sec. in the tail-flick test and 30 sec. in
the hot plate test. The drugs were given either s.c. or p.o.
After the time of peak effect had been established for the tail-
flick, all observations were then made at that time (20 min. post
injection). The Litchfield-Wilcoxon method gave the ED50 and the
95% confidence limits (Litchfield and Wilcoxon, 1949).
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2. Effects on cough reflex, blood pressure and heart rate

Cats weighing 3 to 4 kg were anesthetized with sodium pentobar-
bital 35 mg/kg i.p. The cough reflex was initiated by manual
stimulation of the pharynx or lower part of the trachea with a
probe through a small slit made in the trachea. The respira-
tion 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 EDs;, expressed as base and the 95% confidence
limits.

The blood pressure was monitored via the femoral artery and the
EKG leads gave the heart rate.

In other studies naloxone was given prior to d- or l-codeine but
after the control cough had been obtained.

3. Inhibition of the stereospecific binding of éH—dihydromorphine

Several concentrations of d- or l-codeine ranging from 107’ M to
10" M were added to whole-mouse-brain homogenates and tested for
their inhibitory effects on 2.2 x 107° M 3H—dihydromorphine
stereospecific binding. The experiments were carried out as
described by Pert and Snyder (1973).

RESULTS AND DISCUSSION

1. Analgesic effects

The antinociceptive effects of l-codeine phosphate were summarized
in Table I.

d-Codeine HBr, 2H,0 did not show any significant analgesic effect
up to 100 mg/kg s.c. or p.o. in the tail-flick test. Hyper-
excitability was observed at low doses (10 mg/kg). Convulsions
were caused at higher doses and 100 mg/kg was lethal to all mice.
In the hot plate test, the mice were particularly sensitive to
the heat stimulus. No analgesia was observed from 10 to 75 mg/kg
s.c. or p.o., the latter dose being lethal to all mice tested.
Hyperalgesia at low doses and convulsions at higher doses were
obtained with d-codeine.

Thus, in the antinociceptive test procedures, l-codeine was active
whereas d-codeine had no analgesic effect up to lethal doses.
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TABLE I

Antinociceptive Effects of 1-Codeine in Mice

Test Route of ED50 mg/kg and
Procedure Administration 95% C.L.°
Tail-Flick® s.c. 4.09 (2.01 - 8.34)

N = 6 p.o. 13.41 (6.91 - 26.0)
Hot Plate” s.c. 20.66 (11.52 - 37.08)
N = 6 p.o. 20.47 (14.63 - 28.67)

a

b

Expressed as codeine phosphate

The mice were tested 20 min. after injections of l-codeine

phosphate.

2. Effects on cough reflex

The antitussive effects of l-codeine were summarized in Table II.

TABLE II

Antitussive Properties of 1-Codeine Phosphate in the Cat

% Inhibition Time of
Dose mg/kg, i.v. the Cough Reflex Maximum Effect
.25 15 30 min.
.3 53 3 min.
) 82 6 min.
1.0 93 3 min.
EDyy of l-codeine base = .27 mg/kg (.14 - .47 mg/kg)
a. N = 3 per dose
b. Cats anesthetized with pentobarbital 35 mg/kg, 1i.p.
c. Cough reflex initiated by stimulation of the pharynx
with a blunt-tipped probe
d. Recovery within 30 min. at .25 and .3 mg/kg
e. Recovery within 1 or 2 hours at .5 and 1.0 mg/kg
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None of the doses changed the respiration rate or the amplitude
of the normal respiration.

When 1 mg/kg naloxone HCl was given 4 or 5 min prior to the EDg,
dose of l-codeine base (0.54 mg/kg), the antitussive effect of
l-codeine was still observed in 2 cats tested. The cough reflex
was still inhibited by 88% and by 84% in the 2 cats. Naloxone
by itself did not interfere with the cough.

The antitussive effects of d-codeine HBr, 2H,0 were shown in
Table III. In one cat, 3 mg/kg, and in another cat, 4 mg/kg of
d-codeine HBr, 2H,0 somewhat decreased the respiration which
became irregqular, rapid but shallow for 4-5 min during which time
the cough reflex could be still initiated. As with l-codeine,
the EDg, dose of d-codeine (2.5 mg/kg) was not antagonized by 1
mg/kg naloxone given 5 min before.

TABLE III

Antitussive Properties of d-Codeine HBr, 2H20 in the Cat

% Inhibition of Time of
Dose mg/kg, 1i.v. the Cough Reflex Maximum Effects
1 4 3 min.
2 40 6 min.
3 60 6 min.
4 95 6 min.

EDyy of d-codeine base = 1.61 mg/kg (.98 - 2.65 mg/kg)

a. N = 3 per dose
b. Cats anesthetized with pentobarbital 35 mg/kg, i.p.

c. Cough reflex initiated by stimulation of the pharynx
with a blunt-tipped probe

d. Recovery within 30 min. at 1, 2, 3 mg and within 90 min.
at 4 mg.

Thus, in our experiments, l-codeine and d-codeine showed good
antitussive effects by decreasing the amplitude of the cough in

a dose related manner, l-codeine being six times more potent than
d-codeine. Their effects appeared to be mediated through recep-
tors which were not sensitive to naloxone, since naloxone failed
to prevent the antitussive effects of the 2 isomers.
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3. Cardiovascular effects

1-Codeine phosphate, at the highest dose tested (1 mg/kg) caused
a transient decrease in the blood pressure (20% decrease) in 2
out of 3 cats tested. In general, however, no significant cardio-
vascular effect was observed with l-codeine in the cats.

The cardiovascular effects of d-codeine were more pronounced, due
probably to the higher doses which were given to the cats, as shown
in Table IV.

TABLE IV

Cardiovascular Effects of d-Codeine HBr, 2H,0 in the Cat

Dose Mean Heart Recovery Time
mg/kg, i.v. B.P. Rate (min.)

1.0 No Effect No Effect ilaade

2.0° 30% Decrease 20% Decrease 30

3.0° 64% Decrease 20% Decrease 40

4.0° 65% Decrease 22% Decrease 45

a. Effect in one out of three cats
b. Effect in two out of three cats

Three cats per dose

The hypotensive effects of the EDg, of 1 or d-codeine were not
prevented by 1 mg/kg of naloxone. The blood pressure was still
decreased by 18% with 0.54 mg/kg l-codeine base and by 30% with
2.5 mg/kg d-codeine base.

4, Inhibition of the stereospecific binding of gH—dihydromorphine

The concentration of l-codeine which inhibited the SSB of 2.2 x
107° M ’H-dihydromorphine by 50% (ICs) was 1.6 x 107°M (1.2 x
107°- 2 x 107°M). The d-isomer was inactive in this test up

to 107* M. Although high-concentrations of l-codeine were required
to displace 3H—dj_hydromorphj_ne from its specific binding sites,

the stereospecificity of the 2 optic isomers could be still observed
here. Enzymatic conversion of l-codeine to a more active metabo-
lite (Adler, 1963) may explain the discrepancies between its in
vivo analgesic effects and its in vitro binding properties. d-
Codeine did not show any antinociceptive effect in our studies and
did not bind to specific opiate receptors as expected.
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In summary we have shown the stereospecific properties of the d-
and l-isomers of codeine with respect to their binding properties
and analgesic effects, The antitussive effects of the 2 isomers
did not appear to be mediated by the classical opiate receptors
as demonstrated by the lack of naloxone antagonism.
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WHO’s Response to International
Drug Control Treaties

|. Khan

I should like to review briefly the activities undertaken by
WHO since I last reported to you in Philadelphia June 1979:

1. SCHEDULING ACTIVITIES

WHO's recommendations to the Secretary-General of the UN
regarding the control status of eight substances were
reviewed by the 6th Special Session of the UN Commission on
Narcotic Drugs in February 1980 in Vienna. Tilidine and
Sufentanil were placed in schedule I of the 1961 Convention
while Dextropropoxyphene was placed in schedule II of the
same Convention.

The Commission agreed with the recommendations of WHO that
Phencyclidine continue to be controlled under schedule II of
the 1971 Convention as it is needed in veterinary practices.

It was also decided that three analogues of PCP (TEP, PHP or
PCPY and PCE) be controlled under schedule I and
Mecloqualone under schedule II of the 1971 Convention.

In September 1980, WHO plans to review the status of a group
of 9 substances (anorectics). These are:

Phentermine
Chlorphentermine
Chlortermine
Benzphetamine
Mazindol
Fenfluramine
Amfepramone
Phenmetrazine
Phendimetrazine
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Phenmetrazine and Amfepramone are already controlled under
schedule II and IV respectively of the 1971 Convention.

2. TECHNICAL COOPERATION WITH DEVELOPING COUNTRIES IN THE
IMPLEMENTATION OF THE INTERNATIONAL DRUG CONTROL TREATIES

2.1 In the past, WHO has collaborated with a number of
industrialized countries where data was made available to take
scheduling decisions to control narcotic drugs under the
earlier treaties. The 1971 Convention deals with psychotropic
substances which are widely used in large doses for a long
period of time and for ill-defined symptoms and disease

entities. Many of these substances have been available on
the market before the 1971 Convention was enforced in
August 1976 or even formulated. Thus, data on the therapeutic

usefulness of these substances and on their producing public
health and social problems and the extent is needed. WHO is
concerned and wishes to promote the active participation of
its Member States, in particular the developing countries,
in its programme on the implementation of the international
drug control treaties.

2.2 Information on the needs of developing countries have
been obtained through two WHO travelling seminars in the USSP.
on the "Safe Use of Psychotropic and Narcotic Substances,"
when participants from 35 countries were present as well as
a large number of Soviet officials and international and
non-governmental organizations.

In 1979, a WHO staff member visited four countries within its
four regions (AFRO, SEARO, EURO and PAHO) for discussions
with officials responsible for the implementation of the
international drug control treaties, members of the health
profession and scientific community as well as those
responsible for the trade and industry of drugs with
dependence liability. These four countries have already
ratified the 1971 Convention. In connexion with these visits,
three reports on the "National Response to the Convention on
Psychotropic Substances, 1971," by Finland (MNH/79.25),
Thailand (MNH/79.36) and Madagascar (MNH/79.42), are
available and a report on Argentina is in preparation.

2.3 NEED FOR DEVELOPMENT OF GUIDELINES FOR THE IMPLEMENT-
ATION OF THE INTERNATIONAL DRUG CONTROL TREATIES

WHO has already identified a number of activities which
require the development of guidelines to be considered by
Member States, where needed. Some of these are:
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1. Development of guidelines for carrying out research,
registration and re-registration of psychotropic substances
with dependence liability with special reference to drugs
modifying driving.

2. Need to limit and/or reduce the number of psychotropic
substances linked to a clear policy on the availability of
defined psychotropic drugs for the control of major
neuropsychiatric disorders.

3. Mechanisms involving members of the various health
professions in decision making to schedule drugs and their
subsequent prescription control.

4. Development of drug utilization and drug monitoring
systems for early identification of harm produced by
psychotropic drugs and to take remedial steps.

5. Development of WHO guidelines for exemption of
preparations containing more than one controlled psychotropic
substance from certain control measures under article 3 of
the 1971 Convention. Since the 1971 Convention allows
parties to use their discretion and grant exemption, a need
has been felt for WHO guidelines to be considered by
countries while granting exemptions.

The report of the Director-General of WHO, (EB65.21)
proposing the development of these guidelines was discussed
at the 65th Session of the Executive Board in January 1980,
and endorsed in its Resolution EB65.R7. Similarly, while
considering the above documents, the 6th Special Session of
the UN Commission on Narcotic Drugs which met in Vienna in
February 1980, also endorsed the development of guidelines.
The 33rd World Health Assembly also endorsed this in a
resolution WHA33/27 of 23 May 1980.

I have observed during the last four years that the CPDD is
becoming more and more involved in the subject of drug abuse,
going further away from laboratory investigations in the
field.

I should, therefore, like to request the Committee to consider

collaborating with WHO in the development of these guide-
lines, as deemed fit.
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3. A WHO Expert Committee on the Implementation of the
Convention on Psychotropic Substances, 1971, will be held
in Geneva to review methodology for assessing public health
and social problems associated with drug abuse. The report
of this Committee will be of assistance in identifying the
harm caused by psychotropic substances, vis-a-vis their
therapeutic benefit.

The Government of Finland has offered support to WHO in
developing guidelines to assess the public health problems
associated with the use of psychotropic substances.

WHO 1is planning to hold a Workshop in Finland in June 1981
in which 12 experts from developing countries will be
invited to participate together with other resource persons.
I would welcome a contribution from the CPDD to this

meeting by deputing an expert.
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Potent Analgetics Derived From
9-Nor-93-
Hydroxyhexahydrocannabinol

M. R. Johnson, T. H. Althuis, J. S. Bindra, C. A. Harbert,
L. S. Melvin, and G. M. Milne

SUMMARY

Based on the report of morphine-like analgetic activity of 9-nor-
9B-hydroxyhexahydrocannabinol (HHC), we undertook a study of struc-
tural modifications of the C-3 side chain of HHC to optimize the
analgetic activity. We ultimately examined four distinct classes
of side chains: (1) alkyl (la-1lc), (2) arylalkyl (1d-1h), (3) al-
koxy (1i-13j) and (4) arylalkyloxy (lk-lo). Three of these deriva-
tives (lb, 1f, 11) possessed analgetic activity 10X morphine. These
studies demonstrate that the C-3 side chain of HHC can be modified
in a structure-dependent fashion to yield potent, nonopioid anal-
getics. In addition, the effect of the 1 methyl-4-phenylbutyloxy
side chain is unique among the side chains examined.

INTRODUCTION

In 1974, May and Wilson postulated that the analgetic activity of
88— and A9-THC was due to their ll-hydroxy metabolites. They sup-
ported this conclusion by the observation that the 9-nor derivatives,
which cannot be transformed into the 1l-hydroxy metabolites, lack
significant analgetic activity but exhibit dog ataxia and cardio-
vascular profiles nearly identical to A%- and A?--THC. During these
studies (-)-9-nor-9B--hydroxyhexahydrocannabinol (HHC) was prepared
and found to be analgetic with activity in the mouse hot plate test
nearly equal to that of morphine. We report here on our study of
structural modifications of the C-3 side chain of HHC; the objective
was to determine if a further increase in analgetic activity was
possible by structural alteration of the side chain.

METHODS

Subjects

Mice used in most of the studies were Charles River males, Swiss CD
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PROTOTYPE CANNABINOID-RELATED STRUCTURES

CH,OH
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9-normethyl-9-f-hydroxy-HHC 9-normethyI-A9-THC
(HHC)

9-normethyl-9a-hydroxy-HHC

Reprinted with permission from R.W. Wilson and E.L. May, J Med Chem, 17, 475 (1974).
Copyright 1974 American Chemical Society.



strain (17-21 g). Mice in the 2-phenyl-4-benzoquinone abdominal
stretching experiment were Carworth males, albino CF-1 strain, weigh-
ing 11-15 g. Rats were Charles River males, Sprague-Dawley CD strain
weighing 180-200 g unless otherwise noted.

Materials

Ag -Tetrahydrocannabinoid (Ag'—THC) was supplied courtesy of Ms.

Jacqueline R. Porter of NIDA. The side chain derivatives la-lo were
synthesized by the Fahrenholtz (1967) procedure beginning with the
appropriately substituted resorcinol. Pentazocine was graciously

donated by Winthrop Laboratories. Morphine sulfate was purchased
from Mallinckrodt Laboratories.

Routes of administration varied and are noted in the wvarious indi-

vidual studies. The compounds used in this study were dissolved
and administered to rodents in a vehicle consisting of 5 percent
ethanol, 5 percent Emulphor-620 and 90 percent saline. Solution

concentrations were varied to allow a constant injection volume of
10 ml/kg of mouse and 5 ml/kg of rat.

Statistics
Data were calculated as the "% maximal possible effect," or % MPE
as previously described (Milne et al. 1980)..

Tests of Analgesia

The tail-flick, tail-pinch, flinch Jjump and blockade of abdominal
stretching after phenylbenzoquinone (PBQ test) tests were conducted
according to previously published procedures (Milne et al. 1980).
The method used for the mouse hot-plate test was modified after
Woolfe and McDonald (1944).

RESULTS AND DISCUSSION

The finding of May and Wilson that analgetic activity was a disso-
ciable feature of the cannabinoid molecule encouraged us to examine
the effect of structural modifications at other positions of the
cannabinoid molecule to more fully understand the optimum structural
requirements for analgesia. One area that looked particularly at-
tractive was the modification of the n-amyl C-3 side chain, since
Adams and his co-workers (1949) demonstrated quite early that struc-
tural alterations of the C-3 side chain of synthetic A6a,10a-tetra-
hydrocannabinols markedly altered biological potency (Mechoulam et
al. 1976). However, since many of the biological effects measured
in these early studies were non-analgetic, we set out to carefully
determine specific structure-analgetic activity relationships. Our
search led us ultimately to examine four distinct classes of side
chains which are summarized in table I along with their analgetic
activity: (1) alkyl (la-1lc), (2) arylalkyl (1d-1h), (3) alkoxy
(1i-13) and (4) arylalkyloxy (lk-1o).

Initially, we examined the effect of the alkyl derivatives 1lb and
1lc, side chains previously used in the A'6a,10a-, A°-, A7-THC
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Compound

(=) Ag'—THC

.3 hr.

protection at 10 mg/kg, s.c.
protection at 10 mg/kg, s.c.

TABLE TI.

ANALGETIC DATA
[e]]

-CH,CH,CH,CH,CH,

~CH-CH-CH,Ch,CH,CH,CH,
CH,CH,

-C-CH,Ch,CH,CH,CH,CH,

CH, CH,

~CH,CH,C4Hs

~CH-CH,CH,C4H,
CH,

~CH-CH,CH,CH,C¢Hs
CH,

~CH-CH,CH,CH,-4~-CsHsN
CH,

~CH-CH,CH,CH,CH,C¢Hs
CH,

-0-c-C¢Hyy

-0-CH-CH,CH,CH,CH,CH,
CH,

~0-CH-CH,CH,C4Hs
CH,

~0-CH~-CH,CH,CH,C4H,
CH,

~CH-CH,CH,0C¢H,
CH,

~CH-CH,CH,CH,~0-C¢Hs
CH,

~CH-CH,-0-CH,CH,CHs
CH,

post. dose, s.c.
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(PBQ TEST)

Analgetic MPE; (mg/kg)

9.1
(5.4-12.3)

0.63
(0.26-0.97)

0.08
(.06- .09)

4.66
(3.06-6.41)

0.06
(0.03-0.12)

0.22
(0.09-0.54)

0.35
(0.1-0.56)

<10°

0.17
(0.13-0.23)

0.23
(0.13-0.33)

0.07
(0.03-0.12)

0.23
(0.1-0.41)

0.38
(0.18-0.51)

1.28
(0.54-1.85)

a



(Mechoulam, 1973; Mechoulam et al. 1976; Loev et al. 1973), and in
the nabilone (Stark and Archer 1975) and nabitan (Pars et al. 1976)
series. The use of a side chain branched at the benzylic position,
such as 1lb and lc, considerably increased biological activity rela-
tive to the n-amyl side chain presumably, in part, due to a lessen-
ing of metabolic inactivation through benzylic oxidation. Side
chain c¢ has the further advantage that it does not introduce the
additional diastereoisomers present in b. As can be seen in table
I, both 1lb and lc exhibited analgetic activity considerably greater
than HAC and AT -THC.

Having demonstrated that it was possible to considerably increase
the analgetic potency of HHC, we next turned our attention to aralkyl
substituted derivatives in order to determine the effect of a pendant
phenyl ring on analgetic activity (previously studied in the nabitan
series by Winn et al. 1976). The unbranched phenethyl side chain
(1d), which has the approximate extended chain length as n-amyl, had
weak analgetic activity. However, the branched three, four and five
carbon homologs exhibited potent, structure dependent analgetic ac-
tivity with a maximum response at four linear carbon atoms (1lf). The
heteroaromatic 4-pyridyl derivative lg, while somewhat less potent
than 1f, retained analgetic activity. Molecular models show that 1f
and lg have approximately the same extended side chain length as 1lb
and lc.

Previous studies in the A®'"*_THC series have shown that an oxygen
atom directly attached to the phenolic ring has a seemingly variable
effect on biological activity. Thus, while unbranched ether side
chains were reported to decrease activity (Mechoulam 1973), branched
ether side chains exhibited a small increase in activity relative to
their carbon isomers (Loev et al. 1973). These early studies did
not address the effect these side chains had on analgetic activity,
however, and furthermore, simultaneous changes in the C-ring and
side chain have been shown to produce non-predictable SAR (Loev et
al. 1973). Therefore, we reinvestigated this parameter to specif-
ically assess the effect of an oxygen atom on analgetic activity in
the HHC series. While the cyclohexyl derivative 1li retained some
analgetic activity, the 2-heptyloxy derivative 1j possesses potent
(2-3x%x morphine) analgetic activity. This finding encouraged us to
pursue further the effect of a heteroatom in the C-3 side chain.

Introduction of oxygen in the aralkyl derivative le yielded lk which
was 20 times more potent than le. Increasing the chain length by
one carbon yielded 11 which was fully as potent as 1f and lc. Since
the extended chain length of 11 is greater than 1lc and 1f, this find-
ing indicated that the oxygen atom itself and not Jjust chain length

affected analgetic activity. Furthermore, when the oxygen atom is
not directly attached to the phenolic ring of HHC, it generally be-
haves as a carbon unit. Thus, 1ln and lo more closely resemble 1lh

than 11. However, lm does resemble its isomer 1k rather than 1f

Since many classes of "false" positive analgetics are active in the
writhing assay, we selected a potent member of each side chain class
to more fully evaluate analgesia across a broad range of stringent

assays. Table II summarizes our results with 1lb, 1f, 1J, 1I and 1n
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versus the opiate agonist morphine, the mixed agonist-antagonist
pentazocine, _aspirin, A¥-THC and HHC (la). As 1is evident from table
II, unlike Ag-—THC, aspirin and pentazocine, these new derivatives
exhibit potent, efficacious analgesia across a broad battery of
tests and most closely resemble the opiate agonists in this respect.
Even the potent analgetic la loses considerable efficacy in these
more stringent tests of intrinsic analgetic activity.

We have shown that the C-3 side chain of HHC can be modified in a
structure-dependent fashion to yield derivatives that produce potent
analgesia in animals, previously characteristic only of the opiate
analgetic class. In addition, we have shown that the effect of the
placement of an oxygen atom directly attached to the aromatic ring
of HHC is unique.

TABLE II. COMPARATIVE DOSES PRODUCING 50 PERCENT OF THE
MAXIMUN POSSIBLE ANALGETIC EFFECT

MPEs, (mg/kg, s.c.) at Time of Estimated Peak Activity (95%

Compound Copfidence Limits)
PBQ Writhing® Tail Flick’ Hot Plate’ Rat Tail Pinch® Flinch Jump®
Morphine® .9 5.72 4.23 4.77 10.3
(0.4-1.3) (2.73-10.59) (1.98-7.02) (3.5-5.8) (6.6-13.8)
9
(-)-4"-THC 9.1 55 >100 ~133 83
(5.4-12.3) (32.4-218.2) (47.8-1217.3)
Pentazocine® 7.4 >56 >56 >56 >56
(1.3-13)
Aspirin (p.o.) 123 >100 >100 >100 >100
(106-132)
la 0.63 9.1 34.4 70.5 36.4
(0.26-0.97) (5.1.20) (15.6-173) (49.7-149.8) (33.3-40.0)
1b 0.06 3.0 .32-.56 N.T. 0.39
(.06-.09) (2.2-3.9) (.31-.47)
1f 0.06 0.25 .55 .49 0.47
(0.03-0.12) (18-.37) (.32-1.7) (.13-.84) (.31-.66)
15 0.17 N.T. .56-1.0 .65 N.T.
(0.13-0.23) (.39-.96)
11 0. 07 .33 .46 .38 .38
(0.04-0.12) (.16-.48) (.23-.83) (.20-.58) (.33-.45)
1n 0.38 0.8 10 N.T.
(0.18-0.51) (.007-4.1) (1.4-13.8)

(a) Values at 0.3 hr post dose
(b) Values at 1 hr post dose
(c) Values at 2 hr post dose
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Preclinical Pharmacology of
Doxpicodin, a New Analgesic

S. E. Smits, R. Nickander, R. N. Booher, D. M.
Zimmerman, D. T. Wong, M. D. Hynes, and A. Pohland

INTRODUCTION

Doxpicodin is a new analgesic which appears to exert its action
through opiate-Tike receptors but is structurally different from
other known analgesics. Doxpicodin is one member of a series of
substituted 1,3-dioxanes whose synthesis and structure activity
relationships have been previously reported (Booher et al. 1977).
It produces an analgesic effect with a wide margin of safety in
rodents and has demonstrated low physical dependence 1liability in
monkeys. This paper reports the results of the preclinical
studies on doxpicodin, a compound which is currently undergoing

clinical evaluation.
CH
3\ AH3

(-] Q_EHQ e

DOXPICODIN
MATERIALS AND METHODS

Acetic Acid-Induced Mouse Writhing Analgesic Test. Fasted male
Cox standard albino mice (Laboratory Supply Co., Mooresville, IN)
weighing 20-22 gm were used. This method was similar to that
previously described (Nickander et al. 1977).

Rat Tail Heat Analgesic Test. Fasted female Cox Sprague-Dawley
rats (Laboratory Supply Co., Mooresville, IN) weighing 60-80 ¢
were used in this test, which has been described earlier
(Nickander et al. 1977; Robins, 1955).

Narcotic Antagonist Measures in Rats. The ability of the test
compounds to reduce or antagonize the analgesic effect of morphine
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was measured in the rat tail heat analgesic test (Zimmerman et al.
1977).

Affinity for Opiate Receptors of Rat Brain. Interaction of the
compounds with opiate receptors of rat brain homogenates was
measured by assaying the displacement of *H-naloxone and
3H-dihydromorphine from specifically bound sites as described
before (Wong and Horng, 1973). ICs's were determined as the

oncentration at which a compound displaces 50 percent of bound
*H-1igand.

Respiratory Depressant Measures in Conscious Rats. Experiments
were conducted on male Sprague-Dawley rats weighing 300-325 g and
fasted overnight. A carotid arterial cannula was permanently
implanted by a method modified from Popovic and Popovic (1960). A
cannula of PE60 medical grade tubing beveled bluntly from both
sides was inserted into the carotid artery to a length of 22 to 25
mm. The exteriorized end of the cannula was plugged with a metal
pin. A Teather harness surrounded the chest and shoulders with
openings for the forelegs, head, and trunk; and each animal was

secured in a Stoelting holder.

On the day of test, 3 days after surgery, the rat was placed in an
animal holder. After a 30-minute stabilization period a sample of
0.7 - 0.8 ml of blood was drawn anaerobically into a tuberculin
syringe whose dead space had been filled with heparin. Blood gas
values were determined within 10-15 minutes. The first blood
sample was considered the "control" (pre-drug) and additional
samples were drawn 30, 60, 120, 180 and 300 minutes after drug
administration. The samples were analyzed on an Instrumentation
Laboratory 513 pH/Blood Gas Analyzer that measured pH, pCO, and
p0, directly.

Acute Toxicity and Its Antagonism by Naloxone in Mice. Mice were
treated subcutaneously with either saline (10 ml/kg) or naloxone
(10 mg/kg, s.c.) and a simultaneous dose of doxpicodin. There were
10-20 mice at each dose level. The number of mice dead at 7 hours
was recorded. The LDsp's and 95 percent confidence Tlimits were
calculated for both experiments according to the method of
Litchfield and Wilcoxin (1949).

Mouse Withdrawa umping Procedure. Mice with free access to food
and water were used. A chronic injection schedule was employed to
induce physical dependence. The test compounds were administered
subcutaneously at two different dose Tevels to Tlook for a dose-
response relationship. Injections were given at 8:00 a.m., 10:30
a.m., 1:00 p.m. and 3:30 p.m. The low-dose group received 32 mg/kg
at each injection on the first and second days and 64 mg/kg on the
third and fourth days. On the fifth day the mice received 32 mg/kg
at 8:00 a.m. The high-dose group received double the amount of
compound that the Tow-dose group received. The total doses
achieved are indicated in RESULTS. Beginning one hour after the
8:00 a.m. treatment on the fifth day the mice were injected
intraperitoneally with naloxone (100 mg/kg), immediately placed
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individually into plexiglass cylinders, and the number of jumps
was determined for 10 minutes.

RESULTS

Mouse Writhing Analgesic Test. Doxpicodin inhibited acetic acid-
induced writhing in mice following both oral and subcutaneous
administration. The EDsy's compared to standard analgesics are
shown in Table 1.

Doxpicodin's EDsy of 1.8 mg/kg s.c. was similar to that of
meperidine and was 3 times that of morphine. Following oral
administration, doxpicodin's activity was comparable to that of
codeine and exhibited a p.o. to s.c. ratio of approximately b5
which was similar to that seen with codeine.

TABLE 1
ANALGESIC ACTIVITY OF DOXPICODIN IN THE MOUSE WRITHING TEST

*EDy's (95 PERCENT C.L.)

COMPOUND OR TREATMENT SUBCUTANEOUS ORAL
DOXPICODIN 1.8 (1.2 - 2.7) 9.2 (6.8 - 12.6)
MORPHINE 0.64 (0.49 - 0.89) 3.9 (2.9 - 5.3)
CODEINE 2.3 (0.62 - 8.5) 12.6 (9.3 - 16.9)
MEPERIDINE 2.8 (2.3 - 3.10 16.4 (13.5 - 19.9)
PENTAZOCINE 2.0 (1.4 - 2.9) 46.0 (38.0 - 56.0)

*THE EDs, VALUE, DETERMINED AT THE PEAK TIME, IS THE DOSE (mg/kg) Required
FOR A 50 PERCENT REDUCTION IN THE FREQUENCY OF WRITHINGS.

The duration of effects of doxpicodin (s.c. and p.o.) compared to
meperidine (s.c.) and codeine (p.o.) are shown in Figure 1.

FIGURE 1
DURATION OF ACTION OF DOXPICODIN IN THE MOUSE WRITHING TEST
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Following subcutaneous administration, doxpicodin and meperidine
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showed rapid onsets of action and comparable short durations. The
duration of action of doxpicodin was prolonged following oral
administration while its potency was equivalent to that of
codeine. The analgesic effects of doxpicodin in the mouse
writhing test were blocked by the narcotic antagonist naloxone.

Rat Tail Heat Analgesic Test. Doxpicodin produced analgesia in
rats as evidenced by prolongation of heat reaction times. Dose-
response comparisons of doxpicodin, morphine, and meperidine
following s.c. administration in the rat tail heat test are shown
in Figure 2.

FIGURE 2
COMPARATIVE DOSE EFFECTS OF DOXPICODIN IN THE RAT TAIL HEAT TEST
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Doxpicodin 1is equivalent in potency to meperidine and 1/3 as
potent as morphine. Doxpicodin was nearly 1/2 as potent by the
p.o. route compared to the subcutaneous route (Figure 2). The
dose-effect of doxpicodin compared to codeine following p.o.
administration is also shown in Figure 2. Doxpicodin appears to
be significantly more active than codeine. The analgesic effects
of doxpicodin in the rat rail heat test were also blocked by
naloxone.
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The time effects of doxpicodin in the rat tail heat test are shown
in Figure 3. Doxpicodin's peak effect by the s.c. route is similar
to that of meperidine, however, doxpicodin appears to have a Tlonger
duration of action. Following p.o. administration a dose of 35
mg/kg of doxpicodin produced significantly greater analgesia than
50 mg/kg, p.o. of codeine and had a longer duration of action.

Narcotic Antagonist Measures in Rats. The ability of doxpicodin to
reduce or antagonize the analgesic effect of morphine was examined
in the rat tail heat analgesic test. Doxpicodin failed to reduce
the analgesic action of morphine but did show additive effects.

J)piate Receptor Binding. Receptor affinities of doxpicodin, as

measured by its inhibition of °‘H-naloxone and °*H-dihydro-

morphine binding to rat brain synaptic membranes, are shown in
Table 2. Doxpicodin with an ICsq of 1.7 X 10°M is far less
potent than morphine but comparable to meperidine in competing for
*H-dihydromorphine binding sites. The displacement of
3H-naloxone by doxpicodin (ICs = 5 x 10°°M) though weak is
reduced approximately 5-fold in the presence of sodium.

TABLE 2
INHIBITION OF ’H-NALOXONE AND
*H-DIHYDROMORPHINE BINDING BY DOXPICODIN

NACL ICso* (M)
*H-LIGAND ADDED DOXPICODIN MORPHINE MEPERIDINE
*H-DIHYDROMORPHINE - 1.7 x 10° 1.5 x 107 2 x 10°
*H-NALOXONE - 5 x 10°° 5.2 x 107
*H-NALOXONE + 23 x 10° 230 x 107

*CONCENTRATION OF COMPOUND AT 50 PERCENT INHIBITION.

Respiratory Depressant Measures in Conscious Rats. The respira-
tory depressant effects of doxpicodin as measured by arterial blood
pCO,, p0, and pH have been evaluated in conscious rats and

compared to that of morphine. The subcutaneous dose-effect of
morphine and doxpicodin on arterial blood pCO, are shown in

Figure 4. The effects were compared 120 min after treatment, a
time at which both compounds were near maximum effect. For both
morphine and doxpicodin, there was an initial dose-related increase
in pC0, followed by an apparent plateau with increasing dose.

During the initial dose-related phase morphine was approximately 4
times as potent as doxpicodin. However, the maximum achievable
depressant effect for morphine, as indicated by increases in

pC0,, was at Tleast twice that observed with doxpicodin. In

accord with these results, administration of morphine and
doxpicodin produced dose-related decreases in p0, and pH. The
maximum achievable decreases with morphine were again twice that of
doxpicodin. The effects on blood pCO,, p0, and pH by both

morphine and doxpicodin were reversed by naloxone.
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FIGURE 4
DOSE EFFECT OF DOXPICODIN AND MORPHINE ON
ARTERIAL BLOOD PCO, IN RATS
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Acute Toxicity Measures in Mice. The subcutaneous LDsy (95
percent Confidence Limits) of doxpicodin in mice was found to be
1420 (1297 - 1555) mg/kg. Simultaneous treatment with naloxone
significantly reduced the acute toxicity of doxpicodin resulting
in a LD50 value of 1840 (1688 - 2006) mg/kg. Using the EDs

from the mouse writhing assay, doxpicodin has a margin of safety
greater than 750.

Physical Dependence Measures in Mice and Monkeys. The ability of
doxpicodin to produce physical dependence following chronic
subcutaneous administration in mice was estimated using the mouse
withdrawal jumping test and compared to those of codeine and
pentazocine. The results of this test are presented in Table 3.
The maximum doses used for codeine and pentazocine were limited
because of toxicity. The jumping activity due to doxpicodin was
less than or equal to that of pentazocine and considerably Tless
than that seen with codeine.

TABLE 3
EFFECT OF DOXPICODIN IN THE MOUSE WITHDRAWAL JUMPING TEST

TOTAL DOSE JUMPS/MOUSE JUMPING(%)  JUMPING(%)
COMPOUND MG/KG, s.c. N (MEAN £ S.E.) >1 >10
SALINE - 30 3.5 1.0 43 20
DOXPICODIN 800 15 511%25 33 20
1600 20 11.6 £ 4.1* 50 35
PENTAZOCINE 800 15 9.6 £2.9 64 47
1088 15 13.6 £ 3.1* 67 60
CODEINE 800 15 25.3 £ 4.9% 100 80
1280 17 36.9 £ 4.4% 100 94

*SIGNIFICANTLY GREATER THAN CONTROL (P < 0.05).

The physical dependence 1iability of doxpicodin in monkeys was
assessed at the University of Michigan and the Medical College of
Virginia under the auspices of the Committee on Problems of Drug
Dependence. In the single dose suppression test doses as high as
75 mg/kg failed to alter the withdrawal syndrome (Swan et al. 1977;
Aceto et al. 1977). In the test for primary physical dependence,
doxpicodin administered every 6 hr at a maximum dose of 150
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mg/kg s.c. No withdrawal signs were apparent either after abrupt
withdrawal or when given a naloxone challenge (Aceto et al. 1977).

CONCLUSIONS

In rodents doxpicodin exhibits analgesic activity comparable to
that seen with meperidine and codeine and appears to exert this
effect by an action at the opiate receptor. Acute toxicity
measures in rodents indicate a wide margin of safety, a result
supported by the demonstration of limited respiratory depression in
conscious rats. Doxpicodin's Tlow physical dependence Tiability
novel structure,and encouraging pharmacological profile suggest it
may be a safe and useful analgesic in man.
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Pharmacologic Effects of
N-Allylnormetazocine (SKF-10047)

E. T. lwamoto

INTRODUCTION

N-allylnormetazocine (SKF-10047; Win-19,631) possesses potent
psychotomimetic activity in man (Keats and Telford 1964) and also
is an effective antagonist of meperidine analgesia in the rat
having little or no detectable antinociceptive properties itself
(Archer et al. 1964; Pearl and Harris 1966). In the chronic
spinal dog, SKP-10047 caused mydriasis, tachypnea, tachycardia
and mania, effects which were quite unlike those induced by
morphine or ketocyclazocine; Martin and coworkers (1976) then
proposed that the pharmacologic effects of SKF-10047 culminate
from opiate action at a putative O opioid receptor and not from
1 (morphine) or K (ketocyclazocine) opioid receptors.

The bizarre behavior -- consisting of mild ataxia, lateral head
movements, pivoting of hindpaws and walking backwards (Schneider
1968; Buckett and Shaw 1975) and peculiar circular movements
turning to one direction only (Ahtee and Kddaridiren 1973) --
induced by cyclazocine in the rat is purportedly caused by its O
activity, activity which is also shared by other opioids such as
nalorphine, levallorphan and pentazocine in addition to SKP-10047.
Recently, 1in novel environment, SKF-10047 and cyclazocine both
caused circling, rearing and side-to-side head movements in addi-
tion to increasing the seizure threshold in rats (Cowan et al.

1979) .

It was reported that SKF-10047 potently displaced radiolabelled
phencyclidine bound specifically to a saturable class of binding
sites in rat brain membrane preparations (Zukin and Zukin 1979),
although the data have been contested (Maayani and Weinstein 1980).
In any event, the finding is significant in that chronic abuse of
phencyclidine in man resembles schizophrenia with symptoms in-
cluding auditory hallucination, inappropriate affect, and agita-

tion. Thus, the psychotomimetic activity induced by the putative
a opioid agonists might arise from receptor activation of an
appropriate "psychotomimetic" receptor. One possible common

underlying mechanism of action in PCP-induced and SKP-10047-
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induced hallucinations in man and the bizarre motor effects in
rats and dogs may be an excess of central dopaminergic receptor
activities. For example, it has been noted that acute amphet-
amine overdose resembles part of the acute schizophrenia syndrome.
In addition, Martin has shown that some signs induced by SKF-
10047 in the dog were mimicked by the dopaminergic agonist,
apomorphine. The following study was designed to characterize
some of the pharmacologic effects of N-allylnormetazocine in the
rat with respect to central dopaminergic mediation.

MATERIALS AND METHODS

Male Sprague-Dawley rats weighing 250 to 450 g at the time of the
experiments were housed in the testing room under automatically
controlled conditions. Locomotor activity in the horizontal
plane was recorded by an activity monitor equipped with two arrays
(X,Y) of 15 infrared beams (Opto-Varimex-ATT, Columbus Instruments,
OH) and assessed between 1100 and 1800 hours. Antinociception
was measured by the hotplate method of Eddy and Leimbach (1953)

as modified by 0’Callaghan and Holtzman (1975); the surface temp-
erature was maintained at 49.5 t 0.1°C. The nociceptive endpoints
were a licking of the hindfeet, jumping onto the cylinder rim or
a lifting of one of the hindfeet for greater than 2 seconds.

Test latencies no greater than 45 seconds were subtracted by the
control response latency, an average of three predrug trials, to

give "change in latency." The drugs used were: SKF-10047 and
ketocyclazocine methanesulfonate (generous gifts from Sterling-
Winthrop Research Institute, Rensselaer, NY); spiperone (gift
from Janssen Pharmaceutics, Beerse, Belgium); clonidine hydro-
chloride (gift from Boehringer Ingelheim Ltd., Ridgefield, CO);
apomorphine hydrochloride (Sigma); naltrexone hydrochloride (gift
from Endo Laboratories, Inc., Garden City, NY).

6-Hydroxydopamine Lesions

Separate groups of animals were lesioned with 4 pg of 6-hydroxy-
dopamine (6-OHDA) injected into the right substantia nigra as
described previously (Iwamoto et al. 1976) and used in the circling
behavior experiments after three weeks.

RESULTS

Locomotor Behavior

Locomotor activity was stimulated up to 120 minutes after 10 mg/

kg of SKF-10047 (Fig. 1). Other behaviors observed after SKF-
10047 were sniffing and alternating backward locomotion. A
heroic dose of naltrexone, 20 mg/kg s.c., given at -15 minutes

significantly decreased locomotor activity induced by 10 mg/kg s.c.
of SKF-10047. Thirty minute pretreatment with 0.15 mg/kg s.c. of
spiperone strongly inhibited SKF-10047-induced locomotion by

over 94 percent; this dose of spiperone did not produce cata-
leptic behavior. Clonidine administration, 0.1 mg/kg s.c.,
diminished the SKF-10047-induced locomotor response by 67 percent
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between 10 to 60 minutes after injection. Similarly, 0.1 mg/kg s.c.

of apomorphine significantly reduced the SKF-10047-induced loco-
motor activity by 54 percent (Fig. 1).

Antinociception

SKF-10047 did not produce analgesia as assessed by the 49.5°C
hotplate in agreement with previous reports (Fig. 3). Also in
keeping with past data, 2 mg/kg of either morphine or ketocycla-
zocine produced potent antinociception on the "warm" hotplate.
Significantly, 1.5 mg/kg s.c. of SKF-10047 antagonized the
analgesic effects of both morphine and ketocyclazocine (Fig. 2).

Circling Behavior

In the unilateral 6-OHDA-lesion - circling behavior model, in
which ipsilateral intracaudate dopamine levels are diminished by
almost 80 percent 28 days after lesioning, d-amphetamine-induced
dopamine release in the intact striatum causes circling behavior
towards, or ipsilateral to, the lesion. In contrast, direct
stimulation of supersensitive dopamine receptors in the lesioned
striatum after apomorphine injection causes contralateral
circling behavior (Fig. 3).

FIGURE 3
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Using the circling model, SKF-10047 administration of 6-OHDA-
lesioned rats caused high intensities of ipsilateral circling
behavior that was not antagonized by 10 mg/kg naltrexone pre-
treatment (Fig. 4).

In similarity to the effects of SKF-10047 on spontaneous activity,
the SKF-10047-induced circling behavior was antagonized by the
putative dopamine receptor blocker, spiperone, at the 0.15 and
0.05 mg/kg doses, but not at 0.01 mg/kg s.c. (Fig. 4).
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These results demonstrate clearly that SKF-10047 increases spon-
taneous locomotor activity and causes ipsilateral circling
behavior, both of which are not easily antagonized by naltrexone,
but which are significantly diminished by the dopamine receptor
blocker, spiperone. The data from 6-OHDA circling behavior model
suggests that SKF-10047 indirectly activates the intact dopamin-
ergic mesostriatal pathway, perhaps by blocking reuptake of
dopamine, by releasing dopamine as after amphetamine to cause
the observed ipsilateral turning behavior, or by stimulating the
mesostriatal path at the level of the cell bodies directly. The
fact that a putative dopamine receptor blocker, spiperone, was
able to antagonize the locomotor activity and circling behavior
induced by SKF-10047, supports the hypotheses that SKF-10047
increases the activity within dopaminergic neurons. Thus, both
SKF-10047 and morphine (Iwamoto et al. 1976) induce ipsilateral
circling behavior, although the present data illustrate that the
SKF-10047 compound is much more potent than morphine in this
regard.

Stimulation of presynaptic dopamine receptors after 0.1 mg/kg of
apomorphine causes an inhibition of nerve impulse flow within
the pathway (Bunney et al. 1973). Thus, if locomotor activity
induced by SKF-10047 depended upon neuronal transmission through
dopaminergic pathways, it can be expected that inhibition of
transmission after presynaptic dopamine receptor stimulation
would diminish locomotion; this, in fact, was observed as pre-

sented in Figure 1. In addition, a role for noradrenaline
cannot be excluded since clonidine also blocked SKF-10047-
induced locomotor behavior. However, separate experiments not

illustrated showed that brain levels of morphine 30 minutes



after 2 mg/kg s.c. morphine sulfate are decreased by 49 percent
by 0.1 mg/kg clonidine; whether clonidine also diminished brain
levels of SKF-10047 is not known at this time. Finally, the
fact that SKF-10047 antagonized both morphine-induced and keto-
cyclazocine-induced antinociception would suggest that SKF-10047,
in addition to its known properties as a p opioid receptor
antagonist, also possesses antagonist actions at the putative K
opioid receptor.

In conclusion, the present data indicate that opioid-induced
hypermotility may originate from a O opioid receptor interaction
and may also depend upon the integrity of central dopamine-
containing systems since SKF-10047-induced locomotion can be
disrupted by both presynaptic and postsynaptic inhibitors of
dopamine  transmission.
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Clonidine vs. Methadone for
Opiate Detoxification: Double-
Blind Outpatient Trials

A. M. Washton and R. B. Resnick

INTRODUCTION

Stemming from earlier demonstrations that a single dose of cloni-
dine reduces signs and symptom of opiate withdrawal (Gold et al.,
1978; Washton et al., 1980a) open clinical trials have shown that
clonidine can be used safely and effectively for the clinical man-
agement of opiate detoxification in both inpatient (Gold et al.,
1980) and outpatient (Washton et al., 1980a; 1980b) settings. For
example, we reported that following abrupt temination of 5 to 40
mg chronic methadone, 31 of 43 patients or 72 percent were able
to remain opiate free on clonidine for the 10 days necessary to
initiate opiate antagonist treatment with naltrexone (Washton et
al., 1980b). Our studies further indicated that to achieve safe
and effective control of withdrawal symptom with clonidine on an
outpatient basis, the clonidine dose regimen must be individual-
ized and titrated according to each patient's symptoms and blood
pressure because of varying sensitivity to clonidine's antiwith-
drawal, sedative, and hypotensive effects.

These clinical studies indicated that clonidine might be a poten-
tially valuable pharmacologic aid in addiction treatment, particu-
larly since it 1is the only nonopiate medication shown to have

specific and significant antiwithdrawal effects. It has been sug-
gested that clonidine might even be superior to conventional meth-
adone detoxification procedures (Gold et al., 1980) but thus far

no controlled clinical investigations have been carried. out.

We have now conducted a randomized double-blind placebo-controlled
study comparing clonidine and methadone detoxification procedures.

SUBJECTS AND METHOD
The subjects were 26 opiate-dependent outpatient volunteers who
showed no evidence of serious medical or psychiatric illness and

gave informed consent to participate in the study after receiving
a full explanation of the experimental procedures. They ranged in

89



age from 22 to 49 years (mean 31 years) with addiction histories
of 3 months to 25 years (man 10 years). Twenty-two subjects were
males and 4 were females. Eighteen subjects were white, 5 were
black, and 3 were Hispanic. All knew that they would be detoxi-
fied with either clonidine or methadone and that they would be
randomly assigned to one or the other treatment on a double-blind
basis with an equal probability of receiving either treatment.

Nineteen of the 26 subjects were enrolled in a methadone mainten-
ance treatmant program for at least 6 months before entering the
study and were receiving a daily methadone dose of 15 to 30 mg.
The remaining 7 subjects were using illicit opiates (heroin and/or
methadone) and not enrolled in any treatment program upon admis-

sion to our outpatient clinic. These subjects were stabilized on
a daily methadone dose of 15 to 30 mg for at least 3 weeks before
entering the study. When the detoxification procedures were in-

itiated, 18 subjects were receiving 20 mg methadone, 3 were receiv-
ing 30 mg, 3 were receiving 15 mg, and 2 were receiving 25 mg.

Upon entering the study, subjects were randomly assigned to the
clonidine or methadone detoxification procedure. The procedures
were conducted under double-blind placebo-controlled conditions in
which all subjects received both liquid medication (methadone or
placebo) and tablet medication (clonidine or placebo) on each
study day. In the clonidine procedure, patients received active
clonidine and placebo methadone. In the methadone procedure, pat-
ients received placebo clonidine and active methadone, A compari-
son of the subjects assigned to the clonidine and methadone groups
indicated that the randomization process yielded compararable sub-
ject samples with respect to several relevant psychosocial, demo-
graphic, and drug use variables.

The clonidine detoxification procedure consisted of abrupt discon-
tinuation of active methadone and simultaneous introduction of
active clonidine. The methadone detoxification procedure consisted
of meththadone dose reductions of 1 mg per day until a zero dose was
reached, with simultaneous administration of placebo clonidine.
Clonidine dose regimens were individualized on a double-blind
basis according to dosing methods described previously (Washton

et al., 1980b). The initial clonidine dose regimen consisted of
0.1 mg every 4 to 6 hours as needed for withdrawal discomfort.

The total daily dose was then increased, as needed, by 0.1 mg or
0.2 mg increments on succeeding days in an attempt to minimize
withdraw discomfort without generating untoward side effects.

In some cases, clonidine doses were held steady or decreased to
compensate for sedation and/or hypotension. The total daily clon-
idine dose did not exceed 1.2 mg on any given day. Most subjects
received night-time sedative medication to alleviate insomnia.

At each clinic wvisit (3 to 5 times per week) subjects met with the
investigators for review of withdrawal symptoms, medication effects,
and compliance with suggested clonidine dose regimens. Neither

the subjects nor investigators were told whether the subject had
been assigned to the clonidine or methadone procedure. Blood
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pressure and pulse rate were recorded at each clinic visit, but by
someone other than the investigators, because clonidine's observ-
able effects on these measures would violate the double-blind,
Subjects were free to terminate their participation in the study
at any time and be restabilized on methadone.

The datum of primary interest in this study was a comparison of
detoxification success rates with the clonidine and methadone pro-

cedures. "Detoxification success" was operationally defined as
completion of a 10-day opiate-free period following discontinua-
tion of active methadone. Opiate-free status was evaluated by

laboratory analysis of supervised urine samples and additionally,
in subjects who desired naltrexone treatment, by a naloxone chal-
lenge of 2.0 mg i.v. which served as the necessary screening pro-
cedure before starting naltrexone.

Since the methadone detoxification procedure was conducted at a
fixed rate of 1 mg per day, the number of days from initiation

of the procedure to zero dose varied according to the subject's
starting methadone dose, with a subsequent fixed 10-day post-
methadone period required to complete the detoxification procedure.
Thus, for subjects on a 20 mg starting dose, completion of the
procedure required 30 days. In order to maintain double-blind
conditions, the length of the clonidine procedure was extended to
be identical with that of the methadone procedure and, therefore,
was also determined by starting methadone dose plus 10 additional
days. Although all clonidine subjects could potentially achieve
the 10-day post-methadone criterion by day 10 of the study, ir-
respective of starting methadone dose, the medications were con-
tinued according to protocol until the defined study endpoint.

All subjects were informed that completion of the study procedures
with a 10-day opiate-free period would be a necessary prerequisite
to any post-detoxification treatment with or without naltrexone.

RESULTS

Table 1 presents a group comparison of detoxification success
rates in terms of subjects' ability to achieve a 10-day opiate-
free period following discontinuation of active methadone. For the
clonidine procedure, the data represent subjects' status on day 10
and for the methadone procedure they represent subjects' status at
the defined endpoint of the study which, in most cases, was day 30.
These data show an overall success rate of 38% for the subject
sample as a whole, with no statistically significant difference
between the clonidine and methadone procedures. Examination of
individual-subject data revealed no association between ability to
detoxify and subject's age, years addicted, employment status, or
starting methadone dose.

Two of the 4 clonidine subjects who achieved the opiate-free cri-
terion by day 10 subsequently relapsed to opiate use before com-
pletion of the double-blind procedure on day 30. Eleven of the 3
methadone subjects reached a zero methadone dose, although 5 of the
11 subsequently relapsed to opiate use during the final 10-day
post-methadone period.
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TABLE 1

SUCCESS 1IN ACHIEVING 10 DAYS OPIATE-FREE

(N=26)
Successful Unsuccessful
S (N) % (N)
TOTAL SUBJECT SAMPLE (N=26) 38% (10) 62% (16)
Clonidine Procedure (N=13) 31% ( 4) 69% (9)
Methadone Procedure (N=13) 46% ( 6) 54% (7)
Chi-square test: p > .05.
Consistent with our previous findings (Washton et al., 1980a;
1980b), patients given the active clonidine treatment found that

it relieved a substantial portion of their withdrawal discomfort.
Lethargy and sluggishness were the most consistent complaints.
During induction onto clonidine, patients occasionally experienced
transitory episodes of mild dizziness or lightheadedness which
tended to abate with continued clonidine administration over the
course of several days.

Methadone subjects assumed that they were receiving the active
clonidine treatment because they attributed the relative absence
of withdrawal symptoms during most of the detoxification procedure
to effectiveness of the placebo tablets. Clonidine subjects, on
the other hand, reported sedative effects not reported by those on
the placebo tablets. Thus, although doubleblind conditions could
not be strictly maintained, all subjects were operating under the
assumption that they were receiving the active clonidine treatment.

Of the 8 subjects who were opiate-free at completion of the study,
6 began treatment with naltrexone and 2 elected to continue in
drug-free treatment without naltrexone. Of the 18 subjects who
failed to complete detoxification, 17 were restabilized on meth-
adone and 1 was lost to follow-up.

The slightly lower success of the clonidine procedure did not ap-
pear to be due to less effective control of withdrawal discomfort.
The major syptomatic complaints were identical for both subject
groups (i.e., lethargy, restlessness, and insomnia) and subjective
ratings of symptom severity were indistinguishable as well. More-
over, most subjects who discontinued their detoxification attempt
felt that it was not primarily a result of physical withdrawal
discomfort. Of the 18 subjects who discontinued, 8 stated that
they returned to opiates in response to some form of psychological
stress (e.g., relationship problems, job pressures, dysphoric feel-
ing state) and 6 subjects attributed their relapse to an uncon-
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trollable craving for opiates that was not associated with an
identifiable precipitating event. Four subjects, 2 in the cloni-
dine group and 2 in the methadone group, felt that physical with-
drawal discomfort was the primary reason for discontinuing their
detoxification attempt. Thus, the present observations appear to
indicate that the clonidine and methadone procedures generated
roughly equivalent levels of withdrawal symptomatology.

There was a noticeable difference between groups, however, with
respect to the point at which withdrawal symptoms emerged. Cloni-
dine subjects reported symptoms during the first week of the study
whereas methadone subjects reported symptoms during the final
week. In both cases, the emergence of symptoms followed discon-
tinuation of active methadone.

DISCUSSION

Our findings indicate that the clonidine and methadone detoxifica-
tion procedures employed in this study were of comparable efficacy
in helping patients achieve a 10-day opiate-free period. There
was no statistically significant difference between the two pro-
cedures in terms of detoxification success rates, although success
with the clonidine procedure was slightly lower than that of the
methadone procedure.

It appears that the clonidine detoxification procedure was select-
ively disadvantaged in the current protocol by having to artifi-
cially extend the length of the procedure simply to maintain double-
blind conditions. In our open studies (Washton et al., 1980a;
1980b), patients found clonidine to be a highly desirable treat-
ment primarily because it allowed them to detoxify in the shortest
possible time. Within only 10 days after discontinuing methadone,
patients were able to begin naltrexone or drug-free treatment.
Knowing that the detoxification would be completed within such

a short period of time seemed to help them endure withdrawal dis-
comfort and control urges to use opiates. By contrast, in the
present study, the detoxification procedure was considerably

longer and, in most cases, lasted 30 days, Since clonidine sub-
jects became symptomatic during the first week of the study, a
30-day period was perceived as a rather long period of time to en-
dure even mild withdrawal discomfort without giving in to urges and
cravings for opiates. The long time period from onset of withdrawal
symptoms to completion of the detoxification procedure actively dis-
ouraged patients from continuing in the study despite our intensive
efforts at fostering their retention. In the methadone procedure,
on the other hand, patients became symptomatic only toward the end
of the procedure and, similar to patients in open clonidine treat-
ment, knowing that completion of the detoxification was almost at
hand, helped them to persevere.

Thus, clonidine might be maximally efficacious when used as a
rapid detoxification treatment. A more appropriate test of its
efficacy would be a double-blind comparison of clonidine vs. pla-
cebo for 10 days following abrupt discontinuation of low-dose
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methadone. Another possibility would be an open parallel-groups
study where subjects are randomly assigned to either a 10-day
clonidine detoxification procedure or a gradual methadone dose
reduction procedure similar to that employed in the present study.
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Clinical Utility of Clonidine in
Opiate Withdrawal

M. S. Gold, A. L. C. Pottash, |. Extein, and A. Stoll

INTRODUCTION

We have reported that a single dose of 5 ug/kg of clonidine but not
placebo caused a rapid and significant decrease in acute opiate
withdrawal signs and symptoms inpatients addicted to methadone,

other synthetic opiates, and heroin (1-3). These initial studies
suggested a new use for clonidine as a nonopiate treatment for
rapid opiate detoxification (4). In addition these studies with

the alpha-2 adrenergic agonist clonidine which reduces brain nor-
epinephrine activity support a noradrenergic hyperactivity hypo-
thesis for opiate withdrawal (5).

While our previous inpatient studies (1-3) offered considerable
Promise they were complicated by the small number of patients
studied. We now have given clonidine acutely in a dose of 6 ug/kg
and chronically in a dose of 17 ug/kg/day in an inpatient setting
to 100 opiate addicts after withdrawal from 10-80 mg of chronic
methadone treatment.

SUBJECTS AND METHODS

Subjects were patients who had been addicted to opiates for up
to fifteen years. They all expressed interest in discontinuing
methadone and gave informed consent to a study which required an
abrupt withdrawal from methadone three days after admission to the
Evaluation and Research Unit and at least 36 hours with no opiate
administration. All patients had previous unsuccessful attempts at
detoxifying from opiates. All had objective signs of opiate with-
drawal. Patients were observed for the presence or absence of with-
drawal signs and symptoms by a research nurse clinician every hour
from 8:00 a.m. while the patients were at bed rest during the day
of clonidine administration (1). The nurse rated twenty-one items,
associated with withdrawal (1) as present or absent, the total
score being added to give a measure of withdrawal severity. The
symptoms and signs were opiate craving, anxiety, yawning, perspira-
tion, lacrimation, rhinorrhea, yen sleep, mydriasis, goose flesh,
tremors, hot and cold flashes, aching bones and muscles, anorexia,
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increased blood pressure, insomnia, increased temperature, increas-
ed respiratory rate and depth, increased pulse rate, restlessness,
nausea and vomiting, and diarrhea. After the first day of clonidine
administration, the patients were administered clonidine 17 ug/kg/day
in divided doses and rated three times a day before clonidine ad-
ministration for opiate withdrawal symptoms by a research nurse
clinician. In addition, all patients completed self-rating analog
scales. These analog rating scales were utilized to assess for
changes in nervousness, being high, unpleasantness, energy, irrita-
bility, fear and anger. They were completed every hour from 9:00
a.m. during three times a day prior to clonidine administration. On
the first day, the patients took 6 ug/kg of clonidine or placebo
orally in matching vehicles to demonstrate the effect of clonidine
on opiate withdrawal signs and symptoms and to assess the changes
in blood pressure produced by this dose of clonidine. After the
initial clonidine and placebo administration, patients without pre-
cipitous blood pressure declines were given clonidine 17 ug/kg/day

for at least nine days. Clonidine dose was gradually decreased to
zero by day fourteen. ©Naloxone (1.2 mg) was given intravenously to
assess for Naltraxone readiness. All patients were excluded who had

a previous history of cardiac arrhythmias, hypotension, vasomotor
instability, psychiatric illness or hospitalization (6).

RESULTS
Acute First Dose Study

The number of opiate withdrawal signs increased during the baseline
period. Clonidine 6 ug/kg produced a rapid and significant decrease
in opiate withdrawal signs and symptoms to 0.9+£0.5 at 120 minutes
(paired t test p<0.0l1). Opiate withdrawal ratings remained un-
changed for an additional 240 minutes. Systolic and diastolic

blood pressure was significantly reduced at 120 minutes after
clonidine administration (p<0.01). Blood pressure was not signif-
icantly changed over the next 240 minutes. Relief of subjective

and objective distress was significant.

On self-rating analog scales where 70 is the highest score, there
were significant (p<0.01) decreases in self-rated nervousness,
irritability, "uninvolved" and "angry" scales at 120 minutes. There
were no significant changes noted in self-rating analog scales for
energy or feeling "high." Placebo had no significant effects on any
of the above measurements or ratings. The effect of clonidine was
not significantly different for those patients addicted to low or
moderate doses of methadone.
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All 100 patients were continued on clonidine in an inpatient hospi-
tal setting. None of the patients chose a return to methadone after
their first dose of clonidine. On the first day of clonidine ad-
ministration, the patients were given 6 ug/kg as a test dose and
then 6 ug/kg at bedtime. Thereafter, 17 ug/kg/day of clonidine was
given in divided doses of 7 ug/kg at 8:00 a.m. and 3 ug/kg at 4:00
p.m. and 7 ug/kg at 11:00 p.m. Each day vital signs and nurses' ab-
stinence ratings and self-ratings were done as described previously
(1-3) . Clonidine doses were withheld in some cases due to severe
hypotension. Additional clonidine was given, if needed. There were
no significant changes in the abstinence ratings during this ten-day

inpatient trial. The majority of patients, however, complained of
difficulty in falling asleep. Dry mouth, sluggishness, depression
and occasional bone pain were more infrequent complaints. Systolic

and diastolic blood pressure remained significantly decreased
throughout the nine days of 17 ug/kg of clonidine administration.
There were no significant increases or decreases in self-rated ner-
vousness, irritability, uninvolved, angry, fear, "high" or energy.
Clonidine dose was decreased to compensate for oversedation or hypo-
tension. On days 11,12,13 the clonidine dose was decreased by 50%.
On day 14, the patients received no clonidine whatsoever. None of the
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Figure 2
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patients showed any increase in opiate withdrawal signs or symptoms
or had the emergence of clonidine withdrawal symptoms using this
protocol. One patient eloped from the hospital on day 5 of the

study. On day all patients were given Naloxoma (1.2 mg) intra-
venously to assess for residual opiates or dependence. All Naloxone
test responses were negative. Ninety-nine of the 100 patients com-

pleted the l4-day inpatient study and were Naltrexon-ready.

DISCUSSION

As compared to our previous studies (1-4) the data reported here
were not confounded by small sample size, difficulties in compli-
ance and other drug use. All patients in this study were success-
fully detoxified from chronic methadone addiction in an inpatient
setting and all but one were fourteen or more days without any
opiate administration at the time of discharge from the hospital.
This detoxification success rate is much greater than our experience
or data reported in the literature for methadone detoxification
groups. Clonidine could be given in high enough doses to reverse
all opiate withdrawal signs and the resultant significant and poten-
tially serious decreases in systolic and diastolic blood pressure
were successfully managed in the hospital. Finally, the risk of
illicit drug adding to the hypotensive effects of clonidine

was prevented in this inpatient study.

In this inpatient detoxification study, we have shown that clonidine
is a safe and effective non-opiate treatment for opiate withdrawal
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which suppresses the symptoms and sighs of opiate withdrawal as well
as the affective changes associated with opiate withdrawal. Affects
associated with withdrawal such as anxiety, irritability and anger

were rapidly reduced after clonidine administration. Clonidine is
therefore extremely useful as a noneuphorogenic treatment for detox-
ification. Some of the advantages of clonidine detoxification are

listed in Table 1. This 1l4-day inpatient clonidine detoxification
protocol could be useful in the treatment of selected opiate addicts.
For example, clonidine detoxification could be linked to maintenance
on long acting opiate antagonists such as Naltrexone. Clonidine,
being a nonopiate, allows the patient to abruptly discontinue opiate
administration and opiate-free long enough to initiate maintenance
treatment with Naltrexone. Clonidine detoxification my allow the
detoxification of patients maintained on methadone who have had pre-
vious unsuccessful attempts to detoxify due to the norbidity of cur-
rent slow detoxification practices. Clonidine is also potentially
useful in the treatmant of iatrogenic addictions and the protracted
abstinence syndrome where the risk of exposure toopiates might be
reduced. Clonidine appears most useful in the treatment of working
patients, iatrogenic addictions, nondrug-using methadone maintenance
patients, patients with family and work support systems who are also
good candidates for Naltrexone.

Table 1
1. Rapid
2. Nonopiate
3. Noneuphoria-producing
4, High success of inpatient detoxification
5. High success of Naltrexone induction
6. Provide drug-free or Naltrexone alternative to methadone main-
tenance, for:
a. Iatrogenic addictions
b. Pill, cough medicine, "nonstreet" opiate addiction
c. Suburban addict with no previous exposure to clinic-

related drug abuse and crime
7. Ideally suited for the working addict
8. Enhance the role of M.D. and M.D.-patient relationship
9. Define and limit the role of maintenance methadone

In summary, the effects of clonidine on opiate withdrawal in man
(1-4,9) and rodent (5,7,8) provide pharmacogical support for a
noradrenergic hyperactivity hypothesis for opiate withdrawal and
suggest that clonidine reverses opiate withdrawal by replacing
opiate-mediated inhibition with alpha--2 adrenergic and opiate re
ceptors, my become activated in opiate withdrawal-related panic
states and possibly naturally occurring panic states.
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Clonidine Hydrochloride
Detoxification From Methadone
Treatments: The Value of
Naltrexone Aftercare

R. A. Rawson, A. M. Washton, R. B. Resnick, and
F. S. Tennant, Jr.

At the past two meetings of the Committee on Problems of Drug
Dependence, data have been presented which indicate that

clonidine hydrochloride can be effective in alleviating opiate
withdrawal symptoms (Gold, Redmond and Kleber, 1978a; Washton,
Resnick, and Rawson, 1980a). These presentations and a number of
recently published reports (Gold, Redmond and Kleber, 1978b;
Washton, Resnick and Rawson, 1980b) have aroused substantial
public interest in developing clonidine as a treatment for
relieving opiate withdrawal symptoms. Although the extent of
clonidine's clinical usefulness has not yet been determined, it is
already apparent that clonidine is uniquely suited for one purpose
which no other opiate detoxification agent can adequately address.
Since it is not an opiate, clonidine is precisely the type of drug
needed for the rapid detoxification of patients from opiates prior
to their induction onto the narcotic antagonist, naltrexone.

A review of the work on naltrexone indicates that one of the
limiting factors in the use of the drug has been the inability of
patients to become sufficiently opiate free prior to induction
onto the medication. In addition, some of the high early dropout
rates from naltrexone treatment may have been due to patient
discomfort from mild precipitated withdrawal symptoms resulting
from incomplete prenaltrexone detoxification.

If clonidine can be developed as a viable prenaltrexone
detoxification agent, the usefulness of naltrexone treatment may
be greatly enhanced. This possibility is supported by data
presented in the Washton and Resnick paper in this volune, which
indicates that 72 percent of the methadone maintenance patients
detoxified with clonidine successfully were inducted onto
naltrexone. This is a substantial improvement over prior
prenaltrexone detoxification methods. For example, in Leo
Hollister's summary of the National Research Council Committee

on Clinical Evaluation of Narcotic Antagonists, only 21 percent of
those methadone maintenance patients who volunteered for naltrexone
treatment took an initial dose of the medication.
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The efficacy of clonidine to relieve opiate withdrawal symptoms
to such a degree that the transition from methadone to naltrexone
is accomplishable raises a further question. If clonidine can
relieve withdrawal symptoms to such a degree that patients can
achieve the 10-day opiate-free period necessary to start naltrexone,
is it possible that the methadone to drug free transition can be
made without the intermediate step of naltrexone treatment? If
opiate withdrawal symptoms can be relieved substantially during
the initial postmethadone period, the naltrexone step may be
unnecessary in progressing from methadone treatment to drug free
status.

The purpose of this study is to evaluate the usefulness of
naltrexone aftercare following clonidine detoxification from
methadone maintenance treatment. This paper contains data from
a collaborative study between New York Medical College and
Community Health Projects in West Covina, California.

METHOD

Subjects and Setting

Subjects were selected from two methadone maintenance clinic
populations. Subjects in the clonidine/naltrexone group were
selected from volunteers at the New York Medical College Division
of Drug Abuse Research and Treatment. Subjects in the clonidine
only group were selected from volunteers at the Community Health
Projects clinics located in the San Gabriel Valley, 30 miles east
of Los Angeles. All subjects had at least a two-year history of
opiate use and were over 18 years of age.

Obviously, the results of the clonidine only versus clonidine/
naltrexone group comparison must be interpreted cautiously in view
of the corresponding California - New York difference. However,
two considerations mitigate the importance of the location
difference. First, as can be seen from Table 1, there were no
significant differences between the subject samples on a variety
of important demographic, psychosocial and drug history variables.
Second, the senior author (Rawson) was involved with the
coordination of the study in both sites. All data collection
instruments and clonidine treatment procedures were identical for
subjects in both groups. All subjects entering treatment in both
groups sought out treatment due to their desire to detoxify with
clonidine. Most of the subjects had never heard of naltrexone

and many in the clonidine/naltrexone group were initially sceptical
of the need for naltrexone aftercare.

Procedure

At the time of the intake interview, demographic, psychosocial
and drug history data were collected from all subjects. In a
subsequent interview with the study coordinator (Rawson) a
description of the clonidine detoxification program was presented



to each subject and the clonidine informed consent forms were
signed. In addition, subjects in the clonidine/naltrexone group
were presented information about naltrexone and required to sign
a naltrexone informed consent form. Subjects in the clonidine/
naltrexone group were informed of the necessity of achieving a
10-day opiate-free period in order to start naltrexone with no
precipitated withdrawal symptoms. Subjects in the clonidine only
group were informed that the 10-day opiate-free period was
extremely important if they were to successfully accomplish their
detoxification from methadone and achieve opiate abstinence.
Subjects were subsequently treated in an identical manner throughout
the clonidine detoxification procedure.

The detoxification was initiated with an abrupt switch from
methadone to clonidine. The dose was adjusted for each patient
so as to maximize therapeutic benefit and minimize the occurrence
of adverse side effects such as sedation and orthostatic
hypotension. Similar amounts of clonidine were used for subjects
in both groups. Ten days after opiates were discontinued, a
naloxone challenge of 1.2 mg was administered to confirm opiate-
free status. For subjects in the clonidine/naltrexone group, a
negative naloxone challenge also provided the necessary screening
procedure to determine readiness for naltrexone induction. On
the day following the naloxone challenge clonidine doses were
gradually reduced by 0.1 or 0.2 mg decrements per day until a
zero dose was reached. While on clonidine, subjects were seen

5 days per week for a recording of withdrawal symptom ratings,
blood pressure, medication adjustments and a self-report of drug
use.

At the completion of their detoxification, subjects in the clonidine
only group were encouraged to stay in drug free psychotherapy
offered at the same facility or accept referrals to a residential

program. Subjects in the clonidine/naltrexone group were encouraged
to stay in postdetoxification treatment with naltrexone which
required three clinic visits per week. Naltrexone treatment

consists of 100 mg doses of naltrexone on Monday and Wednesday and
a 150 mg dose on Friday. ©None of the subjects at either facility
were engaged in counseling or psychotherapy during the
detoxification period.

RESULTS AND DISCUSSION

The primary question addressed by this study is whether
naltrexone aftercare facilitates the success of clonidine
detoxification from methadone maintenance. "Detoxification
Success" 1s operationally defined by the following criteria:

1. The completion of a 10-day opiate-free period following
discontinuation of methadone; and
2. The opiate use status of subjects 30 days postmethadone.



Clonidine Detoxification Period (last day of methadone to day 10
postmethadone)
Table 2 presents a group comparison of "success rates" of subjects
regarding their ability to achieve a 10-day opiate-free period
following the discontinuation of methadone maintenance treatment.
As can be seen from this table, 9 of 12, or 75 percent of those
subjects in the clonidine/naltrexone group achieved the 10-day
opiate-free criterion, while only 3 of 12 or 25 percent of the
clonidine only group were successful (x* = 6.0, df=1, P<.05).
These data suggest that the availability of naltrexone on day
10 postmethadone affects the success of a clonidine detoxification
procedure on days 1-9 postmethadone. One explanation for this
finding is that although both groups of subjects were nearly
identical on a broad range of pretreatment variables, it is
possible that the clonidine was simply less effective in relieving
the withdrawal symptoms of subjects in the clonidine only group.

This explanation appears unlikely since the symptoms rating data
collected from subjects were extremely similar at both facilities.
Specifically, subjects in both groups found clonidine to be:
extremely useful in relieving physical and autonomic signs of
withdrawal; moderately useful in relieving anxiety, restlessness
and insomnia; and not useful in relieving anergia. Other
evidence to suggest that clonidine was successful in reducing the
severity of withdrawal symptoms was that few of the subjects in
either group prematurely terminated their detoxification due to
unacceptable levels of withdrawal discomfort. Table 3 lists the
reasons given by the 12 subjects who discontinued their
detoxification when asked why they had decided to stop. As is
shown in this table, most of the subjects experienced extreme
opiate craving as well as problems at work and at home, but few
of the subjects reported that unacceptably high levels of
withdrawal symptoms were instrumental in the discontinuation of
their detoxification.

The differential efficacy of the clonidine detoxification
procedure between the two groups of subjects does not appear to
have been a result of differential symptom relief; rather, it
appears to have been the result of different subject attitudes
toward their detoxification. Subjects in the clonidine/naltrexone
group perceived the clonidine detoxification as a transitional
treatment with a specific goal. Naltrexone induction on day

10 postmethadone was perceived as a clear endpoint to the
detoxification. Subjects in this group frequently expressed the
feeling that they had "made it" when they started naltrexone and
many reported feeling relief that once on naltrexone they no
longer had to struggle with the urges and cravings to use opiates.
It appeared that if the clonidine procedure was perceived by
subjects as being for a specific number of days with a clear goal
and endpoint such as starting naltrexone, most of them could
exert sufficient control to abstain from opiate use for the 10
days post methadone.



Subjects in the clonidine only group did not appear to view the
detoxification process as having a clear endpoint. Although they
were told that a 10-day opiate-free period was necessary, 9 of
12 were not able to achieve this 10-day abstinence period. As
previously noted the return to opiate use was not attributed to
withdrawal symptom relief but rather to an inability of subjects
to resist opiate urges and cravings.

Postdetoxification Period (Day 10 to Day 30 postmethadone)

Table 4 presents the opiate use status of subjects in the two
groups on day 30 postmethadone. As shown in the table, 7 of 12
of the clonidine/naltrexone group subjects were on naltrexone
and/or opiate free on day 30, while only 2 of the 12 clonidine
only group subjects were opiate free (x* = 4.42, df=1, P<.05).

These data strongly support the contention that naltrexone can
be extremely useful in preventing readdiction to opiates during
the initial postmethadone period. Additionally, these data
should serve as a caution to those who may have unrealistic
expectations about the role of clonidine in addiction treatment.
Patient anecdotal reports and symptom rating scores strongly
suggest that clonidine will provide substantial relief from
opiate withdrawal symptoms. However, for patients who do find
clonidine wuseful, it is useful only as part of a comprehensive
treatment plan with a clearly defined aftercare program. The
expectation that several weeks of clonidine treatment will
provide a sufficient postmethadone treatment is not supported.
It is clear that during the initial postmethadone period patients
are extremely vulnerable to readdiction even with the benefit
provided by clonidine.

SUMMARY

From the data collected in this collaborative New York Medical
College - Community Health Projects study, the following conclusions
are possible.

1. Based upon subject reports and symptom rating data,
clonidine hydrochloride provided substantial relief from
opiate withdrawal symptoms. The degree of symptom-relief

and the cluster of symptoms most improved appeared similar
for both groups of subjects.

2. The availability of naltrexone aftercare significantly
increased the success rates of subjects in achieving a 10-
day opiate-free period following the discontinuation of
methadone.



3. The relapse to opiate use during the clonidine detoxification

period was reported by most subjects to be the result of
extreme opiate craving brought on by environmental and
psychosocial variables, rather than a response to severe
withdrawal symptoms.

4. The induction onto naltrexone provided a tangible endpoint
to the detoxification process. Subjects who viewed the
detoxification process in this manner appeared to be better
able to control their impulses to use opiates.

5. The availability of naltrexone aftercare significantly
improved the 30-day postmethadone followup results. A
significantly higher percentage of those subjects in the
naltrexone group were opiate free at the 30-day followup

point than were subjects for whom naltrexone was not available.

TABLE 1
PRETREATMENT SUBJECT CHARACTERISTICS

Clonidine Only Clonidine/

Group Naltrexone Group

Mean Age 31 30
Mean Years Addicted 9.7 10.1
Male/Female Ratio 11/1 10/2
Anglo/Black or Hispanic 9/3 7/5
Mean Methadone Maintenance Dose 44 mgs. 41 mgs.
Mean Methadone Dose When

Switched to Clonidine 22.3 20
Percent Employed 58% 50%
Percent in a Relationship 90% 75%
Percent Who Bad Used Illicit

Opiates During Month Prior to

Detoxification 66% 58%

TABLE 2

SUBJECTS SUCCESSFULLY ACHIEVING
TEN DAYS OPIATE FREE

Number Number
Successful Unsuccessful
Clonidine Only Group 3 9
Clonidine/Naltrexone Group 9 3
X = 6.0, DF = 1, P<.05



TABLE 3
REASONS CITED FOR RETURN TO OPIATE USE*

Number of Subjects
Reporting Problem

Extreme Craving for Opiates 7
Coping with Employment-Related Stress 5
Coping with Family/Interpersonal

Problems 7
Relief from Depression 3
Relief from Boredom 3
"Someone Came By With Heroin" 2
Relief from Withdrawal-Related Insomnia 2
Relief from Withdrawal/Clonidine Related
Anergia 2
Relief from All Other Withdrawal Symptoms 1

*Some Subjects Cited More Than One Reason

TABLE 4
SUBJECT STATUS 30 DAYS POSTMETHADONE

Clonidine Only Clonidine/
Status Group Naltrexone Group

Opiate Free, In Postdetoxification

Treatment (includes naltrexone) 0 6
Opiate Free, Not In Treatment 2 1
Returned to Methadone Maintenance 5 3
Using Illicit Opiates 5 2
Total 12 12
Summary*

Opiate Free 2 7
Not Opiate Free 10 5

* x* = 4.42, DF = 1, P<.05
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Psychotherapy and Naltrexone in
Opioid Dependence

R. B. Resnick, A. M. Washton, N. Stone-Washton

An issue of current importance to psychiatry is the efficacy of
psychotherapy and phamacotherapy in comparison to one another and
in combination. In addiction treatment, the importance of individ-
ual counseling for the successful use of opioid antagonists such
as naltrexone has often been suggested but as yet there is insuffi-
cient data to support this contention. Furthermore, naltrexone ef-
ficacy studies have not controlled for the type or degree of pat-
ients' involvement in interpersonal aspects of treatment. The
present pilot study evaluated the effectiveness of naltrexone in
conjunction with a high intervention treatment that included indi-
vidual counseling as compared with a low intervention treatment
that excluded such counseling.

METHOD

Sixty-six opioid-dependent volunteers were randomly assigned at
intake to either a low intervention (N=31) or high intervention
(N=35) treatment group. All subjects were over 18 years of age,
had been addicted to opiates for at least one year, were free of
serious medical and psychiatric illness and signed an informed
consent. An attempt was made to match the two groups for level of
opioid dependence immediately prior to entering the study and num-
ber of subjects who entered the study from long-term methadone
maintenance as compared with those who entered with dependence on
illicit opioids (street addicts). All subjects were new admis-
sions to the treatment unit since it was felt that a prior treat-
ment history at this facility would confound their assignment to

groups.

Because naltrexone treatment has been limited by high drop-out
rates before subjects even received the first naltrexone dose, sub-
jects were assigned to their treatment group prior to detoxifica-
tion in order to assess whether the intervention level would af-
fect naltrexone induction rates. The detoxification period also
seemed to be an opportune time to initiate a therapeutic relation-
ship with subjects in the high intervention group.



All subjects were offered identical medical and nursing services
which included detoxification from opioids followed by maintenance
on naltrexone requiring three clinic visits per week. Each high
intervention subject was additionally offered regularly scheduled
psychotherapy sessions with an experienced therapist who closely
monitored the patients' clinical course and was available to pro-
vide a variety of services. The therapy included supportive, dir-
ective and insight-oriented techniques, depending on the orienta-
tion of the therapist, the needs of the patient, and what seemed
to be most helpful at a particular point in time. In addition to
offering at least one scheduled therapy session each week, the
therapist maintained a high level of availability to assist with
problems that my have emerged between the scheduled sessions.
Therapists encouraged patients to contact them at the clinic or at
home if there was a need for services outside the scheduled visits.
Subjects were telephoned by therapists whenever they failed to ap-
pear for a scheduled clinic visit. In general, therapists made an
active attempt to provide patients with continuing emotional sup-
port and develop a strong therapeutic alliance.

Low intervention subjects were assigned a case manager who provid-
ed only concrete services, referral to outside agencies, or crises
intervention. The case managers were instructed to avoid engaging
patients in a therapeutic relationship, i.e., no attempt was made
to encourage discussions about personal problems or to contact sub-
jects when a clinic visit was missed, Low intervention subjects
requesting psychotherapy were referred to community agencies or
private practitioners who could provide such services. In all
cases an attempt was made to service the needs of low intervention
subjects without promoting a close personal bond between the sub-
ject and staff members.

The frequency and duration of contacts with the staff were recorded
for each subject. The contacts were classified as either: (1) Med-
ical/Data Collection contacts, or, (2) counseling contacts. Con-
tacts with the physician that primarily addressed medication is-
sues, physical examinations and symptoms or with the project co-
ordinator for obtaining data on mod or psychosocial functioning
were designated Medical/Data Collection contacts. Contacts with
the therapist, case manager or nurse that primarily concerned other
issues were designated Counseling. For high intervention subjects
counseling included formal therapy sessions as well as telephone
and other contacts that provided advice, encouragement, or support
on an informal basis. For low intervention subjects, Counsel-

ing contacts consisted of discussion about referrals to outside
agencies or time spent providing crisis intervention.

Outcome evaluations were made with respect to: 1) detoxification
success rates; 2) naltrexone retention rates, and 3) opiate use
status at three and six months following the first naltrexone dose.

RESULTS

Table 1 shows that before entering the study the high and low in-



tervention subjects were comparable with respect to several key
demographic, psychosocial, and drug use variables,

TABLE 1
DEMOGRAPHIC AND DRUG HISTORY VARIABLES FOR

HIGH vs. LOW INTERVENTION GROUPS

High Low
Intervention Intervention
(N=35) (N=31)
Sex
Male 66% 71%
Female 34% 29%
Ethnicity
black 26% 29%
Hispanic 8% 3%
white 66% 68%
% Employed 49% 52%
% in significant interpersonal
relationship 66% 76%
Mean Age (years) 28.5 29.8
Years Addicted 7.8 9.0
Longest Opiate-Free Period 8 months 13 months
Longest Period Employed 3.3 years 3.3 years
Level of Dependence
Street Addictson Heroin $67/day $55/day
Street Addicts on Methadone 36 mg 38 mg
Methadone Maint. Patients 30 mg 41 mg

The contact time data shown in Figure 1 indicates that although
both groups received almost the same amount of time over medical
issues and data collection, the high intervention group spent sig-
nificantly more time with their therapist discussing interpersonal
problem and issues concerning psychosocial functioning. Counsel-
ing contact time for high intervention subjects averaged about 70
minutes per week throughout the study. For low intervention sub-
jects counseling time averaged less than 20 minutes per week during
detoxification and then dropped to less than half that time until
treatment termination. For both high and low intervention groups
there was an average of 45 minutes per week in Medical/Data Col-
lection contacts during the early phase of treatment, when all sub-
jects were seen for 10-15 minutes 3-5 times a week for symptom re-
view and medication adjustments.
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Figure 2 compares detoxification success rates (i.e., naltrexone
induction rates) for the high and low intervention subjects. High
intervention subjects showed greater detoxification success rates
than low intervention subjects (73 percent vs. 57 percent) al-
though this difference was not statistically significant (> .05).

Table 2 compares time on naltrexone for the two treatment groups.
High intervention subjects tended to remain on naltrexone for a
longer period of time and this finding was statistically signifi-
cant for subjects who detoxified from illicit opioids but not for
those who entered the study from methadone maintenance. Illicit
opioid users who received the high intervention treatment remained
on naltrexone an average of 9.3 weeks and as long as 26 weeks,
whereas those who received the low intervention treatment remained
on naltrexone an average of only 2.1 weeks and no longer than 7
weeks. These findings are also depicted graphically in Figure 3
which shows attrition rate curves for the two groups over the
first 26 weeks.

The bar graph in Figure 4 shows the percentage of subjects still
opiate-free at three and six months after starting naltrexone and
indicates a greater likelihood of opiate-free status for subjects
in high intervention treatment: 73 percent vs 40 percent at 3
months and 54 percent vs. 40 percent at six months follow-up, Of
those patients who were opioid dependent at follow-up, 70 percent
from the high intervention group had entered methadone maintenance
treatment and 30 percent were using illicit opioids, whereas only
33 percent from the low intervention group had entered methadone
maintenance and the remaining 67 percent were using illicit drugs.

TABLE 2

TIME ON NALTREXONE (WEEKS)

High Low
Intervention Intervention
(N=22) (N=15)
Total Sample Mean 8.0 3.6
Range 1-26 1-12
From Mean 6.5 4.1
Methadone
Maintenance (N=18) Range 2-18 1-12
From Mean 9.3% 2.1
Illicit Opioids
(N=19) Range 1-26 1-7
* p < .05
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FIGURE 3

NALTREXONE ATTRITION RATES FOR WEEKS 1 to 26
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DISCUSSION

We anticipated numerous problems in controlling the level of staff
intervention in a therapeutically oriented clinic that requires fre-
quent visits for medication. Specifically, we expected difficulty
in limiting the services provided to low intervention subjects for
two reasons: 1) all patients in the study were required to attend
the clinic three times per week for medication and therefore would
have frequent contact with the clinic staff; and 2) therapists as-
signed to case managers for low intervention patients would have
difficulty in limiting service delivery since this would be con-
trary to their training and philosophy.

The present study shows that it was possible to control the amount
and type of services rendered to patients by the therapists who
participated in the study. However, it was very difficult for the
majority of nursing and counseling staff not involved in the study
to limit contacts with low intervention patients, my of whom re-
ceived considerable unplanned and unrecorded intervention that my
have had a significant impact upon treatment outcome.

The amount of time in Medical/Data Collection contacts was rather
high during the early phases of treatment, although there was no
difference between the two treatment groups. During these "medi-
cal" contacts there was substantial encouragement and emotional
support given to the patients which may have obscured differences
in detoxification success rates between the high and low interven-
tion groups.

An additional factor which may have reduced outcome differences
between the two treatment groups is that three of the six subjects
in the low intervention group who were opiate-free at six months
follow-up had been receiving regularly scheduled psychotherapy at
other facilities.
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Type of Pre-Treatment Income
and Response to Treatment in
Methadone Maintenance

A. T. McLellan, J. C. Ball, L. Rosen, and C. P. O’Brien

INTRODUCTION

Among the major goals of psychiatric treatment in general, and drug
abuse rehabilitation in particular, is the development of the
patient's ability to support himself in a socially desirable manner.
Operationally, this means reducing dependence on public assistance
and illegal income, while increasing employment earnings. This
goal, in particular, may be central to the overall rehabilitation
effort and the maintenance of treatment gains in the areas of drug
abuse and psychosocial adjustment.

It must be admitted that treatments for drug abuse have had limited
success 1in achieving the goal of patient self-support (Savage and
Simpson 1977; Veterans Administration 1979; Sells and Simpson 1976).
However, given the variations within the drug-abusing population,

it is possible that treatment programs which are only moderately
effective with the total population, might be particularly success-
ful (or unsuccessful) with specific subgroups of the population.

In this regard, we felt that the amount and sources of patient's
pre-treatment income might serve as predictors of post-treatment
adjustment in the area of self-support. Specifically, we had no-
ticed three distinctly different sources of income within our patient
population: earnings from employment, money from public assistance
or other support agencies, and illegal income. We were, therefore,
interested in the relationships between these three sources of
income within the population and the extent to which these relation-
ships changed following drug abuse treatment.

METHOD

Subjects - Subjects were 165 male narcotic-dependent veterans ad-
mitted to the methadone maintenance program of the Drug Dependence
Treatment Service (DDTS) at the Philadelphia VA Medical Center.
This sample included all patients who were admitted during the
period July 1, 1978 to June 30, 1979 and who remained in treat-
ment for at least one month.



Data Collection Instrument - The instrument used to provide both
the admission and six-month data was the Addiction Severity Index
(ASI) which is described in detail in another article within this
volume (Veterans Administration 1979).

Procedure

We initially focused on those questions from the admission ASI which
identified the amount and sources of the patient's net income during
the 30 days prior to the start of treatment. It should be noted
that these responses were self-reports, and while some of the figures
were estimates, validity checks were built into the ASI and we have
found this self-report data to be generally quite accurate (Ball

1972; McLlellan and Druley 1977). An examination of the data sug-
gested that the sources of monthly income could be condensed into
three categories: employment, support, and illegal.

Employment income was defined as the net cash value of salaries
earned from full or parttime work from either regular or unreported
"odd jobs." Unemployment compensation was not included. Eighty-
nine patients (54 percent) reported some income from employment at
the time of admission.

Support income was defined as the total value of monies derived

from public assistance (DPA), Social Security, pension, health bene-
fit plan, and from family or friends. Only cash income was in-
cluded, thus room and board were not considered in this total.
Ninety-five patients (58 percent) reported some income from support
sources (generally DPA) at the time of admission.

Illegal income was estimated as the net worth of cash and goods re-
ceived from criminal activity. The majority of illegal income was
derived from burglaries, theft, robbery, or drug sales. Eighty-
three patients (50 percent) reported some income from illegal
activity.

Twenty-one patients (12 percent) reported income from only one of
these sources, 66 (40 percent) reported two sources, and 44 (27
percent) reported three sources of income. The mean income for the
total population during the month preceding admission was $510
(S.D.=640) with an average of $230 (S.D.=612) from illegal sources,
$206 (S.D.=418) from employment, and $74 (S.D.=216) from social sup-
port. However, the population mean and standard deviations for each
of these sources indicated considerable population variance in the
amount and sources of income, suggesting that the population might

be comprised of several distinct subgroups having more homogeneous
types of income.

The admission income data indicated that 43 patients had had virtu-
ally no income during the month preceding drug treatment, due to

hospitalization or incarceration. An inspection of the individual
income data on the remaining patients suggested that most subjects
received the majority of their monthly income from one of the three
major income sources. We therefore attempted to divide the remain-



ing patients based on the source of at least 45 percent of their
total monthly income. This division resulted in 30 patients who
received at least 45 percent of their monthly income from employ-
ment, 42 who received primarily support, and 36 patients who re-
ported primarily illegal income. An additional group of 14 patients
comprised a heterogenous group of subjects who did not fit into the
prior categories for various reasons. Thus, in the remainder of

the paper we will focus upon the main income groups since they pre-
sented the clearest income picture and were representative of three
basic economic subtypes within the population.

The admission status of each of the three main income groups is
shown in table 1 in terms of demographic, background and treatment
history measures. Although the groups were rather similar with re-
gard to several of the demographic and educational variables, there
were clear differences among them in most of the comparison items.
It is important to note that the total monthly incomes within each
of the three groups were approximately normally distributed with
small standard deviations, thus quite representative of the income
patterns of the individuals within each group.

RESULTS

Population Change - The pre-post comparisons (paired t-test) for
the three major groups, as well as the total population (N=165)

are summarized in table 2. The table presents mean values for each

of the major groups on the ASI problem severity ratings, the days of
patient-reported problems, and the amounts of the three income
sources. The comparisons for the total population are presented

in the last columns of table 2, and as can be seen, there were sig-
nificant reductions in problem severity in the areas of drug abuse
(p < .01) , employment, and criminality (p < .05) . The subjective
reports of the patients also showed a significant (p < .01) reduc-
tion in the average number of days of drug use, from 20 in the month
prior to admission to 13 in the month prior to follow-up. Similar
reductions in "problem days" are seen in all areas, significantly
so in the areas of unemployment and family and social problems.
Finally, an examination of the population income figures indicates
a considerable increase (57 percent) in the total income from em-

ployment.

Changes in Income Groups - The pre-post comparisons for the three
major groups in the present study reveal the disparity of posttreat-
ment change within the population. While these three groups were

roughly alike in terms of their patterns of pretreatment problem
severity, only the Employment and Illegal groups showed evidence of
significant improvement by the time of follow-up. Both the Employ-
ment and Illegal groups reported significantly fewer days of drug
use and unemployment, as well as fewer days of family and social
problems. Significantly fewer criminal acts were shown by the
Illegal group, and fewer days of psychological problems were re-
ported by the Employment group. The improvement for these groups
was most evident in the significant reduction of illegal income
with corresponding increases in employment earnings.
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The performance of the Support group stands in marked contrast to
the results for the other two groups. The patients in the Support
group showed little criminal activity or illegal income at either
comparison point, but they also showed little evidence of employment
or income from earnings. In addition, there were no significant
changes shown in the other indicants of psychosocial adjustment.
Thus, methadone maintenance was not associated with posttreatment
improvement in any area for this group.

DISCUSSION

From a clinical perspective, two points were evident from the data.
First, specific improvement in the area of patient self-support was
highly related to general improvement in personal and psychosocial
adjustment. While it was not possible to determine the causal agent
in this relationship, the initial reduction of illicit drug use may
have made increased employment and decreased criminality possible.
It seems likely, however, that the maintenance of reduced drug use
and increased psychosocial adjustment may have relied heavily upon
the development of adequate and stable source of employment.

A second point which was clear from the data was that patients' pre-
treatment source of income was a powerful predictor of treatment
benefit. With regard to the actual outcomes of the study groups,
the results were somewhat surprising. The exceptional improvement
shown by the Illegal group was gratifying considering the reluctance
on the part of many programs to accept criminal justice system re-
ferrals. The absolute lack of improvement in the Support group
stands in direct contrast to the results for the Employment and
Illegal groups. We were struck by the stability of the Support
group over time, the increase in support income from admission to
follow-up, and the general absence of employment or illegal income
in the majority of these patients at both admission and follow-up.
The subjects in this group may be characterized as the "lethargic"
patients who apparently have little involvement with active pursuit
of income from either employment or illegal sources. It is important
to note that the poor employment record of this group was apparently
not due to more physical disability nor to less education and tech-
nical training (see table 1). Rather, these data suggest that many
of the patients in the Support group may be characterologically de-
pendent upon government sources of income, as well as physically de-
pendent upon opiates. This characterological or institutional de-
pendence may be a major reason why the Support group showed no evi-
dence of improvement in any area. It may be that these patients
require a program of intensive vocational and motivational develop-
ment as an adjunct to existing methadone maintenance. Regardless

of the potential reasons for their performance, it seems clear that
the program of methadone maintenance and counseling which was associ-
ated with significant improvement in the majority of this population
was not effective with this particular group of patients. It re-
mains to be seen if these results are generalizable to other drug
abuse treatment programs and to nonaddict populations. Nonetheless,
the methodology presented here is relevant to the evaluation of drug
abuse treatments, and the results may be useful in the clinical
management of other rehabilitation programs.
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TABLE 1

ADMISSION STATUS OF 165 METHADONE MAINTENANCE PATIENTS

VARIABLE EMP. SUPP. [LLEGAL TOTAL S1G

N 30 42 36 165
MEAN AGE 28 29 28 28
% BLACK 47 62 48 52 +
YRS. EDUC. 10.5 11 11 11
MOS. TECH. TRNG. 5 3.5 3 3
% W/SKILL OR TRADE 68 71 73 70 +
% MARRIED/COHABIT 37 40 38 39
MEAN # PREVIOUS

TREATMENTS
DRUG 2.5 6.5 3 3.5 +
ALCOHOL 1 2.5 1 1.5
PSYCH. .5 1.0 5 1.0
% W/PHYSICAL

DISABILITY 3 5 3 4
% GENERALLY EMPL.

PAST 3 YRS. 40 7 34 29 *
% ARRESTED
MAJOR CRIMES 11 6.5 14 10.5 *
MEAN TOTAL ARRESTS 3 1.5 4 3.5 +
INCOME PREVIOUS MONTH

EARNINGS 516 58 194 206

SUPPORT 41 187 /1 74

TLLEGAL 181 41 623 230

TOTAL 738 286 888 510
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+

* =p < .01

SEVERITY RATINGS
0-9

Abuse
Medical
Emp/Sup
Emp/Sup
Legal
Psych

PROBLEM DAYS
PAST MONTH

Used Drugs
Med. Probs.
Days Unemp.
Fam/Soc Probs.
Crime Days
Psych Probs.

INCOME PAST MONTH
Earnings
Support
Illegal

TOTAL

(N=19),

TABLE 2
PRE-POST TREATMENT COMPARISONS
EMPLOYMENT SUPPORT ILLEGAL TOTAL'
30 42 46 165
PRE POST PRE POST PRE PQST PRE POST
6.0 4.0 7.0 6.0 6.0 3.5% 6.6 5.0%
3.0 3.0 4.0 3.5 3.5 3.0 3.5 3.0
3.0 3.0 5.5 5.5 5.0 4.0+ 5.5 4.5+
5.0 4.5 5.0 4.5 6.0 4.0% 5.5 4.5+
4.0 2.5% 3.0 2.5 6.5 3.5% 4.0 3.0
4.5 2.5% 5.5 5.0 3.0 3.0 4.5 3.5
23 11* 21 17 24 13* 20 13*
4 3 6 4 5 4 5 4
15 8+ 19 15 14 10+ 16 11+
11 8 4 6 13 g 12 7+
6 3 4 4 11 6% 7 4
6 2+ 6 6 4 3 6 5
516 631* 58 64 194 501* 206 341%
41 30 187 201 71 44 74 68
181 116+ 41 440 623 247% 230 112%
738 777+ 286 305 888 792+ 510 521
Hospital (N=24), and Other (N=14) group comparisons are presented

in the text.
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Certain Types of Substance
Abuse Patients Do Better in
Certain Kinds of Treatments:
Evidence for Patient-Program
Matching

A. T. McLellan, C. P. O'Brien, L. Luborsky, K. A. Druley,
and G. E. Woody

INTRODUCTION

Recently, there have been criticisms of treatment effectiveness in
the mental health field, especially the available treatments for
the substance abuse disorders of alcoholism and drug addiction
(Cummings 1979). The results of several treatment evaluation studies
in substance abuse have contributed to this view (Edwards et al.
1977; Armor 1978; Bale et al. 1980). These studies have concluded
that while there is evidence that substance abuse treatments are
generally more effective than no treatment, there is no indication
that different types of treatments produce significantly different
outcomes, or that these particular types of treatment are diffen-
tially effective with specific types of patients.

The present paper reports evidence of significant differences in
outcome among six treatment programs, and evidence for differential
effectiveness of these treatment programs with various types of
substance abuse patients. This evidence results from a cooperative,
Veterans Administration study of substance abuse treatment effective-
ness in a population of approximately 1000 male, veteran alcoholics
and drug addicts from the Philadelphia region. The design of the
study has been described previously (McLellan et al. 1980), and we
have shown greater improvement and better outcomes in the treated
groups than in a slightly treated control group (McLellan et al.
under review). Thus, the purpose of this paper is to examine the
issue of patient-program matching and to offer some methodological
explanations for the lack of differential treatment effects in pre-
vious evaluations.

METHOD

Treatment Programs - The substance abuse treatment network of the
Veterans Administration in the Philadelphia area consists of 4 in-
patient (2 alcohol, 1 drug, 1 combined) programs at the Coatesville
VA Medical Center, plus outpatient alcohol and drug abuse clier

at the Philadelphia VA Medical Center. This treatment network has
enjoyed cooperative referral arrangements since 1975. Once admitted




to substance abuse treatment at either hospital within the network,
patients were assigned to one of the six rehabilitation programs on
the basis of their personal requests, the clinical judgment of the
admitting staff, administrative considerations such as bed census
or patient visit criteria, and simple chance.

Subjects - All male veterans who presented for alcohol or drug abuse
treatment at either the Coatesville or Philadelphia VA Medical Cen-
ters during 1978 were eligible for the study. There were no sig-
nificant differences in demographic or background characteristics
between patients in the two hospitals, and approximately 90 percent
of all subjects were Philadelphia residents. There were no treatment
admission criteria other than eligibility for veterans’ benefits.

We initially evaluated 1035 male veterans who were admitted to al-
cohol (N=671) or drug abuse (N=364) rehabilitation programs at the
Coatesville or Philadelphia VA Medical Centers during 1978. Since
the aims of the study were confined to patients who had been effec-
tively engaged in the treatment process, we did not follow patients
who dropped out of treatment prior to 5 inpatient days or 5 out-
patient visits. We were able to contact approximately 85 percent
of the remaining 879 patients six months after admission to treat-
ment, and complete data were therefore available on 742 subjects
(460 alcoholics and 282 drug addicts).

All followup evaluations were done through ASI interviews between
an independent research technician and the patient, either in per-
son or over the phone. While much of the data is self-reported,
the ASI has built-in wvalidity checks and we have found this self-
report data to be reliable and generally accurate (Ball 1972).

PROCEDURE

Developing Appropriate and Reliable Measures of Outcome - We felt
it was important to develop general measures of outcome since
assessments based solely on single item criteria (e.g., days of
drug use) offer meager and inherently unreliable (Nunnally 1967)
estimates of posttreatment status. We therefore constructed com-
posite outcome measures based on combinations of objective items
from each of the ASI areas. Several of the objective items within
each ASI area were intercorrelated to eliminate unrelated items,
and the remaining items were standardized, summed, and tested for
conjoint reliability wusing Cronbach's formula (Cronbach and Farby
1970) . In this manner seven composite criteria were constructed
from sets of the ASI objective items, producing highly reliable
(.73 or higher) general measures of outcome in areas which are com-
monly affected by alcohol and drug abuse treatments.

Assessing the Role of Patient Factors and Treatment Program in
Determining Outcome - We were primarily interested in whether some
programs had shown better posttreatment outcomes than others, and
whether certain "types" of patients appeared to have better out-
comes in certain programs. However, we knew that the treatment
programs and the patients in them were quite different at the out-




set of treatment, thus it would not be meaningful to compare outcome
results directly. We, therefore, required a statistical procedure
which would allow us to account for this pretreatment variation

and still detect outcome differences among programs and among
patient-program combinations. To this end we employed the stepwise
multiple regression procedure (Cohen and Cohen 1975).

The multiple regression analysis permitted us to sequentially enter
independent (predictor) variables which we considered important in
determining outcome as measured by each of our composite scores.

For each of these independent variables the regression analysis
performed two important functions. First, it tested whether the
specific independent variable explained a significant (p < .01)
proportion of outcome variance. Stated differently, the procedure
was able to determine if patients who differed on demographic, ad-
mission status or during-treatment variables (e.g., age, race, years
drinking, ASI psychological severity score), had significantly dif-
ferent scores on the outcome measure. Secondly, the regression pro-
cedure removed that portion of outcome variance accounted for by
all of these variables. In this manner, it was possible to adjust
(control) for pre-existing differences in demographic and admission
status factors before testing for significant effects due to treat-
ment programs and patient-program matches.

Four demographic variables were entered first (Age, Race, Education,
Number of Previous Treatments), followed by the pre-treatment ASI
severity scores (depicting the admission status of the patients)
and then the during-treatment measures of days-in-treatment and
type of discharge. Therefore, the criterion measures were adjusted
for differences in each of these variables prior to tests for dif-
ferences among programs and patient-by-program interactions.

RESULTS

Initial Findings for Alcoholics and Drug Addicts Examined Separately -
Regression analyses were calculated separately for the alcoholic
(N=460) and drug addict (N=282) samples on each of the seven outcome

criteria. An examination of the overall results indicated that the
majority of variables which were significant (p < .01) determinants
of outcome were demographic or admission status variables. Dis-

appointingly, there was virtually no evidence of significant patient
characteristic-by-treatment program interactions in either sample.
In short, these initial findings were quite comparable to results
of previous national reports showing no differences in outcome among
different treatments or among different patient-program combinations.

However, the results did show a clear and significant (p < .01) re-
lationship between the outcome measures and the patients' pretreat-
ment ASI psychological severity score. The correlations between
admission psychological severity and the six-month outcome measures
were calculated for both the Alcoholic and Drug Addict samples.
Significant relations were seen on 5 of the 7 measures for the
alcoholics, and on 4 of the 7 criteria for the drug addicts. In
every case, greater pretreatment psychological severity was related



to poorer six-month outcome, and this variable alone accounted for
an average of 10 percent of the outcome variance.

The strength and pervasiveness of these relationships in the present
data suggested the possibility of further dividing the Alcoholic
and Drug Addict samples into LOW, MID, and HIGH groups, based upon
their pretreatment psychological severity scores, under the assump-
tion that qualitatively different results might appear. Thus the
regression analyses were repeated and were calculated separately
for each of these six groups.

Interpretation of Regression Analyses - Since seven regression
analyses were computed for each of these six groups, there were
obviously a large number of individual predictors for specific
criteria. In order to present these results in a clear and inter-
pretable fashion, we have summarized the data for all regressions

in the two LOW groups in table 1, for the two HIGH groups in table 2
and for the two MID groups in table 3. In these tables the left

hand margin indicates the category of independent (predictor)
variables and the order in which they were entered into the equations.

Findings for the Six Groups - When the Alcoholic and Drug Addict
samples were divided into groups based upon the psychological sev-
erity measure, several specific relationships emerged which had been
masked in the ungrouped analyses. For example, the regression re-
sults for the LOW groups were generally similar to the results for
the ungrouped data. That 1is, greater amounts of treatment were
associated with better outcomes, but there were no significant dif-
ferences in outcome between the different programs, and only a few
significant patient-program matches. However, an examination of

the outcome results (McLellan et al. under review) indicated that
these LOW group patients showed the best posttreatment status and
the most significant amount of improvement on virtually all mea-
sures. These data lead us to conclude that the LOW severity patients
have the best treatment prognosis generally, and appear to improve
significantly in any of the treatment programs to which they are
assigned. The admission characteristics of these patients and the
type of improvement shown are suggestive of the small group of al-
coholic patients described in the Rand Study (Armor et al. 1978)

who were able to return to "social drinking" following treatment.

It may be that non-abstinent goals are possible for some members

of this more intact group of patients. From a practical perspective
we have recommended that the majority of these LOW severity patients
be treated in an outpatient setting since this is the most economi-
cal, and seemingly equally effective alternative. Despite this
general conclusion, the data indicate (consistent with our clini-
cal experience) that even with the generally favorable prognosis
for this group, patients with significant family and/or employment
problems should be treated in an inpatient setting.

The results of our analyses in the HIGH groups also showed few
significant differences in outcome among programs and no significant
patient-program matches. However, unlike the LOW groups the HIGH
severity patients did not show better outcome with more treatment.



We have previously reported (Gottheil et al. 1980) on this growing
proportion of psychiatrically ill substance abusers, and have dis-
cussed the special problems involved in treating them, within either
psychiatric or substance abuse programs. The present data, our
earlier reports, and our clinical experience indicate that none

of the programs currently available within our treatment network
are effective with these individuals. Interestingly, although treat-
ment outcome could not realistically be called satisfactory, the
Methadone Maintenance Program appeared to have the most positive
impact on the HIGH severity drug patients, possibly due to the regu-
latory and weak anti-psychotic effects of the methadone (McLellan

et al. 1979). In view of these results! we have recommended the
formation of a special, inpatient psychiatric-substance abuse ward,
staffed and run by psychiatrists and psychiatric personnel. It is

hoped that by focusing primarily upon the psychiatric aspects of
these individuals' addiction syndromes, it will be possible to con-
trol their substance abuse.

Once the HIGH and LOW groups (which comprised approximately 40 per-
cent of the total population) were separated from the remaining
(MID) population it was possible to discern significant differences
in outcome associated with specific treatments, and especially
associated with specific patient-program matches. For example, MID
patients (alcoholics and drug addicts) with more severe family and/
or employment problems had poorer outcomes in outpatient treatment.
These findings are consistent with our clinical experience and sug-
gest that while severe alcohol or drug use, and even medical or
legal problems, may be dealt with effectively in an outpatient set-
ting, family and employment problems appear to be clear contrain-

dications for outpatient treatment. Finally, two of the inpatient
alcohol abuse treatment programs showed evidence of poorer outcomes
with clients having more serious legal problems. We have suggested

that these clients be transferred to the Combined Treatment Program
or (in some cases) the Alcohol Outpatient Program which did not
show poorer outcome with these patients.

Clinical Implications - The present data, and other reports (McLellan
et al. 1980; McLellan et al. this volume) indicate the importance
of making independent pretreatment assessments of patient status
in several areas commonly affected by addiction. These addiction-
related problem severity measures were the most significant predic-
tors of outcome in all groups. The fact that patients with greater
pretreatment psychological severity showed the poorest outcome is
not surprising. What is remarkable is that alcohol and drug abuse
severity were not generally important in predicting outcome. In
fact, pretreatment psychological severity was a better predictor of
posttreatment drinking than pretreatment drinking. This finding
in particular suggests why previous predictive studies which have
used brief data collection instruments concentrating on demographic
and substance abuse variables have not demonstrated meaningful out-
come prediction.

Finally, the demonstration of significant differences in outcome



as a function of interactions between patient factors and treatment
programs suggests that different forms of substance abuse treatment,
like other medical treatments, have specific as well as general
effects. Further, the data illustrate how the specific effects of
the treatment programs may combine with the particular treatment
needs of the patient to produce favorable outcomes, as well as clear

contraindications. We were gratified that the patient, treatment,
and patient-by-treatment factors which were statistically significant
in the analyses also made conceptual and clinical sense. These

factors which were statistically significant predictors of outcome
in the present study will be utilized as determinants of treatment
assignment in the next stage of our project (McLellan et al. 1980).
Thus, we will be able to determine if these factors can be of prac-
tical value in producing improved treatment effectiveness for the
six-program treatment network.
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Type of Variable

DEMOGRAPHIC

ADMISSION
SEVERITY

DURING TREATMENT

TREATMENT PROGRAM

INTERACTIONS

Table 1

OUTCOME PREDICTORS IN LOW

SEVERITY PATIENTS

ALCOHOLICS DRUG ADDICTS
N=102 N=68
Variable R' Variable R'
# Prior Trts. .32 0 mmmmmm
Medical Severity .33 Drug Use Sev. .30
Employ. Severity .28 Employ Sev. .30
Days in Trt. -.20 Days in Trt. -.28
Legal Sev. X FIDD .28 Emp. Sev X MM .28

MEAN OUTCOME VARIANCE EXPLAINED 34%

Table 2

OUTCOME PREDICTORS IN HIGH

SEVERITY PATIENTS

ALCOHOLICS DRUG ADDICTS

Type of Variable N=82 N=53

Variable R’ Variable rR'
DEMOGRAPHIC Age 30 | e
ADMISSION SEVERITY | —=—=—=—— Drug Use Sev - .26
DURING TREATMENT | ~ ——====—— | e
TREATMENT PROGRAM COMB .36 COMB .44

AOP .37
INTERACTIONS | ===mm==e— | semmm——a

MEAN OUTCOME VARIANCE EXPLAINED 48%

Mean correlation between predictor and the seven

339-844 0 - 81 -

10

129

outcome criteria
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Type of Variable

OUTCOME PREDICTORS IN PATIENTS WITH MID-LEVEL

TABLE 3

PSYCHOLOGICAL SEVERITY

ALCOHOLICS DRUG ADDICTS
N=276 N=161
Variable R Variable R
Age .38 Race .37
DEMOGRAPHIC
# Prior Trts. .34 Age .27
ADMISSTION SEVERITY Family Sev. .28 Employ. Sev. .36
Legal Sev. .26
DURING TREATMENT Days in Trt. -.38 Days in Trt. .35
Type Disch. -.26 Type Disch. .27
TREATMENT PROGRAM FIDD .25 COMB .33
Legal Sev. X FIDD .31 Fam. Sev. X MM .37
Emp. Sev. X AOP .30 Emp. Sev. X MM .34
INTERACTIONS Legal Sev. X ATU .28 Med. Sev. X DAR .30
Age X COMB .25 Drug Sev. X COMB .28
Fam. Sev. X AOP .24
Fam. Sev. X ATU .24
MEAN OUTCOME VARIANCE EXPLAINED 44% 48%

1 . . . .
Mean correlation between predictor and the seven outcome criteria




A Quantitative Evaluation of Fetal
Growth Failure in a Drug-Abusing
Population

R. J. Wapner, J. Fitzsimmons, R. D. Ross, M. E. Rudrauff,
A. B. Kurtz, and L. P. Finnegan

An association between maternal drug abuse during pregnancy and

low birth weight infants is known. A significant proportion of
these low birth weight infants are felt to be small for gesta-
tional age (SGA). The growth pattern and possible etiologies of

growth failure in these fetuses have not been well documented.

In order to study fetal growth, ultrasonic scans were performed
on 99 patients of The Family Center Program at Jefferson between
1/1/78 and 12/31/79. Biparietal diameters (BPD), head circum-
ferences, abdominal circumferences, and total intrauterine volumes

(TIUV) were measured. At delivery, weight, height, head circus-
ference and gestational age by Dubowitz score of each newborn was
recorded. Infants whose weight fell below the tenth percentile

for gestational age were considered to be SGA. By this criterion,
13 infants had growth retardation.

Of the scans performed on infants who at birth were determined to
be adequate for gestational age, all showed TIUV's and BPD's in
the normal range. However, 11 of the 13 SGA infants had BPD's
more than two stardard deviations below the mean, and 11 of 13
had total intrauterine volumes in the abnormal range: i.e. more
than one standard deviation below mean. These findings were
evident as early as mid-second trimester, and were shown to per-
sist through the third trimester in patients having serial scans.
The ratio of head to body circumferences approaches one in both
the sonographic and postpartum measurements in these SGA infants.
Both the early evidence by sonography of altered fetal growth, and
the symmetric nature of the deficit indicate an early onset type
of growth retardation. This 1is in contrast to the more common
late onset, asymmetric form seen typically with "supply-line"
defects secondary to placental insufficiency.

The incidence of growth retardation in the subgroup of patients



abusing pentazocine was statistically higher (p < .01) than that
expected in the total population. Mothers using methadone did

not demonstrate a significantly increased incidence of SGA infants.
Pentazocine-abusing mothers constituted only 9.1 percent of Family
Center patients, while their infants represented 53.8 percent of
growth retarded infants in the study.

The early onset, symmetric form of growth retardation found in
these patients is typical of a direct, teratogenic drug effect
on the early developing fetus. This effect is most marked in
patients abusing pentazocine.
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Alcohol Tolerance Development
in Humans: Tests of the Learning
Hypothesis

R. E. Mann and M. Vogel-Sprott

Tolerance to alcohol may be defined as a reduction in response to

a given dose of alcohol after repeated administrations. A great
deal of research has been devoted to the study of this phenomenon
(1), but studies of tolerance development in humans who are not

alcoholic have been few, perhaps because such studies were thought
to expose participants to the risk of developing dependence on
alcohol. However, recent studies suggest that tolerance develop-
ment can be studied safely in human social drinkers (2,3). As well,
similarities between learning and some forms of tolerance to drugs
have been described (4,5,6,7,8). This paper reports two studies
designed to test the hypothesis that tolerance to alcohol in human
social drinkers may be subject to the laws of instrumental learning.

EXPERIMENT 1

Animal research has shown that the development of tolerance on
behavioral measures 1is often dependent upon the reinforcement con-
tingencies which maintain those behaviors. Specifically, tolerance
seems most likely to occur when the initial effects of a drug act
to reduce the amount of reinforcement received by the organism, a
principle first described by Schuster and his coworkers (4).

Recent human studies suggest a parallel between animal and human
research in this respect; tolerance developed on a paper and pencil
coding task where intrinsic reinforcement contingencies were operat-
ing (2,3), but not on a pursuit rotor task where no reinforcement
was available (3,9). The first experiment tested the prediction,
derived from the learning hypothesis, that tolerance to the effects
of alcohol on pursuit rotor performance would develop when rein-
forcement for nonimpaired performance was provided.

Eight male undergraduate volunteers were randomly assigned to
either an alcohol (A) or placebo (P) group (n=4 per group). After
predrug training (36 50-sec. trials on the Pursuit Rotor over two
days) the subjects attended four drinking sessions, separated by a
mean of 3.3 days. In each drinking session group A subjects re-
ceived alcohol (.88 ml 96 percent alc/Kg body weight) while group
P subjects received a placebo beverage. Pre and postdrug pursuit



rotor tests, alcohol administration, and blood alcohol content
(bac) measures followed a standardized schedule in each drinking
session (3,10).

The pursuit rotor task used was basically identical to that used
in the alcohol studies in which no tolerance development was
observed (3,9). Thus, subjects tracked a light source moving in
a square pattern with a photosensitive hand-held stylus. The
speed of the rotor was 30 r.p.m. and a test on the task consisted
of two 50-second trials separated by a 30-second intertrial
interval. The subject's score on a test was his average time on
target during the two 50-second trials. This study modified the
task by introducing reinforcement for performance. The reinforce-
ment provided consisted of augmented auditory feedback, posttrial
performance information, and monetary reinforcement. Further
details on reinforcement procedures can be found in (10). Blood
alcohol levels were obtained with a Omicron Intoxilyzer.

The drug-free performance of subjects in groups A and P did not
differ significantly during the practice period. Their initial
drug-free tests, which preceded alcohol tests on each session, also
did not differ. Thus the drug-free performance of the two groups
was essentially equal throughout the entire experiment. Examination
of bac readings from group A revealed a typical bac curve, and no
differences over sessions were observed.

The differences between a subject's drug-free score on a session
and each of his five subsequent alcohol tests in that session were
calculated to provide measures of change in performance. A negative
difference thus obtained indicated that performance under alcohol
was poorer, or impaired, relative to the subject's nondrug state.
Variance analysis of the pursuit rotor difference scores (2 groups
X 4 sessions X 5 trials) revealed a significant groups X sessions
interaction (F=3.989, df=3/18, p<.05), presented in table 1. On
the first session the two groups were clearly different, with group

TABLE 1
Mean Change (in Seconds) from Daily Drug-Free Baseline - Experiment 1

Drinking Sessions

Groups 1 2 3 4
Group P 1.28 -.97 1.83 -.13
Group A -2.52% -2.26 2.16 .42

*for p<.05 on a two-tailed t-test, an absolute
difference of 2.45 between groups is required (11).

A showing a strong performance deficit. However, by the final

session the groups did not differ, due to the fact that group A no
longer displayed impairment.
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EXPERIMENT 2

The results of the first experiment support the learning hypothesis,
in that tolerance developed to the impairing effects of alcohol with
the appropriate reinforcement conditions. The results of other
studies show no tolerance on this task (3,9); the suggestion is
that the difference in tolerance development between the first
experiment and other studies was due to the differences in rein-
forcement contingencies. However, this comparison is between
separate experiments, and interpretation must be tentative. For
this reason, an additional study was designed to replicate the

first study and include a group of alcohol subjects not given
reinforcement. This second study also served to test an additional
prediction concerning the loss of tolerance. Specifically, 1if the
acquisition of tolerance observed in this paradigm is an instrumental
learned response, then withdrawal of reinforcement from subjects
showing tolerance should result in extinction, or a return of
impaired  performance.

Twelve male undergraduate volunteers were randomly assigned to one
of three groups. Two alcohol groups and one placebo group were
employed. One alcohol group (n=4) received reinforcement (AR),

the second alcohol group (n=4) did not receive reinforcement (ANR)
and the third group was a placebo group (n=4) which received rein-
forcement (P). The subjects attended two predrug practice sessions
followed by six drinking sessions. The drinking sessions were a
mean of 4.01 days apart. The pursuit rotor and intoxilyzer employed
in this study were identical to those employed in the first exper-
iment.

The procedures for reinforcement administration to the AR and P
groups 1in the two practice sessions and the first four drinking
sessions were identical to those for the A and P groups in the first
experiment. In the final two drinking sessions, the extinction
hypothesis was tested by withholding all reinforcement contingencies
from these groups. Thus, the auditory feedback was withdrawn, no
posttrial performance information was given, and subjects could not
earn any more money for nonimpaired performance. Subjects in the
ANR group did not receive any of the reinforcement conditions at
any point in the study. Testing schedules, the dose of alcohol or
placebo, and drinking schedules in all sessions were identical to
those used in the first study.

The drug-free baseline measures of performance from the drinking
sessions showed no differences between groups or over sessions,
indicating that drug-free performance remained stable and comparable
throughout the experiment. Bac measures showed a typical bac curve,
consistent over sessions with no differences between AR and ANR
groups.

Each of the five postdrug measures of performance in each session
for each subject was expressed as a difference from that subject's
baseline score in that session. Variance analysis of these data
(3 groups X 6 sessions X 5 trials) revealed a significant inter-



action of groups and sessions (F=3.777, df=10/45, p<.0l), presented
in table 2. On the first two sessions, the two alcohol groups

TABLE 2
Mean Change (in Seconds) from Daily Drug-Free Baseline-Experiment 2

Drinking Sessions

Groups 1 2 3. 4 5 6
Group P 1.08a .45a .20a .53a -2.43 1.20a
Group AR -2.28b -2.54b -.89%a -.33a -4.06 -5.53ab
Group ANR -2.52b -2.30b -3.86b -3.62b -3.22 -3.31b

For p<.05 on a two-tailed t-test, an absolute difference
between groups of 2.06 is required (11).

a - Differs from Group ANR, p<.05
b - Differs from Group P, p<.05

showed significant impairment relative to the placebo group, and
did not differ from each other. On sessions three and four,
however, the reinforced alcohol group showed tolerance, in that it
did not differ from the placebo group, while the nonreinforced
alcohol group remained significantly impaired relative to the
placebo and reinforced alcohol group. Finally, on sessions five
and six when reinforcement was withdrawn, the reinforced alcohol
group showed a decline in performance which resulted in significant
impairment relative to both of the other groups on session six.

DISCUSSION

The results of both studies agree with the predictions based upon
an instrumental learning hypothesis of alcohol tolerance. Tolerance
to the impairing effects of alcohol developed when appropriate
reinforcement contingencies were in place, did not occur when
reinforcement contingencies were not present, and disappeared
(showed extinction) when reinforcement contingencies were withdrawn
from tolerant subjects. These results are not predicted by metabolic,
biochemical, or physiological theories of tolerance which emphasize
chronic administration, and the results occurred under conditions
which should minimize the effects of nonlearning variables (i.e.,
low doses, separation of testing sessions). The conclusion
suggested by these findings is that there exists at least one form
of tolerance to alcohol which is a learned response, and which
might complement other forms of tolerance.

The learning hypothesis of tolerance is useful in that it generates
some very specific predictions about tolerance acquisition, the
amount of tolerance displayed in a situation, and the loss of
tolerance. For example, although it appears that tolerance can

be acquired very quickly under appropriate environmental conditions,
tolerance may also disappear by means of a very simple change in



those conditions. Thus, further testing of the learning hypothesis
may have some important applied and forensic implications, as well
as being of theoretical interest.
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The New Mixed Agonist-
Antagonist Analgesics,
Nalbuphine and Butorphanol, vs.
Pentazocine: Relapse and
Substitution in Morphine-Addict
Rats

G. F. Steinfels, G. A. Young, and N. Khazan

INTRODUCTION

The therapeutic efficacy of the narcotic drugs in the treatment of
cough, pain, and diarrhea is unsurpassed by drugs of other pharma-
cological classes. While these effects have been known and util-
ized over many centuries, the euphoric and other psychological
properties of narcotics have made them prime candidates for abuse.
This has prompted researchers over the past several decades to
search for compounds that possess similar therapeutic efficacies
to that of a narcotic such as morphine but devoid of the side

effects and abuse potentials. One general class of narcotic com-
pounds that has resulted from this intensive search is the mixed
agonist-antagonist analgesics. Three of these compounds, being

pentazocine, nalbuphine, and butorphanol, were of special interest
to us 1in our ongoing studies on narcotics since each is currently
available for therapeutic use as a potent analgesic.

We speculated that tendencies of morphine postaddict rats to re-
lapse to self-administration of such compounds might provide di-
tional information for the assessment of degree of abuse potential
for at least two reasons. First, the morphine postaddict rats
would have a history of drug self-administration but would be
neither tolerant to nor physically dependent on a narcotic. Thus,
no precipitation of withdrawal would occur if these rats were given
the opportunity to relapse to the self-administrationof these
mixed agonist-antagonists. This is in contrast to a direct substi-
tution procedure in which a mixed agonist-antagonist would presuma-
bly precipitate abstinence in morphine-dependent rats. Second, one
would not have to contend with problems of training the postaddict
rats to self-administer the drugs, because each rat would already
have established a history of self-administration. Thus, any
possible reinforcing properties of a mixed agonist-antagonist



would be disclosed in a morphine postaddict rat. Therefore, the
tendencies of morphine postaddict rats to relapse to the self-
administration of pentazocine, nalbuphine, and butorphanol were
comparatively studied.

METHODS

Adult female Sprague-Dawley rats were prepared with chronic EEG

and temporalis EMG electrodes (Khazan et al. 1967, Khazan 1975).
Stainless steel screws which served as bipolar cortical electrodes
were implanted over the frontal (2 mm anterior and 2 mm lateral to
bregma) and the ipsilateral parietal cortex (3 mm posterior and

2 mm lateral to bregma). For drug injections, a silicone rubber
cannula was implanted into the right external jugular vein (Weeks
1962). Each rat was maintained in an individual cage that was
equipped with a response lever, a swivel cable connector for EEG
and EMS recordings, and a feed-through cannula for drug administra-

tion. EEG and EMG activities were recordedon a Grass model 7D
polygraph . The EEG was filtered to pass frequencies between land
30 Hz.

Forty rats were first made tolerant to and physically dependent on
morphine by a series of electronically-controlled automatic iv in-
jections. During the first day, the rats received 1.25 mg/kg/hr
of morphine sulfate. The dose was increased to 2.5, 5.0, 10.0 and
20.0 mg/kg/hr on successive days. The rats were then trained to
lever press on a fixed ratio (FR) schedule of reinforcement to
receive morphine (10 mg/kg/injection over 3 sec). A FR of one
lever press was initially required per injection, which was gradu-
ally increased to FR-20. After one week of stabilized responding
for morphine, the rats were divided into two main groups. In one
of these groups each rat was removed from the experimental cage
and allowed to withdraw from morphine in the home cage for two
weeks. Each rat was then returned to the experimental cage and
given the opportunity to reestablish self-administration of mor-
phine (10 mg/kg/injection), pentazocine (1 mg/kg/injection), nal-
buphine (5 mg/kg/injection), butorphanol (0.5 mg/kg/injections), or
0.9% saline. In the second of morphine-dependent rats
pentazocine, nalbuphine, butorphanol at the above doses, or nal-
oxone (0.5 mg/kg/injection) or mathadone (2 mg/kg/injection) was
directly substituted for morphine.

The study of REM sleep distributions during self-maintained de-
pendence on narcotics in the rat has elucidated similarities and
differences in pharmacodynamic profiles among narcotics (Moreton
et al. 1976, Young et al. 1979%a). Also, the relative degree of
REM sleep suppression has proven to be a reliable indicator of
severity of withdrawal from narcotics (Young et al. 1977, 1979b),
andbehavioral states of sleep, REM sleep, and wakefulness were
identified by the corresponding changes in gross behavior and in
EEG and EMG recordings (Khazan et al. 1967, Khazan and Weeks 1968,
Moreton et al. 1976). Thus, REM sleep times per 24 hours and REM
sleep distributions were also assessed in the present study.
Occurrences of lever presses and injections were recorded on the



polygraph as well as on an Esterline-Angus event recorder.
RESULTS

When morphine postaddict rats were given the opportunity to relapse
to the self-administration of morphine, the man daily number of
self-injections gradually increased over days and was stabilized
within a week (Figure 1). The patterns of mean daily number of
self-injections during relapse to the self-administration of penta-
zocine, butorphanol, and nalbuphine were similar to that for mor-
phine. In contrast, when morphine postaddict rats self-adminis-
tered saline, the mean total number of self-injections was very
high on the first day and steadily decreased over the seven days

of relapse studied.
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Upon stabilization of drug self-administration (i.e., on the
seventh day of relapse in a moghine postaddict rat relapsing to
morphine self-administration) the characteristic pattern of self-
injections and distribution of REM sleep episodes seen earlier
(Khazan and Weeks 1968) is presented in the top row of Figure 2.
This individual rat, for example, took single injections of mor-
phine (10 mg/kg/injection) at intervals of about 2 hours. Each
morphine self-injection usually suppressed occurrences of REM



sleep for 30 min or more, after which they reappeared and persisted
until immediately before each subsequent morphine self-injection.
Furthermore, Figure 2 also sham that patterns of self-injections
and distribution of REM sleep episodes on the seventh day of relapse
to self-administration of pentazocine, butorphanol, and nalbuphine
in morphine postaddict rats were similar to those during relapse to
morphine . Single and, occasionally, multiple self-injections were
relatively equally spaced, and REN sleep occurrences were also
suppressed for about 30 min or more after self-injections.

FIGURE 2
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REM sleep distributions for individual rats during the
seventh day of relapse. Data are shown during relapse
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Grouped data during the seventh day of relapse to narcotic self-
administration in morphine postaddict rats and during the first day
of subsequent saline substitution are shown in Figure 3. During
the seventh day of self-administration mean daily numbers of self-
injections were similar at the dose levels used for morphine, penta-
zocine, butaphanol, and nalbuphine. During the first day of sub-
Sequent saline substitution mean daily numbers of self-injections

increased for all four drugs. Furthemore, during relapse the mean
daily REM sleep time in min was on the lower edge of control values
for all four drugs. However, during the first day of subsequent

saline substitution the mean total amount of REM sleep was sup-
pressed with morphine and pentazocine but not with butorphanol and

nalbuphine.



FIGURE 3
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During stabilized self-maintained dependence on morphine the substi-
tution of methadone (2 mg/kg/injection) for morphine supported de-
pendence. When pentazocine, butorphanol, nalbuphine, or naloxone
was substituted for morphine, occurrences of REM sleep were severely
supressed . As expected, the rats also exhibited signs of absti-
nence such as diarrhea, "wet-dog" shakes, and abdominal stretching.
The effects of naloxone substitutionwere similar to those of the
three mixed agonist-antagonists.

DISCUSSION

Morphine postaddict rats relapsed to the self-administration of
morphine, pantazocine, butorphanol, and nalbuphine. Relapse to
morphine self-administration in postaddict rats has been previously
demonstrated (Weeks and Collins 1968, Moreton et al. 1975, Young

et al. 1975). Several characteristics of relapse to self-adminis-
tration of pentazocine, butorphanol, and nalbuphine in the present
studywere similar to those with morphine. All of these drugs were
self-administered periodically and self-injections of each usually
suppressed occurrences of REM sleep for 30 min or more. When
saline was substituted for each of these drugs, self-injections
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greatly increased in number. All of the above observations suggest
that the drug-seeking by the rat was eminent for the four narcotics
studied.

When saline was substituted for the respective narcotic, occur-
rences of REM sleep were severely suppressedduring abstinence from
morphine and pentazocine. However, REM sleep suppression was not ob-
served during abstinence from butorphanol and nalbuphine. Further-
more, abstinence from morphine and pentazocine was associated with
behavioral symtoms such as diarrhea, "wet-dog" shakes, and irri-
tability, while abstinence from butorphanol and nalbuphine was not.
These findings suggest that there was considerable physical depen-
dence in rats dependent on morphine and pentazocine, but relatively
little physical dependence on butorphanol and nalbuphine. Thus,

the above data also seem to differntiate between drugs which in-
duce both psychological and physical dependence such as morphine

and pentazocine, and drugs which produce a similar psychological
dependence with apparently minimal physical dependence such as
butorphanol and nalbuphine. While differences in degree of physi-
cal dependence were disclosed between morphine and pentazocine on
the one hand and butorphanol and nalbuphine on the other hand, drug-
seeking behavior for all four compounds was found to be similar.

Finally, pentazocine, butorphanol, and nalbuphine did not substi-
tute for morphine during self-maintained dependence, since absti-
nence was precipitated in all three cases. since these mixed
agonist-antagonists did not support dependence in the "substitution"
procedure it was assumed that each drug possesses a relatively low
abuse potential. However, for all three mixed agonist-antagonists
in morphine postaddict rats, relapse to self-administration was
established in a manner similar to morphine. Therefore, our
findings showed that butorphanol and nalbuphine demonstrated addic-
tion liability in the relapsing morphine postaddict rat. However-,
this addiction liability appeared to consist of more psychological
dependence than physical dependence in contrast to the addiction
produced by morphine.
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Effects of Route of
Administration on Methadone
Disposition in the Rat

B. Ziring, L. Brown, and M. J. Kreek

The long-acting narcotic, dl-methadone, has been used since 1964
for the chronic treatment of patients addicted to heroin (Dole et
al. 1966). Clinical experience with over 85,000 patients main-
tained on daily oral doses of methadone has shown that this method
of treatment is effective. Despite the effectiveness of orally
administered methadone in the treatment of addiction, the analgesic
properties of methadone have been shown to be reduced when the drug
is administered by the oral, rather than a parenteral route of
administration (Beaver et al. 1967). Studies have shown that when.
methadone is administered orally on a chronic basis in the rat,
measurable plasma levels of drug are achieved with apparent
terminal half-1life similar to that observed following subcutaneous
administration (Kreek 1979). Also, it has been shown that estrogen
and alcohol both interact with methadone following oral administra-
tion in ways that significantly alter overall methadone disposition
(Kreek et al. 1980; Wendell et al. 1979). Yet, experimentally
demonstable tolerance and dependence could not be developed in
rats given orally administered doses of methadone, nor could with-
drawal be induced through the administration of the narcotic antag-
onist, naloxone (Harris et al. 1978).

This study was undertaken to compare the distribution of methadone
plus metabolites (measured as total radiocactivity from methadone),
when the drug was administered by the oral, subcutaneous and intra-
venous routes. This information complements previous methadone
disposition studies (Adler and Eisenbrandt 1949; Elliot et al. 1949;
Way et al. 1949; Misra et al. 1973). It was hoped that information
from these studies could provide insight into the kinetics and, thus,
possibly action of methadone in the rat model following each route
of administration as well as to delineate to what extent orally
administered methadone should be active in the rat.

METHODS AND MATERIALS
Male Sprague-Bawley rats weighing 150 to 200 g were obtained from

Charles River Breeder (Wilmington, MA). The animals received Purina
Lab Chow and water ad libitmn and were kept in a temperature
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controlled room With a conventional day-night lighting schedule.
The rats were divided into two study groups, receiving either acute
or chronic treatment. An acute treatment group received a single
tracer dose of '“C radiolabeled dl-methadone HCl (1.3 mg free base;
3.125 pCi) by the oral, subcutaneous or intravenous route of admin-
istration. The *'c dl-methadone, labeled in the 2-carbon position,
was obtained from California Bionuclear Corporation (Sun Valley, CA)
and demostrated to be radiochemically pure (>95 percent) by thin
layer chromatography with zonal scanning. A second, chronic treat-
ment group was formed. One-third of this group received chronic
pretreatment which consisted of 2 weeks of oral administration of
dl-methadone HCl (1.15 mg free base initially increased to 1.3 mg
free base after week one) to achieve a final dose of 5 mg/kg rat
weight/day. This Was followed by the administration of a single
oral dose of “‘C dl-methadone. The remaining two-thirds of the
chronic treatment group received pretreatment with dl-methadone
administered by the subcutaneous route in the same dosages as given
to animals treated by the oral route. After two weeks of pretreat-
ment, half of these rats received a single tracer dose of

methadone administered by the subcutaneous route and the other half
by an intravenous injection into the tail vein of each animal. All
rats in the chronic treatment group received *Cc dl-methadone HC1
in the same dosage as rats in the acute treatment group (1.3 mg
free base; 3.125 uCi).

Three to five animals Were studied at each time point by each route
of administration following both acute and chronic methadone admin-
istration. Rats Were kept in metabolic cages for collection of
urine until time of sacrifice 30 minutes to 24 hours after the
single tracer dose administration. Animals were sacrificed by
exsaguination through the inferior vena cava following light ether
anesthesia. Half of the total volume of blood Was centrifuged to
obtain plasma; and the other half was analyzed as whole blood.
Organs were removed, Weighed and frozen in physiological saline
solution.

Each organ was homogenized using a Polytron PCU-2-110 (Brinkmann
Instrmnents, Westbury, NY). Two-hundred fifty pl aliquots of each
homogenate were taken in triplicate, dried at 37° C in combustible
capsules and radioactivity was recovered by oxidation using a
TriCarb 306 Sample Oxidizer (Packard Instrument Co., Downers Grove,
IL). Radioactivity Was measured by ligquid scintillation counting
(Packard TriCarb Model C2425), and appropriate quench corrections
were made.

Thin layer chromatography with zonal scanning using methods pre-
viously described from this laboratory was carried out to determine
relative amounts of unchanged methadone and metabolites in liver and
brain at the one-hour time point following both oral and intravenous
tracer dose administration in the chronic treatment group (Kreek et
al. 1978).



RESULTS

The results of this study may be divided into two parts. The con-
centrations and total amount of radioactivity from methadone, thus
including both methadone and its metabolites in various organs and
tissues, may be compared with respect to the route of administration,
and the relative amounts of drug in different organs within a given
treatment group may be assessed.

Methadone and metabolites, measured as total radiocactivity in tissue
homogenates, were found to be present in all organs studied at all
time points between 30 minutes and 24 hours. As shown in Table 1,
the route of administration had only a small effect on the total
radioactivity from methadone recovered over the calculated 23-hour
(1 hour to 24 hours after tracer dose administration) period in the
liver and whole blood of rats in the acute treatment group. Oral

Table 1

Total amounts of methadone and its metabolites in organ
during 24-hour interval following drug administration
(ng equivalent/organ/24 hours)2

Acute Chronic
po sc iv po sc LV
Whole Ng Eq, 7420 8060 9050 6271 7876 7799
Blood Ratio- 0.819 0.891 1 0.804 1.010 1
Liver Ng Eqgq 100500 101360 92410 121143 65768 69370
Ratio 1.088 1.097 1 1.746 0.948 1
Brain Ng Eq 290 970 770 212 718 684
Ratio 0.372 1.253 1 0.310 1.050 1
Lung Ng Egq 1510 11910 10850 1553 9035 8092
Ratio 0.139 1.098 1 0.192 1.117 1
Kidney Ng Egq 2830 10700 9150 2196 6869 7026
Ratio 0.309 1.169 1 0.313 0.978 1
Spleen Ng Egq 290 2560 2710 340 2441 2818
Ratio 0.106 0.942 1 0.121 0.866 1
Testes Ng Eqgq 580 7070 5440 531 5389 5434
Ratio 0.107 1.299 1 0.098 0.992 1
Adrenals Ng Eq 60 270 200 53 167 179
Ratio 0.277 1.322 1 0.296 0.933 1

2 Time points: Chronic = 60m, 90m, 3h, 6h, 24h;

Acute = 60m, 3h, 6h, 24h
b o = .
- po ratio = po/iv
sc ratio = sc/iv

iv set to equal 1.0



administration of tracer dose did result in reduced radioactivity
recovered in other organs. Brain, kidney and adrenals of rats
receiving an oral dose contain approximately 30 percent of the
radiocactivity found in these organs in rats receiving an intra-
venous dose. Lung, kidney and spleen of rats receiving an acute
oral dose contain approximately 10 percent of the radioactivity
found in these organs in rats receiving an intravenous dose.
Similar results are found for rats receiving chronic methadone
pretreatment with one exception; livers of rats receiving chronic
Oral pretreatment contain substantially more radioactivity from
methadone than livers of rats receiving chronic pretreatment by
either parenteral route.

Figures 1-3 show total content of methadone and metabolites (measured
as radioactivity and expressed as nanogram equivalents of methadone/
organ) at specific time points following radiolabeled dose adminis-
tration by the oral, subcutaneous or intravenous route of administra-
tion. Naive rats received a single radiolabeled dose of methadone

(5 mg free base/kg body weight). Each point represents mean value

(+ SEM) for all animals studied at each time point (number of animals,
3-5 at each time point). These figures show that the reduced amounts
of radiocactivity from methadone that were observed in the organs and
tissues of rats receiving an oral radiolabeled dose (Table 1)
resulted from reduced amounts in these organs at the early time
points. At 24 hours following radiolabeled dose administration,
route of administration does not significantly affect amount of radio-
activity recovered in any organ except the testes in the acute treat-
ment group.

The mean terminal half-1life (3-24 hours) of total radioactivity was
calculated for all of the, organs and tissues studied in the chronic
treatment group. Table 2 shows that mean terminal half-life for all
organs of rats receiving an oral radiolabeled dose is longer than the
mean terminal half-life for organs of rats receiving a radiolabeled
dose by either parenteral route. However, the difference in overall
organ disappearance rates for total radioactivity from methadone 1is
due to very slow disappearance of compounds (or persistence of com-
pounds) in the brain, whole blood, adrenals and testes.

Table 2

Mean apparent terminal half-life (3-24 hours) of total
radioactivity including methadone and metabolites in
chronically treated rats

Oral Subcutaneous Intravenous

All organs 14.2 hours 7.7 hours 7.0 hours
(£ 2.2 SEM) (£ 1.7 SEM) (1.0 SEM)

Liver, Lung 7.6 hours 5.72 hours 8.30 hours
Kidney, Spleen (+ 0.3 SEM) (+ 1.14 SEM) (+ 1.69 SEM)
Whole Blood, 19.5 hours 9.73 hours 5.66 hours
Brain, Testes, (£ 1.5 SEM) (£ 3.02 SEM) (£ 1.01 SEM)

Adrenals
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DISCUSSION

The results of this study expand upon and reinforce previous studies
of the effect of route of administration on methadone disposition
in the rat. Specifically, this study protocol allows the direct
comparison of data from rats receiving an oral, subcutaneous or an
intravenous dose of methadone and also analysis of the effect of
route of administration on the distribution of methadone and
metabolites to organs not previously studied in this manner.

Methadone administered to the rat clearly is extensively metabolized,
but also stored and concentrated in major organs. Although the levels
of methadone and metabolites observed in many organs are sharply
reduced When the drug is administered by way of the oral route, high
levels of total radioactivity from methadone are observed in the
liver and blood following oral administration which are similar to
levels observed in rats receiving treatment by the parenteral routes.
In rats receiving a single radiolabeled dose of dl-methadane follow-
ing tracer dose administration, livers were shown to contain 87 per-
cent of the amount of unchanged methadone found in rats receiving
methadone by the intravenous mute. Thus, route of administration
ties little difference on either the amounts of unchanged methadone
or metabolized methadone found in the liver. However, in the chronic
treatment group, at the one-hour time point following tracer dose
administration, brains of rats receiving methadone by the oral route
contain only 3 percent of the amount of unchanged methadone found in
brain of rats receiving methadone by the intravenous mute. These
highly significant differences may explain the differences in acute
analgesia observed both in rats and in man when methadone is given
by the oral as opposed to the intravenous route of administration.

The data from this study, combined with previous data from this
laboratory concerning long-tern Persistence of dl-methadone in
tissues (Harte et al. 1976), show that a measurable mount of
unchanged methadone could be present in the brain for at least 24
hours. This amount of active narcotic may be sufficient to develop
a degree of tolerance in the rat, albeit insufficient to produce
symptoms of tolerance and physical dependence measurable by current-
ly available, well-tested and validated methods. The estimated total
binding capacity of specific opiate receptors in the brain is very
low. Thus, even small amounts of active narcotic available to
critical receptor sites may bind to a physiologically, if not pharma-
cologically, significant percentage of sites (Snyder et al. 1974).
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Androgenic-Like Effects of
Morphine in the Male Rat

T. J. Cicero, E. R. Meyer, S. M. Gabriel, and C. E. Wilcox

INTRODUCTION

Narcotics produce dose-dependent decreases in serum luteinizing hor-
mone (LH) levels in the male and female of several species (Bruni et
al. 1977; Cicero et al. 1977a; 1977b; Mirin et al. 1976; Muraki et
al. 1977; Pang et al. 1977;). This effect appears to be due to a
direct action of the narcotics on the hypothalamus, presumably by an
inhibition of the release of L&releasing hormone (LH-RH) (Rotsztejn
et al. 1978); furthermore, it has been established that the LH-de-
pleting effects of the narcotics are mediated by specific opiate re-
ceptors (Cicero 1977; Cicero et al. 1977a; 1977b; Pang et al. 1977;
Rotsztejn et al. 1978).

The existence of opiate receptors in the hypothalamus mediating the
effects of narcotics on the hypothalamic-pituitary-LH axis suggests
that there may be endogenous opioids which normally play an inhibi-
tory role with respect to the secretion of LH. Support for this hy-
pothesis has been provided by several groups of investigators who
have shown that narcotic antagonists, such as naloxone, significant-
ly increase serum LH levels after their administration to male and
female rodents and humans (Blank et al. 1979; Bruni et al. 1977;
Cicero et al. 1979; 1980; Meites et al. 1979; Mendelson et al. 1979).
Moreover, we have reported that naloxone blocks testosterone's nega-
tive feedback control of the hypothalamic-pituitary-LH axis in the
male rat (Cicero et al. 1979). These results, coupled with the ob-
servation that certain endogenously occurring opioid peptides (e.g.,
methionine-enkephalin) also depresss serum LH levels (Bruni et al.
1977; Meites et al. 1979), give strong support to the hypothesis
that opioid-containing neural elements are intimately involved in
the neuroendocrine control of reproductive endocrinology.

If, as suggested by the preceding studies, an endogenous opioid is
involved in regulating activity in the hypothalamic-pituitary-LH
axis, and in mediating the negative feedback control of this axis
exerted by testosterone, then it should follow that morphine and re-
lated narcotics should mimic the acute and chronic effects of tes-
tosterone on the hypothalamic-pituitary-LH axis. However, it would



be expected that this androgen-like activity should be confined to
the hypothalamus since narcotics do not apparently exert any impor-
tant effects on the pituitary (Cicero et al. 1977a; 1977b; Pang et
al. 1977), whereas testosterone has activity at both sites (Bogdanove
et al. 1975; Damassa et al. 1976). The present studies were carried
out to examine these possibilities.

METHODS

Testosterone-Like Effects of Morphine—Acute Studies

To determine whether morphine, 1like testosterone, acutely depressed
serum LH levels in the castrated male rat, Sprague-Dawley-derived
male rats were injected either with testosterone (500 ug/rat) or
morphine (5 mg/kg) 48 hours after castration. They were then killed
at intervals after drug administration and LH levels were determined
as described elsewhere (Niswender et al. 1969). On the basis of
these time-course studies, the interval at which peak depressions in
LH occurred (24 hours for testosterone and 30 minutes for morphine)
was used to construct dose-response curves for each test drug.

Testosterone-Like Effects of Morphine—Chronic Studies

To examine whether testosterone would reverse the long-term postcas-
trational changes in hypothalamic LH-RH content, LH concentrations
in the pituitary and serum LH levels, groups of rats were castrated
or shamoperated and immediately thereafter were injected, subcuta-
neously, with testosterone (500 pg/rat) or sesame seed oil; these
injections were continued for 14 days, and groups of rats were killed
at 3, 7, 10 and 14 days. Blood was collected from the decapitated
carcasses for determining serum LH levels (see above). In addition,
the anterior lobe of the pituitary and the brains were obtained.

The pituitaries were homogenized in phosphosaline (pH=7.4) and LH
levels were determined by radioimmunocassay (Niswender et al. 1969).
Hypothalami were dissected from the brains at -20°C and were homog-
enized in 2 ml 0.2N acetic:absolute ethanol (1:1, V/V). They were
then centrifuged, and LH-RH content was determined in dilutions of
the supernatant fluids by a double-antibody radioimmuoassay de-
scribed elsewhere (Nett et al. 1973).

To examine whether morphine, like testosterone, would reverse the
changes induced by castration, groups of rats were castrated or
sham-operated and were then implanted with morphine pellets, con-
taining 75 mg morphine base, or placebo pellets, containing lactose,
on a regimen described elsewhere (Cicero et al. 1977b). This pro-
cedure results in relatively constant serum and brain levels of nor-
phine for an extended period (Hipps et al. 1976). Rats were killed
3, 7 and 10 days later. Serum and pituitary LH levels and hypotha-
lamic-LH-RH content were determined as described above. A 10-day
treatment interval was used in these studies, as opposed to the 14-
day treatment interval in the case of the testosterone-replacement
experiments, to avoid the possible development of tolerance to mor-
phine which develops 13 to 17 days after treatment on this regimen
(Cicero et al. 1977Db).



RESULTS

Acute Testosterone-Like Effects of Morphine

Single injections of testosterone (500 pg/rat) in the 48-hour cas-
trated animal produced a time-dependent drop in serum LH with the
maximum level of depression occurring 24 hours after the injection.
Moreover, as shown in table 1, there was an excellent dose-response
relationship between the dose of testosterone injected and reductions
in serum LH 24 hours after its injection. Morphine (5 mg/kg) also
acutely depressed serum LH in the 48-hour castrate. LH levels were
significantly depressed within 10 minutes after the injection of the
narcotic, and the lowest level of depression (approximately 65 per-
cent with respect to controls) occurred 30 minutes after the injec-
tion. Thereafter, LH levels slowly returned to control values.

These time intervals correspond quite closely to peak brain and serum
morphine levels (Hipps et al. 1976). The dose-effect curve for mor-
phine-induced depressions in serum LH is also shown in table 1.

There was an excellent dose-response relationship with essentially
linear decreases in LH up to a dose of 4.0 mg/kg when LH levels were
reduced to approximately 1/3 of control levels. Higher doses of
morphine produced no further decrease in serum LH levels.

Table 1
The effects of testosterone and morphine on serum LH levels in the
castrated (48 hr) male rat. Values are means (*xSEM) of 8 animals
in each group. *p<.05 when compared to control.

Serum LH (ng/ml)

Dose (ug/rat) Testosterone Dose (mg/kg) Morphine
Control 765 (£85) Control 646 (£37)

40 680 (£72) 0.5 505 (+41)*

80 675 (+68) 1.0 475 (£18)*
160 619 (£80)* 2.5 346 (£21)*
320 425 (t46)* 4.0 250 (+26)*
640 155 (£26)* 5.0 218 (£ 7)*
1000 148 (£28)~* 10.0 220 (£11)~*

Testosterone and Morphine Reversal of Postcastrational changes in
LH and LH-RH in Serum, Pituitary and Hypothalamus

Following castration in the male rat, serum LH levels rise 10 to
20-fold within 24 hours and remain elevated at this level for ap-
proximately 5 days (Badger et al. 1978). Between days 5 to 10 a
doubling of LH levels occurs which then persists for weeks or months.
This "two-stage" effect of castration is also reflected in pituitary
LH and hypothalamic-LH-FH content. During stage 1 (days 1-5), there
is little change in pituitary LH or LH-RH in the hypothalamus. Dur-
ing stage 2 (>5 days) there is a substantial increase in pituitary
LH levels (2 to 3-fold) and a corresponding decrease (approximately
75 percent) in hypothalamic LH-RH. We found that daily injections
of testosterone reversed all of the changes occurring during stages



1 and 2 of castration (data not shown). The effects of morphine
and testosterone on the postcastrational changes in hypothalamic
LH-RH content are shown in table 2. As can be seen, morphine was
just as effective as testosterone in preventing the fall in hypo-
thalamic-LH-RH content which occurred during the second stage of
castration. Morphine also suppressed the postcastrational increase
in serum LH during stage 1 but was relatively ineffective in stage
2 (data not shown). Moreover, morphine did not reverse the increase
in pituitary LH observed during the second stage of castration (data
not shown). Thus, testosterone reversed all of the postcastrational
changes occurring in the hypothalamus, pituitary and blood whereas
morphine selectively reversed only those changes occurring in the
hypothalamus.

Table 2

The effects of testosterone and morphine on hypothalamic LH-RH lev-
els (ng/hypothalamus) in castrated or sham-operated male rats. Val-
ues are means (fSEM) of 8 to 10 animals in each group. *p<.05 when
compared to sham.

Days
3 7 10 14

Sham 1.90 1.98 2.10 2.05

(£.15) (£.22) (£.406) (£.25)
Castrate 1.86 1.05%* 0.76* 0.53*

(£.17) (£.11) (£.09) (£.08)
Castrate+Testosterone 2.05 2.52 2.16 2.42

(£.15) (£.20) (£.25) (£.31)
Castrate+Morphine 2.08 2.15 2.32 .

(£.26) (£.18) (£.56)

DISCUSSION

The results of previous studies have indicated that endogenous opi-
oid peptides participate in regulating activity in the hypothalamic-
pituitary-LH axis and participate in testosterone's negative feed-
back control of this axis (Blank et al. 1979; Bruni et al. 1977;
Cicero et al. 1979; 1980; Meites et al. 1979; Mendelson et al. 1970;
Mirin et al. 1976). More recent studies (Cicero et al. 1979; 1980)
have further indicated that an opioid-containing cell represents a
bridge between the effects of testosterone on the hypothalamus and
the ultimate inhibition of LH-RH containing cells. Whether this
opioid-containing system is the final link, impinging directly upon
LH-RH containing neurons, or is simply part of a complex neural
chain is at present unknown.

If the assumption outlined above is correct, then it would follow
that opioids should mimic the effects of testosterone in the castrat-
ed animal. Our results indicate that acute morphine administration
depresses serum LH in the short-term castrated male rat (48 hours)

to the same extent as testosterone. As a second prediction derived
from the hypothesis that opioid-containing cells serve as a neuronal
pathway mediating testosterone's effects, it would also be expected
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that morphine should reverse the long-term testosterone-dependent
postcastrational changes in the hypothalamic-pituitary-LH axis.
However, one would expect distinct differences between the two com-
pounds. Specifically, since morphine exerts only hypothalamic ef-
fects within the hypothalamic-pituitary-LH axis (Cicero 1977; Cicero
et al. 1977a; 1977b; Pang et al. 1977; Rotsztejn et al. 1978), and
testosterone exerts effects at both the hypothalamic and pituitary
level (Bogdanove et al. 1975; Damassa et al. 1976), it would be pre-
dieted that morphine should reverse only those postcastrational
changes in this axis which are in some way mediated by alterations
in activity at the level of the hypothalamus. In the present stud-
ies we found that morphine completely prevented the marked reduction
in hypothalamic-LH-RH occurring during stage 2 of castration. Hence,
it appears that morphine exerts rather potent androgen-like effects
on the hypothalamus. In contrast to these observations, however,
morphine was not capable of suppressing the postcastrational changes
in pituitary LH content and blocked increases in serum LH only dur-
ing the initial phases of castration. Indeed, during stage 2 of
castration morphine appeared to exacerbate the effects of castration
on both pituitary LH content and serum LH levels. These observa-
tions are thus consistent with the interpretation that narcotics
exert purely central effects on the hypothalamic-pituitary-LH axis,
whereas testosterone exerts effects at both the hypothalamus and
pituitary to reverse the changes occurring during stages 1 and 2 of
castration.

In summary, the present results further support the concept that
endogenous opioids play au important role in the regulation of the
hypothalamic-pituitary-LH axis and mediate testosterone's negative
feedback control of this axis. Moreover, our results suggest, in
agreement with predictions derived from this hypothesis, that mor-
phine exerts androgen-like effects in the hypothalamus.
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Opiate Inhibition of Sheep
Erythrocyte Binding to T
Lymphocytes: Reversal by
Naloxone and Cyclic Nucleotides

R. J. McDonough, J. J. Madden, H. S. Rosman, A. Falek,
N. K. Wenger, D. A. Shafer, P. J. Bokos, J. C. Kuehnle,
and J. H. Mendelson

The abuse of street opiates causes both pathological and cellular
changes, the etiologies of which are obscure. Spiera et al.
(1974) reported an increase in rheumatoid factor activity titre
in heroin addicts which disappeared after a year in methadone
treatment. This same group (Brown et al. 1974) also found
abnormalities in the humoral and cellular immune systems in
addicts which included hypergammaglobulinemia and an impaired
mitogenic response to phytohemagglutin, pokeweed mitogen and
concanavalin A. At the genetic level, Falek and Hollingsworth
(1980) found a significant increase in chromosome aberrations in
heroin addicts which returned to normal levels after a year in
methadone treatment. The etiology of this increase has been
inferred from the finding that leukocytes from heroin addicts
exhibit a severely reduced capacity to repair DNA damage (Madden
et al. 1979) . This reduction in DNA repair should predict for
the addict both an increase in carcinogenesis and in birth de-
fects. In fact, Sadeghi et al. (1978) have reported a 4-fold
increase in bladder cancer in opium addicts, and up to a 20-fold
increase in opium addicts who also smoked tobacco while Wapner
et al. (this volume) have described a fetal heroin syndrome in
children of addicts and former addicts. The cellular mechanisms
by which opiate abuse produces these alterations are at present
obscure.

Several recent investigators have hypothesized that many tissues
outside the neuronal system have opiate receptors which alter
the particular functions of those tissues. Wybran et al. (1979)
demonstrated an in vitro reduction in active T lymphocytes caused
by morphine, met-enkephalin, and dextromoramide but not by
levomoramide, and that this T cell reduction could be reversed
by naloxone. Lopker et al. (1980) reported naloxone-reversible
binding of dihydromorphine to phagocytic leukocytes, while



Hazum et al. (1979) showed that lymphocytes bind p—endorphin at
a site not inhibited by enkephalins or naloxone. We now report
that both chronic and acute opiate use produce cell-mediated
immunological changes in vivo including a persistent depression
in the percent of total T lymphocytes, and that these changes
can be reversed by (-)-naloxone or cyclic nucleotides in vitro.

METHODS

Peripheral venous blood was collected in heparinized tubes from
control subjects, street opiate addicts entering therapy pro-
grams, and coronary care unit patients receiving intravenous
narcotics for relief of chest pain. Each subject completed an
informed consent document and a medical history form. Lympho-
cytes were collected over Ficoll-Paque, washed twice, diluted
into GIBCO RPMI 1640 - 50% Fetal Calf Serum and counted. Total
T lymphocyte frequencies were determined by the sheep erythrocyte
rosette technique using overnight incubation at 4°C (Palmer et

al., 1978). B lymphocytes were enumerated by binding of Bio-rad
fluorescein-labeled rabbit antibody specific for human IgA, IgG,
and IgM (Palmer et al., 1978). Null lymphocytes were described

as those lymphocytes which were neither T nor B; and, therefore,
% Null = 100 - (ST + %B).

RESULTS

Among 44 street addicts and 28 control subjects from the Atlanta
and Chicago areas, white blood cell counts and % B lymphocytes
did not vary between any of the groups tested (WBC: addict - 7320,
control - 7360; %B cell: addict - 16.3%, control - 17.7%). The
percentage of T lymphocytes, however, was significantly lower in

the addicts than in the controls; 26% vs 69%, respectively (see

Figure 1). Conversely, the addicts had increased Null lympho-
cytes relative to the controls; 57% vs 13%, respectively. Thus,

opiate addicts have decreased ability to form rosettes from
sheep cell erythrocytes, thereby reducing T cell counts and in-
creasing Null cell counts. We hypothesize that the opiate blocks
the sheep erythrocyte binding site on the T lymphocytes.

The suppression of T cell characteristics by long-term opiate
use persists for a significant period of time during detoxifica-
tion. In a program at McLean Hospital, two addicts were studied
longitudinally for 40 days through a protocol of drug-free
detoxification, heroin administration, and a final detoxification
which included administration of naltrexone. After an initial
20 days of drug-free detoxification, these patients demonstrated
a significant depression of % T lymphocytes, no effect on % B
lymphocytes, and a significant increase in null cells (Figure 2).
Five other addicts (X), also tested at 21 days, showed the same
pattern of T cell depression. Administration of 7-14mg heroin,

3 times daily for one week, caused an additional T cell reduction
which continued even after withdrawal from the opiate. Thus,

the T lymphocyte depression was a persistent effect which could
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be measured beyond the time when the drug itself could be detect-
ed in the addict.

The T lymphocyte depression can also be found in patients receiv-
ing an acute dose of opiate prescribed for the relief of pain.

A patient, given 10mg morphine followed by 25mg demerol 24 hr
later, showed a typical pattern of T cell depression within 24
hr of the first opiate dose (Figure 3). The depression persisted
for about a week, before the % T cells returned to normal levels.
These data, and samples from a number of other subjects, suggest
that sheep erythrocyte binding suppression is not rapid as would
be expected 1f simple opiate-receptor interactions directly
caused the effect. Rather, the suppression required a number of
hours for maximal effect, suggesting a more indirect mechanism
possibly involving membrane rearrangement as, for example, is the
case 1in phytohemagglutin stimulation of lymphocyte cell division
(Kiefer et al. 1980). In fact, Sharma et al. (1977) have re-
ported similar long-term phenomena in opiate stimulation of
neuroblastoma in which more than 12 hrs are required before in-
creased adenylate cyclase 1is realized. Thus, T cell depression
can be produced by an acute dose of opiate, but only after a
delay of 12 hrs.

The depression of T lymphocyte % caused by either acute or chronic
use of opiates can be reversed in vitro by (-)-naloxone, an opiate
antagonist, and by cyclic nucleotides (Figure 4). Lymphocytes
from patients who received either a single dose in vivo of
morphine or demerol were incubated in vitro for 1 hr at 25°C with
either 10°°M naloxone, 107'M adenosine-3':5'-cyclic phosphate
(CAMP) , 107'M dibutyryl cAMP (dBcAMP) or buffer alone. Treatment
with these compounds reversed the opiate-induced T cell depres-
sion (Figure 4), by converting null cells to T cells.

SUMMARY

Acute or chronic use of opiates causes a decrease in T lymphocyte
percent as measured by the sheep erythrocyte rosette assay. The
effect in chronic addicts persists for at least three weeks after
cessation of use, while in acute users the effect reverses more
rapidly. Both naloxone and cyclic adenylate nucleotides can
reverse the T cell depression supporting the hypothesis that T
lymphocytes have membrane opiate receptors analogous to those on
neuronal cells. It is tempting to speculate that the T lymphocyte
depression caused by opiate use indicates an impairment in lympho-
cyte function and immune competence which would explain many
reported physiological deficiencies found in addicts. The cyclic
nucleotide results, for example, suggest that opiates interfere
with the regulation of cyclic nucleotides in the lymphocytes, as
they do in neuronal tissue. Many authors (Parker, 1979) have
described the activation of lymphocyte functions by cyclic
nucleotides so that impairment at this level should have major
consequences for lymphocyte function. Until specific experiments
to quantitate cyclic nucleotide levels and immune competence have
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% T lymphocytes was determined either directly (—®—) or after

cell depression caused by a single dose of morphine or demerol.

Two patients were studied pre-injection and 18-20 hr post-
morphine, or demerol, injection. The T cell % was determined
with and without a 1-hr incubation at 24°C with either 10 °M
naloxone, or 10 °M cAMP or dBcAMP. The pre-injection samples
were unaffected by incubation with naloxone or cyclic nucleo-
tides (not shown).



been completed, however, it is not known whether the blocking of
sheep erythrocyte binding sites by the opiates affects lymphocyte
function. Li et al. (1980) have separated P-endorphin binding
activity from analgesic potency in neuronal tissue and it is not
clear which lymphocytic activities, if any, correlate with either
opiate binding and/or loss of E rosette formation. The fact that
both chronic and acute opiate paradigms produce comparable T cell
depressions makes the answer a marked necessity considering the
widespread medicinal use of opiates.
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Intravenous Clonidine Self-
Administration by Rhesus
Monkeys

W. L. Woolverton, W. D. Wessinger, R. L. Balster,
and L. S. Harris

Clonidine has recently been reported to provide dramatic relief
of withdrawal signs and symptoms in human opiate addicts (Gold
et al., 1978, 1980.) Aceto et al. (1979) found that clonidine
partially substituted for morphine in morphine-dependent monkeys.
With these findings in mind, and considering the possibility of
increasing availability of clonidine to the drug abuse popula-
tion, we have evaluated the ability of clonidine to support
intravenous self-administration in rhesus monkeys. Under condi-
tions of limited or unlimited access, clonidine maintained self-
administration above saline levels in both drug-experienced and
drug-naive animals. In addition, continuous unlimited access to
clonidine led to high levels of intake as well as the appearance
of abstinence symptoms shortly after abrupt withdrawal of the
drug. These symptoms were reversible by clonidine administration
and were not precipitated by naloxone.

METHODS

The subjects were 6 male rhesus monkeys. Each monkey was housed
in an individual self-administration cubicle and fitted with a
stainless steel tubular harness and connecting arm. Under
pentobarbital anesthesia the animals were prepared with venous
catheters. The catheter exited through the skin on the back and
connected through the harness and arm to an infusion pump.

Four monkeys were allowed to self-administer cocaine (30ug/kg/
injection) each day for a 2 h experimental session. Ten re-
sponses on a lever were required for a 10 sec injection. When
daily cocaine self-administration was stable, saline or one of
several doses of clonidine (0.3-100pg/kg/injection) was substi-
tuted for cocaine for 6 consecutive sessions. Rates of self-
administration for the last 3 sessions of clonidine availability
were compared to responding during the corresponding sessions of
access to saline. The effects of several doses of clonidine
were replicated in two monkeys.



Two monkeys have been tested to date under conditions of unlimit-
ed access. Monkey #3018 was drug naive while #3147 had been
used in other self-administration experiments. Experimental
sessions were 23 h long. Beginning at 3:00 p.m. each day, two
red lights were illuminated over each of two levers. Each

left lever press resulted in a 1 ml injection of the drug or
saline vehicle solution. During injections the left lever
lights changed from red to white. Responses on the right lever
produced the same stimulus change over the right lever but no
injection resulted. At 2:00 p.m. the subsequent day the session
was terminated, the data recorded, the equipment checked, the
cages cleaned, and the total food intake over the preceding 23-

hour period determined. After an initial 7 days of access to
saline, several unit doses of clonidine were tested for access
periods that ranged from 10-30 days. During periods of access

to saline that also followed clonidine availability, animals
were observed every 4 h and rated using a withdrawal symptoms

checklist. In addition, one hour prior to the end of session 86,
naloxone (0.1 mg/kg) was administered i.v. to both animals and
the effects were recorded. At the same time point during

sessions 132, 133 and 134, saline or a naloxone challenge dose
of 0.1 or 0.3 mg/kg was administered i.v. in a random fashion
and with observer blind to treatment.

RESULTS

The data for limited access are summarized in table 1. Under
baseline conditions cocaine maintained stable responding above
the range of saline values in all animals. There was, however,
considerable variability between subjects in cocaine intake

per session, with mean values ranging between 56 and 114 injec-
tions per session. Responding for cocaine was relatively evenly
distributed over the session with slightly greater than 50% of
the injections taken in the first half of the session. In con-
trast, when saline was substituted for cocaine, low rates of
responding (<10 injections/session)were usually observed by
sessions 4-6. In addition, responding for saline occurred prin-
cipally in the first part of the session with more than 75% of
the total injections taken in the first half of the session.

TABLE 1
Intravenous Clonidine Self-Administration in Rhesus
Monkeys Under Conditions of Limited Access

Clonidine Injections Per Total Intake No. Self-
Dose Session (ng/kg/ session) Administered/
(ng/kg/inj) Mean Range Mean Range No. Tested*
Saline 6.3 0-23 - -- -
0.1 19.3 14-29 1.9 1.4-2.9 1/1
0.3 15.2 3-40 4.6 0.9-12 1/3
1.0 12.1 1-32 12.1 1.0-32 3/5
3.0 11.9 1-38 35.6 3-114 3/5
10 18.1 3-77 181.0 30-770 3/6
30 7.0 0-28 210.0 0-840 1/4
100 19.5 9-34 1950.0 900-3400 1/2
*Number of tests where clonidine range did not overlap with
saline range. Where number tested >4: 1 or 2 animals were

tested twice.



When clonidine was substituted for cocaine, responding above the
range of saline levels was observed at least at one dose in all
animals. Dose-response curves were somewhat flattened, usually
with less than 30 injections/session taken at any dose at
any time, and typically of the inverted "U" shape usually de-
scribed for drugs that are positive reinforcers. Response rate
maxima occurred at different unit doses in different animals
(0.3-10 ug/kg/injection). Total intake of clonidine ranged
to 3.4 mg/kg/session. The pattern of responding for inter-
mediate doses of clonidine, though often evenly distributed over
the session, was characterized by short bursts of responding
followed by long pauses rather than the evenly spaced responding
that was typical of cocaine self-administration. During periods
of high clonidine intake, ptosis and sedation were observed in
all animals.
TABLE 2
Intravenous Clonidine Self-Administration in Rhesus Monkeys
Under Conditions of Unlimited Access in
Different Phases of the Study

Injections Per Total Intake Incorrect Responses
Monkey Session (ng/kg/day) Per Session

Mean Range Mean Mean Range
Sessions 1-7 Saline 1.0 ml/inj
3018 21 5-40 -- 14 0-21
3147 125 89-182 - 18 4-22
Sessions 8-37 Clonidine 1.0 pg/kg/inj
3018 23 5-73 23 18 3-87
3147 205 66-407 205 15 1-50
Sessions 38-76 Clonidine 5.0 ug/kg/inj
3018 80 0-180 400 15 0-55
3147 180 42-411 900 3 0-19
Sessions 68-76* Saline 1.0 ml/inj
3018 88(33) 8-527(98) -- 8 0-43
3147 53(45) 20-125(73) -- 1 0-5
Sessions 77-86 Clonidine 5.0 pg/kg/inj
3018 181 84-324 905 1 2-16
3147 221 90-421 1105 4 0-21
Sessions 87-97* Saline 1.0 ml/inj
3018 62(40) 19-289(68) == 5 0-22
3147 101 (83) 18-277(197) -- 1 0-5
Sessions 98-107 Clonidine 5.0 pg/kg/inj
3018 248 166-302 1240 6 1-16
3147 447 204-763 2235 11 1-38
Session 108-117 Clonidine 1.0 pg/kg/inj
3018 352 306-411 352 6 1-14
3147 388 157-550 388 2 0-6
Sessions 118-137 Clonidine 10 pg/kg/inj
3018 223 157-339 2230 5 1-27
3147 358 14-877 3580 2 0-11
Sessions 138-147* Saline 1.0 ml/kg
3018 73(55) 33-232(70) -- 2 0-13
3147 79 (48) 7-356(116) - 1 0-5

*Data in parenthesis excludes extinction burst occurring on the
first day of clonidine withdrawal.



Table 2 summarizes the results of unlimited access to clonidine
for both subjects. The data are divided into periods of access
to saline and 10-day segments of access to clonidine at various
doses. During the first seven sessions of access to saline, the
drug-experienced animal (#3147) took 125 injections/session
while the drug-naive animal (#3018) averaged about 20 saline
injections/session. During the initial 10 days of access to

1.0 pg/kg/injection clonidine, #3147 increased his rate of self-
administration to 200 injections/session and maintained roughly
this level of intake throughout this period. The second animal
continued to take injections of this dose with the same fre-
quency as he had saline. Total intake ranged between 30-240
ng/kg/session during this period. When the unit dose of clon-
idine was increased to 5 pg/kg/injection, both animals self-
administered the drug at levels that were higher than saline.
Monkey #3147 maintained his roughly 200 injection/session rate,
thus increasing total intake five-fold to 800-1000 pg/kg/session.
Monkey #3018 gradually increased clonidine intake over this
period, often achieving daily intakes greater than 500 ug/kg.
For both animals, as rates of responding for clonidine increased,
the distribution of responding changed from responding primarily
during the day to an even distribution throughout the session.

After a period (session 68-76) of access to saline during which
responding declined to low levels, clonidine was again tested at

several doses. Response rates were generally inversely related
to unit dose. Animals usually averaged 350-400 injections/session
at 1.0 pg/kg/injection. However, rates did not decrease in

proportion to the increase in unit dose and overall intake
increased dramatically at higher doses, often exceeding 2.0
mg/kg/day. After each period of access to saline, animals
promptly resumed clonidine self-administration at or above pre-
vious levels within one session.

For both monkeys, initial high levels of clonidine intake pro-
duced ptosis and general slowing of reactions. Tolerance ap-
peared to develop to this effect within 3-5 days. Food intake
was unaffected by clonidine self-administration and the animals
maintained good health.

When saline was substituted for clonidine (3 times during the

experiment) a number of effects were apparent. During the first
session of saline access, animals typically exhibited high rates
of responding for saline (extinction burst). Saline access was

continued for 9 additional days, and both animals responded at
low levels during the last 8 sessions of each saline access
period. Furthermore, several symptoms of withdrawal were clear-
ly evident by four hours after drug termination and included
restlessness, vyawning, bruxism, facial flushing and wet dog
shakes. Withdrawal symptoms that were prominent are summarized
in table 3. Symptoms were most severe 8-12 hours after clonidine
access was terminated and included marked facial flushing,
excessive scratching, lying on side, refusal of preferred food,



vomiting and masturbation. Normal food intake was often reduced
to less than 50% of control levels, particularly during the second
and third withdrawal periods. Symptoms gradually became less
severe with recovery to normal appearance by 72-96 hours.

TABLE 3

Incidence of Clonidine Withdrawal Symptoms

Sessions Sessions Sessions

Symptom 68-69 87-88 138-139
Monkey 3147 3018 3147 3018 3147 3180

Facial Flushing X X X X X X
Scratching X X X X X
Lying on Side X X X X X X
Masturbation X X X X X X
Piloerection - X X X X X
Extinction Burst - X X X X X
Salivation - X X X X X
Refused Preferred Food X - X X X X
Yawning X - X X X -
Wet Dog Shakes X X - X - X
Vomitus X X - - - X

During the second withdrawal period (session 87) clonidine (50
ng/kg) was administered intravenously and reversed the symptoms
noted above. When naloxone (0.1 mg/kg, i.v.) was administered
(session 86), no prominent symptoms were observed in #3147,
though #3018 exhibited a severe reaction about 20 minutes after
naloxone infusion characterized by symptoms observed at the
height of the previous abrupt withdrawal. These symptoms were
reversed by infusion of 50 pg/kg clonidine. However, these
effects could not subsequently be replicated in either animal
when saline, 0.1 and 0.3 mg/kg naloxone were administered on
sessions 132, 133 and 134.

DISCUSSION

Based on the results from these two experiments, a few general
statements can be made regarding intravenous clonidine self-
administration in rhesus monkeys. Under conditions of limited
or unlimited access clonidine was self-administered above saline
levels and, at some unit dose, animals averaged 10-15 injections
per hour. Generally, total intake was in the 0.1-1.0 mg/kg range
though under unlimited access animals sometimes exceeded 5.0 mg/
kg/day, In both situations, responding tended to occur in
periodic bursts, followed by long pauses. Dose-reponses curves
for clonidine were conspicuous in their "flatness." Under
limited access, typical inverted "U" shaped functions were
evident though response rates were not exceptionally high. At
doses above those maintaining maximum rates, rates were gen-
erally inversely related to dose, although at higher unit doses



responding was not always suppressed. Similarly, with unlimited
access there was generally an inverse relationship between dose
and response rate, though there were clear exceptions to this
rule. Self-administration was somewhat variable in both proce-
dures, with wide ranges of intake and the effects of individual
doses were not always replicable.

Generally, responding was more reliably above saline levels
under conditions of unlimited access. A number of variables may
contribute to this difference. Under conditions of unlimited
access the development of tolerance and physical dependence may
play a role in maintaining more reliable self-administration.
Further, the relatively long duration of action of clonidine may
contribute to the low rates under limited access. In addition,
the low response cost under unlimited access (1 response/injection
rather than 10 responses/injection) may be a contributing behav-
ioral factor. Clonidine self-administration has been reported
in rats as well (Shearman et al. 1977).

Under conditions of unlimited access physical dependence to
clonidine was evidenced by characteristic symptoms of ab-
stinence that were reversible by clonidine administration.

These findings are consistent with those of Meyer et al. (1977)
in rats with a daily clonidine dose of 250-350 ng/kg/day, though
recovery in rats was somewhat more protracted than in the monkey.
A number of the symptoms of clonidine withdrawal were similar to
morphine withdrawal (diarrhea, 1lying on abdomen, ejaculation,

bruxism) . However, the dependence is evidently not of the
morphine type since it could not be precipitated reliably by
naloxone administration. This finding is in agreement with

results of others that naloxone fails to reverse the acute
effects of clonidine (Aghajanian, 1978; Fielding et al., 1978).
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Comparison of Discriminative
and Reinforcing Effects of
Ketamine and Related
Compounds in the Rhesus
Monkey

A. M. Young, S. Herling, G. D. Winger, and J. H. Woods

One prominent behavioral characteristic of the dissociative
anesthetics ketamine and phencyclidine is the ability to serve as
discriminative stimuli. Phencyclidine shares discriminative
properties with several of its structural analogues in rodents
(Shannon, 1979) and with ketamine in pigeons (Herling et al.,
1980). Moreover, a variety of narcotic mixed agonist-antagonists,
such as cyclazocine and SKF 10,047, and dextrorphan, the
dextroisomer of the narcotic levorphanol, share discriminative
effects with phencyclidine and ketamine in these species
(Herling et al., 1980; Holtzman, 1980). The phencyclidine
discriminative stimulus is distinct from that of narcotic
agonists, barbiturates, hallucinogens, and amphetamine in the rat
(Shannon, 1979).

A second behavioral characteristic of ketamine and phencyclidine
is the ability to function as a positive reinforcer (Balster et
al., 1973; Pickens et al., 1973; McCarthy and Harrigan, 1976;
Moreton et al., 1977) . However, several drugs that share
discriminative effects with phencyclidine in the rodent and
pigeon, such as SKF 10,047, cyclazocine, and dextrorphan, do not
serve as intravenous reinforcers for monkeys experienced with
codeine (Hoffmeister, 1979; Woods, 1977; Woods et al., 1979). In
order to characterize further the effects of ketamine and other
compounds in the rhesus monkey, we directly compared the
discriminative and reinforcing stimulus functions of ketamine with
those of a variety of other drugs.

METHODS

Subjects. Rhesus monkeys in the self-injection study were
given 75 gm of Purina Monkey chow 45 min prior to each exper-
imental session; monkeys in the discrimination study were reduced
to approximately 85 percent of their free-feeding weights and
provided sufficient Purina Monkey Chow after each session to

maintain their reduced weights. Fresh fruit was provided several
times per week; isoniazid (40 mg/day) on sugar cubes was provided
daily. Water was freely available in individual home cages.
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Drug Discrimination Studies. Monkeys were trained to

discriminate the subcutaneous injection of ketamine (1.0 - 1.8
mg/kg) wunder a procedure that has been described in detail
elsewhere (Bertalmio et al., in press). Each monkey was trained

to emit 100 consecutive lever press responses (fixed ratio 100; FR
100) on one of two levers in an experimental cubicle after an
injection of ketamine and the same number of consecutive responses
on the other lever after a sham injection. Completion of each FR
100 was followed by delivery of 3 gm of food. Daily sessions
consisted of two to six discrete FR 100 trials, each separated by
10 min. The appropriate lever for a given trial was determined by
the injection (ketamine or sham) that the animal received 10 min
prior to the start of the trial. An injection of ketamine was
given only once during each experimental session. During the two
trials which followed the ketamine injection, responding on the
ketamine-appropriate lever was reinforced. The two ketamine trials
were preceded by from 0 to 4 sham injection trials.

After ketamine acquired discriminative control of responding,
various drugs were tested for generalization to the ketamine

stimulus. During generalization tests, monkeys received an
increasing cumulative dose of the test drug 10 min prior to the
start of each successive trial during the session. During each

trial, 100 consecutive responses on either the ketamine-
appropriate or the sham-appropriate lever resulted 1in food
delivery. In general, testing continued until the monkey made 90
percent of its responses during a given trial on the
ketamine-appropriate lever or until the rate of responding was
markedly suppressed.

Intravenous Drug Self-injection Studies. Monkeys were
conditioned to self-inject either codeine or ketamine, and the
ability of test drugs to maintain self-injection behavior was
evaluated under a substitution procedure (Woods, 1980). Monkeys
were prepared with an indwelling siliconized rubber catheter
implanted in a jugular, femoral, or brachial vein. To protect the
catheter, each monkey wore a stainless steel harness (Deneau
et al., 1969) connected to a jointed arm mounted to the back of
the experimental cubicle. The catheter passed through the arm to
an infusion pump. Monkeys lever pressed for intravenous drug
injection during twice daily experimental sessions. During each
session, lever pressing was maintained under a fixed-ratio 30
timeout 600 sec schedule of intravenous injection of either
codeine (0.32 mg/kg /injection) or ketamine (1.0 mg/kg/injection)
Each session terminated after 13 infusions or 130 min, whichever
occurred first. During selected sessions, the maintenance dose of
codeine or ketamine was replaced with saline or selected doses of
test drugs. Two observations of each dose of each test drug were
made in each of three monkeys.

Drugs. Codeine phosphate (S.B. Penick and Co., Lyndhurst, NJ),
ketamine hydrochloride (Parke Davis and Co., Detroit, MI),
phencyclidine hydrochloride (Dr. R. E. Willette, NIDA),
dextrorphan tartrate and levorphanol tartrate (Hoffman-La Roche,
Inc., Nutley, NJ), and SKF 10,047 hydrochloride (N-allyl-



normetazocine; Dr. A. Jacobson, NIH) were dissolved in 0.9%
sterile saline. Dexoxadrol hydrochloride and levoxadrol hydro-
chloride (The Upjohn Company, Kalamazoo, MI) were dissolved in
sterile water. Ethylketazocine methane sulfonate and cyclazocine
base (Dr. W. Michne, Sterling-Winthrop Research Institute,
Rensselaer, NY) were dissolved in sterile water to which a small
amount of lactic acid was added. If needed, sodium hydroxide was
used to adjust the pH of the solutions to between 3 and 4.

RESULTS

Drug Discrimination Studies. Ketamine acquired discriminative
control over the monkeys' food-maintained lever pressing within 30
to 45 sessions. Ketamine doses of 0.56 to 3.2 mg/kg occasioned

responding primarily on the ketamine-appropriate lever; lower
doses occasioned responding on the sham-appropriate lever (Table
1). Phencyclidine, at doses of 0.1 to 0.32 mg/kg, also occasioned
ketamine-appropriate responding; lower phencyclidine doses
produced only sham-appropriate responding. Dextrorphan and
dexoxadrol also produced dose-related responding on the
ketamine-appropriate 1lever. Their levoisomers, levorphanol and
levoxadrol, however, did not produce ketamine-appropriate
responses at any dose tested, up to and including doses that
decreased response rates. SKF 10,047 occasioned ketamine-
appropriate responding at doses of 0.32 to 1.8 mg/kg. In contrast,
cyclazocine, ethylketazocine, and codeine did not produce
ketamine-appropriate responding at any dose tested, up to and
including doses that severely suppressed response rates and
precluded the delivery of food pellets.

Self-Self-injection Studies. Self-injection of the test compounds

depended on the compound, its injection dose, and the baseline
drug that maintained responding (Table 2). Codeine, 0.32 mg/kg/

injection, and ketamine, 1.0 mg/kg/injection, maintained FR
component response rates which ranged in individual monkeys from
0.9 to 2.7 and from 1.2 to 4.4 responses/sec, respectively. The
monkeys usually received all 13 available infusions during
maintenance drug sessions. Replacement of the maintenance
drugs with saline for single sessions decreased response rates
to 0.02 - 0.2 responses/sec and the number of injections to
3 - 8.

Ketamine and codeine maintained responding in all monkeys,

independent of the maintenance drug (Table 2). The same doses of
ketamine and codeine maintained maximal response rates for monkeys
self-injecting either maintenance drug. On the other hand,

phencyclidine, dextrorphan, and dexoxadrol maintained responses
leading to their intravenous injection in monkeys experienced in
self-injecting ketamine, but not in monkeys experienced in
injecting codeine. When substituted for ketamine, injections of
0.03 mg/kg phencyclidine, 1.0 mg/kg dextrorphan, and 0.32 mg/kg
dexoxadrol maintained responding leading to 12 or 13 injections
per session, with response rates averaging 52, 50, and 58 percent
of control rates, respectively. Higher and lower doses of each
drug maintained response rates and infusion frequencies little



TABLE 1

Response generalization to test compounds by rhesus monkeys
trained to discriminate ketamine from saline®

RESPONSES TO KETAMINE LEVER:

DRUG DOSE RANGE LOWEST DOSE NECESSARY MAXIMUM %
Ketamine 0.10-3.2 0.56 100
Phencyclidine 0.01-0.32 0.10 93 - 100
SKF 10,047 0.03-1.8 0.32 99 - 100
Dextrorphan 0.32-5.6 3.2 84 - 100
Levorphanol 0.01-0.32 - 1
Dexoxadrol 0.10-3.2 1.0 98 - 100
Levoxadrol 0.32-17.8 —— 1
Codeine 0.10-1.0 —— 1
Ethyl- 0.0003-0.018 — 2
ketazocine
Cyclazocine 0.003-0.1 — 3

‘Data represent values for one test in each of two monkeys.
bCompounds did not occasion ketamine-appropriate responses at
any dose.

higher than those maintained by saline. The highest phencyclidine
and dextrorphan doses produced ataxia and salivation in all
subjects. When phencyclidine, dextrorphan, or dexoxadrol were
substituted for codeine, however, no injection dose maintained
response rates or injection frequencies higher than those
maintained by saline.

SKF 10,047 did not maintain responding by either ketamine- or

codeine-experienced monkeys. Cyclazocine did not maintain
responding by codeine-experienced monkeys. In ketamine-experienced
monkeys, 0.001 mg/kg cyclazocine injections maintained rates

averaging 10% of those maintained by ketamine. Lower and higher
cyclazocine doses maintained rates no higher than those maintained
by saline. At the highest SKP 10,047 and cyclazocine injection
doses (0.32 and 0.032 mg/kg, respectively) Dboth ketamine- and
codeine-experienced monkeys took only one to three injections and
did not approach the lever during the remainder of the 130 min
experimental session.

DISCUSSION

The dissociative anesthetic ketamine shared interoceptive effects
with an interesting variety of compounds, including phencyclidine,



TABLE 2

Maximum response rates and injections,
control, maintained by test drugs in individual monkeys
experienced in self-injecting codeine or ketamine®

expressed as a percent of

TEST DRUG INJECTION MAINTENANCE DRUG
(range of DOSE CODEINE KETAMINE
injection (mg/kg)
doses, Response Injections Response Injections
mg/kqg) rate rate
Codeine 0.32 22" 96°
(0.032-1.0) 52 100
87 100
Ketamine 1.00 46 92
(0.01-3.2) 114 100
117 100
Phencyclidine 0.03 1 27 23 96
(0.01-0.10) 5 50 717 100
12 65 79 100
Dextrorphan 1.00 2 15 35 100
(0.01-3.2) 2 46 41 96
20 88 42 96
Dexoxadrol 0.32 2 54 42 100
(0.032-1.0) 3 42 52 100
8 71 73 100
Cyclazocine 0.001 1 19 2 58
(0.0001-0.032) 1 38 13 88
2 35 13 92
SKF 10,047 -—=t 1 35 1 27
(0.01-0.32) 2 31 1 38
3 54 3 35
Saline® 5 50 3 57
(2.2-9.6) (37-62) (2.1-6.3) (43-67)

“Control rates and injections maintained by maintenance drugs
are given in text.

"Entries are data for individual monkeys.

‘No injection dose of SKF 10,047 maintained rates or injection
frequencies higher than those maintained by saline.
for 0.1 mg/kg/injection.

‘Mean and range of average data for all monkeys studied are

shown.

339-844 0 - 81 - 13
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dextrorphan, dexoxadrol, and SKF 10,047. In turn, phencyclidine,.
dextrorphan and dexoxadrol were self-administered by monkeys with
recent experience self-administering ketamine. SKF 10,047,
however, was not self-administered by ketamine-experienced
monkeys.

The similarity of the discriminative effects of ketamine with
those of phencyclidine, dextrorphan, and SKF 10,047 in the monkey
agrees with results reported for pigeons and rodents (Herling et
al., 1980; Holtzman, 1980). The results with cyclazocine in the
monkey, however, differ from those reported for other species:
Cyclazocine did not produce ketamine-appropriate responding in

the monkey, but produces phencyclidine- or ketamine-appropriate
responding in rats and pigeons (Holtzman, 1980; Herling et al.,
1980) . The lack of ketamine-appropriate responding produced by
codeine, levorphanol, levoxadrol, and ethylketazocine agrees
with data in the pigeon (Herling et al., 1980, unpublished
observations) .

Ketamine and codeine served as intravenous reinforcers in all
monkeys, and cyclazocine and SKF 10,047 in none. Phencyclidine,
dextrorphan, and dexoxadrol, however, served as reinforcers in
monkeys experienced with ketamine, but not in monkeys experienced
with codeine. The similarity of the interoceptive effects of
ketamine to those of phencyclidine, dextrorphan, and dexoxadrol in
the monkey may be responsible for the latter three compounds'
capacity to serve as reinforcers in ketamine-experienced monkeys.
It remains to be determined whether recent exposure to ketamine or
longer exposure to phencyclidine, dextrorphan, or dexoxadrol will
increase the reinforcing efficacy of these compounds in codeine-
experienced monkeys. The failure of SKF 10,047 to serve as a
reinforcer in monkeys experienced in self-injecting ketamine, with
which it also shares discriminative effects, emphasizes, however,
that the classification of compounds with respect to their
discriminative similarity to ketamine may not unequivocally
predict their ability to exert other actions characteristic of
ketamine, i.e., to serve as intravenous reinforcers.
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A Pharmacologic Comparison
Between Phencyclidine, Its
Precursor, Metabolites, and a
Quaternary Derivative in the Dog

D. B. Vaupel and E. J. Cone

INTRODUCTION

Studies in the chronic spinal dog have demonstrated that the
effects of single doses of phercyclidine are remarkably similar
to those reported in man, indicating that the dog offers promise
as a valid model to study phencyclioine-type compounds (Jasinski
et al., 1979; Jasinski et al., in press). Further, by compiling
both the physiologic and behavioral effects of drugs to form
pharmacologic profiles in the dog, phencyclidine was clearly
distinguishable from other types of hallucinogens (i.e., LSD,
A“ -tetrahydrocannabinol ard d-amphetamine) except for the hal-
lucinogenic opioid N-allylnormetazocine (SKF 10,047). The pres-
ent investigations evaluated the basic pharmacologic actions of
four compounds structurally related to phercyclidine: 1) 1-(1-
phenylcyclohexyl)piperidine methiodide (PCPMeI), 2) 1-(l-phenyl-
cyclohexyl)-4-hyoroxypiperidins (PCHP) , 3) 4-phenyl-4-piperi-
dinocyclohexanol (PPC), and 4) l-piperidinocyclohexanecarbon
itrile (PCC).

The quaternary analogue of phencyclidine, PCPMelI, was used as a
pharmacologic tool to separate the peripheral and central
actions of phercyclidine, based on a theoretical difficult entry
for PCPMeI into the CNS. Previous metabolic studies in the dog
have demonstrated that phercyclidine is hydroxylated in one of
two positions resulting in the production of PCHP and PPC with
the latter predominating (Core et al., 1980). Aside from the
convulsant properties of the metabolites (Domino, 1978); their
pharmacology has not been studied systematically. Consequently,
the actions of the metabolites were compared to those of phency-
clidine and potency estimates were made when possible. PCC is
the synthetic ©precursor of phencyclidine, and two reports
(Jasinski et al., 1979) of its effects were presented to the
CPDD last year. In brief, rotarod studies using ataxia in the
mouse were unable to differentiate phencyclidine and PCC, except
on the basis of potency, whereas they were readily differenti-
ated wusing the rat discriminative stimulus paradigm. As a
result we sought to characterize the pharmacological actions of
PCC in the dog in an attempt to differentiate it from phercycli-
dine and thereby further validate the dog as an animal model for
the study of phercyclidine.



METHODS

Previous publications (Martin et al., 1978; Vaupel et al., 1977)
have described the methods in detail using the chronic spinal
dog. In the present studies five female chronic spiral dogs
were used in a crossover experiment. Drug and vehicle treat-
ments were incompletely randomized. The hindlimb flexor reflex
was elicited by a pneumatic toe pincher which randomly adminis-
tered either a low (4.5 psi), medium (9 psi) or high (18 psi)
pressure stimulus. Other parameters treasured included respira-
tion, heart rate (measured from an EKG), pupil size, nictitating
membrane width, the skin twitch reflex, temperature, and general
behavioral activity. Nonparametric measures included vocaliza-
tions, stereotypic head and eye movements, attentiveness to
external stimuli, and the presence of both the medial and lateral
canthus reflexes.

Each 100-min experiment was divided into a 30-min control
period, a 40-min i.v. infusion (of drug or vehicle control) into
the cephalic vein, and a 30-min postinfusion period. With the
exception of the flexor reflex, which was evoked at 1 min
intervals, and temperature, which was taken rectally at the
beginning and end of each experiment, measurements were made at
10-min intervals throughout the experiment. Time-action curves
were plotted for each parameter and areas (30-100 min) under the
curves were calculated for statistical comparison using paired

t-tests. A chi square analysis was used to test nonparametric
measures. Results were considered to be significant at the p <
.05 level or higher. Cumulative dose-response curves were pro-

duced by taking that portion of a time-action curve generated
during the infusion and using the four cumulative doses coin-
ciding with the 10, 20, 30, and 40 min times of the infusion with
the corresponding response.

Selection of the 0.5 mg/kg test dose of phercyclidine was based
upon a previous study. The limited quantity of PCPMeI necessi-
tated the use of only a 0.69 mg/kg dose which was equimolar to
phencyclidine. Numerous preliminary experiments were used to
select nonconvulsant doses of PCHP (4 mg/kg), PPC (10 mg/kg), and
PCC (6 mg/kg). The following vehicles were used: 1) saline for
phenyclidine HCl1 and PCPMeI, 2) double distilled water adjusted
to pH 4 for the free base form of PCC, and 3) a 3:2 ratio of
8.5% lactic acid in in NaOH for the free base forms of PCHP and
PPC. Vehicle control experiments were run for saline and the
lactic acid-NaOH solution.

RESULTS

Phencyclidine and Phencyclidine Methiodide (PCPMeTI)

Phencyclidine (0.5 mg/kg) produced its expected characteristic
pharmacologic profile of activity without any convulsant activi-
ty. Compared to saline, phencyclidine (Fig. 1) depressed the
flexor reflex, produced marked increases in heart rate, pupil



size, the latency of the skin twitch reflex, lacrimation, rhi-
norrhea, and salivation plus a moderate hyperthermia. Under the
influence of phencyclidine the dogs became slightly, but signif-
icantly more restless, which differed from their quiet behavior
observed in the control period. Other behavioral signs compris-
ing the phencyclidine profile were nystagmus, tracking and star-
ing (with staring being predominant), stereotyped head rocking
movements, failure to attend to external stimuli in the labora-
tory and loss of the lateral canthus reflex to gentle touching.
Opisthotonic posturing was not a significant finding in these
experiments. This is in contrast to its development in a prev-
ious study using the same dose. Saline was without effect.

When administered in a dose equimolar to phencyclidine, PCPMel
was almost inactive. Among the physiologic measures, the only
significant effects of this quaternary amine with respect to
saline were small increases in the latency of the skin twitch
reflex and in the size of the nictitating membrane indicating it
was more relaxed. The analgesic effect of the methiodide com-
pound as assessed by the delay in the onset of the skin twitch
reflex (1.7 sec) was much smaller (p < .05) than the correspond-
ing effect of phencyclidine (5.0 sec) at the 70-min mark of the
experiment. The effects of these two drugs on the nictitating
membrane did not differ from each other. Supplementing the rel-
atively minimal physiologic responses was a complete absence of
behavioral responsiveness to PCPMel.

The Hydroxylated Metabolites: 1-(1-Phenylcyclohexyl)-4-hydroxy-
piperidine (PCHP) and 4-Phenyl-4-piperidinocyclohexanol (PPC).

The choice of a 4 mg/kg aose of PCHP and a 10 mg/kg dose of PPC
was based on their ability to produce the same degree of mydria-
sis as 0.5 mg/kg of phencyclidine. As illustrated in figure 1,
both metabolites and phencyclidine shared the ability to dilate
pupils, 1increase Dbody temperature, prolong the latency of the
skin twitch reflex as well as increasing lacrimation, rhinorrhea
and salivation. PCHP, PPC and phercyclidine all retracted the
nictitating membrane slightly, but the effect of phencyclidine
did not attain significance. There were no charges in respira-
tion. Among the other physiologic measures, heart rate showed
the most divergent effects (Fig. 1). Most apparent was the lack
of effect of PPC on heart rate, which contrasted sharply with the
phencyclidine-induced tachycardia. The degree of tachycardia
produced by PCHP occupied an intermediate position with respect
to PPC and phemyclidine. Regression analysis demonstrated that
the flexor reflex elicited by the low pressure stimulus
decreased linearly throughout the infusion and postinfusion
periods with phemyclidine and both metabolites but not with the
saline or lactic acid vehicles (Fig. 1). However, area compari-
sons for these same curves indicated that only the reflex de-
pression produced by PPC differed from control values. when the
flexor reflex was elicited by the medium and high pressure
stimuli, phemyclidine but neither PCHP nor PPC was statistical-
ly effective in producing reflex depression (Fig. 1).



FIGURE 1
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Pharmacologic effects of 1-(l-phenylcyclohexyl)-4-hy-
droxypiperidine (PCHP), 4-phenyl-4-piperidinocyclohex-
anol (PPC), and phencyclidine (PCP) in the chronic
spiral dog. The effects of the lactic acid-NaOH vehic-
le for PCHP and PPC did not differ from those of saline
(PCP vehicle) which are not graphed. Each time-action
curve represents the mean responses of 5 dogs.

With respect to behavior all three drugs made the dogs more

restless. Additional features produced by phencyclidine and
PCHP included nystagmus, staring, stereotypic head movements and
loss of attentiveness. Of these four signs, PPC elicited only

the stereotyped head movements. However, instead of nystagnus,
PPC produced rapid eye movements, a characteristic associated
with amphetamine-like compounds.



fly selecting corresponding sections of the cumulative dose-
response curves, valid potency estimates (Table 1) were obtained
from parallel-line bioassays for the flexor reflex (low stimu-
lus), pupillary diameter, pulse rate and latency of the skin
twitch reflex. Generally, PCHP was about 1/8 as potent and PPC
approximately 1/20 as potent as phencyclidine.

TABLE 1
Measure: Flexor Pupils Pulse Skin Twitch
Effect: Low Stim Mydriasis Tachycardia Increased
Reflex Latency
Depression
PCHP .15(0-.46) .12(.05-.20) .07(.004-.18) .14(.05-.23)
PPC .04 (0-.16) .05(.01-.10) No Effect .06(0-.20)

Relative potencies with their 95% confidence limits in
parentheses were obtained from valid bioassays. Rela-
tive potency is defined as the mg of phencylidine HC1
equivalent to 1 mg of the test compound. Depression of
the flexor reflex and increased latency of the skin
twitch are used as measures of analgesia.

The Precursor: 1-Piperidinocyclohexanecarbonitrile (PCC)

At the end of the PCC infusion significant effects included
tachycardia (163 beats/min), small increases of 35 breaths/min
in respiratory rate and 0.9 mm in pupillary diameter, staring
and head raising. These changes were short-lived as they were
no longer significant at the end of the experiment. Additional-
ly, there were slight, though nonsignificant, increases in lac-
rimation, rhinorrhea, salivation and restlessness. Those
actions which were both qualitatively and quantitatively similar
to PCP were the tachycardia and staring, whereas qualitative
similarities were present as the slight mydriasis and the
increase 1in secretory activity of the eyes, nose and mouth.
Phencyclidine-like actions which were obvious by their absence
from the PCC data included depression of the flexor reflex, a
prolonged latency of the skin twitch reflex, hyperthermia, ny-
stagmus, stereotype, loss of attentiveness to external stimuli
and the disappearanace of the lateral canthal reflex.

While lacking statistical significance, a number of other
effects produced by PCC were noteworthy insofar as they were not
observed at all with phenyclidine or its metabolites. First,
three dogs developed the stepping reflex or fragmentary stepping
for small periods of time. Second, two animals vomited during
the infusion and another retched. Third, the white portions of
the skin found on the abdomen and on the shaved areas surround-
ing the EKG leads became conspicuously pink during the infusion
of PCC. Upon terminating the infusion the pinkness disappeared.



DISCUSSION

Con-pared to phercyclidine, intravenously administered PCPMel was
almost devoid of pharmaccologic activity in the chronic spinal
dog. Similar findings have Dbeen reported by Kalir et al.
(1978) . Our data suggest that most of the effects of phencycli-
dine orginate at central sites of action. This finding is
limited to the extent that we have not tested higher doses of
PCPMeI to ascertain the relative effectiveness of the blood
brain barrier, nor has the direct central administration of
PCPMeI into the ventricles been attempted in order to reproduce
phencyclidine-like activity.

The hydroxylation of phencyclidine to form less potent metabo-
lites 1is consistent with established pharmacologic principles.
PPC was less active, being approximately 2 1/2 times less potent
than PCHP. In view of this potency difference it 1is apparent
that it is more advantageous to detoxification that the dog pro-
duce greater quantities of PPC than PCHP, as shown by Cone et
al. (1980).

Composite pharmacologic profiles were developed for the two mon-

ohydroxylated metabolites of phencyclidine. On the whole, the
profile for PCHP was similar to that of its parent compound and
thus was classified as a phencyclidine-like drug. However, the

qualitative differences between the profiles of phencyclidine
and PPC were numerous enough to conclude that PPC is not primer-
ily a phencyclidine-type compound. Our conclusion that PPC is
pharmacologically different from phencyclidine is in agreement
with the discriminative stimulus studies of Shannon in which
rats trained on phencyclidine did not show stimulus generaliza-
tion to PPC (Jasinski et al., in press).

The precursor of phencyclidine, PCC, failed to reproduce most of
the effects characteristic of phercyclidine, thereby clearly
differentiating it from phencyclidine on the basis of its pro-
file of action. Bailey et al. (1976) have hypothesized that the
toxic properties of PCC, sometimes found as a contaminant in
street phencyclidine, could be attributed to the in vivo genera-

tion of hydrogen cyanide. Several effects observed in this
study lend support to this hypothesis and were consistent with a
low level of cyanide toxicity. These signs, while not patho-
gnomonic, included emesis, rapid heart rate and a flushing of

the skin which we postulated to be due to the hyperoxygenation
of the blood (Chen and Rose, 1952; Hatch, 1977).

In summary, the lack of activity of PCPMel is suggestive that
phencyclidine acts primarily centrally. PCHP and PPC, the
primary metabolites of phercyclidine, were less potent than
phencyclidine. The pharmacologic profile of PCHP was identical
to that of phencyclidine whereas that of PPC was not. To our
knowledge only a single report of a pure sample of the phency-
clidine precursor PCC has appeared oh the street suggesting that
it has a low level of acceptance as a drug of abuse in man.



Together the information obtained from the dog, rat and man
argue that the pharmacology of PCC is not rat like that of phency-
clidine and further validates the dog as an effective animal
model to identify phencyclidine-type compounds.
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Phencyclidine Inhibition of
Cerebellar Purkinje Neurons

J. Marwaha, M. Palmer, B. Hoffer, and R Freedman

Recent Drug Abuse Warning Network statistics indicate that phen-
cyclidine (PCP) 1is incriminated in 25 percent of all cases of
psychedelic drug abuse. Among its psychotomimetic effects, PCP
profoundly alters normal sensory perception, and the resulting
psychosis closely resembles naturally occurring schizophrenia
(Balster and Pross, 1978). It is postulated that PCP may elicit
these behavioral changes via an interaction with bicgenic amine
transmitters in the brain. There exist few reports of electro-
physiological actions of PCP on identified neurons to test this
hypothesis. Since the rat cerebellum is a brain region where
cell types and pathways can be identified during recording, and
the identity of putative transmitters to various neurons in the
region is well established (Freedman, 1977), we undertook the
study of PCP in this region.

METHODS

Male Sprague-Dawley rats were anesthetized, intubated and placed

in a stereotaxi