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Introduction and Overview

Monique C. Braude, Ph.D., and
Harold M. Ginzburg, M.D., J.D., M.P.H.

Ten years have passed since the Proceedings of the first Conference
on Interactions of Drugs of Abuse, held at the New York Academy of
Sciences, was published (Vesell and Braude 1976). Some of the
participants in the 1976 conference, such as Drs. Hollister. Kreek,
Mitchell, and Vesell, who have continued and expanded their interest
in the interaction area, also participated in the Technical Review
on "Strategies for Research on the Interactions of Drugs of Abuse"
which was held in Rockvllle, Maryland, October 29-30, 1984. This
Research Monograph is a summary of the papers and discussions of the
invited experts who participated in this 2-day meeting.

In the past two decades a large part of the counterculture has been
involved in self-experimentation with drugs, and the concurrent
self-administration of multiple substances of abuse, by a variety of
routes, has become normative behavior. Recently, for instance, the
use on the street of a combination of tripelennamlne and pentazocine
(Ts and Blues) elicited concern which was promptly remedied by the
pharmaceutical industry by the addition of naloxone to pentazoclne.

Since the early 1970s the National Institute on Drug Abuse (NIDA)
has supported a program encompassing interactions of drugs of abuse
(such as marijuana, stimulants, and depressants) or of new
therapeutic modalities. such as naltrexone, with other compounds
used either on the street or therapeutically. The need for this
type of research has increased with the use of polypharmacy by drug
abusers and also their simultaneous use of alcohol, which has proved
in many cases to be a potentiating agent for abused substances.

While the Tliterature dealing with drug interactions from the
pharmaceutical standpoint is extensive, it often consists of
testimonial reports of adverse interactions and lacks in-depth
studies of the mechanisms underlying these effects. A more recent
approach has been to investigate interactions not simply from a
forensic standpoint but rather to obtain epidemiological and
clinical data to study pharmacological and behavioral interactions.



In as much as the first conference was about equally divided between
preclinical and clinical studies, the emphasis at this second
meeting was on clinical experimental and epidemiological data and
strategies to be used for future studies in this research area.

In the opening chapter of this monograph, Dr. Adler lists the
critical factors that would have to be adhered to in order to obtain
reproducible and meaningful information about interactions among
drugs of abuse. These include the necessity of performing full dose
response curves as most of these drugs, such as the barbiturates and
the cannabinoids, may have biphaslc effects at different dose

Tevels. This was discussed at length by the group, and it was the
general feeling that clinical studies cannot adhere to the rigorous
criteria set by Dr. Adler for preclinical studies. For instance, a
full dose response range may not be practical and would be too
expensive to use in clinical studies if one would want to lTook only
at the therapeutic (or abuse) range for treatment compounds.
However, for illicit drugs, often used in the street in the toxic
dose range, interaction studies cannot be done clinically and animal
models have to be used.

The group also noticed that basic science studies have not provided
any complex models for understanding drug interactions and that no
model to replicate the "street environment" of multiple drug use has
been developed. Too often, most of the preclinical studies have
used a single-drug or at most a two-drug dosing regimen while,
actually, street abusers as well as therapeutic users often use
multiple drugs simultaneously or sequentially. On the other hand,
clinicians have had difficulty in developing research protocols with
a definite set of hypotheses which would not be too costly to be
approved with high priority by a review committee.

Initial epidemiologic studies, which are descriptive, can provide
evidence of what types of drug interactions will precipitate
individuals into seeking treatment as well as demonstrate the
generallzabllity of laboratory findings. In the second chapter, Dr.
Hubbard and colleagues describe the multiple use patterns of a
treatment population of drug abusers, observed in the Treatment
Outcome Prospective Study (TOPS). This data, coupled with the Drug
Abuse Warning Network (DAWN) data, provides the basis for
determining new toxic drug interactions that will require careful
study both to develop therapeutic interventions that will minimlze
morbidity and to better understand the pharmacological reasons for
individuals wanting to use a given set of psychoactive substances.
Dr. Hubbard also emphasizes that, in order to understand the complex
nature of multiple drug use, a multidisciplinary approach is needed
with greater collaboration between epidemiologists, clinicians, and
pharmacologists.

Dr. Mitchell describes step by step the statistical approaches which
can be used to measure interaction quantitatively. Most often used
are the potency ratio and the isobolographlc methods. Both
approaches have the same conceptual basis. but the lsobolographic
method is more tedious and more difficult to use in clinical studies.



Dr. Frecker brought an interesting new perspective to the group,
that of an ophthalmologist with a doctorate in pharmacology who is
interested in developing engineering systems for biomedical studies
in humans. He identified some critical elements of the "man-machine
interface" as they relate to drug-effect measurements and described
what he considers to be the attributes of an "ideal" pharmacodynamic
measurement technique. Although his paper is mainly on pharmaco-
dynamics, i.e., the study of drugs in organisms, he also reminds us
that pharmacokinetic parameters which provide indicators on, for
instance, the time course of drug effects should be taken into
consideration.

The pharmacokinetic mechanisms of alcohol-psychotropic drug
interactions were described by Ciraulo and Barnhill and relevant
examples cited. Alcohol alters drug metabolism through its effects
on hepatic biotransformation, and the concept of hepatic extraction
is important in predicting the effects of metabolic interactions.
(Excellent reviews on the pharmacokinetics of drug interactions by
G. Levy and J.R. Gillette were also included in the 1976 publication
of the New York Academy of Sciences and can be referred to for
additional information on that topic.)

The importance of dietary factors which can alter drug response by
changing several pharmacokinetic factors was reviewed by Dr.
Vesell. Large individual variations, from three to elevenfold, can
be observed in different subjects even when the same dose of a drug
is given by the same route and under the same environmental
conditions.  Furthermore, food affects the absorption of drugs by
enhancing gastric blood flow and retarding gastric emptying. In
this monograph, Dr. Vesell discusses various approaches to
assessment of dietary contributions to the interindivldual
variations in drug disposition observed in many clinical studies.

The next two papers, by Dr. Hollister and Drs. Mendelson, Mello, and
Lex, illustrate the problem of making positive conclusions about
possible interactions of two drugs of abuse such as alcohol and
marijuana. In reviewing the interactions of cannabis with other
drugs in man, Dr. Hollister reports that only THC. the psychoactive
component of marijuana, shows a significant pharmacodynamic
interaction in man and animals with alcohol and that the interactive
effect tends to be additive. However, the data presented by Drs.
Mendelson and Mello regarding the concordant use of marijuana by men
and women shows that when alcohol and marijuana are concurrently
available, marijuana appears to affect alcohol use more dramatically
than alcohol influences marijuana use, and that the consumption of
alcohol 1is reduced during marijuana use even in heavy alcohol
drinkers. These data indicate that the simultaneous availability of
two recreational psychoactive drugs does not necessarily increase
drug use. As THC is known to affect cell membranes, Dr. Hollister
also feels that it would be of interest to study interactions
between THC and drugs, such as Tithium. that alter membrane lipids.

Dr. Reese Jones in his critical review of cocaine Interactions
reminded the group that both nicotine and caffeine consumption need



to be taken into account when investigating the effects of cocaine
with other drugs. He believes that the most realistic conditions
for studying cocaine and other drug interactions are after repeated
use of both drugs of interest. Rapidly acquired tolerance and the
1ikelihood of cross tolerance to other drugs complicates any design
involving repeated administration of a drug in drug interaction
studies. In a repeated dose paradigm lasting more than a few days,
new signs and symptoms appear which are different from those
observed after acute or early drug effects. The mechanisms of these
Tong-term interactions are complex and difficult to delineate.

The chapter by Drs. Mello and Mendelson further demonstrates the
complexity of interaction studles. In studying the effect of
cigarette smoking on alcohol, opiates (heroin and buprenorphine),
and marijuana use, they confirm that a number of drugs from diverse
pharmacological classes influence tobacco smoking. Alcohol and
opiates increase cigarette smoking, whereas marijuana has no
apparent effect on tobacco use. Opiate antagonists like naltrexone
do not appear to alter cigarette smoking significantly. They
suggest that polydrug use may have less to do with the pharmaco-
logical properties of the drugs or their anticipated effects than
with their capacity to produce some change in subjective states.
Change may be the goal of the polydrug user, as it appears that any
drug or drug combination that has definitive stimulus properties and
behavioral effects for the user may have abuse potential.

Dr. Kornetsky reports the results of a series of experiments on the
effects of various drug combinations on the threshold for
brain-stimulation reward and brain-stimulation escape (pain). These
studies show that combinations of drugs often lead to synergism or
potentiation of effects which are manifested not only in the
euphoriant action of drugs but also in their analgesic action, as
with the enhancement of morphine analgesia by d-amphetamine.

Dr. Kreek in her extensive review of the interactions of methadone
with various drugs in humans shows that combined treatment of a
methadone-maintained patient with a second drug, such as rifampin or
phenytoin, can produce severe withdrawal symptoms due to
pharmacokInetic interactions. In developing a strategy to identify,
define, and elucidate the mechanisms of interactions between drugs of
abuse or those used in treatment, Dr. Kreek concludes that the most
urgently needed studies are those which can be carried out in humans
to document pilot data obtained in in vitro or preclinical studies.

In the final analysis, however, the question is: What do we want to
learn from interaction studies? Are we interested in understanding
the cellular effects of drug interactions to develop better
treatment interventions or are we interested in the pathophyslology
of multiple concurrent drug use, independent of developing
therapeutic interventions? On the other hand, are we interested in
being able adequately to describe the phenomena as markers for the
effectiveness of interventions (primary, secondary, and tertiary)?



In summary, the review participants were very enthusiastic about
continuing research in the drug interactions area. They felt,
however, that this field needs to be encouraged by NIDA and that the
supportive group of clinical and preclinical research scientists
already involved in this type of research needs to be nurtured and
its ranks enlarged.
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Critical Factors in Studying Drug
Interactions

Martin W. Adler, Ph.D.

INTRODUCTION

This technical review met to develop etrategies that can be used
to study interactions involving drugs of abuse. The need for
information on this subject is obvious, both from a therapeutic
and a toxicological viewpoint. If we look at the list of phar-
macological agents that we consider under the heading of drugs
of abuse, we see a variety of drugs and drug classes, including
the opioids, cannabinoids, alcohol, cocaine, amphetamine, PCP,
hallucinogens, barbiturates, anxiolytics, and nicotine. Many of
these agents have important therapeutic uses, while others are
of interest primarily because of their nomedical use. While
there is a paucity of information about the interactions of
these substances with all sorts of other drugs, perhaps the
greatest deficiency in knowledge lies in interactions among the
various drugs of abuse. When there drugs are used therapeu-
tically, interactions can lead to either a desired increase in
efficacy or to adverse effects. When used nonmedically, they
can interact to alter the euphoric or dysphoric effects. If one
thinks in terms of basic pharmacological principles, it is often
possible to predict what will occur if two or more drugs are
administered concurrently or, at least, to understand unexpected
consequences of drug combinations. With that in mind, I will
review some of the factors that should be considered.

GENERAL CONSIDERATIONS

In general, one drug may be synergistic with (additive or poten-
tiated) or antagonistic to another drug by acting at the same
receptors, by acting at different receptors or systems, by
interacting chemically or physically, or by altering phar-
macokinetics. A word of caution should be given at this point,
however. Just because an interaction occurs, one rhould not
necessarily conclude that the interaction is meaningful either
in terms of clinical efficacy or toxicological consequencer;
that determination is dependent on a variety of considerations,
such as the degree of interaction, the therapeutic ratio, the
shape of the dose-response curve, and the general status of the
subject.



A natural way to proceed in this discussion might be to dissect
and explore in detail the pharmacokinetic and pharmacodynamic
factors which are vital elements in evaluating and predicting
drug interactions. For example, a consideration of drug absorp-
tion, distribution, metabolism, and excretion is important.
Good discussions of these pharmacokinetic factors may not only
be found in any authoritative text in pharmacology, but also in
three excellent papers presented at the New York Academy of
Sciences symposium entitled “Interactions of Drugs of Abuse”
(Reidenberg 1976; Levy 1976; Gillette 1976). Although this
chapter will address these and other basic considerations, they
will be used in a somewhat different way in order to focus
attention on those aspects that may be moat important in terms
of preclinical and clinical studies with the drugs of abuse.

CRITICAL FACTORS

Table 1 summarises some of the factors which should be taken
into account when conducting drug interaction studies.

TABLE 1
Critical Factors in Drug Interactions

Ability of a Drug to Reach its Site of Action
Time Course of Drug Effects

Full Dose-Response Curves

Circadian and Seasonal Variations
Environment

Sex and Age

Choice of Endpoint

Route of Drug Administration

Choice of Vehicle and Proper Controls
Tolerance and Cross-tolerance

Effects on Neurotransmitter Systems
Appropriate Statistical Analysis

—_——
ROV IR LN —

Reaching the Site of Action

The ability of the drugs to reach their sites of action is a
vital concern in interpreting the interaction or lack of
interaction Of drugs. Figure 1 diagrams the pharmacokinetics of
a drug in relation to its rite of action. Anything that might
affect the absorption of a drug, its binding to plasma proteins,
its metabolism, or its penetration into the central nervous
system could affect the final result and assessment.

Time Course

Due consideration must be given to the time course of the effects
of the drugs in terms of onset of action, time of peak effect, and
duration of action. The investigator must make aure that the
pharmacological effects of the drugs are being evaluated at a
time when both drugs are exerting their maximal effects, Looking
at interactions when one drug is just beginning to exert its

effects and the other drug’s effects are on the wane can result
in meaningless conclusions.
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FIGURE 1

Schematic Representation of the Interrelationship of the Absorp-
tion, Distribution, Binding, Biotransformation, and Excretion of
a Drug and its Concentration at its Locus of Action. Possible
distribution and binding of metabolites are not depicted.

From Mayer, S.E.; Melmon, K.L.; and Gilman, A.G. Introduction:

The dynamics of drug absorption, distribution and elimination.
In: Gilman et al. 1980. Copyright 1980, Macmillan Publishing Co.

Dose-Response Relationship

The necessity of utilizing full dose-response curves when eval-
uvating drug interactions is too often ignored. Conclusions are
sometimes reached on the basis of experiments using only one or
two doses of the drugs involved. Not only can such experiments
yield false negatives in terms of drug interactions, but they
also fail to provide the quantitative data needed for a full
evaluation of a positive effect. As an example, one can take
the question of whether there is an interaction between the
opioid drugs and the barbiturates, using analgesia (or antinoci-
ception) as the endpoint. Various reports in the literature
concluded that there was synergism (Barlow and Duncan 1933;
Keats and Beecher 1950; Lesher and Spratto 1978; Smith et al.
1943), 1 antagonism (Clutton-Brock 1961; Dundee 1960; Neal 1965;
Shapero and Wilson 1964), or no interaction (Hart and Weaver
1948) between the drugs in terms of analgesia. The studies dif-
fered from each other in terms of the particular drugs used, the
doses, the species, the dose range tented, and the number of
times the drugs were administered. We decided to investigate
the problem by using the rat, one test of antinociception
(tail-pressure), a fu%l dose range of morphine, a full sub-
anesthetic dose range of pentobarbital, and by giving the drugs
at the time of peaE effect. One study was done in animals that
were drug naive and another in rats tolerant to morphine.
Although we raw an isolated instance of decreased analgesia in
one dose pair, the results were clear--subanesthetic doses of Na
pentobarbital had neither antinociceptive nor hyperalgesic prop-
erties, and the barbiturate had no effect on the antinociceptive



action of morphine in either morphine-tolerant or
nontolerant rats (Geller et al. 1979). Bad we chosen only one
dose combination, we might have concluded otherwise.

Circadian and Seasonal Effects

The influence of circadian and seasonal variations on the
effects of one or both drugs must be assessed. Some drugs may
have markedly different quantitative actions depending on the
time of day the drug is administered. For instance, there is a
diurnal rhythm in responsiveness of mice to the hyperalgesic
activity of naloxone (Frederickson et al. 1977) and in
lorazepam-induced neurologic deficits (Henauer et al. 1984). A
study by Morris (1980) in mice and rats is intriguing. He found
that several drugs (e.g., cocaine, PCP, and morphine), when com-
bined with alcohol, markedly increased lethality depending not
only on time of day, but also on the phase of the moon. The
circadian variations in drug effect are thus important to con-
sider in evaluating drug interactions. Likewise, seasonal
variations in response to drugs have long been known in animals
and are likely to occur in human subjects as well. As an
extreme example, I can cite recent studies demonstrating that
dependence to morphine could not be produced in hibernating ani-
mals (Beckman et al. 19811.

Environment

The environment of the subject can play an important role in the
response to drugs. Thus, housing has been found to be one of
the determinants of the lethal dose of amphetamine; low humidity
may lead to infections and the consequent general debilitation
may modulate drug effects; high humidity can add to stress-
induced effects of high temperatures; lighting can alter cir-
cadian rhythms; and ambient temperature can affect a variety of
measures such as the changes in body temperature produced by
morphine in rodents. Alterations in any of these environmental
conditions could thus markedly modify the results seen with
interactions of drugs of abuse.

Sex and Age

Sex and age of the subject are important considerations in
looking at interactions. One must be aware that a drug can have
markedly different effects depending on the sex of the subject.
For example, the toxicity of drugs such as cocaine seems to be
determined, in part, by the sex of the subject (Thompson et al.
19841. Based on studies which reveal a differential sensitivity
of leutinizing hormone to naloxone and morphine in males and
females at different points in development, it has been recently
postulated (Cicero et al., in press) that opioids may be respon-
sible for the regulation of endocrine profiles. As for age, we
are becoming increasingly aware that the response of older indi-
viduals to drugs, especially those affecting the CNS, is
markedly different from that seen in younger adults because of a
combination of pharmacokinetic and pharmacodynamic factors. We



have long known that subjects with immature nervous systems
respond differently to centrally acting drugs than do mature
subjects. Yet, these factors are too often ignored, especially
in studies with mice and rats.

Endpoint

Choice of the endpoint to be rtudied is extremely important.
Drugs usually have multiple effects mediated through a variety
of different receptors and systems. Drug interactions may thus
be seen for some effects but not others.

Route of Administration

Route of drug adminstration is important in determining if
interactions occur. Not only does the route of administration
affect the amount of drug reaching its site of action and thus
influence the quantitative effect, but the route may alter the
qualitative effect. For example, studies in rats in our labora-
tory have demonstrated that meperidine increases brain
excitability vhen administered subcutaneously (s,c.) but

decreases excitability when given intracerebroventricularly
(i.c.v.) (Tortella et al. 1984). Table 2 compares effects on
flurothyl seizure thresholds and the action of naloxone on these
responses for several opioids given by the two routes.

Similarly, body temperature studies reveal that high doses of
morphine s.c. produce hypothermia, but these doses administered i.c.v.
produce only hyperthermia (Adler et al. 1985b). Whether the dif-
ferences are due to the temporal sequence in which the drugs
reach the receptors or to some other mechanism in not yet known.
In any case, interactions may occur between drugs given by one
route but not by another.

TABLE 2

Influence of Route of Administration on Opioid-Induced
Changes in Flurothyl Seizure Threshold in Rats

ROUTE OF CHANGE IN EFFECT WITH
DRUG AMINISTRATION SEIZURE THRESHOLD  NALOXONE
Morphine SC A Blocked
ICV A Blocked
Meperidine SC  J Potentiated
ICV A Blocked
Pentaxocine SC * Potentiated
ICV 4 Unchanged
Normeperidine SC ¥ Unchanged
ICV L ] Potentiated




Vehicle and Controls

Choice of vehicle and proper controls for the possibility of
interactions between the vehicles and the drugs is often
overlooked or given scant attention. Many chemicals used as
vehicles have effects by themselves and the possibility exists
that, when given together, those compounds can synergize with or
antagonize the actions of the drug or drugs being tested. As an-
example, one can refer to studies involving delta-9-THC. This
agent is usually administered either in alcohol, emulphor, Tween
80, pluronic, or some combination of the above. All of these
agents have effects on the CNS. What started out as a straight-
forward experiment in our laboratory to determine the effects of
THC on the pupil in the rat became a major effort when we dis-
covered that accompanying the change in pupil size with THC was an
increase in pupillary oscillations. The vehicles themselves
also caused some oscillation, although less than that seen with
the vehicle-THC combination (Adler et al. 1985a). In attempting
to determine whether there is an interaction between opioids and
THC on the pupil, we face a problem because opioids also produce
very profound pupillary fluctuations in the rat. In fact, the
degree of fluctuation is one means we use in postulating whether
an effect is exerted at a mu, kappa, or sigma receptor (Robin et
al. 1985).

Tolerance and Cross-Tolerance

Tolerance to a drug as well as cross-tolerance to other drugs
may develop. The tolerance may be due to pharmscokinetic or to
pharmacodynamic factors and may occur as the result of the
administration of a single drug or the previous or concurrent
administration of other drugs. There may be tolerance to some
of the effects of a drug and not to other effects, and there may
be reverse tolerance (increased responsiveness to an action of a
drug). A good example is seen with amphetamine vhere tolerance
occurs to effects such as the hyperthermic and the anorexic
actions (Gilman et al. 1980), while an increased sensitivity to
some stereotypic behaviors (Segal et al. 1980) can develop.
Repeated administration of cocaine leads to an increase in sen-
sitivity to its lethal effects. Such factors are of obvious
significance in evaluating the drug interactions that may occur.

Effects on Neurotransmitters

Effects on a neurotransmitter system by one drug may affect the
actions of another drug. Thus, a drug affecting the adrenergic
system by altering levels of norepinephrine or by acting at
postsynaptic receptors can markedly modify the actions of drugs
of abuse, such as cocaine or amphetamine.

Statistical Analysis

Finally, correct statistical analysis of the data is not an easy
problem. This is especially true if one is trying to determine

11



if an interaction between drugs is an additive effect, an effect
that is something less than additive, or an effect that is
greater than additive, a true potentiation. There are several
ways that this problem can be approached and Dr. Mitchell
addresses this topic elsewhere in this volume.

CONCLUDING REMARKS

If future studies adhere to the criteria set forth above, I
believe that we will obtain reproducible and meaningful infor-
mation about interactions among drugs of abuse. To conduct such
studies properly is admittedly tedious, time-consuming, and
expensive. Of course, not all studies can control all of the
factors 1 have discussed. This is especially true of clinical
studies with all their inherent difficulties. In such
situations, however, it would be useful if the investigators at
least took these factors into consideration when drawing conclu-
sions. Pointing out potential pitfalls in interpretation vould
be most helpful to other researchers in the field and would aid
in resolving differences between studies and in determining the
significance of the drug interactions.
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