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Neuropsychopharmacology: Are We
Ready for a Paradigm Shift?

Roger E. Meyer, M.D.

The “paradigm shift” in the title of this article refers to
molecular biology. The real challenge to molecular biologists
interested in applying their methods to an understanding of
psychiatric disorders involves the development of models
that account for genefenvironment/development
interaction. Because of the existence of homologous animal
models of addictive disorders, as well as a rich body of
clinical observations and clinical and behavioral research,

and recent data suggesting that chronic exposure to
addictive drugs results in changes in gene expression in
neurons from behaviorally relevant brain regions, addictive
disorders offer a serendipitous model (to molecular
biologists) that may have relevance to subsequent
application in other areas of psychiatry and psychology.
[Neuropsychopharmacology 14:169-179, 1996]
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In December 1964, 18 months before the end of my psy-
chiatric residency, I attended my first American College
of Neuropsychopharmacology (ACNP) meeting as the
guest of Dr. Alberto DiMascio. The meeting had a pro-
found and lasting impression on me. Psychopharmacol-
ogy offered not only the promise of improved patient
outcome, it also offered the promises of new under-
standing of the pathophysiology of major mental disor-
ders. There is no question that psychopharmacology
launched a revolution in the clinical care of patients and
in the development of new methods for the evaluation
of treatment. After more than 30 years, the question still
remains whether it has begun to fulfill its promise to
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increase our understanding of the etiology of major
mental illness. Has psychopharmacology represented a
scientific revolution, or has it simply served as an effec-
tive challenge to the predominant psychoanalytic para-
digms that still held sway into the 1970s: Because
dynamic psychiatry saw psychopathology as “func-
tional” for patients, its paradigm could not easily incor-
porate psychopharmacology and other somatic treatments
aimed at treating “dysfunctional” cognition, emotion,
and behavior. Psychopharmacology undermined the
validity and usefulness of psychodynamic explanations
of the etiology of mental disorders, but it has not yet
resulted in a new paradigm to explain those disorders.
In his classic text, The Structure of Scientific Revolu-
tions, Kuhn (1970) highlighted the scientific develop-
ments in the “hard sciences” associated with the names
of Copernicus, Newton, Lavoisier, and Einstein. Each
was associated with the rejection of an earlier theory, in
favor of one that was not compatible with it. Each pro-
duced a shift in the problems available for scientific
scrutiny—and the requirements of evidence. Kuhn de-
veloped the concept of “paradigms” and “paradigm
shifts” (scientific revolutions). “Real science” is based
on “shared paradigms” that bring together the same stan-
dards and rules of scientific practice. “In the absence of
a paradigm or some candidate for a paradigm, all of the
facts that could possibly pertain to the development of
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a given science are likely to seem equally relevant.”
Moreover, “in the absence of a reason for seeking some
particular form of information, . . . fact gathering is
restricted to the wealth of data at hand” (Kuhn 1970,
p. 15).

This audience should have no difficulty recognizing
the paradigm shift that occurred in the 17th century.
Prior to that time, the Aristotelian model opined that
“an object falls because its ‘nature’ drives it toward the
center of the universe” (Kuhn 1970, p 104). When clini-
cal psychopharmacology challenged this type of tauto-
logical reasoning in academic psychiatry, the field
returned to the traditions of descriptive psychiatry with
the notion that greater diagnostic specificity would lead
to a more rational pharmacotherapy—and a greater
likelihood of linking psychopharmacology to an increased
understanding of pathophysiology. Although the “jury”
must still be considered to be “out” regarding the valid-
ity of this assumption, the efficacy of some antidepres-
sants in the treatment of mood disorder, panic disorder,
obsessive-compulsive disorder, and some eating disor-
ders would appear to argue against a strong case for
drug/disorder specificity (based on current nosology
and criteria) as the “royal road” to understanding patho-
physiology. Indeed, Kuhn would probably recognize
this period in our field’s history as being notable for the
absence of a paradigm—an observation that seems to be
reinforced by the many diagnostic categories and heter-
ogeneous criteria within the three successive volumes
of diagnostic and statistical manuals of the American
Psychiatric Association over the past 15 years. Using
analogies from the “hard sciences,” he would regard this
period, although scholarly, as pre-scientific. “To reject one
paradigm without simultaneously substituting another
is to reject science itself” (Kuhn 1970, p 79). The discov-
ery of digitalis improved the treatment of some patients
with edema, but the descriptive literature on the varie-
ties of dropsy continued.

Developments in psychopharmacology have led to a
variety of new theories of mental disorder, which have
seemed consistent with the purported mechanisms of
action of psychoactive drugs. When Heinz Lehmann
commented about “life’s depletions” at an ACNP meet-
ing in the 1970s, there was an understandable metaphoric
linkage between a theoretical deficiency of norepineph-
rine in the synapse, the acute effects of known antide-
pressants, and the depleted persona of melancholia. But
with the introduction of each new drug class of antide-
pressant and the recognition that acute drug effects did
not account for the temporal realities of recovery
through medication, one theory replaced another. Even
with our growing knowledge base of receptor subtypes
and second messenger function, we have come to a
point where there is no obvious pathophysiologic para-
digm of any psychiatric disorder that can be easily
derived from our growing pharmacopeia. New para-
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digms must account for observations that cannot be
explained with existing models but new paradigms are
also the source of new methods, new problem fields,
and new standards of acceptable solutions. “The recep-
tion of a new paradigm often necessitates a redefinition
of the corresponding science” (Kuhn 1970, p 103).

During my 30 years of participation in the meetings
of the ACNP. we have been offered a marvelous inter-
disciplinary forum and multidisciplinary membership
through the era that focused on neurotransmitter-based
models of pathophysiology. But the self-study activity
that we began last year revealed a discomfort among
some of our members with the growing influence of
molecular neurobiology (and molecular neurobiologists)
within the ACNP. This angst was also reflected in the
efforts by some of our members to establish the Ameri-
can Society of Clinical Psychopharmacology and to
challenge the Program Committee, the Credentials Com-
mittee, and the leadership of our society regarding the
continuing relevance of our organization to clinical psy-
chopharmacology. There seemed to be real concern
about the amount of molecular biology on the program
and the numbers of molecular biologists approved for
membership in the ACNP.

Molecular biology has presented a challenge to our
membership, much as it has confronted the corpus of
pharmacology as a discipline. As we know, some medi-
cal schools have even dropped pharmacology as a dis-
tinct department and the old departmental boundaries
across the basic sciences of biochemistry, physiology,
and pharmacology have fallen in the face of the emerg-
ing paradigm shift offered by molecular biology. Will
neuropsychopharmacology be submerged in the new
molecular neurobiology? What can molecular neurobi-
ology mean to us as a discipline? Is there no way to rec-
oncile the explicit reductionism of the emerging paradigm
with the multivariate complexity of our data? Are we
ready for the revolution that is affecting the rest of med-
icine? Will molecular biology offer us the unifying para-
digm that our field has lacked since the introduction of
the first antidepressants, anxiolytics, and neuroleptics
challenged the usefulness of psychoanalysis as an explan-
atory model of psychopathology and its treatment?

During the past 15 years, each report of genetic link-
age of major mental illness has been followed by a fail-
ure to replicate. The highs and lows that have greeted
these reports in our literature have raised doubts
among geneticists about the readiness of our syndromal
models for 21st century biology. Our genetic models
have presumed a deterministic connection between a
faulty gene and the syndromes defined by the DSM’s
since 1980, whereas we have too often ignored the rich
literature on developmental and environmental risk fac-
tors that antedate DSM-IIL. Even a well-defined genetic
abnormality like phenylketonuria will not result in a
specific disorder unless phenylalanine is in the diet. In
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order for our field to connect to the new paradigms
offered by molecular biology, clinical investigators, genet-
icists, and molecular biologists will have to be ready to
explore the interaction of genetic, environmental, and
developmental factors. Is there any part of our field that
may be more ready for the insights of molecular biol-
ogy? I submit that addictive disorders are ripe for the
paradigm shift!

ADDICTIVE DISORDERS: READY FOR THE
PARADIGM SHIFT

Table 1 describes the eight reasons why I believe that
addictive disorders are ready for the paradigm shift.
The text that follows represents an elaboration of that
rationale. Table 2 describes seven aspects of addictive
disorders that will, likely, not be affected by the para-
digm shift. In fact, molecular biologists may be able to
help us define the pathophysiology of the negative
mood states associated with chronic intoxications, acute
withdrawal and “protracted abstinence” (Meyer 1989).

The Clinical Dependence Syndromes

Psychoactive substance dependence disorders, like
many other categories within DSM-IV, are defined by a
cluster of behavioral symptoms that conform more to
our concept of a syndrome than a clearly delineated dis-
ease state or category. The core dependence syndrome,
across all classes of drugs of abuse, is defined on the
basis of drug seeking behavior that continues despite
adverse consequences and includes a persistent risk of
relapse after withdrawal. Of all of the diagnostic cate-
gories within DSM-IV, animal models come closest to
specific human disorders in the drug seeking behavior

Table 1. Addictive Disorders: Ready for the Paradigm Shift?
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that has been identified as the core element of the depen-
dence syndromes. On the other hand, the criteria are
descriptive and atheoretical. Whereas the animal mod-
els offer rich possibilities for molecular neurobiologists,
the diagnostic criteria do not approach the richness of
earlier and some current clinical research literature that
led to testable theories regarding the causes of relapse.
This literature needs to be rediscovered by molecular
neurobiologists, as well as by clinical investigators.

Homologous Animal Models of Addictive Disorders

In the years after the development of animal models of
drug self-administration, behavioral pharmacologists
defined the dimensions of the stimulus control of drug
seeking and self-administration behavior—and its mod-
ification by drugs affecting synaptic function (Weeks
1963; Yanagita et al. 1969; Woods and Schuster 1968;
Koob and Bloom 1988; Koob 1992). Alcohol researchers
described the contribution of pharmacogenetics in the
differential sensitivity of strains of mice and rats to the
effects of ethanol and in alcohol preference drinking
paradigms. Alcohol consumption in animal models can
also be affected significantly by schedules of reinforce-
ment and/or by association with other reinforcers.
Within the most relevant of these paradigms, alcohol
self-administration is associated with its pharmacologic
effects, and not its nutritional value (summarized by
Meyer and Dolinsky 1991).

Mechanisms of Drug/Alcohol Reinforcement

Wise and Bozarth (1987) have characterized the drug
self-administration behavior of monkeys and rats as
“homologous” models of human drug dependence. They
proposed the psychomotor stimulant theory of rein-
forcement, which linked the reinforcing properties of

1. Reasonably well-defined concepts that can be described at clinical, animal model, cellular, and molecular levels
(e.g., tolerance, acute withdrawal reactions, drug/alcohol self-administration behavior, post-withdrawal signs

and symptoms).

2. Heritable and/or developmental risk factors — as yet unspecified.

3. A clinical research literature which includes DSM-IV — but also other relevant clinical observations (e.g., persistent
insomnia in alcoholics, abnormalities of HPA axis function that remain during abstinence).

4. Homologous animal behavioral models of the disorders.

5. An existing and growing knowledge base of brain mechanisms relative to drug-related reinforcement and the

neurobiology of anticipatory states.

6. Changes in gene expression consequent to chronic drug/alcohol exposure.

7. Clinically derived theories of mechanisms of relapse and etiology that can be tested with paradigms drawn from

molecular neurobiology.

8. Some promising pharmacotherapies for treating opiate and alcohol dependence.
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Table 2. Areas of Addictive Disorders that Will Not Be Affected by Paradigm Shift

1. The role of faith in the recovery process.
2. Spontaneous recovery in the absence of treatment.

3. The role of meaning, quality of relationships, hope, and other factors on the onset, course, and prognosis of the disorder.
As Seymour Kety has been quoted, “We will some day have a biochemistry of memory, but not of memories.”

4. The role of motivation (compliance) in maintaining involvement in Alcoholics Anonymous, the application of relapse
prevention/coping skills strategies by patients (clients), the consumption of medications designed to discourage
relapse (e.g., disulfiram in alcoholics, naltrexone in opiate addicts).

The continued importance of clinical criteria in defining outcome.

The importance of well-controlled clinical outcome study designs to assess new treatment interventions (including

pharmacotherapies).

7. The role of comorbid psychopathology on the onset, course, and prognosis of addictive disorders may or may not be
affected by the new paradigm. This is partly a function of the complex relationship between addictive disorders and
other comorbid psychiatric disorders and/or psychiatric symptoms (e.g., psychiatric disorders as risk factors,
modifiers of course and treatment response, psychiatric symptoms as a consequence of chronic intoxications and as
a residua during abstinence, and moods as conditional stimuli associated with drug self-administration) (Meyer 1986).

drugs of abuse to their psychomotor stimulant effects.
Increased locomotor activity results from drug activa-
tion of dopamine neurons of the ventral tegmental area
(VTA) and substantia nigra, whereas reinforcement is
mediated by drug effects on dopamine neurons in the
VTA and the nucleus accumbens (Wise and Bozarth
1987). Dopamine release in the nucleus accumbens con-
sequent to the administration of drugs that are abused
by humans has been confirmed using in vivo microdial-
ysis techniques (DiChiara and Imperato 1988). The model
is also consistent with the effects of these drugs in brain
stimulation reward (BSR) paradigms, where drug admin-
istration lowers the threshold of the reinforcing electri-
cal stimulus (Kornetsky and Porrino 1992).

The evidence for a primary role for dopamine neu-
rons in the reinforcing properties of drugs is strongest
in the case of cocaine and other stimulants (Ritz et al.
1987; DiChiara and Imperato 1988). Administration of
dopamine receptor antagonists results in increased
stimulant self-administration (Yokel and Wise 1975).
Both D; and D, receptor subtypes have been implicated
in cocaine reinforcement (Koob 1992). Cocaine binds to
the dopamine transporter and effectively blocks dopa-
mine reuptake (Ritz et al. 1987). Nevertheless, Koob
(1992) notes the relative paucity of data regarding effer-
ent mechanisms through which the nucleus accumbens
may mediate positive reinforcement and suggests that
the connection between the nucleus accumbens and the
substantia innominata—ventral palladium may be impor-
tant. He also suggests a role for the amygdala as a medi-
ator of drug reinforcement/reward.

There is also evidence that opiate reinforcement in-
volves activation of dopamine neurons, but via a differ-
ent mechanism than reinforcement associated with stim-
ulant administration. Opiates may increase the firing
rate of dopamine neurons by activating mu receptors in

the VTA and nucleus accumbens producing local disin-
hibitory effects on dopamine neurons. The effects of
opiates on the VTA are blocked by naloxone (Britt and
Wise 1983), whereas naloxone does not block the rein-
forcing effects of cocaine. Opiate reinforcement can also
occur independent of the dopamine system. Rats will
self-administer opioid peptides in the region of the
nucleus accumbens (Goeders, Lane, and Smith 1984),
and lesioning of the nucleus accumbens with 6-OHDA
produces a decrease in cocaine self-administration with
no impact on heroin self-administration (Pettit et al.
1984). Koob has summarized these data to conclude
that “the reinforcing actions of opiates may involve
both a dopamine-dependent (VTA) and dopamine-inde-
pendent (nucleus accumbens) mechanism” Koob (1992a).

Finally, several lines of evidence suggest that opioid
peptides, serotonin, dopamine, and GABA are all in-
volved in alcohol reinforcement (Koob and Bloom
1988). Acute ethanol administration also inhibits cal-
cium flux through the NMDA receptor-gated ion chan-
nel. This could account for some of the acute behavioral
effects of ethanol. Reed and Hunter (1984) found that
morphine increased alcohol self-administration in rats,
whereas narcotic antagonists decreased ethanol drink-
ing. One immediate implication of this experimental
work has been the testing of the narcotic antagonist nal-
trexone in alcohol-dependent subjects, where it has
turned out to be a promising adjunct to behavioral
relapse prevention therapy (Volpicelli et al. 1992; O'Mal-
ley et al. 1992). Whereas dopamine may play some role
in alcohol reinforcement, the picture, as described by
Koob and Bloom (1988), suggests that multiple neu-
rotransmitters may be involved in alcohol’s effects and
alcohol-associated reinforcement.

As Koob (1992a) has recently noted, Wise and Bozarth
may have been a bit too optimistic in their assessment
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that the acute reinforcing properties of drugs, as reflected
in drug self-administration behavior and dopamine
concentrations in the synapse of neurons in the nucleus
accumbens, serves as an adequate explanation of drug/
alcohol addiction. During the past 30 years, we have
gained substantial understanding of drugs as reinforc-
ers, but there are persistent questions concerning the
neuroadaptive changes consequent to chronic drug self-
administration that result in human drug/alcohol depen-
dence, and the persistent risk of relapse after with-
drawal.

More recently, there has been substantial interest in
intracellular events associated with acute drug rein-
forcement. In last year’s Presidential Plenary session,
Nestler (the 1994 Efron awardee) summarized the direct
evidence of a role for G proteins and the cAMP path-
way in drug reinforcement (Nestler 1994). He also pos-
tulated that chronic adaptations in these intracellular
mechanisms could account for the pathophysiology of
addictive disorders. Changes in gene expression conse-
quent to chronic alcohol or drug exposure could account
for the long-term changes in brain function that have
been associated with addiction. (See later section enti-
tled “Further Thought on Better Integration of Data
from Clinical and Molecular Studies”).

Clinically Derived Theories of Etiology of
Drug/Alcohol Dependence and Relapse

Since physicians and behavioral psychologists became
involved in the treatment of addictive disorders, there
has been considerable speculation on the factors that
contribute to relapse after abstinence. Relapse appears
to be a problem that is a compound of two elements: a
tendency to use again after a period of abstinence, and
the rapid reinstatement of the elements of dependence
as described in DSM-III-R, DSM-IV, and ICD 10. At least
two distinct theories have been invoked to explain relapse
and the rapid reinstatement of dependence: condition-
ing models and homeostatic models. Regrettably, nei-
ther of these has been elaborated to any degree in any of
the Diagnostic and Statistical Manuals of the American
Psychiatric Association. Indeed, this is a serious limita-
tion of the DSMs in clinical investigation in this field, as
in the application of molecular neurobiology to studies
of substance dependence disorders.

Conditioning models posit that relapse to drug or
alcohol use occurs in those environments or circum-
stances that have been associated with previous use, as
a function of Pavlovian conditioning. Homeostatic mod-
els postulate that chronic substance use results in some
long-term perturbation of CNS and/or endocrine func-
tion, such that drug-free, former addicts do not feel
“normal” in the absence of their preferred drug or alco-
hol. To some extent, both models postulate an anteced-
ent subjective state (“craving” or “desire”) which serves
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as a trigger to drug seeking behavior much as hunger
serves as a trigger for eating. In the context of more
recent literature, I believe that “craving” is a concept
that has been used too loosely by basic scientists and
clinical investigators, although it was ignored for too
long by behavioral pharmacologists and psychologists.
The models described in the following sections may
offer a more rigorous approach to defining the construct.
The models are not mutually exclusive, but may in fact
be additive. In the face of protracted withdrawal, the
incentive-motivational properties of a stimulus associ-
ated with the positive reinforcing effects of a drug may
be even greater than under other circumstances. Both
models came out of the Addiction Research Center at
Lexington, Kentucky.

Conditioning Models of Relapse. The late Abraham
Wikler first proposed a conditioning model to explain
relapse in heroin addicts in 1948 (Wikler 1948). Because
he viewed the development of physical dependence as
the defining stage of opiate addiction, Wikler believed
that by a process of Pavlovian conditioning the signs
and symptoms of withdrawal (the unconditioned stim-
ulus) are paired to environmental stimuli in settings
where the addict has previously experienced with-
drawal and drug consumption. He postulated that,
over time, these stimuli elicit withdrawal symptoms
that result in relapse to heroin use, when a drug-free
addict returns home after a period of incarceration
(Wikler 1965). Wikler tested his model in studies of
incarcerated addicts at Lexington (Wikler 1965), and in
experiments in animal models of addictive behavior
(Wikler and Pescor 1967). In 1977, O'Brien and col-
leagues confirmed the conditioning of withdrawal symp-
toms in human subjects (O’Brien et al. 1977). Despite
several efforts to link conditioned withdrawal symp-
toms to risk of relapse, the model remains heuristically
of interest, but unproven. Recently, Baldwin and Koob
(1993) have begun to explore the impact of conditioned
opiate withdrawal on ambient and drug self-adminis-
tration behavior in the rat, attesting to the continuing
vitality of the theory to researchers.

In addition to evidence of conditioning of the signs
and symptoms of withdrawal and of opponent process
conditioning as an explanation of “learned tolerance”
(Siegel, Hinson, and Krank 1987), there has also long
been evidence of the conditioning of drug effects. As
noted by Stewart, De Wit and Eikelboom (1984), the
question is not whether each of these conditional phe-
nomena occur, the question is which one(s) are relevant
to relapse. Pavlov (1926) noted conditioning of mor-
phine’s effects in the dog in 1926. Meyer and Mirin
(1979) demonstrated evidence of conditioned heroinlike
effects in drug-free addicts who continued to self-
administer heroin (despite narcotic blockade with nal-
trexone) as long as they experienced these conditioned
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effects. Subjects who did not experience conditioned
heroinlike effects while on naltrexone, discontinued her-
oin self-administration after a few doses of heroin. Sub-
jects who received placebo naltrexone in this double-
blind study continued to self-administer heroin across
the 10 days of heroin availability. “Craving” for heroin
was highest among subjects who anticipated and expe-
rienced either the conditioned or unconditioned effects
of heroin (a priming effect). Priming effects have also
been observed in alcoholics (Hodgson, Rankin, and
Stockwell 1979; Kaplan, Meyer, and Stroebel 1983), and
conditioned druglike effects have been observed in
cocaine-dependent patients (O’Brien et al. 1992) and in
animal models (Davis and Smith 1974).

In 1984, Stewart, DeWit, and Fikelboom (1984) sum-
marized the literature on Pavlovian conditioning and
addictive behavior. They argued that the literature offered
evidence of Pavlovian conditioning of withdrawal reac-
tions, opponent process, and druglike effects; but, they
felt that although each of these conditioned responses
occurred, each was not an equally compelling explana-
tion of relapse behavior. Would addicts be motivated to
return to settings in which they had experienced the
discomfort of conditioned (or unconditioned) with-
drawal reactions? Moreover, although opponent pro-
cess conditioning is a parsimonious explanation for the
“learned” aspects of tolerance, they postulated that it is
the conditioned druglike effects that are responsible for
“craving” and “relapse.” From a clinical perspective,
their model is compatible with the observed tendency
of alcoholics and addicts to return to high-risk settings
where they have previously been intoxicated. This is
generally a major step on the road to relapse. Although
clinicians have attributed this tendency to errors of
judgment, it is also possible that it is analogous to con-
ditioned place preference models in which rats come to
prefer locations in a maze in which they have previ-
ously received drug injections (Brown et al. 1991). Con-
ditioned reinforcement could explain the tendency of
alcoholics and addicts to return to these high-risk set-
tings.

The model proposed by Stewart, De Wit, and Eikel-
boom (1984) is also consistent with the priming effects
of low loses of a preferred drug on “craving” and drug
seeking and consuming behavior, as well as recent data
on sensitization that suggest an additive effect when
repeated drug use occurs, over time, in the same envi-
ronment (Stewart and Vezina 1988; Post et al. 1992).
Two recent reports using different methods to assess
dopamine release in the nucleus accumbens, report
dopamine release in association with anticipated volun-
tary alcohol consumption in the rat (Vavrousek-Jakuba,
Cohen, and Shoemaker 1990; Weiss et al. 1992). O’Brien
et al. (1992) reported dopamine release in nucleus accum-
bens after saline injections in rats previously exposed to
multiple cocaine injections. In short, a variety of recent
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studies support a role for the mesolimbic dopamine sys-
tem in conditioned drug effects,! the conditioned com-
ponents of behavioral sensitization, and the possible
neurobiology of anticipatory states prior to alcohol con-
sumption in alcohol experienced animals. Because this
system is also involved in the unconditioned neurotrans-
mitter response associated with drug/alcohol reinforce-
ment, it should be of interest to molecular neurobiologists
to explore intracellular neuronal changes that can be
triggered directly by drug administration, and by envi-
ronmental stimuli that have been previously paired to
drug administration. Recently, Brown et al. reported
that both cocaine administration and exposure to a
cocaine-paired environment each produced an increase
in locomotion that was accompanied by an increase in
Fos expression within specific limbic regions, as well as
the basal ganglia (Brown, Robertson, and Fibiger 1992).

In addition to the dopamine system, there is recent
evidence that excitatory amino acids may play a role in
conditioned effects of stimulant drugs, and in drug-
induced sensitization (Karler, Calder, and Chauhry 1989).
MK 801, a noncompetitive antagonist of the NMDA
receptor, blocked both the development of sensitization
to stimulants and conditioned amphetaminelike effects.
Because learning is an important component to the con-
ditioning of drug effects and sensitization and may be a
function of glutamate neurotransmission, it is possible
that this excitatory amino acid may play some role in
the conditioning process.

Homeostatic Models of Relapse. Relapse to heroin, co-
caine, nicotine, and alcohol addiction is most likely to
occur in the first 3 to 6 months of abstinence (Meyer
1989). This period may be characterized by physiologic
abnormalities, mood dysregulation, and a variety of
somatic symptoms—all of which have been theoreti-
cally linked to the problem of relapse. A number of
investigators have suggested that the signs and symp-
toms of what Martin and Jasinski (1969) called “pro-
tracted abstinence,” represent potential targets for a
rational pharmacotherapy of addictions (Meyer 1989;
Kreek 1992a). Implicit in the construct is the assumption
that during this period, addicts don’t “feel normal”
without their preferred drug. Indeed, Dole and Nyswan-
der (1965) hypothesized that heroin addicts required
steady doses of an exogenous opioid to “feel normal,”
and Kreek and her colleagues have demonstrated that
methadone maintained former heroin addicts manifest
normal HPA axis function, whereas drug-free former
addicts manifest abnormal HPA axis function in a
metyrapone challenge test (Kreek 1992a).

Data on this topic are not unambiguous (Brown and Fibiger
1992; Finley et al. 1988).
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The construct of “protracted abstinence” has been
reasonably well described in heroin addicts (earlier)
and in alcoholics in Table 3. The concept is a bit more
controversial in cocaine-dependent individuals, although
Volkow (1991, 1992), Bauer (1992), Herning (1992), and
Kreek (1992b) have separately reported persistent dif-
ferences in cerebral metabolism, motor function, EEG,
and HPA axis function in cocaine-dependent individu-
als after withdrawal. In rats acutely withdrawn from
cocaine, Koob (1992b) has reported a substantial eleva-
tion in the threshold for brain stimulation reward, sug-
gesting a homologue for withdrawal anhedonia after
cocaine withdrawal. Nestler has reported changes in
Foslike transcription factors in target neurons conse-
quent to chronic cocaine administration in rats (Nestler
1994). These changes could result in “altered levels of
expression of specific target proteins that underlie the
adaptive changes in brain function associated with
addiction” (Nestler 1994, p 83).

Cellular and Molecular Biology of Addiction:
Recent Progress

With the discovery of opiate receptors and endogenous
opioid peptides, it was anticipated that the develop-
ment of tolerance and/or physical dependence would
be reflected in changes in receptor binding or measur-
able changes in peptide levels. These early expectations
have not been borne out by experience. The challenge to
investigators attempting to explain tolerance on the
basis of changes in neurotransmitter or opioid peptide
release has been to differentiate between the observed
result as “cause” or “effect” of tolerance. Moreover, inves-
tigators must differentiate between “learned tolerance,”
metabolic tolerance, and pharmacodynamic tolerance.
Presumably the latter might be reflected in changes in
gene expression that might explain the phenomenon.
Residual tolerance persists past the period of acute

Table 3. Protracted Alcohol Abstinence

1. Evidence of heightened risk of relapse in the first 3 to 6
months after withdrawal from alcohol.

2. Persistent anxiety and depressive symptoms, even in the
absence of a mood disorder.

3. Persistent abnormalities of sleep architecture and
insomnia.

4. Persistent alterations in the gating of auditory-evoked
potentials (hyperexcitability) followed by a period of
possible latent hyperexcitability.

5. Persistent cognitive impairment (relative to premorbid
levels).

6. Neuroendocrine abnormalities, such as nonsuppression
in the dexamethasone suppression test.
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withdrawal and may represent a marker of “protracted
abstinence” and “risk of relapse” associated with some
addictive disorders.

Bronstein, Prezewlocki, and Akil (1990) reported a
decline in mRNA levels of proopiomelanocortin with
chronic morphine treatment. According to these investi-
gators, chronic morphine treatment appears to result in
preferential production of beta-endorphin 1-27 (which
functions as an antagonist at the mu receptor) relative
to beta-endorphin 1-31 (which functions as an agonist
at this receptor). It is unclear whether there is normal-
ization after withdrawal, or whether the pattern of beta-
endorphin production associated with chronic mor-
phine treatment persists during a period of “protracted
withdrawal.” Beitner-Johnson, Guitart, and Nestler (1992)
described regionally specific changes in gene expres-
sion of a number of second messenger functions in neu-
rons from brain regions associated with the reinforcing
effects of opiates. Taken together, these changes should
result in decreased dopamine synthesis in nucleus accum-
bens, and changes in Dj receptor function. Chronic
morphine treatment results in a decrease in the phos-
phorylation state of tyrosine hydroxylase in the nucleus
accumbens, which decreases the functional activity of
this enzyme. Parenthetically, there is upregulation (an
increased phosphorylation) of the enzyme in the ventral
tegmental area. Chronic morphine treatment also
results in a decrease in neurofilament (NF) proteins in
dopamine neurons in the ventral tegmental area. These
authors speculate that because the NF proteins form a
major component of cytoskeleton, it is possible that
there are consequent structural alterations in mesolim-
bic dopamine neurons that reduce the ability of these
cells to transmit dopamine signals to postsynaptic cells
in the nucleus accumbens. There are also decreased lev-
els of Gi protein with consequent increases in adenylate
cyclase and cAMP dependent protein Kinase, altering
D; receptor function. Identical regionally specific changes
in dopamine function occur with chronic cocaine admin-
istration. These investigators postulate that these changes
could result in impairment of the brain’s endogenous
reward system, with implications for motivation and
affect in humans. Do these changes persist to account
for some of the persistent psychological signs and
symptoms in abstinent former addicts? Are clinical
investigators able to identify any commonalities in the
postwithdrawal period in opiate and cocaine-depen-
dent subjects that might be explained by the types of
cellular and molecular changes in dopamine neurons in
rat nucleus accumbens reported by Beitner-Johnson et
al. (1992)? It is intriguing that similar molecular and cel-
lular adaptations after chronic ethanol exposure have
recently been reported (Fitzgerald and Nestler, in
press).

The locus ceruleus is an important mediator of physi-
cal dependence to opiates (Nestler 1990). Beitner-Johnson,
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Guitart, and Nestler (1992) also reported that chronic
morphine treatment results in upregulation of cyclic
AMP at multiple levels in this brain region. Again, it is
unclear whether these changes persist beyond the period
of chronic opiate administration and acute withdrawal.

There is a good bit of evidence for altered homeosta-
sis following acute withdrawal from chronic high-dose
alcohol consumption (Table 3). Clinical investigators need
to assess the persistence of abnormal signs and symp-
toms after alcohol withdrawal and the relationship be-
tween these abnormalities and risk of relapse. Recently,
Gillin and associates reported a relationship between
abnormalities in sleep architecture after alcohol with-
drawal and risk of relapse in alcoholic veterans (Gillin
et al. 1994). In animal models of alcohol dependence,
there is decreased sensitivity to GABAergic agonists
and enhanced sensitivity to inverse agonists (Buck and
Harris 1990a, 1990b). This change in receptor sensitivity
could account for the symptoms of anxiety and the CNS
hyperexcitability during alcohol withdrawal. Do these
changes persist beyond the period of acute withdrawal?
Alterations in sensitivity to ethanol and changes in pref-
erential binding (agonist vs inverse agonist) with chronic
alcohol administration may be a consequence of changes
in gene expression of BZ-GABA receptor subunits.
Chronic alcohol administration results in a 40% to 50%
reduction in alpha 1 subunit mRNAs in the cerebral cor-
tex of the rat as well as increases in mRNAs of the alpha
6 and beta 2 subunits in cerebellum (Morrow, Mont-
pied, and Paul 1991). Chronic ethanol administration in
mice also results in upregulation of the NMDA receptor
for at least 8 hours after withdrawal of alcohol (Grant,
Valverius, and Hudspith 1990). Withdrawal seizure
activity was reduced by the administration of MK 801
(an NMDA receptor antagonist) in this study. Again, as
with the BZGABA receptor, it is unclear whether these
changes persist beyond the period of acute alcohol
withdrawal, and in what ways they are associated with
changes in gene expression.

Further Thought on Better Integration of Data from
Clinical and Molecular Studies

Intrinsic to the concept of protracted abstinence is the
model of a deficit in homeostasis consequent to chronic
drug or alcohol use, which is made manifest when the
organism is drug- or alcohol-free. Evidence of residual
dysfunction is most apparent in association with acute
withdrawal syndromes where homeostasis is restored
by drug substitution. At another level, evidence of
abnormalities of GABA and NMDA receptor sensitivity
are most clear during chronic ethanol administration
and during acute withdrawal. At this juncture, the most
robust evidence of persistent deficits in homeostasis in
alcoholics and opiate addicts comes from clinical stud-
ies. Further work is needed to identify persistent residual
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abnormalities in receptor function and gene expression
that may account for the clinical phenomenology. To
date, most molecular neurobiologists have not been
especially interested in the types of chronic studies that
might validate (or fail to validate) the clinically devel-
oped construct of “protracted abstinence.” If chronic
exposure to opiates, cocaine, and alcohol results in
changes in gene expression affecting receptor or second
messenger function in neurons from behaviorally rele-
vant brain regions, then the clinical reports of patients
in treatment that they “feel normal” when on their drug
of choice seem more compelling. Molecular neurobiolo-
gists might make a major contribution to clinicians if
they defined the duration of changes in gene expression
and/or receptor function. Are these changes perma-
nent? Do they respond to acute or chronic treatment
with receptor antagonists or other drugs that may mod-
ify neurotransmitter, receptor, or second messenger
function?

A Molecular Biology of Risk?

Finally, what are the heritable elements and / or anteced-
ent developmental determinants that may contribute to
the development of substance dependence? The alcohol
literature is replete with reports on the pharmacoge-
netic determinants of alcohol preference drinking and
differential alcohol sensitivity (summarized by Meyer
and Dolinsky 1991). Beitner-Johnson, Guitart, and Nest-
ler (1992) have highlighted the comparative ease of
inducing conditioned place preference in Lewis (com-
pared to Fisher) rats. Are Lewis rats more vulnerable to
the development of “addictive disorders?” In a provoc-
ative group of findings, Beitner-Johnson, Guitart, and
Nestler (1992) have compared characteristics of mesolim-
bic dopamine neurons in Fisher and Lewis rats. The dif-
ferences in the molecular neurobiology of mesolimbic
dopamine neurons in drug-naive Lewis rats (compared
to Fisher rats) resembled the differences between chronic
morphine- and chronic cocaine-treated animals (com-
pared to controls) in outbred Sprague Dawley rats. Like
the pharmacogenetic studies of ethanol, these studies
suggest that some aspects of vulnerability may be
genetically determined. Other investigators have ob-
served that stress serves to amplify the reinforcing
properties of stimulants in rats, in a process which appears
to involve corticotropin releasing factor and the HPA
axis (Cador et al. 1992). Isolation reared monkeys spon-
taneously drink much greater quantities of ethanol than
monkeys reared in a normal environment in proximity
to their biologic mothers (Higley et al. 1991). Environ-
mental factors may affect gene expression related to the
reinforcing properties of drugs or alcohol and/or the
progression from use to dependence. Whereas drug/
alcohol experimentation is a necessary precursor to the
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development of dependence, it is not a sufficient expla-
nation of the phenomenon. Most individuals who exper-
iment with drugs do not go on to a dependent pattern
of drug/alcohol use. Although alcohol researchers have
long been interested in the problem of differential indi-
vidual risk (alcohol is a weaker reinforcer than other
drugs of abuse), recently researchers in the drug abuse
field have become very interested in this issue in animal
and human populations. Molecular biology may lead to
new paradigms that can account for differential risk
based upon the differential initial reinforcing properties
of drugs/alcohol, differential vulnerability to condi-
tioning of the reinforcing stimulus properties of drugs/
alcohol and sensitization, as well as differential changes
in gene expression of neurons in the mesolimbic dopa-
mine system and the amygdala that could account for
the two components of risk of relapse: risk of use after a
period of abstinence and the rapid reinstatement of
dependence after resumption of use.

CONCLUSION

No single article can do justice to the extraordinary sci-
entific progress that has been made in the addictions
field over the past 30 years. The original point of this
text was to ask whether any part of our field of neuro-
psychopharmacology may be ready for the revolution
in molecular biology. During my presidential year, I felt
like the rabbi of old who was approached by two men
with diametrically opposite views. When I listened to
my clinical colleagues who argued against the useful-
ness of molecular biology to our field and our College, 1
had to agree that they were correct. When I listened to
my colleagues who were working on the frontiers of
molecular neurobiology and argued for the usefulness
of their work to our field and our College, I had to agree
that they were correct. And when an observer heard me
agree with both diametrically opposed positions, I had
to agree with her view as well, which held that molecu-
lar neurobiology has a real contribution to make to our
field—on a selective basis.

As my presidential year began, I was on sabbatical at
Stanford where I had the opportunity to reflect on 25
years of research in the addictions field. I learned some
molecular biology from texts and came to the conclu-
sion that the addictions field was ready for the para-
digm shift. Perhaps that explains my career change to
full-time administration.

On the other hand, I was dismayed to realize that too
many molecular neurobiologists were focused on acute
experiments that merely sought to find intracellular
concomitants of the reinforcing properties of drugs.
Drug and alcohol dependence are chronic, relapsing
disorders! I saw the next generation of clinical research
reporting comorbidity according to DSM-IV, rather than
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exploring the rich theoretical possibilities of our roots in
this field. In my judgment, DSM-IV needs to represent
the “floor” and not the “ceiling” of our clinical data.
For all of the reasons presented in Table 1, of all of
the areas of neuropsychopharmacology I believe that
the addictions field is ready for the paradigm shift.
Once we have begun to define the potential of the new
science, we may be able to apply the paradigm to other
areas of neuropsychopharmacology in a way that can
highlight the interdependence of first class clinical
investigation with first class molecular biology!
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