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Preface 

In recent years alcohol abuse has received increased international attention. 
Such attention is justified by the enormous negative impact that this disorder 
has on health, as well as on economic and social well-being. Governmental 
and other sources of research support have promoted substantial investigation 
into the negative consequences of alcohol, examining both animal models 
and human subjects. Consequently, there has been a virtual explosion of 
preclinical and clinical data, much of it focused on alcohol's pharmacologic 
effects. However, there have been few efforts to integrate this wealth of new 
information into a single, manageable volume. 

This volume provides an up-to-date, in-depth treatment of the phar
macology of alcohol, particularly as it relates to alcohol abuse. The over
riding theme of the book is the interplay between the preclinical and clinical 
domains. Increasingly, these areas of investigation have served to inform 
one another, a trend that can be expected to grow with time. The topics 
covered include the effects of alcohol on biological systems and the impact 
of medications on those effects. In addition, recent insights obtained from 
molecular biological investigations are discussed in terms of their relevance 
for understanding the effects of alcohol at the cellular level and the implica
tions of these for the development of medications. Consideration is also 
given to important methodological issues that influence the evaluation of 
medications in the context of clinical trials. 

This integration of basic and clinical science is intended to be useful to 
both investigators and clinicians alike. Scientific and administrative efforts to 
streamline the transition from the bench to the clinic can be expected to 
speed development and to reward those who have broad familiarity with the 
process. The focus of this volume is on the integration and utility of research 
findings obtained using diverse approaches and how these findings may 
influence both clinical practice and subsequent investigation. 

Farmington, CT, USA HENRY R. KRANZLER 
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CHAPTER 1 

The Pharmacology of Alcohol Abuse: 
An Introduction 

H.R. KRANZLER 

Alcohol consumption is virtually universal in the world today and has been 
so throughout history. Its production and psychoactive effects appear to 
have been identified serendipitously in all cultures in which it is used, with 
the exception of those in the Pacific Islands and most of North America, 
where it was introduced by Europeans (MARSHALL 1979). Alcohol has often 
been viewed as a balm and medicinal. However, some have seen it as an evil 
intoxicant responsible for many (if not most) of the ills of modern society. 
People do not readily conceive of beverage alcohol as a drug. Nonetheless, 
its complex pharmacologic effects, including a panoply of psychopharma
cologic effects, have led people throughout the world to surround alcoholic 
beverages with a variety of rules and regulations governing their use 
(MAKELA et al. 1981; MARSHALL 1979). Despite these efforts at control, 
excessive drinking, with its attendant adverse effects, is widespread. 

Recent efforts, including the development of standardized diagnostic 
interviews designed or adapted for cross-national application (ROBINS et al. 
1981, 1988; WING et al. 1990), have made it possible to estimate the 
prevalence of alcoholism in different cultural contexts (HELZER and CANINO 
1992). Lifetime prevalence rates have been shown to vary considerably 
within and between countries in North America, Europe, and Asia (HELZER 
and CANINO 1992), an effect that is not adequately explained by demographic 
differences in the countries studied (HELZER et al. 1990). Lifetime prevalence 
rates as low as 0.45% and as high as 23% have been reported in community 
studies that employed a structured diagnostic interview to diagnose alco
holism (HELZER and CANINO 1992). In addition to these overall differences 
in lifetime prevalence rates, the prevalence of alcoholism has been shown to 
vary considerably as a function of both sex and age (HELZER and CANINO 
1992). Though differences in the conceptualization of alcoholism and in the 
willingness of individuals to endorse symptoms in response to questioning 
are important sources of variability in these estimates, there appear to be 
substantive differences in alcoholism among different cultural groups. 

As evident in the title of this volume, the focus of the chapters that 
follow is on the pharmacology of alcohol abuse. Consequently, no effort will 
be made in subsequent chapters to discuss the sociocultural dimensions of 
alcohol abuse. However, since there is a substantial and clearly discernible 
interaction between pharmacologic effects and learning, the nature of this 
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interaction and the psychological and psychiatric consequences of alcohol 
abuse are discussed in some detail in a number of the chapters that follow. 

The term "alcohol abuse" is both widely and variously employed, 
attesting both to difficulty in defining the term and the importance of the 
phenomena to which it makes reference. For the purposes of this volume, 
the term "alcohol abuse" is used interchangeably with the term "alco
holism," which refers to the adverse effects of chronic alcohol consumption. 
Similarly, "ethanol" and "alcohol" will be used interchangeably. 

A review of the pharmacology of alcohol abuse is an ambitious goal, 
hence it is important to acknowledge the limitations inherent in such an 
effort. While some of the chapters in this volume review the literature in the 
areas that they cover more extensively than do others, the focus is generally 
on recent developments. There has not been the expectation that the 
contributors to this volume provide comprehensive coverage of the pharma
cology of ethanol or of alcohol abuse. Suffice it to say, however, that 
investigation in this area has burgeoned in recent years, so that the volume 
covers an enormous research literature. For illustrative purposes, Table 1 
provides a partial listing of medications that have been used to treat 
alcoholism, some of which have been used for the treatment of alcohol 
withdrawal, but the majority of which have been used for the purpose of 
rehabilitation (i.e., to treat comorbid psychopathology or to reduce alcohol 
consumption directly). While at the time of this writing there are no widely 
accepted medications for use in alcoholism rehabilitation, recent trials have 
shown a number of medications to have substantial promise. 

As may be evident in reviewing the volume's table of contents, the 
topics covered were chosen with an eye to providing equal attention to both 
preclinical and clinical considerations. In most of the chapters the focus is on 
one or the other of these domains, though in the majority there is an effort 
to integrate preclinical and clinical findings. The focus in a number of the 
predominantly preclinical chapters is on the effects of ethanol at the cellular 

Table 1. Medications used in the treatment of alcoholism: a partial listing 

abecarnil 
acetophenazine 
alprazolam 
amitriptyline 
amoxapine 
apomorphine 
atenolol 
bromocriptine 
buspirone 
carbamazepine 
carbimide 
chlordiazepoxide 
clonidine 
clormethiazole 

cyproheptadine 
diazepam 
dipropyltryptamine 
disulfiram 
doxepin 
enalapril 
fenfluramine 
fluoxetine 
fluvoxamine 
homotaurine 
hydroxyzine 
imipramine 
lithium 
lofexidine 

lysergide (LSD) 
mephenoxalone 
mesoridazine 
metronidazole 
nalmephene 
naltrexone 
nialamide 
nitrefazole 
perphenazine 
phenaglycodol 
propranolol 
thioridazine 
thiothixene 
tiapride 
tybamate 
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or subcellular level, though usually as these relate to organismic (i.e., 
behavioral) events. Similarly, those chapters that focus predominantly on 
the behavioral effects of ethanol seek to relate these effects to ethanol's 
actions on specific neurotransmitter systems. Developments in understanding 
the molecular genetic mechanisms that underlie many of ethanol's effects on 
specific neurotransmitter systems occupy a limited role in a number of these 
chapters as well. 

The chapters that follow begin with a review by Moring and Shoemaker 
(Chap. 2) of the effects of ethanol on neuronal membranes and membrane
bound receptor systems. These authors conclude that the bulk membrane 
disorder model of ethanol's mechanism of action does not provide an 
adequate explanation for many of the effects of acute and chronic ethanol 
administration. They point out that direct effects of ethanol on specific lipid 
and protein domains of neuronal membranes have also been documented. 
These actions, as well as others heretofore unidentified, appear to underlie 
the physiological and behavioral effects of ethanol. The authors point out 
that a limited number of mechanisms of ethanol's actions may explain these 
diverse actions. 

In the next chapter, Leslie (Chap. 3) reviews the effects of ethanol on 
voltage-dependent calcium channel function. He begins by reviewing the 
physiologic roles of calcium channels, but then focuses specifically on L type 
calcium channels, the type of channel for which ethanol effects are best 
documented. This channel type, of which there appear to be sUbtypes that 
vary in sensitivity to ethanol's effects, has been implicated in the acute and 
chronic effects of ethanol. He points out that the evidence is particularly 
strong for the involvement of L type calcium channels in tolerance to and 
dependence on ethanol. The chapter concludes by relating these effects of 
ethanol to the effects of barbiturates and benzodiazepines on neuronal 
calcium channel function, which together provide evidence for calcium 
mediation of sedative-hypnotic effects. 

Subsequent chapters review the effects of ethanol on a variety of 
neurotransmitter systems, including excitatory amino acids, GABA, cate
cholamines, serotonin and opioids. Hoffman, in Chap. 4 on excitatory 
amino acid function, begins with a discussion of the sites of ethanol's actions 
and the effects of ethanol on receptors for glutamate, the predominant CNS 
excitatory amino acid. She then focuses specifically on the effects of ethanol 
on the NMDA receptor, which appears to have one or more specific sites 
where ethanol is active. This activity is hypothesized to involve the interac
tion of the coagonists glutamate and glycine. Acutely, ethanol inhibits 
NMDA receptor function, while chronically it produces "up regulation" of 
this system. These neuronal effects appear to contribute to the cognitive 
effects of ethanol, as well as to the development of tolerance to ethanol and 
withdrawal-related effects (such as seizures). 

The chapter by Ticku and Mehta (Chap. 5) reviews the effects of 
ethanol on GABA-mediated neurotransmission. These authors begin by 
highlighting the similarity of effects produced by ethanol and sedative-
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hypnotics, which suggests that a common modulatory system may underlie 
some of the pharmacologic effects of these diverse agents. GABA neuro
transmission (particularly that involving GABAA receptors) is a likely 
mechanism for some of these effects, given that both acute and chronic 
ethanol administration produce a number of effects on this neurotransmitter 
system. Furthermore, at concentrations associated with its behavioral effects, 
ethanol potentiates GAB A-induced chloride flux, suggesting that some of 
these effects of ethanol are GABA-mediated. Next there follows a discus
sion of the ability of inverse GAB A agonists (e.g., Ro15-4513) to reverse 
some of the pharmacologic effects of ethanol. Finally, these authors discuss 
recent molecular biological aspects of investigation of the effects of ethanol 
on GAB A neurotransmission. 

Samson and Hoffman (Chap. 6) review the preclinical literature on 
the involvement of CNS catecholamines in ethanol self-administration, 
tolerance, and dependence. These authors point out that acutely ethanol 
causes dopamine release, particularly in mesolimbic pathways. Behavioral 
studies suggest that this effect is important in ethanol-induced reinforcement. 
Following chronic ethanol administration, dopaminergic neurons may also 
be involved in the development of alcohol withdrawal symptoms. In contrast, 
while norepinephrine appears not to play a role in ethanol self-administra
tion or reinforcement, this neurotransmitter system appears to modulate the 
development of behavioral tolerance to ethanol's effects. 

The chapter by Higgins and colleagues (Chap. 7) reviews the substantial 
literature linking changes in serotonergic function with ethanol self
administration, tolerance, and dependence. They also discuss the effects of 
such changes on other consummatory behavior, particularly as these effects 
serve to elucidate ethanol-relevant effects. Given the diversity of sero
tonergic receptors and their widespread distribution in the CNS, the chapter 
begins with an overview of the anatomy and receptor pharmacology of this 
system. The authors then discuss the effects of increasing serotonergic func
tion, which in general produces decreases in alcohol consumption and food 
and palatable fluid intake. A review of the effects of reduced serotonergic 
function reveals a sparser literature and somewhat less consistent increases 
in ethanol self-administration and feeding behavior. The authors use these 
data to examine the hypothesis that the effects of changes in serotonergic 
tone are mediated by a satiety mechanism, which they argue does not 
adequately address the empirical findings. They then offer alternative 
hypotheses, including one in which serotonergic projections serve to oppose 
forebrain dopamine systems that underlie reward-related behavior. With 
respect to the involvement of serotonin in the development of tolerance to 
ethanol, the literature is quite limited. In general, however, decreases in 
serotonergic function impede the development of tolerance, while increases 
enhance tolerance development. 

Volpicelli and colleagues (Chap. 8) review the literature on opioid 
mediation of alcohol self-administration. This literature shows that the 
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administration of ethanol enhances opioid receptor activity, particularly in 
genetically susceptible organisms. Furthermore, low doses of opioid agonists 
increase ethanol consumption, as does opioid withdrawal. In contrast, 
moderate-to-high doses of opioids decrease ethanol self-administration, as 
do opioid antagonists. The authors interpret these preclinical and clinical 
findings in terms of an opioid compensation model, in which deficiencies in 
opioidergic activity that derive from genetic or environmental influences are 
compensated for by alcohol consumption. They acknowledge the limitations 
that exist in this model and discuss an alternative model proposed by REID 

and colleagues (1991) that invokes the notion of a surfeit of opioid receptor 
activity as an explanation for alcohol consumption. 

The chapter by Grant (Chap. 9) then summarizes the diversity and 
utility of a number of animal models of alcoholism, which are organized in 
terms of stages of change. In contrast to earlier models that were dominated 
by tolerance and dependence as the basic elements of alcohol dependence, 
alcohol-seeking behavior is the primary focus of current animal models. For 
the purposes of this review, Grant operationally defines ethanol self
administration and ethanol-conditioned preferences as the behaviors repre
sentative of alcohol-seeking behavior. The four stages that she focuses on 
are the initiation of drinking, the transition to abuse and dependence (or 
maintenance of excessive ethanol seeking), the induction of remission, and 
relapse to excessive alcohol-seeking behavior·. Grant argues that animal 
models are particularly well suited to the study of the initiation of alcohol 
consumption, given the ethical constraints on experimental ethanol admini
stration to ethanol-naive humans. In the transition to abuse or dependence 
the focus of animal models is on the apparent qualitative shift in the 
reinforcing effect of the ethanol stimulus that enables it to exert such potent 
control over behavior. To address the processes of remission from and 
relapse to excessive alcohol seeking, Grant turns to the clinical literature 
to supplement the limited availability of animal models. Throughout the 
chapter the author endeavors to combine pharmacologic explanations for 
behavior with psychosocial ones, developing a typology of animal models 
that highlights the substantial gains that have accrued from them in our 
understanding of alcohol-related behaviors and the gaps in that under
standing that remain to be filled. 

The chapter by Littleton (Chap. 10) represents a particularly skillful 
review of the endocrine effects of ethanol in both animals and humans. This 
chapter helps make the transition from a preclinical focus to the clinical 
domain. The chapter begins with a discussion of the effects of ethanol 
on neurohormonal regulation. The three major neuroendocrine axes 
(hypothalamic-pituitary-gonadal, hypothalamic-pituitary-adrenal, and 
hypothalamic-pituitary-thyroid) are then examined in turn, with an emphasis 
on the effects of ethanol on the function of these systems. These are 
followed by a brief discussion of ethanol's effects on other neurohormonal 
systems, most notably that involving growth hormone. Subsequent sections 



6 H.R. KRANZLER 

are concerned with the role of neurohormonal systems on alcohol consump
tion. In this effort, specific emphasis is put on opioid peptides, the 
hypothalamic-pituitary-adrenal axis, and appetitive systems (under which 
rubric are included effects of serotonin, renin/angiotensin, and vasopressin, 
which are linked theoretically and to some degree empirically through their 
effects on food and fluid intake). With this chapter the author provides a 
very clear explication of the many, varied (and sometimes conflicting) 
interactions between ethanol and neurohormones. 

The subsequent chapter by Romach and Tomkins (Chap. 11) relates a 
variety of animal models specifically to the clinical setting. The focus of this 
chapter dovetails nicely with the earlier chapter by Grant. It begins with a 
focus on alcohol consumption, which includes an overview of clinical aspects 
of alcoholism, followed by reviews of animal models and preclinical studies 
and a somewhat lengthier treatment of clinical studies. Subsequent sections 
focus on alcohol withdrawal, for which both the preclinical and clinical 
literatures are examined, and psychiatric co morbidity in alcoholics, con
cerning which there is a sparse animal literature and a somewhat more 
substantial clinical literature. Both of these sections briefly cover topics that 
are dealt with more comprehensively in subsequent chapters. The authors 
conclude their chapter by emphasizing how preclinical investigation has 
served increasingly to drive developments in the pharmacotherapy of 
alcoholism. They highlight means by which the transfer of knowledge from 
the preclinical to the clinical domain may be enhanced, as well as some of 
the areas in which clinical trials methodology may be refined; topics that are 
expanded upon further in the concluding chapter of this volume. 

Gelernter, in his chapter (12) on the genetics of alcoholism, carefully 
reviews the clinical literature that implicates genetics in the etiology of 
alcoholism. He then goes on to dicuss laboratory (molecular) studies of the 
nature of the genetic influence on risk for the disorder. Among the clinical 
studies that he reviews are those based on adoption or involving twins, the 
effects of family history on treatment outcome in alcoholics, and trait 
markers of familial risk. The molecular studies are subdivided into linkage 
studies and association studies. Gelernter also distinguishes between genetic 
effects on alcoholism risk that are not expressed in brain and those that 
involve CNS function. He pays particular attention to the controversy 
surrounding the association between alcoholism and alleles of the gene 
for the dopamine (D2) receptor. While he concludes that the evidence 
supporting a genetic contribution to alcoholism is very strong, Gelernter 
acknowledges that much work remains to be done to identify the molecular 
mechanisms that may mediate major genetic effects. In this conclusion, the 
author also suggests how improved knowledge of genetics may lead to new 
developments in the pharmacotherapy of alcoholism. 

Anton and Becker (Chap. 13) provide a comprehensive review of the 
preclinical and clinical literatures on alcohol withdrawal. They begin with a 
description of the clinical syndrome, followed by discussion of a variety of 
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related issues, including predictors of severity of the alcohol withdrawal 
syndrome, protracted alcohol withdrawal, and the relationship between 
psychiatric pathology and alcohol withdrawal. The authors go on to review 
the neuropharmacology of alcohol withdrawal, and in this area the chapter 
overlaps somewhat with previous chapters on GABA, excitatory amino 
acids, voltage-dependent calcium channel function, and catecholamines. 
They make the transition to clinical management by discussing the kindling 
hypothesis of alcohol withdrawal. The final and largest part of the chapter is 
devoted to a review of treatments for the alcohol withdrawal syndrome. 

In the next chapter (14), Fuller and Litten review the literature on the 
use of aversive agents for the treatment of alcoholism. Given that disulfiram 
has been in clinical use for more than 40 years, far longer than any other 
aversive compound, the authors focus their review primarily on this agent. 
They discuss the pharmacokinetics of the drug, its mechanism of action, 
clinical use, studies of its efficacy, its toxicity, and issues related to enhance
ment of compliance with the drug. Based on a large, placebo-controlled, 
multicenter trial of the medication, the authors conclude that disulfiram may 
have potential utility, particularly in a subgroup of alcoholics for whom the 
drug may result in decreased drinking. That study also revealed better 
drinking outcomes in patients who were compliant with their medication 
(either disulfiram or placebo). They go on to review a number of studies in 
which compliance with disulfiram was enhanced through specific interven
tions, which further highlights the potential utility of this medication for 
relapse prevention in some alcoholics. The authors also review the limited 
literature on the use of calcium carbamide, an aversive drug with com
paratively rapid onset and brief duration of action. Given this pharmacologic 
profile, this drug has been used with some success in conjunction with 
psychosocial treatment. Though aversive agents have received less research 
attention in recent years, new findings suggest that these drugs, in combina
tion with specific interventions to enhance compliance and efficacy, may 
have an important role to play in the prevention of relapse in alcoholics. 

The chapter by Naranjo and Bremner (Chap. 15) provides a summary of 
the literature on medications that attenuate alcohol consumption in humans 
through effects on specific neurotransmitter systems. The preclinical basis 
for this chapter was provided in the earlier chapters by Higgins and col
leagues, Samson and Hoffman, Volpicelli and colleagues, and Ticku and 
Mehta. Naranjo's considerable contributions to the literature on the effects 
of serotonin reuptake inhibitors on alcohol consumption in heavy drinkers 
enable him to review these effects clearly and succinctly. In subsequent 
sections, the authors review the effects of dopaminergic, opioidergic, and 
GABAergic medications on drinking in alcoholics. Given the relative 
paucity of clinical research with these medications, these sections are much 
briefer than the section on serotonergic medications. However, considerable 
research interest is now being focused in the United States on opioid anta
gonists and in Europe on the GABA agonist calcium acetyl-homotaurinate 
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(homotaurine). In the not-too-distant future considerably more data from 
clinical trials will be available to help evaluate the relative efficacy of these 
various medications. The authors discuss the recent development of new 
experimental paradigms to screen the clinical effects and to investigate the 
mechanisms of action of medications to reduce alcohol consumption. They 
also describe some recent developments in clinical trials methodology, which 
are an essential ingredient in the quest for efficacious pharmacotherapies for 
alcoholism. This topic is discussed in some detail by Kranzler and colleagues 
in the final chapter of this volume. 

Worner and Manu limit their chapter (16) to recent developments in the 
treatment of gastrointestinal comorbidity in alcoholics. They chose to limit 
their focus to gastrointestinal comorbidity insofar as their literature search 
revealed no significant recent pharmacologic advances in the treatment of 
cardiovascular, neurologic, renal, hematologic, endocrinologic, or metabolic 
complications of alcoholism. The alcohol-related gastrointestinal disorders 
that they discuss are hepatic disease (i.e., steatosis, hepatitis, and cirrhosis), 
acute pancreatitis, and chronic gastritis. Among patients with steatosis, 
treatment continues to depend on reduced alcohol consumption, rather than 
any pharmacologic intervention. Among patients with alcoholic hepatitis 
complicated by encephalopathy, corticosteroids appear to reduce short-term 
mortality. Among cirrhotics with varices who are at increased risk of 
bleeding, beta-blockers are effective in preventing the first episode of 
bleeding. The management of pancreatitis continues to depend on standard 
symptomatic therapy. In contrast, preliminary results in alcoholics with 
gastritis complicated by Helicobacter pylori infection suggest that a triple 
antibiotic regimen effectively reduces symptomatology. The authors conclude 
that despite a number of recent investigations, the pharmacologic treatment 
of gastrointestinal complications in alcoholics remains limited. 

The chapter by Bohn and Hersh (Chap. 17) discusses the assessment 
and treatment in alcoholics of major depression, anxiety disorders, bipolar 
affective disorder, and schizophrenia. In each of these areas the authors 
emphasize the complexity in diagnosing comorbid disorders, since the acute 
and/or chronic effects of ethanol can minic signs and symptoms associated 
with these disorders in nonalcoholics. These issues are directly relevant to 
the validity of results obtained in clinical trials of medications for treatment 
of comorbid psychiatric disorders in alcoholics. The authors conclude each 
section with a discussion of pharmacologic treatments, of which there are 
a growing number that hold promise as specific remedies for comorbid 
psychiatric disorders. There is a striking paucity, however, of studies that 
have carefully examined the utility of widely used psychotropic medications 
for treatment of psychiatric co morbidity in alcoholics. Further study of both 
cyclic antidepressants and selective serotonin reuptake inhibitors for the 
treatment of major depression in alcoholics is warranted. In the case of 
comorbid anxiety disorders, the circumstances under which benzodiazepines 
are contraindicated remain to be identified empirically. Other anxiolytics, 
such as buspirone, have shown some promise for generalized anxiety, but 
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further work is needed to guide clinicians. There are no published controlled 
data on the treatment of panic disorder in alcoholics. The same lack of 
systematic investigation exists with respect to the treatment of both bipolar 
disorder and schizophrenia in alcoholics. The authors of this chapter con
clude with a view to how future efforts in this area may best be directed. 

The chapter by Rommelspacher and Muller (Chap. 18) on clinical 
markers of alcohol abuse begins with a discussion of the definition of the 
term "marker." They differ~ntiate between state and trait markers and 
between intoxication and residual markers. These dichotomies have theore
tical significance for the etiology and pathophysiology of alcoholism, as well 
as practical relevance for the assessment of clinical outcomes in alcoholics. 
The authors go on to examine the utility of ethanol levels and levels of 
acetaldehyde, acetaldehyde adducts, and acetate as clinical markers. They 
also review the literature on monoamine oxidase and certain second mes
senger systems (including guanine nucleotide binding proteins and adeny
lylcyclase). This is followed by a discussion of 'more traditional clinical 
markers: namely, serum enzymes such as y-glutamyltransferase and aspartate 
aminotransferase. The authors then discuss the literature on tetrahydroiso
quinolines and p-carbolines, immunologic measures, and serum trace ele
ments (including thiamine). They conclude with a detailed, but concise 
discussion of the status of carbohydrate-deficient transferrin as a marker of 
chronic heavy drinking. Though much work has been done to identify 
clinical markers of alcohol abuse, substantial limitations exist in this literature 
and considerable work remains to be done in this area. Further investigation 
in the area of clinical markers is likely to help elucidate the pathophysiology 
of alcohol abuse and to enhance the validity of treatment trials for the 
disorder. 

The chapter by Ciraulo and colleagues provides a comprehensive review 
of the interactions of alcohol with both medications ad drugs of abuse. 
These authors begin with a general discussion of absorption and bioavailabi
lity and how these are affected by the interaction of ethanol and drugs. This 
is followed by consideration of the effects on distribution and metabolism of 
the interaction between ethanol and drugs. A general discussion is then 
provided concerning the interaction of ethanol and drugs. This is followed 
by consideration of the effects on distribution and metabolism of the interac
tion between ethanol and drugs. A general discussion is then provided 
concerning pharmacodynamic interactions of ethanol and drugs. The authors 
then discuss the interaction of ethanol with a wide variety of specific drugs 
and medications, including acetaminophen, anticonvulsants, antidepressants, 
anxiolytics, sedative/hypnotics, calcium channel antagonists, antihistamines, 
antipsychotics, hypoglycemics, and opiates and other drugs of abuse. Given 
the large number of interactions between ethanol and drugs, and the 
widespread nature of alcohol consumption, the authors conclude with an 
expression of concern that these interactions are of great clinical importance. 

As is evident in the diversity and depth of the topics covered in this 
volume, much is known concerning the pharmacology of alcohol abuse. 
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Developments in preclinical science have begun to elucidate the neuro
pharmacologic basis of ethanol's effects and increasingly are being applied 
clinically, with resultant improvements in treatment. However, much 
remains to be learned. Though the effects of alcohol have been demon
strated in a variety of neurochemical systems, the molecular basis for many 
of alcohol's effects and the nature of the interactions among these systems 
remain largely unknown. Similarly, though few would deny a genetic con
tribution to alcohol abuse, the pathophysiology and the molecular basis for 
that contribution are as yet undetermined. Uncertainties and lack of under
standing are equally prevalent in the clinical domain. The diagnosis of 
alcohol abuse is based as much on a consensus of opinion, as on scientific 
knowledge. Though new treatments, both pharmacologic and psychosocial, 
hold considerable promise for reducing the distress and social disruption 
attendant upon alcohol abuse, that promise remains incompletely fulfilled. 
The final chapter of this volume, by Kranzler and colleagues (Chap. 20), 
discusses issues relevant to medications development, including patient
treatment matching and clinical trials methodology, specifically as it is 
applied to the treatment of alcoholism. 

Much work has been done and the chapters that follow detail recent 
pharmacologic developments and provide a basis for subsequent investiga
tion. Though considerable work remains to be done, the confluence of a 
variety of technological and empirical developments suggests that the decade 
to come may be a watershed period in the pharmacology of alcohol abuse. 
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CHAPTER 2 

Alcohol-Induced Changes 
in Neuronal Membranes 

J. MORING and W.J. SHOEMAKER 

A. Introduction 
A large number of effects of acute and chronic ethanol exposure on the lipid 
and protein components of cell membranes have been documented. These 
effects vary in magnitude and importance. Whether the primary site of 
action of ethanol is lipid or protein in nature is still unknown. The purpose 
of this chapter is twofold: first, to review and evaluate the evidence con
cerning the site of ethanol action; and second, to review the membrane 
effects of ethanol and to assess their relative importance in producing the 
characteristic physiological and behavioral effects of ethanol consumption. 

Despite extensive study, the primary physiological site (or sites) of 
action of ethanol is still not known with certainty. Ethanol has anesthetic 
effects and so, on the basis of mode of action, it has been classed with 
general anesthetics. Because many substances with general anesthetic pro
perties, including ethanol, are simple small molecules that are structurally 
unrelated to one another (for example, halothane, butanol, and xenon), a 
nonspecific mode of action has been considered more probable than action 
at a specific site. No specific, saturable binding site for ethanol has yet been 
discovered. Several possible sites of ethanol action on the cell membrane are 
illustrated in Fig. 1. Ethanol may act at these sites by: (1) disordering the 
bulk membrane, (2) changing membrane lipid composition, (3) altering local 
lipid domains, (4) altering membrane protein function, (5) affecting signal 
transduction proteins and their related systems, (6) changing ion channel 
function, and (7) regulating receptor subunit expression. Chronic exposure 
to ethanol leads to tolerance, dependence, and, after withdrawal, a typical 
set of withdrawal symptoms. We shall discuss membrane effects of chronic 
ethanol exposure as well as acute effects. At this time, which of the sites of 
acute ethanol action are responsible for the chronic effects is also not 
known. 

B. Historical Overview 

I. The Meyer-Overton Hypothesis 
Early evidence suggested that the lipids of the cell plasma membrane were 
the most likely site of action for ethanol. In 1899, H. Meyer proposed that 
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Fig. 1. Sites of ethanol action on the plasma membrane. The numbers in the figure 
correspond to the physical locations in the membrane or elsewhere in the cell at 
which ethanol might exert various effects on the membrane: CD, disordering the 
bulk membrane; 0, changing membrane lipid composition ; 0), altering lipid 
domains, such as transbilayer distribution of cholesterol (moleules depicted as ovals) 
or the annular lipids surrounding membrane proteins; @, altering membrane 
protein function; (1), affecting G proteins and their related systems ; @, 
changing ion channel function; (J), regulating receptor subunit expression. Some 
of these effects are acute, e.g., causing membrane disorder; some are chronic, e.g., 
altering membrane lipid composition, and some can be both acute and chronic, e.g. , 
altering the function of membrane proteins. Acute and chronic effects may occur at 
the same site, but the mechanisms may be different. Conversely, acute or chronic 
effects at different sites may occur by similar mechanisms 

the anesthetic potency of a substance was correlated with its oil/water 
partition coefficient. The partition coefficient is a measure of the lipid 
solubility of the substance. Meyer and his coworkers measured the olive 
oil/water partition coefficients of several small molecules. His results showed 
that higher partition coefficients, and thus higher lipid solubility, correlated 
with greater anesthetic potency (H. MEYER 1899, 1901). In a homologous 
series of alcohols, according to this principle, the concentration required 
to produce equal anesthetic effect would decrease with increasing lipid 
solubility, and thus decrease with increasing chain length. Overton indepen
dently and concurrently reached the same conclusion (OVERTON 1896, 1901). 
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This correlation of the lipid solubility of a substance with its anesthetic 
potency is now known as the Meyer-Overton rule of anesthesia. In 1937, 
Meyer's son, K.H. Meyer, suggested that anesthesia ensues when the 
anesthetic compound has reached a critical concentration in the cellular 
lipids, which would be the same for all anesthetics (K.H. MEYER 1937; 
LIPNICK 1989). FERGUSON (1939) refined this idea using the concept of 
thermodynamic activity. According to Ferguson, the activity of a substance 
rather than its concentration in a bulk solvent should be used as an index of 
potency. The thermodynamic activity, aso, can be written: 

aso = PsolPo 

for volatile anesthetics, where Po is the vapor pressure of the anesthetic at 
physiological temperature and Pso is the partial pressure at which half of the 
subjects are anesthetized (MILLER 1985). According to this equation, a 
decrease in aso corresponds to an increase in potency. Using the thermo
dynamic activity as an index avoids the difficult problem of measuring 
directly the concentration of the anesthetic substance in the tissues. The 
phase distribution of the substance in the tissues in vivo is usually not 
precisely known. Because at equilibrium the activities of a substance in all 
phases in which it is dissolved are equal, the activity in any phase is 
necessarily the activity at the site of action, whatever that site may be. The 
activities of a series of alcohols in equipotent concentrations were found to 
increase over a very narrow range with chain length, and to increase sharply 
after de canol (FERGUSON 1939). Miller found that activities for a series of 
alcohols were approximately equal from ethanol through octanol, but a 
sharp increase began with decanol and continued through tetradecanol. 
Tetradecanol is not anesthetic (MILLER et al. 1989). Thus these activities 
were consistent with the "anesthetic cutoff" effect, which is the diminished 
ability of longer chain alcohols (> 12 carbons) to produce anesthesia. Never
theless, because the activities of some homologous series of anesthetics, 
such as the alkanols, are so nearly equal, the Meyer-Overton rule appears to 
remain a better predictor of anesthetic potency. 

In 1954, Mullins suggested that the volume of anesthetic in the mem
brane, rather than its concentration, correlated better with anesthetic 
potency. This was called the critical volume hypothesis. A related hypothesis 
was based on the ability of ethanol and other anesthetic substances to 
expand both natural and model membranes (SEEMAN and ROTH 1972). The 
expansion of biological membranes was thought to be much greater than the 
volume of the molecules that entered the membrane (SEEMAN 1972). That 
anesthesia could be reversed by increased atmospheric pressure provided 
support for the idea that expansion of the neuronal membrane was the basis 
of anesthetic action (TRUDELL et al. 1973a,b). Pressure reversal of the 
inhibition of bacterial luminescence by some agents that produce narcosis, 
including urethane and ethanol, was reported in 1942 (JOHNSON et al.). 
Pressure reversal of the narcotization of tadpoles was reported in 1950 
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(JOHNSON and FLAGLER). The model proposed to explain these phenomena 
was a denaturation of proteins by the narcotic agent through expansion of 
the protein, with the expansion being reversed by pressure (JOHNSON et al. 
1942). In 1971, after experiments using nitrogen anesthesia on newts and 
mice, LEVER et al. (1971) proposed that anesthetics expand the dimensions 
of lipids in cell membranes to a critical level, although they did not rule 
out a protein site. In 1978 a hypothesis was advanced that included the 
possibility of more than one type of site for expansion (HALSEY et al. 1978). 
Shortly thereafter, the expansion of the membranes was shown not to be 
anomalously large, but to correspond to approximately the volume of the 
molecules in the membrane (FRANKS and LIEB 1981). At about the same 
time, ALKANA and MALCOLM (1980b, 1981) showed that low levels of hyper
baric pressure antagonized ethanol narcosis in mice, demonstrating in the 
living animal that increased pressure may reverse the intoxicating effects of 
ethanol. 

II. Membrane Disorder 

Disordering, rather than expansion, of membranes was considered another 
possible mechanism of anesthetic action. This process is usually referred to 
as "fluidization" of the membrane. Strictly, fluidity is defined as the inverse 
of viscosity; however, as the term is used in alcohol studies, it is more 
vague and dimensionless (UEDA 1991). We prefer to call the membrane 
phenomenon caused by ethanol and anesthetics "membrane disorder." Dis
ordering of erythrocyte membranes by the anesthetic benzyl alcohol was 
demonstrated in 1968 by METCALFE et al. (1968) using nuclear magnetic 
resonance (NMR). In 1970, the same effect was demonstrated using electron 
paramagnetic resonance (EPR) (HUBBELL et al. 1970). Meanwhile, the 
picture of membrane structure had been evolving, with several models in 
existence by the 1960s. The fluid mosaic model proposed in 1972 by Singer 
and Nicholson, in which transmembrane and surface proteins are dispersed 
through a phospholipid bilayer, has become generally accepted. 

Ethanol is different from other general anesthetics in that it is chronically 
consumed, and chronic consumption results in characteristic physiological 
effects. The source of these effects at the molecular level was also a subject 
of intense study. In 1975, Hill and Bangham proposed that one or more 
changes in membrane lipid composition were the basis for dependence on 
depressant drugs and the associated withdrawal syndrome. Their hypothesis 
was based on the membrane disordering effects of the added drug molecules 
and the possibility that changes in lipid composition could return the affected 
membrane to normal function in the presence of the perturbing agent. The 
investigators noted that the behavior of these "general depressants" would 
be similar to that of general anesthetics. The hypothesis was tested in 1977 
by Chin and Goldstein, who added ethanol to membranes in vitro and 
measured its disordering effect using EPR. They discovered that membranes 
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from normal mice were disordered ("fluidized") in a dose-dependent manner 
by the addition of physiologically relevant concentrations of ethanol. How
ever, membranes from animals that had consumed ethanol for 8 days were 
less disordered by ethanol than the membranes from control mice. CHIN and 
GOLDSTEIN (1977) proposed that this resistance to the disordering effect of 
ethanol, called membrane tolerance, was an adaptation of the membrane 
that enabled it to maintain its normal function in the presence of ethanol. 
Again using EPR, this laboratory also showed that the membrane dis
ordering abilities of a series of short-chain alcohols correlated with their 
membrane/buffer partition coefficients (LYON et al. 1981). 

These developments were the basis for the hypothesis that ethanol 
acts nonspecific ally on the lipids of the cell membrane to produce its charac
teristic physiological and behavioral effects. Since then, many effects of 
chronic ethanol consumption on membrane lipids have been demonstrated. 
However, the changes produced in membrane lipids by chronic ethanol 
administration were generally small. Physiologically relevant concentrations 
of ethanol in vitro (:S100mM) sometimes produced rather small membrane
disordering effects. Whether effects on the bulk membrane lipid alone were 
sufficient to produce the characteristic effects of ethanol was questioned. 
Consequently, investigations of the effects of acute and chronic ethanol 
exposure on lipid domains and also on membrane proteins and changes in 
their expression have increased. 

C. Membrane Lipid Effects 

I. Disordering of Membranes by Acute Ethanol 

In 1970, Hubbell et al. using EPR, investigated the effects of a variety of 
small molecules and ions on erythrocyte membrane order. Included among 
the substances tested were neutral anesthetics (including benzyl alcohol), 
which decreased membrane order, and cholesterol and Ca2+, both of which 
increased order. In 1977, Chin and Goldstein determined that ethanol dis
ordered various types of membranes from mice. The membranes from 
different sources had different intrinsic order: mitochondria < synaptosome 
:s erythrocyte < myelin. Synaptosomal and erythrocyte membranes were 
disordered approximately equally by addition of ethanol in vitro. 

In studies of long-term ethanol treatment in animals, intrinsic mem
brane order was unchanged compared to controls. However, addition of 
ethanol in vitro to membranes from the exposed animals caused less mem
brane disorder than addition of ethanol to membranes from controls. The 
concentrations of ethanol used ranged from 22 to 347 mM; concentrations of 
100 mM (460 mg/dl) or less are most physiologically relevant to ordinary 
alcohol consumption and to ethanol's anesthetic effects. Even in membranes 
from ethanol-naive mice, the changes in membrane order due to 87 mM 
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ethanol were rather small. A study by LYON et al. (1981) compared the 
hypnotic potencies in mice (determined from the loss of righting reflex) of 
various aliphatic alcohols (ethanol through octanol) and their abilities to 
disorder membranes from mouse brain. The study showed that the mem
brane disordering ability of the alcohols correlated with membrane solubility, 
as measured by the membrane/buffer partition coefficient. The intramem
brane volumes of the alcohols and their intramembrane concentrations cor
related equally well with membrane disordering potential, providing no 
evidence favoring either the critical concentration or critical volume hypo
thesis of action. The hypnotic potencies of the series of alcohols peaked at 
hexanol, with potencies for heptanol and octanol much lower than would be 
predicted from their chain lengths. As we shall see later on, this is a lower 
"anesthetic cutoff" than that seen in some other studies. 

Disordering of erythrocyte and synaptosomal membranes by ethanol in 
vitro was found to be greater in lines of mice that were bred to be genetically 
sensitive to ethanol ("long-sleep") than in relatively insensitive ("short
sleep") mice (GOLDSTEIN et al. 1982). The criterion used for ethanol sen
sitivity was the duration of loss of righting reflex, also called "sleep time." 
Baseline membrane order in the two groups of mice was the same. Even in a 
genetically heterogeneous population of mice, those experimentally deter
mined to be more sensitive to ethanol had membranes that were more easily 
disordered by ethanol. These results were taken to be evidence that the 
primary mechanism of ethanol's action might indeed be disordering of the 
bulk membrane lipids. However, recent studies conducted by AVDULOV et 
al. (1994) using Pyr-CTPyr monomer-excimer fluorescence, as well as 
diphenylhexatriene (DPH) fluorescence polarization, showed that 100 mM 
ethanol disordered bulk and annular lipids in both HAS (high alcohol 
sensitivity) and LAS (low alcohol sensitivity) rats. The membrane sensitivity 
to ethanol was not significantly different between the two lines (AVDULOV et 
al. 1994). The effects in this study of ethanol on proteins will be discussed in 
a later section. Despite the correlation of ethanol's disordering of membrane 
lipid with ethanol sensitivity in mice, this recent study and other results cast 
doubt on the validity of the bulk membrane disorder hypothesis. 

Selective disordering by ethanol of the hydrocarbon core of synaptic 
membranes from mice has been demonstrated using fluorescent probes, with 
myelin being less sensitive than synaptic membranes to ethanol disordering 
(HARRIS and SCHROEDER 1981). Low concentrations of ethanol (10-
20mM) disordered only the membrane interior; much higher concentrations 
(333 mM) were required to disorder the membrane surface. This would 
appear to indicate that ethanol acts deep within the membrane. However, 
VEDA (1991) asserts that the site of action of anesthetics is at the inter
face between the hydrophobic and aqueous regions of the cell membrane, 
because that is where anesthetics bind to the membrane. These two obser
vations are not necessarily inconsistent. Ethanol appears to interact pri
marily with the membrane surface. Neutron diffraction has been used to 
show that ethanol preferentially binds to the hydrophilic headgroup region 
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of the membrane lipid bilayer in rabbit skeletal muscle sarcoplasmic reti
culum (HERBETTE et al. 1985). No ethanol detectable by this method was 
located in the more hydrophobic acyl chain region of the bilayer. Partition 
coefficients of ethanol into the surface and the interior of the membrane 
of dipalmitoylphosphatidylcholine liposomes have been determined by 
NMR spectroscopy (KREISHMAN et al. 1985). Different interactions between 
ethanol and the membrane in these two areas result in an ordering of the 
membrane surface and disordering of the membrane interior, though surface 
partition coefficients are approximately three times greater than those for 
the interior (HITZEMANN et al. 1986). A suggested mechanism for the 
ordering of the membrane surface by ethanol is hydrogen bonding of ethanol 
molecules to the P = 0 groups of the phospholipid headgroups at the lipid
water interface (CHIOU et al. 1991). This would break down the hydrogen
bonded water matrix that supports the bilayer, disordering the membrane 
interior while at the same time ordering the headgroup region. According to 
this mechanism, the most effective anesthetic agents would have both hydro
phobic and hydrophilic properties; that is, they would be amphiphilic. The 
location of ethanol at the surface of the membrane is similar to that of many 
amphiphilic drugs. Some drugs with low partition coefficients do not pene
trate the membrane farther than the glycerol backbone region (MORING et 
al. 1990); thus the action of these and other substances that have relatively 
low membrane/buffer partition coefficients could be affected directly by the 
acute administration of ethanol. 

Abraham and coworkers have attempted to ascertain mathematically 
the relative importance of hydrogen bonding in determining the potency of 
general anesthetics, including the alkanols (ABRAHAM et al. 1991). Using a 
multiple linear regression method, they quantified the relative importance of 
five physical properties of the anesthetics. The aqueous potency of the 
anesthetics for general anesthesia in animals was found to increase with the 
size of the molecule and decrease with its ability to accept hydrogen bonds. 
The other properties tested were less important. Compared with the other 
46 substances included, ethanol has a relatively small volume and high 
hydrogen bond accepting ability, which is in agreement with its weak 
anesthetic potency. According to these results, the anesthetic site of action 
must be a relatively good hydrogen bond donor, but a relatively poor 
hydrogen bond acceptor (ABRAHAM et al. 1991). 

Thus ethanol added in vitro appears to affect membrane lipids by pre
ferentially disordering the hydrocarbon core, although it interacts primarily 
with the hydrophilic headgroup region. Its molecular size and hydrogen 
bonding characteristics are consistent with weak anesthetic properties. 

II. Partitioning of Ethanol into Membranes 

Partition coefficients of ethanol into natural and model membranes have 
been determined using several methods. Some of these partition coefficients 
are shown in Table 1. The octanollbuffer partition coefficients are given for 
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Table 1. Partition coefficients of ethanol into natural and model membranes 

System Partition Comments Reference 
coefficient 

Octanollwater partition 0.096 MCCREERY and 
coefficient ..;- 5 HUNT 1978 

Octanollbuffer 0.6 HERBETTE et al. 
1986 

Sarcoplasmic reticulum 3 HERBETTE et al. 
1986 

Control rat liver mitochondrial 3.60 Centrifugation ROTTENBERG et al. 
membranes 1981 

Liver mitochondrial membranes 1.17 Centrifugation ROTTENBERG et al. 
from chronic ethanol rats 1981 

Control rat brain synaptosomes 1.00 Centrifugation ROTTENBERG et al. 
1981 

Synaptosomes from chronic 0.33 Centrifugation ROTTENBERG et al. 
ethanol rats 1981 

Dipalmitoylphosphatidylcholine 0.1630 NMR,0.350M KREISHMAN et al. 
(DPPC) membrane surface ethanol 1985 

DPPC membrane interior 0.0590 NMR,0.350M KREISHMAN et al. 
ethanol 1985 

Erythrocyte membranes from 1.18 Centrifugation STIBLER et al. 
human controls 1991 

Erythrocyte membranes from 0.48 Centrifugation STIBLER et al. 
human alcoholics 1991 

Phosphatibylcholine (PC) (16: 0) 4.3 mollmol ROWE 1985 
Phosphatidylethanolamine (PE) 5.7 mol/mol ROWE 1985 

(16: 0) 
PE (12:0) 3.0 mollmol ROWE 1985 

comparison. Three things are immediately clear: (1) the partition coefficient 
of ethanol is low, (2) the values depend on the type of membrane, and (3) 
chronic ethanol treatment of the organism reduces the partition coefficient 
substantially. For comparison, the partition coefficients of MK-801, a non
competitive inhibitor of the NMDA receptor, into various kinds of natural 
and model membranes have values of about 200 to a few thousand (Moring, 
unpublished data); those of the l,4-dihydropyridine calcium channel agonists 
and antagonists have values from a few thousand to more than 100000 
(HERBETIE et al. 1986). The membrane/buffer partition coefficients of 
ethanol listed in Table 1 agree well, given that low partition coefficients are 
technically difficult to determine and allowing for the use of different mem
brane systems and different methods by the various investigators. The 
octanol/buffer partition coefficient is obviously not an adequate substitute 
for the experimentally determined membrane/buffer partition coefficient, 
although it happens to be closer to the membrane/buffer value in the case of 
ethanol than for drugs such as l,4-dihydropyridine calcium channel blockers 
or beta adrenergic agonists (HERBETIE et al. 1986). The method of calculating 
the membrane/buffer partition coefficient by dividing the octanollwater 
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partition coefficient by five yields only a crude estimate. Dipalmitoylpho
sphatidylcholine (DPPC) is a saturated phospholipid; a DPPC model 
membrane is likely to be intrinsically more ordered and thus more resistant 
to ethanol partitioning than a phosphatidylcholine with unsaturated acyl 
chains at the same temperature. The acyl chain length and the nature of the 
headgroup in model membranes are also important. Phosphatidylcholine 
(PC) and phosphatidylethanolamine (PE) are the major phospholipid con
stituents of many types of mammalian membranes. The PC and PE head
groups are electrically neutral at physiological pH; some other headgroup 
types are charged. PE unmixed with other phospholipids tends to form 
hexagonal phase instead of bilayers. The lowered partition coefficient of 
ethanol in natural membranes after chronic ethanol treatment is probably a 
partial cause of membrane tolerance (ROTfENBERG et al. 1981). In the rat 
study cited in Table 1 (ROTfENBERG et al. 1981), partition coefficients for 
halothane and pentobarbital, as well as for ethanol, were lowered after 
chronic ethanol treatment, suggesting the development of cross-tolerance. 

III. Pressure Reversal of Acute Effects of Ethanol 

As noted above, low levels of hyperbaric pressure [::::12 atmospheres 
absolute (ATA)] can antagonize the effects of ethanol in mice. The effect is 
independent of strain or sex (ALKANA and MALCOLM 1982). Pressure can 
also exacerbate symptoms of withdrawal from ethanol in mice after chronic 
ethanol exposure (ALKANA et al. 1985b). It appears that pressure is acting as 
a direct antagonist of ethanol rather than working indirectly, for example, 
by increasing elimination of ethanol, decreasing body temperature, or 
changing the distribution of ethanol in the brain (MALCOLM and ALKANA 
1982). Hyperbaric pressure (heliox, ::::12 ATA) decreases sleep time induced 
by a given amount of ethanol and also increases the brain ethanol concen
tration at wake-up, compared to controls at the same temperature (MALCOLM 
and ALKANA 1982). Behavioral effects of ethanol can also be antagonized by 
pressure (ALKANA et al. 1991). Mice intubated with 2 g/kg ethanol showed a 
decrease in various aggressive behaviors toward intruders. At 12 ATA 
heliox (20% oxygen-80% helium), the behavioral inhibition due to ethanol 
disappeared entirely for all behaviors measured. Although at 8 ATA heliox 
the partial pressure of oxygen is 0.96 AT A, or more than four times the 
partial pressure of oxygen in the atmosphere, the pressure effects are not 
due to the increased amount of oxygen present (ALKANA and MALCOLM 
1980a). The antagonism by pressure of ethanol's effects seems to be no 
different from pharmacological antagonism of an agonist by an antagonist, 
in that it is dependent on ethanol concentration and on the amount of 
pressure applied (ALKANA et al. 1985b). These results are consistent with a 
membrane site of antagonism for ethanol, but do not discriminate between 
protein or a lipid site. 
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Pressure has been shown to reverse anesthesia caused by several drugs, 
including halothane, diazepam, and nitrous oxide, as well as ethanol (HALSEY 
and WARDLEy-SMITH 1975), although the pressures employed in these 
experiments were much higher than those used in the previously described 
experiments (68-75 ATA for reversal of ethanol narcosis). As yet the 
mechanism for pressure reversal of anesthesia is unknown. Mechanisms that 
have been suggested are exclusion of the molecules of anesthetic from 
the membrane, or reversal of expansion of the membrane caused by the 
anesthetic (MILLER et a1. 1973). If the critical volume hypothesis of anesthetic 
action is correct, then the relation between pressure and anesthetic effect 
should not only be linear, but nearly the same for all anesthetics. This has 
not been found to be the case (HALSEY et a1. 1978); thus the critical volume 
hypothesis is probably invalid, and anesthetics probably work at sites other 
than the bulk membrane lipid. The effect of hyperbaric pressure alone on 
animals is to increase their activity (SMITH et a1. 1984; CATfEL 1936). Thus it 
is also possible that anesthetics and hyperbaric pressure exert their effects at 
different sites, and their observed interaction is entirely indirect. 

IV. Membrane Lipid Composition Changes 
Due to Chronic Ethanol Exposure 

1. Phospholipids 

Chronic ethanol consumption has been found by several investigators to 
cause alterations in lipid composition of the bulk membrane. SUN et a1. 
(1984) found that 3 weeks of daily ethanol intubation in rats produced 
increases in certain acidic phospholipids of brain membranes: phosphatidyl
serine (PS), phosphatidylinositol (PI), and phosphatidic acid (PA). Guinea 
pigs exhibited a 50% increase only in PS after ethanol treatment using a 
liquid diet (SUN and SUN 1983). According to GUSTAVSSON (1990), the 
magnitude of such changes depends on whether the method of ethanol 
administration is continuous (e.g., an ethanol-containing liquid diet) or 
intermittent (e.g., intubation or injection). Intermittent administration 
produces greater phospholipid alterations. That intermittent administration 
is likely to produce a higher peak blood ethanol concentration may be the 
reason for the difference. Ulrichsen and coworkers found no increase in 
acidic phospholipids after exposure of rats to repeated episodes of intoxica
tion and withdrawal (ULRICHSEN et a1. 1991). However, they did find a 
decrease in PI in the animals that had suffered withdrawal seizures. In 
platelets from human alcoholics, Alling and colleagues found no differences 
from control in amounts of PI or PS (ALLING et a1. 1986). Most of the 
changes reported in total amounts of major phospholipid groups are small. 
The inconsistency of the results concerning changes in various phospholipid 
types indicates that alterations in the amounts of major phospholipid groups 



Alcohol-Induced Changes in Neuronal Membranes 21 

due to chronic ethanol exposure are highly dependent upon the experi
mental system and conditions. 

The novel acidic phospholipid phosphatidylethanol (PEth) has been 
reported in several organs, including brain, from rats treated acutely and 
chronically with ethanol (ALLING et al. 1983, 1984; KOBAYASHI and KANFER 
1987). PEth appears shortly after ethanol exposure begins and is degraded 
after it ends, although the degradation is slow enough that PEth might 
accumulate in chronically ethanol-exposed tissues (GUSTAVSSON et al. 1991). 
Its production in the membrane from phosphatidylcholine is catalyzed by 
phospholipase D. No major membrane effects have yet been reported that 
can be ascribed to the presence of PEth; however, it has been shown to 
increase levels of inositol 1,4,5-triphosphate in cultured cells (LUNDQVIST et 
a1. 1993). This may in turn increase levels of intracellular calcium and thus 
calcium-dependent intracellular systems. Addition of PEth in vitro to model 
membranes has been shown to increase membrane fluidity (OMODEO-SALE et 
al. 1991); PEth is a potent promoter of hexagonal phase formation in 
membrane lipids and thus can destabilize lipid bilayer structures (LEE et al. 
1993). PEth also can activate a type of protein kinase C found exclusively in 
the central nervous system (AsAYOKA 1989). The amount of PEth that can 
be produced in lymphocytes may be a potentially useful marker. Phospho
lipase D was activated by a phorbol ester in the presence of ethanol in 
lymphocytes from males who had both a family history of alcoholism and 
alcohol dependence. Lymphocytes from most of the alcoholic subjects were 
found to produce more PEth under these conditions than lymphocytes from 
controls, though there was some overlap between the populations (MUELLER 
et al. 1988). Thus a higher potential for PEth production in lymphocytes 
may be a marker for the presence or risk of alcoholism. 

2. Cholesterol 

Addition of cholesterol to membrane preparations increases the order of 
phospholipid bilayers and biological membranes (HUBBELL et al. 1970). 
Thus membrane cholesterol might be expected to increase as a result of 
chronic ethanol consumption. Studies of the cholesterol content of mem
branes after chronic ethanol exposure suffer from the same inconsistency as 
do those focusing on alterations of major phospholipid groups. Some 
investigators have reported increases in membrane cholesterol content 
(ALLING et a1. 1982; CHIN et al. 1978; SMITH and G~RHART 1982); some have 
reported decreases (ALLING et a1. 1984; HARRIS .et a1. 1984); and some 
report no change (WING et a1. 1982; WOOD et a1. 1990). CHIN et a1. (1978) 
found increased cholesterol in both erythrocyte and brain membranes from 
mice exposed to ethanol vapors chronically. An intriguing finding in this 
regard is the identification of an endogenous, 84-amino acid peptide with 
benzodiazepine-like activity that stimulates cholesterol delivery to the in
ner mitochondrial membrane (BESMAN et a1. 1989). Found in the adrenal 
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medulla, this des-(gly-ile )-endozepine is very similar to a peptide isolated 
from brain that is believed to be the endogenous benzodiazepine (GUIDOTII 
et al. 1983). Since ethanol mimics benzodiazepine action pharmacologically, 
this finding provides a possible mechanism for ethanol's actions on cho
lesterol levels in the inner and outer mono layers of the membrane bilayer. 

3. Acyl Chain Composition 

Because saturated fatty acyl chains pack more closely in the membrane 
than do unsaturated chains, thus conferring greater intrinsic lipid order, 
a decrease in the ratio of unsaturated to saturated fatty acyl chains in 
membrane phospholipids is another likely mechanism for the "membrane 
tolerance" observed by CHIN and GOLDSTEIN (1977). The effects of ethanol 
exposure on polyunsaturated acyl chain composition in various tissues have 
been recently reviewed (SALEM and WARD 1993). Littleton and colleagues 
found small increases in saturated acyl chains in brain of ethanol-dependent 
mice, as well as a decrease in polyunsaturated chains (LITILETON and JOHN 
1977; LITILETON et al. 1979). SUN and SUN (1983) found a small increase in 
some saturated fatty acids in PC in synaptic plasma membranes from guinea 
pig brain after chronic ethanol exposure, but some mono-unsaturated fatty 
acids were decreased and amounts of polyunsaturated fatty acids were un
changed. In PE some mono-unsaturated acyl chains decreased, but some 
polyunsaturated acyl chains increased. In various tissues from rats, the 
content of arachidonate, which has four sites of unsaturation, was decreased 
after 14 days of ethanol exposure (SALEM and KARANIAN 1988). The decrease 
in heart and brain was less than in liver, aorta, erythrocytes, and platelets. 
WING et al. (1982) studied mouse erythrocyte membranes, finding decreased 
polyunsaturated fatty acids and increased saturated fatty acids, which would 
tend to increase membrane order. However, some mono-unsaturated acyl 
chains also decreased. Other investigators have found no changes in acyl 
chain composition (CREWS et al. 1983; SMITH and GERHART 1982). The 
alterations found in fatty acid composition of bulk membrane phospholipids 
in brain were small, the largest being about 20% and most being much 
smaller. 

When fatty acid composition of particular phospholipid classes is deter
mined, the changes can be much larger. In rat liver, arachidonate decreased 
by 64%, 53%, 49%, and 16% in phosphatidylserine (PS), phosphatidy
linositol (PI), PC, and PE, respectively, after 14 days of ethanol inhalation. 
The total lipid extract from liver, however, showed only a 20% decline in 
arachidonate (SALEM and KARANIAN 1988). The investigators speculate that 
this loss may be due to stimulation of a phospholipase Az that is specific for 
polyunsaturated fatty acids such as arachidonate. Enzymatic oxygenation of 
these polyunsaturated lipids to biologically active compounds such as pro
staglandins and leukotrienes could be the basis for some physiological effects 
of acute and chronic ethanol consumption (SALEM and KARANIAN 1988). 
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These substances modulate a large variety of physiological processes, includ
ing, for example, calcium homeostasis and inflammation. These investigators 
propose that acute ethanol exposure leads to increased freeing of certain 
polyunsaturated fatty acids from the membrane lipids. This excess fatty acid 
would be oxidized to prostaglandins and leukotrienes. Chronic ethanol 
exposure would have the opposite effect, leading to a deficiency of these 
compounds. 

Though changes in bulk lipid composition due to chronic alcohol con
sumption are small and variable, TARASCHI et al. (1986) have found that 
certain hepatic microsomal membrane lipids from ethanol-tolerant animals 
could confer membrane tolerance on lipids from normal animals. When PI 
from tolerant rats replaced PI in lipids from normal rats, the reconstituted 
lipid membranes became resistant to disordering by ethanol (T ARASCHI et al. 
1986). These investigators also showed that rats that had been withdrawn 
from ethanol and lost membrane tolerance reacquired membrane tolerance 
in less than half the time required for ethanol-naive rats to acquire it 
(TARASCHI et al. 1990). The rapidity of reacquisition of tolerance suggested 
that considerable time is required for the enzymes that modify PI to revert 
to their pre-ethanol state. More recently, Rottenberg and coworkers have 
shown that not only PI, but also other major phospholipid classes are able to 
confer membrane tolerance (ROTTENBERG et al. 1992). 

4. Do Lipid Composition Changes Cause Tolerance 
or Change Membrane Function? 

Whether phospholipid changes such as these were the primary cause of 
tolerance and other chronic ethanol effects in vivo was the subject of much 
discussion in the early 1980s. The hypothesis that changes in the phospho
lipid composition of mitochondrial membranes were ultimately responsible 
for the abnormalities in mitochondrial function due to chronic ethanol con
sumption was proposed in 1981 (ROTTENBERG et al. 1981; WARING et al. 
1981). GORDON et al. (1982) found that chronic ethanol-related depression 
of mitochondrial function (as reflected by oxygen consumption) was not 
correlated with the degree of membrane order. They also found that mem
brane order in chronically ethanol-fed rats was different from that in controls 
fed rat chow ad libitum, but not from that in pair-fed controls. 

Other investigators proposed that a learning component was essential, 
at least in part, for the production of behavioral tolerance. Rats did not 
develop tolerance to the effects of ethanol on a task (walking a treadmill in 
a straight line to avoid footshock) unless they were given practice on the 
task while intoxicated (WENGER et al. 1981). However, many other experi
ments had shown that learning was not required for the development of 
tolerance (TABAKOFF et al. 1984). TABAKOFF et al. (1984) used the terms "en
vironment-dependent" and "environment-independent" to describe types of 
tolerance requiring and not requiring learning, respectively, and mentioned 
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that the latter type requires a higher level of ethanol exposure. Whether 
environment-dependent and environment-independent tolerance have the 
same origin and mechanism is not known. These findings underscore the 
importance, when discussing "tolerance," of defining exactly what is meant 
by the term in the context in which it is being used. "Membrane tolerance" 
appears to be a different phenomenon from "behavioral tolerance," though 
they may be causally related. 

Further information on the mitochondrial response to ethanol has been 
gleaned from studies on the formation of fatty acid esters of ethanol in liver 
(LANGE 1991). Because the enzymes responsible for this effect also occur in 
brain, apparently primarily in gray matter, this mechanism appears to be 
active in neurons in human brain as well (BORA and LANGE 1993). Fatty acid 
ethyl ester synthase, which may be a membrane-associated protein, catalyzes 
the nonoxidative esterification of ethanol with free fatty acids. The esters 
migrate to mitochondrial membranes, where they are de-esterified to produce 
toxic free fatty acids. These fatty acids, which impair mitochondrial func
tion, may also be the immediate cause of ethanol-related brain damage. 
The esters themselves disorder membranes approximately ten times more 
potently than does ethanol (HUNGUND et al. 1988). The fatty acid ethyl 
esters also appear to inhibit protein synthesis (LAPOSATA and LANGE 1986), 
so this pathway could indirectly mediate many effects of ethanol. 

In summary, the effects of chronic ethanol exposure on the bulk mem
brane lipid are in general moderate, and variable among experimental 
paradigms. Thus, adaptation by means of alterations in the composition of 
the bulk membrane lipid is unlikely to be the primary cause of physiological 
tolerance to and dependence on ethanol, although it may be a major cause 
of membrane tolerance. 

V. Effects of Ethanol on Membrane Lipid Domains 

Ethanol exerts a more pronounced effect on certain membrane lipid domains 
than it does on the bulk membrane. We are using a broad definition of 
domain that includes not only three-dimensional contiguous blocks of the 
membrane, but also membrane components such as the inner and outer 
membrane monolayers, the lipids immediately surrounding membrane pro
teins, and various membrane lipid classes. Because there may be highly 
specific actions of ethanol on some parts of the lipid bilayer, the effects of 
ethanol on a lipid domain may actually be much more profound than a 
measurement of properties of the bulk membrane lipid would indicate. 

1. Lipid Classes 

Ethanol may act on certain types of lipids in the membrane while leaving 
others relatively unaffected. The effects of ethanol on fatty acid composition 
of various phospholipid classes have been discussed in the previous section. 
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Ethanol can also modulate physical properties of membrane lipids. Rowe 
studied the effect of alcohols on the gel-to-liquid crystalline phase transition 
of phosphatidylcholine (PC) and phosphatidylethanolamine (PE), following 
the transitions by measuring the change in absorbance at 400 nm (ROWE 
1985). This transition involves melting from the more ordered gel state to 
the more fluid liquid crystalline state. The transitions for PC were not 
thermodynamically reversible at high concentrations of alcohol, while the 
transitions for PE were reversible at all concentrations. A thermodynamically 
reversible process is One in which the final state of the substance depends 
only On the final conditions of temperature and pressure, and not on the 
path used to arrive at the final state. In the case of PC, an interdigitated gel 
phase in which the acyl chains from the inner and outer monolayers of the 
bilayer fully interpenetrated formed at high (2130mM) concentrations of 
ethanol (SIMON and MCINTOSH 1984; ROWE 1985). Because of the formation 
of this phase, the transition was not thermodynamically reversible (ROWE 
1985). This effect did not occur in PE. Though these ethanol concentrations 
are too high to be physiologically relevant, these experiments are evidence 
that ethanol can differentially affect specific classes of lipids. 

2. Transbilayer Lipid Distribution 

Cholesterol is a sterol that is asymmetrically distributed between the inner 
and outer monolayers of cell membranes; the extent and direction of the 
asymmetry varies with cell type (WOOD and SCHROEDER 1988). It is a major 
constituent of neuronal membranes; synaptoneurosome preparations from 
rat cerebral cortex have a cholesterol/phospholipid mole ratio of -0.6 
(MORING et al. 1990). The mole ratio in rat synaptic plasma membranes 
from whole brain is 0.82 (CREWS et al. 1991). In experiments that measured 
the transbilayer distribution of sterol in synaptic plasma membranes from 
mouse brain, chronic ethanol caused a shift toward a more symmetrical 
transbilayer sterol distribution, although it did not produce a change in the 
total amount of membrane cholesterol (WOOD et al. 1990). This shift was 
measured using dehydroergosterol, a sterol that both behaves similarly to 
cholesterol in the membrane and fluoresces. By measuring fluorescence from 
both monolayers and from the outer monolayer alone, the investigators 
could determine the trans bilayer distribution of dehydroergosterol. The 
mechanism of the sterol shift is not yet understood, but it is known that 
membrane cholesterol exists in different pools, for example, exchangeable 
and nonexchangeable cholesterol (WOOD et al. 1991b). Ethanol may change 
the transbilayer distribution of cholesterol by modifying these pools (WOOD 
et al. 1991b). To investigate effects of chronic ethanol on the exchangeable 
cholesterol pool, radiolabeled cholesterol was exchanged between phospho
lipid/cholesterol vesicles and synaptosomes from chronically ethanol-treated 
and pair-fed control mice. The rate constant for the exchange was slower 
and the time required for half of the exchange was longer in the synapto-
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somes from ethanol-treated mice, though the size of the exchangeable pool 
(-50%) was not altered (WOOD et al. 1993). Both the presence of cho
lesterol and an optimal membrane fluidity are known to be required for 
proper functioning of the acetylcholine receptor (McNAMEE and FONG 1988). 
Possibly, an altered trans bilayer distribution of cholesterol or kinetics 
of cholesterol exchange could affect the function of cholesterol-sensitive 
receptors, even without a change in total membrane cholesterol content. 
Wood and colleagues have found that chronic ethanol consumption also 
alters the trans bilayer distribution of PC in erythrocyte membranes from 
miniature swine without affecting the total PC content (WOOD et al. 1991a). 
PC is preferentially distributed in the outer monolayer of the membrane, 
and the effect of ethanol is to increase that asymmetry. The increase in PC 
in the outer monolayer may cause the increased erythrocyte size observed 
in alcoholic patients. No change in PE or PS was detected in these experi
ments, but the sphingomyelin content of the membrane was slightly reduced. 

These changes in lipid and sterol distribution may change the charac
teristics of the membrane by altering either the charge distribution or the 
degree of order of the membrane monolayers, or both. Ethanol acts more 
strongly on the more intrinsically disordered monolayer of the membrane 
than on the more rigid one (WOOD et al. 1991b). In mouse synaptic plasma 
membranes, the outer monolayer is the more disordered. The outer mono
layer of these membranes was disordered by 25 mM ethanol in vitro, while 
the inner monolayer was unaffected (SCHROEDER et al. 1988). 

3. Annular Lipids 

Another membrane domain that could be differentially affected by either 
acute or chronic ethanol is the lipids immediately surrounding membrane 
proteins. These are known as the annular lipids or boundary lipids. Unfor
tunately, measurements of the composition and properties of annular lipids 
in situ in biological membranes are difficult. Although measurements of 
disordering of annular lipids by ethanol have been made (AVDULOV et al. 
1994), most information about annular lipids has been gained by recon
stituting purified membrane proteins in model membranes of various com
positions and measuring protein function in these varied environments (LEE 
1988). A certain range of membrane fluidity is necessary for proper function 
of the acetylcholine receptor (McNAMEE and FONG 1988), but in general a 
precise degree of membrane disorder seems not to be required for proper 
function of most proteins (LEE 1988). However, the annular lipids may not 
have the same degree of disorder as the bulk membrane. The annular lipids 
have been postulated to be in the gel, or crystalline, state to help the protein 
keep its proper working conformation (LEE 1976). If the annular lipids were 
to enter the more disordered, liquid-crystalline state, the conformation of 
the protein might change, and thus its ability to function might be altered 
(LEE 1976). 
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Other evidence shows that the annular lipids may be more disordered 
than the bulk membrane. Membrane proteins can be cross-linked by dinitro
difluorobenzene to the aminophospholipids immediately surrounding them. 
Analysis of the cross-linked lipids has shown that some polyunsaturated 
lipids are preferentially associated with membrane proteins (ABOOD et al. 
1977). Acute ethanol exposure might cause these lipids to be redistributed 
more randomly through the membrane, yielding an increase in disorder 
(SALEM and KARANIAN 1988). 

4. Lateral Membrane Domains 

Treistman and colleagues provided additional evidence that the selective ac
tion of ethanol is on lipid domains rather than on the bulk lipid (TREISTMAN 
et al. 1987). These investigators examined the effects of alcohols and tem
perature on lipid mobility in neuronal membranes from Aplysia. Using the 
technique of fluorescence recovery after photo bleaching to measure diffusion 
of lipids labeled with fluorescent probes, they found that the two fluorescence 
probes they used diffused at different rates in the membrane and were 
differently affected by alcohols. Because the two probes report on different 
sets of lipid domains in the membrane, these experiments demonstrated that 
some membrane domains are affected more strongly than others. Further, 
the probes were not affected equally by temperature changes. These results 
show that measurement of the viscosity of only the bulk membrane could 
seriously underestimate the effects of ethanol on the viscosity of a particular 
membrane lipid domain. 

No differences were found in lipid diffusion in various regions of the 
Aplysia neuronal membrane (axon, axon hillock, and cell body), and experi
ments to compare diffusion in each of these regions in the presence of 
ethanol were not conducted (TREISTMAN et al. 1987). Fluorescence tech
niques have been used to demonstrate the existence of a diffusion barrier 
between axonal and soma to dendritic domains of hippocampal neurons 
(KOBAYASHI et al. 1992). The barrier extends across both mono layers of the 
membrane. The two domains separated by the barrier have unlike com
positions and could possibly be differentially affected by ethanol. 

VI. Ethanol-Induced Hypothermia 

Ethanol causes a lowering of body temperature in a variety of species, 
including mice and rats. The extent of hypothermia caused by ethanol is 
dependent on the species and the genotype (TABAKOFF et al. 1980; CRABBE 
1983). Body temperature during intoxication appears to influence the extent 
of some behavioral and physiological effects of ethanol (POHORECKY and 
RIZEK 1981; FINN et al. 1986). The direction of this effect of hypothermia 
depends on the species and on the parameter being measured (POHORECKY 
and RIZEK 1981; FINN et al. 1990). Hypothermia contributes to an increase 
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in the duration of loss of righting reflex in some strains of mice (FINN et al. 
1990), while it appears to decrease ethanol-induced depression of gross 
motor activity in rats (POHORECKY and RIZEK 1981). During ethanol intoxica
tion, the body temperature of the animal can be manipulated by changing 
the environmental temperature (GRIEVE and LITTLETON 1979; POHORECKY 
and RIZEK 1981; ALKANA et al. 1985a). Length of "sleep time" after a 
dose of 4.2 mg/kg ethanol varies among mouse strains. For LS (long 
sleep, ethanol-sensitive) mice sleep time is nearly 300min, while SS (short 
sleep, ethanol-resistant) mice "slept" for less than 20 min. Body tem
peratures of the seven strains of mice tested dropped by as much as 5°C 
at 22°C, with the average drop being about 3°C. When hypothermia due 
to ethanol administration was offset by raising the temperature of the en
vironment from 22°C to 34°C, the differences between the ethanol-sensitive 
and ethanol-resistant strains were much smaller (FINN et al. 1990). The 
mechanism of ethanol-induced hypothermia remains undetermined and 
mayor may not be membrane-related. However, ethanol-induced hypo
thermia could affect the function of membrane proteins either directly or 
by perturbing surrounding lipids, or perhaps both. Especially for in vivo 
measurements of the behavioral effects of ethanol, differences in body 
temperature between ethanol-treated and control animals are an important 
experimental factor. 

VII. Lipid Effects on Proteins 

Effects of acute and chronic ethanol exposure on membrane lipids have 
been well documented. Indeed, such effects were a major focus of alcohol 
research in the 1970s and early 1980s. Whether membrane lipid effects are 
the primary cause of the characteristic effects of ethanol, however, remains 
to be decided. It is possible that some lipid alterations might lead to changes 
in the function of enzymes or other proteins. Na+/K+-ATPase, adenylyl 
cyclase, and some glutamate receptors have been shown to be activated 
by phosphatidylserine (PS) in vitro (FLOREANI et al. 1981; FLOREANI and 
eARPENEDO 1987; FOSTER et al. 1982). The increase in Na+/K+-ATPase 
activity (53%) after chronic ethanol administration may be a secondary 
effect of an increase in PS (SUN et al. 1984; SUN and SUN 1983). In some 
tissues, however, adenylyl cyclase activity is stimulated by ethanol added 
in vitro (SAITO et al. 1987), but reduced after chronic ethanol exposure 
(HOFFMAN and TABAKOFF 1990). This would be inconsistent with activation 
of adenylyl cyclase by increased PS, so some other mechanism must also be 
at work. In addition, effects of ethanol on annular lipids could lead to 
changes in membrane protein function. Of course, these effects may be due 
to direct action of ethanol on enzymes themselves, or on other proteins 
that regulate enzymes. These possibilities will be discussed in the next 
section. 
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D. Membrane Protein Effects 
In recent years, the pendulum has swung away from lipid research toward 
investigations of the effects of ethanol on membrane proteins. Either lipids 
or proteins could provide the relatively nonpolar site required for ethanol 
action in the membrane, and the Meyer-Overton rule might apply both to 
the binding of anesthetics of proteins and to lipids (FRANKS and LIEB 1990). 
Three types of direct anesthetic action on proteins are possible: (1) com
petition of the anesthetic for the specific binding site of a ligand, (2) action 
on a hydrophobic portion of the protein that is not accessible to membrane 
phospholipids, and (3) action at the protein-lipid interface (AKESON and 
DEAMER 1991). The first mode of action could alter the function of the 
protein without necessarily changing its conformation. The second type 
could cause an allosteric alteration of the agonist site. The third type could 
alter the relationship of the protein to membrane lipids that are essential for 
its function. 

I. Direct Effects of Acute Ethanol on Proteins 

Though some proteins have been shown to be acutely affected by ethanol 
and other anesthetics, many are not. One that appears not to be affected, at 
least at low ethanol concentrations, is Na + IK+ -ATPase. In erythrocytes 
from humans consuming moderate amounts of ethanol this enzyme was not 
inhibited (PUDDEY et al. 1986), although high concentrations of ethanol 
inhibited it in vitro in erythrocytes and brain tissue (ISRAEL et al. 1965; 
ISRAEL 1970; NHAMBURO et al. 1987). A recent study has shown a direct 
effect of acutely administered ethanol on protein distribution in synaptic 
plasma membranes (SPM) from rats (AvDuLOv et al. 1994). At physiolo
gically relevant concentrations (50 and 100 mM), ethanol induced what was 
interpreted to be protein clustering in SPM from HAS (high alcohol sen
sitivity) but not LAS (low alcohol sensitivity) rats, suggesting a genetic 
foundation for increased ethanol sensitivity based on membrane proteins 
rather than lipids. 

1. Firefly Luciferase 

An enzyme that is affected directly by ethanol in vitro is firefly luciferase. 
Franks and Lieb showed that anesthetics at surgical concentrations, and also 
alcohols, inhibit the firefly enzyme luciferase (FRANKS and LIEB 1984). This 
enzyme has been used extensively as a model system for the study of the 
action of anesthetics on proteins. The anesthetics bind to the enzyme and 
compete with the substrate, luciferin, for its binding site; thus this is an 
example of the first type of possible anesthetic action. Because the luciferase 
was purified and no lipids were present, this was a case of direct action of 
anesthetics on a protein to inhibit its function. These investigators propose 
an amphiphilic protein pocket site of anesthetic action. The same laboratory 
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investigated the effects of pressure on inhibition of luciferase by anesthetics 
(Moss et al. 1991). No pressure reversal was found, though a variety of 
anesthetics were used. The investigators concluded that either luciferase 
inhibition is an inadequate or incomplete model of the anesthetic site, or 
that pressure and anesthetics act at different sites. 

2. The GABAA Receptor 

Ethanol action on the GABAA (y-aminobutyric acid)A receptor complex, 
however, does not appear to occur at the GABA binding site. The GABAA 
receptor complex consists of several types of peptide subunits (a, fl, y and 6) 
that form a ligand-gated Cl- channel (OLSEN and TOBIN 1990); it binds 
GAB A (the endogenous agonist), muscimol, benzodiazepines, steroid 
anesthetics, and antagonists such as the fl-carbolines and picrotoxin (KNAPP 
et al. 1990; 1M et al. 1990). This receptor complex is the major target of 
GABA in the central nervous system. Potencies of a series of alkanols for 
inhibition of binding of a convulsant drug, TBPS (t-butylbicyclophosphoro
thionate), to the GABAA receptor complex do not correlate well with 
potencies for disordering the membrane, which suggests a protein site rather 
than a bulk lipid site of alcohol action for this inhibition (HUIDOBRO-TORO et 
al. 1987). However, the anesthetic potencies of the series of alkanols cor
related well with their potential for increasing Cl- flux through the GABAA 
receptor-associated chloride channel (HUIDOBRO-ToRO et al. 1987). This 
result could support either a protein or lipid site of action. 

Ethanol (20-100mM) has been shown to potentiate GAB A-dependent 
Cl- flux through the GABAA receptor-associated ion channel in rat cerebral 
cortex (SUZDAK et al. 1986), and also to potentiate muscimol-stimulated Cl
flux in some regions of mouse brain (ALLAN and HARRIS 1986, 1987). 
Although Cl- flux was enhanced by ethanol, the binding of GABA was 
unchanged (HUIDOBRO-ToRO et al. 1987). According to these results, it is 
unlikely that the mechanism of ethanol's effects involves direct action at 
the GABA binding site (AKESON and DEAMER 1991). However, other 
investigators have not observed the enhancement of GAB A-dependent Cl
flux by ethanol at physiologically relevant concentrations (10-40 mM) in the 
absence of muscimol stimulation (MIHIC et al. 1991). A high concentration 
of ethanol (600mM) was required to potentiate GABA-mediated Cl- flux 
in cerebrocortical and cerebellar microsacs from mice and rats (MIHIC et al. 
1991). At low (::;100mM) concentrations of ethanol, binding parameters of 
two benzodiazepines, the GABAA receptor agonist flunitrazepam and the 
antagonist flumazenil (R015-1788), were unchanged (GREENBERG et al. 
1984). Only at high concentrations (250-1000mM) was the affinity of the 
binding site for flumazenil decreased, while the affinity for flunitrazepam 
was still unchanged (QUINLAN and FIRESTONE 1992). This argues against the 
direct action of ethanol at the benzodiazepine binding site at physiologically 
relevant concentrations. 
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Optical isomers of some anesthetics affect ion channel currents dif
ferently. In certain anesthetic-sensitive neurons from the pond snail Lymnea 
stagnalis, isoflurane activates a potassium current (FRANKS and LIEB 1988). 
This current persists as long as the anesthetic is present. Of the two stereo
isomers, (+ )-isoflurane was found to be about twice as effective as (-)
isoflurane at current activation (FRANKS and LIEB 1991). (+ )-Isoflurane is 
also more effective at inhibiting K+ currents elicited by application of 
acetylcholine to acetylcholine-sensitive neurons. However, both stereo
isomers produced equal disorder in lipid bilayers. These results constitute 
evidence that the anesthetic is affecting the protein directly and is not 
working through a disordering of the bulk membrane. Disruption of the 
annular lipids, however, is not ruled out by these findings. 

II. Protein Model of the Anesthetic Cutoff Effect 

The anesthetic cutoff effect can be accounted for by either the lipid or 
protein site model. Miller and colleagues found that although tadpoles took 
up into their tissues both dodecanol (an anesthetic) and tetradecanol (a 
nonanesthetic) equally well, tetradecanol did not increase lipid disorder, 
while dodecanol did (MILLER et al. 1989). Alkanols with chains longer than 
dodecanol's increased membrane order and were not anesthetic. This model 
could explain the anesthetic cutoff effect, if anesthesia is based on the 
disordering of membrane lipids. The anesthetic cutoff could also be due to 
inability of longer-chain alcohols to enter the membrane. The anesthetic 
cutoff in animals occurs at about tridecanol (AUFIMOFF et al. 1989). Franks 
and Lieb measured partition coefficients of alcohols from decanol through 
pentadecanol, using a method based on inhibition by the alcohols of emis
sion of light by luciferase (FRANKS and LIEB 1986). The partition coefficients 
increased with chain length throughout the series. It was proposed that the 
lack of anesthetic activity of the longer chain alcohols was due, not to 
inability to enter the membrane, but rather to inability to interact with the 
protein. This model could explain the anesthetic cutoff effect, if anesthesia 
results from a direct interaction of the anesthetic with protein. Recent 
experiments on isolated frog root ganglion neurons using the patch clamp 
technique showed that alkanols with a molecular volume greater than 46 mIl 
mol (l-butanol, 1-pentanol) were unable to attenuate an ATP-activated 
membrane ion current. Alkanols with molecular volumes of 43 mllmol or 
less (ethanol, I-propanol) inhibited the current in a concentration-dependent 
manner, with potency correlating with higher lipid solubility (LI et al. 1993). 
The investigators attributed the ineffectiveness of the higher molecular 
volume alkanols to their inability to interact with the channel protein. 

For the direct interaction of alcohols with luciferase, the size of the 
active site has been estimated. The anesthetic binding site of firefly luciferase 
can bind two molecules of hexanol but only one molecule of n-alcohols 
larger than heptanol (FRANKS and LIEB 1984). The cutoff for inhibition 
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of luciferase by alcohols is after hexadecanol (FRANKS and LIEB 1985). 
Measurements of the concentration of various alkanols upon loss of righting 
reflex in tadpoles showed that the anesthetic cutoff in vivo in this species 
was at tridecanol (ALIFIMOFF et al. 1989). This has been interpreted to mean 
that the size of the anesthetic binding site in tadpoles is smaller than that in 
the luciferase model (ALIFIMOFF et al. 1989; FRANKS and LIEB 1985). It must 
be kept in mind that inhibition of luciferase is different from anesthesia. 
Although luciferase is affected by anesthetics in a physiologically reasonable 
way, it may be an inadequate model of the anesthetic site (ALIFIMOFF et al. 
1989). Even if that is so, other evidence supports the protein site theory. 
A2C (2-[2-Methoxyethoxy]-ethyl 8-[ cis-2-n-octylcyclopropyl]-octanoate), a 
large, highly lipid soluble molecule, perturbs membrane lipids but does not 
produce anesthesia (BUCK et al. 1989). Given the molecule's large size, this 
result is consistent with the protein pocket model, but it is inconsistent with 
the lipid disorder model of anesthesia. 

III. Effects of Ethanol on Calcium Channels 

Many other effects of ethanol on membrane proteins have been docu
mented, and some of the most interesting are related to calcium. Ethanol 
added in vitro blocks calcium entry into cells (MESSING et al. 1986; SKATIEB0L 
and RABIN 1987; DANIELL and LESLIE 1986). However, only 45Ca2+ uptake 
that occurs on depolarization of the membrane is thought to be affected 
(HARRIS and HOOD 1980; LESLIE et al. 1990). Two phases of Ca2+ influx take 
place: the fast phase occurs within 3 s of depolarization; the slow phase 
occurs some time later (LESLIE et al. 1983a). Lower, physiologically relevant 
concentrations of ethanol preferentially inhibit the fast phase; higher con
centrations inhibit the slow phase (DANIELL and LESLIE 1986; LESLIE et al. 
1983b). Not all modes of calcium influx are affected. Dihydropyridine
type calcium channel blockers, which are specific for the L-type (voltage
dependent) calcium channel, were found not to alter 45Ca2+ uptake into rat 
brain synaptosomes (DANIELL et al. 1983). This could mean either that 
influx through these channels is an insignificant fraction of the total 45Ca2+ 
influx, or that the dihydropyridine binding site and the ion channel are not 
coupled in brain. The NMDA receptor-associated ion channel, on the other 
hand, was inhibited by acutely administered ethanol; [3H]-MK-801 binding 
sites, thought to be located on the inner surface of the NMDA-gated 
channel, were upregulated following chronic ethanol exposure (GRANT et al. 
1990; SHOEMAKER et al. 1992). Ethanol effects on voltage-dependent calcium 
channels are discussed by Leslie in Chap. 3 of this volume; ethanol effects 
on NMDA receptor function are discussed by Hoffman in Chap. 4. 

Because 45Ca2+ influx is inhibited by the acute administration of ethanol, 
chronic ethanol consumption might be expected to result in adaptive effects 
on calcium channels. One of these effects, which appears to be of con
siderable importance, is the upregulation of the dihydropyridine binding 
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site. This site is associated with a voltage-regulated (L-type) calcium channel 
(DOLIN et al. 1986). The mechanism of the upregulation is unknown. If 
extra ion channels are present, they may be at least partly responsible 
for the production of withdrawal seizures. In 1983, Lynch and Littleton 
presented evidence that tolerance to the inhibition by ethanol of dopamine 
release was related to increased sensitivity of the presynaptic terminal to 
calcium (LYNCH and LITTLETON 1983). Nitrendipine, a dihydropyridine-type 
calcium channel blocker, prevented the withdrawal syndrome in mice when 
given together with ethanol during chronic ethanol exposure (WHITTINGTON 
and LITTLE 1988). A single dose of nitrendipine given before an anesthetic 
dose of ethanol increased the ethanol's anesthetic potency (DOLIN and 
LITTLE 1991) and nitrendipine given after withdrawal abolished spontaneous 
seizures (LITTLE et al. 1986). This evidence suggested that dihydropyridine
sensitive calcium channels were involved in the production of tolerance to 
and dependence upon ethanol. 

L-type calcium channels, however, constitute only a small fraction of the 
calcium channels in brain; thus their upregulation might be secondary to 
some other effect. Brennan, Littleton, and colleagues have suggested that 
inhibition of Ca2+ influx through a different kind of Ca2+ channel may be 
involved in ethanol upregulation of L-type channels (LITTLETON et al. 1991; 
BRENNAN and LITTLETON 1990). This idea is based on the following results: 
(1) BAY K 8644, a dihydropyridine calcium channel agonist, increased 
the breakdown of eH]inositol phospholipids caused by K+ -induced de
polarization in bovine adrenal chromaffin cells, (2) growth of the cells in the 
presence of pertussis toxin, which catalyzes the ADP ribosylation of certain 
G proteins, produced upregulation of L-type channels similar to that caused 
by ethanol, and (3) pretreatment of the cells with pertussis toxin prevented 
depolarization-induced breakdown of inositol phospholipids (BRENNAN and 
LITTLETON 1990). These effects suggested that an ion channel associated with 
a guanine nucleotide binding-protein (G protein) might be involved, as well 
as the inositol lipid-protein kinase C second messenger system. Other groups 
have obtained results consistent with this interpretation. Dihydropyridines 
alone had no effect on 45Ca2+ uptake in rat brain, although BAY K 8644 
increased neurotransmitter release (DOLIN et al. 1986). Chronic ethanol 
treatment increased the rate of breakdown of inositol lipids in rat brain, 
as measured by depolarization-induced accumulation of eH]-inositoi phos
phates (DOLIN et al. 1986). In cultured PC12 cells, a cell line of neural 
origin, inhibitors of protein kinase C blocked the up regulation in L-type 
channels due to chronic ethanol (MESSING et al. 1991). Protein kinase C is 
activated by the cascade of events mediated by GTP-binding proteins via 
1,2-diacylglycerol; however, 1,2-diacylglycerol was not increased. Chronic 
treatment with nitrendipine did not change the effect of ethanol on rotarod 
performance of rats (DOLIN and LITTLE 1989), though chronic nifedipine 
treatment has been reported to decrease the number of dihydropyridine 
receptors in mice (PANZA et al. 1985). Chronic exposure of cultured bovine 
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adrenal chromaffin cells to anesthetic concentrations of ethanol, alprazolam, 
or buspirone caused an upregulation of dihydropyridine receptors despite 
the fact that these substances do not work by the same mechanism (BRENNAN 
and LITILETON 1991). Ethanol and alprazolam, a benzodiazepine, are sup
posed to have their primary effects on the GABAA-receptor-associated 
chloride channel complex; buspirone, on the 5-HT1A receptor. The investi
gators proposed that the upregulation of dihydropyridine binding sites might 
be a response to any chronic inhibition of the excitability of the cells by 
anesthetics. 

IV. Effects of Ethanol on Intracellular Calcium 

Ethanol administered acutely affects the intracellular free calcium concen
tration, [Ca2+]j, as well as Ca2+ influx. Davidson and colleagues found that 
[Ca2+]j was increased in synaptosomes from rat forebrain by 50-500mM 
ethanol in vitro, although Ca2+ influx was decreased (DAVIDSON et al. 1988). 
They proposed that the increase in [Ca2+]j resulted from release of Ca2+ 
from intracellular sources, such as Ca2+ bound to mitochondria or intra
cellular buffers. A later study indicated that the endoplasmic reticulum was 
the source of the additional intracellular free Ca2+, rather than altered Na +
Ca2+ exchange or influx through Ca2+ channels (DAVIDSON et al. 1990). 
Anesthetic concentrations of ethanol (350-700mM) in vitro were found to 
increase resting [Ca2+]j in synaptosomes from mouse brain; this effect may 
be the actual cause of the observed increase in the release of some neuro
transmitters at high ethanol concentrations (DANIELL et al. 1987). [Ca2+]j 
was not altered by ethanol in hepatocytes. These results indicated that 
alterations in [Ca2+]j were not due to increased influx alone. The external 
calcium concentration does not affect the amount of ethanol-induced [Ca2+]j 
increase (DANIELL et al. 1987); this is evidence for release of calcium from 
inside the cell. Several possible mechanisms exist by which ethanol can alter 
[Ca2+]j acutely, and through which the organism might compensate for 
chronic ethanol consumption. Because calcium is involved in intracellular 
signal transduction, its regulation is critical for maintaining intracellular 
homeostasis and proper responsiveness to neurotransmitters. Several systems 
located in the plasma membrane, including Ca2+ channels, could affect 
[Ca2+k Ethanol's effects on calcium and intracellular signaling have recently 
been reviewed (GANDHI and Ross 1989). 

One possible mechanism for the effect of ethanol on [Ca2+]j is through a 
perturbation, direct or indirect, in the activity of Ca2+ IMg2+ -ATPase. This 
enzyme is involved in regulation of [Ca2+]j by sequestration of Ca2+ in 
vesicles of smooth endoplasmic reticulum located at the inner surface of 
the plasma membrane (GARRETI and Ross 1983). Acute administration of 
ethanol was shown to inhibit Ca2+ IMg2+ -ATPase activity and locomotor 
activity in mice (Ross et a1. 1979). In mouse synaptic membranes taken at 
the time of loss of righting reflex, ethanol inhibited Ca2+ -stimulated ATP 
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hydrolysis and ATP-dependent Ca2+ uptake (GARREIT and Ross 1983). 
Ca2+ IMg2+ -ATPase activity returned to normal at recovery of the righting 
reflex, but ATP-dependent Ca2+ uptake was still inhibited. Thus, ethanol 
may uncouple the enzyme from Ca2+ uptake. 

V. Effects of Ethanol on G-Protein-Related Systems 

Another possible mechanism for calcium release from intracellular stores is 
activation of certain signal-transducing guanine nucleotide-binding proteins 
(G proteins) that eventually release calcium through a cascade of events. G 
proteins are involved in the transduction of signals from several hormones 
and other factors from outside the cell to the cytoplasm. They are hetero
trimers composed of a-, fl- and y-subunits associated with a membrane
bound receptor. The ADP ribosylation of some of them can be catalyzed by 
cholera or pertussis toxins. Although the details of the mechanism of G 
protein action are still uncertain, the following version gives the general 
idea. In the resting state, the receptor-G protein complex binds GDP. When 
the receptor is activated, the a-subunit binds GTP and is dissociated from 
the complex. This leads to the generation of second messengers, initiating a 
cascade of events that eventually results in a cellular response. Meanwhile, 
the agonist dissociates from the receptor and the receptor returns to its 
resting state. The activated G protein a-subunit can cause several events 
before it is inactivated. This property makes the G protein a signal amplifier 
as well as a signal transducer. Inactivation takes place through hydrolysis of 
GTP to GDP by the a-subunit's own intrinsic GTPase activity. The a
subunit then reassociates with the fly-subunits. (The fl- and y-subunits are 
found associated with each other in vivo.) Because of signal amplification, a 
small effect of ethanol on a G protein could have more pronounced effects 
further along the cascade of events. The a-subunit can also be phosphory
lated (SAGI-EISENBERG 1989); this event is probably a regulatory mechanism. 
Systems coupled to G proteins include the adenylyl cyclase system, calcium 
and potassium channels, and polyphosphoinositide metabolism (FREISSMUTH 
et al. 1989). 

At least 17 different G protein a-subunits are known (STERNWEIS and 
SMRCKA 1993), and more may be discovered. Gs , which has four different a
subunits, stimulates the adenylyl cyclase system, while Gj inhibits the same 
system (FREISSMUTH et al. 1989). Gj has three known a-subunits: aj(l), aj(2) 
and aj(3). Go, the most abundant G protein in brain, regulates K+ channels 
(MANJI 1992). Its a-subunit has two known isoforms, which are splice 
variants (TANG et al. 1992). Some a-subunits (ag , alb a14, a16) of G 
proteins of the Gg family (Gg , Gll , G14, GlS/16) have been shown to activate 
phosphatidylinositol breakdown in several systems (RHEE and CHOI 1992; 
LEE et al. 1992; Wu et al. 1992; SMRCKA and STERNWEIS 1993). This break
down, due to activation of phospholipase C (PLC), produces 1,2-diacylgly
cerol (DAG) and inositol triphosphate (IP3) and eventually leads to an 
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increase in [Ca2+]j and the activation of protein kinase C. Gj and/or Go has 
been shown to activate PLC in hematopoietic cells and adipocytes (KIKUCHI 
et al. 1993; MOLSKI et al. 1985; VOLPI et al. 1983; MORENO et al. 1983). 

Gs and Gj have been investigated extensively with regard to ethanol 
effects; Go, Golf, Gt , and the Gq family have not. The scarcity of research 
on ethanol effects on the Gq family is probably due to its relatively recent 
discovery. However, some results have been reported in these systems. 
WILLIAMS et al. (1993) found that in NGI08-15 cells 200 mM ethanol was 
able to increase expression of ao . SIMONSSON et al. (1991) demonstrated that 
in NG 108-15 cells the cascade of events involving phosphatidylinositol 
hydrolysis is affected by chronic ethanol at the level of the G protein, but 
the G protein(s) involved were not identified. Recently, 1O-200mM ethanol 
has been shown to decrease expression of the a-subunits of Gq and Gll , 

which are highly homologous, in NG108-15 cells (WILLIAMS and KELLY 
1993). The investigators suggest that this decrease may be responsible 
for the decrease in receptor-mediated phosphoinositide hydrolysis due to 
chronic ethanol exposure in this cell line. 

The fiy-subunits from the various G protein are less structurally diverse 
than the a-subunits, such that fiy-subunits freed by activation of Gj, for 
example, could associate with and thus inactivate a-subunits of Gs . This 
mechanism has been proposed as an alternative pathway for the inhibition 
of the adenylate cyclase system by Gj. Because experiments measuring 
direct action of Gj on the adenylyl cyclase system show less activity than 
would be expected, an alternative pathway is likely to exist (LEVITZKI 1990). 
Recently, however, evidence for direct inhibition of adenylyl cyclase by aj 
has appeared (TAUSSIG et al. 1993). Free fly-subunits have been shown to 
activate various isoforms of PLC (BLANK et al. 1992; PARK et al. 1993). 

1. Acute Effects on Protein Kinase C 

As noted above, acutely administered ethanol increases [Ca2+k One possible 
avenue for this increase is G-protein-mediated release of calcium via inositol 
1,4,5-triphosphate (IP3) from intracellular stores. However, evidence exists 
that the intracellular calcium reservoirs from which ethanol and IP3 release 
calcium may not be the same (DANIELL and HARRIS 1989; MACHU et al. 
1989), indicating that another mechanism may be involved. Protein kinase C 
(PKC) is also activated through a G-protein-mediated cascade of events 
(via 1,2-diacylglycerol) and this membrane-bound enzyme appears to be 
inhibited in rat brain homogenates by acute administration of ethanol and 
other anesthetics (FREISSMUTH et al. 1989). These studies were conducted by 
assaying activated PKC, so that the point in the cascade at which ethanol 
exerted an inhibitory effect was not identified. Therefore, the effect may be 
directly on the enzyme rather than on the G protein. In cultured PC12 cells, 
PKC band PKC E were increased by chronic ethanol exposure (MESSING et 
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al. 1991). Further, 1,2-diacylglycerol was not increased, indicating that the 
up regulation did not include the G protein portion of the cascade. 

2. The Adenylyl Cyclase System 

The adenylyl cyclase system has been most extensively studied. Adenylyl 
cyclase produces cyclic AMP (cAMP), which eventually activates protein 
kinase A. Ethanol has been reported to increase the amount of cAMP 
generated by adenylyl cyclase, thus increasing the amount of signal sent to 
the cell interior. Ethanol effects on the adenylyl cyclase system have been 
reviewed (HOFFMAN and TABAKOFF 1990). Two possible sites of ethanol 
action on adenylyl cyclase have been suggested: the catalytic subunit of the 
enzyme and either the activation of the regulatory subunit or the coupling of 
the subunits (RABIN and MOLlNOFF 1983). The activation of adenylyl cyclase 
by ethanol appeared to require GTP-binding proteins (LUTHIN and TABAKOFF 
1984). Saito and colleagues subsequently found that a high concentration of 
ethanol (500mM), in the absence of guanine nucleotides, produced a much 
greater increase in adenylyl cyclase activity in mouse cortical membrane 
preparations than in mouse striatal membranes (SAITO et al. 1987). The 
investigators reasoned that ethanol was working primarily through G pro
teins in the striatum, but in the cortex it was able to affect adenylyl cyclase 
directly, as well as through G-protein interactions. Results also varied 
between cell cultures. In two subclones of PC12 cells ethanol increased 
adenylyl cyclase activity in membrane preparations. In whole cells, however, 
there was enhanced cAMP accumulation in response to ethanol in one 
subclone, while in the other cAMP accumulation was inhibited (RABE et al. 
1990). Thus extrapolation from membrane preparations to whole cells or 
organisms may be unwarranted. Apparently, the effects of ethanol on 
adenylyl cyclase are highly dependent on the experimental system and 
conditions. 

3. Chronic Effects 

Because the acute effect of ethanol is to increase the activity of adenylyl 
cyclase, chronic ethanol consumption would be expected to decrease 
hormone-stimulated adenylyl cyclase activity. Most of the experiments on 
chronic ethanol effects on the G proteins related to adenylyl cyclase activity 
have been carried out using cultured cell lines of neural origin; fewer animal 
studies have been conducted. In cell culture experiments, results depend on 
the cell type. In NG108-15 cells the amount of as was reduced and the 
amount of aj was unchanged after long-term ethanol exposure (CHARNESS et 
al. 1988). In N18TG2 cells neither G protein was altered, and in N1E-1l5 
cells aj was increased and as was decreased (CHARNESS et al. 1988). In rat 
hepatocytes in primary culture, 100 mM ethanol for 48 h resulted in a 35% 
decrease in aj, but no change in as. The observed increase in cAMP pro-



38 J. MORING and W.J. SHOEMAKER 

duction in these cells was thus a result of attenuated inhibition by ai (NAGY 
and DESILVA 1992). In mice, 7 days of ethanol exposure reduced anterior 
pituitary membrane as levels in the LS line but not in the SS line (SS, short 
sleep, relatively ethanol-insensitive; and LS, long-sleep, relatively ethanol
sensitive). Levels of ai were unchanged in both lines (WAND and LEVINE 
1991). The variation in these results indicates that ethanol effects on expres
sion of G proteins are highly variable among experimental systems. 

Cholera and pertussis toxins catalyze the covalent transfer of the ADP 
ribosyl moiety of nicotinamide adenine dinucleotide (NAD) to as and ai, 
respectively. In the case of as, the activated a-subunit is ADP ribosylated; in 
the case of ai, the inactive a-subunit associated with f3y is labeled. Thus 
ADP ribosylation measures the amount of activated as or the amount of 
inactive ai' In cerebellum and pons of SS and LS mice, expression of aiel) 
and ai(2) was markedly increased after 7 days of ethanol exposure, but 
expression of as was unchanged (WAND et al. 1993). The same study showed 
that ethanol treatment of SS mice caused a twofold increase in ADP ribo
sylation of aiel), ai(2), and perhaps a o (combined) in cerebellar membranes. 
ADP ribosylation of as was unchanged. Results were similar in LS mice. 
The increases in expression and ADP ribosylation of aiel) and ai(2) were 
associated with inhibition of adenylyl cyclase activity. The inhibition was 
reversed by pretreatment of the membranes with pertussis toxin, evidence 
that ai was probably responsible for the effect. A smaller increase in ADP 
ribosylation of ai has been observed in rat cerebral cortex after 8 weeks of a 
5% ethanol liquid diet (MORING and VOLPI 1992). 

Studies of human tissues have also shown effects of ethanol on second 
messenger systems. DIAMOND et al. (1987) measured cAMP levels in lym
phocytes from alcoholic patients. Both basal and receptor-stimulated levels 
of cAMP were reduced by 75%, while stimulation of cAMP production by 
ethanol was reduced by 76%. Ethanol stimulation of cAMP production 
appeared to be mediated by adenosine (DIAMOND et al. 1991; NAGY et al. 
1989), as shown by experiments in cell culture. In NG108-15 cells, acute 
exposure to ethanol produced a 60% increase in cAMP production, although 
ethanol did not directly activate adenylyl cyclase. However, extracellular 
adenosine was increased. When the extracellular adenosine was enzymically 
degraded, ethanol no longer stimulated cAMP production (NAGY et al. 
1989). 

Some G-protein effects may persist through withdrawal. In lymphocytes 
from abstinent alcoholics (approximately 20 days without drinking), levels of 
ai(2) protein were increased threefold and levels of mRNA for ai(2) were 
increased 2.9 times over controls (WALTMAN et al. 1993). mRNA for as was 
increased 2.7-fold, although as protein expression was unchanged. Lym
phocytes from actively drinking alcoholics were similar to those from con
trols except that as mRNA was increased 1.8 times. The reduction of 
adenylyl cyclase activity found during abstinence was attributed to enhanced 
expression of ai(2) (WALTMAN et al. 1993). 
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In NG108-15 cells, not only are cAMP production and as protein de
creased as a result of chronic ethanol exposure, but mRNA for as is com
mensurately reduced (MOCHLY-RoSEN et al. 1988). The reduction in cAMP 
output is due to heterologous desensitization of receptors, such that cAMP 
production stimulated by either prostaglandin El or adenosine is decreased. 
Thus several types of receptors coupled to as may be affected by chronic 
ethanol exposure. Adenosine has also been implicated in desensitization of 
adenyl ate cyclase by chronic ethanol (NAGY et al. 1989). Evidence against 
this role of adenosine has been presented by WILLIAMS et al. (1993). A 
recent intriguing finding is that in NG 108-15 cells ethanol specifically induces 
several genes, one of which encodes a product with extensive homology to 
phosducin (MILES et al. 1993). This phosducin-like protein binds to py
subunits and thus may be responsible for some of ethanol's effects on G
protein-mediated signal transduction systems. 

Effects of chronic ethanol on G proteins appear to be both tissue 
specific and species specific. In embryonic chick myocytes cultured with 
ethanol and in myocardium from ethanol-fed rats, no effect on G pro
teins was found when adenylyl cyclase activity and ADP ribosylation were 
measured (BLUMENTHAL et al. 1991). A small decrease in the quantity of aj 
was observed in myocytes that had been exposed to 100 mM ethanol for 7 
days. In hepatocyte membranes of ethanol-fed rats, however, adenylyl 
cyclase activity stimulated by glucagon or forskolin was increased but 
fluoride-stimulated activity was not increased. In that study, the investigators 
proposed that an increased number of glucagon receptors might be re
sponsible for the observed effects. 

Clearly, the effects of acute and chronic ethanol administration on G
protein-mediated systems are highly variable among the various cell culture 
and animal systems studied. Furthermore, determining which partes) of a 
cascade of events is (are) affected is by ethanol is difficult. If the endpoint, 
such as adenylyl cyclase activity, is measured, the effect may be directly at 
the endpoint or at any of several steps before. For example, the affected 
step may be the activation of the a-subunit of Gs, expression of the a
subunit of Gj, alteration of the conformation of the G-protein-coupled 
receptor, or, in the case of chronic ethanol exposure, production of specific 
G-protein mRNAs. Nevertheless, because of their ubiquity and sensitivity, 
G-protein-mediated systems are likely to be significant mediators of ethanol 
effects. 

VI. Effects of Chronic Ethanol on Receptor Subunit Expression 

It is puzzling that despite that fact that ethanol does not bind to any 
neurotransmitter receptor site as an agonist or antagonist, chronic exposure 
results in upregulation of both NMDA receptor binding sites (GRANT et al. 
1990; SHOEMAKER et al. 1992) and dihydropyridine binding sites (DOLIN et 
al. 1986). In the case of the GABAA receptor, changes in binding site 
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concentration or affinity have been less consistently observed (see Chap. 
5, this volume), but changes in receptor function following chronic exposure 
have suggested that the subunit makeup of the GABAA receptor has been 
altered (MORROW et al. 1988). A plausible mechanism of ethanol action on 
the affected proteins would involve a change in the level of mRNA. Recent 
reports have demonstrated an effect of chronic ethanol exposure on mRNA 
levels for GABAA receptor subunit species. Although this effect of ethanol 
results in changes in a nucleic acid rather than in a lipid or protein molecule, 
the mRNAs affected specify membrane receptor proteins. It may be that 
many of the chronic effects of ethanol on either protein or lipid are mediated 
by gene activation of mRNA species, but there is not yet sufficient evidence 
to warrant such a conclusion. 

1. The GABAA Receptor 

Each of the GABAA receptor subunit classes, except £5, has two or more 
subtypes; six subtypes of the a-subunit are known, four of p, and two of y 
(VICINI 1991, SIEGHART et al. 1992). The distribution of subunit classes 
and subtypes varies among brain regions. The properties of the GABAA 

receptor complex depend on which subunits and which variants of each 
subunit are present; a; p, and yare all required for agonist and antagonist 
responses that mimic the in vivo situation (SIEGHART et al. 1992). For 
example, the presence of the yz-subunit confers high benzodiazepine sen
sitivity on the complex (LiiDDENS and WISDEN 1991); the presence of the 
y2L (alternatively spliced) form is required for ethanol sensitivity (WAFFORD 
et al. 1991). The production of mRNA for various subtypes of the a-subunit 
has been investigated in regard to chronic ethanol exposure. MONTPIED et al. 
(1991), using a 14-day inhalation exposure in adult rats, demonstrated 
reductions in the GABAA subunits al and a2, but not in a3, from cerebral 
cortex. The blood ethanol concentration averaged 207 ± 21 mg/dl (-45 mM) 
for exposed animals. A concern in studies of mRNA levels is that many 
mRNAs are affected similarly so that normalization for the amount applied 
to the electrophoretic gel can be problematic. Montpied and coworkers 
stripped the blots of GABAA receptor arsubunit cRNA probe and re
hybridized with p-actin riboprobe, followed by a second densitometric 
measurement. This procedure assured proper normalization and indicated a 
49% reduction in the 4.8-kb species of arsubunit and a 39% decrease in the 
4.4-kb species. MHATRE and TICKU (1992) used a rat model of intragastric 
intubation for 6 days. They then made Northern blots of GABAA subunit 
mRNAs, which showed decreases in al and a2 mRNA levels, but not in a3' 
These investigators also reported a decrease in subunit as mRNA and an 
increase in a6' Interestingly, the mRNAs for a2 and a3 were measured after 
withdrawal and returned to baseline levels by 36 h postwithdrawal. Buck, 
Harris, and coworkers (BUCK et al. 1991) measured GABAA receptor sub
unit mRNA levels in seizure-prone (WSP) and seizure-resistant (WSR) mice 
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after 7 days of ethanol. In the WSP mice, al levels decreased after the 7-day 
exposure, whereas a6 levels decreased in the WSR. 

2. Origin of mRNA Effects 

These recent reports add a new dimension to studies of ethanol effects on 
membranes. If a major effect of ethanol is to activate or inactivate genes 
coding for membrane proteins, e.g., the GABAA receptor subunits, the 
NMDA receptor subunits, or the L-type Ca2+ channel, this effect could 
have profound implications for the responsiveness of the organism. This 
indirect effect of ethanol could occur in addition to the direct effects of 
ethanol on the lipid and protein domains of the membrane. Since the effects 
on mRNA expression have been documented only following chronic ethanol 
exposure, it is possible that the changes in mRNA level are in response to 
other acute effects of ethanol, such as changes in [Ca2+k Induction of 
Hsc70 gene transcription by 50-200mM ethanol has been reported in 
NG108-15 neuroblastoma x glioma cells (MILES et al. 1991). Hsc70 is a 
heat-shock protein that is involved in protein trafficking. Other heat-shock 
proteins were not upregulated by these concentrations of ethanol; thus this 
was not a generalized stress protein response. Ethanol appeared to act 
specifically on the Hsc70 promoter. Because of the role of Hsc70 in protein 
trafficking its regulation by ethanol could indirectly affect many membrane 
proteins. It is well known that protein synthesis in the brain is depressed by 
both chronic and acute ethanol administration, as measured by studies of 
the incorporation of radiolabeled amino acids into protein (TEWARI and 
SYTINSKI 1985). Two-dimensional gel electrophoresis experiments showed 
that the membrane protein profile in rat cerebral cortex changed substan
tially after 70 days of chronic ethanol exposure, with some proteins being 
lost entirely and some being relatively unaffected (BABU et al. 1990). Total 
cortical protein was also decreased. These effects could possibly be due to 
gene regulation [or indirectly to some other effect, such as formation of fatty 
acid ethyl esters (BORA and LANGE 1993)]. Studies of effects of ethanol on 
genes coding for membrane proteins or enzymes controlling membrane 
constituents are quite recent. Studies of the reversibility of such changes and 
the long-term consequences of repeated gene activation or inhibition are 
needed to determine the physiological significance of ethanol's action at the 
gene level. 

E. Conclusions 
The effects of ethanol on various membrane lipids, NMDA receptors, 
GABAA receptors, G proteins, the adenylyl cyclase system, and other 
membrane components may explain some of the behavioral and physiolo
gical effects of ethanol. The question of which effects are important 
physiologically and which are relatively minor remains open, as does the 
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possibility that some major effects of ethanol remain to be discovered. 
Ethanol's lipid disordering effects correlate well with its acute physiological 
effects, but so far appear not to be a major cause of those effects. The data 
in Table 1 indicate a significant decrease in the membrane/buffer partition 
coefficient for ethanol after chronic ethanol exposure. This may explain the 
phenomenon of membrane tolerance, but it cannot explain differences in 
genetic susceptibility to ethanol effects among strains of mice and rats. The 
reversal of ethanol intoxication by hyperbaric pressure is generally con
sistent with a bulk membrane disorder mechanism of action, as well as 
with a membrane lipid domain or protein mechanism. Lipid alterations in 
response to chronic ethanol exposure are small, and there is no evidence 
that ethanol-related lipid alterations affect membrane protein function in 
vivo. Whether ethanol affects membrane protein function directly or through 
changes in membrane disorder is unresolved. Conflicting evidence exists 
concerning whether the extent of membrane disorder influences protein 
function (SQUIER et al. 1988; EAST et al. 1984). Data suggest that membrane 
lipid order is not particularly important in determining the activity of mem
brane enzymes such as Ca2+/Mg2+-ATPase (LEE 1991). Whereas, the func
tion of receptor-activated sodium channels is correlated with membrane 
lipid order, the function of calcium channels is not (HARRIS and BRUNO 
1985). The bulk membrane disorder model also suffers from the fact that a 
rise in temperature of less than 1°C produces an increase in membrane 
disorder similar to that produced by physiological concentrations of ethanol 
or anesthetics but does not produce intoxication or anesthesia (PANG et al. 
1980; FRANKS and LIEB 1982). Furthermore, membrane disorder on a scale 
comparable to that associated with ethanol or anesthetic action can be 
caused by A2C, an agent that does not produce anesthesia (BUCK et al. 
1989). At present, evidence indicates that the site of any significant lipid 
effects of ethanol is not the bulk lipid of the membrane, but instead one or 
more membrane domains that are ethanol-sensitive. Chronic ethanol effects 
on lipid domains, such as alteration of lipid distribution between the inner 
and outer monolayers of membranes, have been documented. Whether they 
are causally related to physiological problems due to chronic ethanol has yet 
to be established. 

On the other hand, there is evidence for direct action of ethanol on 
proteins, for example, on firefly luciferase. However, this enzyme is not 
directly involved in anesthesia and thus is an imperfect model for the effects 
of ethanol and other anesthetics. The selective action of anesthetic stereo
isomers on K + channels is better evidence for direct anesthetic action on 
proteins (FRANKS and LIEB 1991). Acute effects of ethanol on the ion-gating 
functions of the GABAA and NMDA receptor complexes are well docu
mented; whether these effects are exerted directly on the protein or mediated 
by lipid changes has not been determined. Adaptations to chronic ethanol 
exposure occur in proteins as well as in lipids, usually in the form of up- or 
downregulation of the protein. The dihydropyridine receptor-associated cal-
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cium channel, NMDA and GABAA receptor subunits, and certain G-protein 
a-subunits are examples of such proteins. Alteration of mRNA levels for 
certain membrane proteins has been found to result from chronic ethanol 
exposure. The mechanism of ethanol's action, either directly at the nuclear 
gene site or indirectly, in producing this alteration has not been determined; 
neither have the long-term consequences of alterations in mRNA concen
trations been determined. 

Several effects of ethanol, occurring at both lipid and protein sites, have 
been discussed. These actions include (1) a bulk lipid disordering effect, (2) 
a membrane compositional change, (3) an effect on local lipid domains, (4) 
a direct acute effect on transmembrane proteins, (5) effects on signal trans
duction systems, (6) effects on ion channels, and (7) effects on receptor 
subunit expression (see Fig. 1). The catalog of documented effects of acute 
and chronic ethanol exposure continues to grow, and it would be beneficial 
to ascertain their relative importance in causing the drug's characteristic 
physiological and behavioral effects. Several apparently diverse sites of 
action exist. An elucidation of the mechanisms that underlie the effects 
exerted at these sites would help to guide the direction of future research. 
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CHAPTER 3 

Effects of Ethanol on Voltage-Dependent 
Calcium Channel Function 

S.w. LESLIE 

A. Voltage-Dependent Calcium Channels 

I. Introduction 

Before discussing the effects of ethanol on voltage-dependent calcium 
channels it is important to consider the physiological roles of calcium 
channels in the central nervous system. Indeed, it is only in recent years that 
investigators have begun to recognize that numerous types of calcium 
channels exist, that their cellular and brain regional localizations may differ, 
and that activation of these channel types may initiate different cellular 
responses. It is important to state at the outset, however, that this area of 
research is still at an early stage and many important questions remain to be 
answered and several controversies need to be resolved. The details of these 
questions and controversies are beyond the scope of this review. However, 
an attempt will be made to highlight some of the key questions in order to 
allow for a timely perspective on those effects of ethanol that may be linked 
with alterations in calcium channel function. 

Calcium channels in the central nervous system can be separated into 
high voltage activated (HV A) and low voltage activated (LV A) types (SHER 

et al. 1991). At least three distinct HV A calcium channels exist and these 
are characterized predominantly in terms of their sensitivity to specific 
pharmacological agonists and antagonists, but also by differences in elec
trophysiological activation and inactivation parameters and magnitudes of 
channel conductances. HVA channels characterized thus far include L, N, 
and P type channels (for reviews see MILLER 1987; TSIEN et al. 1991; SHER et 
al. 1991). L (long-lasting) and N (neither L nor T) channels were first 
identified by NOWYCKY et al. (1985). This report also identified an LV A 
calcium channel that was named T (transient) type for its activation at low 
voltage and rapid inactivation leading to the transient nature of the channel 
response. P type channels have been identified only recently (TSIEN et al. 
1991; SHER et al. 1991). 

II. L Type Channels 

Of the calcium channels identified thus far, L type channels have been 
studied most extensively. These channels are blocked selectively by clinically 
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used dihydropyridine, phenylalkylamine, and benzothiazepine calcium 
channel blockers (e.g., nifedipine, verapamil, and diltiazem, respectively), 
the binding sites for which are pharmacologically distinct but reside on the 
arsubunit of the L type calcium channel complex (TsIEN et al. 1991). L type 
calcium channels are known to exist in many vascular and nonvascular 
tissues (GODFRAIND et al. 1986). It is noteworthy that L type calcium 
channel blockers have potent pharmacological effects in the cardiovascular 
system but produce very few clinically noticeable side effects that involve 
central nervous system function. This is striking since the brain possesses 
high concentrations of dihydropyridine receptors. Receptor binding studies 
show that binding affinities for dihydropyridine antagonists are essentially 
the same, with Kd values below 1 nM, in brain, cardiovascular, and other 
tissues (GODFRAIND et al. 1986). Many dihydropyridines are lipid soluble 
and, therefore, cross the blood-brain barrier. Nimodipine, in particular, is 
an example of a dihydropyridine calcium channel blocker that crosses the 
blood-brain barrier and its usefulness is derived from its ability to concen
trate in the brain (SCRIABINE et al. 1989). As is the case for other dihy
dropyridine calcium channel blockers, nimodipine produces few behavioral 
side effects. However, it is a drug that has cerebrovasodilatory and con
sequent antiischemic effects in the brain. Studies have shown that nimo
dipine, and possibly other dihydropyridine calcium channel blockers, may 
be effective in the treatment of cerebral ischemia and may have benefit in 
treating cognitive deficiencies associated with aging (SCRIABINE et al. 1989). 
These benefits of nimodipine are attributable, to some extent, to its 
selectivity for cerebrovasculature; however, these is also significant evidence 
that nimodipine and other dihydropyridines have direct effects on neurons 
(MILLER 1987; SCRIABINE et al. 1989). 

The pharmacological profile of calcium channel blocker actions in the 
brain is consistent with what is known about the physiological role of L type 
calcium channels on neurons. L type calcium channels appear to exist 
largely on dendrites and cell bodies in the brain (MILLER 1987; AHLIJANIAN 
et al. 1990). Activation of these channels may mediate long-lasting increases 
in cytosolic calcium that may be linked with second messenger functions of 
calcium in the brain (AHLIJANIAN et al. 1990). Overactivation of L type 
calcium channels may result in neuronal toxicity associated with excessive 
calcium entry. This role of L type calcium channels may help explain the 
potential therapeutic effect of dihydropyridine calcium channel blockers 
described above (SCRIABINE et al. 1989). 

Some controversy exists as to the possible involvement of L type 
calcium channels in neurotransmitter release from nerve terminals. Early 
biochemical work on the question of the effects of L type calcium channel 
blockers on neurotransmitter release showed that these drugs were ineffec
tive in blocking potassium-induced calcium entry into and neurotransmitter 
release from synaptosomes (DANIELL et al. 1983; SUSZKIW et al. 1986; see 
also MILLER 1987). Interestingly, similar studies conducted on adrenal 
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medullary, PC-12, and neuroblastoma cells showed a highly potent inhibi
tion of voltage-dependent calcium entry and neurotransmitter release by 
dihydropyridine calcium channel blockers. However, exposure of PC-12 
cells to nerve growth factor caused these cells to differentiate such that the 
potassium-induced release of catecholamines was predominantly insensitive 
to inhibition by dihydropyridine antagonists or stimulation by the dihy
dropyridine agonist BAY K 8644 (KONGSAMUT and MILLER 1986). Thus, 
these studies suggest that calcium entry into and neurotransmitter release 
from brain nerve terminals may not be sensitive to inhibition by L type 
calcium channel blockers. However, adrenal medullary and neuroblastoma 
cells may possess L type calcium channels which are involved in the control 
of neurotransmitter release. More recent evidence implicates L-type calcium 
channels in neurotransmitter release from synaptosomes and brain slices. 
These studies show that exposure of synaptosomes and brain slices to BA Y 
K 8644 in the presence of partial depolarization with potassium results in 
BA Y K 8644-stimulated calcium uptake and neurotransmitter release that is 
sensitive to inhibition by dihydropyridine calcium channel blockers 
(MIDDLEMISS and SPEDDING 1985; WOODWARD and LESLIE 1986; E.J. WHITE 
and BRADFORD 1986; WOODWARD et a1. 1988a; GANDHI and JONES 1990). The 
dihydropyridine-sensitive component of calcium entry and neurotransmitter 
release shown in these studies was quite small. Thus, calcium-dependent 
neurotransmitter release appears to be predominantly dihydropyridine 
insensitive. 

As stated above, research on L type calcium channels is still at a very 
early stage of understanding. Recent work has characterized four distinct rat 
brain cDNAs for the arsubunit of calcium channels (SNUTCH et a1. 1990). 
These appear to be derived from distinct genes or gene families. The 
significance of these findings is not yet clear, although one might speculate 
that they implicate the arsubunit of calcium channels in the expression of 
distinct calcium channel types in brain. Furthermore, recent evidence 
indicates that molecular diversity exists within the L type class of calcium 
channels (PEREZ-REYES et a1. 1990). Why these different forms of L type 
channels exist and what functional differences might occur in response to 
their expression is not clear. Finally, dihydropyridine-sensitive calcium 
channels may be present on astrocyte membranes (HERTZ et a1. 1989). 
Potassium-stimulated calcium uptake into astrocytes was inhibited by very 
low concentrations of nimodipine (ICso of approximately 3 nM). How 
the presence of L type calcium channels on astrocyte membranes might 
physiologically affect glial/neuronal interactions is not known, but is cer
tainly a question that is worth pursuing. 

The conclusions that can be drawn from the above discussion are as 
follows: (1) High concentrations of dihydropyridine receptor sites located on 
L type calcium channels exist in the brain. (2) The cellular location of 
dihydropyridine binding appears to be predominantly on dendrites and 
neuronal cell bodies. Activation of these channels may be linked with long-
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lasting calcium entry associated with calcium-dependent second messenger 
function. Excessive activation of these channels may be associated with 
neurotoxicity. Thus, alcohol, or any other substance that may serve to 
modify the function of L type channels, would be expected to produce 
symptomatology consistent with these physiological functions. (3) To a 
limited extent, L type calcium channels may also be present on presynaptic 
nerve terminals. They may have a small role in the activation and/or control 
of calcium-dependent neurotransmitter release. L type channels may have a 
more significant involvement in the contol of peptide release from a variety 
of exocrine tissues and in brain (GODFRAIND et al. 1986; WANG et al. 
1991a,b). 

III. N, P, and T Type Channels 

While L type channels appear to be localized predominantly on dendrites 
and neuronal cell bodies, N type channels exist in high concentrations on 
nerve terminals (SHER et al. 1991). N type channels are not inhibited by 
dihydropyridine calcium channel blockers, but are blocked by the GVIA 
fraction of the Conus geographus sea snail toxin, w-conotoxin (OLIVERA et 
al. 1985; MILLER 1987; TSIEN et al. 1991). Autoradiographic studies with 
radiolabeled dihydropyridines and w-conotoxin indicate that Land N type 
channels have similarities and differences in brain regional distributions 
(SHER et al. 1991). Taken together, these findings suggest that the functional 
roles of Land N type channels may be different. Indeed, w-conotoxin is a 
potent inhibitor of neurotransmitter release (HIRNING et al. 1988; WOODWARD 
et al. 1988b). This observation, in combination with the recognition that N 
type channels are localized on nerve terminals, suggests the involvement of 
N type calcium channels in calcium-dependent neurotransmitter release. 

Both Nand L type calcium channels are HV A channels. They differ 
somewhat in their electrophysiological properties (TSIEN et al. 1991). The 
characterization of neuronal N type channels has relied, to a great extent, 
on the use of w-conotoxin as a specific pharmacological antagonist (SHER 
and CLEMENTI 1991). Indeed, w-conotoxin has been a highly valuable tool 
and studies with this toxin have led to the general conclusion that w
conotoxin-sensitive calcium channels are linked with neurotransmitter release 
at presynaptic terminals (SHER and CLEMENTI 1991). There are, however, 
some reasons for doubt concerning this conclusion. For example, while w
conotoxin-binding sites are widely distributed in the brain, some brain areas 
have few or no binding sites (SHER and CLEMENTI 1991). In these brain 
regions some other voltage-dependent calcium channel type( s) must be 
linked with neurotransmitter release. Secondly, w-conotoxin is highly potent 
in blocking potassium-stimulated calcium entry into synaptosomes isolated 
from frog and chick brain, but calcium entry into rat brain synaptosomes is 
unaffected even by high concentrations of w-conotoxin (SUSZKIW et al. 1986; 
WOODWARD et al. 1988b; LUNDY et al. 1991). WOODWARD et al. (1988b) 
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reported that there was no apparent correlation between the ability of w
conotoxin to block potassium-stimulated endogenous dopamine release from 
striatal synaptosomes isolated from rat brain and its ability to inhibit calcium 
entry into the same preparation. Concentrations of w-conotoxin as low as 
10 nM significantly inhibited dopamine release, but 1 mM w-conotoxin was 
required to produce a small inhibition of calcium entry into the same 
synaptosomal preparations. The reason for the apparent disassociation 
between w-conotoxin inhibition of neurotransmitter release and its lack of 
inhibition of calcium entry is not known. A possible explanation is that 
while N-type calcium channels associated with neurotransmitter release may 
represent a small percentage (20%-25% at best) of the total calcium 
channels present on nerve terminals, they are positioned at key "hot spots" 
in close proximity to neurotransmitter release sites. 

As stated above, w-conotoxin is more potent in antagonizing potassium
stimulated calcium uptake in synaptosomes isolated from frog and chick 
brain than in synaptosomes isolated from mammalian brain. The reason for 
the apparent species differences is not yet clear, although recent evidence 
suggests that multiple N type channels may exist (WILLIAMS et al. 1992). It 
may be that evolutionary changes have taken place such that different forms 
of N type calcium channels exist throughout the phylogenetic scale. It is 
known that animals lower on the evolutionary scale are considerably more 
sensitive to w-conotoxin than higher mammals (OLIVERA et al. 1985). For 
example, intraperitoneal injection of GVIA w-conotoxin into fish, the 
natural prey of the Conus geographus snail, resulted in paralysis and death. 
Intraperitoneal injection of w-conotoxin into mice, however, produced 
no visible effects. This may be due to the presence of subtypes of N type 
channels in the two species of animals. 

Recent work has shown that another type of HV A calcium channel that 
exists in the brain is insensitive to both dihydropyridines and w-conotoxin. 
This channel is referred to as the P type channel (TSIEN et al. 1991; SHER et 
al. 1991). w-Agatoxin IVA (w-aga-IVA), a component of the venom from 
the funnel web spider, Agelenopsis aperta, is a specific inhibitor of P type 
calcium channels. In cerebellar Purkinje cells, approximately 85% -90% of 
the high threshold calcium current is not blocked by dihydropyridine 
calcium channel blockers or w-conotoxin, but is blocked completely by w
aga-IVA. However, only 20% of the calcium current was blocked by the w
aga-IVA toxin in hippocampal CAl neurons. Sympathetic neurons and 
some hippocampal CA3 neurons have no w-aga-IVA sensitive currents 
(MINTZ et al. 1992a). Thus, P type channels may comprise a higher per
centage of calcium channels in certain brain regions than in others. w-Aga
IVA blocks 70% -80% of synaptosomal calcium entry (MINTZ et al. 1992b) 
and inhibits neuromuscular transmission in insects by blocking presynaptic 
function (ADAMS et al. 1990). P type channels are also present on nerve 
terminals of squid axon (SHER et al. 1991). These findings suggest that P 
type channels may be highly concentrated on presynaptic terminals and may 
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be involved in neurotransmitter release. P type channels are not restricted to 
presynaptic terminals, however, since they are also known to exist on 
dendrites of cerebellar Purkinje cells (SHER et al. 1991). 

T type calcium channels activate in response to low voltage and are 
characterized as LVA channels (TSIEN et al. 1991; SHER et al. 1991). Unlike 
the HVA channels described above, T type channels inactivate rapidly 
(NOWYCKY et al. 1985). These channels have not received as much attention 
as HVA channels and are not as well characterized, owing largely to the fact 
that specific pharmacological tools are not yet available to study these 
channels. Octanol and amiloride have been shown to inhibit more potently 
T type currents than they do currents of HVA channels (TSIEN et al. 1991); 
but these drugs are not selective inhibitors of T type channels. 

1. Conclusions 

The conclusions that can be drawn from studies of N, P, and T channels are 
as follows: (1) N type calcium channels have a wide distribution in the brain 
and are found predominantly on neurons where they are localized on 
presynaptic nerve terminals. w-Conotoxin is a selective inhibitor of most N 
type channels. Land N channels share many electrophysiological similarities 
and it is sometimes difficult to differentiate these channels electrophysio
logically. Different subtypes of N type calcium channels have been recently 
identified. The role of these channel subtypes is not yet clear. (2) P type 
calcium channels were discovered only recently. While a great deal of 
information has been obtained about these channels in a short period of 
time, much is yet to be learned. While P type channels are found throughout 
the brain, they are particularly concentrated in cerebellar Purkinje cells and 
are prominent on presynaptic nerve terminals. P type channels can be 
clearly differentiated from Land N type HVA channels. P type channels are 
inhibited specifically by w-agatoxin IVA, a component of the venom of the 
funnel web spider, Age/enopsis aperta. (3) Unlike L, N, and P type channels 
T type channels are opened by small de polarizations and are thus classified 
as LV A channels. These channels are found in both excitable and nonexci
table tissues and may be involved in pacemaker type activity. Specific 
pharmacological probes for these channels have not yet been identified. 

B. Effects of Ethanol and Other Sedative-Hypnotic Drugs 
on Voltage-Dependent Calcium Channels 

I. Ethanol Effects on Ion Channels 

Many biochemical and electro physiological studies have shown that pharma
cologically relevant ethanol concentrations inhibit voltage-dependent calcium 
channels (LESLIE 1987; LESLIE et al. 1990). Some reports indicate that 
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relatively high concentrations of ethanol are required to inhibit voltage
dependent calcium channels while other ion channels, e.g., GABA
activated chloride channels and N-methyl-d-aspartate (NMDA)-activated 
ion channels, are much more sensitive (HARRIS and ALLEN 1989; LESLIE et 
al. 1990). A review of the literature, as described below, reveals that the 
modification of ion channel function, including voltage-dependent calcium 
channels, GABA-activated chloride channels, and NMDA-activated ion 
channels, is probably quite complex and may depend upon receptor sub
types in each of the ion channel categories, some of which may be highly 
sensitive to ethanol while others are not. 

NMDA receptors, which are generally regarded as being highly sensitive 
to inhibition by ethanol, may exist in various isoforms in the brain (MONYER 
et al. 1992). LIMA-LANDMAN and ALBUQUERQUE (1989) and SIMON et al. 
(1991) reported that the NMDA response in some neurons is sensitive to 
inhibition by ethanol while in others it is not. The difference in ethanol 
sensitivity of various neuronal NMDA responses may be linked to the 
presence of different subtypes of NMDA receptors which differ in sensitivity 
to ethanol. 

A similar picture may exist for the sensitivity of GAB A-activated 
chloride conductance to ethanol. Some laboratories report that GABA
activated chloride conductance is highly sensitive to activation by ethanol 
while other reports indicate no ethanol effect (G. WHITE et al. 1990). 
Furthermore, brain regional and genetic differences in ethanol sensitivity of 
GABA-activated chloride channels are known to exist (HARRIS and ALLAN 
1989; PROCTOR et al. 1992). Subtypes of GAB A-activated chloride channels 
exist in the brain. Recent evidence suggests that ethanol sensitivity is found 
in GABA receptors which possess a y2L-subunit of the receptor complex, 
while receptors with a y2S-subunit may not be ethanol sensitive (WAFFORD et 
al. 1991). Other recent findings suggest that differences in post-translational 
processing of the GABAA receptor may be responsible for the differences in 
genetic sensitivity to ethanol (ZAHNISER et al. 1992). Thus, sensitivity of ion 
channels, including voltage-dependent calcium channels, may depend upon 
molecular properties of the channel subtype studied. This will be discussed 
in detail below. 

Another point to consider concerning the physiological implications of 
ethanol on ion channels, including voltage-dependent calcium channels, is 
the cellular role of the ion channel and the extent to which it is involved in a 
physiological amplification process. For example, ion channels that are only 
slightly inhibited by ethanol but exist at the leading edge of a cellular 
cascade system may be just as involved in ethanol's effects as ion channels 
that are potently inhibited by ethanol but at the end of an amplification 
system. For example, KATZ and MILEDI (1967) showed that depolarization 
of presynaptic terminals of the giant squid did not result in a postsynaptic 
response until a critical threshold of depolarization was reached (appro
ximately 25-40mV). After this threshold was reached, further depolariza-
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tion of presynaptic terminals resulted in an exponential increase in the 
postsynaptic response. A slight modification of presynaptic excitability 
within this dynamic range would produce a robust postsynaptic change. 
Thus, if alcohol were to produce a small percentage change of presynaptic 
voltage-dependent calcium channel function involved in neurotransmitter 
release, for example, the result may be reflected as an exponential change 
postsynaptically. Indeed, ethanol inhibits potassium-stimulated calcium 
uptake into isolated presynaptic nerve terminals (synaptosomes) (HARRIS 

and HOOD 1980; LESLIE et al. 1983). Concentrations of ethanol as low as 
25 mM produced a small (approximately 8%), but statistically significant, 
inhibition of the fast component of potassium-stimulated calcium uptake 
into cerebrocortical synaptosomes (LESLIE et al. 1983). HARRIS and HOOD 

(1980) reported that 45 mM ethanol produced a small, but significant, 
inhibition of potassium-stimulated calcium uptake into whole mouse brain 
synaptosomes. Thus, relatively low concentrations of ethanol (25-50mM) 
may produce small decreases in voltage-dependent calcium uptake in some 
cases. Nevertheless, this small presynaptic inhibition may be quite significant 
physiologically since, as described above, in the intact brain it may be 
amplified exponentially resulting in large decreases in postsynaptic responses 
(KATZ and MILEDI 1967). 

II. Ethanol Effects on Different Types of Calcium Channel 

Voltage-dependent calcium channels on some nerve terminals may be highly 
sensitive to ethanol. GRUOL (1982) reported that low concentrations of 
ethanol (10-40 mM) reduced synaptic activity in cultured spinal neurons in 
a manner consistent with inhibition of voltage-dependent calcium channels. 
WANG et al. (1991b) found that, in patch-clamped nerve terminals iso
lated from rat neurohypophysis, both fast inactivating (dihydropyridine
insensitive) and long-lasting calcium currents (dihydropyridine-sensitive) 
were significantly inhibited by concentrations of ethanol as low as lOmM. 
These effects were selective for calcium channels since transient potassium 
currents were not altered by ethanol concentrations as high as 100 mM in 
this preparation. The magnitude of inhibition by ethanol was found to be 
quite large. Ethanol, 10 mM, inhibited the long-lasting currents by appro
ximately 30%. These currents, which were likely derived from L type 
channels, were more sensitive to ethanol than the fast-inactivating currents, 
which were identified as Nt and are known to be dihydropyridine insensitive. 

Potassium-stimulated release of arginine vasopressin (A VP) from these 
nerve terminals was also studied. Ethanol, lOmM, inhibited AVP release by 
approximately 50%. This inhibitory effect was eliminated in permeabilized 
terminal preparations, indicating that the mechanism for inhibition of A VP 
release occurred prior to the entry of calcium into the terminals. Thus, 
the potent inhibition of A VP release by ethanol was probably derived 
mechanistically from the inhibition of voltage-dependent calcium channels. 
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A later study using intact neurohypophysis confirmed the potent effect of 
ethanol on AVP release (WANG et al. 1991a). Whole cell patch-clamp 
studies confirmed that ethanol has a potent inhibitory effect on voltage
dependent calcium channels in this preparation. Ethanol, 25 mM, produced 
more than a 30% inhibition of calcium currents, but 10mM ethanol did not 
appear to have a statistically significant effect on calcium channels in this 
study (WANG et al. 1991a). 

TWOMBLY et al. (1990) also examined the effects of ethanol on transient 
(T type) and long-lasting calcium currents (L type) in NlE-115 neuroblas
toma and NGI08-15 neuroblastoma x glioma cells. Their findings agreed 
with those of WANG et al. (1991a,b) in that both types of calcium currents 
were found to be inhibited by ethanol. However, these calcium currents 
were much less sensitive to inhibition by ethanol than those of neuro
hypophyseal terminals. TWOMBLEY et al. (1990) found that transient calcium 
currents were inhibited slightly but significantly by 30 mM ethanol. Long
lasting currents were inhibited significantly by alcohol concentrations in the 
range of 100-300mM but not by 30mM. Ethanol, 300mM, inhibited both 
types of calcium currents by approximately 40%. These findings suggest that 
in NIE-115 and NG 108-15 cells T type channels are more sensitive to 
ethanol than L type channels. This differs from the results of WANG et al. 
(1991a,b), who found that both fast-inactivating and long-lasting calcium 
currents were highly sensitive to ethanol but that long-lasting, L type 
channels were more sensitive than fast-inactivating channels. The reasons 
for these discrepancies are not known. A possible explanation may reside in 
the presence of distinct isoforms of calcium channel types (SNUTCH et al. 
1990; PEREZ-REYES et al. 1990) on neurohypophyseal, NlE-115, and NG108-
15 cells. These isoforms may vary in sensitivity to ethanol. 

In addition to the electrophysiological studies described above, recent 
biochemical and behavioral studies have focused on the potential involve
ment of L type channels in the neuronal actions of ethanol. Much of this 
work focuses on the involvement of these channels in the chronic effects 
of ethanol. This aspect of ethanollL type calcium channel interaction is 
discussed later in this review. Ethanol concentrations as low as 50 mM 
significantly inhibited potassium-stimulated 4SCa2+ uptake into PC-12 cells 
(MESSING et al. 1986), which is known to occur through L type channels. 
The ICso for inhibition of 4SCa2+ uptake into PC-12 cells was 211 mM. 
SKATTEBOL and RABIN (1987) also reported a similar ICso (238 mM) for 
ethanol inhibition of 4SCa2+ uptake into PC-12 cells. These investigators also 
reported a similar ICso (220 mM) for ethanol inhibition of the fast com
ponent of 4SCa2+ uptake into rat cerebrocortical synaptosomes. In agree
ment with a previous report (LESLIE et al. 1983), SKATTEBOL and RABIN 
(1987) found that the fast component of 4SCa2+ uptake by cerebrocortical 
synaptosomes was much more sensitive to inhibition by ethanol than was the 
slow component of 4SCa2+ uptake. This observation is significant since fast
phase 45Ca2+ uptake is thought to occur exclusively through voltage-
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dependent calcium channels while slow-phase 4SCa2+ uptake involves other 
cellular processes such as Na+ /Ca2+ exchange (NACHSHEN and BLAUSTEIN 
1980). The inhibition of dihydropyridine-sensitive calcium channels by 
ethanol probably does not involve a competitive interaction with the dihy
dropyridine recognition site, however, since concentrations of ethanol much 
larger than those required to inhibit the channels are necessary to displace 
3H-nitrendipine binding (GREENBERG and COOPER 1984; HARRIS et al. 1985). 

Dihydropyridine calcium channel blockers potentiate the sedative 
properties of ethanol. ISAACSON et al. (1985) found that nimodipine, 5 mg/kg, 
potentiated both the motor incoordination and hypothermia produced by 
ethanol in mice. DOLIN and LITTLE (1986) reported that a high dose of 
nitrendipine (100 mg/kg) increased the anesthetic potencies of both ethanol 
and pentobarbital. Similar findings were reported for the calcium channel 
blockers verapamil and flunarizine (DOLIN and LITTLE 1986). 

Other electrophysiological studies also indicate that ethanol may have 
actions on neurons that are mediated through voltage-dependent calcium 
channels. Calcium currents in Aplysia neurons are inhibited by concentra
tions of ethanol as low as 50mM (CAMACHO-NASI and TREISTMAN 1986). 
Sodium and potassium conductances were found to be much less sensitive to 
ethanol in the Aplysia preparation. ESKURI and POZOS (1987) reported that 
ethanol reduced calcium currents in dorsal root ganglion cells with an ICso 
of 148 mM at 30°C, 73 mM at 37°C, and 44 mM at 43°C. These investigators 
reported that ethanol did not alter the amplitude or rate of rise of calcium 
action potentials and did not alter resting potential of the dorsal root 
ganglion cells. Thus, taken together with the increasing potency of ethanol 
with increasing temperature, the results suggest that ethanol may modify the 
lipid environment around calcium channels or exert direct effects on the 
channel protein. This suggestion is consistent with the findings of WANG et 
al. (1991a,b) and TWOMBLY et al. (1990), who showed that calcium channel 
inhibition by ethanol occurred without changing the voltage dependence of 
activation or inactivation. The suggestion that a lipid microdomain around 
calcium channels may be important for the effects of ethanol is also sup
ported by studies showing that the potency of a series of alcohols in blocking 
voltage-dependent calcium channels is correlated closely with their 
membrane/buffer partition coefficient (STOKES and HARRIS 1982). 

III. Brain Regional Differences in the Effects of Ethanol 

Ethanol's ability to inhibit voltage-dependent calcium channels may vary 
from one brain region to another. STOKES and HARRIS (1982) found that 
inhibition of slow-phase potassium-stimulated calcium uptake by ethanol 
was greater in synaptosomes isolated from cerebellum and striatum com
pared to cerebral cortex and brain stem. Fast-phase calcium uptake, 
however, was inhibited by 25 mM ethanol in cerebrocortical synaptosomes 
but 80 mM ethanol inhibited only the slow-phase component in cerebellum, 
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brain stem, and midbrain synaptosomes (LESLIE et al. 1983). Ethanol, 
200 mM, was needed to inhibit the fast component of calcium entry into and 
endogenous neurotransmitter release from striatal synaptosomes (LESLIE et 
al. 1986b). In a study examining the effects of ethanol on fast-phase calcium 
uptake and endogenous norepinephrine release from brain regions, ethanol 
was found to be most potent in inhibiting potassium-stimulated calcium 
entry into hypothalamic synaptosomes and least potent in blocking calcium 
uptake into brain stem synaptosomes (DANIELL and LESLIE 1986). The 
reasons for these brain regional differences in ethanol sensitivity are not 
known, but, again, point to the possibility that molecular differences may 
exist in calcium channels or in microenvironment sites among calcium 
channels in different brain regions. 

IV. Chronic Ethanol Effects on Calcium Channels 

Regional differences also appear to exist in the responses of calcium 
channels to chronic ethanol administration. Chronic administration of 
ethanol results in adaptation of calcium channels in cerebrocortical synapto
somes such that ethanol added in vitro has a reduced ability to inhibit 
calcium entry (LESLIE et al. 1983). A similar adaptive response in synapto
somal calcium uptake after chronic ethanol exposure was reported by 
HARRIS and HOOD (1980). Chronic ethanol exposure was also shown to 
result in adaptation to the inhibitory effects of ethanol in hypothalamic 
synaptosomes, but no adaptation was observed in brain stem or cerebellar 
synaptosomes (DANIELL and LESLIE 1986). Ethanol did not produce an 
adaptive response in synaptosomes isolated from striatum after chronic 
ethanol administration. To the contrary, chronic ethanol treatment resulted 
in an apparent uncoupling of calcium entry from dopamine (LESLIE et al. 
1986b). These studies showed that chronic ethanol exposure did not alter 
potassium-stimulated calcium entry into striatal synaptosomes but markedly 
reduced the release of endogenous dopamine from the same synaptosomal 
preparations. Thus, responses to chronic ethanol administration may result 
in adaptation of certain calcium channels involved in the development of 
functional tolerance (LESLIE et al. 1983) and no adaptation in others 
(DANIELL and LESLIE 1986). Other calcium channels may not adapt to the 
presence of chronic ethanol but may, in fact, deteriorate in function (LESLIE 
et al. 1986b). 

Evidence implicates dihydropyridine-sensitive, L type calcium channels 
in the chronic effects of ethanol. Chronic exposure of PC-12 cells to ethanol 
results in an increased uptake of 45Ca2+ (MESSING et al. 1986; GREENBERG et 
al. 1987) that is correlated with a chronic ethanol-induced increase in the 
number of 3H-nitrendipine-binding sites (MESSING et al. 1986). Chronic 
administration of ethanol to rats has also been shown to increase dihy
dropyridine binding in brain homogenates (DOLIN and LITILE 1989). 
Furthermore, chronic exposure of cultured bovine adrenal chronmaffin cells 
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to 200 mM ethanol for 4 days resulted in a significant increase in dihy
dropyridine binding (BRENNAN et al. 1989; HARPER et al. 1989). However, 
dihydropyridine binding in human autopsy brain tissue isolated less than 
36 h postmortem did not show increased binding in alcoholics compared to 
nonalcoholics (KRIL et al. 1989). MARKS et al. (1989) also reported that 
dihydropyridine binding was not increased in cerebrocortical autopsy tissue 
isolated from alcoholics. Many of the patients in this study were hospitalized 
for weeks to months prior to their death and were not exposed to alcohol 
during hospitalization. MESSING et al. (1986) showed that chronic alcohol
induced increases in dihydropyridine binding in PC-12 cells returned to 
control values within 16 h after alcohol removal. Thus, a possible explana
tion for the lack of increased dihydropyridine binding in experiments on 
alcoholic human brain is that dihydropyridine binding may have returned to 
nonalcoholic levels if individuals had been without alcohol for more than 
16 h prior to their death. 

L type calcium channels may be involved in the development of tolerance 
to ethanol and in the ethanol withdrawal syndrome. Concurrent administra
tion of chronic dihydropyridine calcium channel blockers together with 
chronic ethanol prevented the development of ethanol tolerance (Wu et 
al. 1987; DOLIN and UTILE 1989). Chronic nitrendipine treatment also 
prevented the increase in dihydropyridine binding caused by chronic ethanol 
exposure (WHITIINGTON et al. 1991). Thus, dihydropyridine calcium channel 
blockers may prevent adaptive increases in L type calcium channels that 
occur during chronic ethanol exposure. Furthermore, dihydropyridine cal
cium channel blockers given chronically with ethanol also prevented the 
withdrawal syndrome (WHITIINGTON et al. 1991). Other studies indicate that 
calcium channel blockers are effective in decreasing the severity of the 
withdrawal syndrome after chronic ethanol treatment (UTILE et al. 1986; 
LITILETON et al. 1990). Thus, changes in dihydropyridine-sensitive calcium 
channels may be linked with ethanol withdrawal symptomatology. 

V. Calcium Channel Blockers and Ethanol Preference 

Recent studies have shown that treatment of rats with nifedipine (ENGEL et 
al. 1988) and verapamil (REZVANI and JANOWSKY 1990) caused a significant 
decrease in alcohol preference. This finding was recently extended in a study 
examining ethanol consumption in monkeys (REZVANI et al. 1991). 
Verapamil, lOmg/kg s.c. for 2 days, significantly decreased ethanol but not 
water intake in adult macaque monkeys. Ethanol intake by the monkeys 
increased to pre-verapamil levels in a test conducted 4 days after verapamil 
treatment. This effect on ethanol consumption was not seen with diltiazem, 
lOmg/kg s.c. for 6 days. Diltiazem did not alter either ethanol or water 
consumption. 
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VI. Conclusions 

The conclusions that can be drawn concerning ethanol effects on voltage
dependent calcium channels are as follows: (1) Electrophysiological and 
biochemical studies indicate that some neuronal calcium channels are highly 
sensitive to inhibition by ethanol while others are not. Some calcium 
channels are inhibited by ethanol concentrations as low as 10-25 mM, while 
others are unaffected by much higher concentrations. (2) There are brain 
regional differences in ethanol sensitivity of voltage-dependent calcium 
channels. The reasons for these observations are not yet known, but may 
result from differences in ethanol sensitivity of calcium channel subtypes. (3) 
L type calcium channels have been implicated in the acute and chronic 
effects of ethanol. Ethanol, 10 mM, has been reported to inhibit L type 
channel activity in neurohypophyseal nerve terminals (WANG et al. 1991b). 
L-type channels in neuroblastoma (TWOMBLY et al. 1990) and PC-12 cells 
(MESSING et al. 1986) appear to be less sensitive to ethanol inhibition. 
Recent evidence indicates that various subtypes of L type calcium channels 
may exist. It may be that ethanol has more potent effects on some of these 
channel subtypes than on others. The answer to this possibility awaits 
investigation. (4) Adaptive changes in calcium channels have been im
plicated in both ethanol tolerance and dependence. Evidence is particularly 
strong for the involvement of L type channels in tolerance and dependence. 
(5) Much less is known about the effects of ethanol on other types of 
calcium channels. Ethanol may have some effects on T type channels (WANG 
et al. 1991a,b; TWOMBLY et al. 1990). Recent evidence indicates that 
intraventricular injection of w-conotoxin prolongs ethanol sleep-times 
(BROWN et al. 1993). Very little information is available concerning the 
effects of ethanol on Nand P channels. 

C. Effects of Barbiturates and Benzodiazepines 
on Calcium Channels 
BLAUSTEIN and ECTOR (1975) first reported that barbiturates inhibit 
potassium-stimulated calcium uptake into synaptosomes isolated from whole 
brain. These findings were confirmed and extended in a study on the acute 
and chronic effects of barbiturates on potassium-stimulated calcium uptake 
into synaptosomes isolated from rat whole brain tissue (LESLIE et al. 1980) 
and various brain regions (ELROD and LESLIE 1980). Sedative-hypnotic 
concentrations of pentobarbital inhibited calcium uptake. However, con
siderable differences were found in the magnitude of inhibition of calcium 
uptake in the various brain regions studied (ELROD and LESLIE 1980). 
Potassium-stimulated calcium uptake was inhibited by more than 70% in 
synaptosomes isolated from brain stem and cerebellum. Cerebrocortical 
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synaptosomes were inhibited by approximately 40%, while calcium uptake 
into midbrain, striatal, and hypothalamic synaptosomes was not significantly 
inhibited by pentobarbital. At the time these studies were conducted, it was 
still not known that multiple calcium channel types existed in the brain. 
Thus, the reasons for the variability in sensitivity of these brain regions to 
pentobarbital were not clear. GROSS and MACDONALD (1987) showed, in 
electro physiological studies on mouse dorsal root ganglion (DRG) cells in 
culture, that barbiturates do not alter T type currents but do inhibit both L 
and N currents. Both dihydropyridines and barbiturates inhibited L type 
channels in DRG cells, but only barbiturates inhibited N type channels. This 
led these investigators to conclude that the potent action of barbiturates on 
the central nervous system may be derived, at least in part, from their 
inhibitory effects on N type channels (GROSS and MACDONALD 1987). The 
effects of barbiturates on P type channels have not yet been determined. 

Several lines of evidence suggest that inhibition of voltage-dependent 
calcium channels may be closely linked with the sedative-hypnotic properties 
of drugs. ELROD and LESLIE (1980) reported that chronic administration of 
barbiturates resulted in an adaptive response to inhibition of potassium
stimulated calcium uptake into synaptosomes in a manner that correlated 
closely with the development of functional tolerance to their sedative effects. 
Electrophysiological studies showed that the duration of calcium-dependent 
action potentials in cultured spinal neurons and dorsal root ganglion 
cells was reduced by sedative-hypnotic and anesthetic concentrations of 
barbiturates (HEYER and MACDONALD 1980; WERZ and MACDONALD 1985; 
GROSS and MACDONALD 1987). 

Benzodiazepines, in micromolar concentrations, also inhibit voltage
dependent calcium channels (LESLIE et al. 1980a; TAFT and DELORENZO 
1984). This action of benzodiazepines is independent of their effects at 
nanomolar concentrations on y-aminobutyric acid receptors (CHERUBINI and 
NORTH 1985). As was the case with barbiturates, chronic administration of 
chlordiazepoxide resulted in the development of tolerance to its sedative 
properties; this tolerance development was correlated with tolerance to the 
ability of chlordiazepoxide to inhibit synaptosomal calcium uptake. The 
ability of a series of nine benzodiazepines to inhibit potassium-stimulated 
calcium uptake into synaptosomes was correlated significantly with beha
vioral measures of sedative-hypnotic activity. However, no correlation was 
observed between measures of anticonvulsant activity and calcium uptake 
(LESLIE et al. 1986a). Other findings suggest, however, that a link may exist 
between the anticonvulsant actions of benzodiazepines and their ability to 
inhibit voltage-dependent calcium channels (FERREN DELLI and DANIELS
MCQUEEN 1982; RAMPE et al. 1986). 

Studies on the interactions of micromolar concentrations of benzodia
zepines with the various calcium channels types are limited. Taft and 
DeLorenzo (1984) reported that the dihydropyridine calcium channel 
antagonist nitrendipine inhibited photo affinity labeling of 3H-flunitrazepam 
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to micro molar benzodiazepine-binding sites. RAMPE et al. (1986) found that 
diazepam, 60mM, blocked 3H-nitrendipine binding in a competitive manner. 
Thus, benzodiazepines may interact with L type calcium channels on 
neuronal membranes. 

I. Conclusions 

(1) Electrophysiological and biochemical studies indicate that inhibition of 
neuronal calcium channels by barbiturates and micromolar concentrations of 
benzodiazepines is correlated closely with the sedative-hypnotic effects of 
these drugs. (2) Chronic administration of these drugs results in adaptive 
responses that are consistent with the involvement of calcium channels in 
functional tolerance development. (3) Taken together with the literature on 
the effects of ethanol on voltage-dependent calcium channels described 
above, the findings of barbiturate and benzodiazepine inhibition of neuronal 
calcium channels provide strong evidence for the possible involvement of 
voltage-dependent calcium channels in the acute and chronic actions of 
sedative-hypnotic drugs. 
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CHAPTER 4 

Effects of Alcohol 
on Excitatory Amino Acid Receptor Function 

P.L. HOFFMAN 

A. Introduction 

I. Site of Action of Ethanol: Protein Versus Lipid 

For several years, the major hypothesis to explain the behavioral effects of 
ethanol has been the "membrane hypothesis" (HUNT 1985). This postulate is 
based on work demonstrating that ethanol, which is an amphipathic sub
stance, can penetrate into and perturb the structure of ("fluidize") cell 
membrane lipids (CHIN and GOLDSTEIN 1977; HARRIS and SCHROEDER 1981). 
While there is evidence to suggest that bulk lipid perturbation may be in
volved in the high-dose, hypnotic, or anesthetic effects of ethanol (GOLDSTEIN 
et al. 1982), this nonspecific interaction of ethanol with biological systems 
does not well explain low-dose effects of ethanol such as intoxication, 
ataxia, or reinforcement. Recent research has demonstrated that the func
tion of certain neurochemical systems, notably those which consist of mul
tiple membrane-associated protein subunits (e.g., the GABAA receptor, 
receptor-coupled adenyl ate cyclase), is very sensitive to modulation by low 
concentrations of ethanol. These systems have been designated "receptive 
elements" for ethanol (TABAKOFF and HOFFMAN 1987). Knowledge that the 
function of particular neurochemical systems is sensitive to modification by 
ethanol allows investigators to develop hypotheses regarding the neuro
chemical basis for certain behavioral responses to low doses of ethanol, 
based on the involvement of the neurochemical systems in the particular 
behavior (e.g., ethanol potentiation of GABAA receptor-coupled ion flux 
might be expected to contribute to the anxiolytic effect of ethanol). 

While ethanol could perturb the proteins in the "receptive elements" via 
an action on the membrane lipids which surround them, the fact that these 
proteins are sensitive to very low ethanol concentrations, which would have 
little effect on bulk membrane lipid properties (CHIN and GOLDSTEIN 1977; 
HARRIS and SCHROEDER 1981), suggests that ethanol may interact directly 
with hydrophobic sites on the proteins themselves or with protein-protein 
interactions. Furthermore, there is now evidence that, in the case of the 
GABAA receptor, a specific amino acid sequence in one receptor subunit 
confers sensitivity to ethanol, perhaps based on its phosphorylation state 
(WAFFORD et al. 1991). 
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The initial reports that ethanol is a potent and selective inhibitor of 
the function of the N-methyl-D-aspartate (NMDA) subtype of glutamate 
receptor (HOFFMAN et a1. 1989; LOVINGER et a1. 1989) have led, during the 
past few years, to intense investigation of the interactions of ethanol with 
excitatory amino acid receptors. One reason for this interest is the sensitivity 
of the system to ethanol: substantial inhibition is observed using in vitro 
concentrations of ethanol that are well within the range believed to be 
associated with reinforcement, intoxication, ataxia, and cognitive impair
ment in vivo (HOFFMAN et a1. 1989; LOVINGER et a1. 1989). Furthermore, the 
NMDA receptor has been implicated in a number of phenomena that 
are affected acutely and/or chronically by ethanol, including learning and 
memory (long-term potentiation), CNS development and plasticity, and 
epileptiform seizure activity (COLLINGRIDGE and LESTER 1989). Together, 
these data suggest that inhibition of excitatory amino acid action in the brain 
could underlie certain specific pharmacological effects of ethanol, e.g., 
ethanol-induced cognitive dysfunction, developmental deficits induced by 
ethanol (fetal alcohol syndrome), and, after chronic ethanol exposure, 
ethanol withdrawal seizures. 

B. Ethanol and Excitatory Amino Acid Receptors 
The purpose of this chapter is to provide an up-to-date and integrated 
review of the literature regarding ethanol and glutamate receptors and to 
evaluate the importance of these receptors in particular pharmacological 
responses to ethanol. 

I. Characteristics of Glutamate Receptors 

Glutamate is believed to be the major excitatory neurotransmitter in the 
CNS, and it interacts with at least three SUbtypes of receptor. On the basis 
of interactions with specific agonists and antagonists, these were originally 
designated the NMDA, kainate, and quisqualate (or AMPA) receptors 
(COLLINGRIDGE and LESTER 1989). With the advent of molecular biological 
investigations, this receptor classification has become (temporarily) more 
complex. For example, at least six different non-NMDA receptor sub
units (GluR) have been cloned (DINGLEDINE 1991). The first was GluR 1 
(HOLLMANN et a1. 1989), and a family of four related subunits, GluR 1-4 
(DINGLEDINE 1991) [or GluR A-D (KEINANEN et a1. 1990)], has now been 
identified. When expressed in oocytes or mammalian cells, these proteins 
form functional receptors that are activated by quisqualate, a-amino-3-
hydroxy-5-methylisoxazole-4-propionate (AMP A) , and kainate (DINGLEDINE 
1991; HEINEMANN et al. 1991). These findings supported the proposal that 
kainate and quisqualate receptors might not be distinct entities. However, 
more recently, two more GluR subunits have been cloned (GluR 5 and 
GluR 6) that have 80% sequence identity with each other and less than 
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40% identity with GluR 1-4 (DINGLEDINE 1991). When expressed, GluR 6 
showed high affinity for kainate and no response to AMPA, suggesting that 
it could be considered to be a kainate receptor (DINGLEDINE 1991). In 
addition, a protein called KA-1 has been described, which has high affinity 
for kainate and low affinity for AMP A, and is related structurally to GluR 5 
and 6 (DINGLEDINE 1991). Based on these findings, as well as ligand binding, 
in situ hybridization, and immunohistochemical analyses (DINGLEDINE 1991; 
HEINEMANN et al. 1991; EGEBJERG et al. 1991; YOUNG and FAGG 1990; 
MONAGHAN and COTMAN 1982), there appear to be distinct kainate and 
AMPA receptors in brain, as originally proposed on the basis of pharma
cological results. In addition, two kainate-binding proteins from chick and 
frog have been characterized, but no functional activity was detected when 
the frog protein was expressed in oocytes (GREGOR et al. 1989; WADA et al. 
1989). 

Although many GluR subunits have been cloned, there is as yet little 
information regarding the nature of subunit combinations that actually form 
native non-NMDA glutamate receptors. These in situ combinations are 
probably crucial for defining receptor function. For example, it has been 
demonstrated that activation by kainate or AMP A of receptors formed from 
GluR 1, GluR 3, or GluR 1 plus GluR 3, expressed in oocytes, resulted in a 
calcium current; however, permeability to calcium was not seen in cells 
expressing GluR 2 or GluR 2 plus GluR 3 (HOLLMAN et al. 1991). It is likely 
that the proportions and assembly of GluR subunits in various brain 
areas will significantly affect the function, including the pharmacological 
responses, of the receptors, similar to the situation with the GABAA 
receptor (VICINI 1991). 

The NMDA receptor has also recently been cloned. In one study, a 
single protein from rat was identified (NR 1) (MORIYOSHI et al. 1991). When 
expressed in oocytes, this protein demonstrated many of the pharmacological 
properties of NMDA receptors (see below). A nearly identical protein has 
also been cloned from mouse «( 1) (YAMAZAKI et al. 1992). The distribution 
in brain of mRNA coding for these proteins was widespread, and not 
entirely consistent with previous ligand binding and autoradiographic studies 
of the NMDA receptor (BOWERY et al. 1988; MONAGHAN et al. 1988). 
However, recently, other NMDA receptor subunits from mouse and rat 
have been cloned (NR 2A, B, and C [MONYER et al. 1992]; B 1, 2, and 3 
[MEGURO et al. 1992; KUTSUWADA et al. 1992]), which have more specific 
localizations in brain. These subunits, when expressed alone in oocytes, do 
not respond to NMDA. When they are expressed together with NR 1 or ( 1 
respectively, however, the responses to NMDA are larger than those 
obtained with homomeric NR 1 or ( 1 (MONYER et al. 1992; MEGURO et al. 
1992; KUTSUWADA et al. 1992). There has also been another report of the 
cloning of a glutamate-binding protein, which was suggested to represent 
one subunit of a multisubunit complex with the characteristics of the NMDA 
receptor (KUMAR et al. 1991). This complex has been reported to consist of 
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several distinct proteins that contain binding sites for NMDA agonists, 
antagonists, and other modulators of receptor function (WANG et al. 1992). 
Thus, the NMDA receptor, like other receptor-coupled ion channels (VICINI 
1991; RAFTERY et al. 1980), appears to consist of a number of subunits which 
can exist in various combinations, resulting in differences in pharmacological 
and physiological properties. Variability in the subunit composition of 
receptors in different brain areas may contribute to the heterogeneity of 
NMDA receptor properties that has previously been reported (MONAGHAN 
et al. 1988; YONEDA and OGITA 1991; MONAGHAN 1991). 

The pharmacology of NMDA receptor function has been investigated 
in detail because of the availability of selective agonists and antagonists 
(COLLINGRIDGE and LESTER 1989). This receptor is coupled to an ion channel 
which, when activated, is permeable to calcium as well as monovalent 
cations. Activation of the NMDA receptor by glutamate or NMDA is 
voltage dependent, i.e., the response increases as the cell is depolarized 
(COLLINGRIDGE and LESTER 1989). This voltage dependence is mediated by 
Mg2+, which binds to a site within the ion channel and blocks channel 
function. Mg2+ is released from the channel upon cellular depolarization, 
thus relieving the channel blockade (NOWAK et al. 1984). In addition to a 
Mg2+ site, there is also a binding site within the channel for phencyclidine 
(PCP), a dissociative anesthetic. This site can also be occupied by ketamine 
or dizocilpine (MK-801), and all of these drugs are uncompetitive blockers 
of NMDA receptor function (COLLINGRIDGE and LESTER 1989; ANIS et al. 
1983; WONG et al. 1986). Other modulators of NMDA receptor func
tion include glycine, which is required for the action of glutamate at the 
NMDA receptor (i.e., glutamate and glycine are co-agonists) (KLECKNER 
and DINGLEDINE 1988), and which binds to a strychnine-insensitive site on 
the receptor complex. Zn2+ has an inhibitory effect on NMDA receptor 
function (PETERS et al. 1987), while polyamines appear to enhance the 
response to glutamate (RANSOM and STEC 1988; SACAAN and JOHNSON 
1989); however, the physiological role of these latter two modulators is not 
clear. 

The unique properties of the NMDA receptor are important for its 
physiological functions. For example, the release of glutamate in the synapse 
is expected to activate ionotropic kainate and AMP A receptors, leading to 
rapid cellular depolarization. Once the neuron is depolarized, glutamate can 
also activate the NMDA receptor. Thus, activation of NMDA receptors 
depends on both pre- and postsynaptic activity; simultaneous pre- and 
postsynaptic activity were also postulated to be necessary for synaptic 
strengthening (i.e., LTP or learning) to occur (HEBB 1949). The response 
to glutamate at the NMDA receptor is slow, allowing for summation of 
responses and entry into the cell of large amounts of calcium (COTMAN et al. 
1989). This calcium influx is important for LTP and synaptic plasticity, but 
can also lead to excitotoxicity and neuronal death, as well as seizures, if 
there is excess NMDA receptor activity (COTMAN et al. 1989). 
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II. Ethanol and NMDA Receptor Function: Acute Effects 

The acute inhibitory effect of ethanol on NMDA receptor function was first 
well documented in biochemical studies in primary cultures of cerebellar 
granule cells, in which ethanol was shown to be a potent inhibitor of 
NMDA-stimulated calcium influx and cyclic GMP generation (HOFFMAN et 
al. 1989), and in brain slice preparations, where ethanol inhibited NMDA
stimulated neurotransmitter release (GOTHERT and FINK 1989). The inhibitory 
effect of ethanol was confirmed in electro physiological (whole cell patch 
clamp) studies of dissociated embryonic hippocampal neurons in culture 
(LOVINGER et al. 1989; LIMA-LANDMAN and ALBUQUERQUE 1989). In each 
case, the effect of ethanol was observed at low concentrations (5-20 mM), 
while much higher ethanol concentrations were needed to inhibit the re
sponse to kainate (HOFFMAN et al. 1989; LOVINGER et al. 1989) or quisqualate 
(LOVINGER et al. 1989). These initial investigations were followed by a 
number of studies which have, overall, been remarkably consistent in 
demonstrating a potent and selective effect of ethanol on NMDA receptor 
function. For example, ethanol inhibited NMDA-induced currents in dorsal 
root ganglion neurons of adult rats, and inhibited NMDA receptor-mediated 
population excitatory postsynaptic potentials, as well as depolarization of 
pyramidal cells, in hippocampal slices of adult rats (WHITE et al. 1990a; 
LOVINGER et al. 1990). Intracellular recordings from hippocampal cells of 
adult rats also demonstrated that ethanol affected the threshold for cellular 
activation via an inhibitory effect on NMDA-induced conductance (YUEN et 
al. 1991). While these studies were carried out in vitro, it was also shown 
that ethanol, when administered systemically to rats, inhibited the activa
tion of certain medial septal neurons by iontophoretically applied NMDA 
(SIMSON et al. 1991) and inhibited the excitation of locus coeruleus neurons 
by NMDA as well as glutamate or quisqualate (ENGBERG and HAlOS 1992). 

Biochemical studies have also yielded consistent results. Ethanol selec
tively inhibited NMDA-stimulated Ca2+ influx in primary cultures of cere
bellar granule cells and in dissociated cells from whole brain of neonatal rats 
(measured either as 45Ca2+ uptake or with the use of fura-2 to measure 
intracellular [Ca2+]) (HOFFMAN et al. 1989; DILDY and LESLIE 1989). Fur
thermore, several investigations using brain slices or synaptosomal pre
parations from various brain areas have shown that ethanol inhibits 
NMDA-stimulated neurotransmitter release (FINK and GOTHERT 1990; 
GTHERT and FINK 1991; GONZALES and WOODWARD 1990; WOODWARD and 
GOONZALES 1990). The results indicate that ethanol can inhibit the response 
to agonists both at pre- and postsynaptic NMDA receptors in neuronal 
tissue (GOTHERT and FINK 1991; PITTALUGA and RAITERI 1990). Interestingly, 
a recent report indicated that ethanol (30-100 mM) also inhibits glutamate
induced transient contractions of the guinea pig ileum longitudinal muscle 
myenteric plexus, which are mediated by an NMDA-type glutamate receptor 
(FRYE 1991). 
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1. Mechanism of Action of Ethanol 

The mechanism by which ethanol inhibits NMDA receptor function has 
been investigated in several studies. The inhibition does not appear to be 
"competitive" in nature, i.e., in most instances, ethanol inhibition is not 
overcome by increasing the concentration of NMDA (RABE and TABAKOFF 
1990; DILDy-MAYFIELD and LESLIE 1991). However, in a recent investigation, 
it was reported that preincubation of rat cerebral cortical slices with NMDA 
resulted in a reduced ability of NMDA to stimulate norepinephrine release 
("desensitization") (FINK and GOTHERT 1991). Both ethanol (320 mM) and 
the competitive antagonist AP5 (2-amino-5-phosphopentanoic acid) pre
vented this desensitization, while dizocilpine did not. The conclusion in this 
study was that ethanol, like AP5, might be acting at the NMDA recognition 
site, and not at the dizocilpine site, to inhibit "desensitization." However, it 
was recognized that the potency of ethanol to inhibit desensitization was at 
least threefold less than its potency (acutely) to inhibit NMDA-induced 
norepinephrine release (FINK and GOTHERT 1991). 

In studies of NMDA-stimulated increases in cyclic GMP production in 
cerebellar granule cells, there was no interaction between the effects of 
ethanol and PCP, suggesting that ethanol does not act at the PCP-binding 
site (HOFFMAN et al. 1989). However, in a later study, measuring NMDA
stimulated increases in intracellular calcium in dissociated brain cells from 
neonatal rats, an interaction between ethanol and dizocilpine was observed 
(i.e., in the presence of high concentrations [100-400 nM] of dizocilpine, 
ethanol no longer inhibited the NMDA response; conversely, the ICso for 
dizocilpine was increased from 134 nM to 240 nM in the presence of 100 mM 
ethanol) (DILDy-MAYFIELD and LESLIE 1991). It is possible that, under some 
conditions, there may be an interaction of ethanol with the PCP site on the 
NMDA receptor. However, as pointed out by the authors, at high concen
trations, dizocilpine is known to interact with sites other than the NMDA 
receptor-coupled ion channel (RAMOA et al. 1990). 

There does not appear to be an interaction of ethanol and Mg2+ inhibi
tion of NMDA responses. In studies of 4SCa2+ influx in cerebellar granule 
cells, and intracellular calcium in dissociated brain cells, inhibition by 
ethanol and Mg2+ were additive (RABE and TABAKOFF 1990; DILDy-MAYFIELD 
and LESLIE 1991). On the other hand, in a study of NMDA receptor
mediated population synaptic potentials in area CAl of the hippocampus of 
the adult rat, ethanol was a much more potent inhibitor in the presence of 
1 mM Mg2+ than in its absence (MARTIN et al. 1991a). However, in experi
ments in which NMDA-induced depolarizations in CAl were measured, and 
in which ethanol and Mg2+ were covaried, it was concluded that the two 
acted by distinct mechanisms to inhibit NMDA responses (MORRISETT et al. 
1991). 

There are more substantial data to indicate that ethanol may affect the 
interaction of the co-agonists, glutamate and glycine. In cerebellar granule 



Effects of Alcohol on Excitatory Amino Acid Receptor Function 81 

cells and in dissociated brain cells, glycine reversed the inhibitory effect 
of ethanol On NMDA-stimulated increases in calcium influx (RABE and 
TABAKOFF 1990; DILDy-MAYFIELD and LESLIE 1991). Similarly, in striatal 
slices, addition of glycine attenuated the ability of ethanol to inhibit NMDA
stimulated dopamine release (WOODWARD and GONZALES 1990). However, 
reversal of ethanol inhibition by glycine was not observed for NMDA
stimulated norepinephrine release in cerebral cortical slices (GONZALES and 
WOODWARD 1990). It is possible that this brain regional difference could 
be associated with the reported brain regional heterogeneity of NMDA 
receptors, which includes differences in sensitivity to glycine (YONEDA and 
OGITA 1991). 

In contrast to the biochemical studies, there is less evidence from elec
trophysiological investigations (PEOPLES and WEIGHT 1992) that ethanol 
inhibition of NMDA receptor function is affected by glycine. One difference 
is that lower concentrations of glycine «1 jiM) are usually used in the elec
trophysiological studies, while higher concentrations of glycine (1O-100JiM) 
were necessary to reverse ethanol inhibition in the biochemical studies 
(RABE and TABAKOFF 1990; DILDy-MAYFIELD and LESLIE 1991). In one 
investigation of depolarization of rat hippocampal CAl pyramidal cells, 
100 jiM glycine did not alter the inhibitory effect of ethanol (MARTIN et al. 
1991a). However, at the concentration used in this study (170mM), ethanol 
inhibits responses at receptors other than the NMDA receptor (e.g., the 
kainate receptor). 

We have recently found that, although ethanol does not alter equilibrium 
binding of glycine in mouse brain tissue, there is an inhibitory effect of 
ethanol on the nonequilibrium binding (i.e., on the association rate) of 
dizocilpine, and this inhibitory effect is reversed by glycine (SNELL et al. 
1993). These analyses were carried out using well-washed brain membranes 
and in the presence of glutamate and a specific glycine antagonist, 5,7-
dichlorokynurenic acid, to eliminate any influence of endogenous glycine. 
The association rate for dizocilpine binding has been suggested to reflect the 
kinetics of NMDA receptor-coupled channel opening (JAVITT and ZUKIN 
1989; BONHAUS and MCNAMARA 1988; SIRCAR and ZUKIN 1991). NMDA 
receptor agonists, and glycine in the presence of these agonists, enhance 
the rate of association, thought to reflect dizocipline binding to the open 
channel (BONHAUS and MCNAMARA 1988; SIRCAR and ZUKIN 1991). The 
inhibition of dizocilpine association by ethanol may therefore indicate 
decreased probability of channel opening, which can be reversed by glycine 
(in the presence of glutamate) in an algebraically additive manner (BONHAUS 
and MCNAMARA 1988; SIRCAR and ZUKIN 1991). 

2. Effects of Anesthetics and Sedative Hypnotics 

The effects of alcohols other than ethanol, as well as of some inhalational 
anesthetics, on glutamate receptor function, have also been investigated. 
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Both NMDA-induced currents, in whole cell patch clamp experiments using 
hippocampal cells, and NMDA-stimulated norepinephrine release in rat 
cerebral cortical slices, were inhibited by a series of short-chain alcohols, 
and in both cases potency of inhibition increased with carbon chain length 
(LOVINGER et al. 1989; GONZALES et al. 1991). These data suggest that the 
degree of inhibition of NMDA-induced responses is related to the hydro
phobicity of the alcohols. While such a relationship has often been cited to 
support the hypothesis that ethanol and other alcohols exert their effects 
through partition into and perturbation of cell membrane lipids (HUNT 
1985), it has also been demonstrated that this relationship may be associated 
with an interaction of the alcohols with hydrophobic areas of proteins 
(FRANKS and LIEB 1984). 

In addition to alcohols, ethers can inhibit NMDA responses. Electro
physiological investigations of hippocampal neurons revealed that diethyl 
ether (80 mM), like ethanol, had a selective inhibitory effect on NMDA
induced currents, in that kainate- and quisqualate-induced currents were less 
affected (WEIGHT et al. 1991). The effect of enflurane on 3H-MK-801 binding 
to rat cerebral cortical membranes has also been studied. Enflurane inhibited 
glutamate stimulation of dizocilpine binding (reportedly under equilibrium 
conditions), but apparently not by directly interfering with glutamate binding 
(MARTIN et al. 1991b). Interestingly, the effect of enflurane was reversed by 
the addition of glycine, similar to the results with ethanol described above. 
These findings suggest that enflurane, as well as ethanol, may disrupt the 
interaction of the co-agonists at the NMDA receptor, although there was no 
confirmation that the effect of enflurane on dizocilpine binding was in fact 
associated with reduced function of the NMDA receptor. The concentration 
of enflurane used was reported to be consistent with that which produces 
anesthesia in vivo (MARTIN et al. 1991b). While inhibition of NMDA receptor 
function could, in this case, be associated with anesthesia, it should be 
emphasized that the inhibition by ethanol occurs at concentrations that are 
well below those necessary in vivo to produce an anesthetic effect (e.g., 
WALLGREN and BARRY 1970). 

Other sedative hypnotics, i.e., barbiturates, appear to have different 
effects from ethanol on glutamate receptor function. In electro physiological 
studies of hippocampal neurons, pentobarbital inhibited the responses to 
kainate and quisqualate (ICso, approx. 50 f.1M), but had no effect on the 
response to NMDA (WEIGHT et al. 1991; MILJKOVIC and MACDONALD 1986). 
In cerebellar granule cells in culture, pentobarbital (100 f.1M, a concentration 
producing sedative/hypnotic effects similar to 50 mM ethanol) was more 
effective at inhibiting kainate-induced calcium influx than NMDA-induced 
influx (TABAKOFF et al. 1991). In this study, neither diazepam nor flurazepam 
had any effect on the response to kainate or NMDA, consistent with 
the postulate that ethanol and barbiturates do not exert their effects on 
glutamate receptor function indirectly, via potentiation of GABA effects at 
the GABAA receptor. Similarly, the ability of ethanol to inhibit NMDA-
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stimulated calcium influx in cerebellar granule cells was not altered in the 
presence of the GABAA receptor-coupled channel blocker, picrotoxin 
(HOFFMAN et al. 1989). 

The findings to date indicate that ethanol is a selective and potent 
inhibitor of the response to agonists at the NMDA receptor, and is less 
effective at other subtypes of glutamate receptor. In a recent study, in which 
rat hippocampal mRNA was expressed in Xenopus oocytes, it was observed 
that ethanol (50 and 100 mM) produced similar inhibition of electrophy
siological responses to NMDA and a low concentration (12.5 flM) of kainate 
(DILDy-MAYFIELD and HARRIS 1992). It should be noted, however, that these 
investigations of the NMDA receptor were performed in the presence of 
10 11M added glycine, which could significantly reverse ethanol-induced 
inhibition of NMDA responses (RABE and TABAKOFF 1990). 

The inhibitory effect of ethanol on NMDA receptor function appears to 
involve a hydrophobic reaction site, and, as mentioned, can be reversed by 
high concentrations of glycine acting at the strychnine-insensitive glycine
binding site on the NMDA receptor (LOVINGER et al. 1989; RABE and 
TABAKOFF 1990; DILDy-MAYFIELD and LESLIE 1991; GONZALES et al. 1991). 
However, it is not yet clear if ethanol specifically interferes with the co
agonist interaction, or if other compounds which, like glycine, increase the 
probability of channel opening, would also reverse ethanol's inhibitory effect 
[however, the effect of ethanol is not overcome by increasing concentrations 
of NMDA (RABE and TABAKOFF 1990; DILDy-MAYFIELD and LESLIE 1991)]. 
It may be pertinent to point out that, although dizocilpine association, as 
well as biochemical studies of calcium influx and neurotransmitter release, 
are believed to reflect the physiological consequences of NMDA receptor
coupled channel activation, the time scales for measurement of biochemical 
and electrophysiological events are quite different. This difference may 
influence the findings with respect to reversal of ethanol's effect by glycine. 
Nevertheless, both techniques provide comparable and compatible results 
regarding the selective effect of ethanol on NMDA receptor function. 
The different selectivity of barbiturates argues against the possibility that 
inhibition of NMDA receptor function is solely responsible for the sedative/ 
hypnotic or anesthetic effects of the drugs, and suggests that this inhibition 
may instead contribute to specific pharmacological effects of ethanol, such 
as particular aspects of intoxication or memory impairment. 

3. Ethanol and the NMDA Receptor In Vivo 

Since glycine can reverse the effect of ethanol on the NMDA receptor, and 
glycine concentrations in brain and extracellular fluid are reported to be in 
the high micromolar range (TOSSMAN et al. 1986), it may be questioned 
whether ethanol would inhibit responses to NMDA in vivo. As mentioned 
above, ethanol, administered systemically to rats, inhibited the response of 
some (but not all) medial septal neurons, as well as locus coeruleus neurons, 
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to iontophoresed NMDA (SIMSON et al. 1991; ENGBERG and HAJ6s 1992). 
However, although this study demonstrates an in vivo action of ethanol, the 
NMDA was exogenously applied, which complicates the analysis. Several 
studies have suggested that the glycine site on the NMDA receptor is not 
saturated in vivo. For example, intrahippocampal administration of D-serine 
(an agonist at the strychnine-insensitive glycine site) increased the magni
tude of long-term potentiation (THIELS et al. 1992). Furthermore, elec
trophysiological responses to NMDA can be potentiated by very small 
(nanomolar) increases in glycine concentration, so that even if the glycine 
concentration is close to saturating, increases in extracellular glycine might 
still be effective (JOHNSON and ASCHER 1987). Finally, administration of 
glycine to animals has been shown to modulate susceptibility to NMDA
induced seizures (SINGH et al. 1990). Taken together with the sensitivity of 
NMDA receptor function to ethanol in vitro - i.e., inhibition is observed at 
concentrations found in brains of humans who have consumed modest 
amounts of ethanol - these results support the hypothesis that ethanol in 
vivo would inhibit the activity of the NMDA receptor, leading to behavioral 
consequences. 

In order to assess this possibility experimentally, studies of the dis
criminative stimulus properties of ethanol have been performed. These 
studies are designed to determine whether interoceptive cues produced by 
ethanol and specific NMDA receptor antagonists are perceived as being 
similar by animals. White Carne au pigeons or CD-1 mice were trained to 
discriminate ethanol and water by standard drug discrimination techniques 
(i.e., animals are trained to respond on a particular lever for food reinforce
ment after being given either ethanol or water) (GRANT et al. 1991). They 
were then given various specific NMDA receptor antagonists (phencyclidine, 
dizocilpine, or ketamine) and allowed to respond on either of the levers. In 
both mice and pigeons, phencyclidine or ketamine administration resulted in 
more than 80% responding on the lever associated with ethanol administra
tion; the same was true when the pigeons were tested with dizocilpine 
(GRANT et al. 1991). Thus, the animals "perceived" the effects of NMDA 
receptor antagonists as being similar to those of ethanol in vivo. 

Other behavioral/physiological results of ethanol-induced inhibition of 
NMDA receptor function may be observed in studies of the protective effect 
of ethanol against neurotoxicity and convulsions. As mentioned earlier, the 
relatively slow nature of the neuronal response to NMDA allows for sum
mation of neuronal responses and entry of large amounts of calcium into the 
cell. This calcium influx can produce neurotoxicity (CHO! 1988), possibly 
through the recently recognized mechanism of nitric oxide synthesis (DAWSON 
et al. 1991), as well as seizures. In rats, ethanol (2 g/kg) provided protection 
against the convulsant activity of NMDA, and was less effective against 
kainate (KULKARNI et al. 1990), in accord with the biochemical and electro
physiological experiments showing selective ethanol inhibition of NMDA 
responses. Although ethanol itself is often thought to be a neurotoxin, its 
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toxic effects are usually seen after prolonged chronic consumption or 
exposure. The acute effect of ethanol on NMDA receptor function might 
also be expected to reduce glutamate-induced neurotoxicity, and recent 
studies have demonstrated that ethanol does protect rat embryonic brain 
cells in culture from NMDA-induced cytotoxicity (TAKADERA et al. 1990; 
LUSTIG et al. 1992; CHANDLER et al. 1991). This finding could have important 
implications with respect to glutamate-induced toxicity that may be associated 
with hypoxia and stroke (CHANDLER et al. 1991). 

A few other studies have investigated the interactions of ethanol 
and NMDA receptor agonists and/or antagonists on various behavioral 
responses. NMDA decreased the response to ethanol both of mice bred 
selectively for sensitivity ["long-sleep" (LS) mice] or resistance ["short
sleep" (SS) mice] to the hypnotic effect of ethanol, while NMDA antagonists 
increased sensitivity in both lines (WILSON et al. 1990). However, there was 
some evidence of differential sensitivity, with SS mice being more affected 
by dizocilpine than LS mice (WILSON et al. 1990). These results were sug
gested by the authors to be consistent with the possibility that antagonism 
of NMDA receptor function by ethanol plays a role in ethanol-induced 
hypnosis (loss of righting reflex). Similarly, both dizocilpine and a competi
tive NMDA receptor antagonist were found to potentiate the sedative 
(muscle relaxant) effect of ethanol, and thus to inhibit ethanol-induced 
locomotor stimulation, in NMRI mice (LILJEQUIST 1991a). Ethanol was also 
found to act in a manner similar to specific NMDA receptor antagonists in a 
model in which locomotor activation was measured in monoamine-depleted 
mice (CARLSSON and ENGBERG 1992). Thus, in mice pretreated with re
serpine, either ethanol, or other NMDA antagonists, in combination with 
c1onidine, resulted in locomotor stimulation. On the other hand, ethanol 
and dizocilpine had differential effects on locomotor activity in rats (ROBLEDO 
et a1. 1991). This finding may reflect the fact that ethanol (and possibly 
"specific" NMDA receptor antagonists) also affects neuronal systems other 
than the NMDA receptor (see TABAKOFF and HOFFMAN 1987), and be
havioral responses to ethanol can reflect the composite of these neuronal 
activities. 

4. Ethanol and the NMDA Receptor in Development 

There is substantial evidence to implicate NMDA receptor function in 
neuronal development, particularly in activity-dependent synaptic modifica
tion (see COLLING RIDGE and LESTER 1989). For example, administration of 
an NMDA receptor antagonist blocked the ability of the visual cortex in the 
newborn cat to respond to a period of monocular deprivation, which nor
mally alters the sensitivity of neurons to visual stimulation (KLEINSCHMIDT et 
a1. 1987). These types of experiments support the hypothesis that exposure 
to ethanol during gestation could interfere with NMDA receptor-dependent 
establishment of normal neuronal connections. It is possible that such inter-
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ference may contribute to certain of the characteristics of the fetal alcohol 
syndrome (FAS), a pattern of congenital malformations seen in children of 
alcoholic mothers (CLARREN and SMITH 1978). One consequence of FAS is 
mental retardation (ABEL 1980). In animal models of FAS as well, various 
deficits of learning and memory, and also hippocampal abnormalities, have 
been observed in offspring of animals given ethanol during gestation (ABEL 
1980). 

There has, as yet, been little investigation of the possible importance of 
ethanol-induced NMDA receptor inhibition in producing the symptoms of 
FAS. However, there have been investigations of the effect of prenatal 
alcohol exposure on the function of the NMDA receptor. For example, 
hippocampal slices were obtained from the adult offspring of ethanol-treated 
rats (ethanol in a liquid diet was administered throughout gestation), and 
the response of extracellular population field potentials to NMDA was 
found to be significantly reduced, compared to controls (MORRISETI et al. 
1989). The reduction was reported to result from an enhanced sensitivity to 
Mg2+ (MORRISETI et al. 1989). In addition, NMDA-sensitive glutamate 
binding was found to be reduced in hippocampus of rats that had been 
exposed chronically to ethanol during the last third of gestation (SAVAGE et 
al. 1991). In other studies of adult rats whose dams were fed an ethanol
containing diet during gestation, somewhat similar results were found. The 
stimulation of hippocampal polyphosphoinositide metabolism by agonists 
acting at the quisqualate receptor, and the inhibition of agonist-stimulated 
polyphosphoinositide metabolism by NMDA or kainate, were all reduced in 
tissue of the animals that had been exposed to ethanol in utero (NOBLE and 
RITCHIE 1989). Thus, in the latter study, there was a generalized reduction in 
response to agonists acting at several SUbtypes of glutamate receptor, while 
in the electrophysiological study there was a selective reduction in the 
NMDA response, with little or no change in response to agonists acting at 
the non-NMDA glutamate receptors (MORRISETI et al. 1989). These authors 
also found no change in ligand binding to ionotropic kainate or AMP A 
receptors located in the apical dendritic field regions of the hippocampus in 
the offspring of rats given ethanol throughout gestation (MARTIN et al. 
1992). Reduced functioning of the NMDA receptor could contribute to 
deficits in neuronal development and/or to behavioral and intellectual 
impairment in the offspring of the ethanol-treated mothers. 

III. Ethanol and NMDA Receptor Function: Chronic Effects 

While ethanol treatment during development appears to result in a reduced 
response to NMDA, in the adult animal there is evidence for an "upre
gulation" of NMDA receptor function after chronic ethanol ingestion. This 
change may underlie symptoms of ethanol withdrawal, specifically, ethanol 
withdrawal seizures. In adult mice that were fed ethanol chronically in a 
liquid diet, and were tolerant to and physically dependent on ethanol, there 



Effects of Alcohol on Excitatory Amino Acid Receptor Function 87 

was an increased number of dizocilpine-binding sites in hippocampus, as 
measured in membrane-binding studies, and in several other brain areas, 
determined by autoradiography (GRANT et al. 1990; GULYA et al. 1991). 
More recent work has also shown an increase in NMDA-specific glutamate 
binding in hippocampus of ethanol-fed mice, but no change in strychnine
insensitive glycine binding or binding of the competitive NMDA receptor 
antagonist, CGS-19755 (SNELL et al. 1993). An increase in glutamate binding 
was also observed in brains of ethanol-exposed rats in an earlier study 
(MICHAELIS et al. 1978), and, more recently, in a postmortem study, 
glutamate binding was found to be higher in hippocampal synaptic mem
branes of alcoholics than controls (MICHAELIS et al. 1990). 

The increase in ligand binding to the NMDA recognition site, and in 
dizocilpine binding, are consistent with an increased number of NMDA 
receptors in brains of ethanol-fed mice; however, an increase in glycine and 
competitive antagonist binding might also have been expected to occur. As 
mentioned earlier, it has been suggested that the NMDA receptor consists 
of a multisubunit complex, in which distinct protein subunits bind glutamate, 
glycine, and antagonists (WANG et al. 1992). This postulate is supported by 
the demonstration that, during development, ligand binding to each site 
appears at different times (MCDONALD et al. 1990). The recent cloning and 
characterization of the function of the NR 1, NR 2A, B, and C, ( 1 and G 1, 
2, and 3 subunits, described above, also supports the hypothesis that the 
NMDA receptor is a heteromeric protein complex. Changes in the com
position of NMDA receptor subunits caused by chronic ethanol ingestion, 
similar to those that appear to occur in the GABAA receptor in brains of 
ethanol-treated mice and rats (BUCK et al. 1991; MONTPIED et al. 1991; 
MORROW et al. 1992), may account for the observed changes in ligand
binding characteristics. 

Some caveats must be mentioned with respect to the ligand-binding 
studies described above. Although quantitative autoradiography revealed an 
increase in dizocilpine binding in several brain areas, including cerebral 
cortex, of ethanol-fed mice, the increase in cerebral cortical binding of 
dizocilpine in these mice, as measured in a membrane-binding assay, was 
not statistically significant (SNELL et al. 1993). It seems possible that addi
tional factors, present in the more intact brain sections used for autoradio
graphy, may contribute to the ethanol-induced increase in dizocilpine binding 
in some brain areas. These factors may be removed during the preparation 
of well-washed brain membranes, and, thus, only the more robust changes, 
such as those in hippocampus, are clearly detected in membrane-binding 
analysis. Further evidence for the influence of differing conditions on ligand 
binding to the NMDA receptor comes from a recent report that ethanol
dependent rats exhibited a decrease in NMDA-specific glutamate binding 
measured by autoradiography (CUMMINS et al. 1990), which contrasts with 
the other studies in which glutamate binding was increased when assayed in 
membrane preparations (GRANT et al. 1990; MICHAELIS et al. 1978). 
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Although changes in ligand binding suggest a change in the quantity of 
NMDA receptors in the ethanol-treated animals, it is important to deter
mine whether this change is also reflected in receptor function. In one study 
of ethanol-fed rats, no change in NMDA-stimulated neurotransmitter release 
from brain slices was observed (BROWN et al. 1991). However, the process 
of agonist -stimulated neurotransmitter release involves many complex steps 
between the initial agonist interaction with the receptor and the final effect. 
This process could "buffer" a change in receptor number. In addition, this 
system measures primarily the function of presynaptic NMDA receptors 
(GOTHERT and FINK 1991), which may be affected differently from post
synaptic receptors during chronic ethanol exposure. To address the question 
of ethanol-induced changes in NMDA receptor function more directly, we 
have investigated the response to NMDA and other glutamate receptor 
agonists in primary cultures of cerebellar granule cells, by measuring the 
agonist-induced increase in intracellular calcium with the fluorescent dye 
fura-2. Following exposure of the cells to 100 mM ethanol for 2 or more 
days, the response to NMDA (and glycine) was significantly increased, as 
compared to control cells, with no change in the ECso value for either 
NMDA or glycine (IORIO et al. 1992). A similar increase ws observed when 
cells were exposed to 20 mM ethanol for 3 or more days. This change 
appeared to reflect an increase in the number of receptors, with little or no 
change in receptor properties, since inhibition of the NMDA response by 
competitive and noncompetitive antagonists was not altered by chronic 
ethanol exposure. In addition, acute inhibition of the NMDA response by 
ethanol, determined as percent change from the response to NMDA alone, 
was not affected by chronic ethanol exposure (IORIO et al. 1992). 

The chronic effect of ethanol on NMDA receptor function in the cere
bellar granule cells was relatively selective, since there was no change in the 
depolarization (30 mM KCI)-dependent increase in intracellular calcium in 
the ethanol-treated cells (IORIO et al. 1992). The response to KCI was in
hibited by nifedipine, indicating the involvement of L-type voltage-sensitive 
calcium channels (VSCC). These VSCC have been reported to be increased 
in brain after chronic ethanol treatment of animals, and to be increased in 
PC 12 cells exposed chronically to ethanol (DOLIN et al. 1987; MESSING et al. 
1986). This latter increase was postulated to be mediated by protein kinase 
C (MESSING et al. 1990). The apparent lack of change of L-type VSCC in 
ethanol-exposed cerebellar granule cells supports the hypothesis that chronic 
effects of ethanol on VSCC depend on complex intracellular mechanisms 
that may vary in different cell types (MESSING et al. 1990). 

1. Role of NMDA Receptors in Ethanol Withdrawal (Physical Dependence) 

The finding of increased function of NMDA receptors in cerebellar granule 
cells exposed chronically to ethanol is compatible with the binding studies in 
ethanol-fed animals discussed earlier, and suggests that chronic ethanol 
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exposure results in an upregulation of NMDA receptors that could be 
involved in the generation or expression of ethanol withdrawal seizures. For 
example, the time course of appearance and disappearance of the changes in 
dizocilpine binding in hippocampus of ethanol-fed mice paralleled the time 
course for withdrawal seizures in these mice (GULYA et al. 1991). Further
more, several studies have shown that competitive and noncompetitive 
antagonists at the NMDA receptor attenuate ethanol withdrawal seizures in 
mice and rats (GRANT et al. 1990; MORRISETT et al. 1990; LILJEQUIST 1991b). 
Similarly, NMDA, at a dose that had little or no effect in control animals, 
exacerbated withdrawal seizures in ethanol-dependent mice (GRANT et al. 
1990). 

The role of NMDA receptors in ethanol withdrawal has also been 
examined using mice that have been selectively bred to be prone (WSP) or 
resistant (WSR) to ethanol withdrawal seizures. Such selected lines of 
animals are, ideally, genetically invariant for the genes that contribute to the 
selected trait, while all unrelated gene frequencies remain variable (PHILLIPS 
et al. 1989). Therefore, under identical environmental conditions, a bio
chemical difference between the lines can be presumed to playa role in the 
selected trait. A greater number of dizocilpine-binding sites was found in the 
hippocampus of the WSP mice than the WSR mice. In addition, glycine was 
a more effective enhancer of dizocilpine binding in brain tissue of WSP mice 
(VALVERIUS et al. 1990). After chronic ethanol ingestion, the number of 
hippocampal dizocilpine-binding sites was increased in both lines of mice, 
such that the total number of sites remained significantly higher in the WSP 
mice (in the ethanol-treated WSR mice, the number of dizocilpine-binding 
sites was similar to that in ethanol-naive WSP mice) (VALVERIUS et al. 1990). 
The finding of a difference in NMD A receptors in these selected lines of 
mice provides strong support for a role of NMDA receptors in ethanol 
withdrawal seizures. 

While an increased number of NMDA receptors may contribute to 
symptoms of ethanol withdrawal, a question remains as to the biochemical 
consequences of NMDA receptor activation (in addition to increased intra
cellular Ca2+ levels) that may be involved. For example, activation of 
NMDA receptors has been linked to stimulation of protein dephosphory
lation (HALPAIN et al. 1990) and of tyrosine hydroxylase activity (ARIAS
MONTANO et al. 1992), among other effects. A recent report that is of 
interest in this context is the finding that concentrations of extracellular 
dopamine, measured by microdialysis, were increased in the ventral striatum 
of ethanol-withdrawn rats, and that dizocilpine treatment reversed the fall in 
dopamine levels that occurred over time after withdrawal (ROSSETTI et al. 
1991). These results would suggest that increased NMD A receptor function 
may contribute to changes in dopamine metabolism after ethanol withdrawal, 
and the molecular mechanism of such changes needs further elucidation. 

Current evidence suggests that, in contrast to NMDA receptors, other 
glutamate receptors are not altered by chronic ethanol exposure. In mice fed 
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ethanol chronically, there was no significant change in hippocampal or 
cerebral cortical kainate binding, although there was a tendency for kainate 
binding to decrease (SNELL et al. 1993). Similarly, in cerebellar granule cells 
exposed chronically (3 days) to 100mM ethanol in vitro, there was no 
change in response to kainate, as determined by increases in intracellular 
calcium measured with fura-2 (K.R. IORIO, B. TABAKoFF and P.L. HOFFMAN, 
unpublished observation). However, different results were found after 
chronic treatment with another sedative hypnotic, barbital. When rats were 
fed a diet containing barbital for 8 weeks, and then injected intracerebroven
tricularly with glutamate receptor agonists, the response of cerebellar cyclic 
GMP levels to kainate, but not NMDA or quisqualate, was found to be 
enhanced (MCCASLIN and MORGAN 1989). This finding bears on the issue of 
whether changes in glutamate receptors observed after chronic drug treat
ment represent adaptive responses to the initial effects of the drugs. Thus, 
ethanol, which is a more selective inhibitor of NMDA responses, appears to 
produce an upregulation of NMDA receptors after chronic treatment, while 
barbiturates, which, acutely, more selectively inhibit kainate receptor func
tion (TABAKoFF et al. 1991; MORGAN et al. 1991), produce enhanced kainate 
receptor responses after chronic exposure. On the other hand, more recent 
results have indicated that, in mice fed barbiturates chronically, dizocilpine 
binding is increased, while kainate binding is decreased, in the cerebral 
cortex (SHORT and TABAKOFF 1993). 

Whether the changes in glutamate receptor characteristics, observed 
after chronic ethanol or barbiturate treatment in cells or certain brain areas, 
are in fact adaptive in nature can be further addressed by investigating 
receptor upregulation after chronic exposure of animals or cells to specific 
receptor antagonists. However, the available data with regard to NMDA 
receptor function are somewhat equivocal. While chronic phencyclidine 
infusion in rats appeared to produce an increase in NMDA receptors (phen
cyclidine binding) in brain (MASSEY and WESSINGER 1990), chronic in vivo 
dizocilpine administration had less consistent effects on ligand binding, and 
resulted in a decreased electrophysiological response to NMDA (BEART 
and LODGE 1990; MANNALLACK et al. 1989). Therefore, the postulate that 
chronic ethanol-induced changes in NMDA receptor function represent 
a neuroadaptive response to the acute effect of ethanol needs further 
investigation. 

While the data discussed earlier provide convincing evidence that NMDA 
receptor systems are involved in ethanol withdrawal seizures/physical 
dependence, it should be clearly stated that the NMDA receptor system is 
not the only neurochemical system involved in ethanol withdrawal. There 
is good evidence, for example, that downregulation of GABAA receptor 
function, as well as upregulation of VSCC, may also contribute to the 
symptoms of ethanol withdrawal (physical dependence on ethanol) (see 
HOFFMAN and TABAKOFF 1991; HOFFMAN et al. 1992). The precise role of 
each of these systems, and of their interactions, in ethanol withdrawal 
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symptomatology is under active investigation (HOFFMAN and TABAKOFF 1991; 
HOFFMAN et al. 1992). 

2. Role of NMDA Receptors in Ethanol Tolerance 

It has been argued that ethanol tolerance and physical dependence do not 
arise from a single unitary change in CNS function. For example, treatment 
of mice with the neurotoxin 6-hydroxydopamine blocked the development 
of functional ethanol tolerance, but did not affect physical dependence 
(withdrawal symptoms) (TABAKOFF and RITZMANN 1977). In WSP and 
WSR mice, which differ significantly in the severity of ethanol withdrawal 
seizures, there was no difference in the degree of chronic ethanol tolerance 
developed (CRABBE and KosoBuD 1986). Thus, while the NMDA receptor 
seems to play a key role in physical dependence on ethanol (ethanol with
drawal seizures), its role in ethanol tolerance is not as clear. 

The simplest definition of ethanol tolerance in an acquired resistance to 
the effect of ethanol in an organism that has previously been exposed to 
ethanol. However, ethanol tolerance is a rather complex phenomenon 
(TABAKOFF et al. 1982). For example, tolerance may be classified as func
tional or metabolic. In the first case, resistance to the effect of ethanol is a 
result of a change in neuronal structure or function; in the second, there is a 
change in the metabolism, distribution, or excretion of ethanol such that the 
individual is exposed to a lower concentration of ethanol after a given dose 
(TABAKOFF et al. 1982). Tolerance may also be classified as acute or chronic. 
Acute tolerance is that which occurs during exposure of an individual to a 
single dose of ethanol (within-session tolerance), while chronic tolerance 
refers to the tolerance that is seen after more than one exposure to, or after 
longer-term ingestion of, ethanol (TABAKOFF et al. 1982). Some studies have 
investigated a form of chronic tolerance designated "rapid" tolerance to 
ethanol, in which tolerance is measured after a single dose of ethanol has 
been administered to and metabolized by the animal (e.g., at 24h after the 
first dose) (KHANNA et al. 1991). 

In addition to these factors, environmental cues can play a role in 
ethanol tolerance, and, in certain situations, conditioning or learning may be 
crucial for tolerance development. One form of tolerance has been termed 
"behaviorally-augmented," and occurs when an animal or human performs 
a task under the influence of ethanol. In this case, tolerance develops more 
rapidly than in an individual who has the same amount of practice in the 
task, but has performed the task prior to being given ethanol (see TABAKOFF 
et al. 1982). Conditional, or "learned" tolerance, also called "environment
dependent" tolerance, occurs when an individual pairs cues from the en
vironment with drug administration, and generates a compensatory response, 
which reduces the effect of ethanol, upon being exposed to those cues 
(MELCHIOR and TABAKOFF 1981). For example, one effect of ethanol in mice 
and rats is hypothermia. If an animal is given ethanol repeatedly in a 
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particular environment, it develops tolerance to the hypothermic effect of 
ethanol in that environment. However, if the animal is placed in a different 
environment, tolerance is not observed (MELCHIOR and TABAKOFF 1981). An 
explanation for this phenomenon can be seen if the animal is given placebo 
in the ethanol-associated environment. In this case, one can observe a 
compensatory hyperthermia, which would counteract the effect of ethanol 
and therefore lead to tolerance. The compensatory response is not observed 
if placebo is administered in the environment not associated with ethanol 
treatment. This type of "environment-dependent" tolerance has a significant 
learned component. If the NMDA receptor is involved in ethanol tolerance, 
it is likely to play a role in functional, rather than metabolic, tolerance. 
Since the NMDA receptor has been implicated in learning and memory 
processes (see COLLINGRIDGE and LESTER 1989), it might also be expected to 
influence environment-dependent, conditional tolerance to a greater degree 
than environment-independent tolerance. 

In a preliminary electrophysiological study, there was no change in the 
acute inhibitory effect of ethanol on NMDA responses in hippocampal 
slices from rats exposed chronically to ethanol, or in cultured hippocampal 
cells exposed chronically to ethanol (WHITE et al. 1990b). Similarly, BROWN 
et al. (1991) found that ethanol inhibited NMDA-stimulated neurotrans
mitter efflux equally in brain slices from control rats and those treated 
chronically with ethanol. In cerebellar granule cells, the acute inhibitory 
effect of ethanol on NMDA receptor function was also unchanged after 
chronic exposure of the cells to ethanol, when percentage inhibition was 
measured. These data suggested that the change ("upregulation") of 
NMDA receptor function did not contribute to "tolerance" to the effect of 
ethanol. However, because the baseline response to NMDA was increased 
in the ethanol-treated cerebellar granule cells, the inhibitory effect of 
ethanol was, in fact, reduced in these cells, if one uses the overall level of 
intracellular calcium as a measure. In effect, while each NMDA receptor 
remained sensitive to the acute effect of ethanol (percentage inhibition), the 
overall system, with a greater number of NMDA receptors (IoRIO et al. 
1992), may be viewed as being "tolerant" to ethanol. Even if one takes this 
point of view, however, the question remains as to whether or how toler
ance to ethanol at the cellular level may translate into tolerance at the 
behavioral level. 

We have previously used the construct of intrinsic and extrinsic neuronal 
systems to discuss ethanol tolerance (see TABAKOFF and HOFFMAN 1989). 
Intrinsic systems are those that encode tolerance to particular effects of 
ethanol within themselves, presumably as a result of changes in synaptic 
efficacy. Extrinsic systems are those that modulate the development, expres
sion, or dissipation of tolerance, but do not encode tolerance in themselves. 
The data available to date are most compatible with the postulate that 
NMDA receptors represent an extrinsic neuronal system that modulates 
functional ethanol tolerance. 
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Khanna and his colleagues have examined the effect of dizocilpine and 
ketamine (which also interacts with the phencyclidine site within the NMDA 
receptor-coupled ion channel) on the development of rapid tolerance to 
ethanol. In their studies, rats were given a single dose of ethanol, and the 
ataxic (measured on a tilting plane) and hypothermic effects of ethanol were 
tested. The animals were injected with dizocilpine, ketamine, or vehicle 
prior to the ethanol injection. Twenty-four hours later, to assess tolerance, 
the identical procedure was carried out, except that no dizocilpine or keta
mine was administered (KHANNA et al. 1991, 1992a). It was found that the 
active, but not the inactive, isomer of dizocilpine, as well as ketamine, 
prevented the development of rapid tolerance to ethanol, and this effect was 
not due to changes in ethanol metabolism. The blockade of tolerance was 
observed even if animals were tested 5 days after the single injection of 
ethanol (i.e., those receiving vehicle prior to the first ethanol treatment 
were still tolerant, and those receiving dizocilpine were not) (KHANNA et al. 
1992a). Interestingly, when dizocilpine was given following the initial ethanol 
injection and testing for ataxia, it did not prevent the development of 
tolerance. 

These data were suggested to be compatible with the putative role of the 
NMDA receptor in learning and memory, since it has been shown that 
learning can playa role in the rapid ethanol tolerance that was measured in 
these studies (BITRAN and KALANT 1991). It was suggested that dizocilpine, 
when given before intoxicated practice, blocked the acquisition of the 
learned tolerance; when dizocilpine was given after practice, consolidation 
had already occurred, and dizocilpine was ineffective in attenuating tolerance 
(KHANNA et al. 1991, 1992a). Although these observations are certainly of 
interest, and may provide important information regarding the mechanisms 
underlying ethanol tolerance, some questions remain. For example, since 
ethanol, dizocilpine, and ketamine all acutely inhibit NMDA receptor func
tion, the mechanism by which NMDA receptor antagonists attenuate ethanol 
tolerance development is not immediately obvious. However, ethanol clearly 
has effects other than those at the NMDA receptor, and other neuronal 
systems are involved in tolerance development (see TABAKOFF and HOFFMAN 
1989); the interactions among these neuronal systems and NMDA receptor
mediated events need further elucidation. To address some of these ques
tions, it was necessary to compare the effects of NMDA antagonists on the 
development and/or expression of environment-independent tolerance (see 
TABAKOFF et al. 1982) to more definitively evaluate the importance of the 
learning component of ethanol tolerance with respect to the role of the 
NMDA receptor. It is of interest that a recent report by Khanna and his 
colleagues (KHANNA et al. 1992b) indicated that ketamine, which blocked 
the development of "rapid" tolerance to ethanol, also blocked the devel
opment of chronic ethanol tolerance (10 days of ethanol injections), although 
it did not affect acute tolerance that occurs as a single dose of ethanol is 
metabolized. On the other hand we have found that dizocilpine does not 
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block tolerance that developed in mice after chronic (6 day) ingestion of 
ethanol in a liquid diet (environment-independent tolerance), although it is 
an effective blocker of environment-dependent ethanol tolerance in mice 
(SZABO, et al. 1994). 

3. Role of NMDA Receptors in Opiate Tolerance and Dependence 

Supporting evidence for NMDA receptor involvement in the neuroadaptive 
mechanisms of tolerance comes from studies of opiate tolerance. In the rat, 
the NMDA receptor antagonists kynurenic acid and dizocilpine both inter
fered with the development of tolerance to the analgesic effect of morphine 
(MAREK et al. 1991a; TRUJILLO and AKIL 1991). This effect was observed 
when the antagonists were administered daily prior to morphine injections, 
and whether tolerance to morphine-induced analgesia was measured on a 
hot plate or tail-flick apparatus (MAREK et al. 1991a; TRUJILLO and AKIL 
1991). The effect of dizocilpine was dose dependent, and was observed 
under conditions where dizocilpine had no acute effect on morphine analgesia 
(TRUJILLO and AKIL 1991). In contrast to the results described above with 
ethanol, dizocilpine was also reported to attenuate morphine tolerance when 
injected daily after morphine (MAREK et al. 1991b). 

Tolerance and physical dependence on opiates, in contrast to ethanol, 
have often been considered to reflect a single underlying process, although 
that view is now being questioned (WDSTER et al. 1985). It is of interest, 
however, that dizocilpine treatment appeared to block development of opiate 
dependence, and/or certain symptoms of opiate withdrawal, as well as 
tolerance. In rats that received chronic daily injections of dizocilpine and 
morphine, naloxone-induced withdrawal symptoms (escape jumps) were sig
nificantly reduced, in comparison to those in animals that received chronic 
vehicle and morphine injections (TRUJILLO and AKIL 1991). In this instance, 
dizocilpine did not simply affect the symptoms of withdrawal, since a single 
treatment with dizocilpine (0.1 mg/kg) prior to naloxone, in rats that had 
received chronic vehicle and morphine injections, did not attenuate with
drawal symptoms (TRUJILLO and AKIL 1991). Furthermore, when rats re
ceived chronic dizocilpine and morphine treatments, they did not display 
withdrawal signs even if they were given vehicle (rather than dizocilpine) 
prior to naloxone injection (TRUJILLO and AKIL 1991). Therefore, in this 
case, chronic dizocilpine treatment appeared to interfere with the develop
ment of opiate dependence. 

Higher doses of NMDA receptor antagonists have also been reported to 
attenuate withdrawal symptoms in opiate-dependent animals, similar to the 
results in ethanol-dependent mice and rats (GRANT et al. 1990; MORRISETT et 
al. 1990; LILJEQUIST 1991b). When opiate dependence was achieved by 
implantation of a morphine pellet in rats, treatment with dizocilpine (0.3 or 
0.5 mg/kg) 15 min before naltrexone attenuated many symptoms of with
drawal (although not jumping behavior). Treatment with a competitive 
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NMDA antagonist blocked many of the same withdrawal symptoms as 
dizocilpine (RASMUSSEN et al. 1991). Dizocilpine (0.02 or 0.1 mg/kg) was 
also reported to attenuate "motivational" aspects of opiate withdrawal in 
rats, as measured using a place conditioning (aversion) technique (HIGGINS 
et al. 1992). Furthermore, dizocilpine (0.3 or 1 mg/kg) reduced withdrawal 
symptoms in opiate-dependent mice and guinea pigs (T ANGANELLI et al. 
1991), and, in guinea pigs, dizocilpine reversed the withdrawal-induced 
increase in cerebral cortical acetylcholine outflow (TANGANELLI et al. 1991). 
In contrast, in rats, dizocilpine treatment that suppressed behavioral with
drawal signs did not reduce withdrawal-induced increases in activity of locus 
coeruleus neurons or norepinephrine turnover in hippocampus, cerebral 
cortex, or hypothalamus (RASMUSSEN et al. 1991). To accurately interpret 
these results, it is necessary to elucidate the contribution of noradrenergic 
and cholinergic systems to the symptoms of opiate withdrawal that were 
evaluated in these studies. It is also necessary to determine whether the 
withdrawal symptoms themselves may affect neurotransmitter turnover and 
neuronal activity. 

c. Summary: Ethanol and the NMDA Receptor 
Overall, the data reviewed indicated that ethanol is a potent and selective 
inhibitor of the function of the NMDA receptor. There appears to be a 
specific site (or sites) of action for ethanol at this receptor, and the most 
substantial evidence at this time supports the hypothesis that ethanol may 
influence the interaction of the co-agonists glutamate and glycine to affect 
the kinetics of activation of at least some forms of the NMDA receptor
coupled ion channel. Chronic exposure to ethanol, in vivo (in adult animals) 
or in vitro, produces a selective "upregulation" of NMDA receptor function 
that may mediate certain symptoms of ethanol withdrawal (i.e., withdrawal 
seizures). The role of the NMDA receptor in synaptic plasticity, learning 
and memory, has also led to the investigation of its importance for ethanol 
tolerance, another neuroadaptive process. The current data support the 
postulate that NMDA receptor function does contribute to certain forms of 
ethanol tolerance (i.e., environment-dependent, or conditional tolerance), 
as well as to opiate tolerance. It seems possible that the NMDA receptor 
system may represent an "extrinsic system" that modulates the devel
opment, expression, or dissipation of tolerance (or memory), but does not 
encode tolerance/memory within its pathways. If so, the NMDA receptor 
could be a contributor to ethanol and/or opiate tolerance, while other 
neuronal systems ("intrinsic systems") would be responsible for mediating 
the specific behavioral/pharmacological responses that become tolerant to 
the drugs (e.g., ataxia, hypothermia). The sensitivity of NMDA receptor 
function to ethanol, and the (possibly) adaptive changes in this receptor 
after chronic ethanol exposure, indicate its crucial role in mediating certain 
acute and chronic pharmacological effects of ethanol. 
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CHAPTER 5 

Effects of Alcohol 
on GABA-Mediated Neurotransmission 
M.K. TICKU and A.K. MEHTA 

A. Introduction 

Ethanol is the oldest and most widely consumed and abused drug by our 
society. The exact mechanism of its action, including its ability to produce 
tolerance and withdrawal following chronic administration, is not yet 
known. Ethanol has been shown to affect a variety of neurotransmitters in 
the CNS. Recent evidence supports the notion that ethanol may produce 
many of its effects by modulating ligand-gated ion channels (mediated by 
receptors for GABA, NMDA, 5-HT3) in the brain. The pharmacological 
profile of ethanol is very similar to that of benzodiazepines and barbiturates. 
These classes of drugs are anxiolytics, muscle relaxants, and anticonvulsants, 
and their chronic use results in tolerance (BELLEVILLE and FRAZER 1957). 
There also exists a cross-tolerance between ethanol and barbiturates, and 
ethanol and benzodiazepines. Furthermore, benzodiazepines and bar
biturates are effective in the management of ethanol withdrawal syndromes 
(GOLDSTEIN 1973). These observations suggest that a common modulatory 
system may be involved at least in some of the pharmacological effects of 
these drugs. Since the GABAergic system is involved in the pharmacological 
actions of benzodiazepines and barbiturates (TICKU and RASTOGI 1980; 
OLSEN 1982; MAKSAY and TICKU 1985; BIGGIO et al. 1992), many investi
gations have focused on the effects of ethanol on GABAergic pathways. 

There are two types of GABA receptors (GABAA and GABAB ), which 
differ in terms of their selectivity for agonists/antagonists and coupling 
mechanisms. Recent molecular biological research has demonstrated the 
heterogeneity of GABAA receptors (WISDEN et al. 1988; PRITCHETT et al. 
1989). So far, six a-, four p-, three Y-, and one c)-subunits have been cloned. 

It appears that a minimum combination of a-, p- and Yrsubunits is 
needed for generating functional GABAA responses in expression systems. 
However, the exact stoichiometry (pentameric or tetrameric) of the subunits 
needed to generate functional GABAA receptors that may resemble the in 
vivo situation is yet to be established. Furthermore, the distribution of a
subunits exhibits heterogeneity in terms of brain regional distribution 
(WISDEN et al. 1988). Thus, the cerebellum has a great abundance of the ar 
subunits, whereas the cerebral cortex, hippocampus, and spinal cord have a 
mixture of aT, ar, and arsubunits, and these a-subunits have different 
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affinities for the agonist GABA. The yz-subunit appears to be crucial for 
demonstrating benzodiazepine potentiation, and the Y2L-subunit for ethanol 
potentiation of GAB A responses (see below). Currently, the effects of acute 
and chronic ethanol on changes in the levels of different subunits of the 
GAB A receptor are being investigated in various laboratories. In this 
chapter, an attempt has been made to review the behavioral, bind
ing, functional, and gene expression studies of ethanol as they relate to 
GABAergic transmission. 

B. Behavioral Studies 
GABA agonists, and substances that raise endogenous GABA levels, such 
as aminooxyacetic acid (AOAA), increased the sedative, hypnotic, ataxic, 
and anticonvulsant effects of ethanol, whereas GABA antagonists had 
opposite effects (HAKKINEN and KULONEN 1976; LILJEQUIST and ENGEL 1982; 
MARTZ et al. 1983). These data suggest that potentiation of GABA trans
mission was an important factor in the mechanism of these properties of 
ethanol. The GABAergic system has also been implicated in ethanol 
withdrawal-induced audiogenic seizures (GUERRERO-FIGUEROA et al. 1970; 
COOPER et al. 1979; GOLDSTEIN 1979; AARONSON et al. 1982; FRYE et al. 
1983a,b). The observation that a reduced GABA concentration in CSF of 
seizure-susceptible alcoholics during acute ethanol withdrawal supports the 
above fact (GREENBLATT and GREENBLATT 1972; KRAMP and RAFAELSON 
1978; THOMPSON 1978; GOLDMAN et al. 1981). Furthermore, chronic al
coholic males were reported to have significantly lower plasma levels of 
GABA than control subjects (COFFMAN and PETTY 1985). In contrast to 
these observations, it has been reported recently that there are no dif
ferences in CSF levels of GABA between abstinent alcoholic patients and 
normal control subjects, and there was no significant difference in GABA 
levels between alcoholic patients with histories of withdrawal seizures and 
those without such a history (Roy et al. 1990). Intranigral administration 
of muscimol, a GABAA agonist, produced a suppression of audiogenic 
convulsions following ethanol withdrawal, thereby indicating the importance 
of the GABAergic system in the substantia nigra in the mediation of 
withdrawal seizures (GONZALES and HETTINGER 1984). Recently, it has been 
suggested that the inferior colliculus is important in the GAB Ami me tic 
suppression of audiogenic seizures in rats during ethanol withdrawal (FRYE 
et al. 1983b). Ethanol has been reported to have an anticonvulsant effect 
against chemoconvulsants such as bicuculline, picrotoxin, pentylenetetrazole, 
and strychnine (LILJEQUIST and ENGEL 1982; RASTOGI and TICKU 1986; 
MEHTA and TICKU 1989b; KULKARNI et al. 1990). Anticonvulsant properties 
have also been reported for smaller doses of ethanol in combination with 
ineffective doses of facilitators of GABAergic transmission against seizures 
and mortality induced by chemoconvulsants which act via the GABAergic 
system (RASTOGI and TICKU 1986). 
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The GABAergic system has also been implicated in the ataxic, narcotic, 
and hypothermic effects of ethanol. GABAmimetics lengthened ethanol 
narcosis while picrotoxin shortened ethanol narcosis (MARTZ et al. 1983). 
Both AOAA and GABA antagonists such as bicuculline and picrotoxin 
enhanced ethanol hypothermia (LIUEQUIST and ENGEL 1982; DAR and 
WOOLES 1985). Muscimol decreased the locomotor stimulant actions of low 
doses of ethanol at a dose that did not elicit any effect when given alone, 
while picrotoxin had the opposite effect (LIUEQUIST and ENGEL 1982). 

Chronic ethanol treatment has been reported to decrease the behavioral 
effects of GABA agonists (TABERNER and UNWIN 1981; MARTZ et al. 1983), 
suggesting the occurrence of either downregulation of GABA receptors or 
alteration in coupling mechanisms. GAB A receptor agonists and agents that 
increase GAB A concentrations, such as AOAA and sodium valproate, are 
reported to decrease the ethanol withdrawal syndrome (GOLDSTEIN 1973, 
1979; COOPER et al. 1979; FRYE et al. 1983a; GONZALES and HETTINGER 
1984). While benzodiazepines are the drugs of choice in treating the ethanol 
withdrawal syndrome, these drugs merely decrease withdrawal symp
tomatology without preventing ethanol dependence (NUTT et al. 1989). 

C. Binding Studies 
Since ethanol shares several of its behavioral effects with that of barbiturates 
and benzodiazepines, there has been speculation that the GABA/benzo
diazepine (BZ) receptor-coupled chloride channel is the site of action of 
ethanol in brain (COTT et al. 1976; HUNT 1983; TICKU et al. 1983; LIUEQUIST 
and ENGEL 1984). In contrast to this speculation, the addition of ethanol to 
brain membrane homogenates in vitro had no effect either on [3H]diazepam 
binding to BZ receptors or [3H]muscimol binding to GABA receptors 
(GREENBERG et al. 1984). However, ethanol has been reported to increase 
[3H]diazepam binding to solubilized benzodiazepine receptors (DAVIS 
and TICKU 1981) and to decrease the binding of [35S]t-butylbicyclo
phosphorothionate (TBPS) to a site closely associated with the Cl- channel 
in rat and mouse brain homogenates (SQUIRES et al. 1983; RAMANJANEYULU 
and TICKU 1984; LIUEQUIST et al. 1986). Since ethanol inhibited [35S]TBPS 
binding at lethal concentration, it is unlikely that this mechanism is respon
sible for the pharmacological effects of ethanol. Acute ethanol administra
tion produced an increase or no change in the binding capacity of the low
affinity GAB A receptor sites (TICKU 1980; TICKU and BURCH 1980; UNWIN 
and TABERNER 1980). In contrast to this finding, there is also a report that 
acute ethanol treatment caused a decrease in specific [3H]GABA binding in 
cerebellum with no change in other brain areas (REGGIANI et al. 1980). 

Chronic administration of ethanol has been reported to alter GAB A 
receptor sensitivity depending upon the method of ethanol administration 
and animal species studied. TICKU (1980), using rats, reported that treat-
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ment with 11-17 g/kg per day of ethanol for 21 days, a schedule sufficient to 
cause withdrawal symptoms, decreased the affinity of the low-affinity 
GAB A-binding site. Chronic ethanol administration (10% v/v) for 14 days 
has been reported to produce a decrease in Bmax of the low-affinity GAB A 
receptor sites in mice (TrcKu and BURCH 1980). However, rats chronically 
treated with ethanol (7%) in a liquid diet for 21 days did not exhibit any 
changes in the binding constants of the high- or low-affinity GABA receptor 
sites (TICKU 1980). It is also reported that chronic ethanol administration 
does not alter either Kd or Bmax value for eH]flunitrazepam and [35S]TBPS 
binding, nor did it modify the modulatory effect of GABA on [3H]fluni
trazepam or [35S]TBPS binding (RASTOGI et al. 1986). 

A recent report indicated that chronic ethanol treatment (50 mM for 3 
days) of intact cultured mice spinal cord neurons did not alter binding 
constants for [3H]flunitrazepam or eH]R015-1788 binding (MHATRE and 
TICKU 1989). Chronic ethanol administration selectively increased R015-
4513 binding in cerebral cortex and cerebellum but not in striatum and 
hippocampus (MHATRE et al. 1988). However, another study reported no 
change in the binding of a p-carboline inverse agonist in cortex, cerebellum, 
hippocampus, or olfactory bulb after chronic ethanol treatment (TAMBORSKY 
and MARANGOS 1986). TRAN et al. (1981) demonstrated an increase in 
[3H]muscimol binding in human alcoholics. Chronic ethanol treatment is 
reported either to decrease (FREUND 1980; KOCHMAN et al. 1981; VOLICER 
and BIAGIONI 1982) or leave unchanged (KAROBATH et al. 1980; HEMMINGSEN 
et al. 1982; SCHOEMAKER et al. 1983) binding at the benzodiazepine receptor. 
It has been suggested that a longer duration of chronic ethanol treatment 
is required to cause changes in benzodiazepine receptor binding than is 
needed to produce tolerance and dependence on ethanol (FREUND 1980; 
ROTIENBERG 1985). 

D. Functional Studies 

I. Electrophysiological Studies 

There are reports based on in vitro and in vivo electrophysiological studies 
that ethanol either potentiates or fails to alter GABAergic transmission. 
Thus ethanol potentiates the GABAA receptor-mediated responses in 
amphibian spinal cord neurons (DAVIDOFF 1973), cultured spinal cord 
neurons (CELENTANO et al. 1988), cerebral cortical neurons (NESTOROS 1980; 
AGUAYO 1990), hippocampal neurons (GAGE and ROBERTSON 1985; AGUAYO 
1990), lateral septum (GIVENS and BREESE 1990), and rat dorsal root 
ganglion neurons (NISHIO and NARAHASHI 1990). However, negative results 
have also been reported in many regions (e.g., GAGE and ROBERTSON 1985; 
SIGGINS et al. 1987; HARRISON et al. 1987; WHITE et al. 1990). Studies of the 
effects of ethanol on GABAergic transmission in hippocampal neurons have 
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been mostly negative or inconsistent. Thus, ethanol has been reported to 
enhance GABA-mediated inhibition of electrically evoked responses in CAl 
and CA3 regions (TAKADA et a1. 1989); however, it did not alter the sponta
neous inhibitory responses in the CAl region (GAGE and ROBERTSON 1985). 
Recently, ethanol was shown to potentiate the GABA responses in medial 
but not lateral septum suggesting not only regional but site-selective action 
(GIVENS and BREESE 1990). Furthermore, a recent report has demonstrated 
that ethanol potentiates the GABA inhibition of Purkinje cells in the 
presence of p-adrenergic agonists (LIN et a1. 1991). This is a unique ob
servation suggesting possible involvement of phosphorylation mediated by 
protein kinase A in the ethanol modulation of GABAergic transmission. 
However, it contrasts with the conventional notion that phosphorylation is 
principally involved in receptor desensitization phenomena. 

II. Chloride Flux 

The biochemical interaction of ethanol with GABA or GAB A receptor 
agonists (i.e., to increase chloride flux) has been more consistent than the 
electrophysiological changes. It has been reported that GAB A produces a 
concentration-dependent influx of 36C1 in cultured spinal cord neurons. This 
effect of GAB A on 36Cl influx is additive with glycine, specific for GABAA 

agonists, and blocked by bicuculline and picrotoxin (LEHOULLIER and TICKU 
1989; MEHTA and TICKU 1989a). Ethanol (5-100mM) potentiated the effect 
of GAB A on 36Cl influx in spinal cord neurons (TICKU et a1. 1986; MEHTA 
and T!CKU 1988) and cortical neurons (A.K. MEHTA and M.K. TICKU, 
unpublished observation). The potentiating effect of ethanol on GABA
induced 36Cl influx was blocked by GABA receptor antagonists and inverse 
agonists of the BZ receptor sites (MEHTA and TICKU 1988). Ethanol at a 
concentration of ::::::50 mM had a direct effect in the absence of GABA in 
spinal cord cultured neurons. The direct effect of ethanol on 36Cl influx was 
also blocked by GABAA receptor antagonists and inverse agonists of BZ 
receptors (MEHTA and TICKU 1988). However, GABAB receptors do not 
appear to be involved in the action of ethanol on 36Cl influx in spinal cord 
neurons (MEHTA and TICKU 1990). ALLAN and HARRIS (1987a) demonstrated 
that ethanol potentiates the action of muscimol on chloride uptake into 
membrane vesicles. SUZDAK et a1. (1986a) showed that ethanol (10mM) 
potentiates the effect of GABA on 36C1 uptake in synaptoneurosomes. 
They also found a direct effect of ethanol, in the absence of GAB A ag
onists, on 36Cl uptake in synaptoneurosomes. The ED so for this direct effect 
was between 25 and 35 mM (SUZDAK et a1. 1986a). Ethanol is reported to 
potentiate the effect of muscimol on 36Cl uptake in cortical and cerebellar 
membranes prepared from ethanol-sensitive mice whereas it failed to elicit 
the same effect in ethanol-resistant mice (ALLAN et a1. 1988). This suggests 
that genetic differences in ethanol hypnosis may be related to differences in 
the sensitivity of GABA-operated chloride channels to ethanol. 



108 M.K. TICKU and A.K. MEHTA 

There are also some functional studies of the GABAergic system 
following chronic administration of ethanol. It has been reported that 
chronic ethanol treatment abolishes the potentiation of muscimol-stimulated 
chloride uptake by ethanol into micro sacs (ALLAN and HARRIS 1987a). 
Chronic inhalation of ethanol results in a tolerance to the action of ethanol 
on chloride flux (ALLAN and HARRIS 1987b; MORROW et al. 1988). DURAND 
and CARLEN (1984) reported a decreased amplitude and duration of IPSPs 3 
weeks following withdrawal from an ethanol liquid diet. The potentiation of 
the inhibitory effect of GABA on the simultaneous discharge of pyramidal 
cells by ethanol at concentrations above 70mM, seen in control prepara
tions, was lost after chronic treatment with ethanol (TAKADA et al. 1989). In 
addition, R015-4513 has been reported to bind to diazepam-insensitive sites 
(57 kDa) in cerebellar granule cells and olfactory tubercle with the same 
affinity (-4 nM), as shown for diazepam-sensitive sites (SIEGHART et al. 
1987). Recent studies indicate that diazepam-insensitive R015-4513-binding 
sites may also be present in other regions including cortex and hippocampus 
(TURNER et al. 1991). This is true despite the fact that the a6-subunit, which 
encodes diazepam-insensitive binding sites, is not found in these regions. 
Interestingly, our studies have shown that chronic ethanol treatment in
creases the binding of [3H]R015-4513 in rat cerebral cortex and cerebellum 
(MHATRE et al. 1988). 

E. Ro15-4513: Ethanol Antagonist 
R015-4513 is an azido analogue of the classical benzodiazepine receptor 
antagonist Ro15-1788 which has the ability to bind to BZ receptors (MOHLER 

et al. 1984; SIEGHART et al. 1987). It acts as a partial inverse agonist. 
There has been great interest recently in the effects of BZ receptor 

inverse agonists, such as R015-4513 and FG 7142, on the actions of ethanol. 
These drugs are reported to decrease some of the behavioral actions of 
ethanol, including ataxia and anesthesia (BONETTI et al. 1985; SUZDAK et al. 
1986b; LISTER 1987). The prior administration of Ro15-4513 protected the 
animals against intoxication and mortality due to massive doses (5-15 g/kg, 
po) of ethanol (BONETTI et al. 1985; POLC 1985; SUZDAK et al. 1986b; 
FADDA et al. 1987). The protective effect of R015-4513 was not related to its 
effects on blood ethanol concentrations (BONETTI et al. 1985; FADDA et al. 
1987). However, a recent study has failed to observe such a reversal of 
ethanol-induced narcosis in CD-1 mice, whether given before or after 
ethanol administration (HATCH and JERNIGAN 1988). R015-4513 also failed 
to reverse ethanol-induced hypothermia in mice (HOFFMAN et al. 1987). 
Pretreatment of rats with R015-4513 is reported to block both the anti
conflict activity of low doses of ethanol (SUZDAK et al. 1986b) and reductions 
in the number of head dips caused by ethanol in mice in the holeboard 
apparatus (LISTER 1987). Ro15-4513 resulted in a dose-dependent sup-
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pression of oral ethanol self-administration in an operant situation in non
food or fluid-deprived rats (SAMSON et al. 1987). Ro15-4513 is also reported 
to reverse the anticonvulsant actions of ethanol against bicuculline as well 
as picrotoxin-induced chemoconvulsions in rats (KULKARNI and TICKU 1989). 
BONETTI et al. (1989) demonstrated that the interactions between Ro15-4513 
and ethanol were prevented by Ro15-1788 (flumazenil), a BZ receptor 
antagonist. 

Biochemical studies have also shown the effectiveness of Ro15-4513 in 
reversing ethanol's effects. Ro15-4513 reversed the effect of ethanol on 
chloride flux in synaptoneurosomes (SUZDAK et al. 1986b). These investigators 
reported that this effect was peculiar to Ro15-4513 but MEHTA and TICKU 
(1988) reported that both FG 7142 and Ro15-4513 had this effect. Addi
tionally, Ro15-1788 was able to reverse the antagonist effects of Ro15-4513 
on ethanol potentiation of GABA-gated 36Cl flux in spinal cord neurons 
(MEHTA and TICKU 1988). These results suggest that most of the effects 
of Ro15-4513 are mediated via the diazepam-sensitive benzodiazepine 
receptors and not via the diazepam-insensitive sites, which are encoded by 
the a6-subunit and localized in cerebellar granule cells (see below). There 
are also reports that FG 7142 is more effective than Ro15-4513 in blocking 
the action of ethanol (R.A. HARRIS et al. 1988; PALMER et al. 1988). The 
electrophysiological effects of Ro15-4513, recorded in vivo using chronically 
implanted electrodes, were very similar to those of other inverse agonists 
(MARROSU et al. 1989). Ro15-4513 decreased the effect of ethanol on the 
EEG and on single unit activity in the pars reticulata (MARROSU et al. 1989). 

The amino acid residue involved in the binding of benzodiazepine 
agonists and Ro15-4513 at the receptor site is not known. In 1983 
investigators in our laboratory demonstrated that a crucial "histidine" 
residue was involved in the binding of benzodiazepine agonists at the 
GABA receptor complex (BURCH et al. 1983; MAKSAY and TICKU 1984). 
Furthermore, irreversible modification of histidine residues abolished the 
binding in cerebellum (type I, arsubunit abundant), cortex, and hip
pocampus (type II, az-, a3-subunit abundant). This indicated that the 
histidine residue was crucial in both type I and type II benzodiazepine 
receptors. These findings have recently been confirmed by a single point 
mutation study, which showed that replacement of the histidine residue with 
arginine in the ai-subunit caused this subunit to exhibit the pharmacology of 
the a6-subunit (WIELAND et al. 1992). 

It has become apparent that a4- and a6-subunits lack a crucial histidine 
at the 100 position, which is present in most other a-subunits at an equiv
alent position (101). In contrast a6- and a4-subunits contain an arginine 
residue at this position. This histidine-arginine switch is responsible for the 
binding of Ro15-4513 to the diazepam-insensitive sites, which involves the 
a6-subunit in the cerebellum. This is consistent with binding studies which 
have indicated that [3H]Ro15-4513, besides binding to central BZ receptors, 
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also binds to an additional protein (P57 or 56 kDa) in the cerebellum 
(SIEGHART et al. 1987). This suggests a unique binding site for this ligand. 
Further support is provided by cloning studies which have demonstrated that 
the a6-subunit, in combination with p- and yz-subunits, binds eH]R015-4513 
to diazepam-insensitive sites in cerebellum (PRITCHETT et al. 1989). The a6-

subunit is unique to the granule cells in the cerebellum. Recently, however, 
diazepam-insensitive sites have also been observed in the cortex, a region 
that lacks the a6-subunit (TURNER et al. 1991). Thus, it is feasible that 
[3H]R015-4513 binds to diazepam-in-sensitive sites in cortex (probably the 
a4-subunit), which also has a histidine-arginine switch (WIELAND et al. 1992) 
and shares substantial homology with the a6-subunit. Since R015-4513 
reverses many of the behavioral effects of ethanol, as well as ethanol 
potentiation of GAB A-induced 36CI-influx in regions other than cerebellum, 
these studies suggest that the a6-subunit alone is not responsible for blocking 
the major biochemical and behavioral effects of R015-4513 in the CNS. 
However, the ability of R015-4513, but not FG 7142, to reverse ethanol
induced ataxia could be mediated by the a6-subunit receptor subtype. 

F. Molecular Biological Studies 
Individual humans and rodents differ markedly in their behavioral sensitivity 
to ethanol (WILSON and PLOMIN 1986). There are reports based on behavioral 
and biochemical studies that long-sleep (LS) and short-sleep (SS) mice have 
similar ethanol metabolism and pharmacokinetics but differ in the response 
of neuronal GAB A receptors to ethanol (ALLAN and HARRIS 1986). This 
suggests that the genetic differences seen in response to ethanol in these 
mouse strains may be the result of modifications of the GABAA receptor
chloride channel complex. This complex is composed of multiple subunits, 
many of which have been cloned, sequenced, and expressed in Xenopus 
oocytes or transfected cells (HOUAMED et al. 1984; SCHOFIELD et al. 1987; 
LEVITAN et al. 1988; PRITCHETT et al. 1989). It has been reported that while 
ethanol facilitated the GABA responses in oocytes injected with mRNA 
from LS mice and antagonized responses in oocytes injected with mRNA 
from SS mice, it inhibited NMDA responses equally in the two lines 
(WAFFORD et al. 1990). It thus seems that genes coding for the GABAA 
receptor or associated proteins may be critical determinants of various 
differences to ethanol sensitivity among individuals and species. 

Molecular cloning experiments indicate that the GABAA receptor is a 
hetero-oligomer, and that the drug sensitivity of the complex depends upon 
its subunit composition (OLSEN and TOBIN 1990). Studies of the expression 
of mRNAs coding for different subunits have revealed that the y2-subunit 
appears to be particularly important for enhancement of GAB A action by 
benzodiazepines (PRITCHETT et al. 1989; SIGEL et al. 1990). It has recently 
been reported that there exists an alternative spliced form of y2, which 
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contains 24 additional nucleotides (WHITING et al. 1990; KOFUJI et al. 1991). 
This spliced form is termed y2L, and the unspliced variant, previously 
termed y2, is now called y2S (WHITING et al. 1990). The y2L-subunit differs 
from y2S by the presence of eight amino acids, but more importantly it also 
contains a serine residue that can be phosphorylated by protein kinase C. 
The p-subunit can also be phosphorylated by protein kinase C (BROWNING et 
al. 1990). Activation of protein kinase C has also been shown to inhibit 
GAB A responses in Xenopus oocytes and micro sacs (SIGEL and BAUR 1988; 
SIGEL et al. 1990; LEIDENHEIMER et al. 1992). It has also been reported 
recently that ethanol enhancement of the action of GABA was prevented 
only by antisense oligonucleotides to y2L. Expression of either the a1p1y2S
or the a1p1y2L-subunit mRNA combination in oocytes resulted in GABA 
responses that were enhanced by diazepam or pentobarbital, but only 
the combination containing the y2L-subunit was affected by ethanol (WAFFORD 
et al. 1991). These observations indicate that enhancement of GABA re
sponses by ethanol displays a subunit specificity, such that the alternatively 
spliced y2L-subunit is required for this action of ethanol. 

These results, however, do not define the primary site of ethanol action, 
but suggest that ethanol may enhance GABA receptor function by altering 
activity of a protein kinase or protein phosphatase. It is also worth noting 
that hippocampus, a region where many studies have shown an absence of 
effects of ethanol, appears to lack y2L-subunit (WHITING et al. 1990). 

More recent studies, however, do not support the relationship be
tween the presence of specific subunits and sensitivity to ethanol's effects. 
ZAHNISER et al. (1992) demonstrated that LS and SS mice do not differ in 
terms of al-, yzL-, and yzS-subunits in various brain regions, including 
hippocampus. Their findings indicate that lack of ethanol modulation of 
GABA responses in SS mice and in some regions of LS mice cannot be due 
to the absence of the yzL-subunit. Thus the notion that the yzL-subunit 
requirement is crucial for demonstrating ethanol modulation of GABAergic 
transmission may not hold. Region-specific ethanol enhancement of GABA 
responses has also been reported in medial, but not lateral, septum (GIvENS 
and BREESE 1990). A crucial role for Prsubunit in ethanol effects on GABA 
receptors is suggested by a recent preliminary report indicating that this 
subunit was present in medial septum (where ethanol enhances) and not in 
lateral septum (where ethanol does not enhance; BREESE et al. 1992). This 
study is of interest and needs to be pursued further. However, Prsubunit is 
localized in hippocampus (GAMBARANA et al. 1991), a region where many 
negative results have been reported in electrophysiological experiments. 
Furthermore, the absolute requirement of Prsubunit is in question, since 
alPlYz expression in oocytes has previously been shown to demonstrate 
ethanol potentiation (WAFFORD et al. 1990). 

Thus, the involvement of particular subunits in ethanol modulation of 
GABAergic transmission may be more complicated than is currently un
derstood. This complex intracellular signaling system includes translational 
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and post-translational mechanisms that are affected by ethanol and which 
result in the augmentation of function of a subtype of GABAA receptor 
containing specific subunits. This system may also be altered by endogenous 
neuromodulators that regulate phosphorylation of these subunits. 

G. Chronic Ethanol Treatment 
and GAB A Receptor Gene Expression 
The GABAA receptor has been implicated not only in the actions of ethanol 
but also in the development of ethanol tolerance and physical dependence. 
Biochemical studies have demonstrated tolerance to the ethanol enhance
ment of GAB A-mediated 36Cl flux (ALLAN and HARRIS 1987b; MORRowet 
al. 1988; M. Mhatre and M.K. Ticku, unpublished observation). The 
molecular basis of this sub sensitivity or adaptive responsiveness is not 
clear. Additionally, chronic ethanol treatment increases the sensitivity of 
benzodiazepine inverse agonists (LISTER and KARANIAN 1987; MEHTA and 
TICKU 1989b). 

We have recently reported that chronic ethanol administration produced 
-40% reduction in ad4.2 and 3.8kb), az-(6 and 3kb), and a5-(2.8kb) 
subunit mRNA levels in the cerebral cortex (TICKU and MHATRE 1991; 
MHATRE and T!CKU 1992). Additionally, we have observed that chronic 
ethanol treatment decreased the aI-subunit and increased the a6-subunit 
mRNAs in the cerebellum. MONTPIED et al. (1991) have also reported that 
chronic ethanol treatment decreased al- and az-subunit mRNA in the 
cerebral cortex. An increase in the a6-subunit mRNA levels in the cerebellum 
is consistent with an increase in the binding and photo labeling of [3H]R015-
4513 to the 56-kDa band in the cerebellum following chronic ethanol treat
ment (MHATRE and TICKU 1992). We were unable to detect the a6-subunit in 
the cerebral cortex following chronic ethanol treatment. Finally, using 
polyclonal antibodies, we have confirmed that chronic ethanol treatment 
decreased the arsubunit (51 kDa), az-subunit (53 kDa), and aT subunit 
(59 kDa) polypeptides in cerebral cortex (MHATRE et al. 1993). These studies 
are of interest and suggest that chronic ethanol treatment alters GABAA 
receptor gene expression, which may have implications for ethanol-induced 
tolerance and withdrawal. Further examination of ethanol-induced effects 
on gene expression may provide greater insight into the neuroadaptive 
changes produced by chronic ethanol exposure. 

H. Conclusions 
We have attempted in this review to evaluate the evidence related to the 
effects of ethanol on GABAergic transmission. It has long been thought that 
the pharmacological actions of ethanol on GABAergic transmission are of 
great importance. It is quite evident from the literature cited above that 
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ethanol, administered either acutely or chronically, has many effects on the 
GABAergic system. There are reports that the potentiation of GABA
induced chloride flux by ethanol in vitro occurs at concentrations of ethanol 
that are associated with the behavioral effects of ethanol, thereby suggesting 
that some of the behavioral effects of ethanol are mediated through the 
GABAergic system. Early reports relating selective antagonism of the 
actions of ethanol by Ro15-4513 created great interest. It is now clear that 
Ro15-4513 is not a unique compound in reversing the pharmacological 
effects of ethanol, since other inverse agonists of BZ receptors also possess 
the same properties. Currently, research on ethanol is focused mainly on 
molecular biological aspects. Preliminary evidence indicates that chronic 
ethanol treatment alters GABAA receptor gene expression. Thus the poss
ibility exists that altered GABAA receptor gene expression may constitute a 
molecular basis for ethanol-induced tolerance and withdrawal. 
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CHAPTER 6 

Involvement of CNS Catecholamines 
in Alcohol Self·Administration, Tolerance 
and Dependence: Preclinical Studies* 

H.H. SAMSON and P.L. HOFFMAN 

A. Introduction 
The role of the CNS catecholamines dopamine (DA) and norepinephrine 
(NE) has been studied for many years in relation to ethanol's actions. This is 
partially because these two neurotransmitters have been intensively studied 
in the field of neuroscience. A complete review of all of the studies carried 
out over the last 25 years is beyond the scope and limitations of this chapter. 
For an overview of earlier work, the reader is referred to prior reviews 
(HOFFMAN and TABAKOFF 1985; HUNT 1990; POHORECKY and BRICK 1988; 
TABAKOFF and HOFFMAN 1991). 

B. Acute Effects of Investigator-Administered Ethanol: 
Potential for Catecholamine Involvement 
in Ethanol Reinforcement 

I. Norepinephrine 

A variety of studies over the years have indicated that acute administration 
of ethanol has a biphasic effect upon NE release and metabolism (for a 
review see HOFFMAN and TABAKOFF 1985; and POHORECKY and BRICK 1988). 
Increases in brain NE turnover occur after administration of a low dose of 
ethanol to animals, as well as at early time points after administration of 
higher doses, when brain ethanol levels are rising. However, at later times 
after administration of high doses of ethanol, there is a decrease in NE 
turnover (BAcoPouLos et al. 1985; HUNT and NAJCHROWICZ 1974; see also 
HOFFMAN and TABAKOFF 1985). Although the rate of NE turnover is affected 
by ethanol, steady-state endogenous levels of NE are apparently not altered 
(HELLEvuo and KUANMAA 1988; MURPHY et al. 1988). On the other hand, in 
keeping with the increased turnover rate, a recent study found an increase 
in frontal cortical MHPG-S04 , and NE metabolite, after acute ethanol 
administration (SHIRO et al. 1988). The effect of ethanol on NE turnover 

* Some portions of this chapter have appeared previously in the referenced reviews. 
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depends on the brain area under investigation, as the reported increase in 
NE turnover measured after a low dose of ethanol (2 g/kg) was confined 
primarily to brain stem (BACOPOULOS et al. 1985). 

The biochemical effects of ethanol are reflected in activity of NE cell 
bodies in the locus coeruleus (LC). At low concentrations (1-lOmM), 
ethanol increased the spontaneous firing frequency of some neurons, 
although it inhibited others (SHEFNER and TABAKOFF 1985). However, con
centrations of ethanol greater than 30 mM generally inhibited the firing of 
LC neurons (SHEFNER and TABAKOFF 1985). 

Ethanol also affects the signal transduction system that mediates NE 
effects at p-adrenergic receptors. Activation of these receptors leads to the 
stimulation of adenylate cyclase (AC) activity, and production of cyclic 
AMP. The p-adrenergic receptors are coupled to adenylate cyclase through 
the stimulatory guanine nucleotide binding protein Gs (see STRADER et al. 
1989). In cerebral cortical tissue, ethanol, added in vitro, increases guanine 
nucleotide- and isoproterenol-activated AC activity, and increases the rate 
of activation of AC by the guanine nucleotide analog GppNHp (SAITO et al. 
1985), suggesting that Gs may playa role in the action of ethanol. Thus, 
whether ethanol affects NE turnover or neuronal activity per se in cortical 
areas, it may well affect synaptic transmission at NE synapses by poten
tiating p-adrenergic receptor-mediated events. 

There is some evidence that the ability of ethanol to affect NE systems 
may contribute to the intoxicating and/or sedative effects of ethanol. 
Norepinephrine acts not only at p-adrenergic receptors, but also at ar 
receptors, which are coupled to polyphosphoinositide turnover and increases 
in intracellular calcium, and at presynaptic arreceptors, which regulate NE 
release. It has been reported that certain aragonists can antagonize the 
sedative/hypnotic effects of ethanol in mice (MENON and KODAMA 1985a,b). 
However, a selective arantagonist, atipamezole, which would be expected 
to increase NE release through blockade of the presynaptic autoreceptor, 
was also reported to attenuate the sedative/hypnotic and "intoxicating" 
effects of ethanol (LISTER et al. 1988). This may not be surprising, since 
sedation is a common side effect of aragonists such as clonidine. There has 
also been a report that inhibitors of phenylethanolamine N-methyltransferase 
antagonized ethanol (and, to a lesser extent, pentobarbital)-induced "in
toxication" in rats, suggesting a role for central epinephrine synthesis in the 
sedation and intoxication produced by those drugs (MEFFORD et al. 1990). 
Epinephrine has also been shown to have sedative effects, possibly mediated 
byarreceptors. 

On the other hand, the effects of investigator-administered ethanol on 
NE turnover, except for potential actions in cerebral cortical areas, are 
mainly observed in brain areas not associated with reinforcement. This 
would suggest that there is most likely only a minor role for NE in self
administered ethanol reinforcement processes. 
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II. Dopamine 

Ethanol's ability to alter brain dopaminergic activity has been extensively 
studied (for recent reviews see MODELL et al. 1990; SAMSON 1992). The 
effects of investigator-administered ethanol on DA have been observed in a 
variety of studies using physiologically relevant ethanol doses. In experi
ments using acute doses of ethanol, ranging from 1 g/kg to 3 g/kg, increased 
DA release and/or turnover, as evaluated by increased levels of the DA 
metabolites DOPAC and HV A, has been a common finding for most DA
rich brain areas (LUCCHI et al. 1983a; RUSSELL et al. 1988; FADDA et al. 
1990). However, it should be noted that the effects of ethanol on brain 
levels of dopamine metabolites have been found to differ, depending on the 
strain of animal being tested (KUANMAA and TABAKOFF 1983), suggesting a 
pharmacogenetic component to the effect of ethanol on DA metabolism that 
may influence individual responses to ethanol-induced reinforcement. 

In addition to the biochemical studies, electrophysiological analysis of 
DA cell bodies in the ventral tegmental area (VTA) of the rat has shown 
an increase in firing after i.v. administration of low doses of ethanol 
(0.125-0.5 g/kg) (FADDA and GESSA 1985; GESSA et al. 1985). While 
increases were found for DA cell bodies in the substantia nigra region (SN), 
there was a marked shift to the right of the ethanol dose-effect curve for that 
area compared to the VTA, suggesting that brain DA areas believed to be 
critical for reinforcement in general (KOOB 1992) are selectively more sensi
tive to ethanol. BRODIE et al. (1990) have demonstrated that ethanol, at 
concentrations as low as 20 mM infused into the bathing medium of a VT A 
slice preparation, results in increased firing of DA cells. Similar results were 
recently reported for both in vivo and in vitro VTA DA cell activity 
(VERBANACK et al. 1990). Taken together, the data suggest that ethanol can 
stimulate increased activity in DA cell bodies in a brain area believed to be 
important for reinforcement, and this increased activity could result in the 
increases in DA and DA metabolites observed following investigator
administered ethanol. 

The apparent preferential level of stimulation of VT A over SN cells at 
low ethanol doses appears to be supported by studies of DA release in the 
terminal fields of these respective cells. IMPERATO and DI CHIARA (1986), 
using brain microdialysis, demonstrated that low doses of ethanol elevated 
DA release in nucleus accumbens to a much greater extent than in caudate. 
It is important to note that this differential stimulation occurs at ethanol 
doses which result in rats orally self-administering ethanol in a reinforce
ment paradigm (GRANT and SAMSON 1985; SAMSON 1986). 

It has recently been reported that the administration of ethanol directly 
into the n. accumbens (YOSHIMOTO et al. 1992), or both n. accumbens and 
caudate, results in the release of DA, measured using a microdialysis 
technique (WOZNIAK et al. 1991). Thus, these results suggest that ethanol 
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may increase DA release both as a result of activation of DA cell bodies, 
either indirectly or directly, and by a direct action on DA terminals in the n. 
accumbens and caudate nucleus. This latter possibility is also supported by 
the finding that concentrations of ethanol as low as 20mM released DA 
from an in vitro n. accumbens slice preparation (RUSSELL et al. 1988). On 
the other hand, recent data obtained using microinjection of ethanol in the 
n. accumbens and voltammetry have failed to indicate any measurable DA 
release when pharmacological levels of ethanol are used (SAMSON and 
HODGE 1993). 

c. Oral Ethanol Self-Administration 
in Nonoperant Situations 
There are a variety of methods which can be used to examine oral ethanol 
self-administration. These include: (1) limited fluid access paradigms in 
which ethanol and sometimes another fluid (usually water) are available for 
a short period each day (LINSEMAN 1990; FADDA et al. 1989); (2) continuous 
fluid access paradigms where ethanol and another fluid source (again, 
usually water) are available at all times (DAOUST et al. 1986; PFEFFER and 
SAMSON 1986); and (3) studies using operant procedures in which response
contingent ethanol presentation is examined (SAMSON et al. 1990). 

I. Limited Access Ethanol Drinking Situations 

1. Norepinephrine 

To our knowledge, there have been no studies using this paradigm exploring 
the actions of NE. 

2. Dopamine 

The systemic administration of both specific and nonspecific DA receptor 
agonists and antagonists has yielded mixed results in limited access ethanol 
drinking situations. In animals in which an alternate day ethanol exposure 
procedure was used, doses of agonists and antagonists which altered ethanol 
consumption also decreased water consumption (LINSEMAN 1990). Using rats 
who were first initiated to drink ethanol in the home cage using a sucrose
substitution procedure, and not restricted in terms of their daily water 
access, 30-min limited access ethanol consumption was substantially 
decreased by both amphetamine and pimozide (PFEFFER and SAMSON 1986). 

In animals selectively bred for ethanol preference (sP) or avoidance 
(sNP) , orally ingested ethanol in a 2-h limited access procedure increased 
DA metabolite levels in the caudate nucleus, medial prefrontal cortex, and 
olfactory tubercle, and reduced DA levels compared to water-drinking 
controls (FADDA et al. 1989). The baseline DA levels were higher in the 
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preferring sP rats compared to the nonpreferring sNP animals, but it is 
important to note that even in the nonpreferring animals ethanol consump
tion resulted in decreased DA levels compared to water controls. 

These studies suggest that DA activity is involved during oral ethanol 
consumption in this paradigm, but the exact role for DA cannot be assessed, 
as both antagonists and agonists decreased consumption. In a recent report, 
microinjection of the D2 antagonist sulpiride into the n. accumbens in
creased ethanol consumption in a 1-h limited access situation in the alcohol
preferring (P) rat (LEVY et al. 1991). The D1 antagonist SCH 23390 had no 
effect upon ethanol drinking. These results could suggest that antagonism of 
the D2 receptor in the n. accumbens can increase ethanol consumption in 
the limited access situation. However, opposite results using D2 antagonists 
microinjected into n. accumbens in operant self-administration situations 
(see below) make the interpretation of these data premature. 

II. Continuous Access Ethanol Drinking Situations 

1. Norepinephrine 

In their initial work, AMIT et al. (1977) found that the dopamine-jJ
hydroxylase inhibitor FLA-57 decreased ethanol consumption during 24h 
unlimited access with water available (BROWN et al. 1977). It was found that 
in these animals whole brain NE levels were significantly decreased, while 
there was no change or a slight increase in brain DA levels. In the alcohol
preferring P rat, the mixed NE and 5-HT uptake blocker desipramine 
decreased ethanol intake (MURPHY et al. 1985). As well, in this later study, 
the a-adrenergic antagonist phentolamine and the jJ-adrenergic antagonist 
propranolol had no significant effect on ethanol intake. These data are 
difficult to reconcile, as both decreases in NE levels resulting from FLA-57 
and increased NE levels resulting from desipramine reduced ethanol con
sumption. Given the potential of 5-HT involvement with desipramine, the 
difference between the studies could be somewhat explained, but the failure 
of either the a- or jJ-adrenergic antagonist to decrease drinking suggests a 
minimal role for NE in oral ethanol consumption in this paradigm. Using ar 
agonists and antagonists, KORPI (1990) also failed to find any significant 
alterations in ethanol consumption in the AA (alcohol-preferring) rats. 
These data support the above conclusion that NE plays a minimal role in 
oral self-administration in continuous access situations. 

2. Dopamine 

With a single daily injection of the D2 antagonist pimozide, no effect on 24-
h ethanol intakes were observed when water was also present (BROWN et al. 
1982). While these results were replicated by PFEFFER and SAMSON (1986), 
they found ethanol drinking was reduced by pimozide during the first several 
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hours of the 24-h period. It appeared that as the drug was metabolized 
rebound ethanol drinking occurred, such that total daily ethanol consump
tion was unaltered. 

Using the mixed catecholamine reuptake blocker nomifensine, and rats 
selected from a heterogeneous stock which demonstrated a high ethanol 
preference, DAOUST et al. (1986) failed to find any change in ethanol 
consumption in a 24-H two-bottle ethanol-water choice situation after drug 
administration. No pattern of intake was examined in this study. Using the 
selectively bred alcohol-preferring (P) rat, both alteration of brain DA 
levels and alteration of ethanol consumption by DA agents (D2 agonist, 
bromocriptine; DA mixed agonist, amphetamine; DA uptake inhibitor, 
GBR 12090) have been reported in the 24-h two-bottle ethanol-water 
drinking situations (McBRIDE et al. 1990). While these studies have indi
cated a mixed role for DA in the continuous access drinking situation, it is 
clear that the DA system does play some role in ethanol consumption under 
certain conditions. The need to examine pattern of intake over the 24-h 
period is especially important in these studies, as rebound drinking may 
distort initial drug effects. 

III. Operant Paradigms of Oral Ethanol Self-Administration 

1. Norepinephrine 

As with the limited access paradigm, we have failed to find any studies 
specifically examining the role of NE in this paradigm of ethanol self
administration. 

2. Dopamine 

Following systemic administration of DA agonists, antagonists, and reuptake 
blockers, ethanol-reinforced responding has been found to decrease 
(SAMSON et al. 1990; WEISS et al. 1990). However, the nature of the 
decrease of ethanol self-administration is different for DA agonists and 
antagonists. The DA agonists amphetamine and apomorphine decreased 
total ethanol-reinforced responding as a result of an overall disruption of the 
response pattern (PFEFFER and SAMSON 1985, 1988). The DA antagonists 
haloperidol and pimozide decreased total responding by terminating what 
appears as a normal response pattern soon after it begins, with little or no 
resumption during the 30-min session. The reuptake blocker, bupropion, 
resulted in a response pattern more like that seen with the DA agonists, but 
later session responding was also suppressed (SAMSON et al. 1990). 

The effects of microinjection of DA agonists and antagonists into the n. 
accumbens on ethanol-reinforced behavior have recently been reported 
(RASSNICK et al. 1992; SAMSON et al. 1992). Microinjection of the indirect 
DA agonist d-amphetamine, at doses of 4.0-20.0,ug/brain, were found to 
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increase total session ethanol-reinforced responding at the higher doses 
(SAMSON et al. 1992; HODGE et al. 1992). While there was an increase in 
total session responding, there was a reduction of the initial high rate of 
responding typically observed with ethanol reinforcement. A similar effect 
on response pattern was observed with 4,ug/brain bilateral microinjections 
of the specific D2 agonist quinpirole (LY 171555). These rate changes 
are somewhat similar to those observed when either d-amphetamine or 
apomorphine are administered systemically. At this time it is difficult to 
explain this increase in responding resultant from DA activation. In studies 
using i.v. cocaine self-administration as the reinforcer, n. accumbens 
microinjection of amphetamine decreased the self-administration behavior 
(see KOOB 1992 for review). The finding of increased ethanol self
administration after microinjection of amphetamine suggests that processes 
different from those involved in cocaine-mediated reinforcement underlie 
the relationship between DA release and ethanol reinforcement. 

Bilateral microinjection into the n. accumbens of the D2 antagonist 
raclopride (SAMSON et al. 1993) or the DA antagonist fluphenazine 
(RASSNICK et al. 1992) have resulted in similar effects on responding to those 
observed following systemic injections of the D2 antagonists haloperidol and 
pimozide (PFEFFER and SAMSON 1985, 1988). Total session responses are 
reduced with no major effects upon the initial response pattern. 

The data obtained after microinjection of DA agonists and antagonists 
into the n. accumbens suggest that the mesolimbic DA pathway is involved 
in the processing of ethanol reinforcement. As well, a recent report using 
microdialysis of the n. accumbens has demonstrated an increase in ex
tracellular DA in rats self-administering ethanol (WEISS et al. 1992). This 
supports the hypothesis that ethanol reinforcement shares this neural sub
strate with a variety of other drugs and natural reinforcers (KOOB 1992). 
However, it remains unclear how ethanol accesses this system or the nature 
of activation of this system in maintaining ethanol-reinforced behavior. 

D. Chronic Effects of Ethanol on Noradrenergic 
and Dopaminergic Activity 

I. Norepinephrine 

After chronic ethanol ingestion by animals, the activity of NE neurons in 
brain appears to be increased, even in the presence of high blood ethanol 
levels (HUNT and MAJCHROWICZ 1974; KAROUM et al. 1976; POHORECKY 1974; 
see also HOFFMAN and TABAKOFF 1985). Similarly, intoxicated human 
alcoholics were reported to have significantly elevated CSF levels of the NE 
metabolite MHPG (BORG et al. 1981). These data indicate a developed 
resistance to the effects of an acute, high dose of ethanol on brain NE 
neurons (i.e., tolerance develops to the inhibitory effect of high doses of 
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ethanol on NE turnover). In animals, NE metabolism remained elevated 
throughout ethanol withdrawal, and was still elevated following the disap
pearance of overt withdrawal symptoms (POHORECKY 1974). Thus, the 
increased NE turnover does not appear to reflect the stress of withdrawal, or 
to be a determinant of the signs of ethanol withdrawal. 

Chronic ethanol ingestion also results in altered interactions of NE 
with p-adrenergic receptors. In early studies, a decreased stimulation of 
adenyl ate cyclase (AC) activity by NE was found in cerebral cortex of rats 
treated chronically with ethanol, and a decrease in antagonist binding to p
adrenergic receptors was also reported (BANERJEE et al. 1978; FRENCH et 
al. 1975; ISRAEL et al. 1972). More recent work demonstrated decreased 
stimulation of AC activity by guanine nucleotides and isoproterenol in 
cerebral cortical tissue of C57BLl6 mice fed ethanol in a liquid diet (SAITO et 
al. 1987). In addition, ligand binding analysis indicated a loss of high-affinity 
agonist (isoproterenol) binding in cerebral cortex of the ethanol-fed mice, 
with no change in the total number of receptors (VALVERIUS et al. 1987). 
Since high-affinity agonist binding may reflect the formation of the ternary 
complex of ligand, receptor and Gs (BIRNBAUMER 1990), or of ligand, 
receptor, and Gs-AC complex, the results suggested that chronic ethanol 
exposure resulted in uncoupling of the receptor from Gs and AC (SAITO et 
al. 1987). A similar reduction in high-affinity isoproterenol binding was 
observed in postmortem brain tissue of alcoholics who had measurable 
levels of blood or urine alcohol at the time of death (V ALVERIUS et al. 
1989a). Support for the postulate that chronic ethanol ingestion results in 
uncoupling of the p-adrenergic receptor-G protein-AC system in brain also 
comes from studies indicating a reduction of high-affinity forskolin binding 
[believed to reflect the AC andlor Gs-AC complex (YAMASHITA et al. 1986)] 
in several brain areas of ethanol-fed mice (VALVERIUS et al. 1989b). The 
most obvious explanation for these results would be that chronic ethanol 
ingestion results in a change in the quantity or function of Gs. Alpha
subunits of several G proteins, as well as p-subunits, have been quantitated 
by Western analysis in various brain areas of ethanol-fed mice, using 
antibodies as described by SPIEGEL et al. (1987). However, chronic ethanol 
ingestion resulted in no change in the quantity of any form of Gsa or Gia, or 
in G-protein p-subunits, in cortex, hippocampus, or cerebellum. More 
recent research suggests that, in brain, the catalytic subunit of AC may be 
affected by chronic ethanol (TABAKOFF et al. 1994). 

In certain cultured cell lines, chronic ethanol exposure has been re
ported to alter the quantity of Gsa or other G protein subunits (MoCHLY
ROSEN et al. 1988; CHARNESS et al. 1988), and it has been suggested that 
these changes mediate reduced stimulation of AC activity by agonists 
(GORDON et al. 1986; MOCHLy-ROSEN et al. 1988; RICHELSON et al. 1986). 
Similarly, reduced levels of Gs were reported in the anterior pituitary of LS 
mice (selectively bred for sensitivity to the hypnotic effect of ethanol) given 
chronic ethanol injections (WAND and LEVINE 1991). The data at present 
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seem to indicate that, while chronic ethanol exposure results in decreased 
stimulation of AC activity by p-adrenergic and other agonists in a number of 
neuronal systems, the molecular mechanism by which this change occurs 
may vary among cell types and/or brain regions. 

II. Dopamine 

Chronic ingestion of ethanol by animals results in reduced effectiveness of 
ethanol to stimulate dopamine (DA) release (i.e., tolerance develops to the 
DA-releasing effect of ethanol) (BARBACCIA et al. 1982; KUANMAA and 
TABAKOFF 1983). This tolerance seems to be fully developed after 7 days of 
ethanol injections or of oral ingestion of ethanol in mice and rats (see 
HOFFMAN and TABAKOFF 1985). In addition, during ethanol withdrawal, 
striatal dopamine turnover has been reported to be decreased in rats and 
mice (see HOFFMAN and TABAKOFF 1985; EISENHOFER et al. 1990; HUNT and 
MAJCHROWICZ 1974; LUCCHI et al. 1983b; TABAKOFF and HOFFMAN 1978). In 
human alcoholics undergoing withdrawal, CSF levels of the dopamine 
metabolite homovanillic acid (HV A) were reduced, also suggesting a 
decrease in DA turnover, in comparison to alcoholics not showing with
drawal symptoms (MAJOR et al. 1977). 

In animals, alterations in dopamine receptor sensitivity have also been 
reported after chronic ethanol exposure, including subsensitivity to the 
behavioral and biochemical effects of drugs acting at dopamine receptors 
(see HOFFMAN and TABAKOFF 1984; RABIN et al. 1980; TABAKOFF and 
HOFFMAN 1978; TABAKOFF et al. 1978). Furthermore, dopamine-stimulated 
adenylate cyclase activity was found to be reduced in striatal tissue (but not 
mesolimbic tissue) of mice and rats exposed chronically to ethanol (LuccHI 
et al. 1983b; SAFFEY et al. 1988; TABAKOFF and HOFFMAN 1979). In the rats, 
the ability of GTP to modify apomorphine binding to striatal dopamine 
receptors was also disrupted (LuccHI et al. 1983b). These changes in 
response to dopamine were reversed rapidly after ethanol withdrawal, which 
may account for the lack of observation of a change in some studies (RABIN 
et al. 1987). 

Overall, the data suggest a decrease in dopaminergic activity, and a 
decrease in responsiveness of DA neurons to ethanol, in the brains of 
animals and humans after chronic ethanol exposure and/or ethanol with
drawal. It is possible that this decreased dopaminergic activity contributes to 
certain ethanol withdrawal symptoms. Since striatal tissue has been used for 
most of the animal investigations, and given the differences in regulation 
and response to ethanol of the mesolimbic and striatal dopaminergic systems 
(BANNON and ROTH 1983; BUSTOS et al. 1981), it is difficult to determine 
whether the decrease in dopaminergic activity would alter ethanol reinforce
ment. However, the development of tolerance to the effect of ethanol on 
DA release suggests that reinforcement would be reduced in chronically 
ethanol treated animals unless higher doses of ethanol were ingested (see 
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TABAKoFF and HOFFMAN 1988). It might also be postulated that, under 
conditions where the reinforcing effect of ethanol was reduced, the aversive 
properties of ethanol would become more prominent, tending to decrease 
ethanol intake (see TABAKOFF and HOFFMAN 1988). 

E. Role of Catecholamines in Ethanol Tolerance 
and Physical Dependence 

I. Tolerance 

Tolerance to ethanol is most simply defined as an acquired resistance to 
various effects of the drug. However, there are a number of forms of 
tolerance (see TABAKoFF et al. 1982). Tolerance can be classified as either 
functional or metabolic, reflecting, respectively, a cellular change that 
produces resistance to ethanol, or a change in the metabolism, distribution, 
or excretion of the drug such that, after a given dose, the organism is 
exposed to a lower level of ethanol. Tolerance can occur during a single 
exposure to ethanol (acute tolerance) or after multiple exposures (chronic 
tolerance). Tolerance can be influenced by the environment, in that an 
individual can "learn" to associate ethanol administration or ingestion with 
a particular environment, and only display tolerance within the environment 
in which ethanol is "expected" (conditional or environment-dependent 
tolerance) . 

Noradrenergic systems have been demonstrated to play an important 
role in chronic, functional tolerance. A construct used to analyze the 
neurochemistry of tolerance is that of intrinsic and extrinsic systems. 
Intrinsic systems are those that encode tolerance to specific effects of 
ethanol within themselves, while extrinsic systems are those that modify the 
development, expression, or dissipation of tolerance (HOFFMAN and 
TABAKOFF 1984; SQUIRE and DAVIS 1981). Noradrenergic pathways in the 
brain may represent an extrinsic system that affects ethanol tolerance. In 
mice, partial destruction of catecholaminergic systems with 6-hydroxydopa
mine (6-0HDA) blocked the development of tolerance to the hypnotic and 
hypothermic effects of ethanol, without affecting ethanol withdrawal 
symptoms (TABAKoFF and RITZMANN 1977). In these studies, when mice 
were treated with desmethylimipramine prior to 6-0HDA, noradrenergic 
neurons were protected, and tolerance developed normally (TABAKOFF and 
RITZMANN 1977). More recent results suggested that the interaction of NE 
with If-adrenergic receptors coupled to adenylate cyclase may be important 
for the development of tolerance in mice. The blockade of tolerance 
development produced by 6-0HDA treatment was found to be overcome by 
daily intracerebroventricular treatment with forskolin, an activator of 
adenylate cyclase (SZABO et al. 1988). 
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The tolerance discussed above is chronic, environment-independent 
tolerance (MELCHIOR and TABAKOFF 1985); however, 6-0HDA treatment 
was also found to slow tolerance development in a paradigm (multiple 
injections) that results in environment-dependent, or conditional tolerance 
in mice (MELCHIOR and TABAKOFF 1981). Thus, noradrenergic systems seem 
to play an important role in the development of several forms of ethanol 
tolerance. On the other hand, depletion of catecholamines after tolerance 
had developed did not affect the expression of tolerance (T ABAKOFF and 
RITZMANN 1977). 

Depletion of NE did not block the development of tolerance to the 
hypnotic effect of ethanol in rats, in contrast to mice (LE et al. 1981; WOOD 
and LAVERTY 1979). However, development of tolerance to the hypothermic 
effect of ethanol in rats was blocked after administration of the NE 
neurotoxin DSP-4 (TRZASKOWSKA et al. 1986). Interestingly, although NE 
depletion in the mouse was sufficient to block the development of tolerance 
to the hypnotic effect of ethanol, combined depletion of both noradrenergic 
and serotonergic systems was necessary in order to completely block the 
development of tolerance to this effect of ethanol in the rat (LE et al. 1981). 

In the neurotoxin studies just described, neurotransmitters were often 
depleted prior to the animals' ingestion of ethanol. Thus, tolerance did not 
develop in the lesioned animals, even though they were exposed to the same 
levels of ethanol as the intact animals. These results emphasize a key 
characteristic of ethanol tolerance, i.e., that the presence of ethanol in the 
brain is a necessary, but not sufficient, factor for the development of chronic 
functional ethanol tolerance. The normal activity of certain neuronal 
systems, including the noradrenergic system, is also required for develop
ment of tolerance to many effects of ethanol. 

A key factor (extrinsic system) in the dissipation of tolerance is the 
neuropeptide vasopressin. Administration of this peptide results in the 
maintenance of functional tolerance to ethanol in animals that have acquired 
such tolerance, even in the absence of further ethanol intake (HOFFMAN et 
al. 1978). In mice, intact noradrenergic systems were necessary in order for 
vasopressin to maintain ethanol tolerance (HOFFMAN et al. 1983), suggesting 
that an interaction between two extrinsic systems in brain (vasopressin and 
norepinephrine) influences the loss of tolerance. 

There is little evidence for a role of dopaminergic systems in the 
development of ethanol tolerance, even though these systems do appear to 
become "tolerant" to the acute effect of ethanol on dopamine release, as 
discussed above. 

II. Physical Dependence 

There is little evidence that noradrenergic systems playa key role in physical 
dependence on ethanol, although NE turnover is increased during with
drawal. However, as mentioned earlier, it is possible that decreased 
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dopaminergic activity after chronic ethanol ingestion may contribute to 
certain specific signs of ethanol withdrawal (i.e., dopaminergic systems may 
playa role in physical dependence on ethanol). For example, extrapyramidal 
symptoms have been reported to be associated with alcohol withdrawal 
(SHEN 1984). In an early study, GOLDSTEIN (1972) reported that chlor
promazine (a dopamine receptor antagonist) increased the severity of 
alcohol withdrawal seizures in mice. More recently, BORG and WEINHOLDT 
(1982) found that bromocriptine, a dopamine agonist, reduced anxiety, 
restlessness, depression, thremor, sweating, and nausea in alcoholics un
dergoing withdrawal. Similarly, LEPOLA et al. (1984) reported that dopamine 
agonists, as well as neuroleptics that increase dopamine turnover, were 
effective in the treatment of alcohol withdrawal in humans. Although other 
neurotransmitter systems are undoubtedly involved in the development of 
physical dependence on ethanol and in ethanol withdrawal symptomatology 
(see TABAKOFF and HOFFMAN 1992), the available data suggest that ethanol
induced alterations in dopaminergic pathways may contribute to certain 
specific signs of alcohol withdrawal. 

F. Summary 
Acutely, ethanol affects the activity of the noradrenergic and dopaminergic 
systems in brain. The effect of ethanol on norepinephrine turnover is 
biphasic, with low doses increasing turnover, and higher doses decreasing 
turnover. The acute effect of ethanol on dopaminergic function appears to 
be an increase in dopamine release, both as a result of activation of 
dopaminergic neurons, and possibly an effect on dopaminergic terminals. In 
general, the results indicate that the meso limbic dopaminergic pathways are 
most sensitive to ethanol. Studies of ethanol self-administration and operant 
responding are consistent with a role of dopamine in ethanol-induced rein
forcement, but the exact mechanism of this involvement is not clear. There 
is little evidence that noradrenergic systems are involved in ethanol self
administration or reinforcement. 

Chronically, ethanol produces an increase in noradrenergic activity, and 
a decreased sensitivity of the p-adrenergic receptor-adenyl ate cyclase system 
to stimulation by agonists. The noradrenergic system appears to be an 
"extrinsic" system that modulates the development of ethanol tolerance: in 
mice and rats, depletion of brain norepinephrine can block the development 
of tolerance to certain effects of ethanol, without affecting ethanol with
drawal. Chronic ethanol ingestion results in a decreased activity of brain 
dopaminergic neurons, and a sub sensitivity of dopamine receptors to 
stimulation by agonists. These effects may be involved in symptoms of 
ethanol withdrawal, some of which have been shown to be alleviated by 
administration of dopaminergic agonists. Although dopamine systems in 
chronically ethanol treated animals become "tolerant" to the acute effects 
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of ethanol on dopamine release, there is little evidence for a role of 
dopaminergic neurons in the development of behavioral tolerance per se. 
However, the resistance of the dopaminergic neurons to the acute effect of 
ethanol (i.e., dopamine release) could reduce the reinforcing effect of 
ethanol. 
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CHAPTER 7 

5-HT Mediation of Alcohol Self-Administration, 
Tolerance and Dependence: Pre-Clinical Studies 

G.A. HIGGINS, A.D. LE, and E.M. SELLERS 

A. Introduction 
An association between the neurotransmitter 5-hydroxytryptamine (5-HT, 
serotonin) and ethanol drinking was probably first indicated during the late 
1960s by MYERS and VEALE (1968). These workers demonstrated that treating 
rats with the 5-HT synthesis inhibitor, parachlorophenylalanine (pCPA), 
produced a profound suppression in subsequent alcohol preference - an 
effect that persisted even 1 month after cessation of pCP A treatment. While 
this dramatic finding has since been explained by the potent aversive pro
perties of pCPA (PARKER and RADOW 1976; see ZABIK 1989), the work of 
Myers and Veale served to stimulate research, both at the clinical and 
preclinical levels, examining how 5-HT systems may modify ethanol drinking 
behaviour. 

Today, the one principal finding that most researchers engaged in 
this area would agree upon is that increasing 5-HT neurotransmission by 
pharmacological means (e.g., by stimulating 5-HT release, blocking 5-HT 
re-uptake or by direct 5-HT agonists) will produce reductions in alcohol self
administration and preference. This observation has been made in rodents, 
primates, and humans. 

In humans, alcohol abuse is a behaviour maintained by a variety of 
factors, not least the euphorigenic or other subjective effects of alcohol 
and adaptive changes subsequent to its repeated usage such as tolerance 
and dependence. Consequently, preclinical research in these areas will be 
discussed. However, it must be noted that apart from certain genetically 
selected alcohol-preferring strains (e.g., alcohol P-rats, WALLER et a1. 1982), 
animals rarely self-administer alcohol in sufficient quantities to show physical 
dependence. Consequently in the majority of studies described, the effect of 
manipulations to the 5-HT system on alcohol drinking is in animals that are 
not physically dependent on this substance. 

B. Overview of the 5-HT System: 
Morphology and Receptors 
5-Hydroxytryptamine is distributed throughout the body, although the 
majority is contained within the GI tract and blood platelets. Indeed, less 
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than 1 % of the body's endogenous 5-HT is found within the CNS. Despite 
this preponderance of peripheral 5-HT, most research is directed towards 
the involvement of central 5-HT systems and alcohol drinking. While this 
approach is clearly valid, as evidenced for example by the fact that the 
injection of 5-HT into the cerebral ventricles of rats reduces voluntary 
ethanol consumption (HILL 1974), such a distribution profile makes it pre
mature to exclude totally a peripheral 5-HT component in alcohol drinking. 
Indeed peripheral 5-HT systems have been implicated in the regulation of 
feeding behaviour in rats (FLETCHER and BURTON 1984; MONTGOMERY and 
BURTON 1986). 

In terms of the distribution of 5-HT-containing neurons within the CNS 
of mammalian species, the majority of the ascending 5-HT fibres, which 
comprise part of the median forebrain bundle, originate from the dorsal and 
median raphe (DRN, MRN; see TORK 1985 for further reading). These 
midbrain raphe nuclei are aligned along the midline, dorsal to the fourth 
ventricle. Several brain regions such as the hypothalamus, cortex and nucleus 
accumbens appear to be innervated by both nuclei, although in some cases a 
delineation can be made between the projections of the DRN and MRN. 
For instance, the septohippocampal region is innervated primarily by the 
MRN although a minor projection from the DRN to the ventral hippo
campus has been described. Serotonergic inputs to the substantia nigra, 
striatum and amygdala appear to derive almost exclusively from the DRN. 
Other raphe nuclei exist (e.g., raphe pontis, magnus and obscuras) and it is 
from these sites that 5-HT inputs to hindbrain and spinal regions primarily 
originate. It seems that the raphe system shows little variation across species 
(see TORK 1985 for further reading). 

In recent years it has become abundantly clear that there are a variety 
of pharmacologically distinct subtypes of 5-HT receptor. These are cur
rently designated 5-HT1A_D, 5-HT2' 5-HT3 and 5-HT4 (see MIDDLEMISS and 
TRICKLEBANK 1992; PEROUTKA 1993 for recent reviews) although other sub
types almost certainly exist. Most, if not all, of these subtypes are localized 
both centrally and in peripheral tissues, and each has a unique functional 
molecular and/or neuroanatomical profile (see PEROUTKA 1993 for a recent 
review). For instance, the 5-HTIA receptor serves as the inhibitory auto
receptor found on the soma of cells within the DRN and MRN. Activation 
of this subtype results in an inhibition of 5-HT cell firing and a consequent 
reduction of 5-HT release from terminals localized within the many regions 
innervated by these nuclei (SHARP et al. 1989). In contrast, the 5-HT3 
receptor does not appear to be localized to raphe cell bodies but instead is 
found in low densities within limbic areas (see KILPATRICK et al. 1990; 
BARNES et al. 1992 for recent reviews). Although at these sites, the func
tional role of the 5-HT3 receptor is unclear, it does seem that this may be a 
mechanism through which 5-HT can regulate other neurotransmitter (e.g., 
cholinergic, dopaminergic) systems (see reviews by KILPATRICK et al. 1990; 
BARNES et al. 1992). 
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5-Hydroxytryptamine-containing neurons are distributed extensively 
throughout the brain and, perhaps not surprisingly, manipulations of this 
system have been shown to influence a wide range of behaviour (SOUBRIE 
1986; WILKINSON and DOURISH 1991; DEAKIN and GRAEFF 1991). Given the 
pharmacological complexity of the 5-HT system, there has been an extensive 
development of subtype-specific drugs designed to study the role of discrete 
aspects of the 5-HT system in determining animal behaviour (see WILKINSON 
and DOURISH 1991). The following account reviews the use of such agents, 
as well as non-selective 5-HT drugs, in studies that elucidate the role of this 
neurotransmitter in alcohol self-administration. 

c. 5-HT and Alcohol Self-Administration 

I. Increasing 5-HT Function 

1. Indirect 5-HT Agonists and Alcohol Self-Administration 

Compounds that prevent the re-uptake of released 5-HT (e.g., fluoxetine, 
zimeldine, sertraline), those that release endogenous 5-HT (e.g., fen
fluramine or its active isomer dexfenfluramine), and 5-HT precursors [e.g., 
5-hydroxytryptophan (5-HTP)] have been the most extensively studied 
classes of drugs with respect to alcohol self-administration. It is a consistent 
observation that these drugs reduce alcohol intake, and, when water is 
offered as an alternative, reduce alcohol preference) AMIT et al. 1984; 
MURPHY et al. 1985, 1988; HARAGUCHI et al. 1990; McBRIDE et al. 1990; 
HIGGINS et al. 1992a,b; LYNESS and SMITH 1992; ROWLAND and MORlAN 
1992; see Fig. 1). The generality of these findings extends from limited to 
continual access schedules and via oral, intra gastric and intravenous routes 
of self-administration. This latter finding negates the possibility that such 
drugs reduce ethanol drinking simply by an oropharyngeal factor such as 
taste (i.e., making the ethanol solution less palatable) or by inducing con
ditioned taste aversions (see GILL et al. 1986; ZABIK 1989). Furthermore, 
these changes are seen in heterogeneous animal strains showing moderate 
ethanol intake/preference and in genetically selected, high-preferring animal 
strains (MURPHY et al. 1985, 1988). Therefore, indirect 5-HT agonists reduce 
ethanol self-administration across a wide range of test situations. 

An alternative means of increasing endogenous 5-HT function is to 
block the enzyme primarily responsible for its metabolic degradation, mono
amine oxidase A (MAO-A). A number of MAO-A inhibitors have recently 
become available, including meclobemide and brofaromine (HAEFELY et al. 
1992) and we have recently investigated the effects of each drug on alcohol 
drinking in a continual access model. Briefly, both meclobemide and bro
faro mine reduced alcohol intake (and preference) in a heterogeneous Wistar 
rat population, although the effects of brofaromine seemed more robust 
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Fig. 1. A Effect of dexfenfiuramine on 5% ethanol intake (.), 0.2% saccharin 
intake (~), and wet mash intake (0). Data are expressed as a percentage of intake 
compared to vehicle pretreatment. Ethanol study: 12 h consumption in vehicle
treated rats = 21.8 ± 2.5 ml (2.8 g/kg). Saccharin study: 2 h intake in vehicle-treated 
rats = 12.0 ± 1.2 ml. Wet mash study: 1 h intake in vehicle-treated rats = 7.7 ± 
0.7 g. Percentages were calculated from these means. B Effect of metergoline 
(1 mg/kg) pretreatment against dexfenfiuramine (1 mg/kg)-induced suppression of 
12h ethanol intake and 2h saccharin intake . • , vehicle/dexfenfiuramine; ~, meter
goline/dexfenfiuramine. Data are expressed as a percentage of intake compared to 
vehicle/vehicle pretreatment. Ethanol study: 12 h consumption in vehicle/vehicle 
group = 32.6 ± 3.4 (2.9 g/kg). Saccharin study: 2 h intake in vehicle/vehicle-treated 
group = 12.5 ± 1.0ml. Percentages were calculated from these means 

(Tomkins et aI., unpublished data). Further studies are currently in progress 
to elucidate more clearly the nature of this response. 

Theoretically, such drugs increase synaptic levels of 5-HT, resulting in 
activation of 5-HT receptors, which ultimately leads in some way to reduced 
alcohol drinking. However, attempts to identify the 5-HT receptor subtypes 
involved (see Sect. B) have been largely unsuccessful. MURPHY et al. (1985) 
reported marked reductions in ethanol intake in alcohol P-rats following 
ftuoxetine pretreatment, an effect that was resistant to blockade by the 
non-selective 5-HTl/2 antagonist methysergide and the 5-HT2 antagonist 
LY53857. These results essentially confirmed those of Amit and coworkers, 
who found that the ethanol suppressant effect of zimeldine was unaffected 
by metergoline (a 5-HTl/2 receptor antagonist) or by prior 5-HT depletion 
with parachloroamphetamine (PCA) (ROCKMAN et al. 1982; GILL et al. 
1985). However, it is also worth noting that the anorectic effect of ftuoxetine 
(see Sect. C.1.3) is unaffected by metergoline and/or other 5-HT receptor 
antagonists (WONG et al. 1988; GRIGNASCHI and SAMANIN 1992). This has 
since prompted some speculation as to whether the effects of drugs such as 
ftuoxetine and zimeldine are mediated via neurotransmitter systems other 
than 5-HT (GILL and AMIT 1989), although if this is the case no obvious 
candidates have emerged. 
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It was because of this inconsistency that we recently decided to perform 
a pharmacological analysis of the ethanol suppressant effects of dexfen
fturamine (HIGGINS et al. 1992b). 5-HT antagonists, notably metergoline, 
have consistently been shown to attenuate other pharmacological effects 
of dexfenfturamine (or fenfturamine) (see BLUNDELL 1986 and references 
therein) and we found that metergoline pretreatment also blocked the 
reductions in alcohol drinking produced by this agent (HIGGINS et al. 1992b; 
see Fig. 1). Further studies showed that the 5-HTIC/2 receptor antagonist 
ritanserin, but not the 5-HT3 antagonist ondansetron or the peripheral 5-HT 
antagonist xylamidine, could also block suppression in ethanol intake pro
duced by dexfenfturamine (HIGGINS et al. 1992b). Together these findings 
suggest that centrally located 5-HTIC/2 receptors may mediate the dexfen
fturamine reduction of ethanol drinking. 

Of final note, ZABIK et al. (1985) reported that xylamidine blocked a 5-
HTP-induced conditioned taste aversion to ethanol, suggesting the involve
ment of peripheral 5-HT mechanisms (see also ERVIN et al. 1984). Therefore 
it seems that indirect 5-HT agonists may reduce ethanol drinking by at least 
two mechanisms, a peripheral effect to induce a conditioned taste aversion 
and a central effect to reduce ethanol preference. However, by taking 
appropriate precautions (i.e., timing drug administration relative to ethanol 
drinking and prior experience of ethanol solutions before drug treatment), 
the involvement of conditioned aversions can be minimized and thus, in 
most ethanol self-administration studies, the involvement of this component 
is negligible. 

2. 5-HT Receptor Agonists and Alcohol Self-Administration 

Currently, the most widely studied 5-HT agonists are those that specifically 
interact with the 5-HT1A receptor (e.g., 8-0H DPAT, buspirone, gepirone) 
and suppression of alcohol drinking has been reported with each drug in rats 
(SVENSSON et al. 1989; McBRIDE et al. 1990; KNAPP et al. 1992; KOSTOWSKI 
and DYR 1992) and monkeys (COLLINS and MYERS 1987). While this may at 
first sight seem consistent with the hypothesis that increasing 5-HT function 
reduces alcohol preference/intake, it should be remembered that the 5-HT1A 

receptor functions as the cell body inhibitory autoreceptor (see Sect. B). 
Preferential activation at this site seems to occur following low systemic 
doses of 5-HT1A agonists due either to greater accessibility and/or respon
siveness of the receptor to drug. Thus low doses of 8-0H DPAT actually 
reduce central 5-HT function (DOURISH et al. 1986; SHARP et al. 1989; 
WILKINSON and DOURISH 1991), which might be predicted to increase alcohol 
intake/preference (see Sect. C.II.1,2). We have recently found that in a 
limited access schedule 8-0H DPAT (30-60,ug/kg s.c.) stimulates ethanol 
drinking, while at higher doses (125 ,ug/kg and above) reductions in this 
measure are found (TOMKINS et al. 1993; see Fig. 2). This suppression was 
accompanied by components of the 5-HT behavioural syndrome, which, like 
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Fig. 2. Effect of 8-0H DP AT on the consumption of a 12% ethanol solution during 
a 40-min limited access model. The rats received each treatment s.c. according to a 
Latin square design. A significant increase in ethanol consumption was recorded at 
the 0.03- and 0.06-mg/kg doses. Data are modified from TOMKINS et al. (1993) and 
reproduced with permission 

the reduction in ethanol preference, may be a consequence of activation of 
postsynaptic 5-HT1A receptors (TRICKLEBANK et al. 1984; SVENSSON et al. 
1989; TOMKINS et al. 1993). Therefore, 5-HTIA agonists may both enhance 
and reduce alcohol preference, depending on the doses and experimental 
paradigm used, and this could account for the biphasic effects reported for 
8-0H DPAT in some studies (MURPHY et al. 1987a; HIGGINS et al. 1992b). 
Because the reductions in alcohol drinking are often accompanied by motoric 
changes that may be incompatible with this consummatory response, caution 
should be exercised in interpreting the relevance of this suppression. 

Unlike the 5-HT1A receptor, truly subtype-selective agonists for other 5-
HT receptors are not currently available (see VAN WIJNGAARDEN et al. 1990). 
Thus quipazine binds to 5-HTb 5-HT2 and 5-HT3 receptors, as well as to the 
5-HT uptake site. DOl and MK212 show reasonable selectivity for both 5-
HT1C/2 receptors, and TFMPP and m-chlorophenylpiperazine (mCPP) are 
agonists at 5-HTlBIlC receptors and also bind with moderate affinity to other 
subtypes (HOYER 1988; VAN WIJNGAARDEN et al. 1990). Each of these drugs 
has been reported to reduce alcohol drinking/preference in rats (LA WRIN et 
al. 1986; ZABIK et al. 1985; MURPHY et al. 1987a; McBRIDE et al. 1990; 
HIGGINS et al. 1992b; BUCZEK et al. 1993), but as yet no attempt has been 
made to test empirically which receptors and neuroanatomical mechanisms 
underlie these responses. It is noteworthy, however, that central 5-HT1C/2 

receptors may mediate the suppression in alcohol drinking produced by 
dexfenfluramine (see Sect. C.1.1), and agonists showing affinity for these 
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sites (e.g., mCPP, TFMPP) also produce similar effects. In common with 
the 5-HT1A receptor agonists, each of these drugs may produce motoric 
changes in animals and thus may influence ethanol drinking in a non-specific 
way. However, in most cases distinctions can be drawn and reductions in 
ethanol drinking are not due simply to a generalized behavioural disruption. 

3. Treatments that Enhance S-HT Function 
and Other Consummatory Behaviours 

In addition to reducing ethanol drinking, elevations in 5-HT function have 
been shown to reduce other consummatory behaviours. Again, the drugs 
primarily used to investigate this have been 5-HT releasers and re-uptake 
blockers. It is a consistent observation that these drugs reduce food and 
palatable fluid intake (BLUNDELL 1986; BLUNDELL and LAWTON 1990) and at 
least one mechanism may involve an enhancement of satiety. Thus following 
ingestion of a meal, rats normally display a characteristic behavioural pattern 
of activity followed by grooming and terminating in resting behaviour 
(ANTIN et al. 1975). This behavioural sequence is taken as an index of 
satiety (i.e., the postprandial satiety sequence). Preclinical studies indicate 
that both fluoxetine and fenfluramine, without affecting the initiation of 
feeding, produce an early termination of eating behaviour, resulting in less 
food eaten followed by an earlier onset of the complete satiety sequence 
(BURTON et al. 1981; BLUNDELL 1986; CLIFTON et al. 1989; however, see 
MONTGOMERY and WILLNER 1988). Although these results are consistent 
with a satiety hypothesis, recent studies suggest that other factors may 
be involved in the suppressant effects of 5-HT drugs on consummatory 
behaviour. For instance, rats chronically implanted with an open gastric 
fistula (i.e., sham feeding rats) will ingest copious amounts of a palatable 
fluid. These animals show a pronounced satiety deficit and, instead, the 
ingestion appears to be under oropharyngeal control (WEINGARTEN and 
WATSON 1982). Both fluoxetine and dexfenfluramine potently suppress 
sucrose sham feeding in the gastric-fistulated rat, a finding that seems incom
patible with the hypothesis that these drugs enhace satiety (NEILL and 
COOPER 1988). Further studies also support the contention that 5-HT agonists 
(direct and indirect) may suppress feeding where palatability serves as the 
primary impetus for this behaviour. Thus in non-food-deprived rats, dexfen
fluramine and fluoxetine have been reported to reduce sucrose and saccharin 
consumption, respectively (BORSINI et al. 1985; LEANDER 1987) and recently 
we found that dexfenfluramine reduces saccharin intake at doses similar to 
those that lower ethanol preference (see Fig. 1; HIGGINS et al. 1993a). GILL 
et al. (1985, 1988a,b) have reported equivalent findings with respect to the 
5-HT uptake blockers zimeldine and sertraline. Microstructural studies 
designed to compare, in a manner analogous to feeding research, how 5-HT 
drugs reduce alcohol drinking have yielded conflicting data. GILL et al. 
(1988b) reported that sertraline reduced ethanol intake in rats by affecting 
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bout size, not number - which may seem consistent with the satiety hypo
thesis. However, in a recent study we found that dexfenfluramine, sertraline, 
and mCPP produced the opposite effect (i.e., reduced the number of bouts 
of alcohol drinking but did not affect their size) (HIGGINS et al. 1992b; see 
Table 1). Also, we have found that both sertraline and fluoxetine delay the 
initiation of ethanol drinking (LAWRIN 1988; HIGGINS et al. 1992a,b). 
Together these findings argue against a satiety explanation and suggest that 
enhancement of 5-HT function suppresses alcohol self-administration and/or 
preference by an alternative mechanism, which is perhaps related to the 
effect on palatability-induced ingestion. 

We have recently conducted a study designed to examine this question. 
Non-food-deprived rats were trained to consume saccharin solutions of 
varying concentration, which promoted varying degrees of intake and thus 
provided a definable index of palatability. Following dexfenfluramine, sac
charin intake was markedly reduced, particularly at the most favoured sac
charin concentration (0.2%), although in percentage terms the magnitude of 
this suppression was similar for each concentration (HIGGINS et al. 1993a). 
These results contrast slightly with those of LEANDER (1987) and GILL and 
AMIT (1989), who reported that the most marked suppressions of saccharin 
intake occurred at the preferred concentrations following fluoxetine and 
zimeldine treatment, suggesting that at certain doses a selective effect on 
palatability-induced intake may be achieved. Therefore it is clear that 
drugs that enhance 5-HT function will potently suppress feeding initiated by 

Table 1. Effect of dexfenfluramine (1 mg/kg) on drinking 
behaviour continuously recorded during the 12 h dark 
period using the drinkometer system. The criterion for a 
"drink" was one or more consecutive minutes during 
which the fluid level changed by 0.2 ml or more. Food 
consumption and weight gain were measured daily. Note 
that dexfenfluramine reduced the amount of 5% ethanol 
consumed by decreasing the number of drinks and not 
their size. (Data modified from HIGGINS et al. 1992b) 

Total ethanol (ml) 
Total ethanol (g/kg) 
Number of drinks (N) 
Mean drink size (ml) 

Total water (ml) 
Number of drinks (N) 
Mean drink size (ml) 

Food consumption (g) 
Weight gain (g) 

Vehicle 

25.8 ± 3.2 
2.4 ± 0.3 

32.3 ± 4.5 
0.9 ± 0.1 

25.4 ± 3.0 
34.1 ± 3.7 
0.8 ± 0.1 

32.5 ± 0.9 
4.5 ± 0.5 

* P < 0.01 vs. vehicle controls. 

Dexfenfluramine 
Img/kg 

16.5 ± 2.8* 
1.4 ± 0.3* 

20.9 ± 2.7* 
0.8 ± 0.1 

29.7 ± 3.1 
35.4 ± 3.7 
0.9 ± 0.1 

30.6 ± 0.8 
4.3 ± 0.5 



5-HT Mediation of Alcohol Self-Administration, Tolerance and Dependence 147 

palatability. Furthermore, under some circumstances, these agents may 
show selectivity for substances of higher incentive value to the animal. 

4. Treatments that Enhance 5-HT Function 
and Other Drug-Reinforced Behaviour 

Of the limited studies conducted to date, in addition to alcohol, the self
administration of a variety of other drugs is reduced by 5-HT receptor activa
tion. Dietary or acute pretreatment with the 5-HT precursor L-tryptophan 
reduces cocaine self-administration (CARROLL et al. 1990a; MCGREGOR et al. 
1993). Similarly, 5-HT uptake inhibitors have also been reported to sup
press the intravenous self-administration of cocaine (CARROLL et al. 1990b; 
RICHARDSON and ROBERTS 1991) and amphetamine (LECCESE and LYNESS 
1984), as well as the oral self-administration of morphine (RONNBACK et al. 
1984). Also, dexfenfluramine reduces intravenous heroin self-administration 
in non-dependent rats (HIGGINS et al. 1993b,c). Although a central site of 
action for these effects seems most likely, the only direct evidence for this 
is derived from the work of LECCESSE and LYNESS (1984), who reported 
that 5,7-DHT lesions to the median forebrain bundle abolished the sup
pressant effects of both fluoxetine and of L-tryptophan, on amphetamine 
self-administration. 

II. Reducing 5-HT Function 

1. S-HT Receptor Antagonists and Alcohol Self-Administration 

In contrast to the many studies conducted to date that have examined the 
effects of 5-HT agonists on alcohol intake, relatively few have specifically 
studied the effects of 5-HT antagonists on this behaviour. 

Generally, non-selective 5-HT1I2 receptor antagonists such as meter
go line and methysergide do not appear to influence markedly alcohol intake 
or preference (ROCKMAN et al. 1982; MURPHY et al. 1985; WEISS et al. 1990; 
HIGGINS et al. 1992b), although WEISS et al. (1990) did observe a mild en
hancement following methysergide pretreatment, particularly in genetically 
heterogeneous Wistar rats consuming only moderate amounts of alcohol. 
Further studies using lower doses of methysergide and/or other 5-HT1I2 

antagonists in relatively low-alcohol-consuming animals (e.g., following a 
partial satiation) may prove to be of interest, for there may be parallels to 
this in the feeding literature (see Sect. C.II.3). 

An increase in alcohol self-administration following 5-HT receptor 
blockade is what might be predicted from the substantial evidence that 
enhancement of 5-HT function reduces this behaviour. Therefore, the 
recent reports describing decreased alcohol intake and preference following 
5-HT2 and 5-HT3 receptor antagonist pretreatment seem paradoxical. There 
is some evidence (see Sect. B) that the 5-HT3 receptor may represent a 
mechanism through which the 5-HT system modulates other neurotrans-
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mitters, such as dopamine (BLANDINA et al. 1989; JIANG et al. 1990; 
WOZNIAK et al. 1990; CHEN et al. 1991). Therefore antagonism of 5-HT3 
receptors may not reduce the functioning of 5-HT systems per se, but rather 
may modify the way in which 5-HT interacts with other neurotransmitter 
systems. The suppression in alcohol drinking produced by 5-HT3 antagonists 
(e.g., MDL72222 and ondansetron) may therefore be secondary to changes 
in other neurotransmitters (e.g., dopamine) (see Chap. 6, this volume). 

Over recent years, a number of reports have appeared describing reduc
tions in alcohol intake and preference following pretreatment with the 5-
HT3 antagonists ondansetron (OAKLEY et al. 1988; HIGGINS et al. 1992b; 
MEERT 1993; see Fig. 3), MDL72222 (FADDA et al. 1991), zacopride (KNAPP 
and POHORECKY 1992), and ICS205-930 (HODGE et al. 1993). While most 
of these studies utilized rats, this observation has also been extended to 
primates (OAKLEY et al. 1988) and humans (SELLERS et al. 1991; JOHNSON 
et al. 1993). In our studies using rats in a continual access model, the 
magnitude of this suppression was small (approximately 17%), not clearly 
related to dose, and also had a delayed onset with peak effects seen 
approximately 5h after ondansetron injection (HIGGINS et al. 1992b). 
However, other studies, notably FADDA et al. (1991), have reported greater 
reductions in alcohol preference and clear dose-related effects following 
MDL72222 pretreatment. Interestingly, these effects were not maximal until 
the 3rd day of treatment (FADDA et al. 1991) and this may well suggest that 
treatment regimen is a critical factor in determining the effects of 5-HT3 
receptor antagonists on alcohol drinking. It has been hypothesized that, in a 
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Fig. 3A-C. Effect of the 5-HT3 receptor antagonist ondansetron on: A 12% ethanol 
intake in a 1-h limited access schedule; B 0.2% saccharin intake in a 2-h limited 
access schedule; and C 1 h wet mash intake. In each study, all animals received each 
treatment according to a balanced design and in all cases the animals were neither 
food nor water deprived. Only in the ethanol study was a significant suppression of 
intake seen following ondansetron (0.01-0.1 mg/kg) pretreatment. Saccharin and 
wet mash data are modified from HIGGINS et al. (1992b, 1993a). The ethanol data 
were kindly donated by Dr. Denise Tomkins (unpublished observations) 
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manner similar to DA receptor blockade, S-HT3 receptor antagonists may 
diminish the reinforcing properties of alcohol, leading to a gradual reduc
tion, or early extinction, of alcohol drinking (HIGGINS et a1. 1992b; KNAPP 
and POHORECKY 1992). Perhaps related to these observations are the findings 
that S-HT3 antagonists may block an ethanol discriminative cue (GRANT and 
BARRETT 1991; GRANT 1992). Interestingly, in humans ondansetron has been 
reported to reduce the subjective desire for alcohol (SELLERS et a1. 1991; 
JOHNSON et a1. 1993). However, further research needs to be conducted in 
both the preclinical and clinical areas, not least to gain a clearer insight into 
how S-HT3 receptors may modulate forebrain DA systems. A further point 
in this issue of S-HT3 antagonists reducing alcohol intake is the question of 
what drug dose is required to produce this effect. 

In the studies of KNAPP et a1. (1992) and HODGE et a1. (1993), the doses 
of zacopride and ICS20S-930, respectively, were high in comparison to doses 
considered to be behaviourally active in other S-HT3 models. Because both 
of these drugs have reasonable S-HT4 receptor affinity, it is possible that the 
observed effects reported on alcohol consumption in these studies may be 
attributable to an interaction with this receptor subtype. 

Regarding selective S-HTIC/2 antagonists, some recent work, principally 
by MEERT (1993), has shown modest decreases in alcohol intake/preference 
following ritanserin pretreatment. These effects have been reported in 
moderate- and high-preferring rats. This result, however, was not confirmed 
in two recent studies, again using a heterogeneous rat strain in a continual 
access model (HIGGINS et a1. 1992b; MYERS and LANKFORD 1993), and further 
studies are now awaited. 

2. 5-HT Lesions and Alcohol Self-Administration 

Two main approaches have been employed in this area, the use of S-HT 
synthesis inhibitors (e.g., pCPA, PCA) and S-HT cell neurotoxins (e.g., S,6-
and S,7-dihydroxytryptamine). Both have yielded conflicting data. Thus 
MYERS and VEALE (1968) reported that pCP A markedly reduced alcohol 
preference in rats, an effect that persisted long after discontinuation of this 
treatment. This suppression has since been attributed primarily to a con
ditioned taste aversion to alcohol produced by pCP A (PARKER and RADOW 
1976; see ZABIK 1989 for further detail), for when pCP A is not administered 
in close proximity to the time that alcohol consumption would normally 
occur (i.e., minimal association between pCP A and alcohol), an increase in 
preference has been reported (GELLER 1973; HILL and GOLDSTEIN 1974). 
The use of neurotoxin lesions to destroy central S-HT-containing pathways 
has also been shown to increase alcohol intake/preference in some (Ho et a1. 
1974; MELCHIOR and MYERS 1976; RICHARDSON and NOVAKOVSKI 1978), but 
not in all, studies (KUANMAA 1976; MELCHIOR and MYERS 1976). Unlike 
pCP A, non-specific aversive effects of the neurotoxin treatment would seem 
unlikely, although differences in animal strain, neurotoxin and baseline 
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alcohol preference may explain anomalous findings (see MELCHIOR and 
MYERS 1976; ZABIK 1989). 

3. Treatments that Reduce 5-HT Function 
and Other Consummatory Behaviours 

Results from these studies, like those described for alcohol self-administra
tion, are inconsistent and may again be dependent on certain procedural 
variables. Thus, while in some studies central 5-HT neurotoxin lesions 
and pCP A pretreatment have been reported to increase food intake (see 
BLUNDELL 1986 and references therein), on balance no effect of the mani
pulation is, perhaps, the most common finding. In food-deprived rats, 5-HT 
antagonists (including metergoline, ritanserin and ondansetron) have little, 
if any, effect on subsequent intake, except that at high drug doses a sup
pression of intake, probably related to a non-specific behavioural disruption, 
has been observed (FLETCHER 1988 and references therein; HIGGINS et al. 
1992b). However, in pre-fed satiated rats, clear increases in food consump
tion are seen following pretreatment with a range of 5-HTl and perhaps 5-
HT2 , but not 5-HT3, receptor antagonists (DOURISH et al. 1989; FLETCHER 
1988; HIGGINS et al. 1992b). Also, in a task involving food-deprived rats 
trained to run repeatedly down an alleyway to obtain food reinforcement, 
metergoline increased performance during the latter stages of this test when 
controls were partially satiated (NEILL et al. 1990). Therefore, low baseline 
responding, presumably reflecting satiation and/or a low consummatory 
drive, seems to be an important factor underlying the observation of 
increased feeding following pharmacological blockade of 5-HT receptors. 
This is also true for hyperphagia seen following low systemic injections or 
direct intra-raphe (DRN and MRN) infusions of 5-HT1A agonists such as 8-
OH DPAT (DOURISH et al. 1986; FLETCHER and DAVIES 1990). 

4. Treatments that Reduce 5-HT Function 
and Other Drug-Reinforced Behaviour 

Depletion of 5-HT within the CNS has been reported to increase both 
cocaine (LOH and ROBERTS 1990) and amphetamine (LECCESE and LYNESS 
1984) self-administration. The study of LOH and ROBERTS (1990) was par
ticularly interesting because cocaine was made available under a progressive 
ratio schedule of reinforcement. 5,7-D HT infusions into either the median 
forebrain bundle or amygdala of rats significantly increased the "break
point" before cocaine self-administration extinguished. These findings in
dicate that depletion of forebrain 5-HT increased the incentive value of 
cocaine to the animal (LOH and ROBERTS 1990). As yet, similar studies have 
not been conducted with respect to other self-administered drugs, including 
ethanol, but this clearly seems a worthwhile line of research (see Sect. C.I1I 
with respect to 5-HT neuroanatomy of the alcohol P-rat). 
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The results of investigations using 5-HT antagonists are, like much 
research in this area, inconsistent. Lyness and coworkers (LYNESS and 
MOORE 1983; LECCESSE and LYNESS 1984) reported increases in amphetamine 
self-administration following metergoline pretreatment, and decreases with 
methysergide and cyproheptidine. Limitations in dosage and the range of 
antagonists used make interpretation of these findings difficult and a non
specific behavioural disruption (e.g., sedation) may well have contributed 
to suppressant effects (see also FLETCHER 1988). Recently, LACOSTA and 
ROBERTS (1993) reported that the non-selective 5-HT1I2 antagonist methy
sergi de and the 5-HT2 antagonist ketanserin failed to influence the break
point of cocaine reinforcement available under a progressive ratio schedule. 
Of final note, despite initial enthusiasm (CARBONI et al. 1989), it seems 
that 5-HT3 receptor antagonists do not influence the intravenous self
administration of cocaine (PELTIER and SCHENK 1991; LANE et al. 1992; 
LACOSTA and ROBERTS 1993), nicotine (Corrigall and Coen, unpublished 
findings) or heroin (HIGGINS et al. 1993b). However, these drugs do appear 
to antagonize place preference conditioning to opiates and nicotine (CARBONI 
et al. 1989; HIGGINS et al. 1992c) and the hyperactivity response to morphine 
(PEl et al. 1993). This might imply that certain aspects of drug-induced 
reinforcement are dependent on 5-HT3 receptor function, although their 
clinical relevance will require critical evaluation. 

III. Biochemical Factors 

Changes in 5-HT neurochemistry following acute and chronic ethanol chal
lenge are largely inconsistent (POHORECKY et al. 1978; GOTHONI and AHTEE 
1980; HUNT and MAJCHROWICZ 1983; MORINAN 1987). However, recently a 
number of genetically selected, high-alcohol-preferring rodent strains have 
been reported to show a deficiency of 5-HT function relative to their non
preferring counterparts. Most of this work has focused on the alcohol P-rat 
(MURPHY et al. 1982, 1987b; WONG et al. 1990), although similar changes 
have been reported for the HAD (high alcohol drinking) and fawn-hooded 
(REZVANI et al. 1990; HULlHAN-GIBLlN et al. 1992) rat strains, and also 
certain mouse strains (YOSHIMOTO and KOMURA 1987). This is not a universal 
finding, however, for the high-preferring AA rats show the converse (i.e., 
greater 5-HT activity) compared to their non-preferring ANA counterparts 
(AHTEE and ERIKSSON 1972). 

Despite this exception, these results may imply that, at least in some 
animal strains, a causal relationship exists between low central 5-HT func
tion and preference for alcohol. Studies with the alcohol P-rat are particularly 
interesting. Aside from the neurochemical changes that are found in a 
number of forebrain areas, including the nucleus accumbens, hippocampus 
and cortex (MURPHY et al. 1982, 1987b), immunohistochemical studies have 
revealed clear reductions in the number of 5-HT-containing fibres in each 
area (ZHOU et al. 1991). Alcohol P-rats satisfy most of the criteria for 
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an animal model of alcoholism, not least of which is that they may self
administer such amounts as to show tolerance and physical dependence to 
alcohol (WALLER et al. 1982). Based on the foregoing account of diminished 
5-HT function increasing certain reinforced behaviours (see Sects. C.II.2, 
C.II.4), it would be of clear interest to see if this excessive behaviour of p
rats extends to particular foods/palatable fluids and other self-administered 
drugs. In this regard, recent research has shown that P-rats show a greater 
preference for saccharin by comparison to NP-rats (SINCLAIR et al. 1992). 
Procedures such as the progressive ratio schedule of reinforcement may 
provide a means to determine how motivated P and NP rats are to self
administer a variety of drugs, including cocaine (LoH and ROBERTS 1990). 
HYYTIA and SINCLAIR (1993) have reported that AA rats may also orally 
consume the opioid ethoketazocine to a greater degree than do ANA rats. 
Thus, it does seem that at least some rat strains selected for ethanol pre
ference are likely to show a higher preference for other drug reinforcers. 

Of final note, electrophysiological studies by LOVINGER (1991) suggest a 
direct interaction between ethanol and the 5-HT3 receptor ionophore. Using 
an NCB-20 neuroblastoma cell line, LOVINGER (1991) reported that, at 
pharmacologically relevant concentrations in vivo, ethanol potentiated a 5-
HT-mediated ion current at the 5-HT3 receptor. This may explain the 
apparent selectivity of 5-HT3 receptor antagonists for alcohol relative to 
other self-administered drugs or foods (see Sects. C.II.1, C.II.3, C.II.4). 

IV. Summary 

Throughout this section we have tried to emphasize that, apart from reducing 
alcohol intake/preference, increasing 5-HT function also reduces a variety of 
other consummatory and drug-reinforced behaviours. Conversely, reduc
tions in the functioning of this neurotransmitter system may enhance these 
same behaviours, particularly under conditions of low baseline responding, 
such as partial satiation. Attempts to define the processes that underline 
these effects are inconclusive. Enhancement of satiety has been implicated 
as a mechanism through which elevated 5-HT function may suppress food 
(BLUNDELL 1986) and alcohol (GILL et al. 1988b) intake. However, our own 
studies on alcohol drinking (HIGGINS et al. 1992b) are not entirely compatible 
with this hypothesis and in the feeding literature there are further incon
sistencies to a satiety hypothesis (see Sect. C.1.3). An alternative view has 
been proposed by GRUPP and colleagues (1991). 5-HT is a releaser of 
renin, which in turn activates the renin-angiotensin system. The biologically 
active product of this pathway is angiotensin II (All), which, in addition to 
stimulating thirst and vasopressin/aldosterone release, also reduces alcohol 
preference (see GRUPP et al. 1991, for review). Grupp and coworkers suggest 
that drugs such as fluoxetine reduce alcohol intake indirectly by stimulating 
endogenous All release. Interestingly, pretreatment with the angiotensin
converting enzyme (ACE) inhibitor enalapril (which blocks All synthesis) 
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attenuates the suppressant effect of fluoxetine on alcohol self-administration 
(GRUPP et al. 1991). 

However, in our view there are perhaps two interrelated hypotheses 
that provide the most intriguing explanation for the diversity of effects 
produced by 5-HT drugs. Recent reviews by SOUBRIE (1986) and DEAKIN and 
GRAEFF (1991) suggest that ascending 5-HT projections may serve to oppose 
forebrain dopamine systems important in mediating "approach" or reward
related behaviour. Thus, activation of this system by 5-HT agonists will 
suppress dopaminergic function and consequently reduce motivated be
haviour. Within this scheme can be incorporated the broad influence of 
5-HT manipulations on behaviours maintained by a variety of positive 
reinforcers, including alcohol (see Table 2). This account may also explain 
why palatability-induced feeding is particularly sensitive to 5-HT agonist 
pretreatment, for DA antagonists are also highly effective in reducing 
palatability-induced ingestion (VACCARINO et al. 1989). Furthermore, SOUBRIE 
(1986) has proposed that central 5-HT systems may comprise a behavioural 
inhibition system, serving to control ongoing behaviour particularly under 
situations of punishment/non-reward or delay to reward. Functional de
ficiencies in this system may result in behaviours indicative of lack of control 
or over-responding towards environmental reinforcers including, but not 
limited to, alcohol (SELLERS et al. 1992 and references therein). Evidence to 
support this hypothesis is provided by the observation that 5-HT uptake in
hibitors such as fluoxetine and clomipramine may be efficacious in restoring 
some behavioural control to such individuals. With respect to the present 
chapter, it is intriguing to note that the rat model that most clearly satisfies 
the definition as an animal model of alcoholism, viz. the alcohol P rat, 
is typified by a deficiency in forebrain 5-HT content and reduced 5-HT 
neuronal content (ZHOU et al. 1991). It would be of interest to assess the 
behaviour of P and NP rats under situations of delay to reward (SOUBRIE 
1986; WOGAR et al. 1993), or presentation of reward under a differential 
reinforcement of low rate (DRL) schedule (WOGAR et al. 1993). 

Ultimately the suppressant effects of 5-HT drugs on alcohol self
administration may be shown to depend on any combination of the above 
factors, or by alternative, as yet undefined, mechanisms. The majority of 
drugs belonging to this class produce fairly modest reductions in alcohol 
drinking in humans (SELLERS et al. 1992). There is a clear need to en
hance these effects, which can only come by a greater appreciation of the 
mechanisms by which 5-HT controls animal behaviour. Ultimately this may 
also assist in the use of such drugs in the most appropriate population of 
alcohol abusers and also in conjunction with the most appropriate form of 
behavioural therapy. 

A final comment should be made concerning the observation that 5-HT3 
antagonists reduce alcohol self-administration. It is presently uncertain as 
to how these drugs modify ethanol drinking in relation to the foregoing 
account that a functional enhancement of the serotonin system will produce 
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the same behaviour. One fundamental difference between 5-HT 3 antagonists 
and indirect/direct 5-HT agonists is that, although each suppress alcohol 
self-administration, only the latter appear to suppress other drug- and food
reinforced behaviours. This suggests a specific interaction between alcohol 
and 5-HT3 receptors, and the work of LOVINGER (1991) (see Sect. C.III) 
would seem relevant in this respect. However, as yet there has been little 
research to elaborate on this initial observation. Also, the work of GRANT 
(1992) and colleagues (GRANT and BARRETT 1991), suggesting that the dis
criminative stimulus properties of ethanol may be modified by 5-HT3 
antagonist pre-treatment, seems worthy of further investigation. It may have 
relevance to recent clinical studies conducted in normals (non-alcohol 
abusers) (JOHNSON et al. 1993) and moderate alcohol abusers (SELLERS et al. 
1991), demonstrating that 5-HT3 antagonists may affect some of the subjec
tive effects of alcohol. Each of these studies requires replication and further 
characterization in order to determine whether 5-HT3 receptor antagonists 
may represent effective therapies for the treatment of alcohol abuse. 

D. 5-HT, Alcohol Tolerance, and Physical Dependence 

I. General Aspects of Alcohol Tolerance 

1. Definition and Classification 

Tolerance and physical dependence are features associated with chronic 
intake of alcohol in humans and animals. Acquired tolerance to ethanol is 
defined as a reduction in the effects produced by a given dose of ethanol 
as a consequence of repeated exposure to the drug. Acquired tolerance is 
distinct from innate or initial tolerance, which refers to the variation in 
central nervous sensitivity to ethanol among individuals. Acquired tolerance 
can result from both an increase in the rate of metabolic elimination (dis
positional tolerance) and from a decrease in sensitivity of the target tissues, 
particularly the central nervous system (KALANT et al. 1971). Based on a 
temporal framework, acquired tolerance can be classified into two different 
forms: acute and chronic tolerance. Acute tolerance refers to a change in 
drug response that can be observed within a single exposure, for example, a 
reduced effect of ethanol on the descending portion of the blood ethanol 
curve relative to the effect of the same blood ethanol level on the ascending 
portion of the curve. In contrast, chronic tolerance refers to changes in drug 
effect after repeated administration, usually over a number of days or weeks 
(KALANT et al. 1971). 

Physical dependence is defined by the occurrence of an ethanol with
drawal reaction upon the cessation of ethanol treatment, which is usually 
characterized by a hyperexcitability of the eNS. While there are a variety of 
sensitive tests of ethanol effects for assessing tolerance, the assessment 
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of physical dependence often involves relatively crude measures such as 
precipitation of motor seizure. Tolerance has been investigated much more 
extensively than physical dependence. There is considerable debate as to 
whether tolerance and physical dependence are simply two manifestations of 
the same adaptive process (see KALANT 1988). 

2. Features of Ethanol Tolerance 

It is beyond the scope of this chapter to examine the various factors that 
have been shown to affect ethanol tolerance. Detailed information can be 
obtained from various chapters in GOUDIE and EMMETT-OGELSBY (1989). In 
addition, tolerance is discussed in Chaps. 6, 8, and 11, this volume. 
Basically, research over the last several decades has shown that ethanol 
tolerance is a complex phenomenon. Tolerance is influenced by a number 
of factors ranging from pharmacological and behavioural to the response 
system employed. Moreover, these factors interact to regulate the develop
ment and manifestation of tolerance. For example, the development and 
manifestation of tolerance can be influenced by opportunity for learning 
during intoxicated practice or by the presence or absence of external 
cues previously associated with ethanol administration. The influences of 
intoxicated-practice or conditioning on tolerance, however, are dependent 
on the treatment doses employed. Generally, intoxicated practice and con
ditioning can be more dominant factors in the expression of tolerance at 
lower rather than higher doses of ethanol (KALANT 1988; LE 1990). 

II. Role of 5-HT in Ethanol TolerancelDependence 

The involvement of learning in tolerance and the implication of 5-HT in 
learning have stimulated much research into the role of 5-HT in the devel
opment of tolerance to ethanol. Evidence for the involvement of brain 5-HT 
in chronic tolerance to ethanol was first reported by FRANKEL and coworkers 
(1975). These investigators demonstrated that depletion of brain 5-HT by 
administration of pCP A retarded the rate of development of tolerance to 
the motor impairment produced by ethanol in rats. Subsequent research by 
these workers and by other investigators has shown that depletion of brain 
5-HT by administration of pCPA or by intraventricular (i.c.v.) injection of 
5,7-DHT retarded the development of tolerance to motor impairment, 
hypothermia, and hypnotic effects of ethanol in mice and rats (LE et al. 
1980; KHANNA et al. 1980; MELCHIOR and TABAKOFF 1981). Raising brain 
5-HT levels by daily administration L-tryptophan, on the other hand, 
accelerates tolerance development (LE et al. 1979). In all these studies, 
manipulation of brain 5-HT was found to affect mainly the rate at which 
tolerance is acquired rather the final level of tolerance attained. The fail
ure by WOOD (1980) to observe any effects of 5-HT depletion on ethanol 
tolerance might be due to the fact that tolerance was assessed at a single 
time point, before which maximum tolerance had already been established. 
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The mesolimbic 5-HT pathway, or more precisely 5-HT in septal and 
hippocampal areas, plays a crucial role in regulating tolerance development. 
Electrolytic lesions of the median raphe, but not the dorsal raphe, retarded 
tolerance development in a manner similar to that induced by pCPA or 5,7-
DHT (LE et al. 1981a). Furthermore, selective depletion of septal and 
hippocampal 5-HT through microinjection of 5,7-DHT into the cingulum 
bundle and fimbria-fornix also retarded tolerance development (SPEISKY and 
KALANT 1985). The 5-HT system does not act independently, but interacts 
with other systems to regulate tolerance development. For example, while 
depletion of brain NE alone did not affect tolerance development in the 
rat, combined depletion of both 5-HT and NE in brain inhibits or blocks 
tolerance development (LE et al. 1981 b). Similarly, the meso limbic 5-HT 
system has been shown to interact with vasopressin in maintaining ethanol 
tolerance (LE et al. 1982; SPEISKY and KALANT 1985). 

Beside chronic tolerance, depletion of 5-HT has been shown to affect 
acute tolerance to ethanol (CAMPANELLI et al. 1988), as well as the develop
ment of cross-tolerance between ethanol and pentobarbital (KHANNA et al. 
1987). In addition, manipulation of brain 5-HT has also been shown to 
affect the development of tolerance to morphine (Ho et al. 1972, 1975; 
TILSON and RESCH 1974) and various barbiturates (KHANNA et al. 1980; 
LYNESS and MYCEK 1980; KHANNA et al. 1987). It is likely that 5-HT affects 
tolerance development through its action on learning processes. 

In contrast to studies that investigated the role of 5-HT on ethanol 
drinking, little work has been carried out to examine the involvement of 
specific types of 5-HT receptors in ethanol tolerance. Recent work by Wu et 
al. (1993) has indicated that 5-HT2 and 5-HT3 receptors may be involved in 
the regulation of ethanol tolerance. These workers reported that the effects 
of 5-HT depletion induced by i.c.v. administration of 5,7-DHT, on vaso
pressin-maintained tolerance, can be reversed by i.c.v. administration of the 
5-HT receptor agonist methyl-5-HT or the 5-HT3 receptor agonist 2-methyl-
5-HT. 

III. Differences in 5-HT Regulation of Ethanol Drinking 
and Ethanol Tolerance 

The ingestion of alcohol or other drugs of abuse produces a variety of 
effects, some of which are rewarding, while others are aversive. Tolerance 
has been shown to occur to a variety of the aversive effects of alcohol. For 
these reasons, it is believed that tolerance to ethanol's aversive effects may 
enhance drinking behaviour (KALANT 1989). As the 5-HT system is involved 
in both ethanol drinking and in tolerance development, the question arises 
as to whether both ethanol drinking and tolerance are modulated by the 
same 5-HT pathway or receptor subtypes. 

The available data indicate that different 5-HT pathways and receptor 
types are involved in the regulation of ethanol intake and ethanol tolerance. 
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Raising 5-HT levels by L-tryptophan administration facilitates the develop
ment of tolerance to ethanol or to morphine (Ho et al. 1975; LE et al. 1979), 
while a variety of manipulations that increase brain 5-HT reduce ethanol 
intake. The 5-HTz receptor appears to be involved in the regulation of 
tolerance (Wu et al. 1993), but not necessarily in ethanol intake (MYERS and 
LANKFORD 1993). Stimulation of 5-HT pathways that originate from the 
dorsal or median raphe by microinjection of 8-0H-DPAT into these areas 
has been shown to enhance ethanol drinking (TOMKINS et al. 1993). On the 
other hand, the median but not the dorsal raphe, or only septal and hippo
campal 5-HT, have been shown to be involved in ethanol tolerance (LE 
et al. 1981b; SPEISKY and KALANT 1985). Together these studies suggest that 
the 5-HT system regulates ethanol tolerance through its modulation of 
learning processes via its interaction or regulation of septal and hippocampal 
activities. On the other hand, the regulation of ethanol intake by 5-HT may 
operate through its modulation of the rewarding effects of ethanol via its 
interaction with the meso limbic DA pathway. 

IV. 5-HT and Ethanol Dependence 

There are only two studies that examined the effects of 5-HT depletion on 
the development of physical dependence to ethanol. Basically, both of these 
studies revealed that depletion of brain 5-HT prior to ethanol exposure did 
not modify ethanol withdrawal reactions in the rat (FRYE and ELLIS 1977; 
WOOD 1980). However, alterations in brain 5-HT function during ethanol 
withdrawal have been shown. For example, a decrease in 5-HT activity 
during ethanol withdrawal has been demonstrated (TABAKOFF et al. 1977). In 
addition, enhanced seizure activity has been induced by administration of 
the non-selective 5-HT antagonist methysergide during ethanol withdrawal 
(BLUM et al. 1976). These studies suggest that reduced 5-HT activity may be 
a secondary consequence of ethanol withdrawal. 

E. Effects of Chronic Ethanol Administration 
on 5-HT Receptors 

I. Intoxication 

Chronic ethanol administration increases the levels of the 5-HT meta
bolite 5-hydroxyindole-acetic acid (5-HIAA) in rat striatum (HUNT and 
MAJCHROWICZ 1983; HOLMAN and SNAPE 1985; KHATIB et al. 1988), indicating 
that chronic ethanol modulates serotonin neurotransmission, perhaps by in
creasing central turnover. The effects of chronic administration on receptor 
subtypes are conflicting. Using the non-selective receptor label of [3H]5-HT 
(PEROUTKA 1988), 5-HTl binding was increased in the striatum and brainstem 
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but decreased in the hippocampus in rats treated chronically with ethanol 
(MULLER et al. 1980). In contrast, HUNT and DALTON (1981) found no 
differences in binding in these regions. With more specific and selective 
ligands, BUCKHOLTZ et al. (1989) found no alterations in the density of 5-
HT1A- and 5-HT2-binding sites in mice consuming a liquid ethanol diet for 7 
days. In rats made physically dependent on ethanol by administration of 
12 g/kg ethanol intragastrically in divided doses for 4 days, 8-0H-DPAT 
binding (Bmax) was decreased by 25% during intoxication and 17% during 
withdrawal in the hippocampus. The binding of labelled ketanserin in cortex, 
cyanopindolol in striatum and hypothalamus, and 8-0H-DPAT in the cortex 
was not affected during chronic intoxication (ULRICHSEN 1991). These data 
indicate regional specificity in the changes within the serotonergic system. 

F. Interaction of 5-HT and Opioids 
Considerable data exist indicating an important role for 5-HT in the devel
opment of tolerance to analgesia and the various behavioural actions of 
opiates (e.g., CONTRERAS et al. 1980; FUCHS and COPER 1980; CHENEY and 
GOLDSTEIN 1971; Ho et al. 1975) and physical dependence after opiate 
administration. These effects are generally robust and suggest that the 
endogenous opioid system itself plays an important role in the development 
of tolerance. Chronic treatment with dexfenfluramine has been reported to 
increase en kephalin levels. Interestingly, tolerance develops quickly to the 
effects of dexfenfluramine on food and heroin self-administration (HIGGINS 
et aI., unpublished observation), but not to ethanol in the limited access 
paradigm (Tomkins et aI., unpublished observation). Changes in opioid 
activity have been suggested to be a mechanism for the development of the 
dexfenfluramine effect on feeding. This dissociation of feeding and heroin 
self-administration on one hand and ethanol self-administration on the other 
suggests that the interaction of these two neurotransmitter systems may show 
some reinforcer selectivity. 

G. General Summary 
Increasing 5-HT reduces alcohol intake/preference but also reduces a variety 
of other consummatory and drug-reinforced behaviours. Conversely, reduc
tions in the functioning of this neurotransmitter system may enhance these 
same behaviours, particularly under conditions of low baseline responding. 
Attempts to define the processes that underlie these effects are currently 
inconclusive. 

Ascending 5-HT projections may serve to oppose forebrain dopamine 
systems important in mediating "approach" or reward-related behaviour. 
Thus, activation of this system by 5-HT agonists will suppress dopaminergic 
function and consequently reduce motivated behaviour. Within this scheme 
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can be incorporated the broad influence of 5-HT manipulations on be
haviours maintained by a variety of positive reinforcers, including alcohol 
(see Table 2). Functional deficiencies in this system may conceivably result 
in behaviours indicative of lack of control or over-responding towards 
environmental reinforcers including, but not limited to, alcohol. 

The serotonergic receptor subtypes play different roles in the regulation 
of consummatory behaviours. The 5-HT1A presynaptic receptors increase 
ethanol consumption, whereas antagonists at the 5-HT3 receptor decrease 
self-administration. The suppressant effects of dexfenfluramine on ethanol 
consumption can be completely reversed by metergoline but are only par
tially reversible by the 5-HT2A/2C antagonist ritanserin. 

The complex neurochemical events underlying the phenomenon of 
tolerance and the intimate interplay of the behavioural task and the pattern 
of tolerance development has severely limited the amount of critical research 
concerning the role of 5-HT in tolerance. In general, depletion of 5-HT 
delays or decreases the development of tolerance in learned behaviours. 
Conversely, generally enhanced function accelerates tolerance. 

The 5-HT system does not appear to play an important role in the 
development of physical dependence on ethanol and consequent acute 
withdrawal. 

Central microinjection into the raphe nuclei, nucleus accumbens and 
VTA of specific and selective 5-HT, opioid and dopaminergic agents in 
animals engaged in ethanol self-administration and its related behaviours 
should be a fruitful research strategy to elucidate the mechanism of regula
tion of ethanol self-administration and the development of tolerance to 
ethanol's effects. 
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CHAPTER 8 

Opioid Mediation of Alcohol 
Self-Administration: Pre-Clinical Studies 

J.R. VOLPICELLI, B.J. BERG, and N.T. WATSON 

A. Introduction 
Once viewed as separate and distinct addictions, alcoholism and opiate 
dependence may share a common neurobiological mechanism of reinforce
ment. In the review that follows, we discuss recent advances in the unders
tanding of alcohol reinforcement, the addictive process, and pharmaco
therapy for addiction, as well as how these developments relate to one 
another. The utility of this approach is demonstrated by recent data on the 
use of the opiate antagonist naltrexone in the treatment of alcohol 
dependence. 

There are five lines of investigation that demonstrate interactions 
between alcohol drinking and opioid system activity: (a) administration of 
alcohol enhances opiate receptor activity; (b) the effects of alcohol on opiate 
receptor activity are greater in gene lines associated with heavy alcohol 
drinking; (c) administration of exogenous opiates influences alcohol drin
king; (d) following procedures which enhance endogenous opioidergic 
activity, such as experience with uncontrollable shock, alcohol drinking is 
increased; and (e) opiate antagonists reliably decrease alcohol drinking. This 
paper will review each of these lines of evidence and defend the hypothesis 
that at least some forms of alcohol abuse result from genetic or environ
mentally induced deficiencies in opioid system activity. 

B. Alcohol Drinking Enhances Opioid System Activity 
Alcohol drinking can enhance opiate receptor activity although the me
chanism for this effect is not clear. Three mechanisms have been suggested: 
(1) opioid peptides are formed from the condensation products of alcohol 
metabolites and catecholamines, (2) alcohol can directly affect the sensitivity 
of opiate receptors, and (3) alcohol stimulates the release of endogenous 
opioids. 

I. Opioid Peptides Are Produced in the Metabolism 
of Alcohol (TIQ Alkaloid Hypothesis) 

In 1970, two independent laboratories showed that alcohol drinking led to 
the in vivo formation of salsolinol, a biologically active alkaloid with 
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morphine-like effects (COHEN and COLLINS 1970; DAVIS and WALSH 1970). 
In fact, a variety of salsolinol-like compounds, collectively known as tetrahy
droisoquinoline (TIO) alkaloids, have now been shown to be formed in vivo 
in brain and other tissue as a result of alcohol drinking (MYERS 1990a). 
Salsolinol is formed in the brain as a condensation product of acetaldehyde 
(the initial oxidation product of ethanol) and dopamine. Like the other TIO 
alkaloids, salsolinol is an opiate receptor agonist, and has morphine-like 
effects that are blocked by the opiate antagonist naloxone (FERTEL et al. 
1980). 

Salsolinollevels have been shown to increase in the limbic system of rats 
following either acute or chronic consumption of alcohol, or its metabolite 
acetaldehyde (MATSUBARA et al. 1987; MYERS et al. 1985). COLLINS et al. 
(1990) found TIO concentrations to be elevated in the hypothalamus of rats 
following chronic exposure (3 weeks) to alcohol, although TIOs were not 
elevated in other brain regions nor were they elevated at 23-week follow-up. 
The failure to observe increased levels of salsolinol throughout the limbic 
system is probably due to the elimination of dietary salsolinol in the COLLINS 
et al. (1990) study. Human studies have found salsolinol to be elevated both 
in dopamine-rich regions of the brain and in the CSF of alcoholic individuals 
(SJOQVIST et al. 1981, 1982). However, differences in dietary salsolinol may 
also have affected the human studies. 

II. Alcohol Drinking Leads to Changes in Opioid Receptor Sensitivity 

A second mechanism by which alcohol can affect the central opioid system is 
by directly affecting the sensitivity of opiate receptors. In general, alcohol 
acts as a CNS depressant which diminishes the firing rates of CNS neurons. 
However, this simple description of alcohol's effects obscures both the 
complex interactions of alcohol with various neuronal components and the 
overall complexity of the CNS. 

Since alcohol is known to disrupt the lipid matrix of neuronal cell 
membranes, changes in membrane conformation may be one of the 
mechanisms by which alcohol affects receptors (including opiate receptors) 
located on these membranes. Ethanol is a simple aliphatic compound which, 
despite its short chain length, is lipid soluble. Aliphatic alcohols such as 
ethanol act to increase the fluidity of cell membranes, causing changes in 
membrane permeability that can disrupt the function of membrane-bound 
proteins, including membrane-bound receptors. Because all biomembranes 
are affected, alcohol can be expected to have effects on multiple neuro
transmitter (or neuromodulator) receptors and hence can affect multiple 
neuronal systems. In fact, alcohol has been shown to affect opiate, GABA, 
glutamate-NMDA, dopamine, serotonin, and norepinephrine neurotrans
mitter systems (US Department of Health 1990). 

HOFFMAN ET AL. (1982; TABAKOFF and HOFFMAN 1987) demonstrated that 
alcohol affects different receptor subtypes preferentially, based upon the 
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sensitivity of a particular membrane-bound receptor complex to changes in 
its lipid environment. In this way, alcohol can exert selective effects on 
specific receptors and neuronal systems even though it is not a ligand for any 
specific receptor. For example, alcohol was shown to inhibit binding of 
opiates to 6-receptors far more than to f1-receptors (HILLER et al. 1981). 

Alcohol's effects on opiate receptor sensitivity are dose dependent. 
With respect to f1-receptors, physiologically obtainable acute doses of 
alcohol (50 mM) enhance f1-receptor binding in vitro (TABAKOFF and 
HOFFMAN 1983). However, concentrations greater than 50mM decrease f1-
receptor affinity (TABAKOFF and HOFFMAN 1983). The increased affinity of j1-

receptors following low, acute doses of alcohol may contribute to alcohol's 
initial reinforcing effect. With respect to 6-receptors, alcohol produces a 
simple dose-response inhibition of binding to the receptors (CHARNESS et al. 
1983; TABAKOFF and HOFFMAN 1983). Alcohol's effects on receptor sen
sitivity are also dependent on the duration of alcohol administration. 
Chronic alcohol exposure was shown to decrease f1 opiate receptor function 
in living mice (HOFFMAN et al. 1982). Thus, long-term alcohol use may cause 
a decrease in the sensitivity of receptors for both exogenous opiate agonists 
and possibly the brain's own endogenous peptides. 

III. Alcohol Drinking Leads to the Release of Endogenous Opioids 

Alcohol drinking may stimulate the endogenous opioid system by triggering 
the release of endogenous opioids such as j1-endorphins and enkephalins. 
Rats given free access to a 10% alcohol solution for 8 days had a 150% 
increase in plasma j1-endorphin levels and a 52% increase in whole brain j1-
endorphin levels (ESKELSON et al. 1980). Acute alcohol administration 
(2.5 mg/kg) increased j1-endorphin levels in specific hypothalamic areas, 
although j1-endorphin levels were reduced relative to controls following 
chronic alcohol treatment (SCHULTZ et al. 1980). In order to fully under
stand these findings, however, one must realize that a j1-endorphin level 
is the net result of three processes: endorphin production, release, and 
catabolism. Changes in any of these processes will affect endorphin levels 
and could influence the response obtained from drinking alcohol. 

c. Genetic Susceptibility to Alcohol Abuse 
Studies using animal strains selectively bred to self-administer alcohol show 
significant differences in baseline endogenous opioid activity (CRABBE et al. 
1981; FROEHLICH and LI 1990; GIANOULAKIS et al. 1992; GIANOULAKIS and 
GUPTA 1986). These differences in endorphin activity, presumed to be 
genetically based, may mediate the increased drinking seen in these strains. 
Of particular interest are findings that alcohol-preferring strains show 
increased endorphin response to alcohol. For example, j1-endorphin levels 
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increase in the hypothalami of alcohol-preferring mice after in vitro adminis
tration of alcohol. This p-endorphin response to alcohol is greater in alcohol
preferring mice (C57BL/6J) than nonprefering mice (DBA/2) (DE WAELE et 
al. 1992). This effect was also demonstrated in whole brain extracts of 
alcohol-preferring mice (BLUM and BRIGGS 1988). 

Preclinical human studies also support a link between opioid systems 
and genetic susceptibility to alcohol abuse. GIANOULAKIS et al. (1990) 
showed that baseline levels of plasma p-endorphin were significantly lower 
in a group of abstinent alcoholics and in nonalcoholic individuals who had a 
strong positive family history for alcoholism, in comparison to nonalcoholic 
individuals who had a strong negative family history for alcoholism. 
GIANOULAKIS et al. (1990) also demonstrated that subjects with a positive 
family history had a marked increase (nearly twofold) in their plasma p
endorphin levels after drinking alcohol, while the family-history-negative 
subjects actually exhibited a slight decrease in p-endorphin levels. Equally 
intriguing was the finding that plasma p-endorphin levels in family-history
positive subjects rose after drinking to approach those of family-history
negative subjects. 

These findings are provocative in that they suggest that alcohol may 
be consumed to correct or "self-medicate" an abnormally low level of 
endogenous opioids. The animal studies in particular provide strong support 
for opioid involvement in alcohol preference. Since alcohol-preferring strains 
are selected purely on the basis of a behavioral preference for alcohol, the 
strain differences in baseline endorphin activity and response to alcohol 
suggest that endorphins are partially responsible for increased alcohol 
preference. Although the findings of GIANOULAKIS et al. (1990) need to be 
replicated in future research and the relevance of peripheral levels of p
endorphin to central levels is uncertain, the human data provide additional 
support for the hypothesis that alcohol consumption enhances opioid system 
activity. 

The hypothesis that alcoholics may drink to correct a deficiency in 
opioid activity is further supported by the finding that detoxifying alcoholics 
have low levels of central endorphins. GENAZZANI et al. (1982) found 
significantly depressed CSF levels of p-endorphin in detoxifying alcoholics 
(3-5 days after cessation of drinking) compared to normal volunteers. 

D. Modulating Opiate Receptor Activity 
Influences Alcohol Drinking 
Alcohol self-selection is influenced by the administration of exogenous 
opioids. In general, moderate-to-high doses of morphine suppress alcohol 
consumption, while withdrawal from opioids is associated with increased 
alcohol drinking (Ho et al. 1976; SINCLAIR 1974; VOLPICELLI et al. 1991). 
However, low doses of morphine can enhance alcohol drinking, particularly 
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in organisms that are not initially alcohol preferring (REID and HUNTER 
1984). 

I. Low Doses of Opioids Increase Alcohol Drinking 

Reid and associates have extensively tested the small-dose morphine effect 
in rats. They find that the injections of low doses of morphine «2.5 mg/kg) 
act to increase alcohol drinking (HUBBELL et al. 1987; REID et al. 1991; REID 
and HUNTER 1984). REID and HUNTER (1984) utilized an unusual procedure 
designed to maximize alcohol drinking. Typically, animals were fluid de
prived for 22 h and then given a time-limited opportunity to drink unswee
tened water or a sucrose-sweetened solution of alcohol. After 3 weeks of 
adaption to this procedure, morphine was injected into the rats 30 min prior 
to access to water and alcohol. Small doses of morphine (less than 2.5 mg/kg) 
increased absolute levels of alcohol drinking and decreased water consump
tion. Total fluid consumption remained relatively constant. 

This small-dose morphine effect was consistent over a variety of pro
cedural manipulations. For example, the small-dose morphine effect was 
found to increase alcohol intake over a dose range of 1.0-2.5 mg/kg 
(HUBBELL et al. 1986). Sweetened alcohol was not essential since low doses 
of morphine also increased selection of unsweetened alcohol, though to a 
much lesser degree (HUBBELL et al. 1986, 1987; WILD et al. 1988). The effect 
was consistent in both male and female animals (CZIRR et al. 1987), and 
regardless of whether testing was conducted during the light or dark phase 
of the diurnal cycle (HUBBELL et al. 1986). Low doses of other opioids such 
as methadone (MUDAR et al. 1986) and fentanyl (CZIRR et al. 1987) have also 
been reported to increase alcohol drinking. 

It is interesting that effects similar to low-dose morphine administration 
have also been obtained with intracerebroventricular (ICV) infusions of TIO 
alkaloids (MYERS and MELCHIOR 1977a; MYERS and PRIVETTE 1989). Both 
small, acute doses and chronic infusions of TIO alkaloids evoked excessive 
alcohol drinking in alcohol nonpreferring rats when a choice of alcohol or 
water was given (CLOW et al. 1983; MYERS et al. 1982; MYERS and OBLINGER 
1977). The significance of this increased alcohol drinking was confirmed by 
the fact that rats drank pharmacologically significant blood alcohol levels. 

The brain areas responsible for the low-dose opioid effect have been 
mapped in vivo using tetrahydropapaveroline (THP), another type of TIO. 
When THP is microinjected into certain brain areas, a low-dose enhance
ment of alcohol drinking can be observed (DUNCAN and FERNANDO 1991; 
MYERS 1990b; MYERS and PRIVETTE 1989; PRIVETTE and MYERS 1989). These 
mapping studies reveal a distinct "circuitry" of neuronal structures which 
seem to mediate abnormal intake of alcohol. This "circuit" extends from the 
ventral tegmental area of the midbrain rostrally to structures within the 
limbic forebrain and medial prefrontal cortex. The hypothesized anatomical 
"circuit" encompasses both dopaminergic and enkephalinergic pathways and 
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has a striking pattern of concordance with the mesolimbic system. The 
meso limbic system is the hypothesized site of the drug reward system, i.e., 
the medial forebrain bundle and associated loci. 

II. Moderate to High Doses of Opioids Suppress Alcohol Drinking 

Several studies have shown that moderate to high doses of opioids decrease 
alcohol drinking. For example, in a study by VOLPICELLI et al. (1991), rats 
given free access to food, water, and 5% alcohol were randomly assigned to 
receive subcutaneous injections of saline or one of two different dose levels 
of morphine sulfate. In comparison to the saline-treated rats, rats treated 
with high doses of morphine (10mg/kg) daily for 8 days had a 60% 
reduction in alcohol self-administration during the last 4 days of morphine 
administration. Rats treated with lower doses (2.5 mg/kg) had only a 20% 
reduction in alcohol consumption. These effects were relatively specific, in 
that the doses of morphine used by VOLPICELLI et al. (1991) had only 
modest, nonsignificant effects in reducing both total fluid consumption and 
body weight relative to the saline-injected rats. 

A similar effect has been observed following a single injection of 
morphine (60mg/kg) in rats with 20 weeks experience with alcohol drinking. 
Following the morphine injection, alcohol drinking was suppressed while 
water consumption increased (SINCLAIR et al. 1973). In rats with either 1 day 
or 32 days previous experience with drinking, a single 30-mg/kg morphine 
injection suppressed alcohol drinking for 8 days (SINCLAIR 1974). The effect 
of morphine injections was specific to alcohol drinking since water consump
tion was not affected. 

Ho et al. (1976) used morphine injections of 10, 30, and 60mg/kg and 
derived a similar dose-response curve that also demonstrated an inverse 
relationship between alcohol preference and opiate receptor activity (Ho et 
al. 1976). A single subcutaneous injection of morphine produced a dose
dependent decrease in alcohol drinking in both rats and mice, with no effect 
on water consumption. In a separate experiment on the chronic effects of 
morphine, rats received daily morphine injections on an incremental dose 
regimen (from lOmg/kg up to 200mg/kg twice daily) for 2 weeks. When 
morphine injections were stopped, alcohol consumption was found to be 
increased above baseline levels and relative to consumption levels in saline
treated control rats. 

Administration of endogenous opioids can also suppress alcohol drin
king. Administration of the endogenous opioid met-enkephalin has been 
shown to reduce alcohol intake. For instance, ICV injections of 200 Jlg met
enkephalin reduced consumption of a 5% alcohol solution by rats (Ho and 
ROSSI 1982). However, the use of enkephalinase inhibitors to artificially 
increase endogenous opioid levels produced conflicting results. While BLUM 
et al. (1987) found that the enkephalinase inhibitor d-phenylalanine reduced 
alcohol intake in mice, Froehlich and colleagues (FROEHLICH and LI 1990; 
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FROEHLICH et a1. 1991) found that a different enkephalinase inhibitor 
(thiorphan) increased alcohol consumption in rats. 

III. Alcohol Drinking Increases During Opiate Withdrawal 

During the postinjection or opiate withdrawal phase, when opioid system 
activity can be considered to be deficient, rats show increased alcohol 
preference relative to saline-treated controls (Ho et a1. 1976; VOLPICELLI et 
a1. 1991). VOLPICELLI et a1. (1991) found that morphine-treated rats showed 
an increase in alcohol drinking when morphine injections were discontinued. 
For example, rats in the low-dose morphine group drank nearly twice as 
much alcohol as the saline-injected subjects during the postinjection phase. 

Similarly, when rats were retested 1-6 months following intraventricular 
infusions of TIQs, it was found that the preference for alcohol induced by 
TIQ alkaloids persisted. Because TIQ alkaloids are rapidly degraded in the 
brain, such a long-term effect on alcohol preference suggests that TIQs can 
produce a lasting effect on neuronal processes (DUNCAN and DEITRICH 1980; 
HUTruNEN and MYERS 1987; MYERS and MELCHIOR 1977a,b; MYERS and 
PRIVETIE 1989). 

Results from human studies that have considered the effects of metha
done administration on alcohol drinking are consistent with the animal data 
(SIEGEL 1986). Opiate addicts, maintained on a regular, stable dose of the 
opiate agonist methadone, generally show a decrease in their levels of 
alcohol consumption. However, as predicted, opiate abusers typically 
increase their alcohol use during opiate withdrawal or when a steady, stable 
opiate supply is not available. 

E. Uncontrollable Stress and Alcohol Abuse 

If an important motivation for alcohol drinking was its tension-reducing 
properties, it would likely follow that stress would result in increased alcohol 
consumption. However, animal studies have generally failed to demonstrate 
a consistent effect of stress on alcohol drinking (see CAPPELL and HERMAN 
1972). 

Exposure to uncontrollable stress increases endogenous opiate receptor 
activity. For example, in animal studies, intermittent electric footshock 
produces a period of opioid-mediated, stress-induced analgesia, which is 
reversible by opioid antagonists (CHESHER and CHAN 1977; GRAU 1984; 
HYSON et a1. 1982). The fact that this transient analgesia is blocked by 
opioid antagonists suggest that the analgesia is the result of stress-induced 
release of endogenous opioids such as fJ-endorphin. Given the ability of 
exogenous opiate administration to affect alcohol drinking, we would expect 
perturbations in endogenous opioid activity to also affect alcohol drinking. 
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I. Post-Stress Alcohol Drinking 

The lack of agreement concerning the effects of stress on alcohol drinking 
can be attributed in part to the need to distinguish between drinking that 
occurs during stress and that which occurs after stress. Studies of alcohol 
drinking during stress show inconsistent effects, while studies of drinking 
following stress typically show a large increase in alcohol intake. For 
example, VOLPICELLI et al. (1982) found that rats exposed to 4 days of 
inescapable shock did not show an increase in alcohol consumption until 
after the shock was discontinued. 

VOLPICELLI et al. (1990) found that the increase in alcohol preference 
following stress was independent of initial preference for alcohol. However, 
alcohol preference during uncontrollable stress was found to depend upon 
initial alcohol preference. During the shock phase, rats with high initial 
alcohol preference decreased alcohol preference, while alcohol nonpreferring 
rats increased preference for alcohol. 

Post-stress drinking has also been observed in animals exposed to 
stressors other than electric footshock. For example, rats given a choice 
between water and a sweetened 10% alcohol solution were found to have 
markedly increased alcohol preference in the 3 weeks following isolation 
stress or immobilization stress, but not during periods of stress (NASH and 
MAICKEL 1985). 

A study of the temporal patterns of drinking in college students shows 
that the post-stress drinking research applies to humans as well (ORCUTT and 
HARVEY 1991). Consideration of the times when humans are most likely to 
drink - at the end of the work day or work week, on vacation and during 
times of leisure, and after a crisis or important life event - supports the 
notion that individuals increase alcohol drinking upon relief from a stress 
and not during the actual stress. This "weekends are for Michelob" effect 
seems to have been noted by people who are not typically thought of as 
scientific researchers. 

F. Opiate Antagonists Attenuate Alcohol Drinking 
It has been observed that some of the behavioral effects of alcohol could be 
blocked by opiate antagonists. For example, naloxone reduced the increase 
in motor activity elicited by alcohol (MIDDAUGH et al. 1978). Opiate anta
gonists also antagonize other pharmacological effects of alcohol. Naloxone 
increased the LDso of alcohol approximately twofold (Ho and Ho 1979). 
These observations led to the notion that opiate antagonists might attenuate 
alcohol preference. 

Studies of the effects of opiate antagonists on alcohol drinking in 
animals have generally shown that opiate antagonists reliably decrease 
alcohol preference across a range of conditions (ALTSHULER et al. 1980; 
HUBBELL et al. 1986; MARFAING-JALLET et al. 1983; MYERS et al. 1986; 
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SAMSON and DOYLE 1985; VOLPICELLI et al. 1986). Monkeys bar pressing for 
intravenous alcohol decreased their bar press responses by 50% when they 
were administered naltrexone (20mg/kg) for 15 days. Initially, naltrexone 
injections led to an increase in responding for alcohol but over the sub
sequent 10 days alcohol drinking gradually decreased relative to baseline 
(ALTSHULER et al. 1980). 

In a similar experiment using rodents bar pressing for either water or a 
5% alcohol solution, naloxone (20 mg/kg) also decreased responding for 
alcohol (SAMSON and DOYLE 1985). This effect was observed at the highest 
dose of naloxone employed (20mg/kg), but not at lower doses. Since high 
doses of opiate antagonists can reduce many appetitive behaviors (not just 
alcohol drinking), it is important to control for the nonspecific appetite
reducing effects of opiate antagonists. No change in water responding was 
found. 

The effect of opioid antagonists on alcohol drinking has been shown in 
less traditional paradigms as well. A metabolite of alcohol, acetaldehyde, 
can also reinforce bar pressing in rats. This effect was also blocked by the 
administration of an opioid antagonist. After a period of stable responding 
for acetaldehyde, three closely spaced (30 min apart) injections of naloxone 
at 10mg/kg decreased bar pressing for i.v. injections of acetaldehyde. 
Smaller doses of naloxone did not have this effect (MYERS et al. 1984). 

Alcohol drinking initiated by administration of small doses of opioids is 
also reduced by administration of opiate antagonists. For example, the 
increased alcohol preference induced by administration of TIO alkaloids can 
also be suppressed by opiate antagonists (CRITCHER et al. 1983; MYERS 
and CRITCHER 1982). This is further evidence that the increase in alcohol 
drinking induced by TIO alkaloids is mediated by a mechanism involving 
opiate receptors. 

Opiate antagonists also block the increase in alcohol drinking observed 
following uncontrollable stress. While post-shock alcohol preference in
creased (as predicted) in placebo-treated rats, naltrexone-treated rats 
did not show an increase in alcohot consumption following exposure to 
inescapable shock (VOLPICELLI et al. 1986). 

The animal data previously described have led to studies on the effect of 
naltrexone on alcohol drinking by alcohol-dependent humans. If alcohol use 
leads to increased opioid system activity and increased opioid activity 
reinforces alcohol drinking, then opiate antagonists such as naltrexone 
should reduce alcohol drinking. Two recent studies have shown that 
naltrexone is effective in reducing alcohol relapse in detoxified alcohol
dependent subjects. These double-blind, placebo-controlled studies com
pared naltrexone 50mg daily to placebo for 12 weeks as an adjunct to 
outpatient alcohol rehabilitation (O'MALLEY et al. 1992; VOLPICELLI et al. 
1992). 

VOLPICELLI et al. (1992), using a sample of 70 detoxified alcoholics, 
found that daily administration of 50 mg naltrexone significantly reduced the 
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number of days on which alcohol was consumed. Craving for alcohol, as 
measured by self-report, was significantly lower in natrexone-treated sub
jects than placebo controls. Relapse rates were also significantly lower for 
the naltrexone group. Finally, among subjects that had a "slip" from 
abstinence, nearly all placebo-treated subjects continued drinking, such that 
they met criteria for relapse, while only half of the naltrexone-treated 
samplers relapsed. O'MALLEY et al. (1992) reported similar findings in a dif
ferent sample of 97 alcoholics. Naltrexone-treated subjects had significantly 
fewer drinking days than placebo subjects. Naltrexone subjects also had 
significantly lower relapse rates, and a lower total number of drinks during 
the study. At termination, naltrexone subjects had significantly lower 
clinician-rated Addiction Severity Index (ASI) scores. The reduction in 
alcohol use and relapse rates found in alcoholics treated with the opioid 
antagonist naltrexone can only be understood in the context of an opioid 
system-based theory of alcohol reinforcement. 

I. Why Do Organisms Abuse Alcohol? 

If alcohol is reinforcing because of its effects on the opioid system activity, 
how might this mechanism explain excessive alcohol drinking? One theory 
suggested by several researchers (GIANOULAKIS et al. 1990; TRACHTENBERG 
and BLUM 1987; VOLPICELLI 1987) is that alcohol drinking is motivated by 
deficiencies in opiate receptor activity. This opioid compensation hypothesis 
proposes that deficiencies in opiate receptor activity can be the result of 
genetic deficiencies in opioidergic activity, or environmentally induced 
deficiencies following excessive opiate receptor activity. Such relative defi
ciencies might be produced by prolonged exposure to exogenous opioids, or 
by the transient elevation in endogenous opioids resulting from experience 
with uncontrollable stress. Alcohol drinking may temporarily compensate 
for these deficiencies, but chronic drinking would be expected to lead to 
compensatory changes. Finally, the withdrawal of alcohol itself might also 
lead to a deficiency in endogenous opioids, thereby setting the occasion for 
resumed abusive drinking (see VOLPICELLI 1987). 

It would appear that the opioid compensation hypothesis cannot account 
for the finding that low doses of opioids increase alcohol drinking. REID et 
al. (1991) have argued that the propensity to drink alcohol increases when a 
"surfeit" of opiate receptor activity exists. The low-dose morphine effect 
can account for the difficulty alcoholics have in trying to stop once drinking 
is begun. If alcohol drinking enhances opiate receptor activity and enhanced 
opiate receptor activity increases the motivation to drink alcohol, then a 
vicious cycle is created when organisms drink alcohol. 

An analogy to eating behavior illustrates that it is possible for both 
models to be correct. Just as eating can be motivated by hunger (food 
deficiency), alcohol drinking may be motivated by opiate receptor defi
ciencies. Yet, eating can also be stimulated by a small appetizer and, 
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similarly, a small dose of morphine can "prime" alcohol drinking. The 
biochemical basis of this priming effect may involve other neurotransmitters. 
For example, the serotonin reuptake inhibitor ftuoxetine was found to block 
the enhanced alcohol drinking elicited by low doses of morphine (HUBBELL 
et al. 1991). 

Opioid mechanisms may mediate reinforcement of alcohol drinking, but 
alcohol's sedative effects seem due to interactions with the benzodiazepine 
receptor complex (the GABAergic system). A recent meta-analysis has 
supported the hypothesis that subjects with a positive family history for 
alcoholism show decreased sensitivity to the intoxication produced by 
alcohol (POLLOCK 1992). SCHUCKIT (1985) found that subjects with a positive 
family history for alcoholism show decreased body sway after alcohol 
drinking. He proposed that tolerance to the alcohol's intoxicating effects 
may be a genetic marker for alcoholism. In other words, alcohol may be 
addicting to persons who are less sedated by alcohol, which suggests that 
they are relatively insensitive to alcohol's effects on GABA. While 
GABAergic mechanisms for alcohol abuse have considerable experimental 
support (see the chapter by Ticku and Mehta, this volume), the research 
reviewed above shows that the opioid system must considered as well in a 
comprehensive view of the etiology of alcoholism. 

A synthesis of the GABA and opioid system approaches to alcoholism 
might help to explain how the process of addiction develops. One theoretical 
possibility is that risk for alcoholism is the sum of sensitivity to the opioid
mediated reinforcing effects and tolerance to the GABA-mediated sedative 
effect. Thus, persons who are less sedated by alcohol may still be at relatively 
little risk if their sensitivity to alcohol's rewarding effects is low. Similarly, 
high sensitivity to both GABA and opioid effects may result in low risk 
because a drinker might fall asleep or lose consciousness before a substantial 
quantity of alcohol was consumed. At greatest risk are those patients who 
are not sedated, but are highly reinforced by alcohol. 

Other neurotransmitter systems involved in the etiology of alcohol 
abuse are serotonin and dopamine. Several converging lines of evidence 
show the importance of serotonin in alcohol use: alcohol-preferring strains 
of rat show abnormally low serotonin levels, alcohol may stimulate sero
tonin release, and serotonin reuptake inhibitors depress alcohol drinking in 
humans (LITTEN and ALLEN 1993; see also the chapter by Sellers, this 
volume). The parallels between the serotonin evidence and the opioid system 
data reviewed above suggest that these two systems may work additively or 
synergistically to reinforce and maintain alcohol drinking. 

Catecholamine mechanisms for alcohol drinking have also received 
some experimental support. Although rats bred for alcohol preference show 
depressed dopamine levels in some brain areas, and alcohol administration 
stimulates dopamine release from the nucleus accumbens, dopamine agonists 
and antagonists have generally failed to produce effects specific to alcohol 
drinking (LITTEN and ALLEN 1993; see also the chapter by Samson, this 
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volume). Collectively, these data show that future research on alcoholism 
must continue to closely examine the action of alcohol at multiple receptor 
systems. Future research may reveal the particular neuronal system im
balances and appropriate pharmacotherapies for different alcoholism 
subtypes. 

G. Summary 

Taken in their entirety, the data presented above provide a compelling 
argument for the importance of alcohol-opioid interactions in alcoholism. 
Alcohol drinking can produce an increase in opiate receptor activity. This 
pharmacological effect is specific to opioids, and is localized to brain regions 
thought to be involved in the reinforcing effects of drugs. As predicted, 
alcohol exerts more pronounced pharmacological effects on opiate receptor 
activity in organisms with high alcohol preference. 

Opiate agonists also have specific pharmacological effects on alcohol 
preference. Low doses of opioids increase alcohol preference even in 
alcohol nonpreferring animals, while moderate to high doses of opioids 
decrease alcohol preference. The effect is specific for alcohol preference, 
i.e., it occurs at doses that do not significantly affect food or water pre
ference. Upon withdrawal of exogenous opioids following chronic adminis
tration, organisms show a prolonged preference for alcohol. 

Uncontrollable stress, which is known to affect the activity of the 
endogenous opioid system, also influences alcohol drinking. Similar to the 
effect of small doses of exogenous opioids, mild stress increases alcohol 
preference in rats with low alcohol preference, but decreases preference in 
alcohol-preferring rats. Regardless of initial alcohol preference, organisms 
show a reliable increase in alcohol preference upon relief from stress. 

Opiate antagonists reliably decrease excessive alcohol drinking, regard
less of whether the excessive drinking is the result of genetic factors, follows 
exposure to exogenous opioids, or is related to perturbations in endogenous 
opioids. This effect is relatively specific, in that doses of opiate antagonists 
that reduce alcohol preference do not affect consumption of other appetitive 
reinforcers such as food or water. Though opiate agonists and antagonists 
have opposite effects on alcohol consumption, they show comparable speci
ficity in these effects. 

While we have focused our attention in this chapter almost exclusively 
on alcohol-opioid interactions, clearly alcohol has a variety of other 
pharmacological effects. Though it is simplest to study a single neuro
transmitter system in isolation, it is quite likely that alcohol's reinforcing 
effects are mediated by several neurotransmitters. Nevertheless, the work 
presented above demonstrates that the opioid system is important in 
mediating the reinforcing effects of alcohol drinking. 
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CHAPTER 9 

Animal Models of the Alcohol Addiction Process 

K.A. GRANT 

A. Introduction 

Historically, animal models of alcohol addiction have been reflective of the 
current definitions and understanding of alcohol addiction in humans. Thus, 
in conjunction with the increasing biomedical approach to alcoholism, the 
hallmarks of human alcohol dependence in the early 1960s and into the 
1970s were tolerance and physical dependence. During this period, most 
animal models of alcoholism were designed to demonstrate both an in
creased ability to tolerate the effects of alcohol and the emergence of 
withdrawal signs following the cessation of alcohol treatment. The major use 
of animal models was to define the neuropharmacological adaptation to 
prolonged exposure to alcohol in the hopes that these adaptations would 
reveal the critical stages of the addiction process. 

Although tolerance to and physical dependence upon alcohol are robust 
consequences of prolonged exposure to alcohol, their place as central 
phenomena in the addiction process has been supplanted by the recognition 
that the excessive nature of the behavior maintained by alcohol consumption 
is also a robust, defining characteristic. The inclusion of more behavioral 
criteria into the diagnosis of alcoholism was reflected in the 1978 revision of 
the World Health Organization definition of alcohol dependence syndrome. 
In this revision, the alcohol dependence syndrome included several criteria 
for behavioral manifestations of alcohol dependence, with alcohol-seeking 
as a central variable. Since the late 1970s and throughout the 1980s drug
seeking behavior, as opposed to the development of tolerance of depen
dence, has become the hallmark of addiction and addictive behaviors 
(STOLERMAN 1988, 1992). This analysis places the emphasis on the behavior 
directed towards acquiring and consuming alcohol and allows the incor
poration of both pharmacological and environmental stimuli as modulators 
to this behavior. This analysis also allows the incorporation of information 
from other fields of behavioral analysis as well as neurobiological disciplines 
such as neurochemistry, neurophysiology, and molecular biology. 

Within this analysis, alcohol-seeking behavior results from the rein
forcing effects of alcohol. These reinforcing effects are determined by an 
interplay of several variables including: the pharmacological characteristics 
of alcohol, the environmental events that occurred concurrent with the 
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initial and subsequent alcohol use, the genetics of the individual, and pre
viously established behaviors not necessarily related to the effects of alcohol. 
To study these influences, numerous conceptual models of addictive pro
cesses have emerged that acknowledge the multidimensional nature of addic
tion (TARTER 1988). To organize this review, a stages-of-change analysis of 
the addiction process, drawn from the human psychosocial field, was chosen. 
In this analysis, there are roughly four major stages in the addiction process: 
initiation, transition and maintenance of addiction, remission, and relapse 
(MARLATT et al. 1988). The primary dependent variable is drug-seeking 
behavior, as this is the primary variable of interest in humans. Information 
from animal studies, focusing both within stages and on the transitions 
between stages, will be presented. 

This review is confined to discussing the behavioral effects of alcohol 
related to the addiction process. The other contributions in this book are 
dedicated to reviewing the pharmacological basis of ethanol's behavioral 
effects and, consequently, will not be reviewed here. However, it should be 
clear that ethanol does not act at a single set of receptors. The multiple 
pharmacological effects of ethanol are reflected in the multiple behavioral 
effects, which change quantitatively and qualitatively with the dose of 
ethanol. 

B. Alcohol-Seeking Behavior 
As noted in the introduction, alcohol-seeking has become the primary be
havioral variable of interest in animal models of the alcohol addiction 
process. For the purposes of this review, two behaviors, found under dif
ferent experimental conditions, will be operationally defined as represen
tative of alcohol-seeking. These behaviors are alcohol self-administration 
and alcohol-conditioned preferences. Other behavioral procedures may be 
used to reflect the ability of alcohol to serve as a reinforcer. For example, 
procedures that measure alcohol effects such as the anxiolytic, aversive, 
discriminative, motor, or amnestic effects each address important aspects of 
alcohol's ability to serve as a reinforcer. However, these behavioral out
comes are not direct measures of alcohol-seeking and will be discussed in a 
later section (Sect. C.IV). Likewise, the effects of alcohol on the threshold 
for intracranial self-stimulation (leSS) are believed to reflect the reinforcing 
effects of alcohol (WISE et al. 1992). This procedure, however, is also an 
indirect measure of alcohol-seeking. 

Self-administration refers to the process of a laboratory animal or human 
engaging in a behavior that results in the administration of alcohol. The 
most common self-administration procedure involves the presentation of 
alcohol following a set number of specific responses in a distinct environ
ment. By definition, the intake of alcohol must be greater than the intake of 
the vehicle (water, sweetened solutions, or saline are common vehicles) for 
alcohol to be serving as a reinforcer. The presentation of alcohol in self-



Animal Models of the Alcohol Addiction Process 187 

administration procedures has been accomplished by several routes, includ
ing oral, intravenous, intragastric, and intracranial delivery (see CARROLL 
et al. 1990). In short, self-administration procedures emphasize the con
sequences of behavior in the role of alcohol-seeking. 

Conditioned preference refers to the process of a laboratory animal 
becoming attracted to the place associated with the delivery of alcohol 
(MUCHA et al. 1982; D.C. HOFFMAN 1989). Procedurally, the animal is given 
a specific dose of alcohol and placed in a distinct environment. Through the 
association of alcohol's effects with the specific environemntal stimuli, these 
stimuli serve as incentive stimuli and elicit approach behaviors. When given 
a choice between two environments, only one of which is associated with the 
effects of alcohol, the animal spends a greater proportion of time in the 
environment associated with alcohol. These procedures emphasize environ
mental stimuli as generating motivational states, reflected in approach or 
avoidance behaviors that are indicative of the reinforcing effects of alcohol. 
While self-administration and place conditioning are derived from different 
procedures, the process of alcohol-seeking in humans and in animal models 
undoubtedly incorporates aspects from both paradigms. 

In order to examine the progression of alcohol-seeking behavior from 
initiation through dependency and into relapse, it is useful to isolate vari
ables and divide them into biological components, consisting of genetic and 
pharmacological influences, and environmental components. However, the 
lack of evidence for any intrinsically or fundamentally reinforcing effects of 
alcohol, or any other psychoactive drug, must be emphasized. For example, 
it is possible that alcohol and other abused substances are self-administered 
because of their euphoric or mood-elevating effects. Indeed the majority of 
drugs which are self-administered by animals are reported as euphorigenic 
in humans (SCHUSTER et al. 1981). However, euphorigenic effects do not 
consistently covary with the reinforcing effects of drugs (JOHANSON and 
UHLENHUTH 1980, 1981). For example, humans report amphetamine as 
euphorigenic on self-report rating scales; however, when given an oppor
tunity to self-administer the drug, not all subjects do so. In addition, there 
are reports of alcohol increasing anxiety and depression in alcoholics, even 
though they continue to self-administer alcohol (MELLO 1972). Therefore, 
since the euphoric effects of a drug, including alcohol, are not necessarily 
related to the self-administration of alcohol, these effects cannot be solely 
responsible for its reinforcing effects. 

Animal models, involving several drug classes, further support the dis
sociation between stimuli inducing positive mood states and subsequent self
administration. For example, several studies have shown that the responding 
of morphine-dependent monkeys can be maintained by the administration of 
naloxone (GOLDBERG et al. 1971, 1978; WOODS et al. 1975) at doses which 
produce avoidance responding in the same (GOLDBERG et al. 1971) or other 
(D.A. KANDEL and SCHUSTER 1977) morphine-dependent monkeys. Further
more, within subject designs have shown that the same doses of cocaine can 



188 K.A. GRANT 

either be actively avoided or self-administered (SPEALMAN 1979). Thus, any 
other intrinsic effect of a drug or alcohol, for example dopamine release in 
the nucleus accumbens, is likely only to influence, rather than determine, 
alcohol-seeking. Alcohol's ability to serve as a reinforcer at any given time 
will be due to a combination of antecedent events, current environmental 
contingencies, and the pharmacological basis of alcohol's stimulus effects. 
Clearly, drug- and alcohol-seeking behavior can be viewed as malleable and 
not wholly determined by intrinsic pharmacological effects. 

c. Initiation 
Human studies suggest that there are many influences on the initiation of 
alcohol consumption, including genetic load, personality traits, parental 
drinking practices, cultural patterns, age, peer pressure, the taste of the 
alcoholic beverage, and degree of sensitivity to some of alcohol's effects (see 
MARLATT et al. 1988; SAMSON 1987; TARTER et al. 1985). Animal models are 
particularly suitable for the study of influences on the initiation of alcohol 
consumption because of the obvious ethical constraints on human studies. 
However, it is a well-known fact that the typical laboratory animal does not 
readily consume intoxicating quantities of alcohol. This reluctance has been 
attributed to the taste of alcohol, the delay between the consumption of 
alcohol and its pharmacological effects, the volume of alcohol needed for a 
pharmacological effect, and the particular pharmacological effects of alcohol. 
These effects of alcohol make it difficult to establish alcohol-seeking be
havior. However, one arguable advantage of investigating alcohol-seeking 
compared to seeking behavior maintained by other drugs of abuse has been 
the necessity to explore the role of genetic and conditioned effects in the 
initiation of alcohol consumption. Unlike many opiates and psychomotor 
stimulants, it is often not effective to simply allow access to alcohol, even by 
intravenous or intragastric routes of administration, in order to engender 
alcohol self-administration (MEISCH 1977; CARROLL et al. 1990; SAMSON 
1987). Alcohol researchers have been confronted with the rather large 
task of determining appropriate conditions for the establishment of alcohol
seeking. Thus, the development of animal models of alcohol-seeking has 
required an emphasis on the interplay among the individual organism, 
the pharmacology of alcohol, and the environment. As a result, alcohol 
researchers have become keenly aware of the potential contribution of 
conditioned reinforcement to the development of alcohol-seeking behavior. 
Alcohol is not alone in this regard; nicotine, caffeine, and minor tranquilizers 
all have less than robust reinforcing effects in the uninitiated animal (YOUNG 
and HERLING 1986). Yet, all these drugs are widely used by humans. The 
question remains, what variables influence the initiation of alcohol use? 
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The first set of variables to be considered are those related to environmental 
conditioning. Models that address these variables encompass conditioning in 
the presence as well as the absence of alcohol. Thus, some of the models 
address predisposing factors that may influence the initiation of alcohol
seeking, while others address conditioning that occurs during the initial 
encounters with alcohol. 

Early environmental influences, independent of alcohol exposure, can 
exert powerful control over the establishment of alcohol-seeking. Animal 
models are just beginning to address these early influences. Human studies 
point to rearing environments as important predictors of later alcohol use. 
For example, family structure and child-rearing practices have been noted as 
potential influences that affect risk for problem drinking (TARTER et al. 
1984). In a recent study investigating the effects of rearing conditions on 
subsequent alcohol consumption in rhesus monkeys, HIGLEY et al. (1991) 
found that monkeys reared by their mothers for the first 6 months were less 
likely to consume alcohol compared to monkeys taken from their mothers 
and reared by similar aged monkeys. The data suggest that the stressful 
rearing conditions contributed to the initiation of alcohol consumption and 
demonstrate the powerful effects on subsequent alcohol consumption of 
factors that exist prior to alcohol exposure. 

Other early environmental influences on the ability of alcohol to serve 
as a reinforcer occur concurrent with the initial uses of alcohol. These are 
conditioned effects, wherein the effects of alcohol are associated with en
vironmental stimuli and events. Of utmost importance in the human situation 
may be the effects of social interactions. An animal study of the influence of 
social stress on the initiation of alcohol consumption used monkeys that 
were all reared by their mothers for the first 6 months, then housed in 
groups of four (KRAEMER and McKINNEY 1985). When the monkeys were 
adults, they were divided into two groups: one group consisted of animals 
continuously housed individually for 12 weeks and another group that for 12 
weeks was intermittently separated from and then reunited with their social 
group for I-week periods. Overall the intermittently separated monkeys 
drank more alcohol than the continuously separated monkeys. The inter
mittently separated monkeys also drank more alcohol when they were 
separated compared to when they were housed together. The authors inter
preted the findings as evidence that the stress of intermittent isolation 
promoted alcohol consumption, which eventually transferred to the social 
situation (KRAEMER and McKINNEY 1985). Social stress was also invoked as 
an explanation of induced drinking in subordinate male rats housed in social 
groups (BLANCHARD et al. 1987). Both of these studies suggest that social 
interactions can be important determinants of alcohol consumption in lab
oratory animals. 
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Apart from social stress, positive social interactions can also promote 
alcohol intake. Several studies have shown that initial drug use is associated 
with peer models and friendship groups (JESSOR and JESSOR 1975; JESS OR et 
al. 1972; D.B. KANDEL et al. 1978). One way in which ethanol consumption 
may be socially reinforced is by drinking in a manner that is defined by peers 
as appropriate and which receives approval. Drinking initially maintained 
by peer approval can be conceived of as being a conditioned reinforcer. 
An animal model designed to investigate the early conditioning of alcohol
seeking used a secondary conditioning procedure (see SAMSON 1987; GRANT 
and JOHANSON 1988). In a secondary conditioning procedure, one set of 
stimuli are paired with the presentation of a reinforcing event (the primary 
reinforcer). Following a number of pairings, presentation of the stimuli 
associated with the primary reinforcer, can, by itself, maintain responding (a 
secondary reinforcer). It was hypothesized that the initial stages of alcohol 
drinking in humans may be maintained by peer approval, and only later in 
the drinking history do the pharmacological effects of alcohol maintain 
drinking. In an animal model of this process, rats and monkeys were re
quired to drink alcohol in order to gain access to a highly palatable sugar 
solution (GRANT and SAMSON 1985; GRANT and JOHANSON 1988). After a 
number of pairings, presentation of the sugar solution was no longer necess
ary to maintain the alcohol consumption. Thus, alcohol served as a rein
forcer following secondary conditioning in animal models, strengthening the 
possibility that such conditioning can indeed play a role in the initiation of 
alcohol drinking in humans. The secondary conditioning procedure is not 
specific to alcohol, and has been successful in the initiation of chlodiazep
oxide, cannabis, and phencyclidine self-administration in laboratory animals 
(see GRANT and SAMSON 1985). 

It is possible that secondary conditioning procedures are simply serving 
to acclimate the animal to the taste of alcohol. However, this does not 
appear to be a sufficient explanation for the initiation of alcohol-seeking. 
For example, high alcohol intake in laboratory animals can be induced by 
scheduled food presentation and intermittent access to alcohol. Yet when 
these inducing procedures are suspended, alcohol-seeking behavior is not 
maintained or cannot be initiated. Rather, conditioned drinking appears to 
be dependent upon the conditioning environment. For example, in an early 
study of conditioning effects, rats drank large volumes of alcohol in order to 
gain access to food and to avoid foot shock (SENTER and PERSENSKY 1968). 
The conditioning was then discontinued and the rats were divided into two 
groups. One group of rats received access to alcohol in operant chambers 
while the second group was given access to alcohol in the home cage. The 
alcohol intakes of the home-cage group fell dramatically compared to the 
rats that had access to alcohol in the conditioning environment. Thus, an 
important factor for maintaining conditioned alcohol drinking appears to be 
the presence of the conditioning environment. These effects have been 
replicated and explained in terms of both operant (SAMSON 1987) and classi
cal (KRANK 1989) conditioning frameworks. 
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There are several explanations for the facilitating effect of the environ
ment on the initiation and maintenance of alcohol consumption. For example, 
stimuli in the environment may function as discriminative stimuli, signaling 
the availability of alcohol and therefore setting the occasion for drinking 
(BICKEL and KELLY 1988). An alternative explanation is that the environ
ment acts to stimulate incentive motivation and elicit approach behaviors (J. 
STEWART et al. 1984). A third explanation invokes the hypothesis of condi
tioned withdrawal in anticipation of alcohol administration (HINSON and 
SIEGEL 1980); however, in the early stages in the initiation of alcohol-seeking, 
this latter explanation is probably not applicable. Finally, the role of associ
ative factors in the development of tolerance (see next section) may also 
underlie the importance of the conditioning environment. Regardless of 
the explanation, the importance of environmental cues in initiating alcohol
seeking suggests that an avenue for early intervention may be the avoidance 
of places where alcohol has already been sampled and its use reinforced by 
peers. However, there may be only a small window of opportunity for such 
intervention, since the hallmark of the addiction process is the ability of 
alcohol to serve as a reinforcer in numerous environments. Apparently, 
early in the addiction process the pharmacological effects of ethanol begin 
to reinforce drinking, shifting the relative control over drinking from the 
exteroceptive cues to the interoceptive effects of alcohol (see Sects. B.I1, 
III). 

Another early environmental influence that appears to be important in 
the initiation of alcohol-seeking is the taste of alcohol. Evidently, the taste 
of alcohol is unpleasant in both uninitiated humans and laboratory animals. 
One way to circumvent the unpleasant taste of alcohol is to mask it with 
other, preferred tastes. The most common procedure use sweet solutions 
(e.g., soft drinks) as mixers for alcoholic solutions. In animal models of this 
process, animals are initially trained to respond on a lever by the present
ation of a highly sweet solution. Over a period of time, usually weeks, the 
concentration of sucrose is gradually decreased and alcohol is added to the 
solution in increasing concentrations, until alcohol in water maintains re
sponding (see SAMSON 1987). This example of acquired taste is not unique to 
alcohol. A striking example of acquired taste in laboratory animals is the 
demonstration that chimpanzees can acquire a preference for chili peppers 
which are initially avoided and result in lacrimation upon ingestion (ROZIN 
and KENNEL 1983). The suggestion that alcohol preference is acquired indi
cates that masking is an important process in desensitizing the animal (or 
human) to initially aversive effects of alcohol. The observation that repeated 
exposure to ethanol is required to show alcohol-seeking in place preference 
procedures also suggests a desensitization (REID et al. 1985). This apparent 
desensitization, or tolerance, to the aversive effects of alcohol is discussed at 
length in a later section. 

An alternative explanation for the increased alcohol consumption ob
served when acquisition techniques are employed is that the adulterated 
taste of alcohol increases the likelihood that the animal will engaged in the 
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act of drinking. In other words, increasing the baseline rates of behavior 
(drinking) increases the probability that when alcohol is available it also will 
be consumed. Evidence from both monkey and rodent studies supports the 
hypothesis that increases in baseline rates of responding and access to 
alcohol are sufficient to establish the self-administration of alcohol. For 
example, monkeys that initially do not self-administer alcohol through the 
intravenous route can be induced to do so if response rates are increased by 
allowing access to cocaine or methohexital (WINGER and WOODS 1973). 
Likewise, the technique of prandial drinking, in which food-deprived animals 
given food also tend to drink, is useful in establishing alcohol consumption 
(MEISCH 1977). Thus, techniques that establish relatively high amounts of 
drinking, or other behaviors consistent with the consumption of alcohol, 
may be sufficient to initiate alcohol-seeking. 

In summary, animal models have been used to explore the effects of 
environmental events prior to, or concurrent with, the use of alcohol on the 
initiation of alcohol-seeking. To place these influences in perspective, how
ever, it is also necessary to consider the pharmacological effects of alcohol 
and genetically determined vulnerability to the reinforcing effects of alcohol. 
For example, in each study that manipulated social interaction, rearing 
conditions, taste of alcohol, or secondary conditioning to establish alcohol
seeking in monkeys, there were consistent individual differences in alcohol 
intakes (KRAEMER and McKINNEY 1985; GROWLEY and ANDREWS 1987; GRANT 
and JOHANSON 1988; HIGLEY et al. 1991). The demonstration that some 
individuals consistently consumed more alcohol compared to others within 
each induction procedure suggests that a genetically determined risk factor 
modulates the expression of alcohol-seeking. This apparent interaction be
tween genetic and early environmental influences in determining subsequent 
alcohol-seeking appears to be a robust finding. Such interactions have been 
noted in studies of the etiology of alcoholism in humans (MARLATT et al. 
1988; TARTER 1988) and emphasize the conclusion that neither genetic nor 
environmental factors operate alone to establish alcohol-seeking. 

II. Models to Assess the Genetic Basis of Initiation of Alcohol-Seeking 

Genetic effects can be viewed as, but are not inclusive of, predisposing or 
risk factors. As such, the contributing role of the genetics to alcohol abuse 
and alcoholism has been the focus of intensive research efforts. Human 
studies show that there is a genetic contribution to the expression of alcohol
ism (GOODWIN 1983; SCHUCKIT and GOLD 1988; CLONINGER et al. 1981). This 
contribution appears to be polygenetic resulting in heterogeneous typologies 
in families of alcoholics (CLONINGER 1987, 1988) and the possibility of more 
than one type of genetic predisposition to alcoholism (CLONINGER et al. 
1981). 

The hypothesis that alcoholism has a genetic basis has been extensively 
explored using animal models (see CRABBE and HARRIS 1991). Several ap-
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proaches have been used to characterize the genetic effects, including inbred 
strains, recombinant inbred strains, selectively bred lines, and mutants 
(CRABBE and BELKNAP 1992). There is an enormous amount of behavioral 
data derived from animal studies of genetic differences in alcohol effects, 
which have recently been reviewed (PHILLIPS and CRABBE 1991). In general, 
these investigations have clearly shown that many alcohol-related pheno
types have a genetic basis. In addition, both human and animal studies 
suggest a large interaction of environmental influences on the development 
of alcohol-related problems (or traits) in at-risk individuals (TARTER 1988; 
PHILLIPS and CRABBE 1991). Although some animal models have directly 
addressed human phenotypes believed to be important in the initiation 
or maintenance of alcohol-seeking (e.g., anxiolytic, reinforcing, tolerance
producing, or aggressive effects of alcohol), the genetic basis of preference 
is the most widely studied behavioral characteristic of the alcohol addiction 
process. A few of the procedures and results of the animal models are re
viewed here for illustrative purposes. For more in-depth reviews see GEORGE 
(1990), CARROLL et al. (1990), and PHILLIPS and CRABBE (1991). In addition, 
the most common use of genetic models has been to test hypotheses con
cerning the pharmacological basis for the effects of alcohol and these studies 
have also been reviewed recently (ALLAN and HARRIS 1992; DEITRICH et al. 
1989). 

The majority of animal models that have explored the influence of 
genetic factors in the initiation of alcohol-seeking have used both selected 
lines and inbred strains. Basically, selected lines are developed by breeding 
animals that express a particular phenotype. Thus, selective pressure is 
placed on sequestering the genes that control the expression of the chosen 
trait. Theoretically, after generations of selective breeding, lines are created 
that contain the genetic material necessary to express the phenotype (these 
genes are fixed) without altering the distribution of genes unrelated to the 
phenotype. These animals demonstrate a genetic basis for alcohol-related 
traits and serve as powerful tools to investigate the potential of a common 
genetic basis for related traits. For example, selected lines can be used to 
test the hypothesis that rats bred to drink alcohol preferentially are also less 
sensitive to the aversive effects of alcohol. Given some qualifications (see 
CRABBE and BELKNAP 1992, for the necessity of replicate and control lines), 
if the two traits covary in a selected line, then the possibility that the traits 
are manifestations of common genes is strengthened. 

Animals have been selectively bred for numerous alcohol-related traits 
that may be important in the initiation of alcohol-seeking. These include 
preference for alcohol, sensitivity to the hypnotic effects of alcohol, ethanol 
withdrawal severity, and expression of the motor-stimulant effects of alcohol. 
The vast majority of studies designed to measure the initiation of alcohol
seeking have used rats selectively bred to prefer 10% alcohol (see PHILLIPS 
and CRABBE 1991). The most widely studied lines include the preferring (P) 
and non-preferring (NP), the high alcohol drinkers (HAD) and low alcohol 
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drinkers (LAD), the alcohol-accepting (AA) and alcohol-non-accepting 
(ANA), and the Sardinian preferring (sP) and Sardinian non-preferring 
(sNP) rats. The alcohol-preferring lines can consume relatively large amounts 
of alcohol, and develop tolerance and signs of physical dependence (LI 
et al. 1987, 1988). Several studies have investigated alcohol-seeking in these 
selected lines using either place preference procedures or self-administration 
procedures. When trained to self-administer alcohol orally, alcohol intakes 
are greater than vehicle intakes in AA, P, and HAD rats (MURPHY et al. 
1989; SCHWARTZ-STEVENS et al. 1991; SINCLAIR 1974; GEORGE 1987). In 
contrast, under similar conditions, alcohol does not serve as a reinforcer to 
the ANA or NP rats (RITZ et al. 1989; MURPHY et al. 1989). However, it is 
important to emphasize that preference for alcohol does not reside solely in 
the oral cavity. NP rats avoid the intragastric administration of ethanol 
(WALLER et al. 1984) and are more sensitive to conditioned taste aversions 
induced by ethanol administration (FROEHLICH et al. 1988). Despite this 
innate low preference for alcohol, environmental manipulations can alter 
ethanol intakes in rats selectively bred for low ethanol preference. For 
example, food restriction or increased palatability of ethanol solutions in
crease absolute ethanol intake in NP rats and in ANA rats (SINCLAIR and LI 
1989; WALLER et al. 1982). Furthermore, NP rats can be trained to self
administer 10% ethanol with a sucrose-fading procedure (SAMSON et al. 
1989), although the overall amount and pattern of ethanol consumption by 
the NP rats remains below that of preferring (P) rats (SAMSON et al. 1989). 
Thus, genetic predispositions are not entirely predictive of the ability of 
ethanol to serve as a reinforcer, but they can act as a buffer to environ
mental events that may promote alcohol-seeking. 

Another tool to investigate the genetic basis of vulnerability in animal 
models is the characterization of inbred strains. An inbred strain refers to a 
group of animals that are genetically identical and are typically derived from 
a series of brother-sister matings. These strains are useful in testing hypo
theses concerning correlative traits; however, each inbred strain should be 
viewed as a single data point (i.e., all their genes are identical). Therefore, 
it is recommended that six or more panels of strains be used to properly 
address possible underlying mechanisms for the expression of complex beha
vior (PHILLIPS and CRABBE 1991). Unfortunately, most behavioral studies of 
inbred strains report correlative data in only two strains (e.g., C57BLl6 and 
BALB/c mice). On the other hand, one advantage of research using inbred 
strains is the cumulative nature of the data, since the genetic material is 
identical from generation to generation. Thus, investigators can continually 
add information to the inbred strain database, strengthening or weakening 
correlations. 

There are several reports concerning the self-administration of alcohol 
and conditioned preference to alcohol in inbred strains. In examining the 
ability of alcohol to establish a conditioned place preference, CUNNINGHAM 
et al. (1991, 1992) found that DBA/2J but not C57BLl6J mice develop a 
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conditioned place preference to alcohol. The self-administration of alcohol 
in inbred strains of mice and rats that differ in their preference for alcohol 
has also been examined (GEORGE 1990). Both strains of mice that prefer 
(C57BLl6J mice) and those that do not prefer alcohol (BALB/c mice) can 
be induced to drink alcohol with prandial drinking (see Sect. C.I); however, 
only C57BLl6J mice continued to self-administer alcohol in quantities greater 
than water. Thus, the mice from the C57BLl6J strain, who prefer alcohol 
over water, also self-administer alcohol. On the other hand, mice from 
the BALB/c strain, who prefer water over ethanol, do not selectively self
administer ethanol in the operant situation (ELMER et al. 1987; GEORGE 
1990). In contrast, Lewis rats drink greater quantities of alcohol, reach 
greater response requirements, and show more motor activation than Fisher 
344 rats. However, alcohol can serve as a reinforcer for the Fisher 344 rats. 
Thus it is important to emphasize that techniques that induce alcohol self
administration may circumvent initial preferences for alcohol (see CARROLL 
et al. 1990). 

In general, both the selected lines and the inbred strains provide strong 
evidence that initial preferences are fairly predictive of future alcohol
seeking. In particular, the selected lines may represent an animal model 
of vulnerability to alcohol addiction. As such, these animal models are 
potentially useful for testing hypotheses concerning prevention strategies 
and/or in understanding the progression of alcohol addiction. However, an 
application of these models that has not been adequately explored is the 
possibility that vulnerability to the initiation of alcohol-seeking also predicts 
vulnerability to the reinforcing effects of other drugs of abuse. That is, do 
common sets of genes underlie a predisposition to self-administer opiates or 
stimulants as well as alcohol? Since some investigators view addiction as a 
general phenomenon, rather than a substance-specific process (MARLAIT 
et al. 1988; PEELE 1985), cross-drug generalities may enhance the use of 
animals bred for alcohol-related traits in studies of the addiction process. 

III. Models to Assess the Psychopharmacological Basis 
of Initiation of Alcohol-Seeking 

The psychopharmacology of alcohol that contributes to its initial abuse 
potential is the result of several interacting processes, including the positive 
reinforcing effects, the punishing effects, the discriminative effects, and the 
motoric effects. Each of these behavioral effects can be hypothesized to 
positively or negatively affect the initiation of alcohol consumption. The 
following models are examples of procedures used to isolate and study a 
particular psychopharmacological effect of alcohol that is believed to influ
ence the initiation of alcohol consumption. 

The positive reinforcing effects of alcohol are, by definition, those 
effects that increase the probability of future alcohol consumption. The 
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positive effects are most often demonstrated in animal models using self
administration and conditioned preference procedures. As such, these are 
also the procedures that reflect alcohol-seeking (reviewed above). As stated 
previously, the efficacy of ethanol's reinforcing effects in animal models is 
moderate, typically lower than the reinforcing efficacy of stimulants, opiates, 
and barbiturates. For example, intravenous alcohol does not appear to serve 
as a reinforcer in rodents, although cocaine and barbiturates are readily self
administered through the same catheter (see CARROLL et al. 1990). Likewise, 
the ability of alcohol to condition approach behaviors in place and taste 
preference procedures is equivocal (ASIN et al. 1985; 1. SHERMAN et al. 1983; 
R.B. STEWART and GRUPP 1981). Indeed, one aim of this chapter is to review 
the conditions that enhance the reinforcing effects of alcohol. However, 
in addition to the traditional measures of drug-seeking, there are other, 
indirect, measures of the positive reinforcing effects of alcohol. Two of these 
procedures are intracranial self-stimulation (ICSS) and assessment of the 
anxiolytic effects of alcohol. The ICSS model is most useful in assessing 
the reinforcing efficacy of alcohol and determining the underlying neuro
anatomical and neuropharmacological pathways that mediate the reinforcing 
effects of alcohol. In contrast, the anxiolytic effects of ethanol provide a 
basis for the situational and potentially malleable ability of alcohol to serve 
as a reinforcer. 

Intracranial self-stimulation refers to the ability of electrical stimulation 
in particular areas of the brain to engender and maintain responding (OLDS 
and MILNER 1954). Thus, electrical stimulation of these areas of the brain 
are reinforcing and may represent pivotal neural areas that underlie and 
mediate the process of reinforcement. Two measures are frequently utilized 
in the application of ICSS to drug abuse research. The first measure is the 
threshold, or intensity, of the electrical stimulation necessary to maintain 
ICSS. The second measure is the frequency of the electrical pulses necessary 
to maintain ICSS. Drugs of abuse typically decrease the threshold of ICSS in 
sensitive brain areas (KORNETSKY et al. 1979; WISE et al. 1992), an effect 
believed to reflect a summation of the reinforcing effects of the stimulation 
with the reinforcing drug effects through a common pathway (WISE et al. 
1992). The effects of ethanol on ICSS threshold have been mixed. Using 
probes located in the lateral hypothalamus, acute injections of alcohol result 
in both decrease (LEWIS and PHELPS 1987) and increases (CARLSON and 
LYDIC 1976) in current threshold that maintains ICSS. A recent study, using 
probes located in the nucleus accumbens, found no consistent change in 
threshold during an intravenous drip of ethanol (WISE et al. 1992). Thus, the 
positively reinforcing effects of ethanol, as measured by ICSS, appear to be 
weak and less efficacious in comparison to the robust effects of opiates, 
stimulants, and nicotine (WISE et al. 1992). In general, the findings of the 
ICSS studies agree with the results from the self-administration studies, in 
which the reinforcing effects of ethanol in uninitiated rats appear weak, at 
best. 
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Another approach to investigate the reinforcing effects of alcohol is to 
determine the circumstances under which a specific behavioral effect of 
alcohol may be beneficial to the animal and thereby increase the probability 
of future consumption. It has been hypothesized for many years that the 
ability of alcohol to reduce stress underlies its ability to serve as a reinforcer 
(WILLIAMS 1966; POHORECKY 1981). The most common animal models that 
assess the anxiolytic effects of alcohol have recently been reviewed (KOOB 
and BRITION, in press). One procedure frequently used involves conflict, in 
which responding maintained by food or water presentation in a deprived 
animal is occasionally punished, usually by the delivery of shock (POHORECKY 
1981). These procedures result in a suppression of behavior that can be rein
stated with typical anxiolytics such as benzodiazepines. In general, ethanol 
increases suppressed behavior in conflict paradigms, although at doses that 
also disrupt other behaviors, including nonpunished responding (see KOOB 
and BRITION, in press). 

Two additional animal models of anxiety that do not use punishment or 
food deprivation are the elevated plus maze and the social interaction tests 
(FILE and HYDE 1978; PELLOW et al. 1985). In the elevated plus maze 
procedure, rats or mice are placed in a maze with a central post that elevates 
the maze. Radiating out from the central post are four arms that are 
perpendicular to each other. Two of the maze arms, opposite to one another, 
have sides (closed arms) and the other two arms have no sides (open arms). 
When placed in the maze, undrugged animals spend most of their time in 
the closed arms of the maze, while anxiolytics, including alcohol, increase 
the amount of time spent in the open arms of the maze (PELLOW and FILE 
1986; LISTER 1987). The social interaction test capitalizes on the observation 
that social interactions decrease when animals are placed in unfamiliar or 
brightly illuminated environments. Typically, anxiolytics increase the social 
interactions of rats in these environments and alcohol has been shown to 
increase social interactions under these conditions (FILE 1990). However, 
ethanol decreases social interaction between mice (LISTER and HILAKIVI 
1988); therefore the use of this particular procedure to study the anxiolytic 
effects of ethanol may be limited. 

A final procedure that is gaining use as an animal model of anxiety is the 
discriminative stimulus effects of pentylenetetrazol (PTZ), a convulsant that 
increases the subjective reports of anxiety in humans (RODIN 1958). Subjec
tive effects of drugs in humans are interoceptive effects that are distinct and 
discriminable. These discriminable effects of drugs are modeled in labora
tory animals with drug discrimination procedures (see Sect. D.V). The 
discriminative stimulus effects of PTZ are blocked by anxiolytics such as 
benzodiazepines (G.T. SHERMAN and LAL 1980). The anxiolytic effects of 
ethanol as assessed in a PTZ discrimination are weaker than those of the 
benzodiazepines and barbiturates. For example, ethanol will not block a 
training dose of 20 mg/kg PTZ, but is effective in blocking a training dose of 
lOmg/kg PTZ (EMMETI-OGLESBY et al. 1990). In addition to serving as an 
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animal model of anxiety, PTZ discriminations have also been used as animal 
models of the subjective effects of drug withdrawal (LAL and EMMETI
OGLESBY 1983; EMMETI-OGLESBY et al. 1990). The application of PTZ dis
crimination to assess the influence of ethanol withdrawal on drug-seeking is 
addressed in the next section. 

In summary, the anxiolytic effects of ethanol have been demonstrated 
using a wide variety of procedures. This research has shown that these 
effects of ethanol are fairly robust, although alcohol is somewhat less effic
acious as an anxiolytic compared to benzodiazepines. The anxiolytic effects 
of ethanol occur at a low-to-moderate dosage, and are not always separable 
from other behavioral effects of ethanol (KOOB and BRITION, in press). 

In order for the anxiolytic effects of alcohol to promote the initiation of 
alcohol-seeking in the early stages of the addiction process, an animal must 
be able to associate these effects with the consumption of alcohol. For 
example, in humans alcohol attenuates stress reactions in young adults at 
risk for alcohol dependence (SHER and LEVENSON 1982). It is possible that 
the early association of alcohol's anxiolytic effects with the use of alcohol 
can serve as a basis for promoting future alcohol consumption. Evidence 
that the anxiolytic effects of alcohol can be associated with the consumption 
of alcohol comes from studies using human social drinkers. When these 
drinkers believe that they have consumed alcohol, imbibing the nonalcoholic 
drink results in decreased levels of anxiety (ABRAMS and WILSON 1979). 
Thus, humans can, apparently, associate the consumption of alcohol with its 
anxiolytic effects. In the animal models reviewed above, early rearing con
ditions and social separations are associated with stressful reactions and 
these conditions are sufficient to initiate and maintain alcohol consumption 
(HIGLEY et al. 1991; KRAEMER and McKINNEY 1985; BLANCHARD et al. 1987). 
However, in contrast to social stress, other forms of stress have not clearly 
established ethanol-seeking. In these latter studies, the consumption of 
alcohol is increased only following a stressful event, but not while the 
stressor is present (M.A. KAPLAN and PUGLISI 1986). Clearly the interactions 
and associations between the nature of the stress, the anxiolytic effects of 
alcohol, and initiation of alcohol consumption, although documented, need 
further exploration. 

Another, well-documented, effect that may alter the initiation of alcohol
seeking is the aversive effect of alcohol. Animal models that demonstrate 
ethanol's aversive effects are typically the conditioned place and taste pro
cedures using intraperitoneal injections. However, aversive effects of ethanol 
are also found with intravenous ethanol (NUMAN 1981; GRUPP 1981; GRUPP 
and STEWART 1983). Generally, these procedures demonstrate that animals 
avoid environments or foods that are associated with the effects of alcohol. 
The dose range for the aversive effects of alcohol are 1.0-2.0 g/kg for rats 
(GAUVIN and HOLLOWAY 1992; DAVIES and PARKER 1990; HOLLOWAY et al. 
1992; SCHECTER 1992; SCHECTER and KRIMMER 1992) and 2.0-3.0 g/kg for 
mice (CUNNINGHAM et al. 1991; RISINGER and CUNNINGHAM 1992). 
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There is evidence that sensitivity to some of the aversive effects of 
ethanol may be under genetic control. For example, NP rats, but not P 
rats, develop conditioned taste aversion associated with 1.0 g/kg ethanol 
(FROEHLICH et al. 1988). However, at higher doses of alcohol, P rats also 
show conditioned taste aversions (FROEHLICH et al. 1988). Using place pre
ference procedures, rather than conditioned taste procedures, both the P 
and NP selected lines developed place aversions following 1.0 g/kg ethanol 
(SCHECTER 1992). Where conditioned preferences are demonstrable, repeated 
exposure to alcohol is necessary (see GRANT et al. 1990). 

The necessity of multiple exposures to alcohol implies that tolerance to 
the aversive effects of alcohol may expose the positive reinforcing effects of 
alcohol (the general phenomenon of tolerance is discussed in Sect. D.I). 
However, it is worth noting that at least some strains and lines of mice do 
not show the initial aversive effects of alcohol when tested in place prefer
ences paradigms. Both DBA/2J mice and mice selected for hyperthermia in 
response to alcohol develop conditioned place preferences associated with 
2-4g/kg ethanol (CUNNINGHAM et al. 1991, 1992; RISINGER et al. 1992b). 
Thus, it may be better to use rats, rather than mice, to study the potential 
influence of the aversive effects of ethanol on alcohol-seeking. 

Finally, motor activation is another psychopharmacological effect that 
may influence the initial use of alcohol. The ability of psychoactive drugs to 
induce motor stimulation has been suggested to be a characteristic of drug
mediated reward (WISE and BOZARTH 1987). Ethanol increases activity 
in rats following 0.5-1.5 g/kg ethanol and in mice following 1.5-2.5 g/kg 
ethanol. The increase in activity is most often measured in an open field 
(CRABBE et al. 1987), but can also be documented in place preference 
(RISINGER et al. 1992a,b; CUNNINGHAM and NOBLE 1992) and operant pro
cedures (GRANT and COLOMBO 1993). The increase in motor activity has 
been compared to increases in exploratory activity in humans, a trait related 
to novelty seeking (CLONINGER 1988). Therefore, the increase in motor 
activity in animals associated with low doses of ethanol may be a model for 
novelty-seeking or risk-taking behavior of humans. However, there are 
difficulties in this analogy. A recent study investigating both the stimulant 
and rewarding effects of ethanol in a place preference procedure reported 
blockade of the motor-activating effects of ethanol with a dopaminergic 
antagonist (see H.H. Samson and P.L. Hoffman, this volume) without 
blocking the expression of place preference (RISINGER et al. 1992a). Thus, 
motor-activating effects of ethanol are not necessary for the development of 
alcohol-seeking. In addition, mice that were selectively bred to have high 
motor activation in response to alcohol (FAST mice) do not show differ
ences in 24h preference for alcohol (PHILLIPS and CRABBE 1991). Therefore, 
the relationship between the motor-activating effects and the reinforcing 
effects of ethanol is unclear. 

Apart from risk taking, the activating effects of ethanol are believed 
to be reflected in increased social interaction and conversation. Alcohol 
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increases rates of social conversation in both alcoholics and social drinkers 
(STITZER et al. 1981; BABOR et al. 1983; SAMSON and FROMME 1984). Alcohol, 
up to four drinks at a setting, also increased speaking in isolated humans, 
whereas the same doses decreased rates on a nonverbal behavioral task 
(HIGGINS and STITZER 1988). There is evidence that the increase in speech is 
restricted to the rising limb of the blood alcohol curve, and therefore may 
correspond to the euphorigenic effects of alcohol in humans (BABOR et al. 
1983; HIGGINS and STITZER 1988). Perhaps animal models investigating social 
behavior, as opposed to motor activity in isolation, will be more useful in 
determining how the stimulatory effects of alcohol influence subsequent 
alcohol-seeking behavior. 

In summary, animal models illustrate that rearing conditions, operant 
and classical conditioning, desensitization, and increases in baseline con
sumption rates are some of the environmental manipulations sufficient to 
initiate alcohol-seeking. These events, concurrent with the psychophar
macological effects of alcohol and the genetic load of the animal interact to 
establish different patterns of intake, which in turn determine the rate and 
extent to which the individual progresses through the addiction process. 
However, a note of caution is necessary when designing and evaluating 
animals models to investigate the factors controlling the initiation of alcohol
seeking. Investigation of human risk factors clearly demonstrates the dif
ficulty in delineating the specificity of the potential risk factor to the alcohol 
addiction process. For example, although the human experimental literature 
suggests a strong association between antisocial behavior and alcoholism, 
antisocial behavior is not specific to alcoholism (TARTER et al. 1985). Our 
animal models need to begin to explore the generality and specificity of 
identified variables that appear to control the establishment of alcohol
seeking. 

There remain several areas in the initiation of alcohol-seeking that have 
not been adequately explored using animal models. First, there is a lack of 
studies investigating the possibility of protecting the individual from the 
development of alcohol-seeking behavior. For example, are there certain 
periods in the initial use of alcohol during which punishment is particularly 
effective in decreasing future alcohol-seeking? Due to the difficulties in 
establishing alcohol-seeking behavior, the possibility of investigating protec
tive variables are understandably few. Thus, the use of animal models to 
study strategies for preventing the initiation of alcohol-seeking will continue 
to be limited by advances in our understanding of how alcohol comes to 
serve as a reinforcer. 

Second, animal models of the initiation of alcohol-seeking have not 
adequately addressed the area of gender differences. There are clear human 
gender differences regarding the age of onset of alcoholism (NIAAA 1990). 
However, whether this effect is largely due to social or genetic factors is 
unclear. In general, animal studies have noted that female rodents drink 
more alcohol than males, although female rodents also drink more caffeine 
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and morphine compared to male rodents (see CARROLL et al. 1990). Data 
on alcohol consumption in nonhuman female primates is sparse. One 
study used a secondary conditioning procedure to initiate alcohol self
administration and found that female rhesus monkeys were less likely to 
initiate alcohol consumption than males (GRANT and JOHANSON 1988). How
ever, other studies have clearly shown that intravenous alcohol can serve as 
a reinforcer in female rhesus monkeys (MELLO et al. 1983). A greater 
understanding of the basis of gender differences in the initiation of alcohol
seeking behavior may help elucidate neurochemical mechanisms of alcohol 
reinforcement. 

Finally, an early environmental influence that does not have an appro
priate animal model is the phenomenon of modeling. Modeling refers to 
drinking in patterns and situations set by other individuals within a social 
context. Modeling appears to be an important determinant of the initiation 
and continued use of alcohol (CAUDILL and MARLATT 1975; CAUDILL and 
LIPSCOMB 1980). If may be possible to develop animal models to investigate 
the effects of modeling on alcohol consumption, particularly with the use of 
nonhuman primates. For example, nonhuman primates exhibit observational 
learning in making their nests, gathering and preparing their food, and 
engaging in reproductive and maternal behaviors (NAPIER and NAPIER 1985). 
Thus, primate models may be appropriate to investigate alcohol-seeking by 
individuals exposed to high-versus-Iow drinking cohorts during the initiation 
of alcohol consumption. 

D. Transition to Abuse and Dependence (Maintenance) 
Available evidence suggests that the ability of alcohol to serve as a rein
forcer early in the initiation of alcohol consumption is qualitatively different 
and under different sets of controls than the ability to maintain drinking in 
the problem drinker. Characteristics of the transition from the initiation of 
alcohol-seeking to episodes of abuse and dependence have been identified 
(EDWARDS and GROSS 1976). These characteristics include: narrowing of 
one's drinking repertoire, increased salience of alcohol-seeking behavior, 
increased tolerance, repeated withdrawal symptoms, relief drinking to avoid 
alcohol withdrawal, subjective awareness of the compulsion to drink, im
paired control over drinking, compulsive drinking style, and tendency to 
relapse. It is clear from the clinical literature that the transition from "social" 
to "pathologica" consumption of alcohol is not an all-or-none phenomenon. 
For example, not all the elements listed above need be present to diagnose 
abuse or dependence. However, the development of dependence does lead 
to a greater coherence among the elements, indicating that, during the 
transition to problem drinking, alcohol seeking is channeled into distinctive 
constellations of alcohol-directed behaviors. Therefore, the transition from 
low-level, low-priority drinking to high-level, high-priority drinking is pivotal 
to the addiction process. Animal models that address this process investigate 
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how the alcohol stimulus increases control over behavior. Under limited 
access conditions, where alcohol is available for discrete, relatively short 
periods of time during a 24-h period, intakes are stable and even defended. 
For example, pretreatment with alcohol prior to the drinking session results 
in the animal adjusting its intake during the session (GRANT and SAMSON 

1985; KAROLY et al. 1978; MEISCH 1977). However, under excessive in
take patterns these pharmacological feedbacks no longer control self
administration (WINGER and WOODS 1977). Apparently, during the transi
tion to abusive intake, a fundamental difference emerges in the control of 
alcohol-seeking. In short, the basic question to address becomes: what 
processes are responsible for the transition from controlled intakes following 
initiation to excessive intakes that occur later in the addiction process? 

I. Role of Tolerance in the Maintenance of Excessive Alcohol-Seeking 

The development of tolerance is believed to play a pivotal role in the 
addiction process. Tolerance is a diminished physiological or behavioral 
effect of a particular dose of ethanol. Tolerance is also indicated if a greater 
dose of ethanol is necessary to achieve an effect of ethanol that was previ
ously present at lower doses. Acute tolerance develops within the course of 
a single exposure, while chronic tolerance develops over the course of 
multiple exposures (see B. Tabakoff and P.L. Hoffman, this volume). Under 
a number of circumstances, tolerance to the effects of ethanol involves 
associative learning. Classical conditioning has been implicated in many 
forms of tolerance where the response is physiological in nature. Often, the 
adaptations in the physiological response that impart tolerance are compen
satory to the direct, acute effects of alcohol. For example, ethanol (the 
unconditioned stimulus) given acutely results in hypothermia (the uncon
ditioned response). Following several injections of alcohol, animals become 
tolerant to this effect, in that the same dose of alcohol no longer results in 
hypothermia. However, if saline is administered to these animals in the 
same environment (the conditioned stimulus) in which alcohol was admin
istered, hyperthermia (the conditioned response) is noted. That is, a com
pensatory increase in body temperature occurs that compensates for the 
hypothermia induced by the alcohol, with the net result being no change in 
temperature when alcohol is given (see GOUDIE and DEMELLWEEK 1986). 
Insofar as environmental cues may become associated with the drug effect 
and thereby elicit a physiological response, the environment in which alcohol 
is consumed can be an important influence on the effects of alcohol. 

Tolerance due to associative processes is not restricted to classical con
ditioning. Using before-after designs, several investigations have shown that, 
for tolerance to develop, the effects of ethanol must be experienced in the 
context of performing the target behavior. For example, ethanol will disrupt 
the coordinated motor activity of locomotion on a moving belt. Tolerance 
develops to the disrupting effects of ethanol after several trials. However, 
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tolerance does not develop in a second group of rats that receive the same 
amount of ethanol following, rather than prior to, the same number of trails 
on the moving belt (LEBLANC et al. 1973; WENGER et al. 1980). The before
after design in tolerance research emphasizes the consequences of drug
impaired behavior (response-stimulus) in the induction of tolerance within 
an operant framework as opposed to the stimulus-response emphasis of 
classical conditioning. 

Through the use of classical and operant conditioning procedures, it is 
clear that the demonstration of tolerance can be dependent upon environ
mental variables (CORKfiELD-SUMNER and STOLERMAN 1978; J. STEWART and 
EIKELBOOM 1987). These procedures use discrete and repeated administra
tion of ethanol within a consistent environmental setting. On the other 
hand, there are a number of procedures in which conditioning effects are 
minimized (TABAKOFF and HOFFMAN 1988). In this latter case, tolerance 
develops under conditions where ethanol is administered insidiously, as part 
of a liquid diet or by inhalation techniques, and responses to ethanol are 
tested after the administration of ethanol in a novel environment. Thus, 
tolerance can be viewed as a conditioned effect (i.e., an associative process) 
in some circumstances and as a nonassociative process in other circumstances 
(GOUDIE and DEMELLWEEK 1986). This distinction is important because it 
implies that drinking patterns can determine different forms of tolerance, 
more or less influenced by the prevailing environmental circumstances. 

Tolerance is hypothesized to influence alcohol-seeking by altering at 
least three effects of alcohol. The first is the development of tolerance to 
the aversive effects of alcohol. Evidence for this is derived primarily from 
taste and place preference procedures. As reviewed in Sect. C.UI, alcohol 
exposure results in both place and taste aversions, particularly in rats. 
However, there are several reports that repeated exposure to ethanol can 
result in both conditioned taste and conditioned place preferences (see J.E. 
SHERMAN et al. 1984; REID et al. 1985; HOLLOWAY et al. 1992). Thus, 
tolerance to the aversive effects of alcohol may allow for the reinforcing 
effects of ethanol to maintain alcohol-seeking. The second important in
fluence of tolerance may be under circumstances where ethanol intake 
is elevated. The self-limiting variable in a drinking binge may be the de
pressant effects of alcohol that constrain alcohol-seeking due to incapaci
tation. There is clear evidence of tolerance to the hypnotic effects of alcohol 
(TABAKOFF and HOFFMAN 1988); however, its role in promoting alcohol
seeking is unknown. Thirdly, tolerance to the reinforcing effects of alcohol 
could increase alcohol-seeking. However, little empirical data exist to sup
port or dispute this hypothesis. In one study that addressed this issue, rats 
were placed under an ICSS procedure and the acute and chronic effects of 
alcohol were investigated. Following chronic ethanol, tolerance to the rate
decreasing effects of ethanol was apparent, but there was no change in the 
current threshold necessary to maintain ICSS in the presence of ethanol 
(MAGNUSON and REID 1977). As noted before, an increase in the threshold 
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necessary to maintain ICSS can be viewed as a decrease in reinforcing 
magnitude, an outcome that would have supported the hypothesis of toler
ance to the reinforcing effects of ethanol. Using a self-administration pro
cedure, ethanol intake prior to and following chronic exposure to alcohol 
did not change, indicating chronic exposure did not alter the reinforcing 
effects of ethanol (SAMSON 1987). Thus, tolerance to the motor and aversive 
effects of ethanol are common results of chronic ethanol exposure, but 
tolerance to the reinforcing effects following high intakes of ethanol has yet 
to be demonstrated. 

Animal models have been used to examine the genetic influence of 
tolerance to alcohol. These studies have primarily looked at correlated 
responses in inbred, heterogeneous, or selected lines. For example, toler
ance to the ataxic effects of ethanol in mice is strain dependent and cor
related to initial sensitivity (CRABBE 1983). Furthermore, preference ratios 
are positively correlated with acute tolerance to the motor-impairing effects 
of alcohol in heterogeneous stock (HSI/bg) mice (ERWIN et al. 1980). Rats 
selectively bred to prefer alcohol also show more tolerance to alcohol and 
prolonged maintenance of tolerance following acute administration (WALLER 
et al. 1983; GATTO et al. 1987). These data can be interpreted as evidence 
that there is a genetic component to tolerance and that this trait may be 
related to both initial sensitivity and preference for alcohol. This finding is 
intriguing since sons of alcoholics have shown decreased sensitivity to the 
ataxic effects of alcohol (SCHUCKIT and GOLD 1988). However, given the 
comlexity of the process of tolerance development and the number of 
ethanol effects investigated (e.g., hypothermia, ataxia), broad generaliz
ations concerning the genetic basis of tolerance and correlated traits are not 
yet possible (see also PHILLIPS and CRABBE 1992). 

One animal model that is potentially useful for studying the effects of 
tolerance on the transition from the initiation of alcohol consumption to 
abusive drinking is the vasopressin deficient (diabetes insipidus, DI) rat. 
These rats were derived from a mutation that resulted in a lack of functional 
vasopressin. Vasopressin is a hormone that plays an important role in water 
regulation but has also been implicated in general learning and memory pro
cesses as well as the maintenance of tolerance to alcohol (P.L. HOFFMAN 
1987). Althoug the DI rats can apparently acquire tolerance, they do not 
retain tolerance to the hypnotic or hypothermic effects of alcohol (P.L. 
HOFFMAN et al. 1990). Thus, these animals may provide a suitable model for 
exploring the influence of tolerance maintenance on increases in alcohol
seeking and on the production of physical dependence. 

II. Role of Sensitization in the Maintenance 
of Excessive Alcohol-Seeking 

An effect opposite to tolerance is sensitization. In sensitization, the effects 
of a drug become more pronounced with repeated exposures. Sensitization 
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has been most extensively studied using locomotor activity induced by psy
chomotor stimulants (see KALIVAS et al. 1992). Typically the locomotor 
activity is assessed in an open field equipped with photo beams to record 
motion and location. With repeated injections of a stimulant the locomotor 
activity increases. This sensitization has been cited as evidence supporting 
a psychomotor stimulant theory of drug reward, which proposes that a 
common characteristic of drugs of abuse is their ability to stimulate motor 
activity (WISE and BOZARTH 1987). According to this theory, the incentive 
properties of the drug increase with continued use, accounting for increased 
use with repeated exposures. Although alcohol in low-to-moderate doses 
results in increased locomotor activity, evidence for sensitization to the 
locomotor stimulant effects of ethanol is lacking (T ABAKOFF and KUANMAA 
1982). Thus, the evidence to date does not support a role for sensitization to 
the locomotor effects of ethanol in promoting excessive alcohol consumption. 

Sensitization may occur to the cognitive and amnestic effects of alcohol 
in human alcoholics. However, the effects of age, socioeconomic factors, 
education, etc., make interpretation of these data difficult (see RIEGE 1987). 
The implications that sensitization to these effects of ethanol has on the 
promotion of alcohol consumption are also unclear. Certainly, poor judg
ment and memory may affect the ability to maintain a job and social 
contacts, which in turn may promote further consumption (see Sect. D.IV). 
However, this hypothesis is untested, insofar as no animal experiments have 
addressed sensitization to the amnestic or cognitive impairing effects of 
alcohol. 

Finally, sensitization to the withdrawal effects of ethanol has been 
noted. Alcoholics that have undergone multiple detoxifications are more 
likely to experience seizures compared to alcoholics that have not been 
repeatedly detoxified (BROWN et al. 1988). In animal models, repeated 
cycles of ethanol dependence result in sensitization to withdrawal seizures 
(BECKER and HALE 1993; POHORECKY and ROBERTS 1991). These results have 
been explained in terms of kindling (BALLENGER and POST 1978), a progres
sive intensification of seizure activity following electrical stimulation of 
specific brain regions at levels below the seizure threshold (GODDARD et al. 
1969). It is not known if sensitization occurs only to withdrawal seizures or 
if other manifestations of the withdrawal syndrome (e.g., the anxiogenic 
effects) are also intensified with repeated dependence cycles. Sensitization 
to the withdrawal effects of ethanol may be hypothesized to maintain exces
sive drinking if the individual is consuming alcohol to avoid the unpleasant 
effects of withdrawal (see EDWARDS 1990). 

Procedures very similar to those used to demonstrate tolerance or sen
sitization have shown an effect of expectancies in humans. That is, under 
certain conditions, when humans are told they will receive alcohol and are 
given placebo (or told they will receive placebo and are given alcohol) the 
behavioral outcomes are influenced more by what they expect, rather than 
what they actually receive (MARLATT and ROHSENOW 1980). Thus, some of 
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the effects of alcohol in humans may be related to conditioned expectancies 
and not the pharmacological effects of alcohol. Expectancies differ between 
heavy and light drinkers. Heavy drinkers expect more positive and fewer 
negative consequences from alcohol consumption compared to light drinkers 
(OEI and JONES 1986). For example, heavy drinkers are more likely to 
believe that alcohol will improve psychomotor performance, sustain atten
tion, enhance learning or memory performance, and social interactions (see 
MARLATT et al. 1988). Expectancies may also influence the self-administration 
of alcohol. While craving is elicited in alcoholics following the consumption 
of an alcoholic drink, if the taste of the alcoholic beverage is masked, 
craving is not reported (MERRY 1966). While the modeling of these complex 
cognitive effects may not be possible with animal models, studies of tolerance 
and sensitization may serve to identify circumstances that enhance the de
velopment of expectancies and may increase our knowledge of conditions 
necessary to extinguish expectancies once they are established. 

III. Role of Dependence in the Maintenance 
of Excessive Alcohol-Seeking 

Physical dependence on alcohol is defined primarily by the presence of 
characteristic symptoms that appear when the administration of relatively 
high doses of ethanol is abruptly terminated. These symptoms are, in many 
cases, opposite to the signs of acute intoxication and follow a characteristic 
time course of appearance after the cessation of ethanol intake (MAJCHROWICZ 
1975). Alcohol withdrawal in humans consists of autonomic nervous system 
hyperactivity, central nervous system excitability, and distorted sensory per
ception (R.F. Anton and H.C. Becker, Chap. 14 in this volume). Alcohol 
withdrawal seizures have received the most attention in the animal models, 
including a genetic selection study that has produced alcohol withdrawal 
seizure prone and alcohol withdrawal seizure resistant mice (CRABBE et al. 
1985). However, the contribution of withdrawal seizures to alcohol-seeking 
is unclear. 

Apart from the acute signs of physical dependence, there appears to be 
a protracted withdrawal syndrome that may continue for weeks or months 
following the beginning of abstinence (ALLING et al. 1982; BEGLEITER and 
PORJESZ 1979; R.F. Anton and H.C. Becker, Chap. 14 in this volume). The 
symptomotology of the protracted withdrawal syndrome includes tension, 
insomnia, anxiety, and depression. These protracted symptoms may have 
profound implications for craving, conditioning effects with environmental 
stimuli, and the role of anxiolytic effects of alcohol in alcoholic relapse. The 
role of conditioned withdrawal in relapse will be considered in Sect. F.I. 
Here, evidence is reviewed concerning the influence of physical dependence, 
which is a result of excessive ethanol intakes upon continued ethanol self
administration. 
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The paramount question asked with animal models has been whether 
animals, once they have become physically dependent upon ethanol, will 
self-administer alcohol to avoid withdrawal. In behavioral terms, the dis
comfort of withdrawal may act as a negative reinforcer and increase the 
probability that alcohol will be consumed. Inherent in this argument is that 
the initial determinants of excessive alcohol consumption are displaced, or 
at least supplemented, by the ability of alcohol to relieve or avoid with
drawal effects. In other words, the transition from initial drinking patterns 
to compulsive drinking patterns is accompanied by fundamental changes in 
how ethanol serves as a reinforcer. Unfortunately, this is one area where 
clinical data and laboratory data are not in complete agreement (see ED
WARDS 1990). Data from controlled experiments in both humans and labora
tory animals lend only weak support to the hypothesis that relief or avoidance 
of withdrawal maintains excessive drinking. Evidence against the "relief 
of withdrawal" hypothesis is derived from studies that show spontaneous 
declines in episodes of heavy alcohol intakes in both monkeys and humans, 
and subsequently the failure to avoid overt signs of physical withdrawal 
(MELLO and MENDELSON 1977; WINGER and WOODS 1971). Furthermore, in 
a handful of studies, rats or monkeys made physically dependent on ethanol 
and subjected to forced abstinence did not consume alcohol to avoid with
drawal (MYERS et al. 1972; SAMSON 1987; TANG et al. 1982). Finally, a recent 
study using rhesus monkeys found that ethanol self-administration was sup
pressed during the presence of withdrawal signs and returned to normal only 
after the withdrawal signs disappeared (WINGER 1988). These studies suggest 
that self-administering alcohol to alleviate the effects of acute withdrawal is 
not a robust effect of physical dependence on alcohol. 

On the other hand, other investigations have yielded some evidence that 
the reinforcing effects of ethanol increase following several cycles of depen
dence and withdrawal (DEUTSCH and WALTON 1977; HUNTER et al. 1974; 
NUMAN 1981), and that rats will self-administer alcohol at the onset of 
withdrawal and thereby avoid withdrawal signs (NUMAN 1981). Similarly, 
several cycles of induced dependence and withdrawal from barbital were 
necessary to produce sustained barbital self-administration in rats (JANICKE 
and COPER 1984). Together, the animal studies that suggest physical depen
dence may increase the reinforcing efficacy of ethanol also demonstrate the 
necessity of multiple exposures to the withdrawal syndrome. Thus, the 
association between alcohol consumption and relief of alcohol withdrawal 
may be a learning process that requires conditioning On several trials. Alter
natively, these studies all investigated the effects of relatively severe with
drawal effects On alcohol-seeking. It is possible that other, more subtle 
withdrawal signs that do not render the animal incapacitated are more 
efficacious at enhancing alcohol-seeking. 

Anxiety is a common feature of alcohol withdrawal and has been re
ported to last for months following the cessation of acute withdrawal signs 
(DE SOTO et al. 1985; MOSSBERG et al. 1985). Relief from the anxiety 
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associated with alcohol withdrawal has been suggested as a motivating factor 
in alcoholic drinking (BARRETI 1985). A recently developed animal model 
that studies the subjective effects associated with ethanol withdrawal is a 
pentylenetetrazol (PTZ) discrimination procedure. Earlier, this procedure 
was described as a model for investigating the anxiolytic effects of ethanol. 
However, PTZ discrimination also shows considerable promise for studying 
the anxiety associated with alcohol withdrawal (LAL et al. 1988; EMMETI
OGLESBY et al. 1990). Following termination of chronic alcohol treatment 
rats respond on the PTZ-appropriate lever, indicating withdrawal has effects 
similar to the PTZ stimulus. This state lasts from 12 h to 48 h, at which time 
the percentage of rats choosing the PTZ lever is 80% and 30%, respectively. 
The length of chronic ethanol treatment necessary to show this withdrawal 
effect is apparently 3 days at 12.5 g/kg per day (EMMETI-OGLESBY et al. 
1990). However, in a more recent analysis of the ethanol withdrawal state, 
acute administration of moderate-to-Iarge (2-4 g/kg) doses of ethanol re
sulted in PTZ generalization (GAUVIN et al. 1989, 1992). Thus, PTZ dis
crimination appears to be sensitive to ethanol withdrawal effects following 
acute (i.e., hangover) or chronic (i.e., withdrawal) ethanol treatment. There
fore, it may be possible to use this model to quantify and characterize the 
severity and time course of interoceptive stimuli associated with alcohol 
withdrawal. The important link to alcohol-seeking will then be made by 
determining if the bout of drinking following a short period of abstinence 
(e.g., a few hours of sleep) is reliably initiated following the onset of this 
subjective state of withdrawal. 

IV. Role of Environmental Interactions in the Maintenance 
of Excessive Alcohol.Seeking Behavior 

Just as the interaction between alternative reinforcers and alcohol is import
ant in initiating alcohol-seeking, these interactions are also important in the 
maintenance of seeking behavior. A variety of alternative reinforcers and 
their schedules of availability affect alcohol consumption (VUCHINICH and 
TUCKER 1988; CARROLL et al. 1990; SAMSON and GRANT 1990). In general, 
alcohol consumption declines when alternative reinforcers of high rein
forcing magnitudes are introduced. In animal models, the alternative rein
forcer is often food or a highly palatable substance. For example, in a 
situation where two levers are available in a chamber and each lever is 
exclusively associated with the presentation of water or a solution of ethanol, 
the previously initiated rat will respond primarily on the lever associated 
with ethanol delivery. However, if a highly palatable solution of sucrose is 
available instead of water, the rat shifts its response choice, such that very 
few responses are made on the ethanol lever and very little ethanol is 
consumed (SAMSON et al. 1982). Thus, the introduction of an alternative 
reinforcer can decrease the reinforcing efficacy of alcohol. 
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Alternatively, removal of an available reinforcer can increase consump
tion. For example, social isolation increases alcohol consumption in monkeys 
(KRAEMER and McKINNEY 1985). The effect of social isolation can be viewed 
as an overall restriction in the sources of reinforcement that increases the 
value of the remaining reinforcing stimuli. Similar effects are found if the 
relative cost of the alternative reinforcer is increased, thereby functionally 
restricting the options for reinforcement (SAMSON and GRANT 1990). For 
example, in the case of the rat given a choice between ethanol and sucrose, 
if the response requirement for sucrose is increased eightfold, a marked 
increase in ethanol intake occurs (SAMSON and LINDBERG 1984). This in
creased ethanol consumption following the added restriction on access to 
sucrose is greater than intakes when water is paired with alcohol and similarly 
restricted. The relationship between restricted access to alternative rein
forcers and alcohol consumption is extremely important because it shows 
that the alternative reinforcer does not need to vanish, just be relatively 
harder to acquire, for ethanol consumption to increase. 

A related effect of restricting access to alternative reinforcers is the 
induction of adjunctive, or schedule-induced, behavior (FALK 1971). In 
these procedures, the constraints placed on the availability of an alternative 
reinforcer are temporal rather than related to effort (i.e., an increased 
response requirement). The most common method to induce excessive 
drinking is to schedule the delivery of food pellets intermittently and allow 
free access to a solution of alcohol. The amount of ethanol consumed is an 
inverted U function of the interval of pellet delivery. That is, when the 
pellets are delivered too frequently or too infrequently, drinking is not 
excessive. Thus, there exists a "window," where the intermittent delivery 
of alternative reinforcers induces excessive alcohol consumption. Schedule
induced alcohol consumption has been reported in rats, monkeys, and 
humans using a variety of alternative reinforcers (see FALK 1981), and can 
be used both to initiate alcohol consumption and to induce intakes that 
result in physical dependence. Schedule-induced drinking has profound im
plications for the role of the environment in generating (and reducing) 
excessive alcohol consumption. For example, a variety of reinforcers in our 
environment are available under intermittent schedules. These include daily 
schedules such as meals and working hours, weekly schedules such as Friday 
and Saturday nights, and monthly schedules such as paychecks. How the 
intermittent delivery of reinforcers other than alcohol interacts in the life of 
the alcoholic is most certainly complex, but clearly open for examination. 

A more direct environmental influence on alcohol consumption is the 
availability of alcohol. In animal models, the effects of either limited or 
unlimited access conditions have been investigated. Limited access refers 
to the procedure of allowing ethanol consumption within specified periods 
of time during a 24-h period. Unlimited access is a situation in which alcohol 
is always available, 24 h a day. Following the initiation of alcohol self
administration, unlimited access conditions can result in ethanol intakes that 
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are variable, resembling binges (see CARROLL et a1. 1990). The binge pattern 
of intake is particularly striking when intravenous routes of administration 
are used. Similar patterns of intake have been noted in alcoholics given 
unlimited access to alcohol in a laboratory setting (BIGELOW et a1. 1975). In 
contrast, under limited access conditions, intakes are stable. Although the 
intakes within the limited access period are usually higher than those over a 
similar period in unlimited access conditions, total 24-h intakes are lower. 
Limited access conditions are primarily used in animal research to achieve 
a stable baseline prior to assessing the effects of pharmacological mani
pulation on the intakes of alcohol. However, the availability of alcohol is 
not always determined by the investigator. For example, in a social setting, 
low-ranking monkeys drink less than dominant monkeys. Apparently, 
dominant monkeys can control access to the drinking stations where alcohol 
solution is dispensed, therefore restricting the opportunity of the subordinate 
monkeys to sample the alcohol solution (CROWLEY and ANDREWS 1987). 

Other environmental influences related to the maintenance of alcohol 
consumption include conditioned reinforcers. Conditioned reinforcers are 
stimuli that, through a process of association with the presentation of a 
primary reinforcer, function to reinforce behavior. For example, following a 
number of pairings where a red light consistently precedes the presentation 
of cocaine, presentation of the red light alone can maintain responding. 
Under a variety of procedures, conditioned reinforcers maintain long chains 
and high rates of behavior (GOLDBERG et al. 1979). 

When associated with drug administration, the presentation of condi
tioned stimuli alone can maintain drug-seeking (GOLDBERG et al. 1979; 
KELLEHER and GOLDBERG 1977). Conditioned reinforcers have been hypo
thesized to increase alcohol intakes in animal models. In one study, rats that 
had been initiated to self-administer ethanol in limited access conditions 
were placed in a schedule-induced drinking situation, where intakes averaged 
10-13 g ethanol/kg per day. Following a period of schedule-induced drink
ing, the rats were placed back into the initial environment where alcohol 
self-administration was established. Here they continued to self-administer 
alcohol, even though they had just consumed large amounts of alcohol 
by schedule induction. Thus, the environment associated with ethanol self
administration, rather than the pharmacological effects of large alcohol 
intakes, controlled the amount of alcohol consumed (ROEHRS and SAMSON 
1981; SAMSON 1987). It is possible that the conditioned stimuli associated 
with the environment induce the onset of a drinking episode, independent of 
the amount of alcohol already consumed. An analogous situation in human 
drinking may be the phenomenon of "bar hopping" where excessive intakes 
can occur by visiting several drinking establishments in an evening. For 
example, entering a number of bars that each trigger a drinking episode can 
result in greater intakes of alcohol than if only a single bar were visited for 
the same amount of time. 
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A related phenomenon may be modeling, where the behavior of an 
individual is determined by the behavior of others in the setting. For example, 
subjects will model the intake patterns of a confederate, whether the con
sumption of alcohol is rapid or slow (CAUDILL and LIPSCOMB 1980; CAUDILL 
and Marlatt 1975). These data suggest that one of the external cues in the 
environment that is associated with alcohol-seeking is the behavior of the 
drinking group. That is, modeling can serve to modulate alcohol-seeking 
and consumption (MACANDREW and EDGERTON 1969). This effect has also 
been reported for heroin addicts in which the best predictor for heroin 
intake was the heroin intake by other subjects on the ward (MEYER 1988). 
However, as pointed out in Sect. C, animal studies on the effects of model
ing have not been developed in the areas of alcohol and drug abuse. 

V. Role of Conditioned Effects in the Maintenance 
of Excessive Alcohol-Seeking Behavior 

Discriminative stimuli are defined as internal or external stimuli that signal 
when reinforcement is available and the appropriate behavior necessary to 
obtain reinforcement. Thus, discriminative stimuli are both differentiable 
and informational and can exert control over behavior. In short, a sensory 
effect, such as a light, a sound, or a dizzy feeling, can become associated 
with certain behavioral outcomes. For example, a green light at an inter
section consistently signals to the pedestrian to cross (Boston and other New 
England cities excepted). By their associations with particular outcomes, 
these sensory effects, or stimuli, function as cues to signal the appropriate 
behavior necessary for reinforcement (e.g., avoidance of an automobile 
accident). Similarly, drugs that produce distinct subjective effects can also 
be associated with particular outcomes. Thus, the internal effects of psycho
active drugs, including alcohol, can function as stimuli to set the occasion for 
particular behaviors. The animal literature has numerous examples of in
creases in drug-seeking under the presence of stimuli that have been associ
ated with the self-administration of drugs. These stimuli can be either 
exteroceptive cues, such as lights or specific environments (reviewed above), 
or interoceptive cues, such as the subjective effects produced by the drug 
(BICKEL et al. 1987; BICKEL and KELLY 1988). 

Alcohol produces a characteristic set of interoceptive cues that are 
believed to be a reflection of its pharmacological activity in the brain. These 
interoceptive effects can become associated with self-administration beha
viors in the same manner that exteroceptive cues become associated with 
consuming alcohol. The relative shift in the stimulus control over drinking 
from the exteroceptive cues to interoceptive effects has profound impli
cations for the development of effective treatment strategies. For example, 
if the interoceptive, or subjective, effects of alcohol can set the occasion for 
a drinking episode, then the relative sphere of influence over drinking may 
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expand to include mood states. At the same time, environmental control 
over drinking, such as the time of day or the setting, diminishes. The ability 
of the interoceptive effects of alcohol to result in alcohol-seeking behavior 
has been demonstrated in alcoholics living in a research ward. When the 
consumption of alcohol was suppressed by behavioral procedures such as 
time-out from social contact, the non contingent administration of a drink of 
alcohol reliably increased the consumption of alcohol (BIGELOW et al. 1977). 
Likewise abstinent alcoholics have difficulty in refraining from drinking 
after tasting an alcoholic beverage (HODGSON and RANKIN 1976). Thus, the 
interoceptive effects of a fraction of the total dose normally self-administered 
can reinstate drug-seeking. These studies have implications not only for 
control of drinking following a single dose, but also for the ability of 
subjective effects, or moods, to reinstate suppressed drinking (see Sect. F). 

Discriminative stimulus effects of alcohol are also useful in understand
ing the neurochemical mediation of alcohol's effects. These effects provide 
researchers with a method to test hypotheses concerning the ability of 
specific receptor agonists and antagonists to mimic or block the subjective 
effects of alcohol. Over the 40 years that the discriminative stimulus effects 
of alcohol have been studied, several neurotransmitter systems have been 
implicated in mediating the discriminative stimulus effects of alcohol (see 
BARRY 1991; COLOMBO and GRANT 1992). The cumulative data have led to 
the conclusion that alcohol produces a mixed cue, composed of separate 
input from a number of systems (GRANT and COLOMBO 1993). Furthermore, 
drugs that produce stimulus effects similar to anyone component of the 
ethanol cue can substitute for ethanol (COLOMBO and GRANT 1992). That is, 
not every effect of ethanol needs to be present in order for the animal to 
report the stimulus as similar to alcohol. Thus, it is possible for a variety 
of mood effects to be similar to the effects associated with alcohol consump
tion. While a detailed review of the pharmacology of alcohol's discri
minative stimulus effects are beyond the scope of this chapter, it is important 
to emphasize that mood may be a predictor of drinking and relapse (see 
BICKEL and KELLY 1988), and understanding the neurochemical mediation 
of these effects can lead to important advances in the development of 
pharmacotherapies to treat excessive drinking. 

E. Remission/Treatment 
Remission, in which the use of alcohol declines to levels that are no longer 
problematic, has been the subject of several research efforts (see MARLATT 
et al. 1988). Remission of excessive drinking can be divided into either self
change (spontaneous) or treatment induced. Very few animal models have 
demonstrated spontaneous remission, perhaps because the levels of alcohol 
self-administration are relatively low, resulting in little loss of health or 
resources. One study demonstrated spontaneous remission in monkeys self-
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administering alcohol intravenously, which resulted in severe withdrawal 
symptoms (WOODS et a1. 1971). However, the monkeys in this study also 
reinitiated self-administration within 3-4 days. Thus, this demonstration of 
decreased alcohol use may represent a specific case of remission due to the 
direct toxic effects of high alcohol intakes. Although this may be one reason 
humans discontinue alcohol use, many other reasons are also reported 
(LUDWIG 1985). 

Remission can also be achieved through direct treatment interventions. 
The development of pharmacological and/or behavioral treatment meth
odology is an active area of research, and is discussed in several other 
chapters in this volume. Several processes that appear to interact with 
alcohol-seeking may predict the outcome of treatment strategies and are 
readily studied with animal models. These include the efficacy of ethanol as 
a reinforcer in the individual, the immediacy of the negative effects follow
ing drinking, and the differential reinforcement of abstinence. 

I. Nonpharmacological Treatments to Reduce Alcohol Consumption 

Reduction of alcohol intakes can be accomplished by punished procedures 
where drinking alcohol results in negative consequences or by explicitly 
reinforcing low alcohol intakes. In alcoholics, response-contingent shock 
(WILSON et a1. 1975) or removal of a reinforcer contingent on alcohol 
consumption decreases alcohol intake in humans (BIGELOW et a1. 1975; 
GRIFFITHS et a1. 1978). Similarly, CROWLEY (1988) found that contract con
tingencies were powerful in decreasing drug use, but only as long as the 
contracts involved punishment (e.g., losing one's medical license) that was 
enforceable. In animals self-administering alcohol, response contingent shock 
or delay in food presentation can decrease alcohol intakes (POLING and 
THOMPSON 1977a,b). Taken together, the evidence from punishment pro
cedures in controlled situations show some efficacy in the treatment of 
alcohol abuse. However, it is also clear that punishment procedures de
crease consumption only when the contingencies are in effect. Another 
approach to lowering alcohol consumption is explicitly to reinforce low 
intakes or abstinence. This approach has successfully decreased the use of 
opiates (see STITZER and KIRBY 1991), and alcohol (COHEN et a1. 1971) in 
humans. In particular, alcohol consumption of alcoholics was reduced by 
making an alternative reinforcer (money) contingent on low alcohol intake 
(COHEN et a1. 1971). However, animal studies of the effectiveness of rein
forcing abstinence are lacking. 

II. Pharmacological Treatments to Reduce Alcohol Consumption 

The development of pharmacotherapies to decrease alcohol consumption 
can be categorized into several approaches. One is to develop compounds 
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that substitute for the reinforcing and discriminative stimulus effects of 
alcohol but lack the behavioral toxicity associated with alcohol. It is possible 
that serotonin reuptake blockers or specific serotonin agonists act through 
this mechanism (see other chapters in this volume). This strategy may be 
efficacious because the medication substitutes for the effects of alcohol that 
maintained drinking, thereby decreasing alcohol self-administration. Alter
natively, substitution therapy may work due to the continued presence of 
similar discriminative stimulus effects, which have become entrenched in the 
alcoholic's life, and which may be necessary to set the occasion for all of 
life's activities (SCHUSTER 1986). Through either mechanism, substitution 
therapy may result in the dissociation of exteroceptive discriminative stimulus 
effects from the reinforcing effects of drinking. For example, if a drug 
constantly produces effects that resemble those of alcohol, but in a less 
efficacious manner, these internal stimuli (as well as those of alcohol) may 
no longer set the occasion for alcohol consumption and self-administration. 

An alternative approach to reduce alcohol-seeking is to selectively an
tagonize the pharmacological basis of the reinforcing effects of alcohol, 
which should lead to extinction of alcohol self-administration. Theoretically, 
this approach is similar to desensitization procedures used in treating phobias. 
Although this appears to be sound goal, it is clear from the numerous 
studies cited above that excessive consumption of alcohol is not solely due to 
the pharmacological effects of alcohol. In addition, few animal or clinical 
studies have explicitly tried extinction procedures to decrease alcohol in
takes. Studies that have used extinction procedures in alcoholics, even to the 
point of conducting extinction sessions within the drinker's favorite pub, 
have reported some success in decreasing the desire to drink (BLAKEY and 
BAKER 1980; HODGSON and RANKIN 1976; RANKIN et al. 1983). However, 
investigations of the efficacy of extinction procedures with cocaine addicts 
have reported limited success (O'BRIEN et al. 1991). It has been suggested 
that the extinction of stimulus control over self-administration may be more 
difficult than its establishment (BICKEL et al. 1988). Therefore, perhaps 
coping skills in conjunction with extinction procedures would enhance the 
outcomes (CHILDRESS et al. 1988). 

Another pharmacological approach to reduce alcohol-seeking is to punish 
the drinking of alcohol. One medication that serves to punish alcohol con
sumption is the drug disulfiram. This drug results in the accumulation of 
acetaldehyde, a toxic by-product in the oxidation of alcohol in the liver. 
When alcohol is consumed following the administration of disulfiram, many 
aversive effects, including nausea and tachycardia result. The effectiveness 
of disulfiram in the treatment of alcohol abuse is reviewed in detail in Chap. 
15 by R.K. Fuller and R.Z. Litten (this volume). 

Finally, pharmacological treatment of the alcohol withdrawal syndrome 
may decrease drinking that is maintained by avoidance of withdrawal symp
tomotology. However, before an animal model can be applied to this hypo
thesis, it will be necessary to develop an animal model that clearly shows 
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that avoidance of withdrawal is an important factor in the maintenance of 
excessive alcohol consumption. 

F. Relapse 
The clinical literature recognizes that specific situations increase the prob
ability of relapse. These high-risk situations include specific mood states, the 
presence of alcohol, and exposure to environments that alcoholics frequented 
while drinking (MARLATI et al. 1988). All of these situations have been 
discussed in this chapter in terms of conditioned effects of alcohol in the 
initiation or maintenance of drinking. These effects will now be discussed 
with respect to the reinstatement of alcohol intake in abstinent individuals 
with a history of excessive alcohol use. 

I. Role of Conditioned Withdrawal in the Relapse Process 

Research with human opiate addicts suggested to WIKLER (1965) that en
vironmental stimuli associated with opiate withdrawal could trigger relapse. 
WIKLER (1965) hypothesized that abstinent addicts upon returning to en
vironments in which they experienced withdrawal would experience condi
tioned withdrawal symptoms. These conditioned reactions would, in turn, 
produce a craving for the drug in order to relieve the discomfort of with
drawal (see O'BRIEN 1991 or SCHUSTER 1986). There is some evidence that 
alcohol-associated cues, either exteroceptive, such as a bar, or interoceptive 
such as a mood, can elicit withdrawal symptoms, craving, and consumption 
in alcoholics (LUDWIG et al. 1974, 1977). Indeed, many other conditioned 
responses to alcohol have been documented, including changes in heart rate, 
galvanic skin response, affective state, salivation, and insulin release (R. 
KAPLAN et al. 1983, 1984; COONEY et al. 1984; POMERLEAU et al. 1983; 
DOLINSKY et al. 1987; MONTI et al. 1987; STAIGER and WHITE 1988). These 
conditioned responses are reported to result in craving for alcohol (POMER
LEAU et al. 1983; DOLINSKY et al. 1987; MONTI et al. 1987), such that the 
degree of conditioning is predictive of an impaired ability to refuse alcohol 
(MONTI et al. 1988), increased alcohol-seeking in a choice procedure (R. 
KAPLAN et al. 1983), and an increase in the likelihood relapse (MONTI et al. 
1988). 

Interestingly, one of the conditioned reactions following the presentation 
of alcohol cues in alcoholics in anxiety (MEANKER 1967), a state indicative of 
ethanol withdrawal and hangover in both human and animal models (see 
Sect. D.III). Alternatively, the anxious state reported in alcoholics exposed 
to alcohol cues may be due to the possibility of engaging in a behavior that 
is not acceptable, or has negative consequences (e.g., approach-avoidance 
conflict) (CAPPELL 1975). It is possible that anxiety, and negative mood 
states in general, result in increased craving for alcohol. Evidence for this 
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hypothesis comes from clinical studies with opiate addicts. For example, 
during opiate detoxification, negative mood states such as anxiety or depres
sion have been shown to increase craving and withdrawal in addicts while 
positive mood states such as euphoria reduce these symptoms (CHILDRESS 
et al. 1989). In addition, negative interpersonal interactions have been 
reported to increase the likelihood of relapse to heavy drinking (MARLATT et 
al. 1988). It is possible that the anxious state induced by alcohol withdrawal 
is sufficient to trigger craving and relapse. However, anxiety associated with 
events other than withdrawal may also induce craving. 

It should be noted that not all investigations have supported a role for 
conditioned withdrawal in relapse. In one study, at least one-third of opiate 
addicts report no withdrawal sickness when shown drug stimuli, while all of 
the subjects report craving in response to the stimuli (CHILDRESS et al. 
1988). In addition, addicts given access to heroin reported no decrease in 
their high levels of craving as the heroin injections continued (MEYER 1988). 
One conclusion is that craving is not solely a reflection of conditioned 
withdrawal and events independent from conditioned withdrawal episodes 
can reestablish drug-seeking in abstinent individuals. 

Animal studies that have successfully demonstrated conditioned with
drawal have used monkeys trained to self-administer morphine. In these 
procedures, a red light was associated with the administration of nalorphine, 
an opiate antagonist, which resulted in withdrawal signs in these monkeys. 
After morphine was discontinued, illumination of the red light elicited signs 
of opiate withdrawal for over 4 months, demonstrating a long-lasting condi
tioned withdrawal (GOLDBERG and SCHUSTER 1970). A subsequent study 
showed that stimuli paired with nalorphine to monkeys self-administering 
morphine not only elicited signs of opiate withdrawal, but also increased 
rates of morphine self-administration (GOLDBERG et al. 1969). Thus, there is 
evidence for both conditioned withdrawal and the association of conditioned 
withdrawal with the self-administration of opiates (SCHUSTER and WOODS 
1968; WOODS et al. 1973). Unfortunately, comparable studies have not been 
conducted with alcohol. Such studies may have to await the development of 
an alcohol antagonist that can reliably induce signs of withdrawal. Alter
natively, the use of selectively bred animals that differ in their withdrawal 
severity may prove valuable in the effort to determine whether conditioned 
withdrawal occurs. 

II. Role of Conditioned Drug-Like Effects in the Relapse Process 

In the opiate literature, a group of former addicts reported euphoric effects 
when they injected saline (LEVINE 1974; O'BRIEN et al. 1988). In an ana
logous situation, some addicts under a naltrexone blockade reported that 
heroin injections were rewarding (MEYER and MIRIN 1979). In these people, 
the stimuli associated with the administration of opiates results in condi
tioned reinforcement, although these responses can be readily extinguished 
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(CHILDRESS et al. 1988). Craving is also linked to conditioned stimuli and is 
reported to be highest when addicts perceive that heroin is available (MEYER 
1988). Furthermore, environmental stimuli can reverse behavioral disrup
tion caused by opiate withdrawal (THOMPSON and SCHUSTER 1964; TYE and 
IVERSEN 1975). Collectively, this evidence indicates that drug-like condi
tioned responses occur under some circumstances of opiate administration. 
Conditioned alcohol-like responses have been reported in alcoholics who 
anticipate consuming alcohol (LUDWIG 1985). Furthermore, there are condi
tioned alcohol-like neuroendocrine responses (i.e., decreased leutinizing 
hormone and testosterone) in response to stimuli associated with the con
sumption of alcohol (DOLINSKY et al. 1987). These data suggest that environ
ments associated with alcohol use can result in alcohol-like effects and may 
"prime" the onset of relapse. 

Evidence that drug-like effects can initiate the onset of relapse comes 
from reinstatement paradigms. In these studies animals are first trained to 
self-administer a drug and then placed under extinction conditions where 
saline replaces the drug for a number of sessions. If a small "priming" dose 
of the drug that was previously self-administered is then given noncon
tingently to the animal immediately prior to a session under extinction 
conditions, drug-seeking is reinstated (1. STEWART et al. 1984). It is argued 
that the interoceptive cues following non contingent drug administration act 
as conditioned incentive stimuli and reinstate drug-seeking (1. STEWART 
1992). Apparently, exteroceptive cues can reinstate drug-seeking. For 
example, SCHUSTER and WOODS (1968) found that response-contingent pre
sentation of stimuli previously associated with morphine self-administration 
increased responding under extinction conditions. Similarly, rats withdrawn 
from morphine drank more vehicle when placed in environments where 
morphine self-administration had been acquired than did rats placed in 
environments not associated with morphine self-administration (THOMPSON 
and OSTLAND 1965; HINSON et al. 1986). There is also evidence that the 
presence of exteroceptive stimuli associated with drug administration may 
be necessary for reinstatement of drug-seeking. For example, noncontingent 
amphetamine given to monkeys under extinction conditions can reinstate 
responding previously maintained by amphetamine only if a masking noise, 
present during the self-administration sessions, is also present (STRETCH et 
al. 1971). There is also evidence to support the conditioned effects of 
exteroceptive cues in determining relapse, or reinstatement, in humans. 
Addicts that are detoxified and returned to the environment in which they 
used the drugs showed nearly 100% relapse (CHUSHMAN 1974), whereas 
Vietnam veterans, who became addicted in Southeast Asia, then detoxified 
and returned home to an environment not associated with drug use, re
mained relatively abstinent (Vietnam vets, ROBINS et al. 1974; O'BRIEN et 
al. 1980). Thus, contact with the drug may not be sufficient to elicit drug
seeking behavior outside an environment in which the drug was normally 
taken. 
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The reinstatement literature suggests that relapse can result from inter
oceptive cues (possibly including mood states) or exteroceptive cues (e.g., 
passing a favorite drinking establishment). An important issue in relapse is 
the influence of other drugs that were used in conjunction with alcohol. For 
example, a person that co-abused alcohol and marijuana may relapse to 
alcohol consumption when exposed to marijuana. Likewise, alcohol itself is 
a compound cue. Consequently, drugs such as barbiturates, benzodiazepines, 
and phencyclidine which have discriminative stimulus effects similar to al
cohol (see BARRY 1991; GRANT and COLOMBO 1993) may, upon administra
tion, reinstate alcohol-seeking. Thus, depending on the history of alcohol 
use, exposure to a number of compounds may be capable of triggering 
relapse. Animal studies in the area of alcohol conditioning and relapse are 
sparse and most of our information is drawn from the opiate literature or 
from clinical studies. Clearly, this is an area where animal studies are 
necessary to investigate the conditioning effects that may be specific to the 
effects of alcohol. 

G. Summary 
In this review information derived from animal studies is organized in terms 
of the dynamic progression of the addiction process as it is described in 
humans. Characteristic stages of addiction imply that the reinforcing efficacy 
of alcohol is altered as the individual progresses through the dependence 
cycle. The results of animals studies have made it possible to identify several 
influences on the reinforcing effects of ethanol at each stage. These influ
ences are most readily classified as environmental, genetic, and pharmaco
logical, with the process of conditioning representing the interaction among 
these elements. Although the information gathered to date is substantial, 
these reults must be incorporated and integrated into a framework that 
makes them easily applicable to the human situation. It is also important 
that in many cases alcohol addiction appears to be progressive. More infor
mation is needed concerning the rate of progression, which appears to show 
a large degree of individual variability. This analysis will require characteriz
ation of the dynamic processes that underlie progression from the initial 
stages of alcohol consumption, through the emergence of problematic drink
ing, and into the stage of severe dependence. 
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CHAPTER 10 

Ethanol and Neurohormonal Regulation 
J. LITILETON 

The neurohormonal system is responsible for the regulation of a wide 
variety of physiological and behavioural responses of the organism, so 
alterations of this system by ethanol have widespread and serious functional 
consequences. The excellent review by CICERO (1982) leaves no doubt 
whatsoever that ethanol does perturb the neurohormonal system at several 
different levels, including the synthesis, release and receptor-mediated res
ponses of all the chemical messengers involved, i.e., including hypothalamic
releasing hormones, trophic hormones from the pituitary and the endocrine 
hormones themselves. These effects alone would be sufficient to justify 
several chapters on ethanol and neurohormones, but they are only half the 
story because the effects of ethanol on neurohormones are not just "one 
way" so that alterations in neurohormones (including some caused by 
ethanol itself) may affect ethanol consumption (and ethanol tolerance and 
dependence). This offers the possibility that understanding interactions with 
neurohormones may provide clues to potential pharmacological modification 
of ethanol consumption in man. 

These two aspects of the interaction between ethanol and neuro
hormones will be the focus of this chapter. In the first section I will deal with 
the consequences of exposure to ethanol for the synthesis, release and 
effects of a variety of neurohormones, and in the second section I will 
discuss the role of neurohormones in regulating consumption of ethanol. 
Since this is so vast a field it has been necessary to be very selective in the 
material covered. This inevitably represents a personal view of the area and 
I apologize for any omissions of material which others may consider to be 
vitally important. A more extensive review of the earlier literature is pro
vided by CICERO (1982) and I will concentrate on concepts that have deve
loped since that time. 

A. Effects of Ethanol on Neurohormones 
In general terms the neurohormones are peptides that are released by 
neurons originating in the hypothalamus. Some of these neurons have long 
axons which run down the pituitary stalk ending in terminals that secrete 
neurohormones, for example oxytocin and vasopressin, into the general 
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circulation in the posterior pituitary. These neurohormones act directly on 
peripheral target tissues, such as the breast and the kidney in the examples 
used above. Other hypothalamic neurons have terminals within the median 
eminence of the hypothalamus which secrete their specific neurohormones 
into the portal blood supply to the anterior pituitary. Many of these neuro
hormones are the "releasing factors" or "releasing hormones" which regulate 
the secretion of trophic hormones from the anterior pituitary. These trophic 
hormones then travel in the general circulation to influence the secretions of 
their target endocrine organs, such as the gonads, the adrenals and the 
thyroid. The endocrine hormones then circulate in the blood and alter the 
activity and metabolism of their target organs (see GREENSPAN 1991, for 
general references). The effect of ethanol on "neurohormonal regulation" 
therefore encompasses actions on all this cascade of chemical messengers, as 
well as actions on the transmitters that act at the suprahypothalamic level to 
regulate the neurons that release the neurohormones. 

There are at least two major feedback loops built into this neurohor
monal system. First, the levels of the hormones released from the endocrine 
gland may feed back onto the secretory cells in the pituitary and modify the 
secretion of the trophic hormone. Second, and less controversially, the 
levels of circulating trophic hormones feed back onto the hypothalamus and 
alter the neurosecretion of releasing hormones by the hypothalamic neurons 
(see GREENSPAN 1991). 

These feedback loops have important implications for the effects of 
ethanol on the endocrine system because they tend to offset any perturba
tion caused by the drug. Thus for example an ethanol-induced reduction in 
the release of a trophic hormone from the pituitary would activate the 
feedback loop, resulting in an increase in secretion of releasing hormone 
from the hypothalamus, thus tending to restore the system toward normality. 
This has two important implications, first, many of the acute effects of 
ethanol on the endocrine system are not maintained (i.e., they show tol
erance to ethanol) because feedback control eventually overcomes the effect 
of the drug and, second, the effects of ethanol that are maintained with 
chronic use are likely to be those that are either "outside" the feedback 
loops or which disrupt the feedback loop. In other words, effects of ethanol 
that are either suprahypothalamic or are due to an action of ethanol on the 
responses of target organs to the endocrine hormones are those most likely 
to have important functional consequences in the alcoholic patient. I will try 
to illustrate this general principle at different stages in this chapter. 

Another general point relating to effects of ethanol on the neuroend
ocrine system is the variety of changes ascribed to the drug. Medical students 
used to be taught that "the great impostor" was syphilis, because this 
disease could mimic any other condition you cared to name. With syphilis 
under relative control in the West there is a case to be made for labelling 
alcohol-related disease as the current impostor. Nowhere is this more 
evident than in the field of clinical endocrinology, where almost every type 
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of endocrine dysfunction can be caused by excessive ethanol consumption 
(e.g., CICERO 1982; MILLER et al. 1989; ADLER 1992). Trying to make sense 
of this massive and often contradictory clinical literature is not a rewarding 
task and so I have concentrated on a rather mechanistic approach to the 
subject, trying to explain what the most common effects of ethanol may be 
on each neurohormonal system. 

There are several other complicating factors associated with the effects 
of ethanol that I have also tried to ignore, but which can be very important 
in the clinical picture. Among the most important factors are intercurrent 
disease and nutritional deficiency (see ADLER 1992). In particular, alcoholic 
liver disease can alter the circulating levels of neurohormones by affecting 
their catabolism and in some cases their synthesis from prohormones. 
Unless they seem to be of particular importance, such complications have 
been excluded. 

Lastly there is an ongoing theoretical argument about the toxic effects of 
ethanol which I will also try to ignore. The argument goes that the toxic 
compound is not ethanol itself but its primary metabolite, acetaldehyde. 
Thus, cellular damage which might lead to alterations in the synthesis and 
release of neurohormones could be due to circulating acetaldehyde or to 
acetaldehyde produced from ethanol within the endocrine cells themselves 
(e.g., JOHNSON et al. 1987). This is an important principle, but in most cases 
it is not possible to make a definite pronouncement. In the cases where 
there does seem to be good evidence one way or the other I will mention 
this, but for the most part the possibility will be ignored. 

The organization of this section was difficult. A logical approach would 
have been to divide the material into effects of ethanol on neurohormone 
synthesis, effects on release, effects on catabolism, etc., but this would have 
made the chapter almost useless as a reference work. It is now divided 
on the basis of the anatomical and physiological organization of the neuro
hormonal system. 

I. Hypothalamic·Pituitary·Gonadal Axis 

The hypothalamic-pituitary-gonadal axis (HPG) axis is responsible for dif
ferences in sexual development in the fetus and at puberty, and for sexual 
function and behaviour in the adult. The HPG axis of course differs con
siderably between the sexes but in this introduction I will try to stress the 
similarities (see GREENSPAN 1991, for general references). As in all the neuro
hormonal systems, the hypothalamus provides the driving force for hormone 
secretion and, in this case, the hypothalamus secretes gonadotropin-releasing 
hormones (GnRH) in a phasic manner and these cause release of follicle
stimulating hormone (FSH) and luteinizing hormone (LH) from the anterior 
pituitary. Although named for their functions in the female, FSH and LH 
are also secreted in the male and are responsible for normal sexual function 
in both sexes. In the male LH is the controlling factor in causing testosterone 
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secretion from the testis and adrenal, and both FSH and LH are necessary 
for normal testicular spermatogenesis and spermatic maturity. In the female, 
FSH and LH control the development of the follicle and the corpus luteum 
respectively during the reproductive cycle, and both hormones are res
ponsible for controlling the release of oestrogen from the ovaries. Also 
in the female, prolactin is released from the pituitary to influence breast 
development (with oestrogen) and initiate lactation, and chorionic gon
adotropin is secreted to regulate the synthesis and release of progesterone 
from the placenta. 

It can be seen that any perturbation in the HPG axis will cause wide
spread changes in reproductive function, but this of course is only part of 
the story because the sex hormones have important developmental effects 
(those on the fetus are particularly relevant here) as well as important 
effects on behaviour. Before discussing these consequences I will consider 
some of the more important effects of ethanol on the HPG axis. These 
effects are, almost without exception, inhibitory (see CICERO 1982; BOYDEN 
and PARMENTER 1983). 

1. Gonadotropin-Releasing Hormone Secretion 

The secretion of GnRH by the hypothalamus is under tonic inhibition by 
neurons releasing fJ-endorphin and dopamine and the secretion of prolactin 
also is inhibited by dopaminergic neurons. Most of the published work on 
the effects of ethanol on this system relates to luteinizing hormone releasing 
hormone (LHRH) secretion; thus ethanol inhibits the cyclic secretion of 
LHRH (BOYDEN and PARMENTER 1983) and blunts the secretory response of 
LHRH to naloxone in rats (ADAMS and CICERO 1991). Alcohol also reduces 
levels of LHRH in the pituitary portal blood (CHUNG et al. 1988) while 
increasing the levels in the hypothalamus (DEES et al. 1984). This implies 
that ethanol decreases the release of LHRH by an action on the hypo
thalamus without inhibiting synthesis of the hormone to the same extent. 

These findings suggest that ethanol disrupts the secretory mechanism for 
LHRH either by some suprahypothalamic mechanism or at the level of 
neurosecretion itself. Since ethanol has many direct effects on calcium
dependent neurosecretory processes (see Chap. 3, this volume) the latter 
explanation might seem a strong possibility; however, the release of LHRH 
from the hypothalamus in vitro was not inhibited by ethanol (EMANUELE et 
al. 1989). This leaves a suprahypothalamic mechanism of inhibition of 
LHRH release by ethanol as the favoured explanation (e.g., RIVIER et al. 
1992). 

2. Gonadotropin Secretion 

Here again most work relates to the synthesis and release of LH and again 
much of the evidence suggests inhibition by ethanol (CICERO 1982). Thus, in 
rats, ethanol reduces the levels of LH in the systemic circulation (CHUNG et 
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al. 1988) and causes a reduction in the mRNA for LH in the pituitary 
(EMANUELE et al. 1991). In addition to this effect on LH transcription, 
other, post-transcriptional, effects are likely mechanisms for ethanol-induced 
inhibition of secretion (EMANUELE et al. 1991). The inhibition of synthesis 
appears to be a relatively specific effect on LH because the mRNA affected 
is that for the fJ-subunit of the LH polypeptide rather than the a-subunit 
which is shared with thyroid-stimulating hormone (TSH) , FSH, and chori
onic gonadotropin (CG) (EMANUELE et al. 1991, 1992). 

Again the exact mechanism by which ethanol reduces the release of LH 
from the pituitary is unknown, but it may be direct since in some experi
ments it can be demonstrated in vitro (SCHADE et al. 1983). In vivo, how
ever, the effect of ethanol appears to depend on the level of pituitary 
stimulation by LHRH. Thus, acutely, ethanol does not inhibit the release of 
gonadotropins when this is stimulated by the "normal" mechanism, e.g., 
by synthetic LHRH or by LHRH released by naloxone (MELLO et al. 
1986a,b; MENDELSON and MELLO 1988; MENDELSON et al. 1987, 1989). 
In addition, alcoholic women may show reduced "resting" LH levels in 
plasma but they can still respond to synthetic LHRH by secretion of LH 
(VALUNIAKI et al. 1984), so the LHRH receptor system and the gonado
tropic secretory mechanism must be relatively intact (MELLO et al. 1989). It 
seems likely that the most important functional disturbance in alcoholics at 
the hypothalamic-pituitary level in this system is at the level of LHRH 
secretion (or above) and that reduced levels of circulating LH, when ob
served, are a consequence of this (CICERO 1982). 

The action of ethanol on FSH secretion may well be similar to that on 
LH, since when levels are measured they also tend to be low in alcohol 
abusers (VAN THIEL 1983). However, these effects of ethanol cannot be due 
to a general inhibition of pituitary gonadotropin secretion because prolactin 
secretion is increased by ethanol acutely (CICERO 1982; PHIPPS et al. 1987). 
In the female alcoholic the circulating levels of prolactin are often high 
(TEOH et al. 1992), suggesting that these effects of ethanol on prolactin 
secretion are maintained. 

3. Gonadal Endocrine Secretion 

Most of the early work on the effects of ethanol on sex hormones was 
related to observations of testicular atrophy and impotence in alcoholic 
males (VAN THIEL et al. 1974; CICERO 1982). This sex bias in observation and 
experimentation can be defended only on the basis that male alcoholics 
were probably in the majority at that time, but in truth it probably has more 
to do with the preponderance of male investigators rather than patients 
(V ANICELLI and NASH 1984). Anyway, it is now certain that the effects of 
ethanol are equally devastating on female sexual function (see MELLO et al. 
1992). Because (and only because) of the historical progression I will begin 
with the effects of ethanol on gonadal endocrine function in the male. 
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There is no doubt that ethanol acutely can directly reduce the release of 
testosterone from the testis in vitro (see CICERO 1982; VAN THIEL et al. 
1983). These "direct" effects of ethanol on testosterone production by 
the testis may, however, not be so direct in one sense, since they may 
depend on the metabolism of ethanol to acetaldehyde (CICERO and BELL 
1980). Whether or not this effect of ethanol (or acetaldehyde) is important 
in vivo is uncertain because testosterone release, when stimulated by gon
adotropins in vivo, has been reported to be increased by ethanol (PHIPPS et 
al. 1987). There seems to be no obvious way of reconciling these different 
experimental results, but there is better agreement that alcoholics have 
reduced circulating levels of testosterone (CICERO 1982; VAN THIEL 1983). 
This, of course, could be due to their reduced levels of circulating gonado
tropins, as described above, rather than a direct effect of ethanol on the 
testis (WIDENIUS et al. 1989). This question of a direct effect of ethanol on 
the testis versus an indirect effect via reduced gonadotropins seems no 
nearer being resolved, and in reality both factors probably contribute. Thus 
ethanol may directly inhibit the testosterone production and release by the 
testes, but also prevent the feedback increase in LH release by the pituitary 
which would normally overcome this "direct" effect (CICERO 1982). 

There is an additional complicating factor in the effects of ethanol on 
testicular function and that is whether the metabolism of ethanol alters the 
type of androgen produced by the testis. For example, ethanol may not only 
reduce the production of testosterone, it may increase the production of 
other steroids, or "proandrogens," by the testis (or adrenal) that are sub
sequently metabolized in the alcohol abuser to form oestrogens (CHAO and 
VAN THIEL 1983). In addition there are many other potential explanations 
for the demasculinization and feminization that can accompany alcoholism 
in males, e.g., the hyperprolactinaemia may contribute to gynaecomastia 
(GAVALER and VAN THIEL 1983). 

The situation is even less clear in the female. Levels of circulating 
gonadotropins are of course low, as described above, and this inevitably 
reduces secretion of oestrogens from the ovary (and presumably androgens 
from the adrenal) (MELLO et al. 1989). However, alcohol does not reduce 
the LHRH-induced secretion of oestradiol (MENDELSON et al. 1989) and the 
secretion of oestrogens in response to gonadotropins is close to normal 
in alcoholic women (MELLO et al. 1989). Both these results argue that 
any "direct" effects of ethanol on gonadal secretion of oestrogen are com
paratively unimportant here. The same may, of course, not necessarily apply 
to progesterone secretion, which is regulated differently. 

4. Gonadal Steroid Metabolism 

In the introductory paragraphs I stated that I would ignore the complica
tions introduced by concurrent alcoholic liver damage as much as possible. 
In this section it is impossible to ignore the liver, both because it has such 
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profound effects on steroid metabolism and because ethanol can alter this 
without any other evidence of overt liver dysfunction. In general terms, in 
the male the effect of the metabolism of ethanol together with adaptive 
changes in liver enzymes and blood flow lead to increased breakdown of 
testosterone (see CICERO 1982) and reduced removal of pro androgens from 
the circulation (e.g., GORDON et al. 1979) and their increased metabolism to 
oestrogen in other peripheral tissues (VAN THIEL and GAVALER 1990). In the 
female, oestrogen levels may be low primarily because of the reduced 
circulating levels of gonadotropins and so there is no feminizing corollary to 
the effect in males; on the contrary alcoholic women show defeminization 
(GAVALER and VAN THIEL 1987). 

Not only are the circulating levels of appropriate gonadal steroid hor
mones low after chronic alcohol administration, there are also changes in 
the numbers of steroid receptors on the target cells. Thus, in the male, 
androgen receptor numbers are reduced whereas oestrogen receptor numbers 
are increased (EAGON et al. 1981a,b), inevitably contributing to the demas
culization and feminization seen. In this case there may be a corollary in the 
female because, in postmenopausal women, moderate alcohol intake is 
associated with oestrogenization and a reduction in some of the conse
quences of the menopause (e.g., coronary disease, strokes) (GAVALER 1990). 
These beneficial effects are both inhibited and outweighed by the onset of 
alcohol-induced liver damage in postmenopausal women (GAVALER et al. 
1990). 

5. Consequences of Alterations in the HPG Axis 

The consequences of effects of ethanol on the neurohormonal system in 
adult males and females have been introduced above. In males the reduction 
in LH and FSH result in reduced sperm production and maturity as well as 
reduced testosterone production by the testis. This, together with increased 
oestrogen formation, leads to loss of body hair, hypogonadism, impotence 
and loss of libido (VAN THIEL and GAVALER 1990). Adult females show signs 
of defeminization due to low oestrogen levels, including reductions in 
secondary sexual characteristics and anovulatory cycles, oligomenorrhoea 
(or amenorrhoea) and even premature menopause (BECKER et al. 1989). 
Reproductive dysfunction in women is also common, with spontaneous 
abortion being much more frequent in alcoholic women than controls 
(MELLO et al. 1989; BECKER et al. 1989). When alcoholic women do go to 
term there are commonly consequences of ethanol on fetal development, 
many of which can be ascribed to effects on gonadal hormones during 
pregnancy (see below). 

6. Hypothalamic-Pituitary-Gonadal Axis and Fetal Development 

There are many ways in which ethanol-induced alterations in endocrines 
could contribute to abnormal fetal development, and alterations in the HPG 



238 J. LIlTLETON 

axis are a prime candidate (see ANDERSON 1981). Maternal oestrogen is an 
important factor in the development and sexual differentiation of the fetus 
because oestrogen has (paradoxically) masculinizing effects on the fetus via 
oestrogen receptors in the developing brain (see ARNOLD and GORSKI 1984). 
Indeed several gonadal and adrenal hormones can have masculinizing effects 
on the fetus, at least in the rat. In this regard, circulating testosterone is 
converted intracellularly to oestrogen by aromatase enzymes before this 
steroid activates oestrogen receptors, causing masculinization. This may be 
particularly relevant at the time of hypothalamic differentiation (ARNOLD 
and GORSKI 1984) when there is a testosterone surge from the fetal end
ocrine system. In this respect therefore, either reduced maternal oestrogen or 
reduced testosterone secreted by the fetus (or reduced conversion of testos
terone) can all lead to reduced masculinization during fetal development. 

Based on the previous sections, hormonal oestrogen levels in pregnant 
alcoholic women would be expected to be reduced, and this should reduce 
the masculinizing effect of the hormone during the fetal development of 
both sexes. However, no longitudinal measurements of oestrogen levels 
during pregnancy have been made in alcoholic women so this possibility is 
unresolved. The fetal testosterone surge, occurring around parturition in the 
rat, is also important for masculinization and is suppressed by ethanol 
(MCGIVERN et al. 1988). Both these effects of ethanol would thus be expected 
to reduce masculinization of the fetus, but the extent to which this bears on 
human fetal development is very uncertain. 

In addition to these hormonal effects, there is another important factor 
which modifies the masculinizing effects of maternal steroids on fetal de
velopment. This is the synthesis of a-fetoprotein, which binds oestrogen, 
thus preventing it from activating oestrogen receptors in the fetus. a
Fetoprotein thus protects the female fetus from the masculinizing effects of 
oestrogen but, since it does not bind testosterone, it allows masculinization 
of the male fetus to occur. Ethanol seems to reduce the formation of a
fetoprotein (HANNIGAN et al. 1992a), and this might differentially affect the 
female fetus, tending to allow increased masculinization. The reduction of 
a-fetoprotein synthesis may well play some part in the abnormalities in 
births to alcoholic women; indeed it has been suggested that a low a
fetoprotein level at amniocentesis is helpful in predicting fetal alcohol effects 
(HALMESMAKI et al. 1987). 

The consequences of these effects of ethanol on the HPG axis can only 
be guessed at in the human, but they can be investigated in animals. They 
include an ethanol-induced reduction in differentiation of the sexually 
dimorphic areas of the brain (RUDEEN 1984) and changes in sexually 
determined behaviour (e.g., MCGIVERN et al. 1984; BARRON and RILEY 
1985). The changes produced by ethanol are considerably easier to observe 
in male animals, but there is evidence for defeminization of behaviour in 
female offspring also (e.g., BARRON and RILEY 1985). There is also evidence 
that the hormonal responses of prenatally exposed animals may be disturbed 
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after birth (UDANI et al. 1985; HAUDA et al. 1985). Sometimes there are 
anatomical correlates of these neurohormonal changes, for example there 
are long-term deficits in GnRH secretion (MORRIS et al. 1989) which may be 
due to altered numbers (SCOTI et al. 1990) or morphology (MCGIVERN and 
YELLON 1992) of GnRH-secreting neurons in the hypothalamus. Alcohol
induced alterations in sexual function and behaviour after fetal exposure to 
the drug almost certainly owe a great deal to effects on maternal and fetal 
sex hormones. 

7. Conclusions 

There is a wealth of evidence that acute and chronic ethanol administration 
alters the neuroendocrine balance of sex hormones, in a way that is almost 
uniformly detrimental. The HPG axis may be the most sensitive neuro
hormonal system to perturbation by ethanol and effects of ethanol occur at 
all stages of the control process, but it is extremely difficult to decide which 
part of this system is most sensitive to the drug (see CICERO 1982). As 
indicated in the introductory paragraphs, it is probable that perturbations of 
the endocrine system that are outside the physiological feedback control 
loops are those that persist on chronic administration of ethanol, making 
suprahypothalamic influences and effects on endocrine metabolism and 
responses likely to be of particular importance in chronic alcoholics. The 
consequences of the disruptions caused by ethanol are to reduce sexual 
characteristics, either after adult or fetal exposure to ethanol. Although 
these effects are more noticeable in the male, female reproductive function 
is at least equally disturbed by alcohol abuse. 

II. Hypothalamic-Pituitary-Adrenal Axis 

The regulation of the endocrine functions of the adrenal cortex forms an 
important part of the neurohormonal system. The pattern of control for 
glucorticoid hormones is the same as for the gonadal steroids (see 
GREENSPAN 1991, for general references). Thus the hypothalamus secretes 
the corticotropic-releasing hormone (CRH) into the pituitary portal blood 
and this stimulates the production and release of adrenocorticotropic hor
mone (ACTH). ACTH in turn causes the release of glucocorticoid hormones 
from the adrenal cortex and these have very widespread functional effects 
on the organism, most importantly in the generalized stress response, 
and probably including regulation of the immune system (e.g., IRWIN and 
HAUGER 1987). The secretion of the other adrenal cortical steroids, the 
mineralocorticoids such as aldosterone, is regulated by renin secretion from 
the juxtaglomerular cells of the kidney and controls fluid and electrolyte 
secretion (see GREENSPAN 1991). I will deal with the renin-angiotensin 
system in the second section of this chapter (Sect. B) because there is 
evidence for its involvement in ethanol consumption. 
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Additionally to the steroid hormones there are two related systems 
which should be mentioned here because they interact strongly with the corti
costeroids. First, the secretion of catecholamines from the adrenal medulla 
(controlled by the sympathetic nervous system) is closely involved with 
stress and immune responses (IRWIN et al. 1988) and both corticosteroid 
secretion and sympathetic nervous system activity are increased by ethanol 
administration (see CICERO 1982). Second, other systems in addition to 
aldosterone are involved in the control of fluid and electrolyte balance and 
are also altered by ethanol. For example, the secretion of vasopressin, the 
"antidiuretic hormone", by hypothalamic neurons terminating in the pos
terior pituitary is inhibited by ethanol although this depends on several 
additional factors (e.g., HELDERMAN et al. 1978) including genetic selection 
for voluntary ethanol consumption (see LINKOLA et al. 1974, and last sec
tion). These effects of ethanol must clearly be taken into account when 
considering the functional consequences of ethanol use related to its effects 
on the HP A axis. 

1. Corticotropin-Releasing Hormone Secretion 

Most evidence suggests that ethanol stimulates the synthesis and release of 
CRH in the hypothalamus. For example, ethanol acutely increases the 
hypothalamic mRNA for CRH (RIVIER et al. 1990) and increases the release 
of CRH from the hypothalamus in vitro (REDEl et al. 1988). In the latter 
experiments preparations from animals treated in vivo with ethanol main
tained an increased frequency of pulsatile CRH release ex vivo compared to 
controls (REDEl et al. 1988). The duration of the ethanol-induced increase in 
CRH in vivo differed between two mouse lines genetically selected for 
ethanol sensitivity (WAND 1990a) but the regulatory difference did not 
extend to the in vitro preparation (WAND 1990a). The return of CRH 
secretion toward normal levels in the face of chronic ethanol exposure is 
presumably because of feedback control or because of ethanol tolerance 
(WAND and LEVINE 1991), suggesting that genetic differences in this adaptive 
response to ethanol could determine the consequences of chronic exposure 
to the drug. If this occurs in humans then individuals that are genetically 
unable to operate this control mechanism would suffer a much more severe 
and prolonged disruption of CRH secretion [and hypothalamic-pituitary
adrenal (HPA) function] during chronic exposure to ethanol (see WAND and 
DaBS 1991). It is probably safe to assume that ethanol produces an acute 
increase in the synthesis and secretion of CRH, but it is not certain how long 
this persists, what mechanism is responsible, or whether this effect is the 
primary cause of alterations in circulating corticosteroids (see below). 

2. Adrenocorticotropic Hormone Secretion 

Ethanol has been shown to increase the release of ACTH from pituitary 
preparations in vitro (REDEl et al. 1986) and it was proposed that multiple 
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mechanisms of ethanol were responsible. One mechanism may be an en
hanced synthesis of ACTH. Thus, the production of ACTH involves the syn
thesis of much larger precursor polypeptides including pro-opiomelanocortin 
(POMC), and in mice it has been shown that ethanol acutely increases the 
synthesis of POMC in the pituitary (WAND 1990b). However, this effect 
regresses after a few days and could simply be a consequence of the putative 
increase in CRH levels reaching the pituitary since it is genetically influenced 
in the same way (WAND 1990b). There is some evidence that POMC gene 
expression is under the control of cAMP-dependent protein kinase and this 
may be the level at which adaptation to the effects of ethanol are mediated 
(WAND and LEVINE 1991). After chronic administration of ethanol, cir
culating levels of ACTH are usually normal (KIKIHANA et al. 1971), but 
this may be because they are subject to inhibitory feedback control from 
elevated corticosteroid levels. Again most of the data can be explained on 
the basis of an initial increase in CRH secretion producing a new elevated 
steady-state level of endocrine secretion with subsequent feedback reduc
tion in the intermediary hormones originating from the hypothalamus and 
pituitary. 

3. Adrenal Steroids 

Almost all the evidence from animal and human studies suggests that ethanol 
acutely in vivo causes an increased secretion of corticosteroids (particularly 
glucocorticoids) from the adrenal glands (FAZEBAS 1966; KIKIHANA et al. 
1971). Many of these studies, however, include stressful procedures (handl
ing, injection, sampling, etc.), making it very difficult to separate the physi
ological response (to stress) from the pharmacological response (to ethanol) 
(see CICERO 1982, for experimental criticisms). There is some evidence that 
pharmacological concentrations of ethanol can directly influence the syn
thesis and release of corticosteroids from the adrenal in vitro (COBB and VAN 
THIEL 1982), but in vivo hypophysectomy markedly reduces the secretory 
response to ethanol (WRIGHT 1978), suggesting that the effect is at least 
partly secondary to the transient increases in CRH and ACTH described 
above. In animal experiments, chronic exposure to ethanol produces variable 
results in circulating corticosteroid levels and this may depend on several 
factors, for example some workers do not observe elevated glucocorticoid 
levels until high (stressful?) concentrations of ethanol are reached (see 
CICERO 1982), whereas other authors (e.g., WAND 1989) suggest that the 
response differs due to genetic differences between animals so that some 
animals maintain higher circulating glucocorticoid levels during chronic 
ethanol exposure. In humans the results are also variable, with some alco
holic individuals showing very high levels of the adrenal endocrine hor
mones (e.g., REES et al. 1977) particularly when exhibiting the pseudo
Cushing's syndrome (see below). The picture is complicated by lack of 
information on the drinking status of the alcoholics in some of the studies, 
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for example, alcohol withdrawal causes an increase in corticosteroid con
centrations in plasma (MERRY and MARKS 1972), but this may reflect a 
nonspecific response to the associated stress. 

4. Consequences of Alterations in the HPA Axis 

The increased circulating levels of corticosteroids found in some alcohol
abusing individuals can have widespread effects which can mimic other 
conditions. For example, when increased circulating glucocorticoids are 
produced pathologically by hypersecretion of ACTH by pituitary tumours, 
the features of Cushing's disease are seen (see GREENSPAN 1991). These 
include, among others, obesity, hirsutism, weakness and diabetes, and a 
similar syndrome can be produced by chronic alcohol abuse (REES et al. 
1977; SMALS et al. 1977). This pseudo-Cushing's syndrome occurs in only 
about 5% of alcoholics and, as mentioned previously, animal work suggests 
that this incidence could have a genetic component in addition to the causal 
role of ethanol (WAND 1990a,b). 

Pseudo-Cushing's syndrome is relatively unique (and relatively easy to 
diagnose) so there is little doubt about the role of alcohol in the condition 
(VAN THIEL et al. 1982); however, this is by no means true for other 
complications which may be caused by alterations in the HPA axis. One of 
the potentially most important (and least well understood) roles of the HP A 
axis in the response to stress may be the regulation of the immune system 
(e.g., IRWIN and HAUGER 1987) so that any alteration in the HPA axis will 
disrupt the immune response. In general terms, the early phase of the 
immune response is activated by release of corticosteroids, whereas if these 
steroids remain elevated they suppress the continuation of the immune 
response (IRWIN and HAUGER 1987). In other words the corticosteroids form 
a kind of negative feedback loop for the immune system and in this the 
opioid peptides also playa role (see SHAVIT et al. 1984, and last section). 
Both systems can account for some of the detrimental effects of ethanol on 
immune responses. 

The early phase of the immune response involves release of cytokines 
from macrophages which then stimulate CRH secretion in the hypothalamus, 
leading to ACTH release from the pituitary and steroid release from the 
adrenal (e.g., SAPOLSKY et al. 1987). This early response could be blunted by 
the presence of ethanol and may also be reduced in those alcoholics who 
show continually elevated ACTH and corticosteroid levels, because these 
suppress both early and late immune responses (RIVIER et al. 1990; IRWIN 
and HAUGER 1987). This has fairly obvious implications for the resistance to 
intercurrent infections of individuals who abuse alcohol, but it also has 
potentially more sinister consequences. This is because the HPA axis is 
involved specifically in host responses which involve natural killer (NK) cells 
(IRWIN et al. 1990a,b), so that high circulating levels of corticosteroids 
and/or ACTH suppress the activity of these cells. In addition there is 



Ethanol and Neurohormonal Regulation 243 

extensive evidence that chronic ethanol administration suppresses NK cell 
activity (ABADALLAH et al. 1988; BLANK et al. 1991; MEADOWS et al. 1992). 
Since NK cells are probably involved in resistance to tumour growth and 
prevention of tumour metastasis, the increased incidence of tumours in 
alcohol abusers (e.g., BREEDEN 1984) might be related to the effects of 
ethanol on the HP A axis (IRWIN et al. 1990). 

Raised levels of glucocorticoids in alcohol abusers also have extremely 
important implications for one of the most common and debilitating com
plications of alcohol abuse, the mental deterioration of alcohol-related 
dementia. Thus, there is considerable evidence of a causal relationship 
between raised corticosterone levels and the onset of deficits in normal aging 
and the pathological changes of Alzheimer's dementia (see LANDFIELD and 
ELDRIDGE 1991) and the same aetiology may be important in alcohol-related 
dementia. The reason for the relationship between corticosteroids and 
dementia is unknown but it is hypothesized to be because activation of 
glucocorticoid receptors in the hippocampus potentiates mechanisms leading 
to neurodegeneration. This may be either because glucocorticoids increase 
the neurotoxic effects of calcium entry through glutamate receptor-ion 
channels (SAPOLSKY 1990) or because they cause calcium entry through 
voltage-operated ion channels (LANDFIELD and ELDRIDGE 1991), thus in
creasing the neurodegeneration that causes the dementia. Since chronic 
ethanol administration is known to increase both glutamate receptors 
(GRANT et al. 1990) and voltage-operated calcium channels (DOLIN et al. 
1987) in the CNS, and to cause neurodegeneration in the hippocampus 
(RILEY and WALKER 1978), it is not hard to see that there is a potential 
interaction. It remains to be seen to what extent raised corticosteroid levels 
associated with chronic alcohol abuse exacerbate the neuronal damage 
which ethanol causes directly. 

5. Hypothalamic-Pituitary-Adrenal Axis and Fetal Development 

Steroid hormones produced by the maternal adrenal glands have subtle 
effects on the development of the fetus and on postnatal development and 
behaviour, but the extent to which alterations in the HP A axis contribute 
to alterations in these in the offspring of alcoholic women is unknown 
(ANDERSON 1981). One of the most important areas of fetal development 
that could be altered is sexual differentiation. For example, as discussed in 
the section on the HPG axis, several steroid hormones, including androgens 
from the adrenal, are capable of having masculinizing effects on the fetus. 
Ethanol-induced alterations in adrenal steroid synthesis or release during 
pregnancy would inevitably alter fetal development in this way, but whether 
this plays a role in fetal alcohol effects is unknown. 

In addition to effects on sexual differentiation it is likely that the fetus 
shows corollaries of the effects of ethanol on the HP A axis in adults; thus 
the cytokine stimulation of ACTH release is blunted after prenatal exposure 
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to alcohol (LEE et al. 1990) and it would therefore be expected that the post
natal immune response would be suppressed. Reports that the behavioural 
reaction to stress is increased in animals prenatally exposed to ethanol 
(WEINBERG 1988) may be relevant to this. By and large, however, the 
consequences of fetal exposure to ethanol on the HP A axis are still a 
mystery. 

6. Conclusions 

The acute effect of ethanol on the HP A axis in animals and man appears to 
be stimulatory, probably as a result of increased secretion of CRH stimu
lated at the hypothalamic or suprahypothalamic level. With continued 
exposure to ethanol this effect is overcome so that HPA-related hormone 
levels and functions return towards normal levels. This may be a conse
quence of normal feedback control or the development of tolerance to 
ethanol. Whatever the reason, the loss of the effect of ethanol does not 
seem to be universal with the result that circulating levels of corticosteroids 
remain high in some individuals. When this occurs these endocrine hor
mones have the well-recognized effects of pseudo-Cushing's syndrome and 
may also have potentially much more damaging effects associated with other 
alcohol-related morbidity. 

III. Hypothalamic-Pituitary-Thyroid Axis 

The hypothalamic-pituitary-thyroid (HPT) axis shows the common pattern 
of regulation by secretion of thyroid-stimulating hormone releasing hormone 
(TRH) from the hypothalamus into the pituitary portal system, this in turn 
regulating the release of thyroid-stimulating hormone (TSH) from the pitu
itary and release of thyroid hormone from the thyroid gland (see GREENSPAN 
1991). It has the added complication that a high proportion of the "thyroid 
hormone" (thyroxine, T4) released from the endocrine gland is, in fact, a 
pro-hormone, requiring partial de-iodination by the liver to produce the 
effective endocrine, tri-iodothyronine (T3). As a result liver disease can 
affect thyroid function (NOMURA et al. 1975) by affecting the formation of 
T3. This endocrine hormone has widespread effects on almost all organs 
both in adult life and, particularly, during development. In most respects the 
effects of ethanol on this system appear to be inhibitory (see LOOSEN 1988). 

1. Thyrotropin-Releasing Hormone and TSH Secretion 

Ethanol does not appear to have marked effects on hypothalamic secretion 
of TRH either acutely or chronically (CICERO 1982) although there is rather 
little direct evidence (see LOOSEN 1988). The level of mRNA for the a
subunit of TRH (shared with LHRH) is probably unchanged by ethanol 
administration (EMANUELE et al. 1991). In contrast to the absence of effects 
of ethanol on the release of TRH there is some evidence that the effects of 
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TRH are altered by ethanol. Thus the effect of TRH on TSH secretion 
differs markedly in mouse lines selected for their sensitivity to ethanol 
(ERICKSON et al. 1991) and the TRH-induced response is blunted in alcoholics 
(ADINOFF et al. 1991). It is possible that the normal circadian rhythm of 
TSH release is lost in alcoholics as it is in depressive patients (LOOSEN 1988; 
HEIN and JACKSON 1990). Indeed, similarities in the findings in alcoholics 
and depressive patients are common to several other endocrine distur
bances. The blunted effect of TRH in alcoholics appears to persist even 
after abstinence (ADINOFF et al. 1991), so that it is presumably caused by 
some semipermanent change in the anterior pituitary thyrotrophs. The 
reduced response of TSH release to stimulation by TRH is found postnatally 
in rats exposed to ethanol in utero (HANNIGAN and BELLISARIO 1990). This 
too suggests a semipermanent change in the hypothalamic-pituitary axis at 
the level of pituitary function. 

2. Thyroid Hormones 

There is little evidence that pharmacological concentrations of ethanol 
directly reduce the release of thyroid hormone from the endocrine gland, 
but chronic alcohol treatment does reduce the effects of TSH on the gland 
(LOOSEN 1988). This, together with reduced release of TSH itself, is pro
bably sufficient to explain occasional reports of low circulating levels of 
thyroid hormone (see CICERO 1982). The clinical situation is probably similar 
in that chronic alcoholics often show small fibrosed thyroid glands (HEGEDUS 
et al. 1988) with presumably low thyroid hormone output. However, this is 
probably not the limiting factor because the output from the gland is mainly 
the ineffective thyroxine (T4), and its hepatic conversion to circulating T3 
determines the functional response to alterations in activity of the HPT axis 
(NOMURA et al. 1975). Since this T4 to T3 conversion appears to be deficient 
in the face of alcohol-related liver dysfunction (NOMURA et al. 1975) one 
would expect correspondingly decreased HPT function. 

As a result of these alterations in thyroid hormone production and 
metabolism it is likely that the thyroid status of alcohol abusers tends to 
deficiency (CICERO 1982; VAN THIEL and GAVALER 1990). However, this is 
difficult to confirm clinically because concomitant alterations in plasma 
binding by albumin and other proteins confuse the issue (e.g., CHOPRA et al. 
1974). Even in the case of alcoholic liver disease there is confusion because 
the disease itself has been ascribed to an ethanol-induced hyper-thyroid state 
in hepatic tissue (ISRAEL et al. 1979). Whatever the situation in liver it 
currently seems likely that other tissues exhibit reduced input from the HPT 
axis during chronic ethanol administration. These comments also apply to 
levels of maternal and fetal circulating thyroid hormones during pregnancy 
in animal experiments (LEE and WAKABAYASHI 1986), where thyroid function 
appears to be significantly reduced with potentially important consequences 
for fetal development (see below). 
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3. Consequences of Alterations in the HPT Axis 

It is not more common for hypothyroid states to be diagnosed in the adult 
alcoholic than it is in the general population (ADLER 1992) so any conse
quences of reduced thyroid function do not appear to be serious, at least in 
the adult. However, there are several features of the fetal alcohol syndrome 
(F AS) which are suggestive of an involvement of the HPT axis in producing 
some of the effects associated with alcohol use in pregnancy. F AS is as
sociated with a generalized delay in growth and skeletal development 
(CASTELLS et al. 1981), both characteristic of early hypothyroidism, and 
deficient cerebellar development in F AS has also been linked with reduced 
serum thyroxine levels (KORNGUTH et al. 1979). There are other defects in 
behaviour, physiology and neuroanatomy which are similar in the two con
ditions and which can be reversed by thyoxine treatment (GOTTFELD and 
SILVERMAN 1990). 

Although there seems a good case to be made for alterations in the HPT 
axis playing some causal role in the developmental complications of alcohol 
use in pregnancy (ANDERSON 1981), there is little direct experimental evi
dence for this. In animal experiments, chronic fetal exposure to ethanol is 
detrimental to HPT function, and these alterations persist into postnatal life 
(PORTOLES et al. 1988; HANNIGAN and BELLISARIO 1990), but there is cur
rently no corresponding data for human infants affected with F AS (see 
HANNIGAN et al. 1992b). The role of the HPT axis in fetal development 
during exposure to ethanol remains an interesting but unproven possibility. 

4. Conclusions 

There seems little doubt that the HPT axis is affected by chronic abuse of 
alcohol and that this can have functional consequences probably in the adult 
and certainly in the fetus. The question that cannot yet be answered is how 
important these changes are relative to other alterations in endocrines. In 
adults with severe alcoholic liver disease, thyroid deficiency (or thyroid 
excess!) is just one of a constellation of hormonal disturbances that are 
relatively unimportant in the prognosis. In the fetus, however, the situation 
is very different, and developmental effects of thyroid hormone deficit 
in concert with alterations in growth hormone (see below) could be vital 
in some of the generalized disturbances associated with ethanol use in 
pregnancy. 

IV. Other Neurohormonal Systems 

Of the pituitary hormones which are either neurohormones themselves or 
which are under neurohormonal control there are a few which have not 
been dealt with under previous headings. These include opioid peptides, 
melanophore-stimulating hormone and growth hormone from the anterior 
pituitary, and vasopressin and oxytocin from the posterior pituitary. The 
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opioid peptides (the endorphins) are legitimate neurohormones both in 
respect of their function in controlling secretion of hypothalamic-releasing 
hormones and in their other central and peripheral functions, and they will 
be considered later. Of the others I will deal only with growth hormone here 
because there is no evidence that alterations in oxytocin or melanophore
stimulating hormone cause serious alcohol-related defects (see CICERO 1982). 
Vasopressin will be considered with the endorphins in the next section 
because there is evidence for interactions of these with ethanol beyond the 
pathophysiological role of the other neurohormones. 

1. Growth Hormone 

In the adult, GH release is pulsatile and, as with the other anterior pituitary 
hormones, secretion is under hypothalamic control (EDEN 1979). The stimuli 
for GH release are not well understood but, at the hypothalamic level, 
dopamine and norepinephrine (via az-adrenoceptors) will cause GH release, 
whereas TRH can block stimulated release. Any acute effects of ethanol 
could therefore be due to interactions with these control mechanisms. In 
fact ethanol does not seem to have dramatic effects, though it may decrease 
the amplitude of phasic GH secretion (e.g., REDMOND 1980). The reason for 
this is not certain but the inhibitory effect of ethanol on GH secretion is 
probably at or above the level of the hypothalamus (CICERO 1982), providing 
a link with the likely mechanism for inhibition of gonadotropic hormone 
release. 

The situation is similar after chronic administration of ethanol where 
subtle changes in the pulsatile nature of unstimulated circulating levels of 
GH (REDMOND 1980) are seen, such as a change from high-amplitude low
frequency release to low-amplitude high-frequency release (BADGER et al. 
1993). Such changes could be important because the pulsatile pattern of GH 
release confers sex differences in biochemical parameters such as hepatic 
enzyme activity (WAXMAN et al. 1991; BADGER et al. 1993) and the change 
induced by alcohol represents a switch from a "male" pattern to a "female" 
pattern. Relatively subtle changes are also found in alcoholics where the 
sleep-induced rise in GH secretion is absent (OTHNER et al. 1982), and there 
are alterations in the responses to stimulation or inhibition of GH release 
by TRH and dopamine, dependent on the stage of alcohol withdrawal 
(ANNUNZIATO et al. 1983) and the presence of liver disease (ZANBONI et al. 
1983). 

As with the effects of ethanol on thyroid hormone the most compelling 
reason for studying growth hormone is its potential for causing the deve
lopmental deficits associated with FAS (e.g., ANDERSON 1981). Growth 
hormone is released during pregnancy both from the maternal and fetal 
pituitary and has generalized effects on fetal growth and development. The 
alterations that ethanol produces, both in GH release and the circulating 
GH levels, seem to be fairly subtle but, given our ignorance of the impor-
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tance of the pulsatile nature of release of this hormone, this does not mean 
that they are unimportant. GH release is altered by ethanol, probably at the 
hypothalamic or suprahypothalamic level, and this is a good candidate for 
some of the alterations in growth and development caused by the drug. 

B. Role of Neurohormonal Alterations 
in Ethanol Consumption 

Worldwide, the consequences of alcohol abuse provide an overwhelming 
series of social, economic and medical problems, but despite this there is no 
consensus on treatment of any kind. As a result, any understanding of the 
factors which control alcohol consumption in individuals, or which lead to 
differences between individuals, would be extremely valuable. Not sur
prisingly there have been several theories about the biochemical basis of 
ethanol consumption and, since neurohormones are involved in other 
"appetitive" behaviour such as eating and drinking, it is equally unsurprising 
that many have focussed on hormonal alterations as the cause. 

Although there is no shortage of theories there is a distinct paucity of 
good experimental data in this area. One of the major problems in studying 
ethanol consumption is that experimental animals will not usually consume 
ethanol voluntarily (e.g., KEANE and LEONARD 1989). Clearly this made 
early attempts to model ethanol consumption rather suspect! Later attempts 
which relied on genetically distinct strains of animals under specialized 
experimental conditions succeeded in achieving levels of ethanol intake 
comparable with those in humans, but neglected to take into account the 
much faster metabolism of ethanol in these species. Thus, blood ethanol 
concentrations in these experiments often did not achieve pharmacologically 
relevant levels, and ethanol consumption may have been for completely 
different reasons that those that are important in the human (KEANE and 
LEONARD 1989). Despite these criticisms there are now several experimental 
paradigms that seem to provide data relevant to human ethanol consump
tion and I will concentrate on some of these recent experiments in this very 
brief review. 

In general terms neurohormones and endocrines could theoretically 
influence ethanol consumption in several ways and I will first try to classify 
these to provide a framework for what follows. Ethanol could be consumed 
for the following reasons: 

1. Rewarding effects. The consumption of ethanol could release a neuro
hormone that had rewarding effects and this would act as the stimulus for 
repeated consumption. Differences between individuals might be because 
some had a greater response to ethanol than others. For example, ethanol 
causes release of opioid peptides (see below) and individual differences 
between this response could dictate susceptibility to alcohol abuse. 
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2. A voidance of punishing effects. The consumption of ethanol might reduce 
the release of a neurohormone that had punishing effects and individual 
susceptibility to alcohol abuse might be because this effect of ethanol was 
greater in such individuals. For example, ethanol can reduce the end
ocrine response to stress in some individuals (see below) and this might 
reinforce the use of the drug for them. 

3. Appetitive effects of hormones. Ethanol may influence the release of 
neurohormones that themselves provide the appetite for further ethanol 
consumption. For example, ethanol inhibits the release of vasopressin 
(see below) and this causes a diuresis and increases thirst, leading to 
further ethanol consumption. This is really no more than a restatement of 
the previous two mechanisms in a physiological form, but it provides a 
convenient label for the effects of ethanol on mechanisms that influence 
physiological drives rather than psychological states. 

There are a very large number of potential interactions between hor
mones and ethanol consumption in each of these categories. I have selected 
examples of each, but this is not intended to be an exhaustive survey of the 
literature and I apologize if my selection neglects examples that prove to be 
important at a later date. In this respect an obvious omission is the role of 
cholecystokinin in modifying dopaminergic reward pathways but there is 
presently very little literature concerning potential interactions with ethanol. 

I. Opioid Peptides 

The opioid peptides are released from neurons in many areas of the brain, 
and from many peripheral nerves, as neurotransmitters or neuromodulators, 
but they are also released from the anterior pituitary and circulate as 
neurohormones. In the brain they subserve roles in pain reduction and in 
reward systems and there is evidence that effects of ethanol on endorphins 
in brain may underlie the rewarding action of the drug (WIDDOWSON and 
HOLMAN 1992). In addition the release of If-endorphin (the major circulating 
opioid peptide) from the pituitary is probably also pleasurable or rewarding. 
If ethanol caused the release of If-endorphin from this site it would be a 
good candidate for a rewarding effect of the drug leading to further con
sumption of ethanol. 

In the pituitary, as elsewhere, the synthesis of the opioid peptides is 
from the large polypeptide precursor pro-opiomelanocortin (POMC). 
Stimulation of If-endorphin synthesis and release is therefore associated with 
an increase in the mRNA for POMe. As described previously ethanol 
increases the synthesis of POMC in mice with a genetic difference in the 
duration of this effect (WAND 1989). In rats genetically selected for alcohol 
"preference" or avoidance there are differences in the mRNA for POMC 
and in the levels of endorphins in various regions of the brain (GIANOULAKIS 

et al. 1992). In addition there are also differences in the response to ethanol 
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administration of POMC and endorphins in a similar pair of genetically 
selected rat lines (LI et al. 1992). This suggests that this potentially re
warding effect of ethanol (on endorphin synthesis and release) may be the 
reason for ethanol preference in these lines. The argument is strengthened 
by the observation that voluntary ethanol consumption in the ethanol
preferring, "P", rat line is inhibited by the nonspecific opiate receptor 
antagonist naloxone (FROELICH et al. 1990) and by specific /1- and c5-opiate 
receptor antagonists (FROELICH et al. 1991). 

These results have their corollary in clinical research where alcohol use 
is associated with an increase in p-endorphin levels in plasma following 
ethanol challenge (BORG et al. 1982), which may be under genetic control 
(GIANOULAKIS et al. 1989). In addition to providing a potential genetic 
explanation for alcohol abuse these results suggest that opiate receptor 
antagonists, such as naltrexone, may be useful in modifying alcohol con
sumption in man. It has long been suspected that there is some common 
path linking opiate and ethanol dependence (see CICERO 1982), and this now 
seems to be very likely. Whether the opioid peptides prove to be the most 
important link between ethanol consumption and neurohormones remains 
to be seen, but the connection at least has logic (and some data) on its side. 

II. Hypothalamic-Pituitary-Adrenal Axis 

The argument for considering the HP A axis as involved in voluntary ethanol 
consumption is that it is part of the stress response and stress is generally 
unrewarding. However, just as stress releases p-endorphins to overcome 
some of the associated mental and physical consequences, so it also activates 
the HPA axis to release CRH, ACTH and corticosteroids, and some of 
these hormones may also limit the effects of stress. Thus it is far from 
certain that the psychological state these hormones produce is the same as 
that caused by stress, and this would be important in the psychological 
consequences of activation of the HP A axis by any drug, including ethanol. 
For example, subjects' ratings of "euphoria" after ethanol correlate with 
the rise in plasma ACTH (LUKAS and MENDELSON 1988), suggesting that 
ethanol-induced activation of the HP A axis (in the absence of stress) may 
be rewarding in some way. Using this argument one might expect that 
susceptibility to alcoholism would correlate positively with the increase 
in circulating corticosteroids induced by an alcohol challenge, so that the 
bigger the hormonal response the greater should be the susceptibility to 
alcoholism. 

On the other hand if alcohol did initiate the whole stress response 
(because it produced dysphoria for example) then this would be associated 
with activation of the HP A axis with a corresponding increase in CRH, 
ACTH and corticosteroids. Under these conditions one would predict that 
the increase in levels of these hormones would correlate with the unre
warding stressful effects of ethanol. Susceptibility to alcoholism would then 



Ethanol and Neurohormonal Regulation 251 

correlate negatively with corticosteroid levels, the lower the levels the more 
susceptible the individual should be to alcoholism. 

Clearly both these arguments cannot be right. Or can they? It has 
recently been shown that acute alcohol challenge to women with a family 
history of alcoholism caused a significantly higher corticosterone response 
than it did in women who were "family history negative" (LEX et al. 1991). 
This supports the first contention, that HPA activation may produce re
warding effects and the extent of this activation may therefore underlie 
susceptibility to alcoholism. What about the second hypothesis, that HPA 
activation reflects stress and that susceptibility to alcoholism should there
fore correlate with a reduced level of stress hormones after alcohol? Well, it 
had previously been shown in a series of papers on males with a family 
history of alcoholism that these subjects had lower corticosteroid levels 
after an alcohol challenge than the "family history negative" controls (e. g. , 
SCHUCKIT et al. 1987a). 

These results do suggest that both arguments may be correct, but apply 
under different circumstances. However, the immediate conclusion, that 
there is a complete divergence in the hormonal basis for male and female 
alcoholism, is premature! It must be remembered that alterations in the 
HP A axis can follow alterations in psychological state as well as cause them. 
Subtle differences in the experimental design may have emphasized a "stress
buffering" effect of alcohol in one group (with reduction in corticosteroids 
correlating with effectiveness of alcohol) and an excitement/euphoria effect 
in the other (with an increase in corticosteroids correlating with the effec
tiveness of ethanol). Another reason for not concluding that hormonal 
differences in men and women at risk of alcoholism are not absolute is that 
both groups of researchers reported that the family history positive men and 
women showed significantly lower prolactin levels following alcohol challenge 
than did the appropriate controls (SCHUCKIT et al. 1987b; LEX et al. 1991). 

Animal experiments are not much help in untangling these differences 
to date. Historically there have been many observations that stress will 
increase voluntary ethanol consumption by animals, but whether this has 
anything to do specifically with the HPA axis remains uncertain. In addition 
to the simple hypothesis that links activation or inhibition of the HP A axis 
to ethanol consumption, there are several other ways in which the HPA axis 
could be involved in susceptibility to ethanol dependence. For example 
there is ample evidence for effects of the neurohormone, CRH, on ethanol 
tolerance and dependence (CICERO 1982; KOOB 1982) and this could have a 
secondary effect on voluntary consumption of the drug. This also illustrates 
one of the problems in interfering with this system experimentally. Effects 
of adrenalectomy, for example, could be due to a loss of the adrenal steroid 
hormones or a compensatory increase in the secretion of CRH. 



252 J. LIlTLETON 

III. Appetitive Systems 

Of all the sections in this chapter the next proved to be the most difficult to 
write. There is clearly an interaction between ethanol, the systems that 
control satiety and appetite (e.g., serotonin) and the systems that control 
thirst and fluid balance (e.g., renin-aldosterone and vasopressin), and this 
may well be important in controlling ethanol consumption. The difficulty is 
in making sense of the mass of conflicting evidence concerning a system 
which is not well understood anyway. 

Serotonin may just about qualify as a neurohormone, and so be within 
the scope of this chapter. It certainly seems to be closely concerned with the 
neural substrates that control appetite and satiety and this makes it of interest 
here. In particular there is good experimental evidence that inhibitors of 
serotonin reuptake, such as fluoxetine, are effective inhibitors of voluntary 
ethanol consumption in animals (see AMIT and SMITH 1992) though pre
liminary studies in man are equivocal (GORELICK and PAREDES 1992). In any 
event the evidence that these drugs are effective because of an action on 
serotonin is not yet convincing but this may be because of the complexity of 
the system. 

One of the potential explanations for a role of serotonin in ethanol 
consumption is that it causes the release of renin from the juxtaglomerular 
cells in the kidney (GRUPP et al. 1988). Renin is converted via a series of 
enzyme reactions in the plasma to angiotensin II, which then causes the 
release of aldosterone from the adrenal cortex. Aldosterone in turn increases 
Na+/K+ exchange and increases the reabsorption of fluid from the kidney 
tubule, thus having an antidiuretic effect. The reason for interest in this 
system is that drugs which act as angiotensin-converting enzyme (ACE) 
inhibitors are effective at inhibiting voluntary ethanol consumption in 
rodents (GRUPP et al. 1991). The inhibition of ACE by these drugs would of 
course reduce the effective concentration of angiotensin II in the plasma, 
reduce the release of aldosterone and tend to produce a diuresis. How 
exactly this could inhibit the "appetite" for ethanol is uncertain, but explan
ations are possible (GRUPP et al. 1991). This approach to modifying ethanol 
consumption may be of more than theoretical interest because enalapril 
does have some effects in man (NARANJO et al. 1991). 

Another link between serotonin and fluid balance is the secretion of 
vasopressin from the posterior pituitary. One of the normal functions of 
circulating vasopressin is to allow fluid reabsorption from the collecting 
tubules in the kidney so that it acts as an "antidiuretic hormone". Ethanol 
inhibits its secretion, probably by an action in the hypothalamus (LINKOLA et 
al. 1974), and so provokes a diuresis. The paper cited showed a difference in 
the effect of ethanol in two rat lines genetically selected for differences in 
voluntary ethanol consumption. The inhibition of vasopressin release and 
the subsequent diuresis might provoke a thirst and a desire for more alcohol, 
but the effects of vasopressin are probably a good deal more subtle (and 
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interesting) than this. In particular there is a great deal of evidence that 
vasopressin can prolong the retention of alcohol tolerance (HOFFMAN et al. 
1978; HOFFMAN 1982) and this may influence alcohol consumption indirectly. 
A common theme in the literature on neurohormones is that their release as 
hormones from the pituitary is but one of their functions. Vasopressin, just 
as are most of the other pituitary pep tides , is also found in other brain 
regions, where it functions as a neurotransmitter or neuromodulator. In some 
of these areas vasopressin can influence serotonin synthesis and release 
(AUERBACH and LIPTON 1982) and it may be here that any important effects 
on ethanol consumption occur. 

C. Overall Conclusions 
The literature on neurohormonal effects of ethanol is vast and confusing, 
but that is because it is such a vast subject and has attracted so much 
interest. Despite the confusion there are coherent patterns in the literature, 
and I have tried to emphasize these. Much of the evidence supports the idea 
that ethanol-induced alterations in many endocrine systems are a conse
quence of effects on the neurohormonal regulation of these systems so the 
title of the chapter, and the approach I have taken, is justified. However, 
these effects on neurohormones cannot be viewed in isolation since effects 
of ethanol, both above the hypothalamic level and below the endocrine 
gland, have a marked influence on their functional consequences. This 
complexity is one reason for the earlier contention that alcohol-related 
endocrine disturbances can mimic almost any pathological endocrine 
condition. 

In describing the consequences of ethanol use on the neurohormonal 
system I have tried to stay largely within the "endocrine boundaries" be
cause these are well-established effects of the drug. I have not attempted a 
detailed review of the role of neurohormones in learning and memory (or 
any other behaviour) simply because I do not believe there is enough 
evidence to make a coherent story out of the effects of ethanol on these 
hormones and these functions. Again, that does not mean to say that they 
are unimportant. The brief section on the role of neurohormones in ethanol 
consumption illustrates that neurohormones could have very profound effects 
on ethanol-induced behaviours, but it would be premature to attempt to 
review this now. 

As far as the pathophysiological consequences of actions of ethanol on 
neurohormones are concerned there can be no doubt that these can be 
severe. These comments apply not only to direct effects of the drug on 
hormonal function, but also to indirect effects such as the potential role of 
raised glucocorticoid levels in alcohol-induced neurodegeneration. There is 
clearly a lot to be done in unravelling the harmful effects of ethanol on 
neurohormones in the adult, and there is even more potential for interac-
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tions at the level of fetal development. Since endocrine influences are so 
important in the normal development of the fetus any alteration in end
ocrines that can be produced by alcohol during pregnancy (in the mother or 
the fetus) must be viewed with extreme suspicion. The mechanisms for some 
aspects of the fetal alcohol syndrome are almost certain to be found in 
ethanol-induced neurohormonal disturbances. 

In the sum total of human misery caused by excessive use of ethanol, 
effects of the drug on the neurohormonal system rank highly. Inevitably 
alcohol research in this area lags some way behind pure physiological re
search on neurohormonal regulation, but patterns are emerging of almost 
universally detrimental effects of the hypothalamus and pituitary. Ethanol 
and neurohormones seems destined to be a fruitful area of research for 
many years to come. 
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CHAPTER 11 

Clinical Application of Findings 
from Animal Research on Alcohol 
Self-Administration and Dependence 

M.K. ROMACH and D.M. TOMKINS 

A. Overview 
Preceding chapters have reviewed progress made in the understanding of the 
basic mechanisms of action of alcohol and preclinical evidence suggesting 
the involvement of a number of neurotransmitter and neuropeptide sys
tems in the modulation of ethanol l self-administration, dependence, and 
tolerance. The aim of this chapter is to integrate some of these experimental 
findings with the clinical manifestations of alcohol abuse and dependence 
and to discuss their application to the development of pharmacotherapies 
for treatment of these disorders. It is impossible to review all the important 
research developments of the past several years, and we will therefore focus 
on those areas with direct and current relevance to the management of alco
holism. In particular, self-administration studies and their pharmacologic 
manipulation will be emphasized. 

Since the ideal initial requirement for clinical studies of medications 
to alter alcohol consumption is that there should be extensive preclinical 
pharmacology with the compounds, we will selectively review those drugs 
which have been systematically evaluated preclinically and as a result showed 
clinical promise. The ensuing clinical work will then be described. In addi
tion, several issues are emerging with important clinical implications, for 
example, comorbid psychiatric disorders in alcohol abusers. They underscore 
the need for new approaches to investigate clinically driven concepts in 
laboratory animals. These will be reviewed briefly. 

B. Alcohol Consumption 

I. Clinical Aspects of Alcoholism 

Alcoholism is an acquired disorder determined by pharmacologic, contex
tual, behavioral, and genetic factors. The numerous theories put forward to 
explain the etiology, natural history, and consequences of alcoholism attest 
to our incomplete understanding of the disorder and its complexity. These 

'The term ethanol will be used throughout this chapter as a synonym for both the 
pure psychoactive agent and beverage alcohol. 
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theories range from simple formulations such as the tension reduction or 
self-medication hypothesis (CAPPELL 1975) to integrated conceptualizations 
of the interactions among alcohol, the drinker, and the environment as 
expounded in Cloninger's neurobiological learning model (see MEYER and 
BABOR 1989 for a more complete listing). For clinicians and researchers, 
one particularly influential, comprehensive formulation about the nature 
of alcohol abuse and dependence is detailed in a WHO Memorandum 
(EDWARDS et al. 1981). This formulation effectively illustrates how various 
biological, psychological, and social factors may interact with alcohol inges
tion in the development of alcoholism. 

The ingestion of ethanol, motivated by numerous antecedents, produces 
a variety of effects, some rewarding and some aversive. The dose of alcohol, 
the genetic makeup of the individual, the environmental and behavioral 
circumstances, and other factors will influence the intensity and relative 
balance of these effects so as either to increase or reduce the probability of 
repeated ingestion of ethanol on other occasions (KALANT 1987). Repeated 
ingestion may lead to neuroadaptive changes manifested as tolerance, 
physical dependence, and a withdrawal syndrome and these may alter the 
balance of reinforcing and aversive consequences. Conditioning and learning 
processes are also important determinants of the disposition to use alcohol. 
Other factors that need to be considered include various mood states 
(MARLATT and GORDON 1980) and the frequent co-occurrence of other 
mental disorders, particularly affective and anxiety disorders (REGIER et al. 
1990; Ross et al. 1988). The interaction of alcohol use with these disorders 
is complex and not well understood. It has been postulated that it may in
volve alcohol use initiating or exacerbating the course of certain psychiatric 
illnesses or alternatively that certain disorders increase the likelihood of 
initial alcohol use, progression to dependence, or relapse after remission. 
Social factors such as attitudes and behaviors of an individual's peer group, 
parents and the larger societal millieu, the availability of alcohol, current 
life events, previous drug experiences, coping skills, attributions, and 
expectancies are also important. All of these factors form the basis of 
individual differences in the regulation of alcohol consummatory behavior 
and their diversity argues against a search for constant etiological factors. 

Over the last 2 decades, our understanding of the mechanisms of action 
of alcohol and the factors affecting the development of tolerance and 
physical dependence has grown considerably. However, the role of a with
drawal state, classically defined as the demonstration of physical dependence, 
as a contributor to continued alcohol use is the source of some debate 
(GOUDIE and EMMETT-OGLESBY 1989). 

It has been hypothesized that the repeated occurrence of withdrawal 
symptoms and their relief by further alcohol consumption results in re
inforcement of drug-taking behavior and provides an opportunity for internal 
stimuli (moods and cognitions) to become paired with external environ
mental cues (SEIGEL 1989). These cues may subsequently elicit components 
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of the withdrawal state, long after actual withdrawal, and lead to the re
sumption of drinking. However, physically dependent rats, monkeys, and 
humans experiencing withdrawal will not perform an operant response to 
obtain ethanol when it is available (SAMSON 1987; MELLO 1983). In general, 
there is not a good correlation between the development of physical depen
dence (withdrawal) and drug-seeking behavior in experimental animal 
models (SAMSON and HARRIS 1992). Furthermore, inquiries of patients as to 
why they drink consistently fail to provide evidence that withdrawal is an 
important reason for drinking (ANNIS and DAVIS 1989; ANNIS 1982). The 
consensus seems to be that physical dependence and withdrawal symptoms 
may be neither necessary nor sufficient to perpetuate the excessive con
sumption of alcohol, but they are likely modulators of the patterns of 
drinking (JAFFE 1992). The positive reinforcing effects of alcohol are viewed 
as proportionate to the intensity of drug-seeking behavior and the nature of 
these has been the focus of much research (STOLERMAN 1992). Several 
neurotransmitters have been implicated in certain neuronal pathways (KOOB 
and WEISS 1992; MILLER et al. 1987). The self-administration paradigm has 
been used extensively in this work. However, there is no fully satisfactory 
model of human alcoholism in experimental animals and this has hampered 
efforts to specify the neural mechanisms and behavioral components re
sponsible for alcohol's reinforcing properties. 

The diversity in explanatory theories of ethanol dependence is reflected 
in the eclectic nature of therapies for the management of alcohol abuse/ 
dependence (SAUNDERS 1989). Treatment approaches are further complicated 
by two often conflicting philosophies of treatment, abstinence versus reduc
tion to nonhazardous levels of drinking. Increasingly, as the outcomes of 
abstinence-oriented programs have shown that complete abstinence is un
common, and as a public health perspective (i.e., decreasing individual and 
population risk and consequences) has been brought to treatment, the goal 
of reducing drinking has been more widely advocated. This goal is often 
more easily achieved and more generally acceptable to the very large group 
of individuals with mild-to-moderate alcohol dependence. 

Psychosocial interventions represent the most widely used methods for 
the treatment of alcohol problems. A major review covering more than 
900 references concluded that behavioral approaches constitute the most 
evaluated and best-validated psychosocial interventions (MILLER and HESTER 
1986). However, a number of widely used approaches such as Alcoholics 
Anonymous or confrontational therapy have not been carefully appraised. 

Behavioral treatments involve the application of theories of learning to 
change patterns of behavior (SOBELL et al. 1990). Pavlovian conditioning 
theory (learning by association) forms the basis for the use of relaxa
tion training techniques, aversive conditioning, and cue exposure/response
prevention approaches. Operant conditioning theory (learning what be
haviors result in rewards and punishments) promotes the identification of 
high-risk situations for excess alcohol consumption and encourages indivi-
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duals to develop more appropriate responses to those situations, as well as 
to restructure the physical and social environment. Such approaches include 
contingency management programs, the development of social relationships 
with nonalcoholics, and constructive uses of leisure time. Social learning 
theory has become prominent recently and has a strong cognitive element. 
This approach enhances a person's motivation to change (i.e., thoughts 
are important modulators of learning and behavioral expression). It has 
spawned procedures such as self-monitoring records, self-selection of treat
ment goals, and the provision of social support for attempts to change 
behavior (SELLERS et al. 1992). 

Pharmacologic interventions, by contrast, are used far less frequently in 
the treatment of alcoholism. Disulfiram (Antabuse), the aldehyde dehydro
genase inhibitor, is the most commonly prescribed medication. Clinical trials 
of disulfiram have been fraught with methodological problems and properly 
controlled studies have failed to demonstrate pharmacologic efficacy (LITIEN 
and ALLEN 1991). For example, in a multicenter trial, FULLER et al. (1986) 
found no significant differences in abstinence rates between disulfiram 
(250mg and 1 mg) and placebo groups, although patients taking a pharma
cologic dose of disulfiram (250 mg) reported fewer drinking days than did 
subjects in the control group. Advocates for the use of alcohol-sensitizing 
drugs (BREWER 1986; AZRIN et al. 1982; WRIGHT and MOORE 1989) argue for 
their efficacy when they are taken under supervision (e.g., by a spouse or 
work supervisor) as part of a broader treatment program. Clearly, therapist 
and family involvement and patient expectancy are the primary reasons 
disulfiram can "work" as part of an overall treatment program. However, 
disulfiram's toxicity and contraindications to use would appear to limit its 
utility as an expectancy enhancer. 

For the development of drugs to treat alcohol abuse and dependence, 
the neurobiological basis of the disorders must be understood. In dissecting 
the neurobiology of alcoholism, a large number of neurotransmitter and 
neuropeptide systems have been implicated including dopamine, serotonin, 
GABA, and opioid pep tides (KOOB and BLOOM 1988). The delineation of 
multiple, distinct receptor sites has stimulated studies investigating the role 
of these neurotransmitter systems in the etiology and treatment of many 
neuropsychiatric disorders, including alcoholism (MURPHY 1990). One of the 
strategies that appears to be yielding promising treatment approaches is the 
identification of receptor subtypes that regulate alcohol consumption and 
the use of specific and selective medications acting at these receptors. Mani
pulation of these systems by receptor subtype selective agonists and anta
gonists has been limited primarily to the preclinical domain. Since many of 
these agents have not been approved for study in humans and the time 
required to complete an adequate clinical study is quite lengthy, progress in 
treatment development has been slow. Table 1 serves as a summary of the 
ways in which medication could be used to modify human alcohol consump
tion. It suggests that medications currently under investigation may have 
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Table 1. Targets and mechanisms by which drugs could reduce alcohol consumption 
(from SELLERS et al. 1992) 

Target 

Ethanol
reinforced 
behavior 

Mood, 
motivation, 
or 
cognitions 

Mechanism 

Antagonize the reinforcing effects, e.g., ethanol-selective antagonist 
Substitute for the reinforcing effects, e.g., medication with ethanol

like properties 
Provoke an unconditioned aversive or dysphoric reaction by pairing 

behavior with shock or any other aversive conditioning stimulus 
Provide an alternative and dissimilar reinforcer, e.g., stimulant 
Provoke a conditioned aversive or dysphoric physiologic reaction, 

e.g., apormorphine or possibly disulfiram 
Induce dysphoric symptoms that produce mild malaise (in other drugs 

this is sometimes a side effect) 
Modify ethanol biodisposition, e.g., accelerate elimination from body 
Treatment of primary or secondary mental disorders associated with 

alcohol abuse/dependence, such as major depression or chronic 
anxiety 

Suppress target symptoms, such as anxiety, that may prompt or 
sustain alcohol use or that may prevent reduction or cessation of use 

Facilitate the learning or retention of a new behavior, e.g., coping 
skills 

Augment self-efficacy by providing cues that active medication is part 
of treatment 

Threatened punishment, e.g., disulfiram 
Decrease the desire to drink (no examples known) 
Increase patient control over initiation and continuation of drinking, 

which may be the product of several of the other approaches listed 
Accelerate or modify the conditioned cues associated with alcohol use 

multiple mechanisms by which they may demonstrate clinical utility (SELLERS 
et al. 1992). 

II. Animal Models of Alcoholism 

Various animal models have been useful for informing investigators about 
the core mechanisms of alcohol-consuming behavior and the relative inten
sity of alcohol effects as a reinforcer. The majority of research using animal 
models has employed a variety of self-administration paradigms, although 
drug discrimination, self-stimulation, and withdrawal models have also been 
an integral part of alcohol research. They have been valuable in the predic
tion and evaluation of drug treatments directed at the elemental features of 
alcohol self-administration. However, there are a number of constraints that 
limit their utility. The range of factors involved in the human situation, as 
outlined above, is much more complex, from cognitive determinants to 
complicated behaviors that cannot be mimicked in an animal paradigm. The 
animal models must therefore be viewed as reductionist in nature or at best 
simulations of isolated aspects of the human condition. 



266 M.K. ROMACH and D.M. TOMKINS 

1. Self-Administration 

A number of criteria have been proposed as essential for an appropriate 
animal model of alcoholism (CICERO 1980). These include: 

1. Sufficient intake to achieve pharmacologically relevant blood alcohol 
levels (BAL) 

2. Self-administration of ethanol by the oral route, and in preference to 
other solutions 

3. A demonstration that ethanol is serving as a reinforcer to the animal, 
i.e., the animal is prepared to work for the drug 

4. Manifestation of tolerance to ethanol's effects 
5. Withdrawal symptoms on discontinuation indicating physical dependence 
6. The development of biomedical complications (e.g., liver damage) 

However, animals rarely self-administer ethanol in sufficient quantities to 
produce physical dependence. One exception to this appears to be selec
tively bred animal lines, such as the P rats (WALLER et al. 1982). Further
more, this may be an unrealistic goal for an animal model, as many patients 
who are heavy drinkers are not physically dependent on alcohol. As dis
cussed earlier, physical dependence and withdrawal symptoms may not 
be critical determinants of excess alcohol consumption in humans. These 
criteria, therefore, do not accord closely with the nature and clinical de
finitions of alcoholism that have evolved over the years and need to be 
reconsidered. 

A number of self-administration paradigms have been utilized in alcohol 
research. These include nonoperant "passive" oral self-administration, where 
the animals are given access to an ethanol solution presented in a drinking 
tube and allowed to consume the ethanol voluntarily (LINSEMAN 1987). Rats 
and primates can also be trained, using operant procedures, to emit a 
number of responses prior to delivery of ethanol. However, unlike many 
drugs abused in man, such as cocaine, ethanol typically does not support 
high rates of responding (SAMSON et al. 1988). Using these methodologies, a 
number of access schedules have been employed. These generally fall into 
two broad categories, continuous availability or restricted access. It is not 
yet apparent how these different schedules may affect the profile of activity 
of investigational drugs on voluntary ethanol intake. Though not extensively 
characterized, it is nonetheless clear that both the drinking characteristics 
and the animals' behavior differ in the two schedules (GILL et al. 1986). 

Rhesus monkeys given continuous access to alcohol develop an incon
sistent profile of drinking, but generally one typified by extended periods of 
drinking interspersed with periods of abstinence (HENNINGFIELD and MEISCH 
1979). Rats allowed continuous access to ethanol drink in short discrete 
bouts throughout the dark period with minimal intake during the light phase 
(HIGGINS et al. 1992). Although some proportion of this intake may be 
attributable to prandial drinking, nonprandial drinking also occurs (GILL et 
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al. 1986). The quantities of ethanol consumed in these bouts have been 
shown to be sufficient to induce behavioral changes, such as anxiolysis and 
enhanced locomotor activity (HIGGINS et al. 1992). 

Restricted access schedules result in relatively stable and consistent 
drinking patterns in rodents and monkeys. Restricted access animals can be 
trained to consume ethanol in much larger amounts in a single bout, attaining 
greater BAL. Another interesting feature is that the behavioral activation 
that occurs prior to the access-to-ethanol period correlates with the sub
sequent intake (GILL et al. 1986; Tomkins, unpublished). Conditioning cues 
are known to play an important role in the maintenance of drinking in 
humans, a feature that is prominent in the limited access procedure. It has 
recently been noted that the efficacy of the serotonergic antagonist ondan
setron in attenuating ethanol intake in Wistar rats was greater when the 
animals were maintained on a limited, compared to a continuous, access 
paradigm (TOMKINS and SELLERS 1992). This suggests that these models may 
differ in their sensitivities to drugs, though this requires further study. 

Continuous and restricted access models generally do not result in the 
animals becoming physically dependent. However, as noted earlier, this is 
not a requirement for alcohol dependence in humans. In most regards, the 
limited access model has the best face validity. It is learned, persists over 
time, results in behavioral change, and is associated with the drive to obtain 
the reinforcer. 

2. Drug Discrimination 

In this procedure, animals are trained to exhibit one response while in 
the drugged state and a different response following saline administration. 
Typically, the response takes the form of pressing a lever for a food re
inforcement using an operant procedure. This procedure enables one to 
investigate whether a drug produces an interoceptive cue that the animal 
identifies as being ethanol-like or whether the drug antagonizes the ethanol
discriminative stimulus (SIGNS and SCHECTER 1988). As ethanol can produce 
an array of physiological, behavioral, and biochemical effects, it is difficult 
to ascertain which one of ethanol's many effects is producing the interocep
tive cue the animal is identifying. Whereas rats can discriminate aversive 
effects of ethanol withdrawal (GAUVIN et al. 1992), drug discrimination does 
not necessarily indicate that pharmacologic agents are interacting with 
ethanol's reinforcing properties. It does tell us, however, the extent to which 
agents can modify the perceived subjective effects of ethanol, which may 
supplement the positive reinforcing properties of ethanol and thereby 
encourage drug-seeking behavior. Interestingly, Grant has recently reported 
that the ethanol dose used in training is important, as there appears to be 
some selectivity of certain drug classes to substitute for either low-, medium-, 
or high-ethanol dose cues (GRANT and COLOMBO 1992). These observations 
may further help us to understand the cue that is most salient to the animal. 
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3. Genetic Strains 

Genetic factors are important in determining individual differences in the 
propensity to self-administer ethanol. Thus, genetically derived strains of 
animals with different susceptibilities to ethanol's effects. are helpful in 
understanding the importance of these differences (CRABBE and BELKNAP 
1992). Three rat strains exhibiting high spontaneous preference for ethanol 
have been extensively studied, the alcohol-preferring (P) rat and the high
alcohol-drinking (HAD) strain, both bred at Indiana University, and the 
alcohol-accepting (AA) rat bred at Alko Laboratories in Finland. During 
the selection procedure low-ethanol-consuming counterparts were also 
derived known as the non-preferring (NP), low-alcohol-drinking (LAD), 
and alcohol-non-accepting (ANA) strains, respectively. Differences in bio
chemical measurements and pharmacologic responsiveness reported among 
these genetic lines have proved useful in guiding certain aspects of research. 

III. Preclinical Studies 

From the vast preclinical literature published to date, numerous neurotrans
mitters, neuropeptides, ion channels, and hormones have been implicated 
in the modulation of ethanol intake. While no one system would appear 
unique and essential to regulation of ethanol intake, certain neurotrans
mitter systems appear to present promising targets for pharmacotherapies. 

1. Serotonin 
A substantial body of evidence supports a role for serotonin (5-HT) in the 
modulation of ethanol intake. Rats genetically bred for high ethanol pre
ference, the alcohol-preferring P-line and the high-alcohol-drinking (HAD) 
strain, have been shown to have low forebrain 5-HT content compared to 
their nonpreferring (NP) and low-alcohol-drinking (LAD) counterparts 
(McBRIDE et al. 1990; GONGWER et al. 1989). Pharmacologic manipulations 
to enhance central 5-HT activity, for example with serotonin uptake in
hibitors, have consistently produced a reduction in voluntary ethanol intake 
in both animals and man (SELLERS et al. 1992). The 5-HT uptake inhibitors 
have been reported to attenuate ethanol intake in both hetereogeneous and 
genetically bred high-preferring rat strains following acute administration 
(GILL et al. 1988; MYERS and QUARFORDT 1991). However, the effects do not 
appear to be selective for ethanol alone as the drugs have been shown to 
attenuate responding for both natural and drug reinforcers (CARROLL et al. 
1990). Decreases in food intake can occur, but there is evidence to suggest 
that these agents may exhibit preferential effects on substances having high 
motivational value, such as cocaine (CARROLL et al. 1990). One explanation 
offered for these observations is that 5-HT may modulate the salience of a 
specific factor or reinforcer to the animal, thereby reducing its incentive 
value (SOUBRIE 1986; FLETCHER and DAVIES 1990). Although this hypothesis 
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has been explored in feeding behavior, it has received little attention from 
the alcohol field to date. The modest suppression in alcohol consumption 
following 5-HT uptake inhibitor administration may present some restriction 
on the clinical applicability of this class of medications. This limited effect is 
probably due to their mechanism of action, which appears to rely on the 
endogenous tone of the serotonergic system and activation of presynaptic 
auto receptors to decrease 5-HT release (SELLERS et al. 1992). 

Dexfenfluramine, a 5-HT releaser and uptake inhibitor, produces marked 
reductions in ethanol intake in both Wistar and P-rat strains (HIGGINS et al. 
1992; ROWLAND and MORlAN 1992), an effect that is highly selective for 
alcohol consumption compared to water. Interestingly, data from our 
laboratory (unpublished observation) and that of ROWLAND and MORlAN 
(1992) suggest that tolerance to the dexfenfluramine effect occurs following 
chronic administration. This may be due to 5-HT depletion or pharmaco
logic conditioning (tolerance). These results would suggest that potent 
agents such as dexfenfluramine may be useful clinically as initial treatments 
but that over the long term the drug may need to be superceded by other 
therapies. However, it has been reported that less intense treatment 
may prevent 5-HT depletion and hence increase long-term effectiveness 
(HINDMARSH et al. 1993). Further chronic administration studies in animals 
are required to understand this phenomenon more clearly. 

The involvement of different 5-HT receptor SUbtypes in the modulation 
of ethanol intake is now receiving increasing attention from both a neuro
chemical and a pharmacologic standpoint. Evidence from ligand binding 
experiments has demonstrated a higher density of postsynaptic 5-HT1A 

receptors and a lower density of 5-HT2 receptor sites in certain limbic 
structures of the alcohol P-rat compared to their nonpreferring (NP) coun
terparts (WONG et al. 1990). These differences may contribute to the main
tenance of high alcohol drinking behavior in these strains. 

The functional role of these different receptor subtypes has been inves
tigated using pharmacologic manipulations with selective agonists and anta
gonists. 5-HT1A partial agonists (ipsapirone, buspirone, gepirone) reduce 
alcohol consumption in a range of strains and species, although generally 
only when tested with restricted access models (KOSTOWSKI and DYR 1992; 
KNAPP et al. 1992). This model dependency probably is due to the short 
duration of action of many of these compounds. In a continuous access 
model, in which the temporal effects can be evaluated, the 5-HT1A agonist 
8-0H-DPAT (2125,ug/kg) can produce a secondary increase in ethanol 
intake in rats (HIGGINS et al. 1992), an effect also observed by MURPHY et al. 
(1987). Whether this is a drug effect or an ethanol deprivation effect is at 
present not known, although low doses of 8-0H DPAT can enhance ethanol 
intake in the absence of an initial suppression (TOMKINS et al. 1993; TOMKINS 
et al. 1993, submitted). These latter observations initially seem contradictory 
to the accepted role of 5-HT and ethanol self-administration. However, 8-
OH DPAT as well as other 5-HT1A agonists also activate inhibitory somato-
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dendritic autoreceptors localized on the dorsal and median raphe nuclei, in 
addition to postsynaptic sites. The consequence of this is an attenuation in 5-
HT neurotransmission to the areas innervated by these nuclei (HJORTH and 
SHARP 1991). This mechanism supports the concept of reduced 5-HT func
tion as a factor in high ethanol intake. The nature of the effect of 5-HTIA 
agonists on ethanol intake, enhancement versus attenuation, is still a matter 
of some debate, although the recent availability of more specific and selec
tive antagonists for this receptor subtype should aid in the resolution of this 
issue. 

Less extensively studied are agents interacting with 5-HT2 receptors. 
While it has been shown that ritanserin and L Y 53857, antagonists at this 
receptor subtype, reduce intake in high-preferring strains (MEERT et al. 
1991), this has not been completely reproducible in other strains such as 
Wistar rats (HIGGINS et al. 1992). These differences may be due to varia
tions in the level of baseline intake of alcohol and/or other biochemical 
parameters. 

Finally, 5-HT3 antagonists reduce ethanol intake in both Wistar rats and 
in strains bred for high preference (HIGGINS et al. 1992; TOMKINS and 
SELLERS 1992; FADDA et al. 1991; KNAPP and POHORECKY 1992). Unlike other 
5-HT manipulations, 5-HT3 antagonists attenuate ethanol intake in the 
absence of changes in food consumption (HIGGINS et al. 1992) and have little 
effect upon cocaine and heroin self-administration (LANE et al. 1992). Thus, 
these agents appear to produce selective effects on ethanol intake. Electro
physiologic techniques have been employed to demonstrate an interaction 
between ethanol and the 5-HT3 receptor ion gated channel (LOVINGER 1991), 
which may underlie the specificity of these observations for ethanol self
administration. In contrast to both 5-HT1A and 5-HT2 agents, 5-HT3 anta
gonists can block an ethanol discriminative cue (GRANT and BARRETT 1991), 
suggesting an alternative mechanism of action. Ethanol-induced dopamine 
release within the mesolimbic system, which has been implicated in mediating 
its reinforcing properties, is also attenuated by 5-HT3 antagonists (CARBONI 
et a1. 1989). These agents are effective following both acute and sub chronic 
administration. Indeed, a number of laboratories have shown that a maxi
mum attenuation is achieved following several drug administration proce
dures (FADDA et a1. 1991; KNAPP and POHORECKY 1992). This suggests a 
learning component is involved in these effects; hence animals may require 
repeated or long-term pairings with the drug and ethanol to demonstrate a 
reduction in alcohol intake. In this regard, 5-HT3 antagonists have been 
reported to improve cognitive performance in rodents and primates, includ
ing man (BARNES et a1. 1990). 

2. Opioids 

Considerable evidence implicates endogenous opioid pep tides in the modu
lation of ethanol's effects. Changes in opiate content both peripherally and 
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centrally, particularly within the hypothalamus, have been reported following 
acute and chronic administration of ethanol in both animals and man 
(GIANOULAKIS et al. 1992; BORG et al. 1982). Furthermore, rats bred for 
alcohol preference show a relationship between high alcohol consumption 
and high endogenous opioid activity (FROEHLICH et al. 1988). High doses of 
morphine suppress drinking of alcohol in rats (SINCLAIR 1974), whereas 
morphine withdrawal increases voluntary consumption of alcohol (VOL
PICELLI et al. 1990). Cerebrospinal fluid from alcoholic patients has been 
shown to enhance ethanol intake in macaque monkeys when infused intra
cerebroventricularly, and this effect can be partially reversed by naltrexone, 
an opiate antagonist (MYERS et al. 1986). The opiate antagonists naloxone 
and naltrexone interfere with the excitatory effect of ethanol on lateral 
hypothalamus stimulation (LORENS and SAINASTI 1978), attenuate ethanol
induced hyperactivity (MIDDAUGH et al. 1978), and reduce ethanol self
administration in both rodents (SAMSON and DOYLE 1985) and primates 
(ALTSHULER et al. 1980), suggesting that the reinforcing properties of ethanol 
are altered. The opioid system has been implicated in the physiologic 
responses to stress and can influence poststress elevations of ethanol intake 
in rats. Naltrexone administration attenuates poststress elevations of ethanol 
consumption in rats (VOLPICELLI et al. 1986). Decreases in other consum
matory behaviors have been observed, leading some to question the selec
tivity of the opioid system for ethanol's reinforcing effects. 

As in the case of serotonin, there are a number of opioid receptor 
subtypes to which both naloxone and naltrexone exhibit some antagonist 
activity, albeit in a dose-dependent manner (CHANG and CUATRECASAS 1981). 
Recently, there has been some attempt to dissect the relative importance of 
these subtypes in mediating the observed effects on alcohol intake. Of the 
receptor subtypes the J-receptor, for which met- and leu-enkephalins exhibit 
high affinity, shows some promise as a target for potential pharmacother
apies. ICI 174864, an antagonist for this receptor subtype (COTTON et al. 
1984), decreased ethanol intake without affecting that of water when HAD 
rats were given a free choice situation (FROEHLICH et al. 1991). It was more 
effective than naloxone in producing this effect. Nalmefene, a newer opiate 
antagonist with greater affinity for J- and K-receptors (MICHEL et al. 1985), 
reduced alcohol intake in both AA and Sprague-Dawley rat strains in a 
restricted access paradigm (SINCLAIR et al. 1992; HUBBELL et al. 1991). 
These data provide support for the hypothesis that the opioidergic system 
interacts with ethanol's reinforcing properties. 

3. Dopamine 

The meso limbic dopamine system has been the focus of much attention in 
all areas of substance abuse research and ethanol is no exception. It has 
been shown that ethanol, at doses that increase locomotor activity in rats, 
can enhance dopamine (D) release in the nucleus accumbens, and this 
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has been linked to the reinforcing properties of ethanol (DI CHIARA and 
IMPERATO 1985). High-preferring AA rats are more sensitive than their low
preferring ANA counterparts to this stimulatory effect on dopamine release 
(KUANMAA et al. 1992). P rats have lower dopamine and dopamine meta
bolite content within the nucleus accumbens in addition to a lower density of 
D2 receptors than NP rats (McBRIDE et al. 1990; STEFANINI et al. 1992). This 
suggests that perturbation of this system may predispose to high volitional 
intake of ethanol. Preclinical evidence shows that enhanced dopamine 
availability results in an attenuation of ethanol self-administration. Thus, 
bromocriptine (a D2 agonist), GBR 12909 (a D reuptake inhibitor), and 
amphetamine (a D releaser) significantly decreased ethanol intake (KOOB 
and WEISS 1992; McBRIDE et al. 1990) in P rats. It has been proposed that 
these agents are producing the same net effect as ethanol and hence reducing 
the animals' need to respond for ethanol. Of further interest is the obser
vation that rats trained to lever press for ethanol show elevations in 
accumbens dopamine during the waiting period along with behavioral 
activation (WEISS et al. 1992). This increase in dopamine may serve as a 
primer for the subsequent ethanol access period which the animal has been 
trained to expect. Similar observations have been reported in rats trained to 
expect alternative reinforcers, including saccharin and food (BLACKBURN et 
al. 1989). While these findings argue against a specific release of dopamine 
in response to expectancy for ethanol, its importance as an antecedent to 
drinking behavior has yet to be evaluated. Determining how pharmacologic 
agents interact with the anticipatory biochemical and behavioral changes 
described will help to clarify this process and the extent to which it may 
mimic craving in humans. 

IV. Clinical Studies 

1. Serotonin 

Preclinical studies, as outlined above, have shown that central serotonin 
systems may play an important modulatory role in alcohol dependence 
through effects on behavioral control. They have provided the rationale for 
clinical testing of several classes of serotonergic drugs. Furthermore, there is 
clinical evidence indicating that serotonin and its metabolites, especially 5-
hydroxyindoleacetic acid, are decreased in the cerebrospinal fluid of many 
alcoholics (BORG et al. 1985; LINNOILA 1990), suggesting the presence of a 
central 5-HT deficiency in alcohol dependence. Challenge tests with sero
tonergic probes looking at hormonal responses have also inferred a sero
tonergic abnormality, a subsensitivity of 5-HT2/5-HTIC receptors (LEE and 
MELTZER 1990). A similar 5-HT deficiency has been proposed for other 
disorders that, like alcoholism, are characterized by a lower degree of 
behavioral control such as bulimia nervosa, obsessive-compulsive disorder, 
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aggressive behavior, and suicide (ERIKSSON and HUMBLE 1990), adding 
further support to this hypothesis. 

The most extensively studied group of serotonergic drugs in alcohol
related disorders are the serotonin uptake inhibitors. A number of placebo
controlled clinical trials, each 2-4 weeks in duration, have been conducted 
(NARANJO et al. 1984, 1987, 1989, 1990) in mild to moderately alcohol
dependent individuals (mean Alcohol Dependence Scale Scores 8-12; mean 
daily ethanol consumption 7-8 standard drinks). Zimelidine (200mg daily), 
citalopram (40 mg daily), viqualine (200 mg daily), and fluoxetine (60 mg/day) 
reduced alcohol intake by an average of 9% -17%. There appeared to be 
some minor differential effects among the drugs. Zimelidine and citalopram 
increased the number of abstinent days, whereas viqualine, a serotonin re
leaser and uptake inhibitor, and fluoxetine decreased the number of drinks 
on drinking days. There were also large interindividual variations in the size 
of the response to the active drugs. However, the observed effects were 
dose related, independent of the drugs' antidepressant action and rapid in 
onset. Side effects were mild, transient, and unrelated to response. No 
patient characteristics predictive of a significant decrease in alcohol con
sumption could be identified (NARANJO and SELLERS 1989). 

Recent human experimental ethanol self-administration studies with 
citalopram (40mg/day) (NARANJO et al. 1992) and fluoxetine (60mg daily) 
(GORELICK and PAREDES 1992) supported the earlier findings of onset of 
effect within the 1st week of treatment, resulting in modest decreases in 
alcohol intake of 18% and 14%, respectively. Furthermore, these experi
mental studies reported diminution in craving and interest to use ethanol. 
These data support the notion that animal and human experimental studies 
have predictive validity for the clinical utility of such medications. 

The precise mechanism of action of these serotonergic agents has not 
been determined, but since they have shown broad effects on consummatory 
behaviors (e.g., feeding and drinking) it has been proposed that they act by 
facilitating central satiety signals through enhancement of central serotoner
gic tone. Further investigation is necessary to elaborate more fully the 
pathophysiologic mechanisms of these responses. Moreover, longer term 
studies of these drugs to examine their efficacy over time and utility in 
relapse prevention are required. Such studies are important because they 
are more typical of the way in which medications would be used in a 
chronic, relapsing disorder. During such use, these drugs may have a cumu
lative effect, especially when combined with psychosocial interventions. 
Preliminary results from a clinical study with fluoxetine have been promising 
(KRANZLER et al. 1991). Alternatively, chronic use of these drugs may 
produce tolerance to the effects, as has been suggested by preclinical studies 
with other serotonergic drugs (e.g., dexfenfluramine). 

Buspirone, a 5-HTIA receptor partial agonist, has shown efficacy as an 
anxiolytic in clinical populations (GOLDBERG and FINNERTY 1982). Animal 
and clinical research suggested that buspirone might have a role in the 
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treatment of alcoholism. Buspirone reduced alcohol intake in macaque 
monkeys (COLLINS and MYERS 1987) and in rats (PRIVETTE et al. 1988) and 
has shown low abuse liability in alcohol-dependent patients (GRIFFITH et al. 
1986). 

These favorable data and the emphasis on serotonin manipUlation 
prompted the assessment of buspirone's efficacy in the reduction of alcohol 
consumption in a clinical population. BRUNO (1989) compared buspirone 
(15-30 mg/day) to placebo in a double-blind, 8-week trial in 50 outpatients 
diagnosed as mild-to-moderate alcohol abusers. The buspirone-treated group 
reported a significantly lower intensity of craving (desire to drink) in associa
tion with a reduction in other psychological symptoms (anxiety/depression) 
and a 57% decrease in alcohol consumed. There was also a lower rate of 
dropout from treatment in the buspirone group. The author proposed that 
the effectiveness of the drug might be partially related to its anxiolytic 
effect, which in turn produced a decrease in desire for alcohol. A subse
quent open trial of buspirone in recently detoxified alcohol-dependent in
dividuals supported this proposal (KRANZLER and MEYER 1989b). Buspirone 
(mean dose 40mg) reduced both anxiety and the desire to drink in alcoholics 
with high levels of anxiety. Changes in alcohol consumption were not 
reported. The authors concluded that the association between craving and 
anxiety is consistent with the view that dysphoric mood states may act as 
conditioned cues for drinking in a subgroup of alcoholics (LUDWIG and 
STARK 1974). They also suggested that the apparent drug effect may have 
been influenced by the psychosocial component of the treatment interven
tion. These earlier studies, in which post hoc analyses suggested an associa
tion between anxiolysis and decreased drinking, added impetus to the 
subsequent exploration of treatment of comorbid psychiatric disorders 
(anxiety disorders, depression) as a means of reducing alcohol consumption. 

A preliminary investigation with another serotonergic agent, ritanserin, 
a 5-HT 2/5-HT Ie antagonist with antidepressant and anxiolytic properties, 
has been reported (REYNTJENS et al. 1986). A lO-mg daily dose was given in 
a single-blind fashion for 28 days to five moderately to severely dependent 
alcoholics who had been abstinent for 1 month. Efficacy of the drug was 
measured by the magnitude of the decreases in depressive and anxiety 
symptoms. These patients described a concurrent reduction in their desire to 
drink alcohol that was evident within the 1st week of drug treatment and 
which persisted during the week after drug discontinuation (MONTE and 
ALTERWAIN 1991). 

Several pieces of preclinical data from self-administration studies sug
gested a unique role for 5-HT3 receptors and their antagonists in the regula
tion of ethanol consumption (i.e., decreasing the size of drinks, gradual 
onset of effect, dissociation from effects on food and water intake). These 
findings prompted a clinical trial to determine the efficacy of ondansetron, a 
5-HT3 antagonist, in patients with alcohol abuse or dependence (SELLERS et 
al. 1991). The study was a randomized, placebo-controlled trial in 71 male 
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problem drinkers. The efficacy of ondansetron was evaluated as part of a 
treatment program that incorporated nonpharmacologic components in
cluding daily self-monitoring and a structured, problem-solving treatment. 
Ondansetron at the lower dose of 0.25 mg twice daily significantly reduced 
mean weekly alcohol consumption by 37% compared to baseline and 18% 
compared to placebo after 6 weeks of treatment. The pattern of response 
was particularly interesting. The onset of effect was gradual, reaching its 
peak 1 week following the medication period. It is possible that, given the 
short duration of treatment, the effects of the behavioral intervention 
obscured some of the effect produced by ondansetron. This slow onset was 
also demonstrated in animal studies and has been reported in a clinical trial 
of the anxiolytic effects of ondansetron (KILPATRICK 1992, unpublished). The 
anxiolytic effects continued to increase for 2 weeks after the medication 
period ended. This pattern of onset is in marked contrast to the rapid 
onset of reductions in alcohol consumption seen with the serotonin uptake 
inhibitors. 

Another interesting feature of the trial of ondansetron is the fact that 
the greatest treatment effect was observed in the low-dose group. This is 
similar to the dose effect patterns seen preclinically, where an inverted 
U-shaped dose response curve was observed for anxiolytic and place-condi
tioning effects. This suggests that subsequent clinical studies should include 
a wider range of medication doses. Post hoc analyses of the ondansetron 
findings also showed a trend for patients to achieve a greater reduction in 
drinking based on the belief that they were receiving active medication, 
regardless of their actual medication condition. This interaction of pharma
cologic activity of a drug with the attribution that active medication has been 
given emphasizes the importance of examining the relationships among 
patient perception of self-efficacy, the perception of effectiveness of medica
tion, and the actual pharmacologic mechanism by which medications may 
modify alcohol-dependent behavior. These findings underscore the ac
cumulating evidence that medication response may be most prominent in 
moderately heavy drinkers and suggests that future work on medication 
development should focus on this group. This would also be appropriate 
from a public health perspective, as the majority of individuals requiring 
treatment likely fall within this category. 

2. Opioids 

The influence of the endogenous opioid system on the intake of ethanol has 
been receiving increasing attention. VOLPICELLI et al. (1986) proposed 
several mechanisms to account for the apparent interaction of alcohol with 
endogenous opiates. In particular, they argued that ethanol stimulates 
endorphin release, although the effects depend on the duration of exposure. 
Decreased levels of central p-endorphin have been reported in alcohol
dependent men 10 days after detoxification (GENAZZANI et al. 1982). There-
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fore, if endorphin deficiency leads to voluntary alcohol consumption, then 
blocking opioid receptors with an antagonist should interfere with the 
reinforcing properties of alcohol once drinking is initiated. 

Animals will reduce responding for alcohol if their opiate receptors are 
blocked by pretreatment with naltrexone (MYERS et al. 1986; ALTSHULER et 
al. 1980; VOLPICELLI et al. 1986; KORNET et al. 1991). Interestingly, in a 
relapse to drinking model in monkeys, naltrexone also acutely decreased 
alcohol consumption after an initial imposed abstinence (KORNET et al. 
1991). The potential utility of naltrexone in treating alcoholism in humans 
was first demonstrated by VOLPICELLI et al. (1990). In a double-blind study 
in 30 recently detoxified alcohol-dependent males, naltrexone 50 mg was 
administered for 12 weeks in conjunction with a standard treatment (group 
therapy and individual counselling). In these patients, naltrexone decreased 
craving for alcohol, mean drinking days during the medication period, and 
rates of relapse. Naltrexone appeared to be particularly effective in reducing 
drinking in subjects who sampled alcohol but consequently did not "lose 
control" and relapse. This effect had been suggested in the animal studies. 
In this trial, naltrexone was well tolerated, with few side effects or signi
ficant effects on mood. The study sample was eventually enlarged to 78 
patients and the findings were similar (VOLPICELLI et al. 1992). A more 
recent trial sought to replicate and expand on these findings (O'MALLEY et 
al. 1992). O'Malley and colleagues examined the effectiveness of naltrexone 
combined with two different manual-guided forms of psychotherapy: coping 
skills/relapse prevention and nondirective supportive therapy. The study was 
conducted in an alcohol-dependent sample that was predominantly (74%) 
male. Subjects had been abstinent for 7-30 days and received 50 mg nal
trexone daily for 12 weeks. Those who received naltrexone drank on half as 
many days and drank a third of the number of standard drinks compared 
with subjects who received placebo. Abstinence rates were higher and 
relapse rates lower in the naltrexone group. Severity of alcohol problems, 
assessed with the Addiction Severity Index, was lower in patients on nal
trexone at termination of the study, in particular with respect to employ
ment status. Medication effect interacted with the type of psychotherapy 
administered, such that the cumulative rate of abstinence was highest for 
patients treated with naltrexone and supportive therapy. However, among 
patients who initiated drinking, those who received naltrexone and coping 
skills therapy were the least likely to relapse to heavy drinking. As with 
ondansetron, the naltrexone studies emphasize the importance of interac
tions among pharmacologic agents, psychotherapeutic strategies, and patient 
expectations. The nature of these interactions needs to be explored further 
in order to maximize therapeutic benefits. 

Most recently, nalmefene, a new opiate antagonist with less liver toxicity 
than naltrexone, has shown promise in the treatment of alcohol dependence 
(MASON et al. 1992). A pilot study found a trend to decreasing number of 
drinks per drinking day in two dosage groups (5 and 20mg daily), relative to 
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placebo. In addition, the higher dose group had a significantly lower rate of 
relapse and a reduction in number of drinking days per week. A larger 
treatment trial with nalmefene, currently underway, should provide a firmer 
basis for evaluating the drug's effects in alcohol dependence. 

3. Dopamine 

The extent of preclinical investigation of the dopaminergic system has not 
been matched clinically. Furthermore, data with dopaminergic compounds 
in preclinical studies have been conflicting with agonists and antagonists 
producing similar behavioral effects. There is a need for more experimental 
work to understand this complex interaction within the dopamine system 
and to guide further clinical study. However, a few clinical studies have 
been conducted. In a double-blind, 6-month placebo-controlled study, 
BORG (1983) reported a reduction in desire to drink and improved psycho
social functioning in chronic alcoholics treated with bromocriptine, a 
dopamine agonist. 

A more recent trial consisting of 8 weeks of treatment with bromocrip
tine (mean dose, 6.9 mg daily) and 2 months follow-up found no significant 
differences between the placebo and drug groups with respect to alcohol 
consumption and anxiety and depression scores (DONGIER et al. 1991). 
Global psychiatric symptomatology decreased more in the bromocriptine 
group. Interestingly, patients in both groups reported decreasing their al
cohol consumption by more than 90%. However, the dropout rate in the 
study exceeded 50%, making the results difficult to interpret. A larger 
multicenter trial looking at the long-term effectiveness of bromocriptine is in 
progress. 

c. Alcohol Withdrawal 

I. Preclinical Studies 

Physical dependence is defined as the onset of a number of predictable signs 
and symptoms on reduction or cessation of alcohol use which may be 
alleviated by further alcohol intake. In the alcohol withdrawal syndrome, 
the major symptoms include anxiety, tremor, nausea, insomnia, perceptual 
disturbances, seizures, and autonomic system activation. As noted earlier, 
the criteria for clinical alcohol dependence do not require the occurrence of 
a full-blown withdrawal syndrome and there is limited evidence to support 
the notion that avoidance of a withdrawal state is of critical importance in 
maintaining drinking. However, dysphoria and anxiety states have been 
implicated as determinants of both the initiation and maintenance of drink
ing. The role of withdrawal anxiogenesis is being explored in animal models. 
In animals, ethanol withdrawal produces an interoceptive cue similar to that 
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produced by the anxiogenic agent pentylenetetrazol (PTZ). Hence, animals 
trained to discriminate PTZ will exhibit a PTZ-like stimUlus-response during 
ethanol withdrawal (IDEMUDIA et al. 1989; LAL et al. 1988). This withdrawal 
stimUlus-response can be blocked by anxiolytic drugs like diazepam (LAL et 
al. 1988). The PTZ discrimination paradigm supports the concept of with
drawal anxiogenesis and may prove useful in determining the efficacy of 
certain new drugs in blocking the effects of acute and prolonged withdrawal 
from ethanol. Other animal models have been used to assess drug action in 
attenuating the behavioral consequences of ethanol withdrawal. The elevated 
plus maze test, the social interaction test, and the mouse black/white box 
system have been employed as measures of behaviors related to anxiogenic 
stimuli. 

Several drugs have been tested for their ability to suppress withdrawal 
anxiogenesis. Benzodiazepines have been effective and are often used as 
the standard for comparison when newer anxiolytic agents are evaluated 
(FILE et al. 1992; COSTALL et al. 1988). Serotonergic drugs show promise. 
Buspirone, in a dose-dependent fashion, reversed the anxiogenic profile 
exhibited by rats and mice after cessation of subchronic treatment with 
ethanol (LAL et al. 1991). The mechanism underlying this effect is not 
known but may be related to activation of 5-HT1A auto receptors , thus 
inhibiting 5-HT release and leading to anxiolysis. 

A role for 5-HT 3 receptor antagonists in alleviating the symptoms of 
withdrawal from various substances of abuse has also become apparent. 
Ondansetron ameliorates the behavioral changes seen in rodents following 
abrupt withdrawal from chronic benzodiazepine, cocaine, nicotine, and 
ethanol treatment (SELLERS et al. 1991; HIGGINS et al. 1991; REITH 1990; 
VAN DER HOEK and COOPER 1990; COSTALL et al. 1990). The drug has also 
been shown to reduce anxiety-related withdrawal behavior in alcohol
dependent marmosets (OAKLEY et al. 1988). These studies suggest potential 
utility in the treatment of ethanol withdrawal. Of some clinical concern is 
the suggestion by Grant (personal communication) that 5-HT3 antagonists 
may decrease seizure threshold. 

Mianserin, a clinically effective anxiolytic (BJERTNAES et al. 1982), which 
is believed to act as an antagonist at 5-HT2 receptors, has also been studied 
in the rat elevated plus maze test. The drug prevented withdrawal-induced 
anxiogenesis at several time points, suggesting its effects could be longer 
lasting than those seen with other drugs (PRATHER et al. 1991). Many other 
drugs with established clinical indications other than withdrawal have been 
tested preclinically - calcium channel antagonists, f3-blockers, etc. Their 
review is beyond the scope of this chapter and is covered in Chap. 14 by 
Anton and Becker in this volume. 

Seizures are of particular concern in the management of the withdrawal 
syndrome. In rodents, repeated withdrawal states lead to a progressive 
exacerbation of the syndrome with particular effects on seizure activity 
(HUNT 1973; HUNTER et al. 1973; WALKER and ZORNETZER 1974). This 
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relationship has also been substantiated clinically. A number of investigators 
have confirmed that the incidence of alcohol withdrawal seizures is greater 
in patients who have undergone repeated detoxification and a kindling 
model has been proposed to account for the progressive neuronal hyper
excitability (BALLENGER and POST 1978; BROWN et al. 1988). A promising 
line of research in understanding the mechanisms underlying this process has 
involved a sUbtype of the glutamate receptor, a major excitatory neurotrans
mitter in the eNS. Activation of the receptor by the ligand N-methyl-n
aspartate (NMDA) is associated with increased permeability of the neuron 
to calcium. The consequent increase in intracellular calcium levels has impli
cated this receptor in the development of epileptiform seizures and brain 
damage (ROTHAM and OLNEY 1987; DINGLEDINE et al. 1986). It has been 
postulated that chronic ethanol intake leads to a supersensitivity (upregu
lation) of NMDA receptors. On cessation of ethanol, this change may 
contribute to the generation of withdrawal seizures (GRANT et al. 1990; 
HOFFMAN et al. 1990). Following chronic ethanol treatment, an increase in 
the density of hippocampal NMDA receptors has been observed (GRANT et 
al. 1990). Whereas pretreatment with the NMDA receptor antagonist MK-
801 effectively reduced, in a dose-dependent manner, the severity of ethanol 
withdrawal seizures in mice, other withdrawal symptoms (e.g., tremor) were 
unaltered. MK-801 did not cause concurrent sedation, which commonly 
occurs in association with the anticonvulsant effects of benzodiazepines. 
The underlying role of the benzodiazepine receptor complex in withdrawal 
seizures appears to be different from that of the NMDA receptor complex. 
Furthermore, NMDA antagonists have been reported to have neuroprotec
tive qualities, thus limiting damage from kindling-induced seizures. These 
observations indicate that NMDA antagonists warrant further evaluation 
for treatment of ethanol withdrawal seizures and alcohol-induced cognitive 
deficits. Unfortunately, at the present time, there are no NMDA antagonists 
available for study in humans. 

II. Clinical Studies 

The alcohol withdrawal syndrome encompasses a cluster of characteristic 
signs and symptoms, the severity of which varies with the individual and the 
amount of ethanol consumed. The pathophysiology underlying the with
drawal syndrome appears to be a disturbance of several neurotransmitter 
systems, including increases in noradrenergic and excitatory glutaminergic 
(via NMDA receptors) function and alterations in the GABAergic system. 
Therapy is aimed at relief of symptoms, prevention, or treatment of the 
more serious complications, and preparation of patients for long-term re
habilitation. In patients undergoing mild-to-moderate withdrawal, nonphar
macologic detoxification is often adequate. However, those in moderate-to
severe withdrawal should be assessed for pharmacotherapy. For the past 25 
years, the benzodiazepines have been the mainstay of treatment of the 
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alcohol withdrawal syndrome (ROMACH and SELLERS 1991; LITTEN and ALLEN 
1991). There is an extensive preclinical literature that predicted their utility 
and describes their mechanism of action through the GABA-benzodiazepine 
receptor complex (NuTT et al. 1989; TICKU and KULKARNIZ 1988). The 
reader is referred to Chaps. 5 and 13 by Ticku and by Anton and Becker in 
this volume for more detailed information. 

Numerous compounds of this class have been used and all can be 
equally effective in treatment, provided appropriate dose adjustments are 
made for potency and kinetic differences. Diazepam is the most widely used 
drug, primarily because of its long half-life. Various regimens of dosing 
have been used, the most popular being flexible approaches, rather than the 
more traditional fixed dosage schedules. The loading dose technique in 
particular is useful because of its simplicity and efficacy, allowing for titration 
of dosage and gradual self-tapering of drug (SELLERS et al. 1983). The 
benzodiazepines are effective in diminishing the behavioral features of with
drawal, e.g., anxiety, as well as the autonomic symptoms and may be used 
both in the prevention and, if necessary, in the treatment of seizures if they 
occur. In addition, they have a wide margin of safety and are well tolerated 
by most patients. Despite these advantages, repeated concerns have been 
raised about their use in alcoholics, i.e., the risk of alcoholics becoming 
dependent on them (MEYER 1986). The scientific data to support this concern 
are very limited and yet clinically this restriction on prescribing is generally 
accepted. There are data to suggest that many alcoholics in remission who 
have used benzodiazepines for prolonged periods do so in an appropriate 
manner (i.e., as prescribed for approved indications) and are able to dis
continue their use when the medications are no longer required (ROMACH et 
al. 1992). 

Nevertheless, these worries have prompted clinical assessment of various 
other compounds either because of promising preclinical data or because of 
approaches targeted at specific neurotransmitter systems. Carbamazepine, 
an anticonvulsant (BUTLER and MESSIHA 1986; MALCOLM et al. 1989), p
blockers (SELLERS et al. 1977; KRAUS et al. 1985), clonidine (BAUMGARTNER 
and ROWEN 1987), bromocriptine (BURROUGHS et al. 1985; BORG and WEIN
HOLDT 1982), and calcium channel blockers (LITTLE et al. 1986; KOPPI et al. 
1987) have been investigated. None of these agents have shown consistent 
superiority to the benzodiazepines and many have shown lack of effect on 
the behavioral components of withdrawal (e.g., anxiety and agitation) and 
on major symptoms such as seizures. In most studies, combination therapy 
has been required, increasing the risk of side effects and drug interactions. 

The non-benzodiazepine anxiolytic buspirone has also been evaluated in 
alcohol withdrawal (DOUGHERTY and GATES 1990). This drug is of particular 
interest because its reported effects on diminution of craving (KRANZLER and 
MEYER 1989) and alcohol consumption make it a medication with therapeutic 
potential for different stages of treatment of alcohol abuse/dependence. In a 
recent open trial, 100 patients received buspirone over varying periods of 
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time during detoxification from alcohol. Mean dose of drug required by 
patients was not described but, interestingly, almost a third of patients 
required more than 22 doses of 5 mg given every 4 h over the course of the 
study and several received supplementary treatment with clonidine. 

The potential advantage of buspirone over benzodiazepines that the 
authors proposed was less sedation. However, the methodological short
comings of the study make it difficult to draw firm conclusions about pos
sible advantages and a persistent concern is that buspirone will not prevent 
withdrawal seizures. The benefit of 5-HTIA agents like buspirone may lie 
primarily in their alleviation of anxiety symptoms both during and after 
withdrawal. 

As mentioned earlier, other drugs that warrant clinical assessment in 
withdrawal are the 5-HT3 antagonists and novel anticonvulsants like NMDA 
antagonists. 

D. Comorbidity 

I. Overview 

Over the past decade, the relationship between substance abuse and com
orbid psychiatric disorders has attracted considerable attention. Clinical 
studies have shown that significant proportions of patients seeking treatment 
for alcohol abuse suffer from concurrent depressive, anxiety, and personality 
disorders (Ross et al. 1988). Data from the NIMH Epidemiologic Catch
ment Area (ECA) Study (REGIER et al. 1990) showed that 37% of alcohol
abusing individuals met DSM III-R criteria for at least one other mental 
disorder. Although prevalent, the significance of the co morbidity is not well 
understood. A few studies have provided some evidence that the presence 
of certain com or bid psychiatric disorders in alcohol abusers adversely influ
ences outcomes in treatment of alcoholism, although there may be gender 
differences (ROUNSAVILLE et al. 1987; KRANZLER et al. 1992). 

Despite the frequency of comorbid disorders, there have been few well
formulated clinical treatment trials focused on this subgroup of alcoholics. 
The first studies were mostly intuitive in nature based on the commonly held 
belief that alcoholism is a form of self-medication that has become maladap
tive. Certainly, the role of negative affective states such as anxiety and 
depression in the initiation and maintenance of maladaptive drinking patterns 
has been acknowledged (MARLATT and GORDON 1980; HATSUKAMI and 
PICKENS 1982). It has been hypothesized that pharmacologic manipulation of 
these dysphoric states could lead to attenuation of excessive drinking. Con
sequently, drugs that had primarily antidepressant effects were selected for 
investigation of their effects on drinking. However, few, if any, of these 
early studies were preceded by preclinical investigation that evaluated the 
drugs' effects in models of self-administration. Increasingly though, careful 



282 M.K. ROMACH and D.M. TOMKINS 

preclinical evaluation prior to the initiation of a clinical trial has become the 
preferred pattern. 

II. Animal Models 

Newer pharmacologic agents are being assessed in novel models of depres
sion and anxiety as well as in alcohol self-administration paradigms. How
ever, there are no suitable animal models to simulate the influence of these 
affective states on alcohol self-administration. Some work has been initiated 
in an effort to evaluate pre clinically drugs for treatment of comorbid con
ditions. For example, the anxiolytic and anxiogenic actions of ethanol in 
a mouse model have led to speculation about the contribution of with
drawal anxiogenesis to continued drinking in humans (COSTALL et al. 1988). 
Similarly, selective breeding of rodent lines has produced animals that are 
purported to possess alcohol-preferring traits and behavioral features con
sistent with an animal model of depression (OVERSTREET et al. 1992). Social 
phobia and its relationship to alcoholism has begun to figure prominently in 
discussions of comorbid disorders. Most animal models use individually 
housed animals. Few animal models have been devised where manipulation 
of social settings and effects on ethanol consumption can be investigated. 
Those that have been proposed have focused on characterization of the 
factors involved rather than on drug intervention. 

Generally, social isolation enhances drug-taking behavior (WOLFFGRAMM 
and HEYNE 1991). In self-administration models using colonies of animals to 
mimic social influences, one of the problems is identifying which animals in 
a group are drinking and the extent of their drinking. Some work has shown 
that, in a rat colony, the submissive or low-ranking animals consume greater 
quantities of ethanol than their dominant counterparts (BLANCHARD et al. 
1987; ELLISON 1987). HILAKIVI-CLARKE and LISTER (1992) suggested that 
within rodent social colonies enhanced ethanol consumption in submissive 
animals was a state, as opposed to a trait, effect: namely that being the 
target of social and physical stress results in increased alcohol intake. Their 
methodology, in which they introduce a dominant male into a colony, may 
prove useful as a model for comorbid disorders. However, pharmacologic 
studies in colony groups require large numbers of animals and the instru
mentation and intensity of behavioral analysis required may prevent wide
spread utilization of such models. Nevertheless, the elaboration of such 
animal models may offer an opportunity not only to discover genetic influ
ences on neurotransmitter systems thought to underlie psychiatric disorders 
such as depression or anxiety and alcoholism but also to develop more 
effective treatment interventions. This is a vitally important area of research. 
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III. Clinical Studies 

1. Depression 

Until recently, the most widely studied psychiatric problem in alcohol 
abusers has been depression. Prevalence rates are generally high, but they 
have varied considerably owing to a number of factors (heterogeneous 
patient populations, diagnostic criteria used, chronology of development of 
the disorders, the temporal association to drinking or withdrawal) (KRANZLER 
and LIEBOWITZ 1988). The utility of antidepressants in treating alcohol de
pendence in depressed patients, both for immediate efficacy in reducing 
alcohol consumption and for relapse prevention, has been largely unex
plored. Preclinical data have suggested that noradrenergic and serotonergic 
uptake inhibitors, which are effective antidepressants, can reduce the voli
tional intake of ethanol by rats (McBRIDE et al. 1988; DAOUST et al. 1984; 
MURPHY et al. 1985). JAFFE and CIRAULO (1986) reviewed the utility of the 
tricyclic antidepressants for treatment of depression in alcoholics and found 
that, although a few showed some positive effect (imipramine, doxepin, 
amitriptyline), the methodology in the majority of the clinical studies was 
poor and limited any conclusions. However, they suggested that this category 
of drugs deserved another look using better methodology, including mul
tidimensional treatment outcome measures. Recent preliminary reports once 
again suggest promise for imipramine (MCGRATH et al. 1991; NUNES et al. 
1993) and desipramine (MASON and KOCSIS 1991). A 6-month double-blind, 
placebo-controlled trial of desipramine in 42 recently abstinent alcoholics 
(which included desipramine plasma level monitoring) showed an advantage 
to desipramine treatment of depression secondary to alcoholism. The results 
also showed a trend for the desipramine-treated subjects to maintain sobriety 
for a longer period of time while in the study. 

The antimanic medication lithium has generated much discussion of its 
effectiveness in diminishing alcohol intake. Although not an antidepressant 
per se, it has mood-stabilizing properties, specifically in patients with bipolar 
disorder. In an effort to remedy an equivocal literature, DORUS et al. (1989) 
conducted a multisite trial in alcoholics with a history of depression and 
those without such a history. They found no differences between lithium and 
placebo conditions on a number of outcome measures including rates of 
abstinence, reduction in drinking, and depression. Ultimately, a role may be 
found for lithium in the treatment of alcoholism in subgroups of patients 
with psychiatric disorders known to be responsive to the drug, such as 
bipolar disorder, possibly attention deficit disorder, or antisocial personality 
disorder (KRANZLER and ORROK 1989). 

Serotonergic antidepressants may hold the most promise in reversing 
mood disorders associated with alcohol dependence and consequently reduc
ing drinking and relapse risks. Their effectiveness in the treatment of de
pressed alcoholics has not been systematically investigated. One open trial 
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of fluoxetine (20-40mg) in 12 detoxified alcoholics showed significant im
provements in measures of depressive symptomatology and alcohol intake, 
suggesting that larger double-blind trials are warranted (CORNELIUS et al. 
1992). 

2. Anxiety 

Similar to the data with depression, there is considerable evidence of a high 
rate of anxiety disorders in alcohol-abusing patients (Ross et al. 1988). 
Of particular note is the comorbidity between phobic disorders (e.g., 
social phobia and agoraphobia) and alcohol problems (QUITKIN et al. 1972; 
MULLANEY and TRIPPETT 1979; Cox et al. 1990; KUSHNER et al. 1990; WILSON 
1988; SMAIL et al. 1984), suggesting that alcoholism and some forms of 
anxiety may be related disorders. A linkage between anxiety disorders and 
serotonergic function has been intensively investigated in the last few years, 
both in animal and human studies, and provides a theoretical basis for the 
association between alcoholism and anxiety. It is possible that the decrease 
in alcohol consumption produced by drugs acting on the serotonergic system 
(e.g., buspirone, ondansetron, ritanserin, and the 5-HT uptake inhibitors) 
may be secondary to anxiolytic effects. This hypothesis has been tested to a 
limited extent with buspirone. In addition to the two clinical studies men
tioned earlier, in which post hoc analyses revealed anxiolytic effects, OLIVERA 
et al. (1990) examined the effectiveness of buspirone in 60 individuals, the 
majority of whom were severely dependent on a variety of substances, but 
specifically selected for study because of the presence of an anxiety disorder. 
However, confounding factors included the presence of a concurrent major 
affective disorder in almost half the subjects, the use of concomitant psy
chotropic agents (antidepressants, lithium, carbamazepine), and the diag
nosis of alcohol dependence in only 43% of the sample. Nevertheless, in this 
open trial, the author reported a significant reduction in anxiety and overall 
improvement in psychosocial functioning when buspirone was combined 
with some form of drug rehabilitation. TOLLEFSON et al. (1992) conducted a 
placebo-controlled trial of buspirone in 51 patients dually diagnosed with 
generalized anxiety disorder and alcohol dependence. Recently abstinent 
subjects received from 15-60mg buspirone daily for a minimum of 4 weeks. 
Once again, significant reductions in anxiety were noted in the buspirone
treated group and these were correlated with reports of diminished intensity 
of craving for alcohol. However, there was no significant reduction in the 
overall use of alcohol as measured by the Addiction Severity Index. Both 
studies, although suggestive of potential utility of this drug in alcohol treat
ment, underscore the need for refinement of methodology when evaluating 
the therapeutic efficacy of newer pharmacologic agents. This problem was 
addressed to a large extent in a trial of bus pirone in inpatient alcoholics with 
generalized anxiety disorder carried out by MALCOLM et al. (1992). Specific 
outcome measures relating to both levels of anxiety and consumption of 
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alcohol were reported. Anxiety scores declined significantly in both the 
buspirone and placebo groups but there were no differential group differ
ences throughout the 6-month treatment period on a number of anxiety 
measures and drinking-related behaviors. The failure to find a significant 
drug effect may have been related to the high placebo response and early 
dropout rates, limiting the size of the sample for end point analysis. The 
authors identified a number of other variables which may have influenced 
the outcome and which need to be considered in future pharmacologic trials. 
Nevertheless, this negative result will have an inpact on clinical practice. 

Recent reports describing the action of m-chlorophenylpiperazine (m
CPP), a nonselective 5-HT receptor agonist, provide intriguing data with 
respect to the interrelationship of alcoholism and anxiety. In animal models 
of anxiety, m-CPP has anxiogenic effects that appear to be mediated by 5-
HT1C receptors (KENNETT and CURZON 1988; KENNETT et a1. 1989; WHITTON 
and CURZON 1990; CURZON and KENNETT 1990). In human experimental 
studies, m-CPP has precipitated anxiety in control subjects and in patients 
with anxiety disorders (panic and obsessive compulsive disorders) (KAHN 
and WETZLER 1991). Infusions of m-CPP in abstinent alcoholic patients 
produce subjective experiences described as a "high" and elicit craving for 
alcohol (GEORGE et a1. 1990). It has been suggested that this craving reflects 
anxiety induced by m-CPP, which acts as an interoceptive cue for drinking. 

An alternative explanation for the craving produced by m-CPP is that 
this represents a response to the perception of an ethanol-like stimulus in 
the absence of the expected pharmacologic effect. TFMPP (m-trifluor
omethylphenylpiperazine), an analogue of m-CPP, is also a 5-HT agonist 
with purported selectivity for the 5-HTIC receptor (KENNETT and CURZON 
1988; KENNETT et a1. 1989). TFMPP has shown similarities to the ethanol 
cue in a rodent drug discrimination paradigm (SIGNS and SCHECTER 1988). 
The clinical reports of craving are of interest because serotonergic drugs like 
citalopram, fluoxetine, and ondansetron may decrease the desire to drink 
(NARANJO et a1. 1992; NARANJO and SELLERS 1989; GORELICK and PAREDES 
1992; SELLERS et a1. 1991). These subjective reports may reflect an involve
ment of serotonin in individuals' perceptions of their ability to regulate their 
drinking. However, recent preclinical studies of alcohol self-administration 
that show m-CPP decreases ethanol intake (HIGGINS et a1. 1992) confound 
the above clinical interpretations and suggest that current animal models 
may lack predictive validity for certain aspects of human alcohol abuse. 

E. Conclusions 
Over the past decade, considerable knowledge has accumulated about the 
role that pharmacotherapy can play in the treatment of alcohol abuse and 
dependence. New and more specific drugs show clinical promise in attenuat
ing alcohol consumption and preventing relapse to hazardous drinking. 
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Preclinical investigation has driven much of the recent clinical work. This 
has served to emphasize the need for systematic evaluation of new phar
macologic agents to guide clinical development, from the preclinical stage to 
clinical trials in humans and ultimately to broader clinical application. Such 
an approach has allowed us to examine more critically the suitability of the 
animal models used to simulate alcoholism and to consider newer, alter
native paradigms to approximate more closely the human condition. One 
example is the effort to mimic high anxiety levels and elevated alcohol 
consumption as seen in some comorbid conditions. 

The study of temporal patterns of drinking in animals has been limited. 
Research into these patterns and how drugs may modify them would be 
extremely useful in understanding more fully the determinants of the vari
ations in drinking behavior seen in humans. In addition to implicating 
specific neurotransmitters/neuropeptides and receptor subtypes, preclinical 
studies suggest that certain pharmacologic agents (e.g., serotonergic drugs) 
can affect conditioning and learning as well as behavioral control and self
administration. Further clarification of these mechanisms and their mani
pulation with selective agonists and antagonists could have great clinical 
utility. 

Our review of more recent clinical studies generated by preclinical 
findings underscores the continued methodological shortcomings that have 
hampered pharmacologic treatment research. Outcome measures need to be 
clearly defined, with several determined concurrently, particularly in the 
area of comorbidity. Study samples need to be described in greater detail 
and future studies should aim to select more homogeneous samples. Match
ing specific patients with specific treatments may enhance treatment out
come. Pharmacologic treatment matching should consider several variables 
including severity of alcohol dependence, presence of concurrent psycho
pathology, number and type of previous treatments, and their success. 
Importantly, the desired treatment goal must be consistently defined to 
allow comparison of the effectiveness of different drugs. Many clinical trials 
have involved recently detoxified individuals in whom the treatment goal 
was relapse prevention. Fewer studies have looked at drug effectiveness in 
reducing drinking (to nonhazardous levels or abstinence) in active drinkers. 
Lastly, it is important to recognize that decreasing the reinforcing properties 
of alcohol pharmacologically does not necessarily produce a reduction in 
consumption. Individuals can increase their intake to offset the decreased 
alcohol effect or they can refuse the medication. The successful treatment of 
alcohol abuse/dependence will likely require the prolonged use of medication 
integrated with cognitive and behavioral treatments directed at controlling 
use over long periods of time. The potential for developing newer pharma
cotherapies by extending preclinical findings to clinical application and by 
developing appropriate strategies for their use is extensive. 
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CHAPTER 12 

Genetic Factors in Alcoholism: 
Evidence and Implications 

J. GELERNTER 

A. Introduction 
In this chapter we review some of the major findings pertaining to genetic 
factors in alcohol abuse and dependence. First we consider a series of 
clinical studies which establish that genetic liability can increase risk of 
alcoholism; then, a series of laboratory studies that investigate the nature 
of the liability. 

Although genes alone do not make alcoholics, it has long been appre
ciated that a propensity to abuse alcohol seems to run in families. Many 
environmental factors are also important determinants of a person's drinking 
behavior. There is an unavoidable incongruity in our consideration of genetic 
factors influencing complex behaviors such as alcohol intake: how can a 
gene make a person obtain alcohol and drink excessive amounts of it? It is 
impossible to imagine a DNA sequence that would have only this specific 
effect. Instead of considering the behavior as a whole, we might better 
consider certain aspects of the individual's experiences and perceptions that 
may be genetically influenced. These may influence in turn how much he 
desires alcohol, how he perceives its effects on his mood and thought 
processes, and whether alcohol easily makes him physically sick. Someone 
carrying a gene that made it impossible to metabolize alcohol normally, 
resulting in severe physical discomfort after every drink, might be at 
decreased risk for alcohol dependence no matter how reinforcing the CNS 
effects. This is a very straightforward mechanism for a genetic influence on a 
complex behavior: the gene makes the behavior induce physical discomfort, 
so the behavior is inhibited. In fact this schema is important in Asian 
populations, where there are relatively high frequencies of abnormal alleles 
of alcohol-metabolizing enzymes. We might imagine several other ways for 
simple genes to have effects on this complicated behavior; for example, a 
variant form of a brain protein (such as a dopamine receptor) might make 
ethanol's effects more reinforcing in those individuals carrying the variant, 
so those individuals might have statistically greater risk of alcohol abuse, 
because they enjoy it more; or another gene might make the taste of alcohol 
unpleasant for a certain group, making it less likely that they will drink 
excessively. 

None of these genetic factors would necessarily be expected to turn the 
behavior on or off. They might, though, make the behavior more or less 
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likely to occur in individuals carrying particular variant alleles of certain 
genes. Many other factors could also affect the behavior, such as degree of 
exposure to ethanol, stress in relationships, or adherence to religious beliefs, 
for example. 

While this raises the prospect that single genes may have measurable 
effects on alcohol intake, at least in certain populations, it also illustrates the 
complexity of the genetic system: a complex behavior can be influenced at 
many points along its pathway, from the cognition preceding the behavior to 
varying the effect of the final behavior on the individual. Although clinical 
heterogeneity in itself cannot prove genetic heterogeneity, alcoholism is so 
common and its expression so varied that major single gene effects are 
thought to be relatively unlikely. Many other factors complicate study of the 
molecular genetics of alcohol dependence. For example, alcoholics tend to 
select mates with substance abuse problems or other psychiatric illnesses 
themselves (assortative mating), complicating linkage studies. Also, segre
gation analyses (ASTON and HILL 1990) have tended to suggest that the 
underlying genetic components are complicated. Use of a candidate gene 
stragegy is hampered by a large excess of candidate genes, which limits 
the utility of a linkage or association strategy directed by candidate gene 
hypotheses. 

The observation of familial clustering of a set of symptoms does not 
prove a genetic basis. Genetic factors must be proven by other means; this 
can be accomplished by adoption studies, twin studies, and family studies. 
We will first consider studies in clinical genetics (adoption, twin, family, and 
epidemiological studies); then, studies in laboratory genetics (association 
and linkage studies). Ideas about diagnosis and methodology have evolved 
over time; we will not discuss some older studies that would now not be 
considered methodologically acceptable. Even within types, studies from 
different groups of investigators are rarely exactly comparable. Male subjects 
have often been preferred in these studies because of the higher rate of 
alcoholism in men. 

B. Clinical Studies: Familial Patterns in Alcohol Use 

I. Adoption Studies 

Adoption studies provide a reliable way to prove a genetic contribution to 
an illness. The general paradigm is to consider rates of illness of adopted
away offspring of ill and well parents. For a disease with genetic deter
minants, the risk of the illness in adopted away offspring of ill parents 
should exceed the risk in adopted away offspring of normal parents. Excess 
risk of illness in children of ill individuals adopted into normal homes can 
only be explained by an inherited liability to develop the illness. Due to the 
requirement for good adoption records, many adoption studies have been 
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carried out in Scandinavian countries where such records are maintained. 
Adoption studies have provided good evidence for genetic factors playing 
some role in alcoholism. 

GOODWIN et al. (1973) compared 55 sons of alcoholics who were 
adopted away in the first 6 weeks of life and 78 controls in a Danish sample. 
The adoptees received direct interviews. These investigators found an 
increased risk of alcohol-related problems and about a fourfold increased 
risk of alcoholism in the children of alcoholics, compared to the children of 
nonalcoholics. There were no other differences in psychopathology in the 
groups of adoptees, but only a limited range of psychopathology was con
sidered (e.g., no data on drug abuse were presented). A subsequent study 
comparing 49 adopted away daughters of alcoholics and 47 adopted away 
daughters of non alcoholics from the same large sample (GOODWIN et al. 
1977) failed to show any increased risk in biological relatives of alcoholics 
(but there were only 2 alcoholics in each group). 

SCHUCKIT et al. (1972) studied children of absent alcoholics or non
alcoholics who were raised for at least 6 years by nonalcoholic parents, and 
children of alcoholics or nonalcoholics raised with alcoholics, in a study 
design using half siblings. It was thus possible to investigate the contribution 
of alcoholic or nonalcoholic parents who were not part of the household 
towards the outcome of their biological children. The idea is similar (but not 
identical) to that of an adoption study. They found that genetic influences 
were more important that environmental influences for the development of 
alcoholism. 

CADORET and GATH (1978), who studied a sample of 84 adoptees in Iowa 
(mostly biological children of non alcoholics) , also found that alcoholism was 
more common in adopted-away biological offspring of alcoholics that in 
offspring of normal controls. CADORET et al. (1980) extended their findings 
with a larger sample of male adoptees who had alcoholics first- or second
degree relatives. Their data were most consistent with genetic determinants 
only (i.e., no environmental determinants) of alcoholism in adoptees 
(although a subsequent study by the same group did show environmental 
effects; see below). 

CLONINGER et al. (1981) studied a Swedish sample of 862 male adoptees. 
[BOHMAN et al. (1981) completed a parallel study with 913 women discussed 
below.] The evaluations of both adoptees and relatives in this study were 
more extensive than in the earlier studies. Eighty-seven of the subjects had 
fathers with moderate or severe alcohol abuse; 151 of the adoptees them
selves had alcohol abuse histories. Overall, adoptees biologically related to 
alcoholics had increased risk for alcoholism. Based on discriminant analysis 
of the data, the authors hypothesized the existence of two main types of 
alcoholism; type 1 ("milieu-limited," more common, either mild or severe, 
and associated with mild alcohol abuse in both parents); and type 2 ("male
limited," less common, of moderate severity or recurrent, and associated 
with severe paternal alcohol abuse and criminality but no maternal pathol-
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ogy; expressed only in men). Type 2 alcoholism was postulated to be much 
more heritable (i.e., 90% heritability) than type 1 alcoholism, the latter type 
being much more likely to be influenced by environment. [The hypothesis 
was developed further by CLONINGER (1987).] Differing observations of 
environmental and genetic effects could be explained in terms of this hypo
thesized genetic heterogeneity in forms of alcohol abuse. BOHMAN et al. 
(1981), in their study of 913 female adoptees, 31 of whom were alcohol 
abusers, found evidence of transmission of alcoholism from mothers to 
daughters, but only from fathers to daughters when the fathers had mild 
alcoholism; this was felt to confirm the predictions of the hypothesized type 
lItype 2 distinction. Alcoholism was found to be less heritable in women 
than in men (BOHMAN et al. 1987). 

Although aspects of the CLONINGER et al. (1981) type lItype 2 hypothesis 
are very attractive, that work has been criticized (e.g., on the basis of 
statistical methods and sample composition by LITTRELL 1988; refuted by 
CLONINGER et al. 1988; see also SCHUCKIT and IRWIN 1989) and still awaits 
clear confirmation. Segregation analysis of pedigree data by the same 
group did not demonstrate statistically significant heterogeneity between the 
families of male and female alcoholics (GILLIGAN et al. 1987), but in the 
same study etiologic heterogeneity was demonstrated between "male-like" 
and "female-like" families (with a major gene effect seen only in the "male
like" families). CLONINGER et al. (1988) summarized further studies by 
his group. 

CADORET et al. (1986) demonstrated through an adoption study con
ducted in Iowa that parental alcoholism can result in increased incidence of 
both alcohol abuse and substance abuse in offspring. They studied a total of 
443 adoptees; 39 had first-degree relatives with alcohol abuse. Alcoholism in 
a first-degree relative resulted in an odds ratio of 5.9 for alcoholism and 4.3 
for substance abuse in the adoptee. Antisocial personality in first-degree 
relatives also increased risk of alcoholism in adoptees; and alcohol problems 
in the adoptive family were found to increase risk of alcohol abuse in the 
adoptees (odds ratio 2.6). A subsequent study (CADORET et al. 1987) showed 
that alcoholism and antisocial personality in first -degree relatives specifically 
increased risk of those same disorders in adoptees, and that alcohol problems 
in adoptive families (i.e., environmental effects) also increased risk of 
alcoholism in adoptees. 

In summary, adoption studies have consistently found increased risk of 
alcoholism in the adopted-away children of alcoholics compared to the 
adopted-away children of controls. This establishes that vulnerability to 
alcoholism can be increased by genetic factors. Most studies have also 
found environmental factors to have some influence on the development of 
alcoholism in adoptees. 
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II. Twin Studies 

Twin studies can be used to demonstrate the relative importance of genetic 
and environmental contributors to illness by comparing concordance rates 
for illness in monozygotic (MZ) and dizygotic (DZ) twins. Since MZ twins 
share 100% of their DNA and DZ twins share only 50% of theirs, MZ 
concordance is expected to be greater than DZ concordance for a disorder 
with a genetic contribution. However, MZ twins look alike and also tend to 
share similar behavior (BOUCHARD et al. 1990). Consequently, even when 
the subjects studied are pairs of MZ and DZ twins for whom each pair was 
raised together, the effects of shared environment may be somewhat greater 
for MZ twins because of their greater similarity in other spheres. Several 
groups have used the twin study paradigm to investigate heritability of 
alcoholism. 

HRUBEC and OMENN (1981) investigated the inheritance of alcoholism 
and cirrhosis using a twin registry of almost 16000 US veterans. Information 
about the subjects was obtained from the US Department of Veterans 
Affairs medical records and questionnaire self-reports. MZ concordance for 
alcoholism was 26% whereas DZ concordance was 12%. MZ twins also had 
greater concordance for cirrhosis than DZ twins, a result that could not be 
explained solely on the basis of alcoholism. 

PICKENS et al. (1991) studied 81 MZ and 88 DZ (same sex) male and 
female twin pairs, and examined concordance for alcohol dependence and 
other diagnoses. Differences in concordance supporting genetic factors for 
alcohol dependence were found in both male and female twin pairs; pro
bandwise concordance rates for alcohol dependence in male twins were 0.59 
for MZ twins and 0.36 for DZ twins; for female twins, the corresponding 
rates were 0.25 and 0.05. The difference for alcohol abuse was significant 
only for the male twins. Estimated heritability for alcohol abuse and depen
dence for the male subjects was 0.36, and for the female subjects 0.26. 
A substantial amount of liability variance (50%) was due to shared environ
mental factors (which contrasts with the study of KENDLER et al. 1992, 
discussed below). A lower heritability of alcoholism in females was also 
demonstrated in an overlapping twin study that also considered male-female 
DZ twin pairs (MCGuE et al. 1992). In that study, elevated cross-sex rates of 
alcoholism were observed, a result that was attributed to environmental 
factors. HEATH et al. (1989) studied a sample of female twins by question
naire. They noted that MZ twins (data from 1233 twin pairs) were highly 
correlated for alcohol use. 

KENDLER et al. (1992) have provided the largest direct interview twin 
study so far, evaluating a sample of 1030 female twin prais. Rather than a 
treatment sample, they used a population sample from the Virginia Twin 
Registry, which included twin pairs where both cotwins were affected, where 
one twin was affected, and where neither was affected. Correlation of 
liability rather than probandwise concordance was used as the major method 
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of analysis (although MZ twins had greater probandwise concordance 
for alcoholism than DZ twins in all cases). According to these authors, 
depending on the disease definition of alcoholism used, the genetic con
tribution to liability to develop alcoholism in women was between 50% (for 
narrowly defined alcoholism corresponding to DSM-III-R alcoholism plus 
tolerance or dependence) and 60% (using a broader disease definition). 
Surprisingly, the rest of the variance was accounted for by individual en
vironmental differences, as opposed to family differences (shared environ
mental factors). These estimates of genetic and environmental contributions 
to alcoholism in females differ from those derived from adoption studies 
(e.g., GOODWIN et al. 1977; BOHMAN et al. 1981) and prior twin studies 
(e.g., PICKENS et al. 1991). One possible explanation for the different findings 
is sample size; KENDLER et al. (1992) examined the largest sample. 

MULLAN et al. (1986) studied a series of 56 MZ and DZ twin pairs, 
and evaluated comorbid diagnoses and neuroticism to investigate whether 
some of these characteristics represented cause or effect with respect to 
alcoholism. Alcoholic twins (both MZ and DZ) had higher neuroticism 
scores than their nonalcoholic cotwins. The comorbid psychopathology was 
therefore interpreted as being a consequence of the alcoholism. MZ twins 
can also be used to assess the effect of two different environments on what, 
from a genetic standpoint, is essentially the same person. GURLING et al. 
(1991) studied 25 MZ twin pairs discordant for alcoholism; the non-alcohol
abusing twin represented, in effect, the developmental pathway the alcohol
abusing twin might have taken had he not abused alcohol. [This method is 
supported by the similarity normally demonstrated by cotwins on behavioral 
measures; BOUCHARD et al. (1990).] Studying discordant MZ cotwins uses 
genetic knowledge to obtain, in effect, a perfectly matched control group for 
a group of alcohol abusers. In this study, the alcohol-abusing twins had 
inferior performance on cognitive testing. This decrement in performance 
was most likely an effect of alcohol abuse, rather than a cause; all of the 
twins started with the same genetic potential for a certain level of cognitive 
function. However, unidentified environmental events (e.g., obsterical com
plications) also could have increased the risk of both alcoholism and a 
decrement in cognitive performance in the affected twins. 

Thus there is greater concordance for alcoholism in MZ than in DZ 
twins, replicated over several samples, providing further support for genetic 
factors in the etiology of alcoholism. The conclusions of KENDLER et al. 
(1992), supporting very significant genetic effects in females, contrast with 
those from most previous studies assessing genetic contributions to alcoholism 
in females. These results may have been observed only in the study by 
KENDLER et al. (1992) because these investigators had a much larger sample 
than the others. 
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III. Other Clinical Data Bearing on Genetics 

Family studies, not discussed here, demonstrate the range of other psy
chiatric disorders that may be genetically related to alcoholism. FRANCES et 
al. (1980, 1984) compared symptomatology and treatment outcome in male 
alcoholic inpatients with or without a first-degree alcohol-abusing relative, 
and found that those with ill relatives had more severe symptoms and worse 
outcome, the worst outcome correlated with the greatest number of ill first
degree relatives. 

IV. Trait Markers and Differences Between Familial 
and Nonfamilial Alcoholism 

If specific differences between that type of alcoholism that clearly runs in 
families, and "sporadic," or seemingly nonfamilial, alcoholism could be 
identified, such a heuristic could allow identification of a more homogeneous 
subgroup of alcohol abusers. Factors that may differentiate between al
coholics with a family history of alcoholism and those without a family 
history include, e.g., EEG findings (PROPPING et al. 1981), course of illness 
(discussed above), response to alcohol challenge (reviewed by NEWLIN and 
THOMSON 1990), and alexithymia (FINN et al. 1987). If clear trait markers 
could distinguish between alcoholics and nonalcoholics, this could lead to 
identification of a genetic mechanism. Several trait markers have been 
proposed for alcoholism (reviewed by TABAKOFF and HOFFMAN 1988; CRABB 
1990). These include, e.g., EEG differences (POLLOCK et al. 1988), mono
amine oxidase inhibition by ethanol and adenylate cyclase activity after 
stimulation (TABAKOFF et al. 1988), and variation in the alcohol-metabolizing 
enzymes (discussed below). 

C. Laboratory Studies: Search for a Molecular Basis 
for a Complex Behavior 
Since roughly 1980, the introduction of molecular DNA markers such as 
restriction fragment length polymorphisms (RFLPs) has revolutionized the 
search for genes that predispose to illness, especially using genetic linkage 
studies. In a genetic linkage study, a gene can be assigned to a certain 
chromosomal location (i.e., mapped) by demonstrating nonrandom segre
gation between the gene studied and other markers of known map location. 
Linkage is accepted given (a) a lod score statistic (log of the odds ratio) >3 
and (b) replication. Increasing sophistication in methods of manipulating 
DNA in the laboratory has made it possible, in theory, to demonstrate 
genetic linkage with a disease susceptibility locus anywhere in fhe genome 
(NIH/CEPH Collaborative Mapping Group 1992; WEISSENBACH et al. 1992). 

Genetic linkage has been extremely useful in medicine in general, with 
many notable successes, among them, identifying the gene for Huntington's 
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disease (Huntington's Disease Collaborative Research Group 1993), a dis
order that is relatively straightforward in genetic terms, and locating a 
gene that seems responsible for a large proportion of early onset familial 
Alzheimer's disease (SCHELLENBERG et al. 1992), a disorder that is genetically 
heterogeneous. However, in psychiatric illness, the situation has been quite 
different, with many highly publicized reports of linkage failing to ever find 
confirmation [e.g., a proposed chromosome 11 gene for bipolar affective 
disorder (EGELAND et al. 1987) and a proposed chromosome 5 gene for 
schizophrenia (SHERRINGTON et al. 1988)]. These difficulties underscore the 
problems of working with phenotypes that are actually complex sets of 
behavior. Molecular genetic studies may eventually be expected to help 
clarify some of these complicated situations but may also increase confusion 
if they are attempted without sufficient prior knowledge about the disorder. 
Molecular genetic studies of alcohol-metabolizing enzymes have proven to 
be clarifying and useful, but in most other cases these kinds of studies 
applied to the problem of alcohol dependence have led to controversy. 

Inasmuch as linkage and association studies may eventually lead to the 
identification of specific genes where mutations may give rise to either 
increased or decreased risk for alcoholism, these avenues of research may be 
most useful in the long run for devising new pharmacotherapies to treat 
alcohol dependence. For example, suppose a certain receptor is found to be 
twice as sensitive to its naturally occurring ligand in alcohol-dependent 
individuals than in normals. Then, if this defect really increases vulnerability 
to alcoholism, a medication that partially blocks that receptor might be an 
effective treatment. No such defect has been demonstrated to date (although 
claims, based on indirect evidence, have been made for a defect at D2 
dopamine receptor, discussed below). 

I. Linkage Studies 

Several possible linkages with alcoholism have been reported (T ANNA et al. 
1988; HILL et al. 1988), but none reached statistical significance. Linkage 
studies can be a way to test for etiological involvement of candidate genes in 
a disorder. The candidate gene is tested for linkage; if the lod score allows 
rejection of linkage (with a value < - 2), the candidate gene cannot be the 
disease gene because it cannot be at the same chromosomal location as the 
disease gene. Linkage studies have allowed exclusion of linkage with several 
interesting candidate genes including the D2 dopamine receptor gene (BOLOS 
et al. 1990). 

II. Association Studies 

In a genetic association study, allele frequencies at candidate genes are 
compared in ill and well groups of unrelated individuals. The best-known 
genetic association studies in alcoholism are those with the alcohol-met-
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abolizing enzymes, ADH and ALDH, and those with DRD2 D2 dopamine 
receptor, both discussed below. The basic physical reality underlying an 
association study for a genetically simple (homogeneous) illness is quite 
straightforward (GEJMAN and GELERNTER 1993). All genetic effects can 
ultimately be traced to variation in DNA sequence. A group of unrelated 
people vary in most genetic characteristics (because they are unrelated) -
including eye color, Rh type, and blood groups, but also including other 
measurable genetic polymorphism, such as other protein variants and 
DNA polymorphisms. This is true unless the study group is selected for 
homogeneity for one of these types of DNA vairation. But a group of 
unrelated people ill with a genetic disease is selected for homogeneity for a 
DNA variant: the DNA variant that causes the disease. Therefore, if a 
specific DNA variant is found to be more common in a group of ill people 
than in a group of well people who have no other reason to share alleles at 
the locus being studied, the reason must be that that DNA variant has 
something to do with the illness. The DNA variant responsible for causing 
the illness should be the only such polymorphism shared at a greater rate 
among ill individuals than among unrelated individuals without the illness. 
This is accurate in the absence of ethnic effects (e.g., all ill people deriving 
from an ethnic group sharing other DNA variants for reasons unrelated to 
illness). The assumptions do not apply if some of the individuals are related; 
that gives them another reason to share DNA variants at a rate greater 
than population expectations. There is also one other major consideration, 
linkage disequilibrium: it could be that the polymorphism associated with 
illness is not the disease gene itself, but is very close to it. 

Numerous association studies have been published, where various 
markers have been found to be overrepresented among alcoholics (e.g., 
HLA antigens: C6RSICO et al. 1988). PELCHAT and DANOWSKI (1992) com
pared PROP tasting ability in alcoholics, nonalcoholics, and their children, 
and found more PROP nontasters in the children of alcoholics than in the 
children of nonalcoholics. This finding, if confirmed, has interesting im
plications. It would represent another example (besides alcohol-metabolizing 
enzymes, discussed below) of a gene probably not expressed in brain af
fecting a complex behavior, perhaps in this case by altering the taste of 
alcohol-containing beverages. Association studies are generally problematic, 
however (GELERNTER et al. 1993), and results need to be replicated if they 
are to be accepted. 

1. Alcohol-Metabolizing Enzymes 

Although a gene affecting liability to develop a certain illness may exert its 
effect by increasing risk, it may also work by decreasing risk for iilness. One 
example of this mechanism is the effect of alcohol-metabolizing enzymes on 
risk of alcohol dependence (reviewed in detail by EDENBERG 1991). Alcohol 
dehydrogenase (ADH) oxidizes alcohol to acetaldehyde (LI et al. 1977), and 



306 J. GELERNTER 

aldehyde dehydrogenase (ALDH) oxidizes acetaldehyde to acetate. Both of 
these enzymes are polymorphic in the human population, and the poly
morphic forms have differing levels of biological activity (HARADA et al. 
1982; YOSHIDA et al. 1984). An abnormal form of ADH is common in Asian 
populations but not among Caucasians; STAMATOYANNOPOULOS et al. (1975) 
found that 85% of Japanese carried an abnormal ADH allele. The allele 
frequencies of both ADH and ALDH variants depend on the population 
studied (GOEDDE et al. 1992). 

Individuals with less active or inactive forms of ADH and ALDH are 
protected from developing alcoholism to some extent, presumably because 
when they drink alcohol they develop high blood levels of acetaldehyde 
(GOEDDE et al. 1979; HARADA et al. 1981; THOMASSON et al. 1991), which 
causes flushing and discomfort. In the case of ALDH, a mutation that 
inactivates a metabolic enzyme, or decreases its function, reduces the risk 
for alcoholism in the individual who carries it (HARADA et al. 1982; ENOMOTO 
et al. 1991). 

Abnormalities of ALDH have been shown to affect development of 
alcoholism in Asian populations (GOEDDE et al. 1979; HARADA et al. 1982; 
SHIBUYA and YOSHIDA 1988), but not, so far, in other populations (HARADA 
et al. 1982; GOEDDE et al. 1979). THOMASSON et al. (1991) demonstrated 
associations between alcoholism, ALDH and also ADH subunits (ADH2, 
ADH3, and ALDH2) in a series of alcoholic and nonalcoholic Chinese men. 
Defective ALDH accounted for most of the abnormal physiological effects 
of alcohol seen in these populations. These differences are not observed in 
Caucasians from the United Kingdom and Ireland (GILDER et al. 1993). 

Although the basic idea is straightforward - mutations in the enzymes 
that metabolize alcohol cause the buildup of toxic metabolites when the 
individual carrying those mutations drinks alcohol - the genetic situation is 
complex. Genetic associations exist at three different genetic loci, but only 
in certain populations. This situation also illustrates an exception to the 
usual presumption that candidate genes that affect behavior are likely to be 
those that code for brain proteins. These are the only findings in the 
molecular genetics of alcoholism that have unambiguously been replicated, 
have a well-understood physiological basis, and are generally accepted. 

2. D2 Dopamine Receptor Gene 

Reports of a genetic association between alleles at the D2 dopamine receptor 
gene (DRD2) and alcoholism (BLUM et al. 1990) have generated considerable 
interest and controversy. When genomic human DNA is digested with the 
restriction endonuclease enzyme TaqI, electrophoresed in agarose gels, and 
transferred to a fixed support (Southern blotted), a probe to D2 dopamine 
receptor (genetic locus DRD2) hybridized with the Southern blots and 
auto radiographed reveals an RFLP. The marker system studied most fre
quently, known as the "A" system (GRANDY et al. 1989), corresponds to a 
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single base mutation about 10 kilobases 3' to the coding region of the gene 
(HAUGE et al. 1991). This mutation is not in the D2 dopamine receptor gene 
itself. Early association studies with this marker for DRD2 and alcoholism 
were promising (BLUM et al. 1990, 1991; PARSIAN et al. 1991), but there 
were also conflicting results from very early on (with studies showing no 
association from BOLOS et al. 1990; GELERNTER et al. 1991; SCHWAB et al. 
1991; TURNER et al. 1992; COOK et al. 1992; GOLDMAN et al. 1992, 1993; 
ARINAMI et al. 1993) (see Table 1 for data summary). A meta-analysis of all 
DRD2 association data available demonstrated that the positive data from 
the original group accounted for all of the difference between alcoholics and 
controls in the cumulative literature (GELERNTER et al. 1993). 

DRD2 alleles have also been reported to be associated with substance 
abuse (SMITH et al. 1992), Tourette's syndrome (COMINGS et al. 1992), and 
obesity (COMINGS et al. 1992). All of these studies (including the alcoholism 
studies also) have shared certain design features which could have rendered 
them vulnerable to false-positive results. These features include lack of 
matching for ethnicity between alcoholic and control groups, multiple sta
tistical tests, and also other factors (discussed in GELERNTER et al. 1991, 
1993). A wide range of allele frequencies at DRD2 among individuals of 
different ethnic backgrounds has been demonstrated (GOLDMAN et al. 1992, 
1993; BARR and KIDD 1992), such that small differences in the ethnic makeup 
of ill and well groups could account for a significant difference in allele 
frequencies between the groups. A debate also arose over the suitability of 
using a random control group vs. a screened control group (to eliminate 

Table 1. Allele frequencies for the TaqI "A" marker for the D2 dopamine receptor 
gene (DRD2) in alcoholics and controls. Note that no study drawing alcoholics 
and controls from a single ethnic group showed a significant difference between 
alcoholics and controls 

Investigators Alcoholics Controls Population 

Total f (AI) Total f (AI) 

BLUM et al. (1990) 35 0.37 35 0.13 Mixed 
BLUM et al. (1991) 96 0.29 43 0.10 Caucasian 
BOLOS et al. (1990) 40 0.22 127 0.18 Caucasian 
COMINGS et al. * (1991) 104 0.23 39 0.08 Caucasian 
COOK et al. (1992) 20 0.15 20 0.15 Caucasian 
GELERNTER et al. (1991) 44 0.23 68 0.20 Caucasian 
GRANDY et al. (1989) 43 0.24 Caucasian 
PARSIAN et al. (1991) 32 0.20 25 0.06 Caucasian 
TURNER et al. (1992) 47 0.10 Caucasian 
GOLDMAN et al. (1993) 23 0.74 24 0.73 Cheyenne 
GOLDMAN et al. (1992) 46 0.15 36 0.21 Finn 
SCHWAB et al. (1991) 45 0.12 69 0.22 German 
ARINAMI et al. (1993) 78 0.40 100 0.42 Japanese 

* Excluding CEPH controls included with Bolos et al. 
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individuals from the control group who might have the illness) (SMITH et al. 
1991; NOBLE and BLUM 1991). We have demonstrated that using a random 
control group entails little loss of power for association studies and have 
modeled this particular (DRD2) system (GELERNTER et al. 1991). The screen
ing process may itself introduce other less quantifiable artifacts into the 
control group. 

The reports of an association are problematic for other reasons too. For 
example, if there really is a genetic association between DRD2 alleles and 
alcohol dependence, there should be a mutation somewhere in or near the 
DRD2 gene. However, despite many attempts to demonstrate such a 
mutation, none has been found. SARKAR et al. (1991) sequenced a series of 
the expressed part of DRD2 genes without finding any mutations that would 
be reflected in altered protein structure. Results from a recent comprehensive 
mutation search study, using denaturing gradient gel electrophoresis to 
examine all coding DRD2 exons (GEJMAN et al. 1994), are in agreement on 
the major point, i.e., there are no common mutations in the coding region 
of DRD2 that could account for the association findings. NOBLE et al. (1991) 
have reported an alteration in D2 dopamine receptor properties in post
mortem brain samples from alcoholics, but the changes observed could have 
been a consequence of alcohol use rather than a result of a genetic mutation. 

CLONINGER (1991) has concluded that a relationship between DRD2 
alleles and alcoholism has been proven; UHL et al. (1993) also concluded 
that there is an effect of DRD2 alleles on alcoholism and substance abuse. 
While CLONINGER (1991; PARSIAN et al. 1991) stated that association was 
demonstrated in the absence of linkage, HODGE (1993) has shown that what 
PARSIAN et al. (1991) described as a negative test of linkage was actually 
itself a test of association, so "merely undermines their previous finding of 
an association" (HODGE 1993, p. 376). We (GELERNTER et al. 1993) and 
others have concluded that no association between DRD2 alleles and alcohol 
dependence has been proven and that other explanations more conservative 
than an allelic association of DRD2 with alcoholism could account for the 
positive findings of some groups. Other analyses have led to similar con
clusions, i.e., that a physiological association should not be accepted at this 
point (KARP 1992; STONE and GOTTESMAN 1993). A true association of 
physiological significance would be not be the most likely explanation of the 
data. 

D. Conclusions 
The data supporting a genetic contribution to the development of alcoholism 
are very strong. In one specific case and only in specific populations, there is 
also strong evidence pointing to one part of the genetic basis of predis
position, i.e., mutations in the alcohol-metabolizing enzymes that provide a 
protective effect. However, this is not a factor in most populations, so most 
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aspects of genetic predisposition to alcoholism are unexplained. The charac
teristic difficulties inherent in the study of genetically complex disorders 
such as alcoholism all but guarantee that the search for genes accounting for 
most of the variance will be a difficult and time-consuming task. Given the 
increasingly powerful methods of genetic analysis under development (e.g., 
advances in sequencing techniques and progress in the Human Genome 
project) (GEJMAN and GELERNTER 1994), it seems likely that more genes 
contributing to the development of alcoholism will eventually be identified. 

How might improved knowledge of genetics lead to new developments 
in pharmacotherapy for alcohol dependence? The case of the alcohol
metabolizing enzymes provides a good starting point. We know that muta
tions in these enzymes inhibit alcohol abuse in individuals who harbor those 
mutations. Suppose a certain medication could interfere with the metabolism 
of alcohol in a similar way; it might also inhibit alcohol abuse. In fact, 
disulfiram works by this mechanism; it is a widely used (though problematic) 
pharmacotherapy for alcohol dependence. Although the treatment did not 
derive from the genetic knowledge in this case, it illustrates a potential 
interaction between genetics and pharmacotherapy. New insights into 
other genetic mechanisms might lead to similar insights into potential 
pharmacotherapies. 
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CHAPTER 13 

Pharmacotherapy and Pathophysiology 
of Alcohol Withdrawal 

R.F. ANTON and H.C. BECKER 

A. Introduction 

The alcohol withdrawal syndrome has received increased attention over the 
past 40 years and it is now well established that the abrupt reduction, or 
total cessation, of chronic alcohol use will lead to a set of predictable signs 
and symptoms. Although it was suspected in the latter half of the nineteenth 
century that alcohol withdrawal could produce seizures (Huss 1852), it was 
only in the middle of the twentieth century that the alcohol withdrawal 
syndrome (A WS) was fully described (VICTOR and ADAMS 1953) and 
demonstrated experimentally by Isbell and colleagues (ISBELL et al. 1955) 
and later by MENDELSON and LADou (1963). Since that time numerous 
animal models have been developed to examine the pathophysiology and 
impact of varying conditions of alcohol intake and pharmacologic manipu
lation on the A WS. Considerable progress has been made in understanding 
the pathophysiologic mechanisms that underlie the A WS. Knowledge 
gained from animal models, along with clinical experience and methodologic 
developments, have led to advances in the treatment of the A WS. 

Despite these relatively rapid advances, much still remains to be under
stood about the treatment of the acute A WS and especially about the 
subacute and chronic effects of alcohol withdrawal (AW). Some of the 
issues that are beginning to receive greater attention, and where much more 
information is needed to guide clinical practice, are the "protracted" 
A WS, the effects of A Won subsequent A W symptomatology ("the kindling 
effect"), the effects of comorbid psychiatric conditions (e.g., anxiety, 
depression) on the severity and course of A W symptoms, craving for alcohol 
during the course of A W, and the prognostic significance of an A W-related 
seizure for future neurological sequelae. The impact of a variety of pharma
cologic treatments on these processes and on the propensity of the alcoholic 
to relapse following detoxification are also areas where further knowledge 
and clinical guidance is necessary. 

In this chapter we will review what is known about the A WS with atten
tion directed primarily towards many of the above issues, pharmacologic 
treatments, and mechanisms of action. Many excellent reviews of the 
A WS and its treatment have been written in recent years (GORELICK and 
WILKINS 1986; LISKOW and GOODWIN 1987; CASTANEDA and CUSHMAN 1989; 
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McMICKEN 1990; VICTOR 1990; SCHULTZ 1991). The reader will be referred 
to these, where appropriate, and a greater emphasis will be placed on newer 
information that may begin to guide clinical practice in the years ahead. 

B. Clinical Syndrome 

I. Phenomenology and Description 

There is considerable interindividual variability in the presentation of A W 
symptoms. It appears that some alcoholics will have more severe symptoma
tology than others despite having ingested comparable amounts of alcohol 
prior to cessation of drinking. Despite this variability, A W affects the same 
body systems, to a greater or lesser extent, in all alcoholics in withdrawal. 
The symptoms which occur after a single heavy drinking episode, commonly 
referred to as a "hangover," are qualitatively similar to but quantitatively 
less than those present in A W. In addition, more serious and intense 
symptoms occur during withdrawal as a consequence of the chronic high 
level of alcohol use that characterizes most alcoholics. The primary organ 
systems involved are the peripheral and central nervous systems, which then 
affect other end organ systems such as the cardiovascular, gastrointestinal, 
and dermatologic systems. Some, or all, of the following symptoms are 
present during the A WS and, must in fact, be present for the diagnosis to be 
made (SELLERS et al. 1991): nausea and vomiting, tremor, sweating, anxiety 
and irritability, motor arousal (agitation), skin sensations, heightened 
sensitivity to light and sound, headache, and problems with concentration 
and orientation. Increases in blood pressure and pulse are often observed. 
In addition, most have a decreased appetite and an abnormal sleep architec
ture which, at the extreme, is manifest as complete insomnia. 

It has been well documented that there is a temporal relationship be
tween the cessation of drinking and the emergence of withdrawal symptoms 
(VICTOR and ADAMS 1953; ISBELL et al. 1955; SELLERS and KALANT 1976; 
VICTOR 1990). A W symptomatology first begins to appear between 6 and 8 h 
after the cessation of drinking (MENDELSON and LADou 1963), often prior to 
the blood alcohol level reaching zero. The symptoms intensify and then 
diminish over the next 24-48 h. During more serious A W there are more 
significant visual and auditory disturbances that take the form of transient 
visual hallucinations (e.g., faces, bugs) as well as auditory hallucinations 
(e.g., voices). The auditory hallucinations seem to be less elaborate than 
those found in psychotic disorders, in that patients describe these as less 
recognizable, shorter, perhaps more focused, and less bizarre. The most 
intense and serious syndrome, which is characterized by increased agitation 
and tremulousness, autonomic instability, hyperpyrexia, persistent visual 
and auditory hallucinations, and disorientation, has been labeled delirium 
tremens (DT). Should this occur, as it does in approximately 5% of alcoholics 
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in withdrawal, it usually becomes manifest between 48 and 96 h after the 
cessation of drinking (SELLERS and KALLANT 1976; VICTOR 1990). DT is more 
often manifest in medical settings since other organ pathology such as 
pancreatitis, pneumonia, and hepatitis may predispose an individual to 
develop this more severe form of AWS (THOMPSON 1975). When death is 
directly attributable to A W it generally occurs in patients with DT. Deaths 
due to DT have been greatly decreased in recent years secondary to early 
recognition and aggressive medical and pharmacologic management. There
fore, patients that have signs and symptoms suggestive of the development 
of DT need emergency intensive medical care. This includes hydration, 
correction of electrolyte and metabolic disturbances, and aggressive phar
macologic management. 

Recognition of DT in the medically or neurologically compromised 
patient poses a challenge to the clinician. Patients in trauma and burn units, 
where there are high rates of alcohol abuse and dependence, run the greatest 
risk of a serious A WS. Unfortunately, these patients are the very same ones 
that may be unable or unwilling to provide adequate and valid information 
regarding alcohol ingestion. Use of admission blood alcohol measurement, 
laboratory markers of chronic abusive drinking, collateral reports, and 
structured questionnaires may aid in the identification of chronic, heavy 
alcohol use in these patients. 

Another major complication of A W is seizures. Although it is estimated 
that seizures occur in up to 25% of all alcoholics in withdrawal (CHAN 1985), 
a more accurate estimate is probably between 5% and 15% (VICTOR and 
BRAUSCH 1967; HILLBROM and HJELM-JAGER 1983). Several studies have 
suggested that nearly half of all patients presenting to an emergency room 
for treatment of a seizure have a history of alcohol abuse (EARNEST and 
YARNELL 1976; HILLBOM 1980). Data from numerous animal studies and 
clinical information strongly suggest that increasing levels of alcohol intake 
increase the risk of seizures (NG et al. 1988). The relative risk of seizures 
rose from 3-fold at intakes of 51-100 g ethanol/day, to 8-fold at intakes of 
101-200g ethanol/day, and to almost 20-fold when the intake of ethanol per 
day was greater than 200 g. These data suggest that the abrupt cessation 
of drinking following chronic ingestion of large quantities of alcohol is 
sufficient to cause seizures independent of any other predisposing factors. It 
is also clear that individuals who have other risk factors for the development 
of seizures, such as idiopathic epilepsy, head trauma, or metabolic distur
bances, or who are ingesting drugs that lower the seizure threshold are at 
even greater risk for A WS. It has been suggested that alcoholics with frontal 
cortical atrophy are at higher risk for the development of seizures and that 
the elderly in particular may develop seizures during a relative decrease in 
alcohol intake because of cortical atrophic changes related to the aging 
process (AVDALOFF 1979). 

Though seizures in the context of A W usually occur within the first 24 h 
after the cessation of alcohol intake, they can occur up to 5 days later 
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(VICTOR and BRAUSCH 1967; VICTOR 1990). Alcohol withdrawal seizures are 
most often grand mal in type except where there has been a previous focal 
neurological insult, such as trauma, in which case focal seizures may be 
observed. Generally, there will be one or a few seizures over several hours. 
The electroencephalogram will be normal except in close temporal proximity 
to the seizure and most of the time the seizures will occur prior to the onset 
of DT. Although in the majority of patients the syndrome will not progress 
to DT, in a significant number [up to one-third in one study (VICTOR 1990)] 
the syndrome will progress in this manner. Experience suggests that, when 
seizures occur in an alcoholic more than 1 week after cessation of drinking, 
one should be suspicious of other etiologic factors such as metabolic dis
turbances, head trauma, sedative-hypnotic dependence, or the iatrogenic 
use of medications that might lower the seizure threshold (such as 
phenothiazines, tricyclic antidepressants, xanthine derivatives). A discussion 
of the prevention and treatment of alcohol withdrawal seizures will be 
presented later in this chapter. 

II. Drinking Variables Related to the Alcohol Withdrawal Syndrome 

Efforts to use clinical or historical data to predict the severity of the A WS 
have met with some success, though the predictive validity of these measures 
is not adequate for clinical decision making. For example, a blood alcohol 
concentration (BAC) measured on admission was shown to be positively but 
weakly correlated (r = 0.26) with the severity of withdrawal symptoms 
over the first 48 h (VINSON and MENEZES 1991). Additionally, it has been 
reported that withdrawal symptoms correlated with the amount of alcohol 
ingested in the 7 days prior to admission (r = 0.58) and that both total 
amount of alcohol consumed (r = 0.56) ,md the number of days drinking (r 
= 0.42) in the 4 weeks prior to admission correlated with A W symptoms 
(HERSHON 1977). Finally, there is a suggestion that longer duration of 
problem drinking, greater alcohol consumption during the month prior to 
admission, and a higher BAC at the time of admission discriminated a group 
of patients who needed pharmacologic treatment of their A W symptoms 
from patients who did not require such treatment (BENZER 1990). These 
findings, though of limited clinical utility, highlight the potential value in this 
approach. Perhaps with better predictors variables (e.g., laboratory tests), 
more valid reports of recent and lifetime alcohol use and through the ap
plication of multivariate statistics this approach may ultimately be clinically 
useful. 

The issue of A W in the elderly needs more study, especially as the 
number of older people in our population increases. There is some evidence 
that older alcoholics (greater than age 58 years) have more severe with
drawal symptoms. Though this may be partially attributed to cumulative 
years of problem drinking, it also appears to be directly related to age 
(LISKOW et al. 1989). In that study it was observed that the relationship 



Pharmacotherapy and Pathophysiology of Alcohol Withdrawal 319 

between the amount of alcohol consumed in the 30 days prior to admission 
and the severity of withdrawal symptoms was present only in the older age 
group (as above) and that older patients needed more chlordiazepoxide to 
treat these symptoms. More information is needed to draw firm conclusions 
concerning the phenomenology and treatment of A W in the elderly. 

III. Protracted Alcohol Withdrawal 

Although there have been a number of anecdotal reports and case studies 
that have alluded to an extended period of physiologic and psychologic 
dysregulation that occurs in alcoholics after the initiation of abstinence, 
there have been few systematic studies of this issue. The nature of this 
phenomenon, therefore, remains ill defined. There is clear clinical evidence, 
however, of a very high rate of relapse in patients during the first few 
months following detoxification, which is followed by a gradual decline over 
the next 6-12 months. This pattern of relapse is consistent with the notion 
that a protracted abstinence syndrome exists and is most prominent during 
the early months following detoxification. 

In some elegant basic studies, BEGLEITER and PORJESZ (1979) found that 
rodents and monkeys given alcohol over prolonged periods of time showed 
an increase in brain neuronal "excitability" that persisted after the cessation 
of alcohol exposure. When rechallenged with alcohol, these animals showed 
a greater neuronal response than animals who had not been previously 
exposed to chronic alcohol. GILLIN et al. (1990) showed that alcoholics 
who had been abstinent for 17 days showed abnormalities in electroencepha
lographic (EEG) sleep recordings (GILLIN et al. 1990). These patients 
exhibited difficulty falling asleep, less overall sleep, and poor sleep efficiency 
and had reduced rapid eye movement (REM), stage 2, stage 4, and delta 
sleep when compared to age-matched, nonalcoholic controls. For at least 
some chronic alcoholics, disturbances in sleep may persist for months to 
years after the initiation of abstinence (ADAMSON and BURDICK 1973). 

In a very recent study, positron emission tomography (PET) scans were 
done on recently abstinent (6-32 days) chronic alcoholics and healthy 
controls (VOLKOW et al. 1992). These investigators found that alcoholics had 
lower overall brain metabolic rates which were correlated with the time 
since alcohol discontinuation. Some patients who were studied 2-3 weeks 
after alcohol cessation appeared to have lower brain metabolism than the 
average control patient. Interestingly, this temporal period overlaps with the 
timing of those abnormalities in EEG sleep recordings described by GILLIN 
et al. (1990). Taken together, these studies strongly suggest that at least 3-4 
weeks may be needed to normalize brain function after abrupt cessation of 
chronic alcohol consumption and that this high vulnerability period for 
relapse may have a significant biologic substrate. 

Behavioral correlates of brain dysregulation also deserve more extensive 
study. However, the data that exist suggest that symptoms related to "brain 
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hyperexcitability," such as fatigability, inner tension, insomnia, and somatic 
pain, may persist up to 5 weeks after the cessation of drinking (ALLING et al. 
1982) and that some aspects of mood also continue to improve during the 
first 7 weeks of sobriety (BOKSTROM et al. 1989). 

One of the greatest challenges in the treatment of alcoholics is to. dis
tinguish between protracted A W symptoms and those psychiatric symptoms 
that warrant specific therapeutic intervention. The signs and symptoms of 
schizophrenia and mania are well circumscribed and historical information 
lends support to the diagnoses. It is in the area of depressive and anxiety 
disturbances that greater difficulty exists. As many of these symptoms 
overlap with those of A W (including protracted withdrawal), it is particularly 
difficult to distinguish their etiology. 

It is heuristically appealing to assume that in fact there may be a large 
gray area of symptomatology that would better fit a stress diathesis or 
vulnerability model. Patients with a genetic or biologic vulnerability to 
experience mood or anxiety disorders may actually experience various 
symptoms of these disorders during alcohol withdrawal in a more intense 
fashion, and for a longer period, after the cessation of drinking. Since 
dysphoria, and tension (anxiety), may predispose to alcoholic relapse, 
the identification and treatment of these symptoms may reduce the risks 
in particularly vulnerable individuals. However, recent attempts to treat 
depressive and anxiety syndromes in the immediate detoxification period 
with targeted pharmacologic agents have met with mixed results (DORUS 
et al. 1989; MALCOLM et al. 1992; TOLLEFSON et al. 1990; MASON and KOSCIS 
1991; KRANZLER and MEYER 1989; KRANZLER and ORROK 1989). 

IV. Psychiatric Comorbidity and Alcohol Withdrawal 

Much has been written about the relationship of depressive symptomatology 
and A W. Good empirical evidence (SCHUCKIT 1983; DORUS et al. 1989; 
WILLENBRING 1986) indicates that symptoms of depression are largely a 
manifestation of A W that is time-limited. It is thought that most depressive 
symptoms will abate by 10-14 days after the last drink. Treatment for a 
major depressive syndrome should be withheld until enough time has elapsed 
to rule out the possibility of spontaneous recovery during alcohol detoxifi
cation. Theoretically, though to our knowledge unstudied, patients with 
bipolar affective illness who present with depression during detoxification 
would be less likely to recover spontaneously and may need more aggressive 
pharmacologic management of their depressive symptoms. On the other 
hand, bipolar alcoholic patients who present with manic symptoms pose 
a particular diagnostic and therapeutic challenge. Presenting as they do 
with marked agitation, insomnia, possible disorientation, and psychotic 
symptoms, these patients generally need simultaneous treatment for both 
A Wand mania. As we will discuss later in this chapter, carbamazepine may 
be the treatment of choice for these individuals. 
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There is also a high prevalence of anxiety disorders in alcoholics 
(REIGER et al. 1990; KUSHNER et al. 1990). It has been suggested that the 
pathophysiology and symptomatology of A Wand panic disorder are very 
similar and that repeated episodes of A W may sensitize (i.e., "kindle") an 
individual to develop panic-like symptoms during both recovery and relapse 
(GEORGE et al. 1990). This hypothesis, though as yet unsupported empirically, 
would suggest that A W symptomatology might best be treated aggressively 
in those individuals with a previous history of panic attacks or, possibly, a 
family history of panic disorder. 

While considerable thought has been given to the impact of A W 
on psychiatric pathology, less study has been devoted to the impact of 
psychopathology on A W symptomatology. To our knowledge, data on the 
impact of depressive illness on A W have not been reported. However, those 
individuals that have had hallucinations as part of an A W syndrome, quite 
independent of DT, blackouts, or seizures, have more intense and persistent 
depressive symptoms and dysphoria after the detoxification period (HAYNE 
and LOUKS 1991). JOHNSTON et al. (1991) examined A W symptomatology in 
alcoholics with a comorbid diagnosis of generalized anxiety disorder. They 
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Fig. 1. Mean (± SEM) total CIWA-Ar scores for the dual-diagnosed (anxiety and 
alcohol) group (n = 17), shown as open squares (D), and alcohol-only group (n = 
16), shown as solid squares (.), on assessment days 0, 2, 7, 14, and 21. (From 
JOHNSTON et al. 1991) 
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found that the comorbid group exhibited higher levels of A W symptoms, 
which persisted over the course of the detoxification period (Fig. 1). These 
patients were also found to have higher levels of anxiety, which diminished 
to some degree during the course of A W, but remained elevated relative to 
the patients without comorbid anxiety disorders (THEVOS et al. 1991). The 
findings lend some support to the hypothesis that there may be a common 
pathophysiology between the anxiety disorders and the A WS and that these 
conditions may have an additive effect on symptomatology. Other more 
recent data suggest that alcoholics with social phobia may delay their pre
sentation for treatment (ANTON 1992), which may have implications for the 
severity of their withdrawal symptoms once they do seek detoxification. 
Further investigation of the relationship between psychopathology and 
symptomatology is warranted, given the clinical implications of these findings. 

C. Pathophysiology of Alcohol Dependence 
and Withdrawal 
This section will provide a general overview of neurochemical changes 
related to the symptoms of the A WS and which, thus, represent potential 
targets for pharmacotherapy. 

I. GAB A-A Receptor System 

Ethanol shares a similar pharmacologic profile with benzodiazepines (BDZs) 
and barbiturates. Following chronic exposure, both cross-tolerance and 
cross-dependence have been demonstrated to exist among these compounds 
(e.g., CHAN et al. 1986, 1988; KALANT et al. 1971; LE et al. 1986). In addi
tion, all three classes of drugs have been shown to facilitate the inhibitory 
effects of gamma-amino butyric acid (GABA) neurotransmission (e.g., Yu 
and Ho 1990). Thus, it is not surprising that drugs which elevate GABA 
activity are most effective in alleviating symptoms of the A WS. Indeed, 
BDZs are currently the drugs of choice in treating AW (CASTANEDA and 
CUSHMAN 1989; SCHUCKIT 1989). 

While enhancement of GAB A-mediated neurotransmission has been 
demonstrated following acute treatment with ethanol, chronic exposure to 
ethanol has been shown to result in a functional downregulation or desensi
tization of GABA activity (for reviews, see HUNT 1983; KULONEN 1983; 
TICKU 1989; TICKU and KULKARNI 1988; TICKU et al. 1992). Reduced activity 
of GABA, the major inhibitory neurotransmitter in the brain, is thought to 
underlie, at least in part, the state of CNS hyperexcitability associated with 
AW (ALLAN and HARRIS 1987a; FRYE 1990). Support for this idea comes from 
animal and clinical studies demonstrating that manipulation of the GABA 
system reliably influences the ethanol withdrawal response. That is, drugs 
with an intrinsic positive modulatory effect at the GABA/benzodiazepine/ 
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chloride (GABA/BDZ/CI) channel complex (e.g., GABA agonists, BDZ 
agonists, barbiturates, as well as ethanol) facilitate GAB A-mediated CI
conductance, possess anxiolytic and anticonvulsant activity, and are effective 
in ameliorating A W symptomology (AARONSON et al. 1984; COOPER et al. 
1979; FADDA et al. 1985; FRYE et al. 1983, 1986; GOLDSTEIN 1973; KRAMP and 
RAFAELSON 1978; NOBLE et al. 1976; SELLERS and KALANT 1976). Conversely, 
drugs with intrinsic negative modulatory action at the GABA/BDZ/CI
channel receptor complex (e.g., GAB A antagonists, BDZ inverse agonists, 
Cl-channel blockers) inhibit GAB A-operated Cl-conductance, exhibit an 
anxiogenic and (pro )convulsant profile, and exacerbate the severity of the 
ethanol withdrawal response (BECKER and ANTON 1989; GOLDSTEIN 1973; 
LISTER and KARANIAN 1987). 

A third class of agents that bind to the BDZ site are relatively devoid of 
intrinsic activity, and, hence, are behaviorally inert. These BDZ antagonists 
(e.g., flumazenil) are capable of antagonizing the effects of BDZ agonists 
and inverse agonists. Flumazenil has been found to be ineffective against 
ethanol withdrawal seizures (ADINOFF et al. 1986; LITTLE et al. 1985), but is 
efficacious in attenuating the anxiety component of the withdrawal syndrome 
(FILE et al. 1989). 

While these above studies may be taken as indirect support for GAB A 
involvement in A W, the mechanism underlying a purported decrease in 
functional GABA activity is unclear at present (FRYE 1990). Chronic treat
ment with ethanol has not been shown to consistently influence the binding 
properties of the various domains of the GABA/BDZ/CI channel complex 
(e.g., see BUCK and HARRIS 1990; FRYE 1990; TICKU 1989). Similarly, 
prolonged ethanol treatment does not apparently alter presynaptic GABA 
activity (FRYE 1990; HUNT 1983). GABA levels in plasma, CSF, and post
mortem bran tissue from alcoholics have varied relative to controls (COFFMAN 
and PErry 1985; FREUND and BALLINGER 1988; GOLDMAN et al. 1981; PETTY 
1992; Roy et al. 1990; TRAN et al. 1981). Chronic ethanol exposure has been 
shown to alter mRNA for various subunits of the GABA/BDZ/CI channel 
complex (e.g., MONTPIED et al. 1991; MORROW et al. 1990; TICKU et al. 
1992), but the functional significance of these changes is unknown. One 
of the most consistent findings is that the ethanol-induced enhancement 
of GABA-stimulated Cl-flux is diminished in brain tissue from animals 
chronically exposed to ethanol (ALLAN and HARRIS 1987b; MORROW et al. 
1988). However, contrary to what might be expected, most studies have 
demonstrated no alteration in GABA-stimulated Cl-flux following chronic 
ethanol exposure (ALLAN and HARRIS 1987b; BUCK and HARRIS 1990; FRYE 
et al. 1991). This has led to the suggestion that chronic ethanol treatment 
may modify coupling of the chloride channel to the various binding domains 
of the receptor complex (ALLAN and HARRIS 1987b; BUCK and HARRIS 1990). 

Support for this notion comes from a study demonstrating that chronic 
exposure to ethanol reduced the ability of a BDZ agonist to augment 
muscimol-stimulated Cl-uptake, but enhanced the action of BDZ inverse 
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agonists to inhibit GABA-operated Cl-channels in mouse cortical micro sacs 
(BUCK and HARRIS 1990). Further, decreased sensitivity to BDZ agonists 
(e.g., CHAN et al. 1988; CRISWELL and BREESE 1989; Woo and GREENBLATI 
1979) and enhanced sensitivity to BDZ inverse agonists and Cl-channel 
blockers (BECKER and ANTON 1989; LISTER and KARANIAN 1987; MEHTA and 
TICKU 1989; TICKU et al. 1992) have been observed following prolonged 
ethanol exposure. These studies suggest that chronic ethanol exposure results 
in reduced coupling between BDZ agonist sites and the Cl-channel along 
with enhanced coupling between BDZ inverse agonist sites and the CI
channel. This combined effect may be involved in the development of 
ethanol dependence, as well as contributing to the anxiety and seizure 
susceptibility associated with the A WS (BUCK and HARRIS 1990). 

The increased sensitivity to BDZ inverse agonists following chronic 
ethanol is interesting in that many of the symptoms of the A WS (e.g., 
increased anxiety, reduced seizure threshold) are similar to those produced 
by compounds such as the BDZ inverse agonists and Cl-channel blockers 
(e.g., DORROW et al. 1983; MICZEK and WEERTS 1987). In fact, in a drug 
discrimination paradigm, animals have been shown to generalize the sub
jective effects (interoceptive cues) of A W to systemic administration of the 
CI channel blocker pentylenetetrazol (IDEMUDIA et al. 1989; LAL et al. 
1988). The possibility that enhanced sensitivity to BDZ inverse agonists 
plays a role in ethanol dependence and symptoms associated with the with
drawal syndrome supports the suggested existence of endogenous BDZ 
ligands with inverse agonist properties. Indeed, a number of putative 
endogenous BDZ receptor ligands with inverse agonist activity have been 
isolated, including diazepam-binding inhibitor (GUIDOTII et al. 1983), 
octadecaneuropeptide (FERRERO et al. 1986), and ethyl-b-carboline-3-
carboxylate (PENA et al. 1986). In addition, plasma levels of one such com
pound (norharman) have been reported to be elevated in chronic alcoholics 
relative to controls (ROMMELSPACHER et al. 1991). Additional research is 
necessary to determine whether these substances are produced in physiologi
cally relevant concentrations, as well as to determine what, if any, role they 
play in ethanol dependence and withdrawal. 

Furthermore, while the reduction in sensitivity to a BDZ agonist was 
transitory (normalizing within 24h after the cessation of alcohol intake), 
augmented sensitivity to BDZ inverse agonists was more durable, lasting for 
up to 8 days following withdrawal from chronic ethanol in mice (BUCK and 
HARRIS 1990). Thus, this biochemical event may be involved in protracted 
withdrawal, the propensity to relapse, and withdrawal kindling. In this light, 
it is interesting that Ticku and his colleagues (MHATRE et al. 1988; MHATRE 
and TICKU 1989; TICKU et al. 1992) reported that chronic ethanol exposure 
resulted in an up regulation in BDZ inverse agonist-binding sites during 
withdrawal. In contrast, the binding of BDZ agonists, BDZ antagonists, and 
ligands that bind to a channel (picrotoxin) site have typically been found to 
be unaltered following similar treatment. Hence, it may be that during 
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repeated episodes of AW, repeated up regulation of BDZ inverse agonist
binding sites (and/or Cl-channel coupling), along with enhanced sensitivity 
to the anxiogenic and (pro )convulsant properties of BDZ inverse agonists, 
results in an increased propensity to subsequent withdrawal occurrences. 

These studies may have important and practical clinical relevance. For 
example, tolerance to the anticonvulsant properties of BDZ (e.g., SCHNEIDER 
and STEPHENS 1988), along with decreased sensitivity that may result from 
ethanol withdrawal "kindling," may compromise the usefulness of these 
drugs in treatment of A W. In this regard, it is interesting that in one study 
a large proportion of patients presenting with seizures during A W had 
received BDZ treatment during previous withdrawal episodes and many 
were receiving BDZ for A W at the time of the index seizure (BROWN et al. 
1988). 

II. NMDA Receptor System 

Glutamate is the major excitatory amino acid neurotransmitter in the brain 
and recent studies have demonstrated an interaction between ethanol and 
the NMDA (N-methyl-D-aspartate) receptor system (DANIELL 1992; see 
Chap. 4, by Hoffman, this volume). While acute treatment with ethanol has 
been shown to have an inhibitory effect on NMDA-mediated neurotransmis
sion, there is some evidence to suggest that chronic ethanol exposure may 
result in a compensatory upregulation of the NMDA receptor complex. For 
instance, radioligand binding studies have demonstrated an increase in the 
number of NMDA receptor-linked channels, as measured by [3H]MK-801 
binding, in several brain regions following chronic ethanol treatment (GRANT 
et al. 1990). Moreover, while binding returned to control levels within 24 h 
following withdrawal, the increase in eH]MK-801 binding in hippocampus 
was found to mirror the time course of ethanol withdrawal-related seizures 
(GULYA et al. 1991). In addition, both competitive (LILJEQUIST 1991) and 
noncompetitive (GRANT et al. 1990, 1992; MORRISETT et al. 1990) NMDA 
receptor antagonists have been shown to reduce the severity of A W seizures. 
Conversely, administration of NMD A during A W increased the severity of 
withdrawal-related seizures (GRANT et al. 1990). Further, mice selectively 
bred to be prone to A W seizures evidenced a greater number of hippocampal 
NMDA receptors both prior to and following chronic ethanol treatment in 
comparison to mice that were selectively bred for resistance to A W seizures 
(VALVERIUS et al. 1990). Collectively, these studies suggest that the compen
satory upregulation in NMDA receptor density induced by chronic ethanol 
exposure contributes, at least in part, to the observed increase in seizure 
susceptibility during A W. 

It is also of interest that electrolyte imbalance is common in the 
alcoholic, insofar as a number of cations influence NMDA receptor func
tion. For example, zinc acts as a noncompetitive NMDA antagonist (PETERS 
et al. 1987). Mice prone to withdrawal seizures were found to have lower 
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hippocampal levels of zinc compared to the withdrawal seizure resistant line 
of mice (FELLER et al. 1991). Similarly, magnesium ions are known to block 
the NMDA-gated cation channel in a concentration-dependent fashion 
(NOWAK et al. 1984). Hypomagnesemia is relatively common in alcoholics, is 
exacerbated during withdrawal, and may be associated with risk of seizure 
development (WOLFE and VICTOR 1969). In addition, an inverse relationship 
exists between the severity of withdrawal symptoms and the level of circu
lating magnesium in alcoholics (FLINK 1986). Thus, vitamin and nutritional 
supplementation during detoxification may be important, particularly given 
the influence of cations such as magnesium on NMDA receptor function. 

In summary, a compensatory up regulation of the NMDA receptor 
complex following chronic ethanol exposure may represent an important 
neuroadaptive response that contributes to increased seizure susceptibility 
during withdrawal. NMDA receptors are also involved in long-term poten
tiation (COLLINGRIDGE and BLIss 1987), a process not only critical for 
learning and memory, but essential for the development of kindling 
(McNAMARA et al. 1988; VEZZANI et al. 1988; YEH et al. 1989). Moreover, 
given the excitotoxic effects of NMDA overactivity (ROTHMAN and OLNEY 
1990), repeated increases in NMDA receptor function that accompany 
episodes of withdrawal may result in cell death in corticolimbic structures, 
and thus contribute to alcohol-related dementia. While we know of no 
reports of NMDA antagonists used clinically for treatment of ethanol with
drawal, preclinical studies have demonstrated MK-801 (dizocilpine) to be an 
effective antiepileptic agent (McNAMARA et al. 1988; SATO et al. 1988; 
WILLIAMSON and LOTHMAN 1989). However, this and other related com
pounds have a number of motor and psychotogenic side effects that may 
preclude their clinical application. Recent preclinical studies have indicated 
that some NMDA receptor antagonists may be effective in ameliorating A W 
symptoms (particularly tremor and seizures) with a relatively high therapeutic 
index and minimal side effects compared to dizocilpine (GRANT et al. 1992; 
LILJEQUIST 1991). Whether such drugs can be used for preventing the 
development of kindling and/or cognitive dysfunction in alcoholics remains 
to be determined. 

III. Voltage-Operated Calcium Channels 

In addition to neuroadaptive changes in receptor-gated ion channel function, 
chronic ethanol exposure has also been demonstrated to evoke alterations in 
a number of voltage-dependent ion channels (ANANTHARAM and TREISTMAN 
1992; Chap. 3, this volume). The effects of chronic ethanol on voltage-gated 
calcium channels have been studied in the greatest detail (GREENBERG and 
CHAN 1992; HAWTHORN 1992; LESLIE et al. 1990). Indeed, voltage-operated 
calcium channels play an important role in neuronal excitability (GREENBERG 
1987), and it has been suggested that CNS hyperexcitability during ethanol 
withdrawal may represent, at least in part, the manifestations of a com-
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pensatory upregulation in neuronal calcium channel activity (GREENBERG et 
al. 1990; LITTLETON 1990). More specifically, enhanced neuronal excitability, 
presumably related to an increase in the number of L-type calcium channels, 
is thought to represent a neuroadaptive response to prolonged ethanol 
exposure that is only revealed when the drug is abruptly removed (LITTLETON 
1989). 

Support for this notion comes from a number of studies using cell culture 
systems, as well as the intact animal. For example, while acute exposure to 
ethanol produced a concentration-dependent decrease in depolarization
induced calcium uptake in cultured PC12 (rat neural crest-derived pheo
chromocytoma) cells, chronic ethanol exposure resulted in a reciprocal 
increase in calcium uptake (GREENBERG et al. 1987; MESSING et al. 1986). 
The most potent calcium channel antagonists are the 1,4-dihydropyridines 
(DHPs). These drugs selectively bind with high affinity to the L-type calcium 
channels and radioligand binding studies indicated an increase in the number 
of DHP-sensitive binding sites following prolonged ethanol exposure 
(MESSING et al. 1986). Similar results have been obtained in studies with 
cultured bovine adrenal chromaffin cells (BRENNAN et al. 1989; HARPER and 
LITTLETON 1987). Recently, it has been suggested that second messenger 
systems playa role in mediating the upregulation of L-type calcium channels 
induced by chronic ethanol exposure (BRENNAN and LITTLETON 1990; 
MESSING et al. 1990). The time course of this increase in DHP-sensitive 
binding sites was similar in each of the cultured cell types, with the maximal 
effect reached after about 6 days of growth in ethanol-containing medium. 
Further, the enhanced uptake of calcium "normalized" within 16 h after 
removal of ethanol from the culture medium (MESSING et al. 1986), which is 
the time period during which withdrawal symptoms are typically most intense. 

Similarly, an increase in the number of DHP-sensitive calcium channels 
has been demonstrated in brain tissue from ethanol-dependent rats (DOLIN 
et al. 1987; Guppy and LITTLETON 1987). Moreover, the increase in brain 
DHP-binding sites was reported to be more than threefold greater in selec
tively bred withdrawal seizure-prone mice in comparison to those selectively 
bred for withdrawal seizure resistance (BRENNAN et al. 1990). 

In some cases, however, chronic ethanol exposure has not been found to 
alter the number and/or function of DHP-sensitive channels. For example, 
in a synaptosomal preparation derived from the striatum of rats chronically 
fed an ethanol-containing diet, tolerance to the inhibitory effects of acute 
ethanol on depolarization-induced calcium uptake was demonstrated in the 
absence of an increase in the density of L-type calcium channels (WOODWARD 
et al. 1990). In contrast, while chronic ethanol exposure does not result in 
tolerance to the inhibitory effects of acute ethanol on calcium uptake in 
PC12 cells, an increase in the number of L-type channels was associated 
with an enhancement of potassium-stimulated calcium uptake (GREENBERG 
et al. 1987; MESSING et al. 1986). Studies with cultured chromaffin cells have 
demonstrated an enhancement of catecholamine release corresponding to 



328 R.F. ANTON and H.C. BECKER 

the upregulation in DHP-sensitive calcium channels (HARPER and LI1TLETON 
1987; LYNCH and LITILETON 1983). These secondary effects downstream 
from altered calcium channel activity may, in turn, underlie a variety of 
symptoms (autonomic and epileptogenic) of the withdrawal syndrome. 
Thus, while the discrepant results mentioned above are most likely due to 
differences in the assay conditions for calcium uptake, level of ethanol 
exposure, and cell preparation, the functional significance of these calcium 
channel changes remains to be determined. 

Perhaps the strongest evidence in support of chronic ethanol-induced 
neuroadaptation of voltage-dependent calcium channels comes from studies 
examining the effects of DHP-sensitive calcium channel antagonists on 
ethanol withdrawal. In fact, a number of DHP calcium channel antagonists 
(e. g., nitrendipine, nimodipine, nifedipine) have been shown to attenuate 
ethanol withdrawal seizures (Little et al. 1986; LITILETON et al. 1990; 
PUCILOWSKI et al. 1989). This effect was stereoselective and was blocked 
by the calcium channel agonist BAY K 8644 (LITILETON et al. 1990). In 
addition, nitrendipine treatment was shown to prevent the development 
of ethanol dependence when administered chronically along with ethanol 
(WHITIINGTON and UTILE 1988). Although nitrendipine was not found to be 
efficacious in the treatment of ethanol withdrawal-related anxiety in rats 
(FILE et al. 1989), these studies suggest that calcium channel antagonists 
may be clinically useful in the prevention and/or treatment of withdrawal 
seizures, and possibly autonomic hyperactivity. 

While clinical studies of the effectiveness of calcium channel antagonists 
in the treatment of ethanol withdrawal are few in number, positive results 
have been obtained from two European studies using nimodipine (NICKEL 
and SCHMICKALY 1988) and a non-DHP antagonist, caroverine (KOPPI et al. 
1987). Thus, although these drugs have a number of side effects (particularly 
cardiovascular), their utility in the treatment of A W remains to be more 
thoroughly evaluated. 

IV. Monoamine Systems 

Monoamines are involved in a number of ethanol actions, including the 
withdrawal syndrome (NuTI and GLUE 1986; Chap. 7, this volume). Indeed, 
a number of withdrawal symptoms reflect increased sympathetic activity, 
including hypertension, tachycardia, tremor, agitation, anxiety, and general 
heightened autonomic reactivity. This overactivity of brain and peripheral 
noradrenergic systems during withdrawal has been demonstrated by in
creased plasma and CSF levels of norepinephrine and its major metabolite 
3-methoxy-4-hydroxyphenylethyleneglycol (MHPG) following withdrawal 
from acute intoxication (BORG et al. 1981) and chronic ethanol exposure 
(HAWLEY et al. 1985; SMITH et al. 1990). The severity of withdrawal symptoms 
was found to be positively correlated with levels of plasma and CSF 
norepinephrine (HAWLEY et al. 1985; SMITH et al. 1990). Furthermore, the 
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level of sympathetic activity (plasma MHPG levels) was positively correlated 
with the number of years that patients experienced withdrawal symptoms, as 
well as the number of previous treatments for withdrawal (NuTI 1987). 
These results suggest that withdrawal symptoms related to heightened 
noradrenergic activity may be susceptible to a kindling process. 

There is also evidence that increased noradrenergic activity during 
withdrawal is due to reduced az-adrenoceptor auto receptor inhibition. More 
specifically, subsensitivity of az-adrenoceptors has been demonstrated by 
blunted physiologic (blood pressure and body temperature) and neuroendo
crine (growth hormone secretion) responses following clonidine challenge 
(GLUE et al. 1988; NUTI et al. 1988). While downregulation of platelet az
adrenoceptors has been found in one study (SMITH et al. 1990), another 
study found no change in density of az-adrenoceptors in platelets from 
alcoholic patients during withdrawal (NuTI et al. 1987). Some impairments 
of az-adrenoceptor function have been shown to persist during continued 
abstinence (GLUE et al. 1989). 

Given the number of withdrawal symptoms that are presumably reflective 
of autonomic hyperactivity, it is not surprising that several sympatholytic 
agents (p-adrenergic blockers and az-adrenoceptor agonists) have been used 
in the treatment of withdrawal. Indeed, the p-adrenergic blockers pro
pranolol and atenolol (CARLSSON and JOHANSSON 1971; KRAUS et al. 1985; 
ZILM 1975) and the az-adrenoceptor agonists clonidine and lofexidine 
(BAUMGARTNER and ROWEN 1987; BJORKQUIST 1975; CUSHMAN et al. 1985; 
MAN HEM et al. 1985; WALINDER et al. 1981; WILKINS et al. 1983) have been 
shown to be effective in ameliorating some withdrawal symptoms. However, 
these drugs may produce a number of potentially dangerous side effects and 
they lack anticonvulsant activity (BOGIN et al. 1987; ROBINSON et al. 1989; 
SELLERS et al. 1977). Further, while animal studies have yielded mixed 
results (HEMMINGSEN et al. 1984; PARALE and KULKARNI 1986), in one study 
clonidine was found to enhance A W symptoms in mice (BLUM et al. 1983). 
Thus, these drugs are of limited use in severe withdrawal where seizures and 
delirium tremens are likely to occur. 

There is also evidence for altered dopamine activity following chronic 
ethanol exposure. Preclinical studies have demonstrated both enhanced 
(ENGEL and LILJEQUIST 1976; GONZALEZ et al. 1988; LILJEQUIST 1978) and 
attenuated (HOFFMAN and TABAKOFF 1977; HUNT 1981; TABAKOFF et al. 
1978) dopamine receptor sensitivity during ethanol withdrawal. Two clinical 
studies have shown increased dopamine receptor sensitivity during the 
abstinence syndrome, as measured by apomorphine-induced growth hormone 
release (ANNUZIATO et al. 1983; BALLDIN et al. 1985). It has been suggested 
that hallucinations associated with severe withdrawal (particularly delirium 
tremens) may be reflective of dopaminergic dysfunction (GLUE and NUTI 
1990; NUTI and GLUE 1990). In fact, neuroieptics have been shown to 
be efficacious in treating psychotic-like symptoms of severe withdrawal 
(PALESTINE 1973; RITIER and DAVIDSON 1971). However, these drugs are not 
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recommended as the sole means of pharmacotherapy because they lack 
anticonvulsant activity and, in some cases, may lower seizure threshold 
(MCCUTCHEN 1990). 

V. Second Messenger Systems and Adenosine 

Second messenger systems play an important role in signal transduction 
processes following activation of certain neurotransmitter and hormone 
receptors. These receptor systems comprise at least three linked membrane 
components: the receptor (recognition site for neurotransmitter of hormone); 
adenyl ate cyclase (the enzyme involved in the production of cAMP); and Gs 
(a stimulatory guanine nucleotide regulatory protein that couples receptor 
activation with adenylate cyclase stimulation) (STRYER and BOURNE 1986). 
Both acute and chronic ethanol exposure have been shown to influence 
these G protein-coupled receptor systems. For example, acute ethanol 
enhances receptor-stimulated cAMP production in cultured neural (GORDON 
et al. 1986) and lymphoma (BODE and MOLINOFF 1988) cells, as well as in 
cortical brain tissue (SAITO et al. 1987; VALVERIUS et al. 1987). Conversely, 
chronic ethanol exposure has been shown to decrease receptor-dependent 
cAMP levels in these systems. Moreover, lymphocytes from alcoholic patients 
were found to exhibit a fourfold decrease in basal and adenosine (A2) 

receptor-stimulated cAMP levels in comparison to normal controls and 
patients with nonalcoholic liver disease (DIAMOND et al. 1987; NAGY et al. 
1988). Similarly, platelets from alcoholics were more resistant to prosta
glandin El (PGE1) receptor-stimulated cAMP production in comparison to 
controls (TABAKOFF et al. 1988). These latter findings suggest that this 
measure (receptor-stimulated cAMP production) may be useful as a marker 
for alcoholism. 

Since chronic ethanol decreases cAMP production following activa
tion of adenosine (A2) receptors (GORDON et al. 1986), PGE1 receptors 
(RICHELSON 1986), and p-adrenergic receptors (SAITO et al. 1987; VALVERIUS 
et al. 1987), it has been suggested that this effect is due to heterologous 
desensitization of receptors coupled to Gs protein (DIAMOND et al. 1990; 
MOCHLy-RoSEN et al. 1988). Further, studies have demonstrated that the 
reduced cAMP production following chronic ethanol exposure results from 
altered Gs protein synthesis and function. More specifically, decreased 
receptor-stimulated cAMP production in chronic ethanol-exposed cultured 
cells (neuroblastoma X glioma hybrid cells) was found to be accompanied 
by a 30% decrease in the amount of mRNA for the a-subunit of Gs, a 39% 
reduction in the amount of the Gs a-subunit protein, and a 29% decrease in 
the functional activity of the a-subunit of Gs (DIAMOND et al. 1990; MOCHLY
ROSEN et al. 1988). 

It is interesting that recovery of normal adenosine receptor-stimulated 
cAMP production occurs 48 h after ethanol is withdrawn from the culture 
medium. This time course corresponds to the period of most severe A W 
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symptoms. Adenosine is an inhibitory neuromodulator with sedative and 
anticonvulsant properties. Hence, it has been suggested that desensitization 
of adenosine receptors (particularly the A2 sUbtype which is linked to Gs) 
may underlie the hyperexcitability and lowered seizure threshold associated 
with the A WS (DIAMOND et al. 1990). 

VI. Summary 

It is clear that many neurochemical systems in the brain are perturbed by 
acute ethanol exposure. In addition, a number of neuroadaptive changes 
are set in motion in response to continued exposure to the drug. These 
compensatory changes typically serve to mitigate the effects of ethanol 
(tolerance), and, while not apparent in the presence of the drug, these 
changes and their behavioral manifestations are revealed upon abrupt with
drawal of ethanol. Hence, the neurochemical events observed during 
the withdrawal state are taken as indices of neuroadaption in response to 
chronic exposure to ethanol. The extent to which these changes reflect the 
processes underlying the development of dependence (as opposed to being 
expressed secondary to the withdrawal reaction) remains a difficult issue 
to resolve. Nevertheless, as outlined above, elucidation of neurochemical 
changes during withdrawal from chronic ethanol exposure has greatly 
enhanced our knowledge of the biologic basis of the various facets of the 
withdrawal syndrome and, importantly, continues to guide the development 
of new and more efficacious medications. 

A summary of the prominent changes in neurochemistry observed 
during ethanol withdrawal, along with their possible correspondence to 
specific withdrawal symptoms, is presented in Table 1. In addition, as noted 
by others (e.g., GLUE and NUTI 1990; NUTI and GLUE 1990), there are 
numerous interactions among these neurochemical systems that almost 
certainly contribute to the A WS. For example, increased intracellular 

Table 1. Summary of neurochemical disturbances following chronic ethanol exposure, 
their possible relationship to withdrawal symptoms, and corresponding appropriate 
pharmacotherapy 

Neurotransmitter 
disturbances 

! GAB A 

i NMDA 
i Calcium channels 
i Norepinephrine 

i Dopamine 

Withdrawal 
symptoms 

Anxiety, seizures 

Seizures 
Seizures 
Anxiety, autonomic 

hyperactivity 

Hallucinations, 
delirium tremens 

Appropriate 
pharmacotherapy 

GABA agonists, 
benzodiazepines, barbiturates 

NMDA receptor antagonists 
Calcium channel antagonists 
Sympatholytics: p-adrenergic 

blockers, a2-adrenoceptor 
agonists 

Neuroleptics 
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calcium concentrations that result from NMDA receptor activation have 
been shown to inhibit GAB A activity (STELTZER et al. 1987). Conversely, 
reduced GABA neurotransmission may enhance NMDA receptor activity 
(e.g., HERRON et al. 1985). Thus, enhanced NMDA function and depressed 
GABA activity may complement and facilitate one another during A W, 
resulting in an overall hyperexcitable state. Increased neuronal excitability 
(depolarization) due to NMDA receptor-stimulated calcium influx may 
also activate voltage-dependent calcium channels (HOFFMAN and TABAKOFF 
1991). Further, there is evidence to suggest that both reduced GABA 
activity and enhanced NMDA receptor function may result in noradrenergic 
and dopamine overactivity (ARANEDA and BUSTOS 1989; LALIES et al. 1988). 
Augmented noradrenergic activity may, in turn, stimulate the hypothalamic
pituitary-adrenal axis through activation of corticotropin-releasing factor 
(CRF) (ALONSO et al. 1986; KITAZAWA et al. 1987), a peptide found in the 
hypothalamus and other brain regions. In addition to stimulating pituitary 
adrenocorticotrophic hormone (ACTH) release, CRF has been shown to 
possess anxiogenic and pro convulsant properties (KOOB and BLOOM 1985; 
EHLERS et al. 1983; WEISS et al. 1986). Thus, the AWS appears to be the 
manifestation of numerous interactions among central neurochemical and 
neuroendocrine systems. 

D. Repeated Episodes of Alcohol Withdrawal: 
The "Kindling" Hypothesis 
The question of whether an episode of A W influences subsequent A W 
symptoms has received an increasing amount of attention in recent years. 
The issue is of clinical significance in that periodic interruptions in alcohol 
consumption occur commonly during the course of alcoholism (HILLBOM 
1990). While the amount of alcohol consumed and the duration of intoxi
cation prior to cessation represent important determinants of the severity of 
the withdrawal reaction, it has been suggested that the prior episodes of A W 
can sensitize an individual to subsequent episodes of withdrawal (GROSS et 
al. 1972). Indeed, early episodes of AWare typically characterized as being 
relatively mild. However, continued alcohol abuse results in a progressive 
increase in the severity of symptoms associated with additional subsequent 
episodes. 

BALLENGER and POST (1978) hypothesized that the progressive inten
sification of the withdrawal syndrome following repeated episodes of alcohol 
intoxication and withdrawal may represent the manifestations of a "kindling" 
mechanism. The term "kindling" was first introduced by GODDARD et al. 
(1969). It refers to the phenomenon wherein low-level electrical stimulation 
of discrete brain regions, which are initially insufficient to produce electro
graphic or overt behavioral effects, come to evoke major motor seizures 
upon repeated intermittent application. Extending this phenomenon to A W, 
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it was postulated that each episode of eNS hyperexcitability that normally 
accompanies A W (BEGLEITER and PLATZ 1972; MENDELSON 1971) may 
support the "kindling" process. This "kindling" process, then, may underlie 
the commonly observed progression of withdrawal symptoms, from rela
tively minor responses characteristic of early withdrawal episodes (e.g., 
irritability, tremors) to more severe symptoms associated with later with
drawal episodes (e.g., seizures, delerium tremens) (BALLENGER and POST 
1978). 

Several clinical reports have provided support for the "kindling" hypo
thesis of AW. For example, in a small study, patients with a history of 
prior dependence were found to exhibit a more severe withdrawal reaction 
following consumption of alcohol in comparison to a group without prior 
dependence (MENDELSON et al. 1969). More recently, BROWN et al. (1988) 
found that individuals who had experienced a seizure during A W were more 
likely to have undergone previous alcohol detoxification than individuals who 
did not have an A W seizure during the index episode (Fig. 2). LECHTENBERG 
and WORNER (1991) reported an increased risk of A W seizures associated 
with greater numbers of both "nondetoxification" and, more importantly, 
"detoxification" hospital admissions. This relationship appeared to be 
stronger for women than men. To our knowledge, this is one of the few 
observations that has suggested that women may have a different sensitivity 
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Fig. 2. Number of previous withdrawals (detoxifications) in the seizure and control 
groups. More alcoholics with withdrawal seizures had undergone five or more deto
xifications (l = 7.13, df = 2, p > 0.05). (From BROWN et al. 1988) 
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to A W. This suggests that the "telescoping" phenomenon described in 
women (PIAZZA et al. 1989), which refers to a quicker onset of alcohol
related medical problems such as liver pathology (FREZZA et al. 1990), may 
also be operable in the brain, leading to an accelerated "kindling" of A W. If 
validated, these findings would have significant theoretical and therapeutic 
implications. 

Although the body of clinical data supporting the "kindling" hypothesis 
is growing, many of the concurrent and intervening variables associated with 
the phenomenon cannot be adequately controlled in humans. The fact that 
there are animal models for the "kindling" phenomenon enhances the 
validity of the concept. Indeed, a number of studies have demonstrated 
an intensification of the withdrawal reaction in animals with prior A W 
experience. The potentiated withdrawal response has been measured as 
changes in motor activity, as well as increased incidence of spontaneous 
audiogenic- and chemoconvulsant-induced spontaneous seizures (BAKER and 
CANNON 1979; BRANCHEY et al. 1971; CLEMMESEN and HEMMINGSEN 1984; 
MAIER and POHORECKY 1989; OLSEN et al. 1992; WALKER and ZORNETZER 
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Fig. 3. Severity of withdrawal seizures as a function of treatment condition (C, 
control group; SW, single withdrawal group; MWx2, multiple withdrawal group (two 
cycles); MWx3, multiple withdrawal group (three cycles); SW-CONT, single with
drawal group after continuous ethanol exposure; N = 8/group - see text for details). 
Blood ethanol levels just prior to withdrawal testing were similar for all ethanol
exposed groups (135-155 mg/dl). *significantly differs from C and SW group (p < 
0.05); tsignificantly differs from C, SE, SW-CONT groups (p < 0.05) 
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1974). Recent reports have also indicated that some symptoms of the 
A WS (e.g., startle and seizure responsiveness) may be more susceptible to 
"kindling" than others (POHORECKY and ROBERTS 1991; ULRICHSEN et al. 
1992). 

BECKER and HALE (1992, 1993) recently developed a mouse model of 
A W that is sensitive to the effects of prior withdrawal experience. In this 
model, mice are continuously exposed to ethanol vapor for varying periods 
in inhalation chambers. As shown in Fig. 3, a positive relationship exists 
between the number of previous A W episodes and the severity of subse
quent withdrawal seizures. Moreover, this potentiated withdrawal response 
was observed even when the total amount of ethanol exposure was equated 
across groups. Importantly, the more severe withdrawal response exhibited 
by animals undergoing repeated episodes of withdrawal compared with mice 
that experienced withdrawal only once cannot be explained by differences in 
blood alcohol levels at the time of withdrawal or differences in the rate of 
ethanol elimination (BECKER 1994). 

The exacerbated behavioral symptoms observed in animals undergoing 
repeated episodes of withdrawal have been shown to be accompanied by 
progressively greater changes in EEG (POLDRUGO and SNEAD 1984; WALKER 
and ZORNETZER 1974), as well as alterations in local metabolic activity (i.e., 
glucose consumption) in cortical and limbic brain regions (CLEMMESEN et al. 
1988). Additionally, more severe cognitive/memory deficits have been 
exhibited by animals (BOND 1979; FREUND 1971) and humans (GLENN et al. 
1988) that have experienced multiple episodes of ethanol withdrawal, com
pared with those withdrawn from alcohol only once. Studies with mice 
(BECKER and HALE 1992; WALKER and ZORNETZER 1974), rats (BAKER and 
CANNON 1979; BRANCHEY et al. 1971), and primates (ELLIS and PICK 1970) 
have also shown that a prior history of withdrawal episodes decreases the 
duration or extent of intoxication necessary to provoke a subsequent with
drawal response upon cessation of alcohol use. Finally, animal studies have 
shown that kindling (whether produced by electrical stimulation or repeated 
administration of chemoconvulsants) potentiates the symptoms of sub
sequent A W (PINEL 1980; PINEL and VAN OOT 1975, 1978; PINEL et al. 
1975). Conversely, A W accelerates the development of electrical kindling in 
various limbic brain structures (CARRINGTON et al. 1984; MCCOWAN and 
BREESE 1990). Thus, there is a growing body of clinical and experimental 
evidence that supports the "kindling" hypothesis of A W. 

The mechanism(s) involved in this "kindling" phenomenon associated 
with AWare presently unknown. Neurochemical systems that are not 
only highly sensitive to ethanol's action, but are also important in brain 
epileptogenic activity, may be particularly significant with regard to the 
"kindling" phenomenon. Presumably, changes in any number of these 
systems that progressively intensify with each withdrawal episode may cul
minate in a persistent state of CNS hyperexcitability that is manifested as a 
"kindled" A W response. For example, a decrease in the CNS inhibitory 



336 R.F. ANTON and H.C. BECKER 

effects of GABA following chronic alcohol exposure and withdrawal might 
represent one such mechanism. There is some evidence that chronic ethanol 
exposure results in decreased GABA activity by altering the binding capacity 
and actions of ligands that allosterically modulate the ability of GABA to 
increase permeability and transport of chloride ions across the neuronal 
membrane. Both increased sensitivity to BDZ inverse agonists (BUCK 
and HARRIS 1990) and upregulation of BDZ inverse agonist-binding sites 
(MHATRE and TICKU 1989; MHATRE et al. 1988) have been reported in 
animals chronically treated with alcohol. It may be that "kindling" is 
a function of increasing sensitivity to putative endogenous BDZ inverse 
agonists and/or repeated upregulation of binding sites for these ligands 
concomitant with repeated episodes of A W, which sensitizes an individual to 
subsequent seizure-inducing events, including A W. 

The CNS hyperexcitability associated with A W may also result from a 
variety of other neurochemical effects, including enhancement of the exci
tatory effects of glutamate at NMDA receptors. Thus, repeated occurrences 
of an increase in the number of MK-801-binding sites that have been reported 
in animals chronically exposed to ethanol (GRANT et al. 1990; GULYA et al. 
1991) may contribute to the progessive intensification of the withdrawal 
syndrome. This hypothesis is supported by the fact that NMDA-type gluta
mate receptors are known to play an important role in neuronal plasticity, 
including both long-term potentiation (COLLINGRIDGE and BLIss 1987; 
COLLINGRIDGE and DAVIES 1989) and seizure production by electrical kindling 
(WILSON et al. 1989; YEH et al. 1989). Finally, other consequences of 
chronic ethanol treatment that increase CNS excitability, such as an increase 
in the density of dihydropyridine-sensitive calcium channels (BRENNAN et al. 
1990; DOLIN et al. 1987), desensitization of A2 adenosine receptors (DIAMOND 
et al. 1990), functional sub sensitivity and receptor downregulation of ar 
adrenoceptor systems (GLUE et al. 1989; LINNOILA et al. 1987), and excessive 
secretion of CRF (ADINOFF et al. 1990) may, upon repeated occurrence, 
progressively intensify and contribute to "kindling" of the A WS. The 
brain mechanisms underlying A W-induced "kindling" deserve additional 
experimental attention. 

In view of the data supporting the existence of A W-induced kindling, 
there is ongoing debate as to whether all alcohol-dependent patients should 
be aggressively treated during detoxification. Mild withdrawal symptoms 
have been shown to be adequately managed through the use of nonphar
macologic supportive care (NARANJO et al. 1983). While BDZ remain the 
drugs of choice in the pharmacologic treatment of A W, there is some 
concern over their use (given their potential for abuse) in patients with a 
substance use disorder. 

On the other hand, the growing body of clinical and experimental 
evidence supporting the A W-induced "kindling" hypothesis underscores the 
negative consequences that may occur if withdrawal episodes (even those 
that are relatively mild) are not treated aggressively. This has led some to 
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argue that all patients undergoing alcohol detoxification should be medically 
treated to prevent kindling (LINNOILA et al. 1987). In support of this idea, a 
recent study demonstrated that prevention of withdrawal seizures in rats by 
treatment with phenobarbital thwarted the development of "kindling" 
such that subsequent untreated withdrawal episodes were much less severe 
than those in animals that received no medication during prior withdrawal 
episodes (ULRlCHSEN et al. 1992). Furthermore, untreated episodes of with
drawal may result in repeated states of hypercortisolemia that may, in turn, 
facilitate the development of neuropathologic changes (e.g., hippocampal 
lesions) that underlie alcohol-related cognitive dysfunction and dementia 
(ADINOFF et al. 1990; SAPOLSKY and PULSINELLI 1985). New research in this 
area may provide guidance in the development of more effective strategies 
for the treatment of A Wand improvements in the long-term management of 
alcoholism. 

E. Treatment of Alcohol Withdrawal 
While it is generally accepted that severe A W requires pharmacologic inter
vention (and possibly hospitalization), clinical practice differs when it comes 
to the treatment of mild-to-moderate A W. Most physicians would agree that 
delirium tremens merits aggressive medical and pharmacologic treatment 
and that the prevention of A W seizures is a worthwhile goal of treatment. 
Other goals of pharmacologic treatment of A Ware to increase the patient's 
level of comfort, reduce dysphoria and anxiety which may lead to alcohol
seeking behavior, and relieve physical symptoms so that the process of 
rehabilitation may begin as soon as possible. Countervailing views make 
note of the fact that seizures occur in only a very small number of individuals 
in A Wand that there are abundant data attesting to the efficacy of psycho
social support alone in the treatment of uncomplicated A W. Furthermore, 
many clinicians believe that the use of a sedative medication during with
drawal reinforces the need for self-medication and supports dependence on 
substances rather than on internal strength and social support. Data will 
subsequently be presented to address this controversy. However, prior to 
that discussion, some description of efforts to quantify the A WS is in order. 

F. Measurement of the Alcohol Withdrawal Syndrome 
The ability to measure and quantify A W symptoms is useful for a number of 
reasons. First, it enhances clinical care by standardizing measurement 
and thereby providing a firmer basis for communication among clinicians. 
Second, the reliable and valid measurement of the severity of A W is essential 
for meaningful research on the efficacy of different treatments for A W. 
Third, standardization of the measurement of the A WS provides a basis for 
the scientific study of the pathophysiology of the A WS. 
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GROSS and colleagues (1973) are credited with having developed the first 
scales for measurement of A W symptoms. The Total and Selective Severity 
Assessment Scales laid the foundation on which future scale development 
was built. The main problem with these scales was that they were too 
lengthy for clinical application. They also were intended for use in rating 
symptoms on a daily basis rather than at multiple time points in a given day. 
A modified version of the original scale of GROSS and colleagues (1973) 
called the modified, or Milwaukee, Selective Severity Assessment (MSSA) 
was developed by BENZER (1990). They found it to be useful in the selection 
of patients who are in need of pharmacologic management (BENZER 1990). 

SHAW et al. (1981) adapted the work of Gross and colleagues to yield 
a 15-item scale called the Clinical Institute Withdrawal Assessment for 
Alcohol (CIWA-A). Insofar as this scale could be administered every half
hour, it was useful for the examination of rapid changes in symptom level. 
Consequently, the CIWA-A could be used to guide treatment and in com
paring the efficacy of different treatments. The CIWA-A was utilized to 
validate the DSM-III-R classification for uncomplicated alcohol withdrawal 
(SELLERS et al. 1991). The CIWA-A was revised and shortened by SULLIVAN 
and associates (1989) to 10 items (CIWA-Ar), with no loss of clinical utility, 
reliability, or validity, despite greater efficiency in its application. Both 
the CIW A-A and the CIWA-Ar have been used clinically to monitor 
A W symptoms and to guide pharmacologic dosing, with excellent results 
(WARTENBERG et al. 1990; SULLIVAN et al. 1991). Other data suggest that 
patients who eventually progress to complicated A W (seizures or confusion) 
score higher on the CIW A prior to the development of these complications 
(FoY et al. 1988). 

It is essential that research on the treatment of the A WS employ a 
standardized rating scale, in order that the results be widely interpretable. It 
would also appear to be desirable for all clinical detoxification units to adopt 
a standard A W scale. As the studies above indicate, this procedure has 
enhanced the standard of care in a number of clinical settings and should be 
strongly advocated. 

G. Nonpharmacologic Treatment of Alcohol Withdrawal 
A study of 1114 patients suggested that the overwhelming majority (1024) 
could be safely and effectively treated with "social setting" detoxification 
alone (WHITFIELD et al. 1978). Several patients with clear evidence of delirium 
tremens and 38 patients with "hallucinosis" responded to this approach. 
However, the authors also reported that 12 other patients developed one or 
more seizures during the treatment period. While the results of this study 
suggest that a nonpharmacologic approach may work for the majority of 
admissions to detoxification centers, the results are global in nature and 
random assignment to treatment alternatives was not employed. While the 
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authors pointed out that "much staff time is needed" to deliver treatment 
using this approach, detailed information on the cost of the treatment was 
not provided. 

Subsequently, SHAW and colleagues (1981) reported that 75% of hos
pitalized chronic alcoholics could be successfully treated with supportive 
care, which included evaluation of their symptoms, nursing support, and 
fluids every 30 min. Patients in this study were in moderate-to-severe with
drawal and those who responded did so within the first 4-8 h after the 
initiation of the supportive care. One patient developed a seizure and 
another manifested hallucinations subsequent to showing an initial response. 
As with the earlier study by WHITFIELD et al. (1978), this study did not 
employ an adequate control treatment or random assignment to conditions. 

NARANJO and colleagues (1983) conducted a small, but well-designed, 
study of alcoholics who presented to an emergency room with mild-to
moderate A W; patients in the study were randomly assigned to receive 
supportive care with or without lorazepam. Though a few of the patients 
who received medications showed greater overall improvement, and the 
majority receiving the drug showed a more rapid decline in symptoms, there 
was no overall group difference in symptom reduction over the 7-h assess
ment period. As in previous studies, this study showed that, while a few 
patients benefit from pharmacologic treatment, the majority of patients in 
mild-to-moderate A W do well with supportive care alone. However, to 
date, studies in this area have been limited in the number of patients 
studied, the duration of treatment, the use of a controlled experimental 
design, and the period over which outcome is assessed. Until studies meeting 
these qualifications have been conducted, the appropriate role of pharma
cologic treatment in the majority of patients with A W symptoms will con
tinue to be debated. 

H. Pharmacologic Treatment 

I. Complicated Alcohol Withdrawal 

As discussed previously, there seems to be near universal agreement that 
complicated A W (that is when seizures, hallucinations, or delirium tremens 
occur during the A W) should be treated pharmacologically. There is also 
agreement that patients should receive adequate hydration, thiamine, and 
close observation of their vital signs, behavior, and cognition during all 
phases of A W . We will cover the prevention and treatment of A W seizures 
in a subsequent section. However, the aggressive treatment of impending, 
or full-blown, delirium tremens will be mentioned at this time. Delirium 
tremens (DT) occurs in less than 5% of alcoholics who abruptly cease 
chronic ingestion. The rate varies with the treatment setting. Alcoholics who 
are debilitated, or medically ill, have higher rates of DT than the usual 
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patient who presents to primary detox and rehabilitation facilities. As noted 
earlier, the syndrome starts sometime later than the more commOn symptoms 
of alcohol withdrawal and may in fact appear as these are waning. It is 
marked, in its full-blown form, by hyperpyrexia, tachycardia, hallucinosis, 
disorientation, tremulousness, incontinence of urine, agitation and aggres
sivity, and inability to take fluids and nutrition. 

In a well-designed study, THOMPSON (1975) randomly assigned patients 
who had severe DT, with or without additional medical illnesses, to treat
ment with either paraldehyde or intravenous diazepam. They found that 
diazepam reduced symptoms and returned the patients to normal more 
rapidly than did paraldehyde. The average length of treatment necessary to 
achieve complete symptom resolution was 56 hours, irrespective of the 
presence of medical complications. However, medically ill patients needed 
significantly more medication to alleviate symptoms. Diazepam was initially 
given at a dosage of 10 mg, with additional doses of 5 mg given every 5 min 
until a calming effect was achieved. Doses of 5-10 mg were then given every 
1-4h to maintain the calming effect. Patients without medical illness needed 
10-160 mg diazepam to produce a calming effect, while those with medical 
illness needed 35-215 mg and twice as long to achieve a calm state. Impor
tantly, all of the serious complications, including death in two patients, the 
need for resuscitation in two others, and serious injuries to patients and 
staff, occurred in the paraldehyde group. These data as well as accumulated 
clinical experience have led clinicians to use BDZs, in general, and diaze
pam, in particular, as the treatment of choice for serious alcohol withdrawal 
symptoms. In general, as the severity of DT increases, more medication and 
greater intensity of supportive care are necessary. The need for repletion of 
electrolytes, treatment of comorbid medical conditions, and rehydration 
cannot be overemphasized. With this type of aggressive medical care be
coming the norm, the mortality rate of DT has declined significantly. 

To our knowledge there are no controlled studies that satisfactorily 
address the treatment of patients who experience hallucinations in the 
absence of specific symptoms of DT. It is clear that a number of patients 
who experience illusions, or low-grade visual or acoustic hallucinations, will 
benefit and recover with sedative-hypnotic (e.g., benzodiazapine) treatment. 
There are a few patients, however, who experience more discrete, intense, 
and distressing hallucinations. These patients appear to benefit more from 
the use of antipsychotic medications. Haloperidol seems to be the most 
widely used in this regard, possibly because it has minimal active metabolites 
which might be increased by alcoholic liver disease, and also because it may 
reduce seizure threshold less than phenothiazine antipsychotics. SOYKA and 
colleagues (1992) have shown haloperidol to be safe and efficacious for the 
treatment of A W hallucinosis. Many clinicians prescribe haloperidol on an 
"as needed" basis during acute alcohol withdrawal at the first sign of hallu
cinatory symptoms. This strategy remains to be validated empirically. 
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II. Uncomplicated Alcohol Withdrawal 

A variety of strategies have been employed in the treatment of uncomplicated 
alcohol withdrawal, which occurs upon abrupt cessation of chronic heavy 
drinking. These strategies range from psychosocial support to standardized 
medical detoxification. However, a number of questions remain unanswered 
concerning the treatment of A W, including whether medication is useful in 
the treatment of mild-to-moderate A Wand, if so, what type of medication 
should be used? The remainder of this section will review the information 
available that bears on these issues. The focus will be on studies conducted 
during the last 10 years. In a review of studies published prior to that time 
MOSKOWITZ and colleagues (1983) concluded that most studies on the 
pharmacotherapy of A W were deficient in some manner. According to these 
authors, the only justified conclusion is that benzodizapines are superior to 
placebo in the treatment of A W. During the past decade a number of 
methodologically sound studies of A W have been conducted, which have 
yielded useful data on the clinical management of A W. 

III. Benzodiazapines 

In most treatment settings benzodiazepines (BDZs) are the drugs of choice 
for the treatment of uncomplicated AW. SELLERS and colleagues (1983) 
employed a standardized evaluation technique (i.e., the CIWA-A scale), 
and found that diazepam was more efficacious than supportive care in 
rapidly reducing symptoms of moderate-to-severe A W. All of the serious 
complications in that study occurred in the nonmedicated supportive care 
group. A number of studies comparing newer BDZ preparations with placebo 
or standard drugs (e.g., diazepam, chlordiazepoxide) are summarized in 
Table 2. In general, the newer benzodiazapines have been found to have 
efficacy similar to that of the standard compounds. It is also clear that the 
rate of placebo response is substantial, especially in the less severe forms of 
A W. Therefore, studies that utilize a standard drug as a comparison are 
primarily useful in examining different side effect profiles and less useful in 
evaluating efficacy. As the severity of the A WS in the study sample increases 
this becomes less of a problem, since more severe withdrawal symptoms are 
less likely to respond to placebo treatment. 

The accumulated evidence to date suggests that BDZs, when utilized in 
equivalent pharmacologic doses, are all equally useful in the treatment of 
uncomplicated A WS. Some suggest that those with longer half-lives (e.g., 
diazepam and chlordiazepoxide) are more useful, since fewer doses are 
needed and their pharmacokinetic profile allows for "autotitration" or "self
tapering." Others suggest that shorter half-life drugs (e.g., oxazepam, 
lorazepam) are more useful, given that their more rapid metabolism and 
excretion limit drug accumulation and associated adverse effects. Also, 
these drugs have fewer active metabolites to accumulate in patients with 
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alcoholic liver disease. It is argued that short-acting BDZs afford the physi
cian greater control in the treatment of A W. If anything, the longer-acting 
drugs pose a danger of toxicity, while the shorter-active ones pose a danger 
of inadequate treatment. 

Given their efficacy and safety, one might ask why drugs other than the 
BDZs are under investigation for the treatment of A W. There are, in fact, 
several reasons. First, critics of BDZ use for treatment of A W worry about 
the substitution of "solid alcohol" for liquid alcohol. They fear the continued 
reinforcement of substance use, especially one that allows the alcoholic to 
feel and behave as if he or she were using alcohol. The perpetuation of 
dependence on a brain depressant is clearly an issue that should be taken 
seriously since these drugs have been shown to have reinforcing effects and 
abuse potential in the recently detoxified alcoholic (JAFFE et al. 1983). 
Second, it is not completely clear if BDZs completely prevent the devel
opment of A W seizures, especially in patients who have experienced seizures 
in the past. Third, if the "kindling hypothesis" of A W is correct, it is not at 
all clear whether BDZs will inhibit or enhance the development of this 
process. From the clinical data that are available it does not appear that 
BDZs inhibit the development of kindling, while in animal studies they 
clearly do not block kindling as well as some of the anticonvulsants (e.g., 
carbamazepine). Fourth, there are multiple BDZ receptors in the brain that 
have different anatomical distributions and functions. BDZ compounds that 
are clinically available do not selectively bind to these different types of 
receptors. Hence, the therapeutic effects of these medications are accom
panied by a number of unwanted effects. Theoretically, greater selectivity 
would enhance clinical efficiency. Therefore, the search for new pharmaco
therapeutic agents for use in A W appears justified. 

IV. Alpha- and Beta-Adrenergic Blockers 

Considerable research has examined the utility of drugs that bind to brain 
and peripheral autonomic adrenergic receptors in the treatment of A W. 
This line of investigation has intrinsic appeal, since a number of studies (see 
the section on the biology of A W) have suggested that both norepinephrine 
and epinephrine are elevated in A W. Furthermore, the symptoms of A W, 
such as increased heart rate and blood pressure, are those typically associated 
with the stimulation of adrenergic systems. Hypothetically, drugs that either 
inhibit the release of norepinephrine by presynaptic agonist action (e.g., aT 
agonists such as clonidine and lofexidine) or those that block the postsynaptic 
binding of epinephrine (e.g., fJ-blockers such as propranolol and atenolol) 
should be useful in alleviating A W symptoms. Table 2 lists studies that have 
been reported in this area and their outcomes. 

In general, research has supported the utility of aT agonist drugs in the 
treatment of withdrawal symptoms. Though these drugs have some sedative 
effects, these are not the primary basis of their activity. Rather, the majority 
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of their utility is accounted for by the lowering of heart rate and blood 
pressure. Common side effects associated with their use include orthostatic 
hypotension, fatigue, and dry mouth. However, ROBINSON and associates 
(1989) reported that a number of patients being treated with clonidine 
experienced side effects serious enough to require discontinuation, including 
hallucinations, seizures, hypotension, and drowsiness. Particularly in patients 
with moderate-to-severe withdrawal, risk of A W seizures is of concern when 
aradrenoceptor agonists are used as monotherapy. 

The p-adrenergic blocker ate nolo I has been found to be useful in the 
treatment of inpatient and outpatient alcohol withdrawal symptoms. It too 
appears to be most effective in the reduction of cardiovascular symptoms. It 
is more difficult to evaluate the results of the few studies conducted with 
ate nolo I since ancillary oxazepam was also allowed (KRAUS et al. 1985; 
HORWITZ et al. 1989). It is noteworthy, however, that although in an out
patient study (HORWITZ et al. 1989) there was no significant difference in 
oxazepam use between the treatment groups, those patients treated with 
atenolol remained in treatment longer and experienced less craving than did 
placebo-treated patients. Nevertheless, long-term outpatient treatment with 
atenolol was no better than placebo in preventing relapse. 

Taken together, it would appear that drugs that decrease adrenergic 
tone are useful in the treatment of mild to moderate withdrawal. These 
drugs may be most useful in an outpatient setting, where the abuse liability 
of BDZs is of more concern and where the severity of withdrawal is generally 
less. On the other hand, it would not appear wise to utilize these drugs 
alone when more severe withdrawal symptomatology is present or anti
cipated. This is especially true in patients that have previously experienced 
A W seizures or delirium tremens. Obviously, attention to the underlying 
cardiovascular health of the patients is important since these drugs could 
have grave consequences for some medically compromised individuals. 

V. Anticonvulsants 

Much of the work on the use of anticonvulsants, particularly carbamazepine, 
for A W was done in Scandinavia during the late 1970s. The topic was 
comprehensively reviewed by BUTLER and MESSIHA (1986). In the last 10 
years there have been several well-controlled trials of carbamazepine for the 
treatment of A W (see Table 2). 

There are a number of potential advantages to the use of anticonvuls
ants, for the treatment of A W. First, seizures are one of the more serious 
complications of A W. Consequently, antiseizure medications would be 
expected to decrease the probability of experiencing a seizure and car
bamazepine has ben shown in animal studies to inhibit the development of 
AW seizures (CHU 1979). Second, these drugs have been shown to block 
kindling in brain cells. Third, anticonvulsants have no apparent abuse liabi
lity. Fourth, they have been found to be useful in the treatment of mood 
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disorders, which share with A W such symptoms as depression, irritability, 
and anxiety. 

Carbamazepine was shown by BUTLER and MESSIHA (1986) to be effica
cious in the treatment of A W. Presently, it is widely used in Europe for that 
indication. More recently, a randomized, double-blind trial showed car
bamazepine to be comparable to oxazepam both in safety and efficacy 
(MALCOLM et al. 1989). Carbamazepine (200mg four times a day) was well 
tolerated. In addition, patients on carbamazepine appeared to be less angry 
and dysphoric than those treated with oxazepam, particularly during the 
latter part of the 7-day treatment period. These results have been replicated 
in a very similar study in Austria (STUPPAECK et al. 1992). In contrast, 
HILLBOM et al. (1989) found that side effects limited the usefulness of both 
carbamazepine and valproic acid, and 56% and 32% of the treatment 
groups respectively terminated the study early. The high rate of intolerable 
side effects may have been due to the high dosages used in this study. 
Carbamazepine and valproic acid were given in 600 mg doses twice daily. 
When the dose of carbamazepine was reduced to 400 mg twice a day there 
were significantly fewer side effects and the dropout rate was reduced to 
17%. Clearly, if anticonvulsants are to be used for the treatment of A W, 
dosage must be adjusted to minimize adverse effects. 

There have been no studies reported that specifically examine the effect 
of treatment with anticonvulsant on the incidence of A W seizures. In the 
studies described above (MALCOLM et al. 1989; STUPPAECK et al. 1992; 
HILLBOM et al. 1989), a total of three A W seizures were reported: one 
occurred in a patient treated with oxazepam (STUPPAECK et al. 1992) and two 
others occurred in patients within 4-5 h of receiving a first dose of car
bamazepine (HILLBOM et al. 1989). Additional research is needed before 
firm conclusions can be drawn regarding the most effective treatment to 
prevent A W seizures. 

Since both carbamazepine and valproic acid are metabolized by the liver 
and have been implicated in the causation of liver pathology, it would be 
prudent to use these drugs cautiously in alcoholics with significant liver 
damage. 

VI. Miscellaneous Treatments 

The calcium channel blocking drug caroverine was found to be less sedative 
but equal in efficacy to the sedative-hypnotic meprobamate (KOPPI et al. 
1987). However, in a study whose findings may be limited because of poor 
design, the calcium antagonist nimodipine was found to be no better than 
placebo in the treatment of A W (BANGER et al. 1992). Based on preclinical 
efficacy and one positive clinical trial, calcium channel blockers would seem 
worthy of further clinical evaluation. 

Though magnesium sulfate is used routinely with the expectation that it 
will prevent A W symptoms, particularly seizures, a randomized control trial 
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suggests that there is no utility in this practice (WILSON and VULCANO 1984). 
Magnesium sulfate given intramuscularly on admission was no better than 
placebo injections in terms of subsequent chlordiazepoxide use or in the 
number of patients who experienced seizures or DT. 

In an interesting early report, GALLIMBERTI et al. (1989) administered y
hydroxybutyric acid (GHB), an analog of the brain neurotransmitter GABA, 
or placebo to patients and evaluated them over a 7-h period. They found a 
markedly better response to GHB with minimal side effects. The efficacy 
and side effect profile of this drug will need to be compared with other 
medications, including both anticonvulsant and BDZs. 

A large open trial of the serotonin 5HTla agonist buspirone suggested 
that it may be useful in the management of withdrawal symptoms, with 
perhaps less sedation that BDZs (DOUGHERTY and GATES 1990). If con
firmed, buspirone's lack of both abuse potential and additive sedative effects 
with alcohol would make it particularly suitable for use in outpatient 
detoxification. 

Finally, nitrous oxide gas inhalation has been found to be efficacious in 
the treatment of mild-to-moderate A W (GILLMAN and LICHTIGFELD 1990). 
The inhalation of nitrous oxide gas in concentrations up to 70% (i.e., an 
analgesic, but not anesthetic, dose) for up to 40 min was found to be both 
well tolerated and immediately efficacious in 7000 patients in South Africa. 
Though 50% -60% of patients respond to the administration of air or oxygen 
(placebo treatment), the administration of nitrous oxide was effective in up 
to 90% of patients who failed to respond to these treatments. If further 
study supports its utility, the use of nitrous oxide may have both practical 
and theoretical implications. 

I. Treatment of Alcohol Withdrawal Seizures 
The prevention and treatment of A W seizures remains controversial. In 
fact, the prevention of a first A W seizure in any given episode of A W may 
be qualitatively different than the prevention of subsequent seizures once 
the first has occurred. The main controversy surrounds the use of diphenyl
hydantoin (DPH), or dilantin, for both of these indications. The most useful 
evidence reported on this issue is summarized in Table 3. 

The evidence suggests that if the population under treatment does not 
have a history of previous seizures, then BDZ treatment is all that is needed 
to prevent the majority of A W seizures (ROTHSTEIN 1973). In patients with a 
history of a seizure occurring in adult life, irrespective of whether it was an 
A W seizure, the combined use of DPH and a BDZ may help to prevent an 
initial A W seizure (SAMPLINER and IBER 1974). However, in a patient 
who has already experienced an A W seizure during the index episode, it 
appears that DPH will not prevent the occurrence of a subsequent seizure 
(ALLDREDGE et al. 1989; CHANCE 1991). 
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There are limited data on the utility of other anticonvulsants and BDZs 
in the prevention or treatment of A W seizures. Studies in the literature are 
generally not well controlled and consequently provide little guidance in 
clinical management. There are conflicting reports on the utility of car
bamazepine (see BUTLER and MESSIHA 1986), while the use of phenobarbital 
has been advocated (YOUNG 1987). However, more studies are needed in 
this area, particularly focusing on the efficacy of BDZs (particularly those 
with the most anticonvulsant potential, such as clonazepam) as well as 
carbamazepine and valproic acid. 

In addition, not much is known about the longitudinal outcome of 
patients who experience one or more A W seizures. As mentioned in an 
earlier section, there is some indication that patients with A W seizures 
are at higher risk for future withdrawal seizures and possibly other, more 
serious, neurologic sequelae such as earlier onset of dementia and organic 
psychotic symptoms. 

J. Biologic Aspects of Alcohol Withdrawal in Man 
Much of the research on the biologic and physiologic basis of alcohol 
withdrawal has been done in animals, particularly the rodent. These data 
have been reviewed in a previous section. Data from human studies, though 
not as extensive as animal data, have generally been congruent with the 
animal data. In fact, A W may be one area of alcohol research where animal 
models are particularly useful for understanding the effects of alcohol in the 
human. 

The adrenergic neurotransmitter system has received the most extensive 
study during A W in humans, in large part because it is both heuristically 
appealing and the measurement technology is well developed. A number of 
studies have shown elevated levels of catecholamines in cerebrospinal fluid 
(CSF) during AW (FUJIMOTO et al. 1983; BORG et al. 1983; HAWLEY et al. 
1981). HAWLEY and colleagues (1985) found that, during the early stages of 
withdrawal, alcoholics have higher CSF levels of MHPG, the major central 
metabolite of norepinephrine, than controls. More importantly, the level of 
MHPG was highly correlated with clinical signs and symptoms of AW (e.g., 
blood pressure, heart rate, tremor, and sweating). In addition, the higher 
the initial level of MHPG, the longer the patient experienced A W sym
ptomatology. These investigators also found a normalization of CSF in 
MHPG levels following recovery from A W. Taken together, these data 
offer strong support to the notion that a perturbation in the noradrenergic 
system is responsible for some of the symptomatology observed in A W. 
Convergent validity for this concept comes from the studies that have used 
az-adrenergic agonists (such as clonidine) in the treatment of this condition. 
In these studies (see Table 2), the clinical signs and symptoms most respon
sive to these compounds were those (normalization of blood pressure, heart 
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rate, tremor, sweating) that were correlated with noradrenergic activity in 
the study by HAWLEY and colleagues (1981). Whereas noradrenergic neuro
transmission has clearly been implicated in the pathophysiology of A W, 
many other systems serve to regulate noradrenergic output, including the 
GABAergic, opioid, serotonergic, NMDA, and CRF systems. Animal 
studies have shown that most of these systems are affected by alcohol 
consumption and its abrupt cessation after chronic use (see section on 
pathophysiology) . 

Another area of interest in relationship to A W in humans is the 
hypothalamic-pituitary-adrenal (HPA) axis. Cortisol secretion is increased 
in the period immediately following the cessation of chronic alcohol con
sumption (ADINOFF et al. 1991; ANTON et al. 1985). It also appears that 
the perturbation in the HP A axis is present for at least 3 weeks after the 
cessation of drinking as indicated by decreased release of ACTH by the 
pituitary following administration of corticotropin-releasing factor (CRF). 
Abnormalities in the HP A axis may be evident in some people for as long as 
6 months following A W (ADINOFF et al. 1990). It has been hypothesized that 
the blunted ACTH response to CRF stimulation may be caused by higher 
than normal release of CRF during the withdrawal period. CRF is a neuro
peptide that may influence noradrenergic and perhaps other neurotransmitter 
activity. It has also been implicated in the development of kindling (see 
GLUE and NUTT 1990). 

The HP A axis may also be involved in the pathophysiology of alcohol
related cognitive impairment. Cortisol and other glucocorticoids have been 
shown to damage hippocampal cells when present in high levels over a 
prolonged period of time. Glucocorticoids have been shown to increase 
susceptibility of hippocampal cells to excitatory amino acid exposure (PACKAN 
and SAPOLSKY 1990). The increase in excitatory amino acids, especially 
NMDA, combined with hypercortisolemia, may have a significant negative 
impact on hippocampal cells during A W. If the kindling mechanism is also 
operative (as potentially mediated by CRF and the excitatory amino acids), 
the initial subclinical impact could eventually lead to major cellular destruc
tion during repeated withdrawal episodes. The clinical impact could either 
take the form of memory loss, limbic system dysregulation (anxiety, panic, 
depression, irritability), or the production of seizure-like discharges. In 
relation to the last point, it has been reported that mice who were genetically 
inbred for susceptibility to A W seizures are sensitized by glucocorticoids to 
experience greater withdrawal seizures while, in contrast, if glucocorticoid 
synthesis is blocked, neuronal excitability is diminished (ROBERTS et al. 
1991). 

In conclusion, A W is a complex disorder involving perturbations in 
number of neurotransmitter and neuroendocrine systems. Ultimately, it may 
be best to think of the AW syndrome as a pathophysiologic cascade, similar 
to those associated with inflammation, and other acute pathologic states. 
The removal of alcohol from a dependent animal, as the initial event, sets in 
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motion a variety of subsequent processes that affect numerous tissues, 
organs, and systems, sometimes with an amplification that is logarithmic. 
The goal of treatment in these conditions, in most instances, is the interrup
tion of the pathophysiologic progression at one, or perhaps several, entry 
points. This model explains why many different drugs, working on many 
different receptors and neurotransmitter systems, serve to ameliorate the 
A WS. The earlier the pathophysiologic cascade can be interrupted the 
better the outcome. The prompt initiation of treatment during an episode of 
A W may be expected to have beneficial longer-term effects as well. By 
interrupting the cascade of events associated with acute A W, it is possible 
that the chronic effects of alcohol dependence, including cognitive decline, 
can also be avoided. 
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CHAPTER 14 

Drugs to Decrease Alcohol Consumption 
in Humans: Aversive Agents 

R.K. FULLER and R.Z. LITTEN 

A. Introduction 

Tetraethylthiuram (disulfiram) is used for the treatment of alcoholism. Its 
use is intended to prevent relapse from abstinence by deterring impulsive 
drinking. This rationale is based on the fact that an intense adverse reaction, 
the disulfiram-ethanol reaction (DER), occurs when alcohol is ingested 
subsequent to the administration of disulfiram. Within 5-10 min after ingest
ing an alcoholic beverage, peripheral cutaneous vasodilation manifested by 
flushing and tachycardia occurs, and an intense throbbing is often felt in the 
head and neck. Vertigo, nausea, vomiting, chest pain, and hypotension may 
also occur. Fatal DERs have been reported. Most of these occurred with the 
higher dosages that were used when disulfiram was initially introduced into 
clinical practice. Because of its action, disulfiram belongs to a category of 
drugs referred to as alcohol-deterrent, alcohol-sensitizing, or anti alcohol 
drugs. 

The DER occurs primarily because disulfiram inhibits the oxidation of 
acetaldehyde, the first metabolic product of ethanol. The impaired oxidation 
is a result of disulfiram inhibiting the aldehyde dehydrogenase (ALDH) 
enzymes which promote the catabolism of acetaldehyde to acetic acid. This 
inhibition results in an accumulation of circulating acetaldehyde. 

Development of medications can be conceptualized as a series of steps 
from drug discovery to animal testing to preliminary human studies to 
controlled clinical trials. The history of disulfiram is interesting in this 
regard. Disulfiram was used as an antioxidant in the rubber industry. It was 
observed that workers exposed to disulfiram became sick if they drank, and 
the suggestion was made that disulfiram should be tried as a treatment for 
alcoholism (WILLIAMS 1937). However, this idea was ignored until two 
Danish investigators who had taken disulfiram in their search for an effective 
antihelminthic agent became ill when they drank. In 1948 they published a 
study which showed the potential usefulness of disulfiram as a treatment for 
alcohol dependence (HALD and JACOBSEN 1948). 

While disulfiram has been used clinically for over 40 years, much is still 
not known about the drug. For example, is the inhibition of ALDH activity 
the only basis for the disulfiram-ethanol reaction? Disulfiram inhibits other 
enzymes, and that inhibition also may playa role in the DER. Is disulfiram 
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or one of its metabolites primarily responsible for the DER? Is it effective, 
and, if so, how should it be used in alcoholism treatment programs? Our 
ignorance stems, in large part, because disulfiram was introduced into clinical 
practice without having been evaluated by some of the steps in medications 
development that are considered standard today. 

B. Absorption, Metabolism, and Excretion 
Ninety percent of an oral dose of disulfiram is absorbed from the gastrointe
stinal tract (IBER et al. 1977). After absorption, the catabolism of disulfiram 
results in several metabolites. First, disulfiram is reduced to diethyldithio
carbamate (DDTC). Disulfiram is the disulfide dimer of DDTC. Diethyldi
thiocarbamic acid both forms mixed disulfides with serum protein sulfhydryl 
groups and is catabolized to a variety of metabolites. For example, it forms 
a bis-diethyldithiocarbamato copper complex (JOHANSSON and STANKIEWICZ 
1985), because DDTC is a chelator and the copper complex results from the 
thiol group of DDTC reacting with cupric ions bound to plasma proteins. It 
is degraded nonenzymatically to diethylamine, which is excreted in the urine 
(NIEDERHISER 1983), and carbon disulfide, which is expired in the breath 
(IBER et al. 1977). In addition, DDTC is conjugated with glucuronic acid and 
is methylated by microsomal S-methyltransferase to form a methyl ester 
(GESSNER and JAKUBOWSKI 1972). The DDTC-methyl ester is metabolized to 
diethylthiocarbamic (DTC) methyl ester by the cytochrome P-4S0 oxidase 
system and to thiocarboxylic acid by thioesterase. Recently, HART et al. 
(1990) have described another metabolite, a sulfoxide derivative of the 
DTC-methyl ester. 

IBER et al. (1977) studied the absorption and excretion of a 2S0-mg dose 
of 35S-labeled disulfiram in 20 male alcoholics, 10 with and 10 without liver 
disease. The intersubject variability in the urinary excretion of radioactivity 
ranged from 12% to 90%. Two-thirds of the total urinary excretion occurred 
within 24 h of ingesting disulfiram. It then declined rapidly during the next 2 
days, with 97% of the total urinary radioactivity being excreted by 72 h. The 
excretion of radioactivity in the breath was also greatest during the 1st day, 
but those subjects with relatively low urinary excretion of radioactivity had 
higher expiration in the breath. There was no difference in urine, breath, 
and fecal excretion between subjects with and those without liver disease. 

C. Pharmacokinetics 
There is limited information on the pharmacokinetics of disulfiram. FAIMAN 
et al. (1984) used high-performance liquid chromatography to measure 
disulfiram and its metabolites after a single oral 2S0-mg dose and again after 
12 days of dosing in 15 male alcoholics. Average time to maximal plasma 
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concentration after either single or repeated dosing was 8-10 h for dis
ulfiram, DDTC, DDTC-methyl ester, and diethylamine and CS2 in the 
breath. The apparent half-lives for disulfiram, DDTC, DDTC-methyl ester, 
diethylamine, and CS2 were 7.3, lS.S, 22.1, 13.9, and 8.9h, respectively. 
However, marked intersubject variability was noted in the plasma levels of 
disulfiram and its metabolites. 

D. Mechanism of Disulfiram: Ethanol Reaction 
The mechanism by which disulfiram inhibits ALDH is not fully elucidated. 
Disulfiram inhibits ALDH in vitro. However, this may not explain the DER 
in vivo, which may result from the inhibition of ALDH by one of its 
metabolites. The initial metabolite of disulfiram (DDTC) does not produce 
inhibition in vitro unless nonphysiological doses are used (DIETRICH and 
HELLERMAN 1963). However, DDTC does inhibit ALDH in vivo. When 
DDTC is administered to the rat in doses equivalent to disulfiram, it is as 
effective as disulfiram in inhibiting ALDH activity (DIETRICH and ERWIN 
1971). The inhibition of ALDH by either disulfiram or DDTC in vivo is 
irreversible and requires new protein synthesis (DIETRICH and ERWIN 1971). 

Since DDTC does not inhibit ALDH in vitro but does in vivo, this 
suggests that a metabolite of DDTC is responsible for the inhibition of 
ALDH. In the rat, the DDTC-methyl ester is more potent and has a more 
rapid onset of action than either disulfiram or DDTC (YOURICK and FAIMAN 
1989). Methyl-DDTC is oxidized to methyl-diethylthiocarbamate (methyl
DTC) and it has been suggested that methyl-DTC is the immediate inhibitor 
of ALDH (HART et al. 1990; JOHANSSON and STANKEWICZ 1989). However, 
KITSON (1991) found that 10,uM methyl-DTC produces only 2% inhibition 
of ALDH. HART et al. (1990) proposed that the sulfoxide derivative of 
methyl DTC, which has been identified, is the key inhibitor of ALDH. 

Further complicating our understanding of the DER is that disulfiram 
inhibits other enzymes, most notably dopamine-p-hydroxylase. While most 
of the symptoms and signs of the DER likely result from inhibition of 
ALDH and the resulting accumulation of acetaldehyde, it is possible that 
the inhibition of other enzymes plays a role in the complete clinical pre
sentation of the DER. 

E. Clinical Use 
The studies of HALD and JACOBSEN (1948) led to disulfiram being marketed. 
In the United States, it is sold under the trade name "Antabuse." Initially, 
high doses (1000-3000mg daily) of the drug were used. This is in contrast to 
the 2S0-to SOO-mg daily doses used today. Also, in the past, physicians 
conducted one or more test sessions in which the patient was given alcohol 
to drink after taking disulfiram for a few days so that he experienced the 
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reaction. This is not done today. Current practice involves providing the 
patient with an explanation of the DER before the drug is prescribed. 

The current dosage of 2S0-S00mg daily was arrived by empircally 
balancing deterrence against toxicity. This dose level has been challenged as 
being insufficient to cause a DER (BREWER 1984). However, a recent, 
carefully conducted dose-effect study resulted in the conclusion that, while a 
daily dose of 200mg disulfiram resulted in a DER in nonalcoholic volunteers 
after an alcohol challenge, 300 mg might be required to produce severe 
enough symptomatology to deter subsequent drinking (CHRISTENSEN et al. 
1991). 

F. Efficacy 
Initial clinical studies of the efficacy of disulfiram reported excellent out
comes with the use of the drug. However, disulfiram was incorporated into 
clinical practice at about the time that the concepts inherent to randomized 
clinical trials were beginning to be developed. Consequently, many years 
elapsed before the efficacy of disulfiram was appropriately tested. This may 
account, in part, for the wide variation in the use of disulfiram among 
treatment programs. A recent study (FRIEDMAN and FULOP 1988) examined 
alcoholism treatment centers in the New York City metropolitan area and 
found that the percentages of patients receiving disulfiram ranged from 0% 
to 97%. In this study, there was no significant difference between hospital
based programs and freestanding programs. The percentage of hospital
based programs that use disulfiram was 27% compared to 34% in free
standing programs. 

A quarter of a century elapsed following the introduction of disulfiram 
into clinical practice before the appearance of two reviews that criticized the 
reports supporting the efficacy of disulfiram because those studies had serious 
flaws in their design (LUDWALL and BAEKELAND 1971; MOTIIN 1973). Most 
(90%) of the studies were uncontrolled, and the criteria for a successful 
outcome were often vague or ill-defined. FULLER and ROTH (1979) identified 
other methodological deficiencies: nonrandom assignment if control groups 
were used, lack of "blinding," high attrition, measurement of treatment 
outcome based solely on the patient's self-report, failure to measure ad
herence to the disulfiram regimen, and absence of statistical analysis. 

GALLANT and his colleagues (1968) did a randomized controlled study of 
disulfiram in skid-row alcoholics. These men were recruited in a municipal 
court in New Orleans and were randomly assigned to disulfiram, group 
therapy, disulfiram and group therapy, or routine sentencing. While there 
was a slight trend in favor of disulfiram, recidivism was very high in all 
groups. 

The largest well-designed clinical trial of disulfiram therapy was sup
ported by the Veterans Administration Cooperative Studies Program 
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(FULLER et al. 1986). This was a randomized, controlled, blinded multicenter 
study. Response to treatment was assessed bimonthly for 1 year. Cohabiting 
relatives or friends and blood and urine alcohol tests were used to cor
roborate patients' reports. 

The active treatment group was prescribed 250 mg disulfiram to take 
daily. There were two control groups. One group received 1 mg disulfiram. 
This dose is not sufficient to cause a DER. As GORDIS and PETERSON (1977) 
wrote, " ... it is probable that it is the patient's belief that he is taking 
disulfiram (whether or not he actually is) that is therapeutic and not the 
action of the drug itself .... " The I-mg dose was the control for the implied 
threat (expectancy) of the DER. Recipients of the 250-mg and I-mg disulfiram 
doses were told they were receiving disulfiram. The second control group 
received a vitamin (50mg riboflavin) rather than disulfiram. These patients 
were told they were not receiving disulfiram. This group was a control for 
counseling that all patients received without the adjunctive use of disulfiram. 
Riboflavin (50 mg) was also incorporated into the two disulfiram dosage 
forms. Urine specimens were collected at both clinic visits and assessment 
interviews and analyzed for riboflavin. These analyses were used to measure 
adherence to the medication regimen. 

At the end of 1 year of follow-up, there were sufficient data to categorize 
91.6% of the 605 subjects as continuously abstinent or not for 1 year. The 
continuous abstinence rate for the 250-mg, I-mg, and no-disulfiram groups 
were 18.8%, 22.5%, and 16%, respectively. These differences are not sig
nificant. The sample sizes of the three groups were sufficient to have a 
power of 91 % to detect a 12% difference among the groups. Similarly, there 
were no significant differences among the groups on time to first drink by 
life table analysis, employment, and social stability. However, among the 
patients who drank and had a complete set of assessment interviews, those 
assigned to 250 mg disulfiram reported significantly fewer drinking days 
during the year than those in the control groups, and these findings were 
corroborated by the cohabiting relative or friend. The men who drank and 
provided all seven assessment interviews (about half of those who drank) 
were slightly older and had longer residential stability than those who drank 
and provided fewer interviews. The two groups did not differ significantly on 
marital status, employment status, or level of education. 

There was also a significant relationship between compliance with the 
medication regimen and continuous abstinence, which was present for all 
three groups. Forty-three percent of those judged to exhibit "good" com
pliance were abstinent compared with 9% of those who did not adhere to a 
medication regimen. Does good compliance result in more abstinence, or 
does a third factor such as motivation result in both abstinence and com
pliance? The answer to this question cannot be determined by this study. 

What can one conclude from this important, well-designed, and well
executed study? It would appear that disulfiram is not the panacea that the 
initial clinical studies claimed. However, there may be a subgroup of patients 
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who will benefit from disulfiram to the extent that they drink less frequently. 
A reasonable clinical approach may be to not recommend disulfiram to 
patients who are entering treatment for the first time. However, for those 
patients who relapse a discussion concerning the potential utility of taking 
disulfiram is appropriate. If a patient decides to take disulfiram, the next 
decision to be made is whether the medication should be ingested under 
supervision. This is discussed in the next session. 

G. Enhancing Disulfiram Compliance 
Poor compliance with the medication regimen limits the efficacy of disul
firam. Several strategies to improve compliance have been devised. These 
include incentives, contracts, supervised administration, and implants. 
Preliminary studies have shown that incentives, such as cash incentives and 
availability of methadone treatment, may increase disulfiram compliance 
and improve treatment outcome (ALLEN and LITIEN 1992). These preliminary 
studies, while interesting, need replication and validation. 

Disulfiram contracts and supervised administration may have promise 
for increasing the effectiveness of disulfiram. KEANE et al. (1984) employed 
a contract in which it was agreed that disulfiram would be taken in the 
presence of the significant other. Both the patient and the significant other 
signed the contract. While compliance with the disulfiram regimen was 
higher in the contract group (88%) than in the no-contract group (56%), 
there was no difference in abstinence between the two groups. 

AZRIN (1976) combined a supervised disulfiram procedure, i.e., disulfiram 
taken in the presence of a significant other, with a broad-spectrum treatment 
approach that uses behavioral techniques to achieve an alcohol-free lifestyle. 
Clients and their counselors signed a contract for all the procedures. 
Alcoholics receiving the combined supervised disulfiram-behavioral treat
ment drank fewer days, were employed more, spent more days at home, 
and spent fewer days institutionalized than the control group which had 
received only standard treatment. Unfortunately, the effects of supervised 
disulfiram could not be separated from the behavioral program. 

In a subsequent study, AZRIN et al. (1982) contrasted the following 
interventions: (1) traditional treatment without supervised disulfiram; (2) 
traditional treatment with disulfiram taken in the presence of a significant 
other; and (3) a behavioral program including supervised use of disulfiram. 
After 6 months, the traditionally treated group without supervised disulfiram 
was drinking on most days and no longer taking the disulfiram. The tradi
tional treatment combined with supervised use of disulfiram achieved abstin
ence for almost all of the married clients, but was considerably less successful 
for those who were single. Finally, the combined behavioral program with 
supervised use of disulfiram produced fewer drinking days and less alcohol 
consumption in both the single and married subjects. 
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Two mandatory supervised disulfiram studies have also yielded favorable 
results. BREWER and SMITH (1983) conducted a pilot study of 16 "habitual 
drunken" offenders who agreed to take disulfiram under supervision as a 
condition of probation. Twelve of the 16 either abstained or had brief and 
"comparatively harmless" lapses. However, they did not have a concurrent 
control group. 

In another study, SERENY et al. (1986) initiated a mandatory supervised 
disulfiram program with patients who had relapsed at least three times. 
Patients were required to take disulfiram three times per week under super
vision for a minimum of 6 weeks. If they missed more than two sessions, 
they would be discharged from the clinic. A contract containing these 
provisions was signed by the patient, physician, nurse, and counselor. The 
investigators found that 60% of the patients who agreed to these provisions 
obtained a level of sobriety not previously achieved by them. However, the 
absence of both random assignment and a control group limits the validity of 
these results. 

KOFOED (1987) conducted a very interesting randomized, three-group 
study in which subjects were given disulfiram to take at home. Two groups 
had their compliance with disulfiram monitored by testing the breath of 
subjects for carbon disulfide at weekly clinic visits. The case managers for 
the members of one of these two groups were told the results of the breath 
tests and were encouraged to discuss the results with the patients, whereas 
the case managers for the members of the other group were not told the 
results of the breath tests. A third group did not have their adherence to the 
disulfiram regimen monitored by the breath tests. The compliance rate was 
significantly greater for the group in which the case managers were informed 
of the breath test results (71 %) compared to the group in which the case 
managers did not know the results (44 % ). However, the three groups did 
not differ on retention in treatment or on a global measure of severity of 
alcohol-related problems. Specific drinking variables such as days of abstin
ence, frequency of drinking, or quantity of alcohol consumed were not 
reported. Nevertheless, it is significant that improved compliance in this 
study was not reflected in better outcome. 

CHICK et al. (1992) recently conducted a randomized, single-blind, 6-
month study of supervised disulfiram as an adjunct to outpatient treatment 
or alcoholics. Patients received either 200 mg disulfiram or 100 mg vitamin C 
daily in the presence of an informant (usually the spouse, though occasionally 
another relative, colleague, or clinic staff member). Patients were informed 
of the type of medication and, consequently, were not blinded to treatment 
they received. However, the independent assessor was blinded to the 
medication received. There were no written contracts or penalties for not 
taking the medication. Given that there were no penalties, this trial was a 
supervised study, in contrast to the mandatory supervised studies conducted 
by BREWER and SMITH (1983) and SERENY et al. (1986). In addition to 
the medications, patients also received a variety of treatments including 
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Alcoholics Anonymous (AA), marital therapy, relaxation therapy, and 
supportive group therapy. The patients treated with disulfiram had more 
days of abstinence and less alcohol consumption than did patients assigned 
to the vitamin C group. In addition, follow-up serum levels of y-glutamyl 
transferase (GGT) were lower in the disulfiram group but higher in the 
vitamin C group, thus supporting a decrease in total alcohol intake in the 
supervised disulfiram patients. These results suggest that supervised disulfiram 
in conjunction with the usual verbal therapies improves outcome. 

Finally, disulfiram implants have been used over the past 30 years to 
increase patient compliance. Unfortunately, most of the early studies evalu
ating the efficacy of disulfiram implants had methodological flaws. In addi
tion, a frequent complication was the formation of sterile abscesses at the 
site of implantation. Recently, better designed studies have been conducted, 
thus allowing more accurate appraisal of the effectiveness of disulfiram 
implants. 

JOHNSEN et al. (1987) conducted a double-blind, placebo-controlled trial 
in which ten 100-mg doses of disulfiram or ten 100-mg doses of calcium 
phosphate were implanted subcutaneously into 11 and 10 alcoholics, re
spectively. Twenty weeks after implantation the investigators found no dif
ferences between the two groups in alcohol consumption, rate of weekly 
abstinence, and days to first drink. Also, there were no differences in serum 
levels of GGT, alanine aminotransferase, and aspartate aminotransferase 
between the two groups. Finally, neither group reported a DER nor had 
differences in blood acetaldehyde levels following acute alcohol challenge 
(at a dosage of O.4g/kg i.v.). 

The inability of disulfiram implants to elicit a DER has been observed in 
other studies as well. BERGSTROM et al. (1982) implanted 1 g disulfiram (10 x 
100mg) into 11 chronic alcoholics and orally administered 15 g alcohol 4-6 
weeks later. No DER was observed. 

JOHNSEN et al. (1990) conducted a double-blind, placebo-controlled study 
of subcutaneous disulfiram implants in nonalcoholic volunteers. Each par
ticipant received one pre-implant and six post-implant (1-18 weeks following 
implementation) sessions of intravenous alcohol challenges (0.4 g/kg) as well 
as one oral alcohol challenge (0.8 g/kg). These investigators found no clinical 
signs of a DER. In addition, the intravenous infusion of alcohol produced 
no changes in blood acetalde-hyde concentration in either group. The oral 
challenge did, however, produce higher blood acetaldehyde levels in the 
disulfiram-implanted group compared to the placebo-implanted group, 
though acetaldehyde levels were insufficient to cause a DER. 

Finally, JOHNSEN and MORLAND (1991) recently conducted a randomized, 
controlled, double-blind study of disulfiram implants in alcohol-dependent 
patients. Forty subjects received subcutaneous abdominal implantation of 
ten 100-mg disulfiram tablets and 36 subjects received nine 100-mg calcium 
phosphate tablets plus a tablet containing 1 mg disulfiram. After a study 
period of 300 days there were no differences between the two groups in days 



Drugs to Decrease Alcohol Consumption in Humans 377 

to first drink, level of weekly abstinence, alcohol consumption, and overall 
psychosocial and physical functioning. However, both groups reduced 
alcohol consumption, suggesting a psychological deterrent effect rather than 
a pharmacological effect. It is unknown from this study if sufficient disulfiram 
was released into the bloodstream to produce a DER. 

These studies show that disulfiram tablets implanted subcutaneously are 
not effective. This is most likely because a DER does not occur when 
alcohol is ingested because of poor absorption from the tablets. Improve
ments in the technology of disulfiram implants may correct this problem. 
Once developed, improved implants would have to be assessed in rando
mized, controlled studies. One potential problem with effective implants 
would be how to treat a DER if a person with an implant drinks, given the 
long duration of action of implant disulfiram. 

H. Toxicity 
An issue that has to be considered in recommending disulfiram to a patient 
is the potential toxicity of the compound. One side effect to disulfiram is 
drowsiness, which can ususally be avoided if the medication is taken at 
bedtime. It also has to be used with caution by individuals who work around 
machinery, ladders, or in other settings that require alertness. Other side 
effects, e.g., impotence, have been reported, but the VA Cooperative Study 
found drowsiness to be the only side effect to be reported more frequently 
by those assigned to the 250-mg dose compared to 1 mg or no disulfiram. 
Another controlled study also found no significant differences in side 
effects between patients receiving disulfiram and those receiving a placebo 
(CHRISTENSEN et al. 1984). 

A worrisome adverse reaction from disulfiram is hepatoxicity, which is 
rare but can be fatal. Severe disulfiram-induced fulminant hepatitis usually 
occurs within the first 2 months of initiating treatment (WRIGHT et al. 1988). 
Since it is idiosyncratic, it is impossible to predict who will develop this 
serious toxic reaction. The VA Cooperative Study obtained periodic liver 
tests to monitor for hepatoxicity. In this study an increase in liver test values 
from baseline almost always indicated a resumption of drinking and not 
hepatoxicity (IBER et al. 1987). Nevertheless, it is important to obtain liver 
tests frequently during the first 2 months of treatment. WRIGHT et al. (1988) 
recommend that liver function tests should be obtained before treatment, at 
2-week intervals for 2 months, and at 3- to 6-month intervals thereafter. If 
there is an increase in the liver function tests, a careful interview with the 
patient is necessary, and the medication should be stopped unless it is 
evident that the patient has been drinking. 

Another uncommon but serious adverse reaction is peripheral neuro
pathy (FRISONI and DIMoNDA 1989). Its most serious form is optic neuritis, 
which can cause blindness. When higher doses of disulfiram were used, 
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psychotic reactions and major depression were frequently observed. At 
the doses used today, these serious adverse reactions are rare. The VA 
Cooperative Study did not find a greater incidence among those who re
ceived disulfiram than placebo or no disulfiram (BRANCHEY et al. 1987), but 
these investigators excluded patients with major affective disorders and 
schizophrenia. 

I. Contraindications to Disulfiram Treatment 
Because hypotension can occur during the DER, patients with cardiovascular 
or cerebrovascular disease should not be prescribed disulfiram. Patients with 
organic brain disease should not be given disulfiram because they are unable 
to fully comprehend the potentially dangerous consequences of the DER. 
Patients with schizophrenia or a major affective disorder should not receive 
disulfiram because these illnesses may be exacerbated with the use of 
disulfiram. Pregnant women should not receive the drug because disulfiram 
has been reported to cause serious fetal abnormalities (NORA et al. 1977). 
Since disulfiram may lower the seizure threshold, patients with an idiopathic 
seizure disorder should not take the drug. 

Disulfiram should be used carefully in patients taking certain other 
medications because it interferes with the biotransformation of such drugs as 
phenytoin, warfarin, isoniazid, rifampin, diazepam, chlordiazepoxide, 
imipramine, and desipramine. 

J. Calcium Carbamide 
Although currently not available in the United States, calcium carbamide is 
another alcohol-sensitizing agent. Its onset of action is much more rapid 
than disulfiram (1 h versus 12 h), and the duration of the DER-like reaction 
after termination of the drug is considerably shorter (24 h versus several 
days) (ANNIS and PEACHEY 1992). 

PEACHEY et al. (1989a) conducted a double-blind, crossover study of 
calcium carbamide in alcohol-dependent patients. Study completers in both 
groups were judged to be highly compliant as determined by daily self
reports, pill counts, and urine levels of the riboflavin medication marker. 
Frequency and total volume of alcohol consumed were diminished signifi
cantly but equivalently in both groups. Side effects and medical problems of 
the calcium carbamide-treated subjects were essentially the same in both 
groups. In addition, thyroid function was not affected by calcium carbamide 
and no signs of liver toxicity were observed (PEACHEY et al. 1989b). 

ANNIS and PEACHEY (1992) recently conducted a clinical trial of calcium 
carbamide in combination with a psychosocial therapy. Alcoholics were 
randomly assigned to either relapse prevention therapy or counseling by a 
physician. All were encouraged to reduce pill intake over time. Both groups 
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demonstrated substantial improvement in amount of alcohol consumed at 
6-, 12-, and 18-month follow-up. The relapse prevention group exhibited 
lower drinking at the 18-month follow-up. This study suggests that integration 
of alcohol-sensitizing agents with psychosocial therapies may be promising in 
the treatment of alcoholism. 

K. Future Research Directions 
Disulfiram treatment is likely to be improved if the results of CHICK et a1. 
(1992) are confirmed, because these results indicate that supervised admini
stration should be used rather than giving the patient disulfiram to take at 
his/her discretion. Disulfiram treatment would also be improved if a com
pound or dosage form with fewer side effects were developed. Perhaps one 
of the disulfiram metabolites would be as effective as the parent compound 
in causing a DER but have fewer side effects. Lastly, combining specific 
psychosocial therapies with disulfiram may also improve treatment outcome. 
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CHAPTER 15 

Drugs Attenuating Alcohol Consumption 
in Humans Through Effects 
on Various Neurotransmitter Systems* 

c.A. NARANJO and K.E. BREMNER 

A. Introduction 
Several pharmacologic treatments for decreasing alcohol consumption and 
related problems have recently been identified and tested in clinical studies. 
These developments have been a consequence of increased understanding 
of the biological mechanisms regulating ethanol intake. Research studies 
suggest a role for several neurotransmitter systems and hormones in re
gulating the initiation, maintenance, and cessation of alcohol drinking in 
animals (NARANJO and SELLERS 1992). Recently serotonin, dopamine, and 
endogenous opioids have been shown to be particularly important in alcohol 
consummatory behavior (NARANJO and SELLERS 1992; NARANJO et al. 1992c; 
AMIT and SMITH 1992). Most studies, both preclinical and clinical, have 
concentrated on a single neurotransmitter system or mechanism, but these 
independent lines of research will, most likely, be integrated in the future 
(AMIT and SMITH 1992). The interactions of systems and the potential 
synergisms of various drugs must be assessed since few medications have a 
sufficiently potent effect. This paper will review recent clinical research into 
neuropharmacologic agents and their effects on alcohol consumption. Some 
of the major findings are summarized in Table 1. 

B. Serotonin 
The relationship between central serotonergic neurotransmission and alcohol 
intake was first determined in preclinical studies. Many agents have been 
tested and the results in general suggest that medications that increase 
serotonin tone decrease alcohol intake (NARANJO and BREMNER 1992a; 
McBRIDE et al. 1992; ENGEL et al. 1992; HIGGINS et al. 1992). For example, 
serotonin uptake inhibitors were found to decrease alcohol intake in rats 
(AMIT and SMITH 1992; LAWRIN et al. 1986). These medications were 
developed primarily as antidepressants and were available for testing in 

* Parts of this manuscript have been published in abstracts and papers by the 
authors. 
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Table 1. Drugs to reduce alcohol consumption 

Medication 

Serotonin uptake 
inhibitors (e.g., 
citalopram, 
fluoxetine) 

Serotonin antagonists 
(e.g.,ondansetron, 
ritanserin) 

Serotonin agonists 
(e.g., buspirone) 

Dopamine agonists 
(e.g., bromocriptine) 

Opiate antagonists 
(e.g., naltrexone) 

GAB A agents (e.g., 
acamprosate) 

Comments 

Consistent decreases of 20% in alcohol intake in 
mildly/moderately dependent alcoholics, perhaps 
by reducing desire to drink. Clinical testing continues 

Inconsistent results in clinical trials. Further evidence 
required to confirm effectiveness 

Reduced anxiety and alcohol craving, but not alcohol 
intake 

Alleviated withdrawal symptoms, alcohol intake, 
and/or psychopathology. Testing continues 

Preliminary results indicate naltrexone reduces relapse 
rate in detoxified alcoholics 

May reduce relapse in detoxified alcoholics. More 
studies are needed 

humans. Therefore, we developed a research program to evaluate sys
tematically the clinical effects of serotonin uptake inhibitors on ethanol 
intake and other consummatory behaviors in humans (NARANJO and BREMNER 
1992b). Details of the methodology and the main results of our initial 
studies with zimeldine, citalopram, viqualine, and fluoxetine are described 
elsewhere (NARANJO et al. 1984b, 1987, 1989, 1990a). All were randomized, 
placebo-controlled, double-blind studies. Subjects had mild-to-moderate 
alcohol dependence (American Psychiatric Association 1980, 1987), and 
were nondepressed, socially stable, and did not abuse or only occasionally 
abused other drugs (other than cigarette smoking). They reported drinking 
28 or more standard drinks (each containing 13.6g absolute ethanol) per 
week before enrollment in the studies. 

After the 2-week baseline periods, subjects were randomized to receive 
a serotonin uptake inhibitor (zimeldine 200 mg/day, citalopram 20 or 
40mg/day, viqualine 100 or 200mg/day, or fluoxetine 40 or 60mg/day) or 
placebo for 2 or 4 weeks according to the study protocols. They attended 
weekly/biweekly assessments, but no other treatment or advice was offered. 
Several objective measures confirmed compliance with medication and 
accurate reporting of alcohol consumption. None of the lower doses of 
serotonin uptake inhibitor significantly changed alcohol intake compared 
with placebo or baseline. Zimeldine 200mg/day and citalopram 40mg/day, 
viqualine 200 mg/day, and fluoxetine 60 mg/day all decreased short-term 
(2-4 weeks) alcohol intake by averages of 14%-20% from baseline, with 
some subjects decreasing their alcohol intake by up to 60%. Placebo treat
ment did not change alcohol intake significantly from baseline (less than 
2% average). 
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Consistent results in several human studies are required to establish the 
potential clinical usefulness of a new medication. Our results with zimeldine 
were confirmed in another study (AMIT et al. 1985), in which 12 social 
drinkers reduced their alcohol intake during inpatient experimental drinking 
sessions. Although zimeldine was withdrawn from the market because of 
hepatic and neurologic toxicity (FAGIUS et al. 1985; NARANJO et al. 1990b), 
other serotonin uptake inhibitors, such as fluoxetine, citalopram, sertraline 
and paroxetine, have been approved for clinical use as antidepressants in 
many countries. More recent studies have been conducted with these drugs. 
For example, the effects of fluoxetine on alcohol consumption were tested in 
a double-blind, placebo-controlled inpatient study (GORELICK and PAREDES 
1992). Twenty alcohol-dependent males were housed in a locked hospital 
ward and had measured alcoholic drinks available to them in a fixed interval 
drinking decision paradigm 13 times each day. Subjects received fluoxetine 
20-60mg/day (n = 10) or placebo daily (n = 10) for 28 days after a 3-day 
baseline period. The fluoxetine group decreased their alcohol intake by 14% 
from baseline during the 1st week of treatment only. During the last 3 
weeks, alcohol intake was not significantly different from baseline. The 
placebo group showed no significant changes at any time period (less than 
4 % from baseline). 

The mechanism of the effect of serotonin uptake inhibitors on alcohol 
intake is not fully understood. Subjects in our studies were not clinically 
depressed or anxious and changes in depression or anxiety were not ob
served. No consistent temporal relationship between the few side effects and 
decreases in drinking could be discerned. In addition, serotonin uptake 
inhibitors do not produce an alcohol-sensitizing reaction and have not been 
found to have any adverse pharmacokinetic interactions with alcohol 
(NARANJO and BREMNER 1992b; NARANJO et al. 1984a; LADER et al. 1986; 
SULLIVAN et al. 1989; SHAW et al. 1989; LEMBERGER et al. 1985). 

The effect of serotonin uptake inhibitors appears to be fairly specific to 
alcohol intake. For example, there is no evidence from the studies described 
that these drugs decrease all fluid intake or other consummatory behaviors, 
because nonalcoholic drinks and cigarette smoking did not change (NARANJO 
and BREMNER 1992b; SELLERS et al. 1987). Weight loss was observed in 
most of the male heavy drinkers who received citalopram, viqualine, and 
fluoxetine. The average weight loss per 2 weeks was 0.3-1.2 kg and could 
not be accounted for by decreased calories from alcohol. Moreover, the 
lower doses of serotonin uptake inhibitors decreased body weight, but not 
alcohol intake. Changes in body weight and alcohol intake did not correlate, 
suggesting that these effects are independent (NARANJO and BREMNER 1992b). 
As loss of appetite was frequently reported during citalopram 40 mg/day and 
fluoxetine 60 mg/day (p's < 0.05 compared with placebo), food intake 
probably decreased. Therefore, serotonin uptake inhibitors may decrease 
appetite, or desire to eat, and also decrease desire to drink alcohol. In 
outpatient studies, increases in abstinent days were frequently observed 
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(NARANJO et al. 1984b, 1987), indicating that these drugs may exert their 
main effect before the initiation of drinking. Decreases in desire to drink 
were reported with zimeldine (AMIT et al. 1985), ftuoxetine (GORELICK and 
PAREDES 1992), and viqualine (NARANJO et al. 1989). 

In order to determine the importance of this mechanism, the effects of 
citalopram (40mg/day) and ftuoxetine (60mg/day) on desire to drink were 
directly assessed in two recent studies, in which drinking sessions were 
conducted in an experimental bar immediately following one or two out
patient weeks of serotonin uptake inhibitor and placebo treatments. Subjects 
(n = 16 per study) were offered alcoholic mini drinks at 5-min intervals 
during the experimental drinking sessions. Subjects consumed the maximum 
number of minidrinks (i.e., up to 18, which is equivalent to 6 standard 
drinks) that they could and rated their desire for alcohol, intoxication, and 
mood. There was some indication that citalopram decreased the desirability 
of alcohol early in the experimental drinking session (NARANJO et al. 1992d). 
Fluoxetine almost completely suppressed desire for alcohol ratings in the 
experimental drinking sessions compared with placebo (NARANJO et al. 
1992b). Also, decreases in liking for alcohol were detected. These results 
indicate that decreases in interest and desire (urge to drink), and liking 
(reinforcing effects) of alcohol may mediate the effects of serotonin uptake 
inhibitors. 

This mechanism of action should be considered in the development of 
treatments to reduce alcohol intake and prevent relapse. Serotonin uptake 
inhibitors could be combined with a psychological treatment for alcohol 
abuse in order to maximize the drug effect and assess long-term effects of 
the combination of treatments. In a recent study 62 mildly/moderately 
dependent alcoholics received, double-blind, citalopram 40 mg/day (n = 31) 
or placebo (n = 31) in conjunction with a brief cognitive-behavioral 
treatment program (SANCHEZ-CRAIG and WILKINSON 1987). The short-term 
reduction in alcohol intake by citalopram (p < 0.05 compared with placebo) 
was potentiated by the nonpharmacologic intervention (NARANJO et al. 
1992a). Citalopram had no overall significant effect, compared with placebo, 
on alcohol intake during the entire 12-week treatment period. However, 
among the 31 subjects who received citalopram, the males responded sig
nificantly better than the females. The average decreases from baseline 
alcohol intake were 44% for the males (n = 16) and 26% for the females 
(n = 15). The reductions in alcohol intake were maintained into the 5th-8th 
week post-treatment for subjects in both treatment groups; average decreases 
from baseline were 46% (post-citalopram) and 53% (post-placebo). Con
comitant decreases in alcohol dependence (Alcohol Dependence Scale 
scores) and alcohol-related problems (MAST scores) were observed (NARANJO 
and BREMNER 1993). 

Recently, several serotonin receptor subtypes have been identified and 
serotonergic agents have been classified according to the one(s) upon which 
they act (WATSON and GIRDLESTONE 1993). Many drugs, both agonists and 
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antagonists, have been tested in animals and humans in order to determine 
which receptor subtypes are most important in the regulation of alcohol 
intake (SELLERS et al. 1992). In preclinical studies, the decrease in alcohol 
intake observed during administration of the serotonin releaser and uptake 
inhibitor dexfenfturamine was reversed by pretreatment with the serotonin1l2 
antagonist metergoline and the serotonin2 antagonist ritanserin, but not by 
the serotonin3 antagonist ondansetron, suggesting that central serotoninl/2 
receptors may mediate the effect (SELLERS et al. 1992). Further research 
is required to determine the relevance of these observations to humans. 
Buspirone, a serotoninlA agonist, has been studied in humans. In one study, 
buspirone (average dose 20.5 mg/day) reduced alcohol craving and anxiety, 
but not alcohol intake, compared with placebo in 50 mild-to-moderate 
alcohol-dependent subjects, 40% of whom also had evidence of mild-to
moderate anxiety (BRUNO 1989). Similarly, buspirone (average dose 
42.25 mg/day) reduced anxiety and desire for alcohol in 42 patients with a 
dual diagnosis of generalized anxiety/alcohol abuse or dependence who had 
abstained from alcohol for 30-90 days (TOLLEFSON et al. 1992). Thus, its 
effects On alcohol craving may be secondary to the alleviation of anxiety, 
and buspirone may be efficacious only in anxious alcoholics (KRANZLER and 
MEYER 1989). However, it may be useful therapeutically in these patients. 
A serotonin Ie and serotonin3 agonist, mCPP, decreased oral ethanol self
administration in rats, but it increased craving for alcohol and the urge 
to drink, and produced ethanol-like effects in abstinent alcoholics in two 
studies (BENKELFAT et al. 1991; KRYSTAL et aI., in press). 

Some selective serotonin antagonists have been tested for their direct 
effects on alcohol intake. The serotonin3 antagonist ondansetron decreased 
alcohol intake in rats (SELLERS et al. 1992) and was studied in 71 male 
alcohol abusers. Patients were randomly assigned to receive ondansetron 
0.25 mg or 2 mg or placebo p.O. b.i.d. for 6 weeks after a 2-week baseline 
period. All patients also received a brief psychosocial intervention for 
alcoholism. Ondansetron 0.25 mg b.i.d. reduced alcohol intake from base
line, compared with ondansetron 2 mg b.i.d. or placebo, with the effect 
increasing in the second half of the treatment period (SELLERS et al. 1991, 
1992). Studies with the serotonin2 antagonist ritanserin have yielded no 
conclusive results. In rats, it has been reported to reduce alcohol intake and 
preference in a dose-dependent manner (MEERT and JANSSEN 1991), and to 
reduce alcohol intake and measures of alcohol withdrawal (MEERT et al. 
1993), but it had no effect in another study (SELLERS et al. 1992). In a 
small, uncontrolled, open clinical study with five male abstinent alcoholics, 
ritanserin 10 mg/day reportedly reduced desire to drink and helped to 
maintain abstinence during the 28-day treatment period and a 15-day follow
up placebo period (medication administered single-blind) (MONTI and 
ALTERWAIN 1991). However, in a double-blind placebo-controlled study with 
39 mildly/moderately dependent alcoholics ritanserin 5 mg/day decreased 
desire and craving for alcohol compared with baseline, but not compared 
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with ritanserin lOmg/day or placebo treatments. Neither dose of ritanserin 
significantly reduced alcohol intake (NARANJO et al. 1993). 

In summary, many serotonergic drugs show considerable promise 
as novel pharmacotherapies for alcohol dependence. Further research is 
required to enhance the size and duration of their effects (e.g., by combining 
them with psychosocial therapies and with other medications) and to deter
mine the precise neuropharmacologic mechanisms underlying their clinical 
effects. 

c. Dopamine 
Alcohol induces the release of dopamine in some of the regions of rat brain 
in which reinforcement is mediated; this effect is more marked in high 
alcohol-preferring than in low alcohol-preferring rats (ENGEL et al. 1992). A 
low endogenous level of brain dopamine has been found in alcohol-preferring 
rats and increasing dopamine tone with L-dopa and carbidopa reduced 
alcohol consumption in these rats (GEORGE et al. 1993). However, other 
studies do not provide clear evidence for the role of dopamine in ethanol 
consumption. For example, there are contradictory reports of reductions 
in ethanol intake in rats following treatment with both bromocriptine, a 
dopamine agonist (WEISS et al. 1990), and haloperidol, a dopamine an
tagonist (SAMSON et al. 1990). A possible interpretation of these results is 
that dopamine blockade reduces alcohol's reinforcing effects (and therefore 
intake) while dopamine receptor activation substitutes for alcohol intake 
(NARANJO et al. 1992c). 

The importance of the dopaminergic system in human alcohol depen
dence and consumption has yet to be confirmed by clinical studies. The 
dopamine agonist bromocriptine alleviated alcohol withdrawal symptoms 
(BORG and WEINHOLDT 1982) and possibly decreased alcohol consumption in 
humans (BORG 1983). In a more recent study, severely dependent alcoholics 
were randomly assigned to receive bromocriptine 2.5 mg t.i.d. (n = 20) or 
placebo (n = 18) for 7 weeks following a 1-week baseline period and a 9-day 
titration of bromocriptine from 1.25 mg/day (placebo was dosed similarly). 
Significant decreases in alcohol consumption were observed with both bro
mocriptine and placebo treatments, compared with baseline, but there were 
significant differences in favor of bromocriptine in various psychopathologi
cal measures such as the SCL-90-R global severity index, interpersonal 
sensitivity, and anger/hostility (DaNGlER et al. 1991). A large multicenter 
trial to determine the effects of bromocriptine on alcohol dependence is 
underway. 

D. Opioids 
A genetically determined deficiency of opioid function may predispose to 
alcoholism. Alcohol-preferring mice have low opioid tone, perhaps due to 
enhanced enkephalin degradation (GEORGE et al. 1991). Both prevention of 
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enkephalin degradation with the enkephalinase inhibitor kelatorphan and 
increasing opioid activity with a jl-receptor opioid agonist decreased alcohol 
consumption in these mice (GEORGE et al. 1991). An alternative hypothesis, 
that a surfeit of opioid activity potentiates alcohol drinking, is based on the 
observation that alcohol consumption in animals increases with the prior 
administration of a small dose of an opiate agonist such as morphine and 
decreases when opiate receptors are blocked by opiate antagonists such as 
naltrexone (HUBBELL and REID 1990; BERG et al. 1992; REID and HUBBELL 
1992). 

Naltrexone, an opiate antagonist, was tested in two clinical studies using 
a variety of subjective and objective measures to assess alcohol intake and 
craving for alcohol. Seventy detoxified male alcoholics received 12 weeks of 
naltrexone 50mg/day (n = 14) or placebo (n = 16), following a I-week 
placebo baseline. Naltrexone significantly reduced alcohol intake, drinking 
days, and craving for alcohol compared with placebo (VOLPICELLI et al. 
1992). Preliminary results from this initial study led to a larger study with 
97 alcohol-dependent male and female patients. Patients received either 
naltrexone 50 mg/day or placebo and either weekly individual coping skills 
relapse prevention sessions or supportive psychotherapy sessions, for 12 
weeks. They were required to abstain from alcohol for 7-30 days before 
beginning treatment. Naltrexone was better than placebo on a number of 
measures related to alcohol use and medication interacted with the type of 
psychotherapy on some measures. For example, 61 % of the patients who 
received naltrexone and supportive therapy and 28% of those who received 
naltrexone and coping skills therapy remained abstinent for 12 weeks com
pared with 21 % of the placebo/coping skills patients and 19% of the placebo/ 
supportive therapy patients. The naltrexone-treated patients drank on an 
average of 4.3% of the study days, and drank a total of 13.7 drinks during 
the trial on the average, while the placebo-treated patients drank on 9.9% 
of the study days and a total of 38.0 drinks. Ratings of craving for alcohol 
were lowest for the naltrexone/coping skills patients. Naltrexone was well 
tolerated and was also associated with better patient retention than placebo 
(O'MALLEY et al. 1992). 

E. Medications Acting on Other Neurotransmitter Systems 
Recent research has focused on the role of the inhibitory neurotransmitter y
aminobutyric acid (GABA) in the regulation of alcohol intake (AMIT 
and SMITH 1992). The administration of a GAB A agonist, calcium acetyl
homotaurinate, reduced voluntary alcohol consumption in rats (BOISMARE 
et al. 1984). This drug, named acamprosate, has been reported to reduce 
relapse in recently detoxified alcoholics. In a double-blind, placebo-con
trolled, randomized, multicenter study, 181 of the 279 subjects who were 
randomized to acamprosate (1.3 g/day) completed the 3-month treatment 
period. These subjects had significantly lower plasma y-glutamyl trans-



390 c.A. NARANJO and K.E. BREMNER 

peptidase (the major efficacy criterion used as an indicator of recent alcohol 
ingestion) than the 175 placebo subjects who completed the study (of 290 
randomized to placebo) (LHUINTRE et al. 1990). Amounts of alcohol 
consumed were not reported. In a 6-month multicenter study in 102 recently 
detoxified alcoholics, calcium acetyl-homotaurinate (1999 mg/day) improved 
compliance to follow-up, length of abstinence, and clinical global assessment 
compared with placebo (PELC et al. 1992). This medication shows promise 
but more studies are needed to determine the role of GABA in the moder
ation of alcohol consumption and alcohol-induced effects. 

F. Conclusions 
Much progress has been achieved in the identification and testing of neuro
psychopharmacologic agents to decrease alcohol consumption. New ex
perimental paradigms have been developed (e.g., experimental drinking 
sessions) to test specific hypotheses related to drug effects. The quality of 
clinical studies has been improved by better descriptions of patients and 
identification of subgroups, the use of larger sample sizes and placebo
controlled designs, and isolation and characterization of the pharmacologic 
effect (e.g., size, possible mechanisms, dose-response relationships). Agents 
acting on serotonin (e.g., serotonin uptake inhibitors), endogenous opioids 
(e.g., naltrexone), and dopamine (e.g., bromocriptine) have been tested 
and research continues to explore systematically their therapeutic potentials. 
In particular, we need to determine better ways to produce a synergistic 
effect of pharmacologic and nonpharmacologic treatments, since human 
drinking behavior is regulated by many types of factors, some of which may 
be amenable to psychosocial or cognitive-behavioral therapies. Because the 
effect of the nonpharmacologic interventions may interact with or mask 
that of a medication, large-scale studies (e.g., multicenter trials) using 
standardized nonpharmacologic treatments and adequate control groups 
may be required to provide a firm basis for pharmacologic efficacy. Similarly, 
since it is unlikely that a single neurotransmitter system regulates desire for 
alcohol, and its intake and effects, and since experimental evidence suggests 
the involvement of several neurotransmitter systems, studies to test com
binations of medications may be warranted. Issues of drug interactions and 
safety in such studies, however, must be carefully scrutinized. 

In conclusion, considerable progress has been made in the neuro
pharmacologic treatment of alcohol dependence, and the days in which 
disulfiram and similar medications were the only options seem far away. 
Researchers continue to investigate new pharmacotherapies for alcohol 
abuse in both basic and clinical studies. Better use of collaborative networks 
will accelerate progress. 
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CHAPTER 16 

Pharmacology of Gastrointestinal Comorbidity 
in Alcoholics 

T.M. WORNER and P. MANU 

A. Introduction 

In this chapter, we will examine published data regarding patient cohorts 
assembled for specific pharmacologic interventions addressed to specified 
medical complications of heavy alcohol consumption. The review will 
evaluate only peer-assessed publications that: (1) included full disclosure of 
their methodology; (2) identified the proportion of alcoholics among hetero
geneous patient groups with a given clinical diagnosis (e.g., pancreatitis); (3) 
used standard diagnostic criteria; and (4) employed a control group whose 
clinical characteristics matched those of the study group. Whenever possi
ble, our presentation will describe two categories of facts: (1) confirmations 
(i.e., similar findings obtained by at least two independent research groups) 
and (2) contradictions (i.e., unequivocally opposite findings in independent 
studies with similar methodology). 

The literature regarding pharmacologic approaches to the medical 
complications of alcoholism was reviewed by accessing the Medline database 
of the National Library of Congress available in the form of compact disk 
storage of the abstracts of all pertinent articles published from January 1988 
through June 1992. The analysis of these abstracts did not reveal significant 
pharmacologic advances obtained by well-controlled studies of cardiova
scular (e.g., alcohol-related hypertension, alcoholic cardiomyopathy, and 
arrhythmias), neurologic (e.g., Wernicke's encephalopathy, cerebellar 
degeneration, and peripheral neuropathy), renal (i.e., alcohol-induced 
rhabdomyolysis with renal failure), endocrinologic (e.g., testicular atrophy, 
amenorrhea, hypercortisolism), hematologic (i.e., pancytopenia, macro
cytosis), and metabolic complications of alcoholism (i.e., magnesium and 
phosphate deficiency, alcoholic ketosis). When progress was made, the 
pharmacologic advance was due to work in the general area of, for example, 
the management of arterial hypertension, rather than in the specific field of 
alcohol-induced changes in blood pressure. However, substantial results 
have been published regarding the pharmacologic treatment of alcohol
induced gastrointestinal, pancreatic, and hepatologic complications; these 
advances will be described in detail. We will not address the medical man
agment of the alcohol withdrawal syndrome and its complications (alcohol 
withdrawal seizures, alcohol withdrawal delirium, and alcoholic hallucinosis) 
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because pharmacologic advances in these areas are presented in detail by 
Anton and Becker (Chap. 14, this volume). 

B. Drug Therapy for Alcohol-Induced Liver Disease 

I. Steatosis 

Hepatic steatosis is generally considered a benign stage of alcoholic liver 
disease which is reversible if the offending toxin (alcohol) is removed. A 
prospective Danish study suggests, however, that moderate-to-severe 
steatosis increases the risk of development of cirrhosis, even in the absence 
of alcoholic hepatitis (S0RENSEN et al. 1984). 

In view of the demonstrated progression of steatosis to cirrhosis, one 
might consider the use of hepatoprotective drugs for the most severe stages 
of steatosis. Hepatoprotective agents such as (+ )-cyanindanol-3, a free 
radical scavenger, however, have not proved efficacious in placebo
controlled studies (WORLD et al. 1987; ANONYMOUS 1982). 

The bioflavonoid silymarin, an active extract of Silbyium marinanum, 
has been evaluated in a double-blind, randomized controlled trial in 97 
young soldiers with persistent transaminase elevation. Steatosis was present 
in almost half of these recruits. Transaminases were significantly decreased 
in the actively treated patients when compared to controls. Seventy-three 
percent of treated patients versus 29% of controls showed histologic im
provement on rebiopsy (SALMI and SARNA 1982). The clinical use of this 
agent awaits the results of other randomized controlled trials. 

Protein, methionine, and choline deficiencies have been implicated in 
the pathogenesis of alcoholic liver disease. S-Adenosyl-L-methionine 
(SAMe), the activated form of methionine, is depleted in the livers of 
baboons fed alcohol chronically. SAMe supplementation results in im
provement in the severity of histologic damage in the baboon (LIEBER 1990). 
By contrast, a I-month inpatient, randomized, placebo-controlled trial of 
intravenous SAMe in human alcoholics did not demonstrate a beneficial 
effect of SAMe (T.M. Worner and C.S. Lieber, unpublished observations). 

II. Alcoholic Hepatitis 

Rapid deterioration is characteristic of the patient with severe alcoholic 
hepatitis. Mortality may approach 50% during the first 30 days of hospital
ization (MADDREY 1988; SHERLOCK 1990). Malnutrition is common in 
patients with alcoholic hepatitis and has been correlated with mortality 
(MENDENHALL et al. 1986). Studies aimed at nutritional repletion of subjects 
with alcoholic hepatitis have, therefore, been undertaken. Randomized 
controlled trials of amino acid infusions, though initially encouraging, have 
produced contradictory results. Most, but not all, of the recent studies 
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demonstrate improvement in biochemical and nutritional parameters, but no 
improvement in mortality (NASRALLAH and GALAMBOS 1980; CALVEY et al. 
1985; DIEHL et al. 1985; ACHORD 1987; SIMON and GALAMBOS 1988; MEZEY 
et al. 1991; BIRD and WILLIAMS 1990). In view of the cost, as well as the 
associated morbidity, this form of nutritional supplementation cannot cur
rently be recommended. 

1. Insulin and Glucagon 

In an attempt to stimulate hepatic regeneration, other investigators un
dertook randomized controlled trials of insulin and glucagon infusions. The 
first of these trials, published in 1981 (BAKER et al. 1981), demonstrated an 
improvement in biochemical parameters in the treated group, but no dif
ference in mortality between treated subjects and controls. In the most 
recent studies, subjects were randomized to daily 12-h infusions of insulin 
and glucagon for 3 weeks or until hospital discharge, if it occurred earlier 
(TRlNCHET et al. 1992; BIRD et al. 1991). Neither study demonstrated 
an improved outcome in the treated group. 

2. Corticosteroids 

Numerous other pharmacologic therapies have been evaluated. Corti
costeroids have been the most extensively studied, with the first controlled 
trials having been reported in 1971. Though corticosteroids are theoretically 
advantageous due to their antiinflammatory and antifibrotic effects, con
tradictory results have been reported in the 12 published randomized con
trolled trials (BIRD and WILLIAMS 1990; REYNOLDS 1990). Eleven ran
domized studies of corticosteroids in the management of alcoholic hepatitis 
(10 of which were placebo-controlled) were published between 1971 and 
1989. The results of these studies were evaluated by meta-analysis (IM
PERIALE and MCCULLOUGH 1990). The authors concluded that corticosteroids 
decreased short-term mortality in those subjects with alcoholic hepatitis 
complicated by encephalopathy. These results were limited to studies in 
which acute gastrointestinal bleeding was an exclusion criterion for study 
entry. One randomized controlled trial has subsequently been published 
(RAMOND et al. 1992). Sixty-one alcoholics with biopsy-proven alcoholic 
hepatitis and either hepatic encephalopathy or a discriminant function value 
greater than 32 (an empirically derived value which identified patients who 
had a 50% risk of dying within 2 months) were randomly assigned to either 
placebo or prednisolone. The majority of subjects also had cirrhosis. Nearly 
90% of the treated subjects were alive at month 2 as compared with only 
45% of control subjects. Thus, for a subgroup of patients with alcoholic 
hepatitis, corticosteroids appear to produce short-term benefits. 
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3. Anabolic Steroids 

Anabolic steroids have been thought to promote hepatic regeneration and to 
stimulate anabolism. Contradictory results, however, have been reported in 
randomized controlled trials of these drugs published prior to 1986 (BIRD 
and WILLIAMS 1990). A subsequent, small, randomized controlled trial of 
parenteral nutrition and oxandrolone has recently been reported (BONKOVSKY 
et al. 1991a). Of the 43 subjects recruited for the study, two exsanguinated 
prior to randomization, one signed out against medical advice, and one 
developed acute renal failure and sepsis. Of the remaining 39 subjects, 11 
were Child's class Band 28 were class C. Subjects underwent 17 days of 
observation and specialized testing prior to enrollment into the 21-day treat
ment protocol. All subjects improved with time, but the group treated with 
nutritional supplementation and/or oxandrolone improved the most. 
Though the results of this study provide evidence of the short-term benefits 
of parenteral nutrition and/or oxandrolone on nitrogen metabolism and 
metabolic balance, they are not readily generalized to other patient samples 
(BONKOVSKY et al. 1991b). The extremely low mortality in this sample is at 
variance with other randomized controlled trials of alcoholic hepatitis. 
Despite the histologic documentation of hepatitis in most subjects, they 
were all well enough to participate in a 17-day protocol prior to enrollment 
into the treatment arm of the study. Thus, the use of anabolic steroids in the 
management of alcoholic hepatitis requires evaluation in a sample that 
includes more severely ill patients. 

4. Colchicine 

Due to the contradictory results obtained in controlled clinical trials with 
steroids, alternative treatments of alcoholic hepatitis have been examined. 
Colchicine, due to its known antiinflammatory effects and favorable effects 
on granulocytes, was prospectively employed in a randomized, I-month 
placebo-controlled trial (AKRlVIADlS et al. 1990). Approximately 20% of 
each group died during the study period. There was no significant difference 
between groups in laboratory parameters or in the degree of neutrophilic 
infiltration found on repeat liver biopsy. Results of a 6-month, randomized 
placebo-controlled trial of colchicine also demonstrated no beneficial effect 
of the active drug in 67 subjects, one-third of whom also had cirrhosis 
(TRINCHET et al. 1989). However, more than one-fourth of the subjects were 
lost to follow-up at 3 months and over one-half of the subjects could not be 
located for the 6-month follow-up. Thus, at the present time, colchicine 
should be used only in controlled clinical trials. 

5. Propylthiouracil 

Another alternative to steroids has been propylthiouracil. The rationale for 
use of this drug, first tested in rats fed alcohol chronically, is that it would 
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ameliorate the hypermetabolic state in the liver, which is associated with an 
increased rate of oxygen consumption (ISRAEL et al. 1975). One hundred 
and thirty-three inpatient alcoholics were randomly assigned to placebo or 
propylthiouracil. The treatment protocol was continued until the subjects 
were stable enough to be discharged from the hospital, with a prede
termined maximum treatment period of 46 days. Treatment response was 
measured with a composite clinical and laboratory index. Short-term im
provement was observed only in those subjects with documented alcoholic 
hepatitis. There was no difference in mortality between the two groups 
(ORREGO et al. 1979). Another 6-week, double-blind placebo-controlled trial 
of propylthiouracil, which employed a similar study design, demonstrated no 
advantage to propylthiouracil either on biochemical parameters or on 
mortality (HALLE et al. 1982). A 2-year study, in which subjects were 
randomly assigned to propylthiouracil or placebo, demonstrated a striking 
reduction in mortality in the active treatment group (ORREGO et al. 1987). 
Pending further efficacy studies, propylthiouracil will remain an ex
perimental drug for the treatment of alcoholic hepatitis (MADDREY 1979; 
KAPLOWITZ 1982; ANONYMOUS 1988b). 

III. Cirrhosis 

Management of cirrhosis has focused primarily on the modification of 
etiologic factors such as heavy alcohol consumption or on the treatment of 
major complications (vide infra). Attempts to reverse the fibrotic process 
have been limited. Though numerous drugs are capable of modifying 
collagen metabolism, only colchicine has been evaluated in humans with 
alcoholic cirrhosis. Among its many actions, colchicine interferes with 
microtubular assembly, inhibits collagen synthesis and secretion, and 
enhances collagenase activity (DIEGELMAN and PETERKOFSKY 1972; ERLICH 
and BORNSTEIN 1972; ERLICH et al. 1974; HARRIS and KRANE 1971). One 
hundred patients in a randomized placebo-controlled trial of colchicine 
have been followed for up to 14 years (KERSHENOBICH et al. 1979, 1988). 
Colchicine-treated patients had longer overall survival (by 7.5 years) and a 
rate of mortality from hepatic failure that was 9% lower than the placebo
treated patients. In addition, 9 of 30 subjects in the colchicine-treated group 
underwent repeat liver biopsy: all showed histologic improvement. By 
contrast, no such improvement was observed in 14 placebo-treated sUbjects. 
The results of this trial must be interpreted cautiously, however, for several 
reasons. First, random assignment resulted in a more favorable patient 
profile in the treated group. Second, survival outcome could not be deter
mined in almost 20% of subjects. Third, compliance with the treatment 
regimen was not documented (BOYER and RANSOHOFF 1988). At this time, 
colchicine can only be recommended for treatment as part of a controlled 
clinical trial. 
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1. Ascites 

A number of theories, including the "underfill" and "overflow" and more 
recently the "peripheral arterial vasodilation" theories (SCHRIER et al. 1988) 
of ascites formation, continue to be debated. Despite a limited understand
ing of the pathophysiology of ascites formation, there is general agreement 
that the renal regulation of salt and water is impaired. Ultimately, sodium is 
conserved. Thus, initial treatment includes sodium restriction, bed rest, and, 
if indicated, potassium repletion. Water restriction, however, remains 
controversial (FRAKES 1980). Weight loss of 0.5-1 kg/day is considered 
optimal, though more rapid weight loss is safe in those subjects with periph
eral edema. Approximately 5%-15% of cirrhotics will respond to this 
regimen (Rocco and WARE 1986). If less than 0.5 kg/day weight loss occurs 
over 3-4 days, spironolactone in lower dosage (e.g., 25mg q.i.d.) may be 
added to the treatment regimen. As reviewed by BOYER and WARNOCK 
(1983), up to 90% of cirrhotics will experience a satisfactory diuresis when 
the dosage of spironolactone is increased to 300-600mg/day. For the 
nonresponders, a loop diuretic can be added. 

Until the introduction of diuretics in the 1950s, therapeutic paracentesis 
was a standard treatment modality. Concerns about adverse effects, in
cluding deterioration in renal function, hemodynamic compromise, 
encephalopathy, and bacterial peritonitis caused paracentesis to fall into 
disfavor by the 1960s (REYNOLDS 1987; KELLERMAN and LINAS 1990). Recent 
controlled studies have shown that large volume paracentesis (4-6l/day), 
together with intravenous albumin infusion, was as effective as diuretics 
in reducing both edema and the duration of the inpatient hospital stay 
(QUINTERO et al. 1985; GINES et al. 1987). More recently, it has been 
suggested that tense ascites can be treated by "total paracentesis" followed 
by diuretic administration (spironolactone and furosemide) to prevent 
recurrence of ascites (TITO et al. 1990). It has now been suggested that 
large volume paracentesis be considered the initial treatment for ascites 
(ANONYMOUS 1988a; KELLERMAN and LINAS 1990; EpSTEIN 1989). Alterna
tively, for selected patients with massive, refractory ascites, peritovenous 
shunting remains an option (GINES et al. 1991; SHOCKET 1992; STANLEY et al. 
1989). 

2. Encephalopathy 

For discussions of pathogenesis, diagnostic evaluation, and general man
agement of hepatic encephalopathy, the reader is referred to recent overviews 
(GAMMAL and JONES 1989; SZAUTER and MULLEN 1989). Several controlled 
studies of the efficacy of branched-chain amino acids or enteral nutrition in 
the management of encephalopathy have been published (EGBERTS et al. 
1985; HORST et al. 1984; CABRE et al. 1990; KEARNS et al. 1992). The results 
of these trials have been contradictory (ERIKSSON and CONN 1989; NAYLOR et 
al. 1989; BERLIN and CHALMERS 1989). The use of branched-chain amino 
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acids cannot be recommended as standard therapy for hepatic enceph
alopathy at this time. 

Lactulose has been used for at least 20 years in the management of 
encephalopathy and is considered by many to be the drug of choice. Though 
the exact mechanism of action of the drug is unknown, the improvement in 
encephalopathy has been attributed to its cathartic properties, which 
reduce the time available both for the production and absorption of toxins. 
Lactulose also lowers colonic pH, thus suppressing both the generation and 
absorption of ammonia. Dosage of the drug is titrated to achieve two to four 
loose bowel movements each day. Toxic effects include hypernatremia, 
hypomagnesemia, and perianal irritation. More recently, lactitol, a disac
charide analogue of lactulose, has been proposed as an alternative treat
ment. The onset of this drug's action is more rapid than lactulose and its 
side effect profile is more favorable (ANONYMOUS 1987). 

With the widespread acceptance of lactulose, the use of broad-spectrum 
antibiotics has fallen into some disfavor due to the serious side effects 
associated with their use, including nephrotoxicity, ototoxicity, and an
tibiotic-associated colitis. However, for selected patients, neomycin, 4-6 g 
q.d. in divided doses is effective. It is thought to improve encephalopathy by 
reducing the concentration of urease-containing bacteria in the gut, thereby 
decreasing ammonia production. Alternatively, metronidazole, which 
is active against Bacteroides and other anaerobes, is also effective. Since 
metronidazole is metabolized by the liver, a dosage lower than the 
500-750 mg/day that is generally prescribed is required. 

The most recent addition to the pharmacologic armamentarium in the 
treatment of hepatic encephalopathy is flumazenil, a benzodiazepine 
receptor antagonist. Traditionally, ammonia, multiple neurotoxins, false 
neurotransmitters, or an imbalance of amino acids have been implicated in 
the pathogenesis of hepatic encephalopathy. More recently, two additional 
hypotheses have been propounded. The first of these is the highly con
troversial true neurotransmitter or GAB A hypothesis (SCHAFER and JONES 
1982). Several lines of evidence support this hypothesis. First, when GABA, 
the principal inhibitory neurotransmitter of mammalian brain, was applied 
to the hippocampal region of conscious rabbits, spontaneous motor activity 
declined and was associated with the development of spreading J-wave 
activity on the electroencephalogram. Similar electroencephalographic 
observations have been reported in man and rabbits with hepatic enceph
alopathy. Second, in the rabbit model of galactosamine-induced hepatic 
failure, as the liver fails, plasma levels of GAB A rise for several hours prior 
to the onset of encephalopathy. Third, enteric flora, particularly Escherichia 
coli, are a source of GABA. Fourth, based on studies with 14C-a
aminoisobutyric acid, it has been hypothesized that GABA enters the brain 
during liver failure. Fifth, an increased number of GABA receptors have 
been observed during liver failure. Based on these observations, Schafer and 
Jones have hypothesized that "in liver failure gut derived GAB A passes 
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through a permeable blood-brain barrier and induces its own receptors on 
postsynaptic neural membranes, possibly increasing the sensitivity of the 
brain to GABA-ergic neural inhibition." This hypothesis has subsequently 
been expanded to include other neurotransmitter systems. The second 
hypothesis is the endogenous benzodiazepine hypothesis, an extension of 
the GABA hypothesis, whih proposes that an endogenous substance with 
benzodiazepine agonist-like properties augments GABA-ergic neurotrans
mission (MULLEN et al. 1988). This hypothesis stresses the events occurring 
at the benzodiazepine-binding site, which ultimately potentiate the action of 
GABA. Both elevations of concentrations of 1,4-benzodiazepines and 
"endogenous" benzodiazepines have been reported in humans (BASILE et al. 
1991; MULLEN et al. 1990). In two small clinical trials encephalopathy has 
been reported to improve with varying doses of intravenous ftumazenil 
(GRIMM et al. 1988; BANSKY et al. 1989). There is one case report of the 
successful long-term use of ftumazenil (FERENCI et al. 1989). To date, no 
controlled, double-blind studies of ftumazenil for treatment of hepatic 
encephalopathy have been published. 

3. Esophageal Varices 

Management of esophageal varices remains controversial (TERBLANCHE et al. 
1989a,b). There have been numerous randomized clinical trials to assess the 
efficacy of P-blockers, sclerotherapy, and/or surgical shunts to prevent 
eigher a first or recurrent variceal hemorrhage. The reader is referred to 
recent controlled trials of surgical shunts or sclerotherapy (CELLO et al. 
1987; SAUERBRUCH et al. 1988; O'CONNOR et al. 1989; BURROUGHS et al. 
1989; HENDERSON et al. 1990; VA COOPERATIVE VARICEAL SCLEROTHERAPY 
GROUP 1991; PLANAS et al. 1991; STIEGMANN et al. 1992). 

A meta-analysis of 9 randomized controlled trials of P-blockers and 19 
comparable trials of sclerotherapy concluded that P-blockers are effective 
for the prevention of a first bleeding episode in cirrhotics with "high-risk" 
varices. The use of sclerotherapy as prophylaxis remains to be demonstrated 
(PAGLIARO et al. 1992). Other meta-analyses on the use of P-blockers 
have reached similar conclusions (POYNARD et al. 1991; HAYES et al. 1990; 
PAGLIARO et al. 1990). Though controlled studies of P-blockers have dem
onstrated a reduction in first or recurrent bleeding episodes, the reduction 
in mortality has been variable (PASCAL et al. 1987; COLOMBO et al. 1989; 
GARDEN et al. 1990; ANDREANI et al. 1990; ROSSI et al. 1991). Since only 
one-third of cirrhotics with esophageal varices hemorrhage, prophylaxis with 
propranolol is recommended only for the high-risk subgroup (POLIO and 
GROSZMANN 1989; DE FRANCHIS et al. 1988). Propranolol therapy can be 
started at 40mg p.o. b.i.d. and titrated upward until the resting heart rate 
has been decreased by 25%. 
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IV. Liver Transplantation 

Orthotopic liver transplantation in the alcoholic has become a reality in 
several major centers in the United States. Long-term outcome data indicate 
that survival is comparable to a nonalcoholic control group if the alcoholics 
are carefully screened prior to transplantation (VAN THIEL et al. 1991; Lucy 
et al. 1992). Transplant candidates must be able to undergo the rigorous 
treatment schedule of chronic immunosuppressive therapy, which currently 
includes cyclosporin, prednisone, and azathioprine (STARZL et al. 1988). 
Intravenous bolus methylprednisone, followed by a tapering steroid schedule, 
is used to treat acute rejections. For persistent rejections, antilymphocyte 
globulin, antithymocyte globulin, or the monoclonal OKT3 immunoglobulin 
is added (DINDZANS et al. 1989). 

c. Drug Therapy of Acute Alcoholic Pancreatitis 

1. Cimetidine 

Cimetidine, an Hz-receptor antagonist widely used for the treatment of 
peptic ulcer disease and other hypersecretory states of the gastrointestinal 
tract, has been tried in patients with acute alcoholic pancreatitis on the basis 
of encouraging preclinical investigations (HADAs et al. 1978; JOFFE and LEE 
1978). The rationale for this therapeutic approach is to diminish the release 
of pancreatic stimulating hormones by decreasing the entry of acid gastric 
secretions into the duodenum. 

The efficacy of cimetidine was well tested in two studies (MESHKINPOUR 
et al. 1979; GOFF et al. 1982). The first study used a placebo-controlled, 
double-blind design to study patients presenting for evaluation with a chief 
complaint of upper abdominal pain. Patients also had a confirmed history of 
excessive alcohol use for many years, alcohol ingestion during the week 
preceding onset of the abdominal pain, and either abnormally high serum 
lipase levels or high serum amylase levels with an abnormal amylase
creatinine clearance ratio (MESHKINPOUR et al. 1979). Patients with hypo
tension, oliguria, and other indications of severe hemodynamic abnor
malities were excluded. The studied cohort consisted of 27 patients, 26 of 
whom were male. Fourteen randomly selected patients (13 men and 1 
woman, mean age 43.1 years) received 300mg cimetidine hydrochloride 
diluted in 20ml 0.15M NaCI solution intravenously. The same volume of 
0.15 M NaCl solution served as placebo and was administered to 13 patients 
(all men, mean age 45.4 years). The patients started the protocol within 12h 
of admission and received cimetidine or placebo intravenously at 6-h 
intervals until one of the following three end points was reached: pain-free 
status lasting 24h, or the patient's condition required a surgical intervention, 
or 120 h had elapsed since the initial dose. Clinical status was assessed by a 
physician unaware of whether the patient was given cimetidine or placebo. 
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The results indicated no statistically significant difference between the 
cimetidine and placebo groups. Further stratification of the patient groups 
according to the severity of the clinical condition also failed to demonstrate 
a beneficial effect of treatment with cimetidine. A trend toward more per
sistent hyperamylasemia was noted among those patients receiving 
cimetidine. 

These results were confirmed by a second study, a large randomized 
trial comparing nasogastric suction to cimetidine in acute pancreatitis (GOFF 
et al. 1982). Although nasogastric suction has traditionally been considered 
part of the primary therapeutic regimen for patients with acute alcoholic 
pancreatitis, recent studies have raised doubts about its efficacy (LEVANT et 
al. 1974; NAEIJIE et al. 1978; FIELD et al. 1979). Moreover, nasogastric 
suction may create substantial physical and psychological discomfort; 
the potential for hypochloremia, metabolic alkalosis, and other acid-base 
and electrolyte abnormalities; and the risk of mechanical injury to the 
esophagogastric mucosa. In the study by GOFF and colleagues (1982), 95 
patients with 103 episodes of abdominal pain and elevated serum or urine 
amylase levels were randomized to receive either continuous nasogastric 
suction or 300 mg cimetidine intravenously every 6 h. Cimetidine was used in 
57 cases and nasogastric suction in 46 cases; 86.4% of episodes of pancreatitis 
were alcohol-related. The trial showed a significantly shorter duration of 
hospitalization for the episodes of pancreatitis in the patients treated with 
cimetidine (mean 6.8 days), as compared with the group treated with 
nasogastric suction (mean 8.5 days); all other clinical variables were similar 
in the two groups. Therefore, both studies reviewed here indicate that 
treatment with cimetidine does not affect the outcome of acute alcoholic 
pancreatitis. 

2. Somatostatin 

Somatostatin, a hormone that inhibits pancreatic enzyme secretion 
(DOLLINGER et al. 1976), has been the object of controlled clinical trials. 
These trials followed work with animal models that showed the drug's ability 
to prevent experimentally induced pancreatitis and to decrease the mortality 
of established pancreatitis (SCHWEDES et al. 1979; BAXTER et al. 1985). 

In a prospective study carried out in Hong Kong, 71 patients with acute 
pancreatitis (etiologically linked to cholelithiasis in 37 cases, to alcohol 
abuse in 11 cases, to ascaris in 1 case, and idiopathic in 22 patients) were 
included in a clinical trial to evaluate the efficacy of somatostatin (CHOI et 
al. 1989). All patients were treated with nasogastric suction, intravenous 
hydration, and cephoperazone for 5 days. Immediately after the diagnosis of 
acute pancreatitis was made, 35 randomly selected patients also received an 
intravenous bolus of 250 Ilg somatostatin, followed by a continuous infusion 
of 100 Ilg/h for 48 h. The effect of somatostatin was compared with the 
control group on the following variables: mortality, severity of pancreatitis 
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at admission and 48 h after admission, and the incidence and type of 
complications. 

One patient in the somatostatin group and two patients in the con
trol group died. Five patients from the control group and one from the 
somatostatin group had an increase in the severity of their pancreatitis 
within 2 days after admission. Thirteen patients in the control group, but 
only five patients in the somatostatin group developed complications during 
their hospital stay. The most frequent complication in this series was 
"inflammatory pancreatic swelling" detected by abdominal ultrasound 
and/or computed tomography. After the exclusion of this item from the list 
of complications, the difference between the two groups appears much 
smaller (three versus seven cases) and is not statistically significant. 

A multicenter study conducted in Italy evaluated the efficacy of soma
tostatin and total parenteral nutrition in 164 patients with acute pancreatitis. 
Approximately one-fourth of the study cohort had alcoholic pancreatitis 
(D' AMICO et al. 1990). The main study group comprised 60 patients given 
total parenteral nutrition and somatostatin (3.5,ug/kg per hour) by continu
ous intravenous infusion for between 72 hand 120 h. These patients were 
compared to a control group of 60 patients given total parenteral nutrition 
plus symptomatic treatment. Two smaller groups, each comprising 22 
patients, required emergency surgical treatment in addition to total parenteral 
nutrition and either somatostatin or symptomatic therapy. 

Two of the 82 patients given somatostatin died, as compared to seven 
control patients. Nine patients from the somatostatin group and 10 from the 
control group developed major complications (i.e., pancreatic abscess, 
pancreatic pseudocyst, upper gastrointestinal bleeding, or multiorgan 
failure). Neither of these differences reached statistical significance. Re
covery, defined as clinical improvement and normalization of the bio
chemical parameters at the end of treatment, was more frequently recorded 
in the somatostatin group (60 of the 82 patients) than in the control group 
(44 patients). Statistically significant differences favoring somatostatin were 
observed in the frequency of recovery among nonsurgical cases with acute 
edematous pancreatitis and in the risk of death among surgical cases with 
acute necrotic-hemorrhagic pancreatitis. From these two studies, we con
clude that, despite modest reductions in morbidity and mortality associated 
with local complications, somatostatin does not provide convincing advant
ages over standard symptomatic medical therapy of acute pancreatitis. 

3. Pirenzepine 

Cholinergic receptors influence the exocrine function of the acinar cells of 
the pancreas (VALENZUELA et al. 1986) and conventional anticholinergic 
agents, such as atropine, have been used in acute pancreatitis. However, 
these drugs have never gained popularity given their many unpleasant or 
life-threatening side effects (CAMERON et al. 1979). Pirenzepine, a selective 
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Ml-teceptor antagonist, has a much safer antimuscarinic profile (HAMMER et 
al. 1980). It was recently tested in a double-blind clinical trial that included 
115 patients with acute pancreatitis (MORENO-OTERO et al. 1989). Pan
creatitis was alcohol-related in 29 (25%) of patients. The study cohort was 
randomly divided into three groups: two treatment groups, receiving either 
10 or 20 mg pirenzepine intravenously every 12 h, and a control group. All 
patients were treated with nasogastric suction and intravenous hydration. 
Anticholinergic side effects attributable to pirenzepine were quite rare: 
blurred vision in three cases, urinary retention in three men with benign 
prostatic hypertrophy, and mental confusion, diplopia, and dryness of the 
mouth in one patient each. 

Eight of the 115 patients died; four were from the control group and 
three were from the study group receiving the higher dose of pirenzepine. 
Pancreatic abscesses were diagnosed in three patients receiving pirenzepine 
and in none of the control subjects. Trends toward fewer major systemic 
complications (e.g., renal failure, adult respiratory distress syndrome, 
disseminated intravascular coagulation) and a shorter duration of abdominal 
pain were noted in the study group, but were not statistically significant. The 
therapeutic effect, if any, did not seem to be dose dependent. 

D. Drug Therapy of Chronic Alcoholic Gastritis 
Alcoholism is often associated with clinical symptoms of gastritis and his
tologic evidence of hyperemia and erosions affecting predominantly the 
antrum of the stomach (DINOSO et al. 1972; PITCHUMONI and GLASS 1976; 
GOTTFRIED et al. 1978). A new development in the drug therapy of this 
entity is based on the realization that antral gastritis is often caused by a 
localized infection with Helicobacter pylori (MARSHALL 1983). In a recent 
study (UPPAL et al. 1991), 18 alcoholics with a history of upper gastrointestinal 
complaints underwent endoscopic evaluation of the stomach with antral 
biopsies. The endoscopic appearance was graded according to standard 
criteria (LANZA et al. 1984) to record the severity of edema, erythema, 
hemorrhages, and erosions. The presence and severity of histologic gastritis 
was assessed by counting the number of inflammatory cells in representative 
fields of multiple biopsy samples. Helicobacter pylori infection was diagnosed if 
the bacterial agent was identified in at least two separate biopsy specimens. 

A large majority (14 of 18 cases) of alcoholics enrolled in the study 
showed evidence of infection with H. pylori. The endoscopic appearance of 
gastric mucosa and the symptoms of patients positive or negative for H. 
pylori were similar. However, histologic signs of moderate or severe in
flammation were found only in the patients positive for H. pylori. A sub
group of ten patients positive for H. pylori were treated with bismuth 
subsalicylate, amoxacillin, and metronidazole; the remaining four patients 
positive for H. pylori received only antacids. After 3 weeks, only the 
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patients receiving triple therapy showed significant clinical improvement. 
Although the sample was small, this study suggests that alcoholics may 
constitute a population with a high risk of gastric colonization with H. 
pylori. Specific antibacterial treatment appears efficacious in alleviating the 
dyspeptic symptoms of alcoholics. Further evaluation of this promising 
preliminary finding appears warranted. 

E. Summary 
We have reviewed the peer-assessed publications which addressed specific 
pharmacologic interventions for the medical complications of alcoholism. 
Accessing the Medline database of the National Library of Congress revealed 
no significant recent pharmacologic advances in the management of cardio
vascular, neurologic, renal, endocrine, hematologic, or metabolic complica
tions of alcoholism. 

Based on the recent literature, no new pharmacologic interventions are 
currently recommended for the treatment of hepatic steatosis. Reduced 
alcohol consumption remains the only effective intervention. 

For subjects with alcoholic hepatitis, insulin and glucagon cannot 
currently be recommended. When patients have alcoholic hepatitis com
plicated by encephalopathy but without associated gastrointestinal bleeding, 
corticosteroids appear to produce short-term benefits. The use of anabolic 
steroids, propylthiouracil, and colchicine require further study before they 
can be recommended for treatment of patients with alcoholic hepatitis. 

For treatment of cirrhotic patients, colchicine can only be recommended 
as part of controlled clinical trials. Likewise, the use of ftumazenil for the 
management of hepatic encephalopathy awaits the results of controlled, 
double-blind clinical trials. p-Blockers are effective for the prevention of a 
first bleeding episode in cirrhotics with "high-risk" varices. 

For those subjects with pancreatitis, neither somatostatin nor pirenzepine 
provides convincing advantages over standard symptomatic therapy. 

Based on a small study, alcoholics with gastritis complicated by 
Helicobacter pylori infection have resolution of their dyspeptic symptoms 
when treated with a triple antibiotic regimen. 

In summary, while considerable recent investigations have focused on a 
variety of treatments for gastrointestinal complications of heavy alcohol 
consumption, the therapeutic armamentarium remains quite limited. 
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CHAPTER 17 

Drugs for the Treatment 
of Psychiatric Comorbidity in Alcoholics: 
Recent Developments 

M.J. BOHN and D. HERSH 

A. Introduction 
Alcoholism has long been associated with other psychiatric symptoms, 
including anxiety, depression, and hallucinations. Hippocrates advised that 
"wine drunk with an equal quantity of water puts away anxiety and terrors." 
As distinct syndromes, coexisting psychiatric disorders are also common 
among alcoholics. Anxiety disorders, affective disorders, antisocial per
sonality disorder (ASP), and drug use disorders are particularly prevalent 
comorbid disorders. These coexisting psychiatric conditions generally con
fer a poor prognosis following psychosocial treatment of the alcoholic 
(McLELLAN et al. 1983a; ROUNSAVILLE et al. 1987; HELZER and PRYZBECK 
1988). 

Traditionally, alcoholism rehabilitation has employed a variety of 
psychosocial treatment approaches. In a study of predictors of response to 
substance abuse treatment, McLELLAN and collaborators (1983a) found that 
patients with low severity of psychiatric problems improved in each of six 
programs, while those with high severity of psychiatric problems showed 
virtually no improvement in any program. A patient-treatment matching 
study conducted in the early 1980s attempted to match alcoholics with 
psychiatric problems to psychiatric treatment programs (McLELLAN et al. 
1983b). The investigators hypothesized that alcoholics with severe psychiatric 
problems would benefit most from treatment in psychiatric (and not sub
stance abuse) treatment centers. However, they were unable to arrange 
treatment of alcoholics in such psychiatric treatment programs, so that this 
patient-treatment matching hypothesis could not be evaluated. Recently, the 
efficacy of two distinct psychosocial group treatments in the care of alcoholics 
following inpatient rehabilitation was compared in a randomized clinical 
trial. Results suggest that structured relapse prevention treatment, which 
employs cognitive-behavioral strategies for management of negative affects 
and related psychologic distress, are more effective for alcoholics with 
moderate-to-severe psychologic distress, including those with ASP (COONEY 
et al. 1991; LITI et al. 1992). In contrast, patients with less severe psy
chiatric symptoms had better drinking outcomes following interactive group 
treatment. 

A large number of controlled clinical trials have demonstrated the 
effectiveness of a variety of antidepressant, mood-stabilizing, anxiolytic, and 
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antipsychotic agents in the treatment of nonalcoholic patients with specific 
psychiatric syndromes. Pharmacologic treatment of coexisting psychia
tric syndromes or symptoms may also benefit the alcoholic by facilitating 
abstinence or reduced drinking, or by reducing the severity of distress 
associated with psychiatric symptoms. Medications may also enhance the 
rate of retention and/or efficacy of psychosocial treatments for alcoholism. 
They may reduce the desire to drink or the occurrence of alcohol-associated 
psychiatric symptoms and associated social or occupational dysfunction. 
Recent trials of pharmacotherapy for alcoholism have addressed many 
important issues in the measurement of these outcomes and have employed 
compliance assessment and drug level monitoring to assure the adequacy of 
the medication treatment. Investigators have selected alcoholic subgroups 
whose symptoms are likely to respond to pharmacotherapy and for whom 
there is relatively low risk of adverse effects. These efforts will, we hope, 
overcome traditional barriers to the appropriate psychopharmacologic 
treatment of alcoholism. 

In this chapter, we will evaluate the current status of pharmacologic 
treatment of selected psychiatric disorders that occur commonly among 
alcoholics, thereby highlighting areas in which future research efforts might 
be focused. We will concentrate on the treatment of major depression, 
anxiety disorders, bipolar affective disorder, and schizophrenia. While 
alcoholics with antisocial personality traits appear to respond preferentially 
to cognitive-behavioral treatment (LIlT et al. 1992), specific pharmaco
therapy for ASP does not now exist. Alcoholics with opiate dependence can 
be treated successfully with opiate agonists such as methadone (LIEBSON et 
al. 1973), and we refer the reader to other sources for a review of this topic 
(LOWINSOHN et al. 1992). 

For each disorder, we will first review its relationship to alcohol abuse 
and dependence. We will then discuss diagnostic issues important to the 
conduct of pharmacotherapy trials among alcoholics with these disorders. 
Finally, we will systematically evaluate published studies assessing the 
efficacy and safety of pharmacologic treatment of alcoholic patients with 
these disorders. Given the relative dearth of published experimental litera
ture addressing these issues, we will call attention to areas in which future 
research efforts might be appropriately directed. 

B. Depression 
Because of the high prevalence of depressive symptoms among alcoholics 
and the demonstrated responsiveness of these symptoms to pharmaco
therapy, we begin with a discussion of the pharmacologic treatment of 
depression in the alcoholic patient. We will review clinical and epidemiologic 
evidence for the relationship between alcoholism and depression, and will 
discuss the pretreatment evaluation of the depressed alcoholic. We will then 
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discuss the results of clinical trials of a variety of classes of antidepressant 
medications in alcoholics, emphasizing the potential efficacy of these medica
tions in reducing depressive symptoms and drinking behavior. 

Nearly all alcoholics report dysphoric affects, such as low mood, 
anhedonia, and anxiety (KEELER et al. 1979). Simultaneously, there may be 
depressive cognitions such as guilt and suicide wishes, with neurovegetative 
symptoms such as low energy, sleep or appetite disturbance, and impaired 
concentration or memory. Longitudinal epidemiologic studies support the 
association between depression and alcohol use (ANESHENSEL and HUBA 
1983). While there is a bidirectional relationship between depression and 
alcoholism, current evidence suggests that depression is a more frequent 
consequence of drinking than it is a cause of alcoholism. Experimental 
administration of alcohol to healthy non alcoholics and to alcoholics produces 
an initial period of euphoria, often followed by depressed mood and guilt 
after prolonged drinking (TAMERIN and MENDELSON 1969; NATHAN et al. 
1970). Transient grief and remorse commonly occur in the early days fol
lowing spontaneous cessation of drinking, as well as during periods of 
pharmacologic detoxification from alcohol. The severity of depressive 
symptoms can be reliably rated using self-report rating scales, such as the 
Beck Depression Inventory (BDI, BECK et al. 1961), as well as observer
scored rating scales, such as the Hamilton Depression Rating Scale (HDRS, 
HAMILTON 1960). Over 80% of depressed inpatient alcoholics show a reduc
tion in scores on these scales following 2-4 weeks of abstinence (SCHUCKIT 
1979; NAKAMURA et al. 1983; DORUS et al. 1987; BROWN and SCHUCKIT 1988), 
without specific treatment of depressive symptoms. 

In contrast to depressive symptoms, depressive syndromes are relatively 
stable conditions that can be reliably ascertained, have a familial or heritable 
predisposition, and have a well-defined natural history and response to 
specific treatment. In the DSM-III-R diagnostic classification system, four 
depressive syndromes are identified (AMERICAN PSYCHIATRIC ASSOCIATION 
1987). Major depressive disorder (MOD) involves temporal clustering 
of several persistent depressive symptoms for a minimum of 2 weeks. 
Untreated, an episode of MOD typically lasts 6 or more months (AMERICAN 
PSYCHIATRIC ASSOCIATION 1993a). If depressive symptoms persist in milder 
form for a period of 2 years, dysthymia may be present. Organic mood 
disorders have symptoms that can be identical to MOD or dysthymia, but 
are caused or maintained by a physical condition such as intoxication or 
withdrawal. Adjustment disorders with depressed mood occur following 
stressful events, are less severe and prolonged than major depressive epi
sodes, and remit in the absence of pharmacotherapy. 

The prevalence of current and lifetime categoric diagnoses of major 
depression has been estimated among alcoholics in both community samples 
and treatment samples. In the largest published community survey, the 
Epidemiologic Catchment Area Study (ECA), over 20000 respondents in 
five United States sites were interviewed using the Diagnostic Interview 
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Schedule (DIS, ROBINS et al. 1989) to determine the prevalence of DSM-III 
psychiatric diagnoses. While the DIS interview inquired about whether 
alcohol or drug use was associated with the particular depressive and other 
psychiatric symptoms, the interviewers were not able to examine the respon
dent for organic conditions unknown to the respondent. Thus, the DIS 
may have underestimated the relative prevalence of organic disorders and 
overestimated the relative prevalence of "functional" psychiatric disorders. 
The weighted, I-month prevalence of DSM-III MDD in the ECA was 2.2%. 
The lifetime prevalence of DSM-III alcoholism was 13.7%, and the lifetime 
prevalence of major depression and dysthymic disorder were 5.1% and 
1.5%, respectively (ROBINS and REGIER 1990). Among all respondents with 
a lifetime history of alcoholism, there was a 1.7-fold increased risk of lifetime 
major depression and a 1.8-fold increased risk of dysthymic disorder; among 
female alcoholics, the risk of major depression was increased 2.7-fold 
(HELZER and PRYZBECK 1988). 

A practical approach to the reliable classification of depressive disorders 
among alcoholics is the primary-secondary distinction, which is based on 
the order of onset of the two disorders. While useful, it is subject to recall 
bias, which can be substantial in the case of affective disorders (ZIMMERMAN 
and CORYELL 1986). Use of a collateral historian and ascertainment of the 
age at which diagnostic syndrome criteria (in contrast to symptom presence 
or absence) were met may enhance the reliability of this approach (SCHUCKIT 
1979). There was a large sex differential in the order of onset of major 
depression and alcoholism in the ECA. In men, alcoholism preceded the 
onset of depression in 78% of cases, while in women this pattern occurred in 
66% of cases; in both men and women, antecedent depression was associated 
with fewer symptoms of alcoholism. For those with current alcoholism, the 
rates of lifetime major depression and dysthymia were approximately 2% for 
men and 13% for women (ROBINS and REGIER 1990). 

Rates of depressive disorders have been reported to vary widely among 
clinical samples of alcoholics. In part, this may be due to differences in the 
clinical samples. Additionally, the method of ascertainment of MDD may 
exert a powerful impact on the app(lxent prevalence of this disorder among 
recently abstinent alcoholics. Given the high rates of remission of depressive 
symptoms among recently abstinent alcoholics, it is likely that most cases 
of depressive disorders among actively drinking and recently abstinent 
alcoholics could be classified as organic mood or adjustment disorders, 
rather than MDD. DACKIS and colleagues (1986) reevaluated 49 alcoholics 
who met symptomatic criteria for MDD that had originally been ascertained 
within the first 5 days of abstinence. Without treatment, over 80% failed to 
meet MDD criteria at re-interview following 2 weeks of abstinence. Those 
who did remain depressed had a higher prevalence of familial affective 
disorder. JAFFE and CIRAULO (1986) have cited several causes of depressive 
symptoms in alcoholics, including malnutrition, alcohol withdrawal, direct 
effects of alcohol on the brain, hepatic dysfunction, head trauma, social 
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losses, use of other drugs, personality disorder, and an independent mood 
disorder. 

Pooled data from two groups who interviewed treatment samples of 
alcoholics following 2 weeks of abstinence (HESSELBROCK et al. 1985; Ross 
et al. 1988) to systematically evaluate DSM-III disorders indicate the high 
prevalence of these disorders in clincal treatment programs. Affective disor
ders were more common in these samples than in the ECA. Lifetime MDD 
was found in 29%, current MDD in 17%, and dysthymic disorder in 15% of 
alcoholics. Consistent with results of the ECA, a substantial proportion of 
these depressed alcoholics, i.e., 41 % of men and 65% of women, developed 
secondary alcoholism after primary MDD. Alcoholism was primary in 47% 
of men and 22% of women, while about 13% of both men and women had 
onset of both alcoholism and MDD within the same year (HESSELBROCK et 
al. 1985). 

Clinically, a concurrent major depressive episode may have a significant 
effect on outcomes following psychosocial treatment for alcoholism. Among 
active and abstinent alcoholics, depression and other negative affects are 
frequently cited as potent stimuli for initiation of drinking bouts (HATSUKAMI 
and PICKENS 1982). For males, MDD was associated with poorer 1-year 
outcomes following inpatient treatment for alcoholism, while for females 
major depression was associated with better drinking-related outcome 
measures (SCHUCKIT and WINOKUR 1972; ROUNSAVILLE et al. 1987). This 
difference in outcomes may be due to the fact that among males alcoholism 
is often primary while among females alcoholism is more often secondary. 
Most alcoholics who commit suicide are males, and major depression is the 
principal factor in a majority of alcoholic suicides (MURPHY 1992). 

I. Assessment 

Since most depressed alcoholics undergo a marked reduction in depressive 
symptom severity (or frank remission of the depressive disorder) soon 
after initiating abstinence, the reliability of ascertainment of MDD will be 
increased by assessments that are deferred or repeated following 2-4 weeks 
of abstinence. Such a waiting period can occasionally be difficult for the 
patient to tolerate; ressurance and psychosocial treatments often suffice 
during this interval. If the MDD is primary, if the alcoholic had prior 
episodes of MDD during prolonged (e.g., 3- to 6-month) periods of absti
nence, or if there is a strong family history of MDD, earlier initiation of 
pharmacotherapy may be justified. To our knowledge, published studies 
have not addressed the issue of whether earlier initiation of pharmaco
logic treatment may improve outcomes for alcoholics with symptoms of 
depression. 

Given the above, all alcoholics should be assessed for current and past 
affective disorders in both the treatment and research clinical setting. The 
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BDI, Zung Depression Scale (ZUNG 1965), and HDRS are not particularly 
sensitive or specific in identifying patients with MDD or other depressive 
disorder (GRANT et al. 1989). Reliable ascertainment of psychiatric diagnoses 
will be enhanced by adherence to specified diagnostic criteria such as the 
DSM-III-R (AMERICAN PSYCHIATRIC ASSOCIATION 1987), DSM-IV (AMERICAN 
PSYCHIATRIC ASSOCIATION 1993b), or ICD-lO (WORLD HEALTH ORGANIZATION 
1990a) criteria, and by the use of structured or semistructured diagnostic 
interviews such as the Diagnostic Interview Schedules for DSM-III-R (DIS
R, ROBINS et al. 1989), the Structured Clinical Interview for DSM-III-R 
(SCID, SPITZER et al. 1992), or the Comprehensive International Diagnostic 
Interview (CIDI, WORLD HEALTH ORGANIZATION 1990b). Use of these 
instruments reduces diagnostic errors among dually diagnosed substance 
abuse patients (BRYANT et al. 1992; WEISS et al. 1992). 

II. Treatment 

Among patients without concurrent alcoholism, a variety of antidepressant 
medications, including cyclic antidepressants (CAs), monoamine oxidase 
inhibitors (MAOls), serotonin reuptake inhibitors (SUIs), lithium, and other 
medications are effective in treatment of MDD and in the prevention of 
depressive relapses (KUPFER et al. 1992; AMERICAN PSYCHIATRIC ASSOCIATION 
1993a). In clinical trials of nonalcoholics with MDD, two-thirds of those 
treated with antidepressants experienced significant reduction of depressive 
symptoms; only one-third of patients treated with placebo experienced sim
ilar improvement (AMERICAN PSYCHIATRIC ASSOCIATION 1993a). Diurnal 
symptom worsening, marked psychomotor disturbance, sleep disturbance, 
poor energy, and appetite disturbance are symptoms that are particularly 
predictive of antidepressant medication responsiveness in MDD (AMERICAN 
PSYCHIATRIC ASSOCIATION 1993a). In addition, adequate serum levels of 
antidepressant medications are strongly predictive of antidepressant efficacy 
(AMERICAN PSYCHIATRIC ASSOCIATION 1993a). There is typically a 2- to 3-
week interval between the achievement of therapeutic serum antidepres
sant levels and the reduction in depressive symptoms. Among mildly-to
moderately depressed patients, cognitive and interpersonal psychotherapy 
enhances the effectiveness of antidepressant medications in the treatment of 
a current major depression and in the prevention of recurrences of major 
depression (ELKIN et al. 1989). 

III. Pharmacotherapy 

Antidepressant medications carry risks in any patient, particularly those who 
have underlying illnesses or who are elderly. These may include sedation, 
confusion, anxiety, insomnia, and other symptoms that could lessen the 
effectiveness of psychosocial treatments for alcoholism and/or depression. In 
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themselves, these adverse effects of antidepressant medications may mimic 
intoxication or withdrawal states or, if alcohol is consumed, lead to enhanced 
toxicity. However, given the negative impact of comorbid depressive disor
ders on outcome following alcoholism rehabilitation, including the risk 
of suicide, we conclude that carefully monitored psychopharmacologic 
treatment of depressed alcoholics is currently justified in the clinical setting. 
Such treatment should be used in conjunction with effective psychotherapy. 

We now review the major classes of antidepressants whose safety and 
efficacy have been studied in alcoholics, and discuss the potential utility and 
limitations of these medications in treatment of the depressed alcoholic. 

1. Cyclic Antidepressants 

The cyclic antidepressants (CAs) have been the focus of several clinical 
treatment trials for depressed alcoholics conducted since the 1960s. In 
most studies, they have been compared with benzodiazepines or placebo 
for treatment of depressive symptoms occurring in the immediate post
withdrawal period. 

Several me tho do logic flaws make it difficult to assess the results of the 
earlier studies (JAFFE 1987). First, in these studies there was no effort to 
measure the blood levels of the CA in order to assure adequate dosage and 
compliance. The oral CA doses employed (75-150mg imipramine, 25-80mg 
amitriptyline, or 25-150 mg doxepin daily) were lower than those now 
known to be required for effective treatment of depressed non alcoholics 
(150-200mg imipramine or equivalent; AMERICAN PSYCHIATRIC ASSOCIATION 
1993a). Blood levels of the CAs imipramine (IMI), amitriptyline (AMI), 
and, to a lesser extent, desipramine (OMI) are typically lower among alco
holics than among nonalcoholics, and the clearance of these drugs is substan
tially increased in recently detoxified alcoholics, compared with nonalcoholic 
controls (SANDOZ et al. 1983; CIRAULO et al. 1982, 1988a). This is probably 
due to recent alcohol and cigarette tar ingestion, which results in hepatic 
microsomal enzyme induction, enhancing oxidation and elimination of CAs 
and other drugs. The failure to measure blood CA levels makes it difficult to 
determine if the lack of treatment efficacy in these studies was due to 
pharmacokinetic abnormalities or to a lack of pharmacodynamic potency. 
Second, CA treatment was often initiated within 2 weeks after cessation 
of drinking, which is a period associated with high rates of spontaneous 
symptom remission. Coupled with the typical lag time for CAs to exert an 
antidepressant effect in non alcoholics , the lack of superiority of active 
medication may have been an artifact of a high placebo response rate. 
Third, it is unclear how many of the enrolled subjects had either MOO or 
dysthymia, and whether they had symptom patterns that may have been 
expected to respond favorably to CA treatment. Fourth, the type and extent 
of psychosocial treatment, including psychotherapies specific for depression, 
were rarely specified. Particularly powerful or highly variable nonpharmaco-
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logic treatment may have obscured effects of active medication treatment. 
Fifth, depressive symptoms and drinking patterns were not simultaneously 
reported in these studies. Since recent drinking is correlated with depressive 
symptoms, concurrent measurement of these two outcomes is critical. 

Two recently reported trials illustrate how many of these concerns can 
be appropriately addressed. MASON and KOCSIS (1991) conducted a 6-month, 
placebo-controlled, double-blind trial of desipramine (DMI) in a sample of 
16 depressed and 26 non depressed alcoholics. MDD diagnoses were made 
using structured interviews following 3 weeks of abstinence. All subjects 
received weekly therapy (the nature of which was unspecified) and were 
encouraged to participate in Alcoholics Anonymous groups. Thirty-one 
patients completed the trial; most of the 11 patients who dropped out did so 
during the initial portion of the study. Among the depressed subjects, DMI 
was associated with significant improvements (compared with placebo) in 
treatment retention and with a significant reduction of depressive symptoms 
(as assessed by the HDRS). DMI levels (mean oral dose, 275 mg/day; 
serum level, 141 ng/ml) were in the usual therapeutic range. Compared with 
placebo, DMI was not associated with an increased risk of adverse effects 
among the depressed alcoholics. Several non depressed subjects receiving 
DMI withdrew from the study due to bothersome side effects. There was a 
marginally significant trend for depressed subjects taking desipramine to 
remain abstinent for a longer period of time. 

NUNES and colleagues (1993) recently reported results of a 12-week, 
open-label trial of imipramine (IMI) treatment of 85 adult alcoholics with 
dysthymia or primary MDD. Subjects met weekly with a psychiatrist and 
alcoholism counselor for an unspecified type of alcoholism counseling. Sixty 
subjects completed at least 4 weeks of treatment at a final IMI dosage of at 
least 150 mg/day, with mean blood IMI levels of 368 ± 264 ng/ml. Twenty
seven (45%) had substantial improvement, i.e., both reduced HDRS scores 
and abstinence or substantially reduced drinking. Three additional subjects 
responded following an increase in their IMI dosage. Finally, five subjects 
responded to the addition of disulfiram. Twenty-three of the 35 responders 
later completed a randomized discontinuation trial. Of those continuing 
imipramine, 31 % relapsed, while 70% of placebo-treated subjects relapsed, 
a marginally significant difference (p = 0.09). Of those who relapsed upon 
placebo substitution, resumption of IMI improved mood and lowered drink
ing significantly in 70%, while the remaining 30% had a favorable mood 
response but no reduction in drinking. Though uncontrolled, these results 
suggest that IMI may yield a significant reduction in both depression and 
alcoholism symptoms in selected depressed alcoholics. 

Cyclic antidepressants can produce a variety of adverse effects, and can 
be lethal in overdose. This is particularly relevant in depressed alcoholics 
who, compared with depressed nonalcoholics, are at increased risk of suicide 
(MURPHY 1992). They should not be dispensed a lethal quantity (typically 
more than 1 g) of a CA, and their suicide potential should be frequently 
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assessed. Psychiatric hospitalization may be necessary if the patient is psy
chotic, actively drinking, has a suicide plan, or has other risk factors for 
imminent suicide. Because of potential toxicity, CAs are contraindicated in 
patients with underlying seizure disorders, cardiac failure, heart block, 
hepatic or renal disease, glaucoma, impaired balance, bladder outlet obstruc
tion, or dementia. Sedation and confusion may occur following CA treat
ment, particularly if potent anticholinergic CAs such as amitriptyline, 
imipramine, or doxepin are used. Elderly patients are at particular risk. 
Such cognitive impairment may interfere with successful psychosocial treat
ment of both alcoholism and depression. By inhibition of hepatic microsomal 
oxidase activity, disulfiram can increase the half-life of CAs (CIRAULO et al. 
1985), which may exaggerate adverse CA effects. Thus, initiation of CA 
treatment should occur at lower initial doses in alcoholics taking disulfiram. 
Oral doses of CAs may need to be adjusted after determination of serum 
CA levels. 

2. Monoamine Oxidase Inhibitors 

In adequate dosages (e.g., typically 2::60mg/day phenelzine), monoamine 
oxidase inhibitors (MAOIs) are at least as effective as CAs in treatment 
of patients with major depression, especially those with bipolar affective 
disorder (AMERICAN PSYCHIATRIC ASSOCIATION 1993a). There have been 
reports that a subgroup of alcoholics with early onset and high degrees of 
impulsivity have low platelet levels of MAO activity (VON KNORRING et al. 
1985). In a placebo-controlled trial, the MAOI isocarboxazide was not 
superior to placebo in facilitating abstinence among depressed alcoholics 
(KISSIN 1975). While the effect of this treatment on depressive symptoms 
was not reported, the doses were low and an unknown proportion of subjects 
had MOD. SCHOTTENFELD et al. (1989), despite a well-designed trial to test 
the efficacy of the MAO I phenelzine in depressed abstinent alcoholics, 
found that too few alcoholics were free of medical contraindications, willing 
to comply with the dietary restrictions, and able to tolerate the side effects 
of this agent to permit an adequate evaluation of the medication's potential 
efficacy. The efficacy of MAOIs in treating depressed alcoholics has yet to 
be meaningfully tested. 

To reduce the risk of hypertension and intracerebral hemorrhage 
associated with the ingestion of vasopressors, alcoholics taking MAOIs 
should adhere to a low-tyramine diet and avoid use of sympathomimetics, 
including cocaine and amphetamines. Because alcoholics display impaired 
judgement during periods of intoxication and may be unable to avoid 
vasopressors, use of MAOIs in treatment of depressed alcoholics should 
be approached with caution. MAOIs are also associated with postural 
hypotension, tremor, weight gain, and sexual dysfunction. A variety of 
medication interactions can occur with MAOIs. Selective MAO-A inhibitors 
such as clorgyline appear to have strong antidepressant efficacy. They do not 
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inhibit gut MAO as completely as do nonselective MAO inhibitors, and may 
be less likely to cause severe hypertension following intake of tyramine. 
Their efficacy in treatment of depressed alcoholics has not been reported. 

3. Serotonin Uptake Inhibitors 

Recent work on alcoholic subtypes has suggested that a subtype exists 
which is characterized by early onset, impulsivity, sociopathic behavior, and 
prominent depressive and anxiety symptoms (BABOR et al. 1992). Deficits in 
serotonergic activity have been found among a similar subgroup of alcoholics 
(BUYDENS-BRANCHEY et al. 1989), which may be related to the genesis or 
maintenance of excessive drinking. As reviewed by Naranjo in Chap. 16 of 
this volume, serotonin uptake inhibitors (SUls) facilitate reduction of drink
ing or delay relapses in abstinent alcoholics. Fluoxetine, sertraline, and 
other SUls are effective antidepressants. 

Serotonin reuptake inhibitors have relatively few adverse effects at usual 
therapeutic doses, but can cause headache, insomnia, anxiety, tremor, 
akathisia, nausea, sexual dysfunction, and diarrhea. With the exception of 
fluvoxamine (KRANZLER et al. 1990), they are well tolerated by depressed 
and alcoholic patients. SUI overdose is rarely lethal, and SUls do not 
accentuate alcohol-induced cognitive or psychomotor impairment. 

In an 8-week, open-label study of the effectiveness of 20-40 mg/ 
day fluoxetine in 12 alcoholics with major depression (assessed following 
detoxification and a I-week washout period), significant improvements were 
noted in both drinking and depressive symptoms (CORNELIUS et al. 1992). 
Placebo-controlled studies are currently in progress to evaluate the efficacy 
of a variety of SUls in depressed and nondepressed alcoholics. 

4. Lithium 

At adequate serum levels, lithium is effective in treatment of acute mania, 
prevention of relapses of both mania and depression, and treatment of 
depression (JEFFERSON et al. 1987; GOODWIN and JAMISON 1990). In a double
blind crossover study, euthymic alcoholics maintained on lithium for several 
weeks reported feeling less intoxicated, had less desire for a second drink, 
and evidenced less cognitive impairment following an alcohol challenge 
(JUDD and RUEY 1984). JAFFE and CIRAULO (1986) reviewed early studies of 
lithium treatment of alcoholics, noting that treatment was begun in recently 
detoxified alcoholics, dropout rates were high (47% -83%), and depressive 
diagnoses were based not on MDD diagnostic criteria, but on severity 
ratings, which are known to be poorly related to diagnoses among alcoholics 
(DORUS et al. 1987). They concluded that these flawed studies could not 
properly evaluate the efficacy of lithium in alcoholism treatment. 

More recently, in aI-year, placebo-controlled, double-blind trial of 
lithium carbonate treatment of 104 alcoholics, 88% met criteria for current 
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major depression similar to those in the DSM-III-R, and 17% met criteria 
for primary major depression on diagnostic interview (FAWCEIT et al. 1987). 
Compliance with either lithium or placebo was associated with superior 
outcomes for both drinking and depressive symptoms among both non
depressed and depressed alcoholics. Adequate serum lithium levels were not 
associated with a significant reduction in depressive symptom severity or 
with improvement in the social adjustment of these alcoholics. A placebo
controlled trial of lithium treatment of 457 male alcoholics, which specifically 
excluded those with bipolar affective disorder, was conducted by the VA 
Cooperative Studies Program, and yielded similar results (DORUS et al. 
1989). Only 280 patients completed the year-long study, but neither depres
sion nor lithium treatment affected study completion rates. Medication 
compliance, but not the presence of MDD, lithium treatment, or adequate 
serum lithium levels resulted in a significant reduction in drinking and 
depressive symptoms among these alcoholics. A third study reported similar 
results (DE LA FUENTE et al. 1989). While many bipolar patients drink less 
following lithium treatment (GOODWIN and JAMISON 1990), controlled studies 
evaluating the efficacy of lithium in adult alcoholics with bipolar disorder 
have not been reported. Preliminary results from an ongoing study of 
adolescents with bipolar disorder and substance abuse indicate that lithium 
treatment can both reduce alcohol use and normalize mood (GELLER et al. 
1992). 

Based on these findings, lithium is not warranted for treatment of 
alcoholism, except when bipolar affective disorder is also present. Further
more, lithium has a number of potential adverse effects that must be con
sidered in treatment of the alcoholic patient, including nausea, diarrhea, 
tremor, hypothyroidism, and cerebellar and other neurotoxic effects. 
Alcohol-induced diuresis can lower serum lithium levels, decreasing its 
potential efficacy (TYRER et al. 1990). In overdose, lithium can produce 
lethal toxicity (JEFFERSON et al. 1987). 

In summary, pharmacotherapy is indicated for alcoholics who have 
primary MDD and those who meet criteria for an MDD following 3 or 4 
weeks of abstinence. Given in doses adequate to achieve therapeutic serum 
drug levels, cyclic antidepressants are indicated for treatment of depres
sive symptoms. The adverse effects of these medications may limit their 
acceptability. SUIs have a more favorable side effect profile and may have 
more general efficacy in reducing drinking relapses. At present, there are 
insufficient data to warrant the use of MAOIs or lithium in treatment of 
depressive disorders in alcoholics. 

C. Anxiety Disorders 
Symptoms of anxiety are common among alcoholics; yet most of these 
symptoms (especially generalized anxiety and panic symptoms) abate, 
without specific pharmacologic or psychosocial treatment, during the first 
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2-4 weeks of abstinence (BROWN et al. 1991). Regular intake of even 
moderate amounts of alcohol exerts anxiogenic effects (TAMERIN and 
MENDELSON 1969). Many anxious alcoholics report that they frequently 
drink to alleviate their anxiety symptoms. Even alcoholics without anxiety 
disorders frequently cite anxiety and associated symptoms of sympathetic 
hyperactivity as potent stimuli for continued drinking and relapse to drinking 
(SCHUCKIT et al. 1990). 

In the ECA survey, anxiety disorders were the only group of disorders 
whose prevalence was higher than alcoholism (ROBINS and REGIER 1990). 
Simple phobias had I-month and lifetime prevalences of approximately 
6.2% and 12.5%, respectively. Obsessive-compulsive disorder (OCD) 
and panic disorder (PD) had a lifetime prevalence of 2.5% and 2.0%, 
respectively. Generalized anxiety disorder (GAD), in which excessive 
worrying is accompanied by chronic symptoms of motor tension, autonomic 
hyperactivity, and cognitive vigilance, occurred among 5% of ECA respon
dents. Social phobia was found to occur among 1%-2% of ECA respon
dents. Alcoholism increased the lifetime risk of PD and OCD more than 
twofold each, while phobias were increased l.4-fold by alcoholism. Post
traumatic stress disorder (PTSD) was found among 1.4% of ECA respon
dents; its prevalence was not increased among heavy drinkers (COTILER et 
al. 1992). Among treated alcoholics assessed by structured interviews, the 
prevalence of DSM-III anxiety disorders appears higher than that observed 
in such community samples. In two studies, the mean current (lifetime) rates 
of these disorders were 20(26)% for phobias, 3(9)% for PD, 5(10)% for 
OCD, 9(12)% for social phobia, and 26(52)% for GAD, respectively 
(HESSELBROCK et al. 1985; Ross et al. 1988). In clinical populations, the 
prevalence of alcoholism among patients with PTSD was 22% -86%, with 
higher rates reported among Vietnam War veterans with PTSD (COTILER et 
al. 1992). Thus alcoholism and anxiety disorders frequently co-occur in both 
the general population and in clinical samples. 

In contrast to the case with MDD, a substantial minority of alcoholics 
with anxiety disorders develop alcoholism following the onset of a primary 
anxiety disorder. More than half of the alcoholics with PD or phobias, and 
over one-third of those with OCD or GAD, had secondary alcoholism 
(HESSELBROCK et al. 1985; Ross et al. 1988). Thus, anxiety disorders may 
lead to the development of alcoholism. Conversely, repeated episodes of 
alcohol withdrawal or panic symptoms may result in "kindling" within limbic 
and other subcortical systems, yielding chronic elevation in sympathetic 
tone (GEORGE et al. 1988), which maintains drinking behavior and anxiety 
symptoms (BALLENGER and POST 1978; BROWN et al. 1990). Eventually, 
repeated cycles of drinking and withdrawal may lower the seizure threshold, 
producing withdrawal (or spontaneous) seizures. 

Considering the high prevalence of anxiety during periods of active 
drinking and withdrawal, it is possible that many cases of apparent anxiety 
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disorders, including PD and GAD, are actually organic anxiety disorders 
which, like organic affective disorders, usually resolve with abstinence. 

I. Assessment 

Assessment of an anxiety disorder in an alcoholic patient is enhanced using 
the same methods recommended for assessment of depression in this patient 
group, i.e., use of reliable criterion sets, structured psychiatric interviews, 
and assessment following 2-4 weeks of abstinence (MANUZZA et al. 1989; 
BRYANT et al. 1992). Given their common co-occurrence, anxiety and depres
sive disorders should be assessed simultaneously. This is particularly relevant 
for alcoholics with PD, because PD confers an increased risk of suicide in 
depressed alcoholics (HENRIKSSON et al. 1993). 

II. Treatment 

As with depressive symptoms, abstinence appears to reduce substantially 
the severity of anxiety symptoms. Cognitive and behavioral therapies are 
effective for phobias, PD, OCD, PTSD, and GAD among nonalcoholics 
(MARKS 1987). Therefore, behavioral or cognitive treatment would appear 
to be warranted following detoxification. We know of no research studies 
that have assessed whether pharmacotherapy of alcoholics is more successful 
than cognitive-behavioral treatments alone, or whether the combination of 
psychosocial and pharmacologic treatment is more effective than either 
single treatment modality. 

III. Pharmacotherapy 

Benzodiazepines and related sedatives are effective in the treatment of 
GAD, PD, and other anxiety disorders in patients with substance use 
disorders, yet pose serious potential risks for a minority of alcoholics. These 
anxiolytics carry at least a moderate risk of abuse or dependence (WOODS et 
al. 1987). Oxazepam may have lower abuse liability than the lipophilic 
benzodiazepines such as diazepam and alprazolam (BLIDING 1978; CIRAULO 
et al. 1988b). Even in the absence of alcohol dependence, diazepam causes 
significant impairment of motor performance in conjunction with alcohol. 
Diazepam has amnestic properties that may impede the learning of new 
information, which may be particularly problematic in cognitive-behavioral 
treatments for alcoholism (WOODS et al. 1987). Paradoxical agitation or 
violent disinhibition may also occur with benzodiazepine treatment and may 
interfere with the successful psychosocial rehabilitation of alcoholics. 
The risk of these adverse effects has not been reported in studies of less
lipophilic benzodiazepines such as clonazepam, which is frequently used to 
treat patients with panic disorder. 
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Many clinicians have suggested that prescribed benzodiazepines (partic
ularly lipophilic agents such as diazepam or alprazolam) may increase the 
risk of relapse among alcoholics, even among alcoholics whose medication 
use and treatment responsiveness is carefully monitored by physicians. We 
know of no well-designed studies that have tested this hypothesis. For the 
present, however, it appears prudent to employ non-benzodiazepines (e.g., 
CAs or buspirone) as the primary agents for treatment of anxiety disorders 
in abstinent alcoholics. 

Beta blockers such as ate nolo I and the MAOI phenelzine are effective 
in the treatment of social phobia, particularly for patients with readily 
identified, specific, fear-inducing situations (LIEBOWITZ et al. 1988). To our 
knowledge, there are no published studies evaluating the efficacy of these or 
other drugs in the treatment of alcoholics with simple or social phobia. 

In nonalcoholics, CAs and MAOls are effective in the treatment of PO, 
particularly when combined with behavioral treatment (MARKS 1987). No 
studies have been published to address the effectiveness of these agents in 
alcoholics with PO, though at least on study is currently underway to 
address this this issue. 

Serotonergic medications, such as the CA clomipramine and the SUls 
fluvoxamine, fluoxetine, and sertraline, are effective in treatment of obses
sions and compulsions in non alcoholics with OCD (BLACK 1992). Because of 
the risk of seizures at higher doses, daily doses of clomipramine above 
250mg should be avoided. KRANZLER and collaborators (1990) found 
that fluvoxamine was poorly tolerated by abstinent alcoholics, none of 
whom had OCD. The safety and efficacy of these medications for treat
ment of alcoholics with OCD has not been documented in published 
reports. 

Symptoms of GAD respond to treatment with buspirone, a serotonergic 
anxiolytic that, in contrast to benzodiazepines, does not enhance alcohol
induced impairment of psychomotor speed or reactivity. It also appears 
to have little abuse potential. In an open trial, buspirone treatment was 
associated with decreased anxiety and desire to drink among anxious alcohol
ics (KRANZLER and MEYER 1989). An early double-blind, placebo-controlled 
trial in alcoholics found buspirone to be associated with significantly im
proved treatment retention, lower levels of alcohol craving, decreased 
anxiety, and decreased depression (BRUNO 1989). In a placebo-controlled 
trial among alcoholics with GAD, buspirone treatment was associated with 
significantly lower levels of premature treatment withdrawal and greater 
reduction in anxiety than was placebo (TOLLEFSON et al. 1992). Effects on 
drinking were not reported for this study, in which no specific psychosocial 
treatment was provided beyond referral to Alcoholics Anonymous. A study 
of alcoholic male veterans with GAD who had recently completed inpatient 
detoxification from alcohol found that buspirone treatment (45-60 mg/day) 
was not superior to placebo on measures of anxiety or drinking (MALCOLM et 
al. 1993). Of note, subjects received only supportive physician contact in 
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this study, and no specific psychotherapy was provided to address alcoholism 
or anxiety symptoms. 

Kranzler and colleagues recently reported the results of a 12-week 
clinical trial comparing buspirone and placebo as an adjunct to structured 
relapse prevention therapy in a group of anxious alcoholics (Kranzler et al., 
unpublished manuscript). Buspirone treatment was associated with signifi
cantly greater treatment retention and a significantly longer interval to 
relapse to heavy drinking (i.e., ~5 drinks/occasion). Buspirone treatment 
also produced lower rates of drinking during both the treatment and the 
6-month follow-up period. While 36%-40% of subjects had GAD, all 
subjects had persistently elevated anxiety ratings at the time of entering the 
study. Among subjects with the highest pretreatment anxiety levels, bus
pirone treatment was associated with a significant reduction in anxiety. No 
significant adverse effects of buspirone were noted at the dosage (40-60 mg/ 
day) employed in this study. The finding that buspirone was superior to 
placebo in this study, but not in previous studies, may be attributable 
to several factors. The subjects in this study had lower levels of alcohol 
dependence and greater social stability than did the subjects studied by 
MALCOLM and colleagues (1993). In addition, the concomitant psychosocial 
treatment provided in this study may have enabled subjects to remain in 
treatment and cope more effectively with anxiety symptoms and drinking 
situations. 

At present, buspirone appears indicated for abstinent alcoholics with 
significant levels of persistent generalized anxiety. Clinical experience 
indicates that abstinent alcoholics with panic disorder may benefit from 
avoidance of caffeine and treatment with CAs. Similarly, alcoholics with 
OCD may benefit from SRI treatment. However, no published data are 
available to support these recommendations. Pharmacologic treatment of 
other anxiety disorders is not clearly indicated. Benzodiazepines should be 
avoided whenever possible in treatment of alcoholics. 

D. Bipolar Affective Disorder 
Manic episodes are distinct periods, usually lasting at least 1 week, of 
uncharacteristically and markedly elevated, expansive, euphoric, or irritable 
mood, together with decreased subjective need for sleep, increased energy 
and activity, distractibility, rapid or pressured speech, and/or a subjective 
sense of racing thoughts. Many manic patients display grandiosity and 
take unusual risks, are physically reckless, spend wildly, or are physically 
aggressive, though these behaviors are rare once the mania resolves. Psy
chosis may be present. In mixed states, manic and depressive symptoms 
occur together and suicide risk may be high (GOODWIN and JAMISON 1990). 
Bipolar II disorder is a milder form in which recurrent depressive episodes 
occur, together with periods of hypomania (AMERICAN PSYCHIATRIC ASSOCIA
TION 1993b). Cyclothymia is another mild form characterized by recur-
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rent periods of depressive symptoms which are of insufficient severity to 
qualify as a major depressive episode, together with periods of hypomania 
(AMERICAN PSYCHIATRIC ASSOCIATION 1987, 1993b). 

Alcoholism has been associated with manic and depressive states since 
ancient times. Plato described alcoholism as a cause of mania. In the ECA, 
the lifetime prevalence of mania was 0.4% in the general population, 
but the rate of mania among alcoholics was sixfold greater (HELZER and 
PRYZBECK 1988). Among those with bipolar disorder, 15% were alcohol 
abusers and 31% had a lifetime history of alcohol dependence; this re
presents a 3.5-fold increased lifetime risk of alcoholism for those with 
bipolar I disorder compared to those without it (GOODWIN and JAMISON 
1990). Alcoholism is common among patients with bipolar disorder. It is 
estimated that least 15% -65% of patients with bipolar I, bipolar II, and 
cyclothymic disorders abuse alcohol (GOODwIN and JAMISON 1990). 

It is, however, relatively uncommon for bipolar patients to be treated in 
alcoholism rehabilitation programs. Among alcoholics studied in a variety of 
treatment settings, 2% -8% met criteria for bipolar disorder (HESSELBROCK 
et al. 1985; Ross et al. 1988). Heavy drinking frequently contributes to 
symptomatic exacerbations of mania, mixed mania, or depression, resulting 
in hospitalization of bipolar disordered patients (GOODWIN and JAMISON 
1990). Drinking patterns appear to be different between manic and depres
sive phases, with reduced or periodic excessive drinking predominating 
during the depressive phase and chronic excessive drinking occurring during 
manic periods (GOODWIN and JAMISON 1990). These patterns may partly 
reflect the social withdrawal typical of bipolar depression and the increased 
psychomotor activity, impulsiveness, and efforts to heighten euphoria typical 
of manic episodes. Drinking by manic and depressed bipolar patients in
creases their risk of attempted and successful suicide (MURPHY 1992). 

I. Assessment 

Mania and bipolar disorder can be difficult to identify in their atypical 
forms, particularly when the clinician is inexperienced or when the patient is 
intoxicated or in alcohol withdrawal. Patients often are unable to recall 
diagnostically important features of past episodes of mania and depression 
(ZIMMERMAN and CORYELL 1985), even when there is no history of a substance 
use disorder. Depressed or manic patients may not provide reliable informa
tion regarding past symptoms. However, when respondents are not manic 
and when a standardized psychiatric interview is employed, bipolar disorder 
is recognized with good reliability among substance abuse patients, though it 
is occasionally confused with schizophrenia (BRYANT et al. 1992). Longitu
dinal history, e.g., a history of episodic mood disturbance with little dysfunc
tion between such episodes, would support a diagnosis of bipolar disorder 
and enhance diagnostic reliability. Lower levels of reliability are achieved 
with bipolar II and cyclothymic disorders than with classic bipolar disorder; 
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their identification may require greater interviewer skill, often supplemented 
by information provided by collateral informants or treatment records. 

Differentiation of symptoms secondary to antisocial personality disorder, 
underlying alcohol or drug use, or bipolar disorder can be difficult. It is 
important, therefore, to obtain a detailed chronology of the onset and 
duration of characteristic symptoms of each disorder, with particular em
phasis on their occurrence during periods of abstinence and their association 
with periods of alcohol or drug use or withdrawal. In all cases where a 
diagnosis of bipolar affective disorder is considered, other organic causes of 
mania, such as hyperthyroidism, must be excluded. Like alcoholism, bipolar 
affective disorder is transmitted within families. An alcoholic with a clear 
history of bipolar disorder in a first-degree family member is at increased 
risk of manic and depressive episodes. Family history may aid in the dif
ferential diagnosis of psychiatric symptoms suggestive of bipolar disorder in 
alcoholics. 

II. Treatment 

Successful pharmacotherapeutic treatment of cyclic mood disorders in the 
alcoholic is enhanced by appropriate psychosocial treatment of the mood 
disorder itself (GOODWIN and JAMISON 1990). Psychiatric hospitalization 
may be necessary for accurate diagnosis, detoxification, safekeeping, or 
behavioral stabilization, particularly if the risk of suicide or violence is high, 
or if complicated withdrawal, psychosis, or marked impairment in judgment 
are present. Counseling helps the patient and family reduce stresses and 
behaviors (e.g., drinking, sleep deprivation) that may precipitate a relapse, 
recognize signs of impending relapse, cope with manic or depressive epi
sodes, and deal with interpersonal, occupational, and other consequences of 
past affective episodes (GOODWIN and JAMISON 1990). 

III. Pharmacotherapy 

As discussed above, lithium carbonate is effective for the acute treatment of 
mania and depression and for prevention of relapse in patients with bipolar 
affective disorder (JEFFERSON et al. 1987). The efficacy of lithium in treat
ment of bipolar disorder is contingent on maintenance of therapeutic serum 
lithium levels. For treatment of acute mania, lithium levels of 0.9-1.2 mEq/1 
are typically effective, whereas levels of 0.7-1.0 mEq/1 are effective for 
prevention of relapses (JEFFERSON et al. 1987). 

Preliminary results from an ongoing clinical trial of lithium treatment of 
adolescents with comorbid bipolar and substance use disorders suggest that 
lithium at serum levels of 0.9-1.3 mEq/1 is effective in treatment of both the 
cyclic mood disorder and alcohol and/or drug use disorder (GELLER et al. 
1992). To our knowledge, studies of the efficacy of lithium in adults with 
both bipolar disorder and alcoholism have not been published. 
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Adverse effects of lithium include increased weight, nausea, diarrhea, 
increased urination, acne, and a fine tremor of the hands that is worsened by 
caffeine (JEFFERSON et al. 1987). Some patients report drinking more alcohol 
in response to lithium-induced increases in thirst, but this is uncommon. At 
high serum levels, lithium causes ataxia, slurred speech, vomiting, confusion, 
coma, and death. Beyond intentional overdose, high lithium levels can arise 
due to renal disease, concurrent hyponatremia, or concurrent use of medica
tions such as nonsteroidal antiinflammatory agents or thiazide diuretics. 
Bipolar alcoholics are at substantial risk of intentional overdose, particularly 
during depressive and drinking relapses, and following serious interpersonal 
losses such as separation or divorce (MURPHY 1992). Chronic lithium treat
ment is associated with an increased risk of hypothyroidism, nephrogenic 
diabetes insipidus, and impaired renal filtration. Thus, pretreatment evalua
tion of the lithium candidate should include assessment of serum creatinine, 
electrolytes, and thyroid indices, as well as evaluation of urine specific 
gravity. Periodic monitoring of these indices and of serum lithium levels is 
also indicated during a course of lithium treatment. 

Noncompliance with prescribed lithium is often a problem, and can 
contribute to manic or depressive relapses and increased drinking. Non
compliance is most commonly associated with the patient's desire to lessen 
the adverse effects of lithium, psychosocial stressors, alcohol or drug use, 
boredom, and a desire to avoid the stigma of having a chronic mental 
illness. Efforts to reduce the severity of adverse effects of lithium by dose 
modification, use of sustained-release lithium preparations, reduction in 
caffeine use, or addition of propranolol for treatment of lithium-induced 
tremor (JEFFERSON et al. 1987) may be helpful. Psychosocial interventions 
can improve family and other interpersonal relationships and employment, 
and can help reduce the stigma of mental illness and feelings of boredom 
that may occur following resolution of a hypomanic episode (GOODWIN and 
JAMISON 1990). 

Carbamazepine (CBZ) is also effective in treatment of acute manic and 
depressive episodes and in prevention of relapses in patients with bipolar 
disorder. It may be particularly effective for patients with mixed or rapid
cycling bipolar disorder (POST et al. 1989). As reviewed by Anton and 
Becker (Chap. 13) in this volume, CBZ is effective in treatment of alcohol 
withdrawal. To our knowledge, there are no published studies of the effec
tiveness of CBZ in the prevention of relapses among alcoholics with bipolar 
affective disorder, nor are there published studies that compare CBZ and 
lithium in the rehabilitation of bipolar alcoholics. 

Carbamazepine is oxidized by hepatic enzymes that are, themselves, 
induced by CBZ, alcohol, and tobacco smoke. Thus, the half-life of CBZ 
is reduced following chronic use, and by concurrent heavy drinking or 
smoking. While a clear dose-response relationship for CBZ in prophylaxis 
of mania and depression has not been established, experienced psycho
pharmacologists suggest that clinicians titrate oral doses to achieve a serum 
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level of CBZ in the antiepileptic range, i.e., 8-12,ug/ml (POST et al. 
1989). 

Carbamazepine has a number of potential adverse effects (POSE et al. 
1989). It can cause leukopenia and, rarely, agranulocytosis, thrombocy
topenia, eosinophilia, or aplastic anemia. It causes hyponatremia in a 
substantial minority of cases, particularly in elderly patients treated at high 
dosages. Rarely, it causes cholestatic hepatitis or hepatocellular damage. At 
high serum levels, it can lead to nausea or vomiting. CBZ levels, liver 
function tests, and blood counts should be monitored periodically in patients 
treated with CBZ. CBZ is neurotoxic, producing sedation and cerebellar 
symptoms, which may be exacerbated by concurrent use of alcohol or 
other drugs such as phenytoin. In overdose, CBZ can cause significant 
cardiovascular and neurologic toxicity. Alcohol ingestion may also increase 
the risk of overdose and suicide. 

As with lithium treatment, CBZ treatment of bipolar patients is often 
accompanied by noncompliance, which can be associated with symptomatic 
relapses. 

Other antiepileptics, including valproic acid and the benzodiazepine 
clonazepam, have efficacy in bipolar disorder (POST et al. 1989). Their use in 
treatment of the alcoholic with bipolar disorder has not been reported. 
There is a risk of abuse of benzodiazepines by patients with alcoholism, but 
the relative lack of euphoria produced and long half-life of clonazepam 
should theoretically reduce its abuse potential. Systematic evaluation of the 
abuse potential of clonazepam has not been reported. 

Pharmacologic treatment of alcoholics with bipolar disorder using 
adequate dosages of lithium is indicated, both to reduce the risk of manic 
and depressive relapses and to facilitate social stability, which, in turn, will 
likely reduce the risk of alcoholic relapses. CBZ may be appropriate for 
bipolar patients who do not respond to lithium maintenance treatment. 
Because of the need for long-term pharmacotherapy of patients with bipolar 
disorder, treatment must address issues of medication compliance. 

E. Schizophrenia 
Most schizophrenics living in the community drink alcohol, and many spend 
substantial portions of their limited incomes on alcohol and low-cost recrea
tional drugs, which they often use with their peers (TEST et al. 1989; SONI 
and BROWNLEE 1991; WESTERMEYER 1992). Alcohol use often contributes 
to medication noncompliance, homelessness, and rehospitalization of schizo
phrenics (DRAKE et al. 1989, 1990, 1991). 

Schizophrenic disorders are characterized by functional decline, psy
chotic symptoms, and, in most cases, chronicity (AMERICAN PSYCHIATRIC 
ASSOCIATION 1987, 1993b). In addition to psychotic symptoms, patients 
with schizophrenic disorders often display odd behaviors, blunted affect, 
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impoverished speech, poor hygiene, social isolation, and limited social skills. 
These "negative" symptoms can be gravely disabling and often render 
schizophrenic patients ill-suited to treatments offered in traditional substance 
abuse treatment programs. Organic mental conditions must be considered in 
evaluation of the potentially schizophrenic patient. 

Schizophrenia is a relatively rare disorder. In the ECA, the lifetime 
prevalence of schizophrenia was approximately 1 %, but alcoholism was 
associated with a fourfold increased risk of schizophrenia (HELZER and 
PRYZBECK 1988). Conversely, alcoholism was common among schizophrenics. 
Schizophrenia was associated with a 30% prevalence of current alcoholism, 
which was eight- to tenfold higher than the prevalence in the general popula
tion (ROBINS and REGIER 1990). In clinical samples, the lifetime prevalence 
of alcoholism was 31 % - 59% among schizophrenics in the United States 
(DRAKE et al. 1990; MUESER et al. 1992). As in the ECA, schizophrenic 
alcoholics in treatment are most often male, single, and unemployed. 

I. Assessment 

Because schizophrenics often demonstrate cogmtive impairment, it is 
important that collateral information from reliable informants be employed 
in making a substance use disorder diagnosis (TEST et al. 1989; DRAKE et al. 
1990). In evaluating the alcoholic patient with schizophrenia for possible 
pharmacologic treatment, several other concerns should also be addressed. 
First, it is important to evaluate the presence of extrapyramidal and other 
adverse effects of prescribed antipsychotics. Akathisia, for example, may be 
mistaken for anxiety or psychotic decompensation, while bradykinesia may 
mimic depression. Reduction in antipsychotic dosage, use of a less potent 
agent, or (for treatment-resistant patients or those who develop tardive 
dyskinesia) replacement with atypical antipsychotics such as clozapine, or 
use of anticholinergic agents or beta blockers may lessen these effects. Such 
treatment may lessen the patient's motivation to drink or stop taking his or 
her antipsychotic medication. Second, it is important to review the context 
of drinking, motivations for drinking, and effects of drinking reported by the 
patient. Schizophrenics lead isolated lives, have poor social skills, and spend 
time with others who have similar problems, including alcohol-related 
problems (DIXON et al. 1990). They report drinking to relieve boredom, to 
socialize, to feel relaxed, to sleep better, to make side effects of medications 
more tolerable, and to decrease hallucinations (TEST et al. 1989; DIXON 
et al. 1990; NOORDSY et al. 1991). These symptoms may be lessened by a 
variety of psychosocial interventions (described below), in addition to adjust
ments in psychotropic medications. Occasionally, use of benzodiazepines for 
treatment of akathisia or marked anxiety may be indicated. Third, concur
rent depression should be evaluated and treated, as described earlier in 
this chapter. Fourth, the temporal relationship between alcohol use, anti
psychotic medication noncompliance, and psychosis or other adverse 
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symptoms of schizophrenia should be reviewed with the patient. A voidance 
of adverse consequences may motivate the schizophrenic patient to comply 
with an antipsychotic medication regimen and to reduce alcohol and drug 
use. 

II. Treatment 

Psychosocial interventions, including social skills trammg, family psycho
education, assistance with the needs of daily living (such as employment, 
housing, money management), and nonconfrontational alcoholism counsel
ing (TEST et al. 1989; DRAKE et al. 1991, 1993), complement pharmacotherapy 
and appear useful in treating the schizophrenic with alcoholism. Controlled 
studies of psychosocial treatment of schizophrenics with concurrent alcohol
ism are in progress. 

III. Pharmacologic Treatment 

Antipsychotics remain the mainstay in the pharmacologic treatment of 
schizophrenics, including those who abuse alcohol. A variety of antipsy
chotics are effective in the treatment of acute psychotic episodes and in the 
prevention of relapses among schizophrenics, including typical antipsychotics 
and newer, atypical antipsychotic agents such as clozapine and risperidone. 
Side effect profiles generally guide the choice of an antipsychotic. Low
potency anti psychotics such as chlorpromazine are more sedating and have 
more anticholinergic effects, but are less often associated with extrapyramidal 
effects, while high-potency agents such as haloperidol produce the oppo
site pattern. Monitoring of drug levels is most practical with haloperidol 
and fluphenazine, and may be useful, particularly as alcohol may lower 
fluphenazine serum levels (SONI and BROWNLEE 1991). Noncompliant 
schizophrenics may benefit from fluphenazine or haloperidol decanoate 
injections every 2-4 weeks. Atypical antipsychotics may lessen negative or 
positive symptoms, and may occasionally contribute to abstinence. Clozapine 
and resperidone currently are the only atypical antipsychotic approved in 
the United States. Risperidone has been shown in Europe and elsewhere to 
be effective and well tolerated. There is a 0.5% -1 % risk of agranulocytosis 
in patients treated with clozapine, and weekly blood counts are required of 
all United States patients receiving this medication. To our knowledge, no 
published studies have compared the effectiveness of these oral antipsy
chotics, depot antipsychotics, or atypical anti psychotics in the reduction or 
prevention of drinking or psychotic relapses among schizophrenics with 
alcoholism. 

In summary, antipsychotic medications are clearly indicated in the treat
ment of alcoholics with schizophrenia. The choice of a particular agent and 
dosage form (oral or depot) will depend on a variety of factors, including 
past antipsychotic response, adverse effects, compliance, and convenience. 
Ongoing treatment of the schizophrenic alcoholic with antipsychotics requires 
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regular assessment of the patient for signs of tardive dyskinesia and other 
drug side effects, as well as counseling to enhance medication compliance 
and to reduce alcohol and drug use. 

F. Conclusions 
Antidepressant medications, beta blockers, and buspirone are effective for 
appropriately selected alcoholics whose depressive or anxiety symptoms are 
persistent and/or meet criteria for a depressive or anxiety disorder. In 
addition, a minority of alcoholics have persistent mental illnesses such as 
bipolar affective disorder or schizophrenia. Relapses among patients with 
these disorders are often associated with substance abuse. While studies 
have not addressed the specific issues of pharmacotherapy of these two 
groups of disorders in alcoholics, lithium, carbamazepine, and neuroleptics 
are effective in treating a majority of patients with these conditions. Patients 
receiving such treatment must be closely monitored. 

It should be clear from this discussion that clinical researchers have only 
begun to evaluate the potential for effective pharmacologic treatment of 
coexisting psychiatric disorders in alcoholics. Improved clinical care of 
alcoholics will be enhanced by carefully conducted studies designed to 
evaluate the efficacy of psychotropic medications, specific psychosocial 
therapies, and the combinations of these treatments in alcoholics with specific 
concurrent psychiatric diagnoses. The impact of these treatments on psy
chiatric symptom profiles, drinking behavior, and functional capacity of 
alcoholics should be further evaluated. 

Several specific questions should be addressed in future research: 
Are there subtypes of affective, anxiety, and other comorbid psychiatric 

disorders that are more responsive to pharmacotherapeutic treatment than 
other subtypes? Among nonalcoholics with MDD, evidence suggests that 
more severe MDD characterized by marked psychomotor retardation 
and persistent abnormality in the hypothalamic-pituitary-adrenal axis is 
particularly responsive to antidepressant medications (AMERICAN PSYCHIATRIC 
ASSOCIATION 1993a). Given the large number of subtypes of depression 
among alcoholics, it is possible that the various depressive subtypes will 
respond differently to various antidepressant medications. Similar subtyping 
may apply to anxiety and psychotic disorders. 

Are there particular characteristics of the alcoholic that predict both a 
reduction in psychiatric symptoms and a lower rate of drinking during or 
following pharmacotherapy? There are empiric subtypes of alcoholics who 
display differential responsiveness to distinct psychosocial treatments (LITT 
et al. 1992). At least one of these SUbtypes may display a neurochemical 
abnormality, i.e., low serotonin activity (BUYDENS-BRANCHEY et al. 1989). 
Do depressed or anxious alcoholics of this type experience a reduction in 
anxiety or affective symptoms, as well as a lower rate of relapse, following 
treatment with a serotonergic agent such as buspirone? 
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Is there a maximally effective duration of pharmacotherapy for coexist
ing psychopathology in alcoholics? Considerable evidence suggests that 
maintenance treatment for bipolar disorder reduces rates of manic and 
depressive relapses (GOODWIN and JAMISON 1990), and that prolonged 
antidepressant treatment reduces relapses to MDD (AMERICAN PSYCHIATRIC 

ASSOCIATION 1993a), but these conclusions are based on studies of nonalco
holics. While maintenance antipsychotic treatment may be well justified for 
alcoholics with schizophrenia, we do not know if the same is true for anxious 
or depressed alcoholics treated with buspirone or cyclic antidepressants. 

We hope that by investigating the answers to these and other questions 
clinical researchers can find methods of treating alcoholics more effectively 
with medications. 
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CHAPTER 18 

Clinical Markers of Alcohol Abuse 

H. ROMMELSPACHER and C. MULLER 

A. Introduction 

I. Definition of the Term "Marker" 

The term "marker", which was originally introduced in molecular genetics 
and is now also established in research on psychoses and alcoholism, has the 
same meaning as "indicator", at least as long as no true genetic markers of 
alcoholism have been detected (HILL et al. 1987; ROMMELSPACHER 1992; 
SCHMIDT and ROMMELSPACHER 1990). Thus, researchers in the field of al
coholism use the term "marker" synonymously with "indicator". It should 
be noted that the commonly used markers refer to superficial phenomena 
and do not permit conclusions to be drawn about the underlying disease 
structure. MAAs and KATZ (1992) have pointed out that "data suggesting 
relationships between brain serotonin (5-HT) systems and the impulsive 
expression of aggression are much more persuasive than any data linking 5-
HT to a particular psychiatric diagnosis." Thus, as long as relatively little is 
known of the neurobiological causes of alcoholism, the findings from marker 
studies should be interpreted with caution with respect to the information 
they provide about the underlying disease. 

Several attempts have been undertaken to categorize the markers for 
alcoholism. Gordis proposed a schema involving three groups: genetic 
markers, diagnostic markers, and clinical markers. Genetic markers are 
those that are positive in nondrinking subjects who are biologically at risk 
for the development of alcoholism if they begin to drink. A diagnostic 
marker is a test for alcoholism independent of the patient's "recovery," and 
indicates whether the patient has ever been engaged in protracted heavy 
drinking. The test is positive even if the patient has been abstinent for many 
months at the time of sampling. Clinical markers correlate strongly with the 
patient's mean blood alcohol concentration (BAC) during the preceding 
weekes). The test is positive even if BAC is zero at time of sampling. 
Furthermore, Gordis described the uses of a "clinical" marker: collection of 
accurate epidemiological data on drinking, evaluation of alcoholism treat
ment outcome, advising patients of the health risks of excessive drinking, 
and resolution of clinical diagnostic problems. Gordis also elaborated the 
desirable characteristics of a clinical marker. It should not depend on the 
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presence of organ damage; false positives should not occur in other medical 
conditions; its sensitivity to both intake drinking pattern and total intake 
should be known; it should be easily performed in a clinical setting; and it 
should be inexpensive (presented at International Society for Biomedical 
Research on Alcoholism (ISBRA) meeting by FULLER 1992). BEGLEITER and 
PORJESZ (1988) elaborated the following criteria as being necessary for the 
identification of a potential biological marker: the trait can be reliably 
measured and is stable over time, it is genetically transmitted, the "ab
normal" trait has a low base rate, and it identifies individuals at risk. Studies 
should show that the trait is prevalent in the patient population, is present 
during symptom remission, occurs among the first-degree relatives of 
the index case at a rate higher than that of the normal population, and 
segregates with the illness in affected relatives. The authors presented some 
neurophysiological measures that meet the criteria for a marker. These 
tests, however, are beyond the scope of this chapter. 

Our approach to categorizing markers has been influenced in several 
respects by other authors. Trait markers are time-invariant indicators that 
are present during one's entire lifetime. They can vary with respect to the 
degree of expression. Trait markers are not specific for a certain disease, 
especially where some personality traits are concerned. State markers are 
present during the acute disease but not before or after. They vary with 
conditions and time. Although this classification is useful in psychosis 
research, it is not sufficient for alcoholism because in the latter disease the 
compound ethanol plays an important role and the course of the disease is 
characterized by specific phases. 

Psychic alcohol dependence does not require a predisposing factor for 
its development. However, predisposing factors, which may be either 
genetic or acquired (such as in utero ethanol exposure), increase the likeli
hood of its development. Psychic dependence becomes manifest after a 
period of alcohol misuse lasting many years, followed by a transition phase 
(point of no return; COPER et al. 1991). 

The cellular factors that play a role in the pathophysiology of psychic 
alcohol dependence during the transition phase, as well as those neuronal 
mechanisms crucial for the development of dependence symptomatology, 
are largely unknown. It appears that during the transition phase, the central 
control mechanisms increasingly lose their effectiveness. Furthermore, 
during this time the modulation of drinking by social factors is reduced or 
suspended and a compulsive desire for alcohol (craving), among other 
factors, induces the individual to abuse the substance. Following with
drawal, a high risk of relapse is characteristic of the disease. 

The features of substance abuse make it necessary to introduce the term 
"intoxication marker" for those measures indicative of tissue damage by the 
substance. The term "residual marker" refers to those measures that are 
demonstrable only after the disease is manifest (and are, therefore, com
parable to the "diagnostic markers" of Gordis). 



Clinical Markers of Alcohol Abuse 445 

The transition from state markers to intoxication markers can proceed 
smoothly for some measures. Intoxication markers can persist beyond the 
period of intoxication through the phase of tissue regeneration. Residual 
markers appear during the transition phase and reflect the changes in neu
ronal mechanisms that underlie addiction. The variable extent of their ex
pression is comparable to that of trait markers. As elaborated above, the 
individual determinants of relapse are residual markers. These determinants 
contribute to the loss of control and to craving, to mention just two states. 
Distortions of thinking, most notably denial, are other residual markers. If, 
as claimed by Alcoholics Anonymous, the disease of alcoholism is not 
reversible, residual markers should show lifelong persistence. 

It is important for the understanding of residual markers that they 
should be seen not simply as more strongly expressed disposition markers, 
but as representative of an additional dimension in the disease process. They 
can be distinguished from trait markers by their occurrence only when the 
disease is established. Examples of trait markers include the dopamine D2 
receptor allele AI. Provided the Al allele represents a marker of disposition 
(trait marker), it in some way exacerbates the course of the disorder (see 
Chapter 12 of this handbook for a discussion of this and other genetic 
issues). It is noteworthy that one must not necessarily search for trait 
markers using genetic methods. Examples of a different strategy are the 
synapsin II variants of synaptic vesicles, which may be a trait marker for 
alcoholism (GREBB and GREENGARD 1990), or the evaluation of subjective 
feelings, motor performance, and endocrinologic measures following the 
intake of a test dose of ethanol in a certain population (high-risk sons; 
SCHUCKIT 1992). 

In this chapter no endocrinologic findings will be presented. This topic 
will be dealt with in Chapter 10 of this handbook. Psychophysiologic 
findings are also not included because such investigations are generally not 
of pharmacologic interest (for a review see BEGLEITER and PORJESZ 1988). 

B. Ethanol, Acetaldehyde, and Acetate 

I. Ethanol 

Blood ethanol levels are the most direct test for the initial diagnosis of 
alcohol abuse. However, blood ethanol has low sensitivity as a clinical 
marker because of its rapid elimination and enhanced elimination in subjects 
with chronic intake of alcoholic beverages. Although the presence of alcohol 
does not distinguish acute from chronic alcohol intake, under certain 
circumstances it can be highly suggestive of abusive alcohol consumption. 
Thus, a blood alcohol level higher than 300 mg/dl recorded at any time or a 
level higher than 100mg/dl (1%0 = 80mg/dl = 17.4mmolll) recorded during 
a routine medical examination can be regarded as a strong indicator of 
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alcoholism (NATIONAL COUNCIL ON ALCOHOISM 1972). The measurement of 
ethanol in urine might be a more sensitive marker for acute and chronic 
intake (TANG 1987). Tang found that ethanol concentrations in the urine of 
11 alcoholics after 14 days of abstinence were at least seven times higher 
than those of social drinkers (excluding heavy drinkers) and ten times higher 
than those of non alcoholics who had not consumed ethanol during the 7 
days before the determination. In the morning following the day of ad
mission, alcoholics had an average urine ethanol level nearly 160 times that 
found in light drinkers. The ability to detect ethanol in the urine even after 2 
weeks of abstinence greatly improves the sensitivity of the test as an in
dicator of heavy ethanol consumption. The author speculated that the 
source of ethanol in the urine might have been ethanol conjugates. 

II. Acetaldehyde 

Because of the artifactual formation of acetaldehyde during the extraction 
procedure, the true levels of blood acetaldehyde, free and bound, with or 
without ethanol intake, remain to be established. The true levels in al
coholics and non alcoholics are below 0.5I1M. Eriksson underlined in his 
1992 summary that low concentrations do appear (~4 11M) in blood from 
the right atrium; and up to 6811M has been recorded in blood from the 
hepatic vein using reliable methods. This means that even during normal 
ethanol oxidation substantial acetaldehyde gradients exist in the circulation. 
The hepatic oxidation of acetaldehyde has been determined by Eriksson to 
be roughly 99% under normal conditions. Thus, aldehyde dehydrogenase 
deficiency causes a dramatic increase in acetaldehyde in the hepatic vein 
( ~ 100 11M). The same has been reported for dehydrogenase inhibitors 
(calcium carbimide ~210I1M, chlorpropamide ~lOI1M, disulfiram ~130I1M, 
nitrefazole ~ 150 11M). Increasing the ethanol oxidation rate by the ingestion 
of fructose also causes higher acetaldehyde levels (~38I1M) (NUUTlNEN et 
al. 1984), and acetaldehyde has been reported to exist in different bound 
forms, e.g., bound to blood proteins, to hemoglobin, and to erythrocytes 
(COLLINS 1985). Recently, free and/or loosely bound blood acetaldehyde 
levels in women were obtained with methods emphasizing an appropriate 
correction for artifactual formation. 

Acetaldehyde was found only at lower ethanol concentrations 
«15I1M), whereas no acetaldehyde was observed at higher ethanol con
centrations (FUKUNAGA et al. 1993). 

III. Acetaldehyde-Hemoglobin Adduct 

The binding of acetaldehyde to proteins depends upon the concentration of 
acetaldehyde, the duration of the reaction, and the presence of reducing 
agents (TUMA and SORRELL 1985). Acetaldehyde-protein adducts have been 
reported not only for hemoglobin (STEVENS et al. 1981) but also for actin, 
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spectrin (GAINES et al. 1977), RNAase, lactate dehydrogenase, and glucose-
6-phosphate dehydrogenase (TuMA and SORRELL 1987). It should be kept in 
mind that acetaldehyde binds reversibly until fixed by covalent bonding 
due to chemical reduction. This reversible binding of acetaldehyde to 
erythrocytes can be regarded as a form of transport. The reversibly bound 
concentration of acetaldehyde could be more than ten times as high as in 
plasma (BARAONA et al. 1987; ROMMELSPACHER et al. 1985). Binding kinetics 
were consistent with at least two sites, the one with the highest affinity and 
lower capacity for acetaldehyde corresponding to hemoglobin. It is likely 
that erythrocyte proteins are particularly vulnerable to the toxic effects of 
acetaldehyde. Affinity and Bmax did not differ between alcoholics and 
controls. The low-affinity site(s) was enhanced in alcoholics and comprised 
56% of the overall binding capacity compared with it was 20% in controls. 
The authors suggest that L-cysteine binds the acetaldehyde-forming 
thiazolidine-4-carboxylic acids. Levels of red blood cell cysteine and 
acetaldehyde remained high for 2 weeks after withdrawal; these changes 
may provide new markers of alcoholism (HERNANDEZ-MuNOS et al. 1989). 
The formation of 1-methyl-thiazolidine-4-carboxylic acid from L-cysteine 
and acetaldehyde has been demonstrated in liver and brain homogenate 
(WLODEK et al. 1993). 

The sites to which acetaldehyde binds in hemoglobin may be the same 
as those in other carbonyl-group-containing compounds (e.g., glucose). The 
level of HbA1ACH (hemoglobin fraction in cation exchange chromatography, 
measured as a percentage of total hemoglobin) is elevated in heavy drinkers, 
alcoholics, and diabetics compared with teetotalers and social drinkers. The 
HbA1ACH and the HbAIACH/HbAIC ratio seem of value in the detection of 
excessive alcohol consumption in its early phase (33% of heavy drinkers and 
25% of alcoholics were detected) (SILLANAUKEE et al. 1991). HbA1ACH 
evidently gave information on the effective acetaldehyde concentration in 
cases when the amount of glycated hemoglobin was normal. The sensitivity 
and specificity of the method could be improved if better suited HPLC 
columns were available. 

Immunological measures utilizing antibodies against acetaldehyde
modified protein epitopes seem the most sensitive and specific markers of 
alcohol misuse (ISRAEL et al. 1986; NIEMELA et al. 1987). Antibodies raised 
against hemoglobin-acetaldehyde adducts detected alcoholic patients with 
sensitivities from 43% - 78%, depending on the antibody. These findings 
merited further investigation (LIN et al. 1992). As pointed out by these 
authors, antibodies raised with protein-acetaldehyde adduct immunogens 
produced under different conditions recognize different epitopes. 

Others have found that hemoglobin-acetaldehyde adducts were in
creased in 50% of alcohol abusers, whereas 24 % of social drinkers exceeded 
the reference interval obtained from abstaining controls. Adducts were 
also increased in 23% of the hospitalized controls, seven of whom could 
retrospectively be verified as heavy drinkers. Upon abstinence from ethanol, 
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the adducts decreased during a period of 1-3 weeks. High titers of circulat
ing antibodies against acetaldehyde adducts were frequently observed in 
sera of chronic alcoholics with low adduct values (NIEMELA and ISRAEL 
1992). Combined use of the adduct and the corresponding antibody mea
surements may prove to be useful as markers of excessive alcohol consump
tion (clinical markers according to Gordis-state markers according to our 
nomenclature) . 

IV. Acetate 

Measurement of serum acetate has little value as a screening method for 
early identification of alcoholism because it depends on the presence of 
ethanol. It could be used for the screening of problem drinkers among 
drunken drivers (ROINE et al. 1988). Tests in which abnormal values revert 
toward normal values within 1 or 2 weeks of abstinence may not be suf
ficiently sensitive and specific to identify binge drinkers or alcoholics in 
recent remission. It may be a good marker for monitoring abstinence in 
alcoholics during treatment (KORRI et al. 1985; NUUTlNEN et al. 1985; 
SALASPURO et al. 1987). 

c. Monoamine Oxidase 

I. Regulation of Enzyme Activity 

The enzyme monoamine oxidase (MAO; EC 1.4.3.4) occurs in the outer 
mitochondrial membrane and several extramitochondrial subcellular sites 
(ARNOLD et al. 1990). It oxidizes a number of important biogenic and 
xenobiotic amines. Monoclonal antibodies specific for human MAO-A and -
B and immunocytochemical techniques were used to demonstrate that 
subtype B but not subtype A occurs in platelets and lymphocytes (THORPE et 
al. 1987). MAO-B in lymphocytes has received little attention in clinical 
studies. However, MAO-B in human platelets is often used as a peripheral 
marker of vulnerability in psychiatric disorders such as schizophrenia, de
pression, and alcoholism (FARAJ et al. 1987; MAJOR et al. 1981). 

Several studies suggest that the levels of platelet MAO-B are deter
mined genetically. Interclass correlation coefficients are 0.76-0.88 for 
monozygotic twins and 0.39-0.45 for dizygotic twins (NlEs et al. 1973; 
WYAIT et al. 1975); heritability has been estimated at ~0.8 (NlEs et al. 
1973). A single major locus appears to determine heritable activity but there 
is no evidence that this is the X-linked MAO-B locus itself (RICE et al. 
1984). The differences in activity correlate directly with levels of active 
enzyme molecules. The other genes involved in the regulation of levels of 
active enzymes are thought to include those genes affecting transcription, 
posttranslational modification, and control of the microenvironment 
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(BREAKEFIELD and EDELSTEIN 1980). No differences were observed in Km 
values or isoelectric points (GILLER et al. 1982). In fact, some variation in 
the catalytic activity of enzyme molecules among individuals has been dem
onstrated (ROSE et al. 1986). Furthermore, thermolabile forms have been 
described (BRIDGE et al. 1981). The potency of a number of alcohols to 
inhibit MAO-B was linearly related to the logarithm of the alcohol-water
partition coefficient and to the chain length of the alcohols. This suggests 
that the lipid-perturbing properties of alcohols playa significant role in the 
inhibition of MAO activity (TABAKOFF et al. 1985). Furthermore, dietary 
studies with rats have demonstrated that a fat-free diet leads to a 50% 
reduction in liver MAO-B and subsequent supplementation of fats restored 
activities to normal levels (KANDASWAMI and D'IoRIO 1979). Other studies 
with phosphatidyl serine (50% reduction of MAO-B activity) and other 
phospholipids underline the effect of the lipid environment on MAO-B 
activity (BUCKMAN et al. 1983). 

No correlation has been found for levels of MAO-B activity in platelets 
and brain from the same individual (ORELAND 1979; YOUNG et al. 1986). 
However, a positive correlation has been found between levels of 5-
hydroxyindoleacetic acid (5-HIAA) in cerebrospinal fluid and platelet MAO 
in volunteers and in chronic pain patients (VON KNORRING et al. 1986). 
Furthermore, there is a strong connection between personality traits such as 
aggressive behavior, sensation-seeking violence, and impUlsiveness, which 
are supposed to be linked to low serotonergic activity and low MAO 
activity, with the nosological entity playing a secondary role (LIDBERG et al. 
1985; BELFRAGE et al. 1992). These observations support the theory that 
several genetic and environmental factors regulate levels and activity of 
MAO-B in human tissues. 

II. In Vitro Effects of Ethanol 

Ethanol inhibits the activity of the B-form of MAO in membranes obtained 
from human platelets. Using a concentration of fJ-phenylethylamine (PEA) 
of 50nM, which is reported to be present in the blood of humans, TABAKOFF 
et al. (1985) found an inhibition of 22% of platelet MAO-B at an ethanol 
concentration of 75 mM. The Kj value was 167 mM with PEA as substrate 
and 338mM with p-dimethylaminobenzylamine (DAB; competitive in
hibition). We found a Kj value of 272mM and a Hill coefficient of 1.17 with 
kynuramine as substrate (with 25, 50, 100, and 200mM ethanol competitive 
inhibition, MAY and ROMMELSPACHER 1994). 

III. Enzyme Activity in Alcoholics and Nonalcoholics 

Chronic ethanol intake has been associated with decreased activity of MAO
B in platelets from recently abstinent alcoholics. Although this finding has 
also been linked to other psychiatric disturbances, perhaps the most 
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consistent findings have been in patients with alcoholism (BROWN 1977; 
FOWLER et a1. 1982; MURPHY et a1. 1982; AGARWAL et a1. 1983). 

Recovering alcoholics with 2-10 years of abstinence showed a low 
MAOB V max (p < 0.01). Greater than 95% of the alcoholics had V max 

values lower than the smallest value of control subjects (FARAJ et a1. 1987). 
A more detailed analysis of the time course revealed a normalization of 
MAO-B activity at day 5 postwithdrawal followed again by lowered levels at 
days 12-14 and 21-27 (MAJOR et a1. 1981). We were able to confirm the 
time course of the V max in the postwithdrawal period. At day 1 the activity 
was reduced (25%; P = 0.055), at day 8 and after 3 and 6 months there were 
no changes (MAY and ROMMELSPACHER 1994). This confirms other studies, 
which have found no difference between alcoholics who had abstained from 
alcohol for from 5 days to several months and controls (TABAKOFF et a1. 
1988b). One explanation for the postwithdrawal normalization at days 5-8 
is the liberation of newer platelets which are larger and contain more MAO 
activity (MURPHY et a1. 1978). An increased percentage of newer platelets 
would result in a higher MAO activity. 

Monoamine oxidase B activity is higher in female than in male subjects. 
The reason for this is not clear since testosterone and progesterone have no 
impact, whereas the plasma concentration of estrogen is negatively cor
related with enzyme activity (POIRIER et a1. 1985). YOUDIM (1991a) observed 
no hormonal regulatory mechanism for MAO-B activity in any cell type 
examined so far, and presented interesting evidence that MAO-B requires a 
genetic promoter to be expressed in the cell. Female alcoholic platelet MAO 
levels were significantly lower than those of controls and no different from 
activity levels in male alcoholics (YATES et a1. 1990). Others have found a 
higher mean platelet MAO activity in female alcoholics than in male al
coholics (PANDEY et a1. 1988). 

Using the typology of Cloninger, male alcoholics are divided into type 1 
and type 2 subgroups: type 2 is male-limited and characterized by high 
heritability, early onset, frequent social complication and mixed misuse, and 
high impulsiveness and sensation-seeking behavior scores; type 1 alcoholics 
(milieu-limited) have a later onset, lower degrees of heritability, and rarely 
misuse illegal drugs. MAO levels in type 1 alcoholics were lower than in 
controls and levels in type 2 alcoholics did not differ from type 1 levels 
(YATES et a1. 1990). These findings are in contrast to those of other studies, 
which reported lower MAO activity in type 2 alcoholics when compared 
with both healthy controls and type 1 alcoholics. Also, the type 1 alcoholics 
had lower platelet MAO activity than the controls (ORELAND et a1. 1985; 
VON KNORRING et al. 1991; PANDEY et a1. 1988; SULLIVAN et a1. 1990). The 
mean platelet volume has been found to be essentially the same for controls 
and type 1 and type 2 alcoholics (SULLIVAN et a1. 1990). 

In line with these findings is the low platelet MAO activity dem
onstrated in teenage boys with mixed alcohol and illegal drug use (VON 
KNORRING et a1. 1987). It should be pointed out, however, that the tempera-
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ment linked to low platelet MAO activity also makes low-MAO subjects 
overrepresented in such groups as mountaineers and violent offenders (VON 
KNORRING et al. 1991). MAO activity was low in both alcoholics and their 
first-degree relatives (ALEXOPOULOS et al. 1983). Others have found no 
difference or only a trend toward reduced platelet MAO activity in men 
with a positive family history of alcoholism, compared with men with a 
negative family history of alcoholism (SCHUCKIT 1984). Thus, the enzyme 
activity as assessed by the V max value seems to be a trait marker, at least in a 
subgroup of alcoholics (type 2 alcoholics). In addition, our data and those 
of others (low levels during intoxication), suggest intoxication marker 
characteristics (ROMMELSPACHER et al. 1994). 

IV. In Vitro Studies of Platelets from Alcoholics 

Ethanol (200 mM) causes a highly significant increase in Km (decrease in 
substrate affinity) but does not influence the V max (maximum enzyme 
activity) of platelet MAO from both controls and alcoholics. Ethanol is 
obviously a competitive inhibitor of the enzyme. The extent of the reduction 
of affinity by ethanol in vitro is not influenced by acute intake of ethanol 
(1 g/kg, blood withdrawn 4 h after intake) in control subjects but is signi
ficantly reduced (15%; P < 0.01) in intoxicated alcoholics and in alcoholics 
8 days after the last intake of ethanol. The findings suggest a reduced 
sensitivity of the enzyme to the effects of ethanol in vitro in chronic al
coholics and a recovery from the adaptive changes after 3-6 months (to
lerance; marker of intoxication; ROMMELSPACHER et al. 1994). These obser
vations are in contrast to results of TABAKOFF et al. (1988), who found an 
increased inhibition by ethanol in vitro from 6.1 % in control subjects to 
12% in sober alcoholics; it is therefore a more sensitive enzyme in al
coholics. The male alcoholics had abstained from alcohol for at least 5 days. 
The difference was found with a high saturating, but not with a low, 
substrate concentration. Further examination of the time course is 
warranted. 

D. Guanine Nucleotide Binding Proteins 
and AdenyJylcyclase 
Guanine nucleotide binding proteins and the enzyme adenylylcyclase (EC 
4.6.1.1) are part of the signal-transduction system in cell membranes includ
ing those from lymphocytes and thrombocytes. Cyclic AMP, the product of 
the enzymatic reaction, serves as intracellular second messenger. It has been 
known for many years that ethanol not only affects proteins such as neuro
transmitter receptors but also phospholipids. Thus, the signal-transduction 
system was chosen as a model for studying the changes in the interaction of 
proteins with phospholipids of the membranes and those between several 
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proteins: namely, the receptor, the G proteins, and the adenylylcyclase 
induced by acute and chronic ethanol exposure. 

I. Acute Effects of Ethanol 

Ethanol had little effect on basal adenylylcyclase activity in lymphocytes, 
platelets, and granulocytes, but enhanced the response of cyclic AMP to 
hormones, drugs, and guanine nucleotides, respectively, in reasonably low 
concentrations (20 mM) (TABAKOFF et al. 1988a). At least in cerebral cortical 
tissue, a primary site of action of ethanol within the receptorcoupled 
adenylylcyclase system is Gs (increased efficacy of Gpp(NH)p and Mg2+ to 
stimulate adenylylcyclase activity (HOFFMAN and TABAKOFF 1990); the major 
site of action is located distal to the guanine nucleotide-G-protein inter
action (LUTHIN and TABAKOFF 1984). In human platelets only very high 
concentrations of ethanol (200-400 mM) were found to increase guanine 
nucleotide-stimulated and basal phospholipase C activity, respectively 
(RUBIN and HOEK 1988). 

II. Chronic Effects of Ethanol 

Little is known about the in vitro effects of ethanol on adenylylcyclase 
despite the interesting observations concerning monoamine oxidase. We 
have found that ethanol (200 mM) facilitates the stimulating effect of 
Gpp(NH)p (10 11M) on adenylylcyclase activity in platelet membranes. 
There is no difference between the platelets from nonalcoholics, 4 h after a 
load with ethanol (1 g/kg body weight), and alcoholics (intoxicated, 8 days 
after withdrawal, 3 and 6 months after withdrawal). Thus, there is no 
tolerance with respect to the in vitro facilitating effect of ethanol in platelet 
membranes. 

In a study of ten alcoholics, ten matched normal individuals, and ten 
patients with nonalcoholic liver disease, basal and adenosine receptor
stimulated cAMP levels were reduced by 75% in lymphocytes from alcoholic 
subjects. Also, there was a 76% reduction in ethanol stimulation of cAMP 
accumulation in lymphocytes from alcoholics. Similar results were dem
onstrated in isolated T cells. The authors speculated that these measure
ments were due either to chronic alcohol abuse or to genetic predisposition 
unique to alcoholic subjects (DIAMOND et al. 1987). In a study with 94 
alcoholics no change in basal adenylylcyclase activity of platelet membranes 
was measured (TABAKOFF et al. 1988b). We found a 30% reduction in basal 
activity in platelets from intoxicated alcoholics. One week after with-drawal 
the activity was back to normal levels. Since the patients in the study of 
Tabakoff and coworkers abstained for at least 5 days, both studies agreed 
that a change in enzyme activity is an indicator of alcohol intoxication 
(marker of intoxication). 

Stimulation of adenylylcyclase activity by Gpp(NH)p, fluoride ion, and 
PGE1 was lower in the platelets of alcoholics than in those of controls. 
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These differences were evident among inpatient alcoholic subjects with long
term abstinence, compared with controls. Smoking had no significant effect 
on enzyme activity. Among the alcoholics, there was a statistically significant 
decrease in fluoride-stimulated activity with duration of abstinence. How
ever, this negative correlation did not remain statistically significant when 
the alcoholics with long-term abstinence were excluded from analysis 
(TABAKoFF et al. 1988b). We found a reduced activation by Gpp(NH)p 
during intoxication only, with normal stimulation during abstinence. The 
effects of sodium fluoride (10 mM), forskolin (5 f.1M to determine affinity 
changes and 100 f.1M to assess maximum activity), and PG EI (1 f.1M) in 
platelets were not different from those in alcoholics and controls. Thus, the 
data support the theory that activation of the adenylylcyclase in platelet 
membranes is a marker of intoxication. 

A combination of Gpp(NH)p and forskolin results in -50% inhibition 
of forskolin-induced activation, probably due to an action of Gpp(NH)p on 
Gi protein, which is present in the membranes of platelets. The inhibiting 
effect did not differ between alcoholics and nonalcoholics. Despite these 
negative findings, there is increasing evidence for a marker function of Gi 
(LICHTENBERG-KRAAG et al. 1994). The Gs-subunit in a neuroblastoma cell 
line (NG 108-15) is reduced by 38% and mRNA by 30% in cells treated 
with 100mM ethanol for 48h (MOCHLY-RoSEN et al. 1988). The ethanol con
centration in the in vitro experiments was much higher than under in vivo 
conditions. 

In a study to assess the effect of genetic factors, particularly in male
limited alcoholism, lymphocytes were cultured from alcoholics for 7-8 days 
without ethanol and then a search made for differences in receptor-mediated 
cAMP accumulation. After four to six generations in culture, lymphocytes 
from alcoholic subjects had 2.8-fold higher adenosine-receptor-mediated 
cAMP levels than cells from nonalcoholic subjects. Thus, a difference in 
cAMP signal transduction is demonstrable in cells from alcoholic subjects 
grown without ethanol. To determine whether alcoholic subjects have 
altered sensitivity to ethanol, lymphocytes were challenged with 100mM 
ethanol for 24 h. Under these conditions, adenosine-receptor-stimulated 
cAMP levels did not change in cells from nonalcoholic subjects. However, 
lymphocytes from alcoholic subjects showed a significant decrease in 
adenosine-agonist-stimulated cAMP levels (DIAMOND et al. 1991). These 
data suggest that the regulation of cAMP signal transduction is altered in 
alcoholic subjects. It remains to be established whether these findings re
present a trait marker. 

E. Serum Enzymes 
Elevated activity of enzymes in human serum are better suited to tracing 
specific cell systems or organs that have been irritated or damaged than to 
identifying the responsible mechanisms. Consequently, no single "marker 
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enzyme" has been found that reliably (1) detects excessive chronic ethanol 
consumption, (2) discerns an ethanol-related etiology of organ damage, or 
(3) quantitates the organ damage. With the host of possible non-ethanol
related influences on serum enzyme activity, reports on sensitivities and 
specificities of marker enzymes vary considerably, as evidenced in recent in
depth reviews on the subject (SALASPURO 1987; MIHAs and TAVASSOLI 1992). 
Within the limited space of this review only new data on established or new 
promising markers will be discussed. 

I. y-Glutamyltransferase 

The enzyme y-glutamyl transferase (GGT) is associated with the membrane 
fraction of many tissues, including liver, biliary tract, kidney, pancreas, and 
heart. Isoenzyme patterns have been detected but they have not found a 
diagnostic application. Primarily, GGT is a prominent tool in the evaluation 
of hepatobiliary and pancreatic diseases, but it has also found wide applica
tion as a screening and follow-up marker in alcoholism. Mechanisms that 
may lead to increased serum GGT levels upon chronic ethanol ingestion 
include induction of hepatic GGT synthesis, impairment of biliary GGT 
secretion, and interference with hepatic GGT clearance. Diagnostic sen
sitivities between 30% and 85% have been reported, but not enough at
tention has been paid to specificity (SALASPURO 1987; MIHAS and TAVASSOLI 
1992). 

In more recent studies using carefully evaluated ethanol consumers 
and control groups of patients with non-ethanol-related liver diseases, sen
sitivities of 69%, 59%, and 59%, with specificities between 50% and 59%, 
respectively, have been reported for serum GGT (KWOH-GAIN et al. 1990; 
STIBLER et al. 1988; BEHRENS et al. 1988). In a study of pregnant ethanol 
abusers, 33% had elevated GGT values; within the subgroup of women that 
gave birth to infants with fetal alcohol effects, 52% had above-normal GGT 
serum activities (HALMESMAKI et al. 1992). WEILL et al. (1988) made the 
interesting proposal that the sensitivity of GGT in detecting alcohol abuse 
can be raised to 90% when a decrease in GGT activity, irrespective of the 
initial value, is detected after abstinence for 7 days. Finally, GGT appears to 
be a very sensitive relapse marker: a study group of moderate ethanol 
abusers with elevated serum GGT activities showed a marked increase in 
GGT values within 24-48 h when challenged with a single oral load of 
ethanol of 1 g/kg after an abstinence period of 4 weeks (NEMESANSZKY et al. 
1988). 

II. Aspartate Aminotransferase 

The enzyme aspartate aminotransferase (AST) (or glutamate oxalacetate 
transaminase, GOT) is abundant in liver, heart, and skeletal muscle and 
serves as a sensitive indicator of hepatocyte necrosis. A cytoplasmic and a 
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mitochondrial isoenzyme of AST are known that are immunochemically 
distinct and differ in kinetic properties. With total AST as a marker of 
chronic ethanol ingestion, problems of diagnostic accuracy are even more 
pronounced than with GGT, since liver damage is required for abnormal 
values to be detected (lower overall sensitivity) and specificity is reduced by 
the ubiquity of the enzyme. Sensitivities between 18% and 100% have been 
reported (SALASPURO 1987; MIHAS and TAVASSOLI 1992). 

The mitochondrial AST (mAST) or the mAST/AST ratio has been 
evaluated in recent years, since it was noted that mAST levels were higher 
in alcoholic hepatitis than expected from total AST (MIHAS and TAVASSOLI 
1992). Using physicochemical or immunochemical methods to separate and 
quantitate the isoenzymes, the mAST/AST ratio has been claimed to dis
criminate more efficiently chronic alcoholics from patients with non-ethanol
related liver diseases (OKUNO et al. 1988). KWOH-GAIN et al. (1990) deter
mined a sensitivity of 92% and a specificity of 70% in a study with carefully 
selected comparison groups. Other recent studies have failed to support the 
utility of mAST as a screening parameter for excessive ethanol consumption 
(SCHIELE et al. 1989; CHAN et al. 1989; NILSSEN et al. 1992). 

III. Other Enzymes, Indices, and Test Combinations 

Various combinations of markers, ratios, or other indices have been tried. 
Besides mAST lAST, the ratio of AST to alanine aminotransferase has 
been widely used to diagnose an ethanol-related etiology of liver diseases 
(SALASPURO 1987). Also, the ratio of GGT to alkaline phosphatase has been 
proposed as a sensitive indicator of excessive ethanol ingestion (MIHAS and 
TAVASSOLI 1992). Of the various additive test panels proposed, the combina
tion of carbohydrate-deficient transferrin (CDT) and GGT seems the most 
promising, since these tests have been shown to behave independently in the 
evaluation of ethanol consumers (STIBLER et al. 1988; BEHRENS et al. 1988; 
NILSSEN et al. 1992; NYSTROM et al. 1992). 

Among the host of other enzymes suggested, serum fJ-hexosaminidase 
(fJ-HEX; also: N-acetyl-fJ-D-glucosaminidase) may deserve some attention. In 
several studies it was shown that fJ-Hex is increased in more than 80% of 
heavy drinkers and that it rapidly and significantly decreases with abstinence 
(KARKKA.JNEN et al. 1990a,b). The sensitivity of this marker in detecting 
chronic excessive ethanol ingestion could be increased by measuring the 
isoenzyme B of fJ-Hex with an enzyme immunoassay (HULTBERG et al. 
1991). 

F. Tetrahydroisoquinolines and p-Carholines 
The search for naturally addictive compounds in mammals has involved two 
strategies: one that could be called the "peptide strategy," and the other the 
"alkaloid strategy." The peptide strategy has identified the existence of the 
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three families of endorphins and other peptides with potent opioid activity 
called exorphins in the normal diet [fragments of the milk protein casein 
(casomorphins) of wheat gluten and of chocolate] (MAX 1992). The alkaloid 
strategy has led to the discovery of morphinanes (morphine, 6-acetyl
morphine, and codeine) in bovine hypothalami and rat brain (DONNERER et 
al. 1986, 1987; WEITZ et al. 1986, 1987). Some evidence has been presented 
that morphine-like immunoreactivity occurs in human cerebroventricular 
fluid (SHORR et al. 1978; CARDINALE et al. 1987). Furthermore, morphine, 
codeine, and tetrahydropapaveroline have been detected at picomole per 
milliliter levels in the urine of humans (MATSUBARA et al. 1992). The 
methods available are not sensitive enough for the quantification of morphine 
alkaloids. Whether these compounds are disposition markers remains to be 
established. 

I. Tetrahydroisoquinolines 

The "alkaloid strategy" has revealed the natural presence of tetrahy
droisoquinolines (TIOs) and p-carbolines (BCs) in mammals, including man 
(BROSSI 1991; ROMMELSPACHER et al. 1991b). Among the TIOs the com
pound salsolinol has been most widely investigated. The (R)-enantiomer of 
this compound predominates in human urine (STROLIN BENEDETTI et al. 
1989), while the (S)-enantiomer seems to be formed by subjects who drink 
a substantial amount of alcoholic beverages. This may be because the 
acetaldehyde produced during ethanol metabolism favors the production of 
racemic salsolinol (DOSTERT et al. 1988). Some authors reported an in
creased salsolinol level in the urine of alcoholics (COLLINS et al. 1979; 
DOSTERT et al. 1991), whereas others have not detected such a difference 
(CLOW et al. 1985; VERNAY et al. 1989; FEEST et al. 1991). These differences 
could be explained in part by different circumstances (ethanol present/not 
present, time elapsed since last ethanol intake, etc.) and by the disturbed 
formation of salsolinol from its precursor 1,2-dehydrosalsolinol in some 
alcoholics (DOSTERT et al. 1991). 

FARAJ et al. (1989) showed that alcoholics had significantly elevated 
blood plasma concentrations of salsolinol sulfate compared with controls. 
The two enantiomers were not separated in this study. Others detected no 
salsolinol in blood plasma from controls, parkinsonian patients, or alcoholics 
(VERNAY et al. 1989). However, salsolinol was present in cerebrospinal fluid 
and a slight increase was found in alcoholics (SJOQUIST et al. 1981a,b; 
VERNAY et al. 1989). Further studies are warranted to assess the marker 
function of salsolinol in alcoholics. With respect to the pathogenesis 
of alcoholism it should be noted that salsolinol and its precursor 1-
carboxysalsolinol cannot be converted to morphine. Salsolinol is methylated 
in posit}on 7 (salsoline) of the catechol ring, whereas the biosynthesis of 
morphine requires methylation in position 6 (BROSSI 1991). 
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The availability of pyruvate and thiamine, the redox equilibrium in the 
cell, and many other factors influence the biosynthesis of salsolinol, which 
suggests an intoxication marker function for the compound. 

II. p-Carbolines 

fJ-Carbolines with a methyl substituent in position 1 have been the subject of 
interest and controversy in alcoholism research for several decades owing to 
the possibility of a precursor role for acetaldehyde, the metabolite of 
ethanol (COLLINS 1988). In human urine, 1-methyltetrahydro-fJ-carboline 
is present normally (ALLAN et a1. 1980; MATSUBARA et a1. 1986). Some 
authors, however, have found the BC to be present only following ethanol 
ingestion by the subject (PEURA et a1. 1980; ROMMELSPACHER et a1. 1980). 
Others have not observed an effect of ethanol ingestion on the amount 
excreted in the urine (MATSUBARA et a1. 1986). 7-Hydroxy-1-methylte
trahydro-fJ-carboline was identified in human urine with different portions of 
the (S)( -)- and (R)( + )-enantiomers (BECK et a1. 1986). The effect of 
ethanol ingestion on the presence of this compound was not investigated. 

The fully aromatic fJ-carboline with the methyl substituent in position 1 
is designated harman. It is formed from tryptamine and pyruvic acid. 
Acetaldehyde presumably only plays a role as precursor in chronically 
intoxicated subjects ingesting large amounts of ethanol (for discussion of the 
topic see ROMMELSPACHER et a1. 1991b). 

Harman normally occurs in blood, urine, and in lout of 24 cere
brospinal fluid samples (ROMMELSPACHER et a1. 1984, 1985, 1990; BIDDER et 
a1. 1979; SCHOUTEN and BRUINVELS 1985; BOSIN et a1. 1989). In nonal
coholics a slight increase was measured in erythrocytes following an ethanol 
load (1 g/kg; ROMMELSPACHER et a1. 1990). An increased harman concentra
tion was observed in some alcoholics (ROMMELSPACHER et a1. 1991b). There
fore, harman can function as a state marker and its levels were normalized 3 
months after withdrawal (unpublished data). 

The un substituted fully aromatic fJ-carboline, namely norharman, seems 
to be a better marker for alcoholism than other fJ-carbolines. It can be 
formed from tetrahydro-fJ-carboline and from tryptamine and formaldehyde 
(SCHOUTEN and BRUINVELS 1985; ROMMELSPACHER et a1. 1991a). The levels 
of norharman in blood plasma showed a much greater variation in nonal
coholics following a load with ethanol (1 g/kg) than without ethanol loading. 
Even 6 months after withdrawal the levels remained significantly elevated in 
the blood plasma of alcoholics. The findings suggest that norharman could 
serve as a disposition marker for alcoholism or as a residual marker 
(ROMMELSPACHER et a1. 1991a and unpublished results). Alcoholics with a 
high anxiety score had higher levels of nor harman than those with other 
predominant psychopathological traits (ROMMELSPACHER et a1. 1992). The 
sensitivity and specificity of norharman level elevations in alcoholics remain 
to be determined. 



458 H. ROMMELSPACHER and C. MULLER 

G. Immune System 
Considerable evidence has accumulated documenting a wide array of 
immunosuppressive effects of both acute and chronic ethanol administration 
(BALLARD 1989; YOUNG and MACGREGOR 1989). Studies linking alcoholism 
with color blindness, ABO blood groups, HLA antigens, complement C3 p
glycoprotein, and other measures have been reported (HILL et al. 1975). 

I. Blood Groups 

HILL and coworkers (1975) studied association and linkage of ABO, MNSs, 
Rh, Kell, Duffy, and Xg in alcoholics and their nonalcoholic first-degree 
relatives. Except for a higher frequency of homozygous recessive ss (MNSs 
system) in the nonalcoholic family members than in the alcoholics, no 
significant relationship between blood groups and alcoholism was noted. 
Other investigators could not demonstrate any link between the ABO system 
and alcoholism (BUCKWALTER et al. 1964; CAMPS et al. 1969; SWINSON and 
MADDEN 1973). 

II. Immunoglobulins 

Elevated serum IgA and IgE levels are often seen in chronic alcoholics 
(HALLGREN and LUDIN 1983; ITURRIAGA et al. 1977) possibly due to an 
increased rate of synthesis (KALSI et al. 1983). Many authors agree that 
elevated levels of IgA can be observed consistently only after the develop
ment of liver fibrosis or cirrhosis. Thus, IgA could serve as an intoxication 
marker. Although IgA may also be increased in nonalcoholic liver diseases, 
one study showed that the IgA/IgG ratio can be used to differentiate liver 
damage of alcoholic and nonalcoholic origins (ITUARRIAGA et al. 1977). 
However, the specificity of this ratio has been disputed by many other 
studies (e.g. SOPENA et al. 1993). 

III. Human Leukocyte Antigens 

Significant associations between various human leukocyte antigens (HLAs), 
such as HLA-B8, HLA-B 13 , HLA-BI5, HLA-B40, HLA-DR3, alcoholic 
hepatitis, and alcoholic cirrhosis have been observed in several studies (DICK 
et al. 1982; SAUNDERS et al. 1982; ROBERTSON et al. 1984; WILSON et al. 
1984; DOFFOEL et al. 1986). However, in other studies no such association 
was demonstrated (SCOTI et al. 1977; MELENDES et al. 1979; RADA et al. 
1981). Thus, the findings are primarily confined to demonstrating a higher 
frequency of certain HLA antigens in patients with alcoholic cirrhosis com
pared to healthy controls. Only the report by HRUBEC and OMENN (1981) 
provided empirical support for a genetic basis of alcoholic cirrhosis. These 
investigators found a twin concordance rate for alcoholic cirrhosis of 14.6% 
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for monozygotic twins and 5.4% for dizygotic twins from a study of more 
than 15000 male twin pairs. 

IV. Cell-Mediated Immune Function 

Natural killer cell activity was significantly lower in alcoholics (IRWIN et al. 
1990a). Some disturbances were also demonstrated in T-helper and T
suppressor cells (NOURI-ARIA et al. 1986). 

H. Alcohol Intake and Serum Trace Elements 

I. Trace Elements and Electrolytes 

Serum selenium (AASETH et al. 1982; KORPELA et al. 1985; RISSANEN et al. 
1987; VALIMAKI et al. 1983), zinc (VALLEE et al. 1957; KULERICH et al. 1980; 
MCCLAIN et al. 1986), and magnesium (FLINK 1986; MCCOLLISTER et al. 
1963; WOLFE and VICTOR 1969) have been found to be lower in alcoholics 
than in nonalcoholics, whereas serum iron was higher (CHAPMAN et al. 1982; 
HEIDEMANN et al. 1981; KRISTEN SON et al. 1981). In a study correlating 
alcohol intake and serum trace element levels in a population showing no 
obvious nutritional deficiencies, serum copper correlated positively with 
alcohol intake per drinking day whereas selenium and magnesium showed 
the reverse relationship. No significant correlations were found between 
ethanol intake and serum zinc or iron levels (KARKKAINEN et al. 1988). 

Decreased selenium levels in serum and erythrocytes were found even in 
alcoholics without severe malnutrition (DWORKIN et al. 1988). A rapid trend 
toward the normalization of blood selenium levels was observed within 14 
days (GIRRE et al. 1990) and levels were found to be normal after 1 month of 
abstinence (JOHANSSON et al. 1986). These results are of importance because 
selenium is a cofactor of glutathione peroxidase, the key enzyme in defense 
against oxidative injury. The findings support the presence of an intoxication 
marker characteristic for the trace elements and electrolytes. 

II. Thiamine (Vitamin B1) 

Thiamine (T) and its phosphorylated derivatives TP, TPP, and TPPP 
have attracted a lot of interest due to the observation that T-deficiency is 
associated with Wernicke's encephalophathy and beriberi. The concentra
tions of T and TPP in blood have been utilized as markers for alcoholism. 
Chronic alcohol consumption can create thiamine deficiency by decreased 
absorption due to mucosal atrophy, and decreased synthesis of the biolo
gically active thiamine diphosphate. TPP is a cofactor of the pyruvate dehy
drogenase complex. Decreased activity of pyruvate dehydrogenase leads to 
an increase in pyruvate levels that equilibrate with lactate (ROMMELSPACHER 
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et al. 1991b). TPP represents about 80% of the total thiamine concentration 
in human tissues and in blood (HOYUMPA 1983). The intracellular blood T 
concentration is > 100 times higher than the extracellular concentration 
(BAINES et al. 1988). Serum TPP and blood TPP concentration did not differ 
between alcoholics and nonalcoholics regardless of gender. 

The extent of changes following thiamine treatment also did not differ. 
TP was the only significantly decreased compound in serum and blood both 
before and after treatment. TP is formed solely by the dephosphorylation of 
TPP to T (DAVIS and ICKE 1983). An explanation for the low TP levels might 
be a decreased thiamine pyrophosphatase and a partly increased thiamine 
monophosphatase due to chronic alcohol ingestion (LAFORENZA et al. 1990). 
Because of the low TP concentrations (close to the detection limit of available 
analytical methods), TP cannot be utilized as a marker of thiamine deficiency 
in serum or whole blood (TALLAKSEN et al. 1992). A recent review of the 
changes in vitamin metabolism related to ethanol (HALSTED and HEISE 1988) 
lead to the conclusion that none of them can be used as a marker. 

I. Carbohydrate-Deficient Transferrin 

I. Biochemistry 

Human serum transferrin, when analyzed with high-resolution techniques, 
shows a micro heterogeneity related to differences in amino acid composition, 
iron saturation, and carbohydrate side chain structures (DE lONG et al. 
1990). Since genetic variants are rare and readily detectable, isotransferrin 
patterns seen upon isoelectric focusing (IEF) of iron-saturated samples will 
depend solely on carbohydrate variations, especially on the content of nega
tively charged terminal sialic acid molecules. Two N-linked oligosaccharide 
side chains with variable degrees of branching may result in up to nine 
isotransferrins containing from zero to eight terminal sialic acid molecules. 
The abundant transferrin isoform in human serum contains two two-branched 
carbohydrate side chains with a total of four sialic acid residues and has an 
isoelectric point (pI) of 5.4-5.5. Removal (addition) of a sialic acid residue 
raises (lowers) the pI of this transferrin by an increment of about 0.1 
(PETREN and VESTERBERG 1989; DE lONG et al. 1990; STIBLER 1991). 

STIBLER et al. (1978) were the first to identifying an abnormal 
isotransferrin in the serum of alcoholics. Present at pIS. 7, the protein 
disappeared with abstinence. When the decrease in the number of substituted 
sialic acids of these isotransferrins was confirmed, desialylated transferrin 
became a descriptive term. To illustrate the fact that with the sialic acid 
residues some of the neutral carbohydrates constituting the terminal tri
saccharides are also diminished in alcohol-abusing subjects, STIBLER et al. 
(1986) proposed the term "carbohydrate-deficient transferrin" (eDT), 
which is now in general use. 
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The pathobiochemical mechanisms that lead to the imbalance in human 
serum isotransferrins with chronic excessive ethanol consumption are still 
obscure. Several reports described evidence of reduced glycosyl transferase 
activity in ethanol-treated rats (MALAGOLINI et al. 1989; GUASCH et al. 1992) 
and in alcohol-abusing humans (STIBLER and BORG 1991); other authors 
demonstrated ethanol-enhanced cleavage of sialoconjugates in mice (MATHEW 
and KLEMM 1989), ethanol-promoted desialylation of transferrin by rat liver 
endothelium (MIHAS and TAVASSOLI 1991), or altered elimination and 
degradation of asialoglycoproteins in the perfused liver of ethanol-fed rats 
(CASEY et al. 1990). Reports on the suitability of rat models for the study 
of CDT are controversial (STIBLER et al. 1989; BATEY and Patterson 1991). 
Besides any direct effects of ethanol, acetaldehyde as the reactive interme
diate in ethanol metabolism may play a crucial role in the generation of 
CDT (STIBLER 1991). 

II. Methodological Approaches 

Despite many favorable reports on the discriminatory power of CDT for the 
assessment of chronic ethanol abuse, widespread use of this marker was 
hampered due to the unavailability of a method suited for routine measure
ment. Electrophoretic approaches favor isoelectric focussing (IEF): (1) in 
polyacrylamide gels followed by immunofixation (IF) and densitometry 
(POUPON et al. 1989); (2) in polyacrylamide/immobiline gels followed by 
crossed immunoelectrophoresis (VAN EIJK et al. 1987); (3) in agarose gels 
followed by direct IF /Coomassie staining and visual inspection (KAPUR et al. 
1989); (4) in agarose gels followed by zone immunoelectrophoresis (PETREN 
and VESTERBERG 1988; CHAN et al. 1989); and (5) in agarose gels followed 
by western blotting/immunostaining and densitometric scanning (XIN et al. 
1991). A single report used conventional native polyacrylamide electro
phoresis followed by western blotting/immunostaining and visual inspection 
(REISINGER and SOYKA 1990). 

Another more promising approach has been anion exchange chroma
tography followed by sensitive immunoassays for the detection of eluted 
isotransferrins: (1) a patented method eluating transferrin species with pI 
above pH 5.65 that are measured with transferrin RIA (STIBLER et al. 1986); 
initial kits distributed by Pharmacia were favorably evaluated (BEHRENS et 
al. 1988; SCHELLENBERG et al. 1989); (2) a slightly modified microcolumn 
approach using DEAE-Sephacel at pH 5.65 and a transferrin RIA (KWOH
GAIN et al. 1990); and (3) a revised version by STIBLER et al. (1991) using 
ionic strength elution from an anion exchange micro column and a transferrin 
RIA for the quantitation of asialotransferrin. The latter should behave more 
stably under routine work conditions. 

Either CDT concentrations, various ratios of isotransferrins, or the ratio 
of CDT to total transferrin have been used as discriminators. The ratio of 
isoforms has been preferred with electrophoretic/immunostaining techniques 
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in order to circumvent calibration problems, but XIN et al. (1991) used 
absolute calibration by the inclusion of a CDT standard set with each IEF 
run. In this study, absolute CDT proved to be the more accurate marker in 
terms of specificity and sensitivity. With anion exchange chromatography, 
KWOH-GAIN et al. (1990) found a slightly better performance with a CDT to 
total transferrin ratio, whereas STIBLER et al. (1986) and BEHRENS et al. 
(1988) with larger study populations found CDT to be unrelated to total 
transferrin and to be a better discriminator on its own. 

III. Performance: Sensitivity and Specificity 

In view of the host of methodological variations adopted for the determina
tion of CDT or ratio values it is obvious that results of clinical investigations 
regarding the discriminatory power of this marker vary. Variables to be 
considered include (1) the practicality, precision, and reliability of the 
method in question; (2) the choice of the discriminator and its threshold 
value; (3) the definition and recruitment of alcohol abusers in terms of 
duration and amount of ethanol ingestion as well as duration of eventual 
abstinence; and (4) the inclusion of patients with non-alcohol-related diseases 
among the controls. 

Studies performed with the original anion exchange microcolumn 
technique (STIBLER et al. 1986) make up the largest group of individuals 
examined with a consistent quantitative method: sensitivities for ethanol 
abuse ranged from 91 % for alcoholic patients without clinical signs of liver 
cirrhosis (STIBLER et al. 1986) to 87% in alcoholic patients with biopsy
verified liver diseases (STIBLER and HULTCRANTZ 1987), to 83% in alcoholic 
women (STIBLER et al. 1988), to more than 80% in black, Puerto Rican, and 
white alcoholics (BEHRENS et al. 1988), to 76% in 160 alcoholics without 
clinical signs of cirrhosis (SCHELLENBERG et al. 1989). Sensitivities of 81% 
have been repeatedly reported for a slightly modified micro column technique 
(KWOH-GAIN et al. 1990; FLETCHER et al. 1991). For the electrophoretic 
techniques, recent studies using IEF/western blotting resulted in a sensitivity 
of 75% (XIN et al. 1992). 

In general, these data relate to individuals that have consumed more 
than 60 g ethanol/day regularly until at least 2 days before sampling. As a 
consequence of the short half-life of CDT (see below), calculated sensitivities 
in some studies may be obscured by variable periods of abstinence before 
sampling (CHAN et al. 1989). Conflicting reports have been made regarding 
the performance of the revised anion exchange micro column method based 
on ionic strength elution. This method should work even slightly better than 
its predecessor (STIBLER et al. 1991); however, sensitivities determined with 
initial kits distributed by Pharmacia were around 60% (XIN et al. 1992) or 
even lower than 30% (NILSSEN et al. 1992; NYSTROM et al. 1992). 

Published results regarding specificity of CDT are unanimous: it is near 
to 100%. Compiling data from some 20 investigations, STIBLER (1991) 
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counted 40 individual false-positive CDT results among more than 1000 
healthy controls or patients with non-alcohol-related diseases. The majority 
of these false-positives were from patients with cirrhosis caused by chronic 
active hepatitis or from patients with primary biliary cirrhosis. Other patients 
with non-alcohol-related liver diseases have CDT values within the reference 
range (BEHRENS et al. 1988; SCHELLENBERG et al. 1989; FLETCHER et al. 1991; 
XIN et al. 1992). Other causes of false-positive results relate to either rare 
D-variants (abundant is the C-variant) or a recently discovered inherited 
disorder, the carbohydrate-deficient glycoprotein syndrome (STIBLER 1991). 

It has been claimed that CDT is as sensitive and specific in female 
ethanol abusers as it is in males (STIBLER et al. 1988), but again this has been 
questioned in two recent studies where the sensitivity of CDT to detect 
female heavy drinkers was greatly reduced (NILSSEN et al. 1992; NYSTROM et 
al. 1992). It is generally accepted that method-specific cutoff values for CDT 
are slightly higher in female than in male reference populations (STIBLER 
1991). A slight but significant correlation between reported regular ethanol 
ingestion and CDT values has been reported by several groups (STIBLER et 
al. 1986; Po UPON et al. 1989; XIN et al. 1991) and there is general accord 
that initial CDT levels decline, upon abstinence, with a half-life of 10-14 
days. 

In summary, CDT appears to be the best single biochemical state 
marker for accurate detection of chronic excessive ethanol abuse. It is suited 
for screening and monitoring of healthy individuals at risk and for the 
detection of involvement of ethanol abuse in various disease states. How
ever, a practical method adapted to the requirements of a standard clinical 
laboratory without losses in overall accuracy is still awaited. 

J. Conclusion 
There are a number of definitions for the clinical markers of alcoholism: 
trait markers (synonym, genetic markers), state markers, intoxication 
markers, and residual markers (synonym, diagnostic markers). The term 
"clinical marker" comprises both state markers and intoxication markers. 
Only in recent years have many researchers become aware of the necessity 
of categorizing the clinical characteristics of alcoholism into such constructs 
as markers. An obstacle to categorizing these characteristics is the dual 
character of many parameters. For example, monoamine oxidase activity is 
reduced in intoxicated alcoholics, suggesting it is an intoxication marker. 
The activity tends to remain low even after several weeks of abstinence, 
suggesting it is a trait and/or a residual marker. In individuals with certain 
personality traits, the activity is especially low, suggesting a trait character 
and calling into question the specificity of this marker for al
coholism. Another example of the difficulties in categorizing markers is the 
adenylylcyclase in blood platelets and lymphocytes. The enzyme is an in-
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toxication marker. While detailed investigations with lymphocytes cultivated 
for several generations have revealed a possible trait marker quality, such a 
measure is not suited for routine laboratory assessment. Markers of special 
interest for an understanding of the disease are the residual markers. The 
determinants of this type of marker are responsible for distortions of think
ing and affect, as well as the lapse/relapse liability of abstaining alcoholics. 

Another problem is the lack of field studies demonstrating the degree of 
specificity and sensitivity of a certain marker in a larger population. The 
exception is the SVALBARD study of 1992. Nevertheless, the present review 
demonstrates that in many areas tremendous progress has been made in 
recent years with respect to the search for suitable markers of alcoholism. 
The efforts of the many laboratories involved hold future promise that more 
systematic studies will be performed as a prerequisite to the discovery of 
more elaborate markers of alcoholism. 
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CHAPTER 19 

Interaction of Alcohol With Therapeutic Drugs 
and Drugs of Abuse 

B.F. SANDS, C.M. KNAPP, and D.A. CIRAULO 

A. Introduction 

In societies where alcoholic beverages are widely consumed, a large number 
of individuals are exposed to the effects of drug-alcohol combinations. Such 
exposures can lead to a broad range of medical problems. Of great concern 
are ethanol-sedative drug combinations, which may produce psychomotor 
impairment, which, in turn, can be the cause of motor vehicle and heavy 
machinery accidents (LANDAUER et al. 1969; LINNOILA and HAKKNEW 1974; 
MILNER 1969; MILNER and LANDAUER 1971; SEPPALA 1977; SEPPALA et al. 
1975, 1979). Severe, sometimes lethal, central nervous system depression 
may occur when ethanol and sedative agents such as barbiturates are used 
concurrently (MILNER 1970). The use of alcohol can often complicate the 
pharmacological management of chronic diseases such as diabetes, epilepsy, 
and psychiatric disorders. 

The effects that result from drug-alcohol interactions may be produced 
by pharmacokinetic and/or receptor-mediated mechanisms or, in some 
cases, by the physiologic actions of ethanol itself. Pharmacokinetic mecha
nisms may involve alcohol-induced changes in drug bioavailability or dis
tribution or in some instances alterations in alcohol bioavailability as a 
consquence of drug action. Often more problematic are the large and some
times unexpected alterations in drug or ethanol levels that can result from 
the acute inhibitory effects of these agents on the activity of hepatic drug
metabolizing enzyme systems. Undesirable fluctuations in drug concentra
tions may also result from the enzyme-inducing effects of chronic ethanol 
administration on the activity of drug-metabolizing systems. Many of the 
pharmacodynamic mechanisms that playa role in the effects of drug-ethanol 
interactions are not well understood. It is becoming increasingly evident, 
however, that ethanol can interact with other agents by specifically acting on 
a number of neurotransmitter and second messenger systems. There is now 
considerable evidence that, in addition to its nonspecific effects on cell 
membranes, alcohol can alter the activity of many neurotransmitter systems, 
including GABAergic, dopaminergic, and serotoninergic receptor systems 
and also some calcium channels. These effects are discussed in detail in a 
number of other chapters in this volume. In addition, alcohol has a variety 
of physiologic actions including effects on glucose metabolism, alcohol 
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dehydrogenase (AD H) secretion, and, particularly at higher doses, CNS 
regulation of respiration and cardiovascular system functioning (RALL 1990). 
The effectiveness and sometimes the safety of many agents can be altered by 
ethanol-induced physiologic changes. Ethanol-induced alterations in glucose 
metabolism, for example, may lead to hypoglycemia in patients being treated 
with antihyperglycemic agents (BARUH et al. 1973). 

The prolonged ingestion of ethanol frequently leads to the development 
of pathologic changes, foremost among which are alcoholic liver disease and 
cardiac disease. These changes cause alterations in organ function that can 
then affect the actions of many drugs. As will be discussed below, alcoholic 
liver disease can produced a reduction in the binding of drugs to plasma 
proteins. Severe liver damage may result in decreases in the rates of metab
olism of many compounds. The clearance of both alprazolam (JUHL et al. 
1984) and lidocaine (COLLI et al. 1988), for instance, has been found to be 
reduced in individuals diagnosed as suffering from alcoholic cirrhosis. 

This chapter will begin with an overview of ethanol drug interaction 
pharmacology and conclude with a discussion of individual drugs. 

B. Pharmacokinetic Mechanisms 

I. Bioavailability and Absorption 

Ethanol may have modest effects on the absorption of some drugs. Gastric 
emptying time may be delayed when alcoholic solutions are ingested (COOKE 
1972). The ingestion of diazepam concurrent with moderate doses of di
azepam seems to slow the rate of diazepam absorption, leading to a delay in 
the appearance of peak diazepam levels and a reduction in the magnitude of 
the peak (DIVOLL and GREENBLATT 1981; GREENBLATT et al. 1978). Con
sumption of larger doses of alcohol prior to the ingestion of diazepam may 
result in elevation of diazepam blood concentrations (MACLEOD et al. 1977; 
LAISI et al. 1979). Whether or not this ethanol-induced increase in diazepam 
levels can be attributed to alterations in the absorption process or to some 
change in the rate of clearance of diazepam remains unclear. There is 
evidence that ethanol can inhibit the metabolism of diazepam (SELLERS et al. 
1980). 

Treatment with ethanol may enhance the bioavailability of at least some 
compounds that are subject to significant first pass effects. Both propoxy
phene (GRAM et al. 1979) and amitriptyline (DORIAN et al. 1983) undergo 
extensive first pass metabolism. The administration of ethanol significantly 
enhances the extent of absorption of both of these agents (DORIAN et al. 
1983; GIRRE et al. 1991). This effect may be attributable to inhibition of 
hepatic drug-metabolizing enzymes by ethanol. The observation that levels 
of the propoxyphene metabolite norpropoxyphene were lower when pro
poxyphene was administered with ethanol than when given alone supports 
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the hypothesis that alcohol can enhance drug bioavailability by inhibiting 
drug-metabolizing enzymes (GIRRE et al. 1991). 

The absorption of ethanol may be delayed by the concurrent adminis
tration of drugs such as the anticholinergics, which reduce gastric emptying 
rates. Evidence of this is provided by the finding that treatment with de
sipramine, which has anticholinergic properties, resulted in the delayed 
appearance of peak ethanol concentrations (HALL et al. 1976). Cimetidine 
and other H2 receptor antagonists such as ranitidine and nizatidine that 
contain pyrazole-like structures may selectively inhibit the activity of gastric 
ADH (LIEBER 1990). It has been suggested that ADH in the gastric mucosa 
can metabolize substantial amounts of ethanol and alterations in the activity 
of the enzyme affect the bioavailability of ethanol (LIEBER 1990). Pretreat
ment with cimetidine was found too elevate alcohol blood concentrations 
significantly above control levels in subjects treated with comparatively 
small oral doses of ethanol (CABALLERIA et al. 1989b). However, no changes 
in blood alcohol levels were observed in individuals treated with combina
tions of high oral doses of ethanol (0.8 g/kg) and either cimetidine or 
ranitidine (JONSSON et al. 1992), suggesting that large doses of ethanol may 
overwhelm the capacity of the gastric ADH system. 

II. Distribution 

Drug distribution can be altered by changes in such factors as plasma and 
tissue protein binding and cardiac output. Most of the alcohol-related altera
tions in drug distribution that have been described thus far can be attributed 
to the pathologic changes and physiologic effects associated with ethanol 
ingestion. Plasma protein levels, especially albumin levels, are frequently 
abnormally low in chronic alcoholics, in many cases due to malnutrition and 
the effects of alcoholic liver disease. The extent of plasma protein binding of 
tolbutamide and diazepam was significantly lower than control levels in 
alcoholics who had albumin concentrations less than 3.5 g/dl (THIESSEN et al. 
1976). Patients with alcoholic liver disease, almost all of whom also had 
hypoalbuminemia, were reported to have significant elevations in the per
centage of unbound fractions of several basic drugs including quinidine, 
dapsone, and triamterence (AFFRIME and REIDENBERG 1975). Binding of the 
acidic drug phenytoin was within normal limits in these subjects. The protein 
binding of the opiate drug alfentanil also was significantly below control 
levels in alcoholic patients (BOWER et al. 1992). This reduction in alfentanil 
binding correlated with a decrease in the concentrations of the plasma 
protein a-I-acid glycoprotein. 

In alcoholics, the plasma concentrations of a-I-glycoprotein may increase 
during the early stages of ethanol withdrawal and then return to lower 
concentrations after several days (SANDOR et al. 1983). In patients who had 
recently been withdrawn from alcohol, free fractions of propanolol and 
warfarin decreased over time, while the unbound fraction of diazepam 
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increased (SANDOR et al. 1983). Changes in the percentage free fraction of 
propanolol were inversely related to changes in a-1-acid glycoprotein plasma 
concentrations (SANDOR et al. 1983). Similarly, abnormally high levels of a-
1-glycoprotein in alcoholics who did not show signs of hypoalbuminemia 
were associated with free fractions of desipramine and imipramine that were 
lower than those found in non-alcoholic subjects (CIRAULO and BARNHILL 
1986). 

III. Metabolism 

Ethanol is metabolized primarily by hepatic alcohol dehydrogenase into 
acetaldehyde (HAWKINS and KALANT 1972). This product is then converted 
into acetic acid by aldehyde dehydrogenase. Substances which include 
pyrazole and related analogues (KISSIN 1974), chlorpromazine (KISSIN 1974), 
and the chloral hydrate metabolite trichlorethanol (SELLERS et al. 1971a) can 
inhibit the activity of liver ADH and, as a result, potentiate ethanol's 
intoxicating effects (KOFF and FITTS 1972). Human liver ADH catalyzes 
the oxidation of the pharmacologically active metabolites of digoxin and 
digitoxin. Ingestion of ethanol can reduce the rate of the oxidation of these 
compounds by acting as competitive substrate for liver ADH (FREY and 
VALLEE 1980). 

The actions of aldehyde dehydrogenase can be blocked by disulfiram 
(SANNY and WEINER 1987) and other compounds such as metronidazole. 
Acetaldehyde levels may greatly increase in individuals who ingest ethanol 
while taking an aldehyde dehydrogenase blocking agent. This increase in 
acetaldehyde levels may lead to the appearance of a distince syndrome 
which is characterized by unpleasant flushing, vomiting, hypotension, 
sweating, and headache. 

Within the liver an oxidizing system, referred to as the microsomal 
ethanol oxidizing system (MEOS), has been identified that may serve as a 
second pathway through which alcohol is metabolized (LIEBER and DE CARLI 
1972). The MEOS uses cytochrome P450, NADPH, and oxygen to oxidize 
ethanol. The acute administration of drugs such as verapamil (BAUER et al. 
1992) and possibly high-dose cimetidine leads to a decrease in the rate of 
clearance of alcohol, an effect that may result from the competition of these 
drugs with ethanol for binding sites on cytochrome P450. The acute admin
istration of ethanol may also inhibit the metabolism of several agents in
cluding pentobarbital (RUBIN et al. 1970), methadone, and many other 
oxidatively metabolized drugs (BOROWSKY and LIEBER 1978). This action is 
presumed to involve interference by ethanol with the interactions that occur 
between cytochrome P450 systems and drug substrates. The precise identity 
of the forms of cytochrome P450 that are involved in acute ethanol-drug 
interactions have, for the most part, yet to be determined. In rabbits the 
cytochrome P450II plays a role in the metabolism of both ethanol and 
acetaminophen (MORGAN et al. 1983). 
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The chronic administration of alcohol can result in enhanced rates of 
clearance of many other agents. This enhancement of drug-metabolizing 
capacity probably results from the induction of cytochrome P450-
metabolizing enzymes by alcohol. Animal studies indicate that prolonged 
ethanol treatment leads to an increase in hepatic smooth endoplasmic 
recticulum and drug-metabolizing enzymes (RUBIN et al. 1970). The activity 
of the MEOS, in vitro, is increased by prolonged treatment with either 
ethanol or barbiturates such as hexobarbital (LIEBER and DECARLI 1972). 
Chronic ethanol administration in rats can produce a ninefold increase in 
cytochrome P450j (JOHANSSON et al. 1988). Also in the rat, ethanol treat
ment will cause the induction of proteins that belong to two distinct cyto
chrome P450II gene subfamilies, lIB and lIE (JOHANSSON et al. 1988). 
Exposure of cultured rat hepatocytes to ethanol has produced increases in 
cytochrome P4501IE, lIB 112, and IlIA (SINCLAIR et al. 1991). A human 
cytochrome P450J isoenzyme has been identified which is analogous to rat 
cytochrome P450J (WRIGHTON et al. 1986); NEBERT et al. (1987) has sug
gested that this enzyme be designated cytochrome P450lIEl. 

Induction of the cytochrome P450 mixed function oxidizing enzyme 
system may cause an increase in the production of reactive intermediate 
metabolites. The enhanced generation of these reactive metabolites may 
lead to the development of liver toxicity. In the mouse, the hepatotoxic 
effects of cocaine are dependent upon the induction of hepatic cytochrome 
P450 mixed function oxidase systems (SMITH et al. 1981) and may be related 
to enhanced transformation of cocaine into reactive metabolites by these 
systems. The hepatotoxic effects of acetaminophen are greatly increased in 
both humans (SEEFF et al. 1986) and rodents (SATO et al. 1981a) by the 
chronic consumption of ethanol. While the primary route of acetaminophen 
metabolism involves conjugation with glucuronide and sulfate, a portion of 
this drug is converted by mixed function oxidase into reactive metabolites 
(MORGAN et al. 1983; SATO et al. 1981a). These metabolites may lose their 
toxicity by combining with glutathione (SATO et al. 1981a). In the rat, the 
prolonged ingestion of ethanol appears to lead to decreased levels of hepatic 
glutathione in animals that have been treated with acetaminophen (SATO 
et al. 1981a). The induction of mixed function oxidase enzymes by ethanol 
may result in an increased rate of production of reactive acetaminophen 
metabolites. If the rate of reactive metabolite production is high then, 
glutathione stores may become depleted, leaving excess reactive metabolites 
to bind to hepatic proteins. The covalent binding of reactive acetaminophen 
metabolities to proteins is greatly elevated following the addition of acet
aminophen to in vitro preparations of micro somes obtained from ethanol
treated animals (SATO et al. 1981a). 

Some of the ethanol effects on drug metabolism cannot be directly 
attributed to its interaction with microsomal oxidizing systems. Ethanol at 
low concentrations reduced the rates of glucuronidation of phenolphthalein, 
harmol, and other compounds in in vitro hepatocyte preparations (MOLDEUS 
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et al. 1978). Results consistent with a decrease of the glucuronidation of 
morphine in vitro have also been reported (BODD et al. 1986). Alcohol may 
inhibit glucuronidation by reducing the rate of UDP-glucuronic acid synthesis 
(MOLDEUS et al. 1978). 

Ethanol may enhance rates of drug acetylation. Treatment with ethanol 
appears to increase the acetylation rate of procainamide in humans (OLSEN 
and MORLAND 1982). The enzyme N-acetyltransferase uses acetyl-coenzyme 
A (CoA) to acetylate this compound. The metabolism of ethanol by ADH 
leads to the production of acetic acid, which is converted into acetyl-CoA. 
The increase in the availability of acetyl-CoA which may result from the 
metabolism of alcohol may allow rates of drug acetylation to increase. 

c. Pharmacodynamic Mechanisms 
Alcohol has been shown to interact with a variety of neurotransmitter 
and second messenger systems. Here the interactions of ethanol with 
GABAergic, noradrenergic, serotonergic, dopaminergic, opioidergic sys
tems, and calcium channels will be briefly reviewed. 

The interactions between ethanol and two classes of sedative drugs, 
the barbiturates and the benzodiazepines, have been well documented. In 
classic studies alcohol has been shown to potentiate the anesthetic and other 
effects of pentobarbital (KISSIN 1974). It has also been shown in numerous 
studies that alcohol can act synergisticallly with benzodiazepines to produce 
sedation and psychomotor impairments (ARANKO et al. 1985; LINNOILA et al. 
1977d; MORLAND et al. 1974). While there is clear evidence that pharma
cokinetic factors are often involved in the interactions that occur between 
ethanol and the benzodiazepines or the barbiturates, pharmacodynamic 
factors also playa major role. The observation that barbiturates and benzo
diazepines can be used to prevent the signs of alcohol withdrawal from 
appearing suggest that these agents share some common mechanism of 
action. The finding that cross-tolerance can develop among ethanol, bar
biturates, and benzodiazepines to the sedative and motor coordination 
impairing effects produced by these agents may also indicate that these 
agents act through some common mechanism (LAU et al. 1981; LE et al. 
1986). 

Animal studies indicate that ethanol-induced impairment of motor 
coordination and narcosis can be potentiated by treatment with GABA 
receptor agonists and attenuated or blocked by the administration of GABA 
antagonists (FRYE and BREESE 1982; LILJEQUIST and ENGEL 1982; MARTZ et 
al. 1982). Under certain experimental conditions ethanol can potentiate the 
inhibitory actions of GAB A on cortical neuronal activity (NESTOROS 1979) 
and stimulate the GABA receptor mediated uptake of chloride into brain 
synaptosomes (MORROW et al. 1988; SUZDDAK et al. 1986) and cultured 
hippocampal and cortical neurons (AGUAYO 1990). These results suggest that 



Interaction of Alcohol With Therapeutic Drugs and Drugs of Abuse 481 

many actions of ethanol may be caused by the enhancement of GABA 
receptor activity. The precise mechanism through which ethanol may act to 
augment the actions of GABA is not at present known. There is evidence, 
however, that a particular y-subunit of the GABA receptor is required for 
such augmentation to occur (WAFFORD et al. 1991). 

Like ethanol, the barbiturates and the benzodiazepines can enhance 
GABAergic system activity (STUDY and BARKER 1981). These agents may act 
on two distinct receptor sites that exist in close association with the GAB A 
A receptor/chloride channel complex. Activation of the benzodiazepine 
receptor site may lead too an increase in the affinity of the GAB A receptor 
while barbiturates may act on a site that is directly involved in the regulation 
of the flow of ions through the chloride channel (MATHERS 1985; TWYMAN et 
al. 1989). Genetic studies suggest that differences in the sensitivity of certain 
strains of mice to alcohol's effects on sleep may be related to the extent to 
which there is a difference in the coupling that occurs between benzodi
azepine receptors and chloride ion channels among these strains (HARRIS 
and ALLAN 1989). 

The long-term administration of alcohol seems to alter the functioning 
of GABAergic systems. Chronic ethanol treatment, for example, decreases 
GAB A levels in the brains of animals and increases the activity of the 
GAB A-synthesizing enzyme glutamate decarboxylase in the cerebellum and 
cortex of rats (SYTINSKY et al. 1975). Chronic treatment with alcohol or with 
benzodiazepines may lead to a decrease in the ability of these agents to 
potentiate GABA-mediated chloride uptake (MORROW et al. 1988; BUCK 
and HARRIS 1992; ALLAN et al. 1992). These changes may playa role in the 
development of tolerance to effects of both ethanol and the benzodiazepines. 
In the mouse, prolonged ethanol administration can lead to a loss in 
flunitrazepam-induced enhancement of the effects of the GABA agonist 
muscimol on chloride uptake (BUCK and HARRIS 1992), while chronic treat
ment with the benzodiazepine lorazepam can result in a decrease in both 
ethanol and flunitrazepam augmentation of GABA-mediated chloride up 
take (ALLAN et al. 1992). This evidence suggests that ethanol-benzodiazepine 
cross-tolerance can develop at the level of the GABA receptor/chloride 
channel complex. 

The development of tolerance to the effects of ethanol does not appear 
to depend solely on changes in the functioning of GABAergic systems. The 
selective destruction of brain noradrenergic systems in mice blocks the 
development of functional tolerance to the hypnotic and hypothermic effects 
of ethanol (MELCHIOR and TABAKOFF 1981). Tolerance to the effects of 
barbiturates is also prevented by the selective depletion of norepinephrine 
from the brains of mice (TABAKOFF and RITZMANN 1977; TABAKOFF et al. 
1978). Similarly the selective depletion of brain serotonin has been shown to 
delay the development of tolerance to the motor function impairing and 
hypnotic effects of both ethanol and the barbiturates (LEDuNG et al. 1980; 
FRANKEL et al. 1975; KHANNA et al. 1980). These results suggest that com-
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mon noradrenergic and serotonergic systems are involved in the develop
ment of tolerance to actions of both the barbiturates and ethanol. 

In animals administration of the calcium channel antagonist nifedipine 
causes a consistent reduction in the motor activity of animals treated with a 
range of doses of alcohol (WHITE and SMITH 1992). The duration of calcium 
action potentials in dorsal root ganglion cell was decreased by treatment 
with ethanol (OAKES and POZOS 1982). Exposure to ethanol can suppress 
calcium currents in cultured neuroblastoma cells (TWOMBLY et al. 1990) and 
synaptosomes (HARRIS and HOOD 1980). These results suggest that ethanol 
can affect calcium currents and can interact with calcium channel antagonists. 

The symptoms of ethanol withdrawal can be attenuated by the adminis
tration of calcium channel blockers. Following withdrawal from alcohol, the 
number of convulsions in mice were found to be reduced by treatment with 
the calcium channel antagonists nimodipine and nitrendipine (LrITLETON et 
al. 1990; WHITITNGTON et al. 1991). Dihydropyridine-binding sites were 
increased in the cerebral cortical tissue of rats exposed chronically to ethanol 
(DOLIN and LITTLE 1989). Treatment with the calcium antagonist nitredipine 
prevents ethanol-induced increases in the density of dihydropyridine-binding 
sites (DOLIN and LITTLE 1989; WHITTINGTON et al. 1991). 

Dihydropyridine-binding sites were increased in cultured bovine adrenal 
chromaffin cells bathed in medium containing ethanol, alprazolam, or bus
pirone, agents which were all found to inhibit basal and carbachol-stimulated 
catecholamine release from these cells (BRENNAN and LITTLETON 1991). 
Some common adaptative mechanism may exist in these cells which is 
activated in response to substances which cause a reduction in their excit
abilty. The extent to which a similar adaptive mechanism may exist within 
the central nervous system is not yet clear. Treatment with nitrendipine 
decreased the incidence of seizures induced by the partial inverse benzo
diazepine agonist FG7142 in mice withdrawn from flurazepam but it did not 
affect the development of tolerance to the ataxic effects of flurazepam. 
Chronic flurazepam treatment did not alter either the Kd or Bmax of eH)
nimodipine binding in the mouse whole brain and cerebral cortex, which 
may indicate that treatment with benzodiazepines does not readily lead to 
an upregulation of dihydopyridine receptor sites in the brain (DOLIN et al. 
1990). 

Brain serotonin, opioid, and dopamine systems may all be involved in 
the processes that give rise to the reinforcing effects of ethanol. Patterns of 
ethanol consumption can be altered by drugs that interact with these sys
tems. The results of several studies indicate that serotonin uptake blocking 
agents such as sertraline and tianeptine may decrease the intake of ethanol 
by animals (DAOUST et al. 1992; SELLERS et al. 1992). The serotonin up
take blocker fluoxetine has been shown to produced modest decreases 
in the consumption of ethanol by alcoholics (NARANJO et al. 1990). Ethanol 
consumption was reduced in animals treated with the 5-HT3 antagonists 
ondansetron (SELLERS et al. 1992) and zacopride (KNAPP and POHORECKY 



Interaction of Alcohol With Therapeutic Drugs and Drugs of Abuse 483 

1992). The administration of ondansetron produced a slight decrease in the 
alcohol intake of alcohol-dependent patients (SELLERS et al. 1991). 

Mesolimbic dopaminergic systems playa critical role in the neural sub
strates associated with the production of the reinforcing effects of the opiates 
and the psychomotor stimulants (NESTLER 1992). Alcohol also appears to 
interact with these systems. Ethanol administration increases dopamine 
turnover in several areas of the brain, including the caudate nucleus and the 
olfactory tubercle (FADDA et al. 1980, 1988), enhances the firing rate of 
dopaminergic neurons located in the ventral tegmental area (BRODIE et al. 
1990; GEESA et al. 1985), and enhances the release of dopamine in the 
nucleus accumbens (DICHIARA and IMPERATO 1985; YOSHIMOTO et al. 1992). 
Evidence that ethanol can alter the actions of psychomotor stimulants within 
central reward systems includes the findings that the administration of 
ethanol can potentiate the brain reward stimulation threshold-lowering 
effects of the psychomotor stimulants cocaine and d-amphetamine and that 
chronic administration of ethanol can potentiate the threshold-lowering 
actions of cocaine when this drug is administered alone (MOOLTEN and 
KORNETSKY 1992). Ethanol may also potentiate the euphoric effects of 
cocaine in human subjects (MCCANCE-KATZ et aI., in press). Manipulations 
of dopaminergic systems such as the selective depletion of dopamine from 
the nucleus accumbens (LYNESS and SMITH 1992) and treatments with some 
dopamine agonists or antagonists (LINESEMAN 1990) have failed to lead to 
significant changes in either alcohol self-administration or consumption. 
Consequently, doubts about the involvement of the dopaminergic system in 
the production of ethanol's reinforcing effects still exist. 

Evidence that ethanol may interact with opioid systems within the brain 
include the findings that cross-tolerance can occur between the hypothermic 
effects of morphine and ethanol (KHANNA et al. 1979). Futhermore, alcoholic 
patients exhibit tolerance to the anethestic effects of alfantenil (LEMMENS et 
al. 1989). Studies of the effects of prolonged exposure of different neuro
blastoma cell lines to ethanol indicate that alcohol treatment can lead to the 
upregulation of J-opioid receptors and to an increase in the sensitivity of 
cells to opioid inhibition of adenyl cyclase activity (CHARNESS 1989). 

Opioid systems exist in close association with dopaminergic systems 
within the mesolimbic system. The reinforcing actions of opiates appear to 
be dependent upon dopaminergic systems for their expression (NESTLER 
1992). Animals studies indicate that the administration of the opioid antag
onist naloxone leads to a reduction in the consumption of ethanol (MARFAING
JELLET et al. 1983; SAMSON and DOYLE 1985). Alcohol-dependent subjects 
treated with the opioid antagonist naltrexone were found to have a lower 
rate of relapse than were those who were treated with placebo (VOLPICELLI 
et al. 1992; O'MALLEY et al. 1992). 
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D. Individual Drugs 

I. Acetaminophen 

Chronic use of ethanol enhances acetaminophen hepatotoxicity in humans 
(SEEFF et al. 1986) and in rodents (SATO et al. 1981a). In rodents, the 
mechanism is increased accumulation of toxic metabolites of acetaminophen 
(SATO et al. 1981a; WALKER et al. 1983). Acetaminophen is metabolized in 
the liver via two pathways. Usually, over 90% is conjugated with glucuronic 
acid or sulfate and less than 5% is oxidized by hepatic cytochrome P450 to a 
reactive electrophilic intermediate (MORGAN et al. 1983; SATO et al. 1981a). 
This toxic intermediate is then conjugated with glutathione, excreted into 
bile, further metabolized by gut or kidneys to mercapturate derivatives, and 
finally excreted into urine. Chronic ethanol exposure decreases glutathione 
stores, resulting in decreased elimination of the intermediate (SATO et al. 
1981a) and may enhance the cytochrome P450 route, resulting in increased 
production of the intermediate. 

Acute administration of ethanol reduces hepatotoxicity in fasted 
Sprague-Dawley rats (SATO et al. 1981b). In this animal model, the me
chanism appears to be through re uced production of reactive intermediates 
(SATO and LIEBER 1981), presumably by competition for microsomal cyto
chrome P450. 

II. Angiotensin-Converting Enzyme Inhibitors 

1. Enalapril 
Angiotensin-converting enzyme inhibitors may decrease alcohol consump
tion in rodents (LINGHAM et al. 1990; SPINOZA et al. 1988) but 10 or 20mg 
enalapril/day did not have an overall effect on alcohol consumption in 
normotensive alcoholics with normal renin levels (NARANJO et al. 1991). 

III. Anticonvulsants 

1. Phenytoin 

Chronic ethanol ingestion increases clearance of phenytoin (SANDOR et al. 
1981). Phenytoin clearance was higher during alcohol withdrawal than 
during a period of concurrent ethanol ingestion, reflecting the enzyme 
inhibition that occurs during acute ethanol administration and the enzyme 
induction that predominates in recently abstinent alcoholics without liver 
disease (SANDOR et al. 1981). 
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IV. Antidepressants 

1. Amitriptyline 

Moderate drinking (more than the equivalent of 12ft. oz. beer/day) did not 
enhance amitriptyline metabolism in one study (LINNOILA et al. 1981). How
ever, in another study, the rate of demethylation of amitriptyline in de
pressed subjects was greater in 10 alcoholics than in 11 controls (SANDOZ et 
al. 1983). Therefore, in alcoholics but not in moderate drinkers, enhanced 
clearance would be expected. 

Acute ethanol ingestion may result in decrements in tests of motor 
functioning which are at least additive to those of amitriptyline. In healthy 
subjects given one, two, or no doses of amitriptyline 0.8 mg/kg followed by 
enough ethanol to bring their BAC up to 0.8 mg/l, performance on three 
motor skill tests thought relevent to driving were significantly impaired 
(LANDAUER et al. 1969). In another placebo-controlled study, volunteers 
were given amitriptyline 40 mg/day for 1 week followed by 60 mg/day for 
a 2nd week. When these and placebo-treated subjects were then given 
ethanol 0.5 g/kg, those treated with amitriptyline had increased cumulative 
choice reaction times and impaired coordination as compared with con
trols (SEPPALA et al. 1975). While ethanol (enough to maintain a BAC of 
17-22mM) had no effect on the pharmacokinetics of amitripyline 50mg/day 
taken for 14 days, ethanol increased free amitriptyline concentrations 
brought about by a decrease in first pass extraction resulting from decreased 
hepatic clearance (DORIAN et al. 1983). Although it appears that changes in 
distribution may therefore playa role, the interaction is also likely to be on 
a pharmacodynamic basis. There is one case report of amitriptyline used by 
an alcoholic to prolong and enhance the euphoria from ethanol and also 
decrease the amount of ethanol needed to "get high" (HYATI and BIRD 
1987). 

2. Imipramine 

Chronic ethanol administration increases clearnance of imipramine and its 
primary hydroxylated metabolite (CIRAULO et al. 1988). The pharmaco
kinetics of imipramine (and desipramine) were studied in 15 men recently 
detoxified from alcohol compared with 14 healthy volunteers. The alcoholic 
group had significantly greater total body clearance of imipramine (0.93 vs. 
0.481h-1 kg- 1) and greater intrinsic clearance of unbound imiramine (19.8 
vs. 6.561h-1 kg- 1). Mean elimination half-life was decreased in the alcoholic 
group (8.7h after i.v. infusion and 10.9h after oral administration) as 
compared with 19.9 and 19.6h, respectively, in the control group (CIRAULO 
et al. 1988). In another study, apparent oral imipramine clearance was 2lj2 
times higher in alcoholics than in controls (CIRAULO et al. 1982). The 
primary hydroxylated metabolite of imipramine is 2-hydroxyimipramine. 
Terminal elimination half-life of this substance was also increased (7.07 
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vs. 1O.12h) in seven recently abstinent alcoholics as compared with eight 
weight- and age-matched controls (CIRAULO et al. 1990). 

3. Clomipramine 

Acute ethanol administration results in at least additive clomipramine
induced decrements in tests of motor functioning. In double-blind, crossover 
trials, volunteers were given 30 mg/day for 1 week followed by either 75 mg/ 
day or placebo for 1 week. An ethanol test dose of 0.5 g/kg resulted in only 
"slight" impairment of psychomotor skills in the clomipramine group vs. the 
placebo group (SEPPALA et al. 1975). 

4. Desipramine 

Chronic ethanol consumption increases elimination of desipramine, but 
less so than with imipramine. The pharmacokinetics of desipramine (and 
imipramine) were studied in 15 recently detoxified men compared with 14 
healthy volunteers (CIRAULO et al. 1988). The alcoholic group showed greater 
total body clearance (1 vs. 0.62Ih- 1 kg- 1) and greater intrinsic clearance of 
unbound desipramine (14.52 vs. 9.05Ih-1 kg- 1) as compared with the 
control group. Mean elimination half-life was decreased in alcoholics as 
compared to controls (16.5 vs. 22.4h for the i.v. route and 15.12 vs. 21.5h 
for oral administration). However, there was much greater interindividual 
variation with the oral route. 

5. Doxepin 

In tests of motor functioning, acute ethanol results in decrements that are at 
least additive to those produced by doxepin (MILNER and LANDAUER 1973; 
STROMBERG et al. 1988). In volunteers given doxepin 40 mg/day for 1 week 
followed by doxepin 60 mg/day for 1 week, compared with placebo, an 
ethanol test dose of 0.5 g/kg increased cumulative choice reaction times, 
inaccuracy of reactions, and impaired coordination. In another study, 
12 healthy volunteers were given doxepin 25 mg alone and with alcohol 
(1 g/kg) in a double-blind, crossover trial. Doxepin increased alcohol
induced decrements in several objective tests of psychomotor performance 
including tracking, choice reaction, and body sway (STROMBERG et al. 1988). 

6. Nortriptyline 

Chronic ethanol does not appear to alter nortriptyline metabolism. Moderate 
drinking (more than the equivalent of 12 fl. oz. beer/day) did not enhance 
metabolism (LINNOILA et al. 1981). 

Acute ethanol resulted in decrements in tests of motor function which 
are at least additive to those produced by nortriptyline. In volunteers given 
nortriptyline 40 mg/day for 1 week followed by nortriptyline 60 mg/day for 1 
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week, an ethanol test dose of 0.5 g/kg resulted in only "slight" impairment 
of psychomotor skills (SEPPALA et al. 1975). 

V. Serotonin Selective Reuptake Inhibitors 

Acute ethanol does not appear to interact pharmacokinetically with ftuo
xetine (SHAW et al. 1989) or ftuvoxamine (VAN HARTEN et al. 1992). Fluo
xetine has been shown to inhibit cytochrome P450 206 activity (OTTON et al. 
1993) and ethanol has been shown specifically to induce cytochrome P450 
IIE1 (NEBERT et al. 1987). The lack of interaction of ethanol with ftuoxetine 
may be explained by these differences in P450 isozymes. As mentioned 
above, some serotonin selective reuptake inhibitors may decrease relapse in 
abstinent alcoholics, but this is an early finding. 

Acute ingestion of alcohol interacts with tricyclic antidepressants to 
produce decrements in psychomotor function which are at least additive, but 
this does not seem to be the case with the serotonin selective reuptake 
inhibitors ftuoxetine and ftuvoxamine. Chronic alcohol intake enhances 
biotransformation of tricyclic antidepressants with effects on tertiary amines 
being much more marked than with secondary amines. With the secondary 
amines, and possibly with the tertiary amines, the increased biotransfor
mation can result in clinically significant decreases in serum drug levels in 
alcoholics. These kinetic effects do not appear to obtain with the serotonin 
selective reuptake inhibitors ftuoxetine or ftuvoxamine. 

VI. Antipyrine 

Chronic ethanol administration may enhance antipyrine elimination. In six 
human subjects (prisoners in solitary confinement) who were given 1 mllkg 
of 95% ethanol for 21 days, reductions from 4.2% to 37.7% were seen in 
antipyrine half-life as compared with half-life prior to ethanol administration 
(VESELL et al. 1971). 

VII. Ascorbic Acid 

Ascorbic acid causes enhanced ethanol clearance. In one human study, 1 g 
ascorbic acid daily for 2 weeks increased ethanol clearance. The same 
authors found that leukocyte ascorbic acid was correlated with activities of 
hepatic AOH in 12 human subjects with clinical or biochemical evidence of 
non-alcoholic liver disease, suggesting that ascorbic acid may increase 
ethanol clearnace by enhancing the activity of hepatic AOH (KRASNER et al. 
1974). 
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VIII. Barbiturates 

1. Phenobarbital 

The most significant acute interaction between ethanol and phenobarbital is 
at least additive CNS depression and toxicity (GUPTA and KOFOLD 1966; 
BROUGHTON et al. 1956). This is a clinically important and long-recognized 
interaction. Phenobarbital also increases ethanol clearance. In four male 
chronic alcoholic patients given phenobarbital 240 mg/day for 6 days, ethanol 
clearance went from 15.7 ± 3.6mg/IOOml serum per hour prior to the 6 
days of phenobarbital administration to 20.1 ± 2.4 mg/lOO ml serum per 
hour following it (MEZEY and ROBLES 1974). 

2. Pentobarbital 

Chronic ethanol adminstration decreases pentobarbital half-life. For 1 
month, four volunteers with no history of alcoholism received ethanol as an 
isocaloric substitute for carbohydrates (up to 46% of total calories). Pento
barbital half-life decreased from 35.1 ± 6.1 to 26.3 ± 6.3h at least in part 
due to induction of hepatic microsomal drug metabolism (MISRA et al. 
1971). 

For barbiturates in general, there is a highly significant, synergistic, 
acute interaction seen with increased CNS depression and enhanced toxicity 
when administered with ethanol. Barbiturates promote cytochrome P450 
systems, resulting in increased ethanol clearance. Chronic ethanol adminis
tration can increase the clearance of barbiturates. However, these effects 
are less important clinically than are the eNS effects. 

IX. Benzodiazepines 

1. Chlordiazepoxide 

Acute ethanol admistration impairs chlordiazepoxide elimination and also 
lowers plasma binding. In five healthy male volunteers, ethanol 0.8 g/kg 
P.O. was given Ih before 0.6mg/kg i.v. chlordiazepoxide. Plasma con
centrations of ethanol were maintained from 50-150 mg/IOO ml for 32 h by 
administration of ethanol 0.5 g/kg every 5 h. As compared with measure
ments following administration of chloridiazepoxide alone in these subjects, 
plasma clearance of chlordiazepoxide fell from 26.6 ± 2.6mllmin to 16.6 ± 
3.1 mllmin, with no change in the volume of distribution. Plasma binding of 
chlordia'zepoxide was lowered by ethanol from 94.7 ± 6% to 93.4 ± 1.3% 
and the 'plasma clearance of unbound chlordiazepoxide feel from 468 ± 
51mllmin to 264 ± 98mllmin (DESMOND et al. 1980). 

2. Diazepam 

The pharmacokinetics of diazepam in chronic alcoholics are not well under
stood. In recently detoxified alcoholics given oral and intravenous diazepam, 
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plasma diazepam levels and AVC were decreased as compared with controls 
(SELLMAN et al. 1975a,b). Interpretation of the data is compromised, how
ever, because the alcoholics were all also receiving other medications, and 
there was wide scatter in the results. In another study, the pharmacokinetics 
of intravenous diazepam (lOmg) were examined in seven chronic alcoholics 
on the 1st day of detoxification (accomplished with hydroxyzine) and on the 
6th-8th days of detoxificaton (POND et al. 1979). In comparing values at 
6-8 days vs. the 1st day of detoxification, terminal elimination half-life, 
clearance, and volumes of distribution changed in individual patients, but 
mean values for the group did not change. The only difference noted was 
that the initial exponential decline of plasma diazepam was more rapid 
during, as compared with after, withdrawal. The authors concluded that the 
only kinetic effect was on initial distribution (POND et al. 1979). 

Conflicting evidence exists as to the presence of a pharmacokinetic 
interaction with concurrent or other acute use, but pharmacodynamic effects 
on motor performance are at least additive. A number of studies have 
included measures of one or both of these parameters. Diazepam (0.7 mg/kg) 
was given orally with water or with 30 ml 50% ethanol to seven normal 
volunteers, with the ethanol group attaining a serum diazepam level of 
373 ng/ml vs. 197 ng/ml for the water group. The authors suggested that 
enhanced absorption was the mechanism for this effect (HAYES et al. 1977). 
In another study, diazepam lOmg i.v. was given over 20min, preceded 
by 60 min with ethanol 0.7 mg/kg orally and followed for 8 h by ethanol 
0.15 g/kg-1/h-1 to maintain blood alcohol levels between 0.8 and 1 gil. As 
compared with lOmg diazepam i.v. alone, AVC incre.ased from 1771 ± 
277.6 to 2320 ± 484ngh/ml, AVCfree increased from 23.87 ± 3.09 to 30 ± 
4.97, but AVC of N-desmethyldiazepam fell by 11.7%. The authors con
cluded that the increase in diazepam AVC was due to impaired hepatic 
metabolism. In this same study, performance on six measures of psycho
motor performance were not significantly changed with diazepam alone, but 
were significantly affected with the combination of diazepam and ethanol 
(SELLERS et al. 1980). In another study, 20 healthy students ingested di
azepam 10 mg 30 min after administration of different forms of ethanol 
0.8g/kg. In this study, beer and white wine elevated diazepam level for 2h, 
as compared with 90 min for whiskey, and there was no effect on diazepam 
level from red wine. Tests of psychomotor performance were impaired more 
with the ethanol-diazepam combination than with diazepam alone, and, for 
nystagmus, red wine had the greatest effect with diazepam. The authors 
concluded that while simultaneous ingestion of alcohol and diazepam ac
celerates absorption, combined psychomotor effects were mainly due to 
pharmacodynamic interactions (LAISI et al. 1979). However, in two other 
studies, ethanol slowed the rate of diazepam absorption. Six healthy volun
teers ingested diazepam 5 mg with 1.5 fl. oz. 80% proof vodka combined 
with 4fl. oz. orange juice. The time of peak serum diazepam concentration 
was lengthened from 0.79 h without ethanol to 1.79 h with ethanol, but the 
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completeness of absorption was not significantly affected (GREENBLATT et al. 
1978). In another study by the same group, 5 mg diazepam was given orally 
to six healthy volunteers in a randomized three-way crossover study, where 
diazepam was either preceded by water, preceded by 30 min with 60 ml 
vodka, or given concurrently with 60 ml vodka. AVC, diazepam elimination 
half-life, and rate and extent of desmethyldiazepam formation were not 
significantly different between the three test groups but the time to peak 
concentration increased from 0.71 to 1.5 h (DIVOLL and GREENBLATT 1981). 

3. Flurazepam 

Acute ethanol interacted synergistically with flurazepam to produce decre
ments of psychomotor function in a rodent model. ICR albino mice showed 
synergism in loss of righting reflex, light sedation, and rotorod performance, 
but not for LDso or anesthesia. Dose ranges were 0-5 g/kg ethanol and 
0-325 mg/kg flurazepam (Hu et al. 1986). 

4. Lorazepam 

Acute ethanol adminstration decreases clearance of lorazepam in human 
and animal models (HOYUMPA et al. 1981), causes at least additive decre
ments in psychomotor performance, and increases anxiety in humans 
(LISTER and FILE 1983). Ethanol administered i.v. to five healthy dogs 
(3 g/kg) resulted in a 52% decrease in first pass metabolism of lorazepam 
20 mg administered orally 1 h later (HOYUMPA et al. 1981). In a human study 
by the same authors, seven healthy subjects were given 0.8g/kg of P.O. 
ethanol followed by lorazepam 2 mg i. v. 1 h later. Ethanol was repeated 
0.5 mg/kg every 5 h for hour more doses. There was an 18% decrease in 
systemic clearnce of the i.v. lorazepam. The mean peak plasmal level of 
conjugated lorazepam was lower and time to attain peak concentration was 
increased following ethanol ingestion, but neither measure reached statistical 
significance (HOYMPA et al. 1981). In another study, 17 human subjects 
received 1 mg lorazepam and 23.7 or 71 ml vodka in a double-blind, placebo
controlled design. Self-ratings of sedation were significantly increased 
by both lorazepam and ethanol alone, and this effect increased at least 
additively when the two drugs were combined. Interestingly, while both 
drugs alone were anxiolytic, when combined they increased self-reported 
anxiety (LISTER and FILE 1983). 

5. Triazolam 

There is contradictory evidence on the influence of acute alcohol admins
tration on the kinetics of triazolam. There is, however, agreement that 
combined administration of these drugs has at least additive pharmaco
dynamic effects. In one placebo-controlled study (DORIAN et al. 1985), six 
normal subjects were given ethanol sufficient to maintain breath concen-
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trations of 800-950 mg/l, followed 1 h later by an oral dose of 0.25 mg 
triazolam. In that study, total AVe oftriazolam increased by 21% ± 18%, 
as compared with subjects who were not given ethanol. Subjects given the 
combination also showed greater impairment on measures of free recall, 
postural stability, and hand-eye coordination, as compared with the effects 
of each drug alone. However, in another study where five healthy volunteers 
received 0.5 mg triazolam alone and with 60 ml "commercial vodka," there 
were no significant differences in peak triazolam level, time of peak level, 
elimination half-life, or apparent oral clearance (OCHS et al. 1984). 

Benzodiazepines and ethanol interact at least additively in producing 
decrements in psychomotor function, increasing eNS depression and in
creasing the risk of toxicity. This is quite significant clinically, since when 
administered alone benzodiazepines have a very high therapeutic index. 
The interaction is largely a pharmacodynamic one involving the GAB A 
benzodiazepine-chloride channel complex. Especially with triazolam-ethanol 
combinations, anterograde memory loss may be profound, resulting in what 
has been termed "traveler's amnesia." Pharmacokinetic interactions are less 
significant, with the effects varying between drugs and different studies 
showing conflicting findings. 

X. Bromocriptine 

In a small number of case reports, alcohol worsened abdominal distress 
caused by bromocriptine (WASS et al. 1977; AYRES and MAISEY 1980). 

XI. CaH Blockers 

1. Nifedipine 

Acute ethanol administration increased the elimination half-life and AVe of 
i.v. nifedipine in a rodent model (BoJE et al. 1984). In humans, pretreat
ment with 10-20 mg nifedipine administered 30 min before ethanol 0.85 g/kg 
failed to antagonize the inebriating effects of ethanol, including decrements 
in short-term memory and psychomotor performance (PEREZ-REYES et al. 
1992). 

2. Nimodipine 

In a rodent model, nimodipine increased motor incoordination and hypo
thermia caused by acute ethanol, possibly by synergistic vasodilator effects 
(ISSACSON et al. 1985). 

3. Verapamil 

In humans, pretreatment with single doses of verapamil 80-160mg, admin
istered 90min before ethanol 0.85 g/kg, failed to antagonize the inebriating 
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effects of ethanol or ethanol-induced impairment of short-term memory and 
psychomotor performance (PEREZ-REYES and JEFFCOAT 1992). In another 
study, ten healthy men were given verapamil 240 mg/day or placebo for 6 
days in a double-blind, randomized crossover design. On the 6th day, 
ethanol 0.8g/kg was administered orally. Compared with placebo, peak 
ethanol concentrations and AVC were significantly increased, as was the 
subjective sense of intoxication as measured by a visual analog scale (BAUER 
et al. 1992). 

Calcium channels paly a role in the development of pharmacodynamic 
ethanol tolerance (DOLIN et al. 1987; BRENNAN and LITTLETON 1991) and 
further study may reveal clinical uses, possibly blocking the development of 
tolerance. Verapamil in humans and nifedipine in rodents can decrease 
ethanol clearance but whether this results in clinically significant elevations 
of serum ethanol levels has yet to be determined. 

XII. Cannabis 

Ethanol administered acutely in combination with cannabis results in de
crements in tests of motor function that are at least additive. In a test of the 
effects of 0.64 g/kg ethanol and orally administered 143 Jig/kg ~9 tetrahydroc
annabinol (THC), decrements of psychomotor skills related to driving were 
considered to be "at least additive" (FRANKS et al. 1975). In another study 
where volunteers received either 0, 2.5, or 5 mg of L1 9 THC alone or in 
combination with 0.4 mllib ethanol, decrements in performance were seen as 
additive, but not dose dependent (MANNO et al. 1970). In a study where 
driving a motor vehicle through a prepared course was observed, ethanol 
and cannabis (smoked) decreased performance in an additive way on most 
measures, but seemed not to interact at all on others (HANSTEEN et al. 
1976). 

XIII. Cocaine 

In one study of acute ethanol administration, cocaine insufflation did not 
alter blood ethanol levels or ratings of intoxication, but did cause a signi
ficant increase in plasma cocaine concentration, ratings of cocaine "high," 
and heart rate. Eleven male volunteers were given ethanol 0.85 g/kg or 
placebo over 30min. Cocaine HCI (1.25 and 1.9 mg/kg) was given 15 min 
later by nasal insufflation. Peak cocaine concentrations in subjects given 
ethanol, as compared with placebo, were 156.0 ± 17.4ng/ml vs. 114.8 ± 
14.0 for the low-dose group and 312.0 ± 31.8 vs. 238.1 ± 29.2 for the high
dose group. AVC was also increased, with 13 281 ± 1510 ng/ml min vs. 9480 
± 950 in the low-dose group and 26265 ± 2830 vs. 20530 ± 2457 in the 
high-dose group (HIGGINS et al. 1991). 

In nine healthy male volunteers given ethanol and cocaine alone, heart 
rate was increased by up to 6 beats/min, with no effect on blood pressure. 



Interaction of Alcohol With Therapeutic Drugs and Drugs of Abuse 493 

Ethanol 38.7 or 51.8 g followed by cocaine 96 mg increased heart rate by 20 
beats/min, which would indicate a synergistic effect. In nine healthy male 
volunteers given ethanol and cocaine alone, heart rate was increased by up 
to 6 beats/min, with no effect on blood pressure. Ethanol 38.7 or 51.8 g, 
followed by cocaine 96 mg, increased heart rate by 20 beats/min, which 
would indicate a synergistic effect (FOLTIN and FISCHMAN 1988). In another 
study in nine healthy adults, cocaine alone and in combination with alcohol 
significantly increased blood pressure and heart rate, with a greater increase 
in heart rate from the combination, compared with either drug alone (FARRE 
et al. 1991). 

Alcohol's enhancement of the euphoric effect of cocaine has been attri
buted to cocaethylene, a metabolite that is formed by transesterification of 
cocaine in the presence of ethanol, and which has been found in the urine 
and plasma of patients who have used ethanol and cocaine concurrently 
(SEEF et al. 1986; SMITH 1984). This transesterification in the presence of 
alcohol is thought to be the result (in mice) of hepatic and possibly renal 
carboxyesterases present in the endoplasmic reticulum (BOYER and PETERSON 
1992). Cocaethylene is equipotent with cocaine in inhibiting binding to the 
dopamine transporter site in neural membranes from humans (HEARN et al. 
1991) and rats (JATLOW et al. 1991b). It is also equipotent with cocaine in 
causing increased locomotor activity and rearing in mice (JATLOw et al. 
1991b) and in maintaining self-administration in primates (JATLOw et al. 
1991a). However, in a study involving 11 male volunteers who were given 
ethanol 0.85 g/kg or placebo over 30 min followed by cocaine HCI (1.25 and 
1.9 mg/kg) given 15 min later by nasal insufflation, cocaethylene levels rose 
after peak subjective (euphoric) effects (PEREZ-REYES and JEFFCOAT 1992). 
The authors of this study concluded that, although cocaethylene was a 
potent behavioral reinforcer, the potentiation of cocaine effect by ethanol 
was due to ethanol increasing the bioavailability of cocaine. Other data 
suggest that ethanol may influence brain dopamine systems and interact with 
cocaine on that level (see above). 

Chronic ethanol does not alter metabolism of cocaine in a rodent model, 
but increases cocaine brain-to-plasma ratio. In rats given chronic ethanol 
treatment (2.5 g/kg twice orally for 14 days), there was no change in cocaine 
metabolism, but a significantly higher cocaine brain-to-plasma ratio was 
seen, when compared with controls (VADLAMANI et al. 1984) 

Ethanol enhances cocaine-induced hepatotoxicity in animal models and 
probably in man, but human data are less certain. In mice, cocaine alone is 
hepatotoxic, with fatty degeneration, parenchymal necrosis, and elevated 
transaminase levels (SHUSTER et al. 1977; THOMPSON et al. 1979; KLOss et al. 
1984). Ethanol enhances cocaine-induced hepatotoxicity in animal models 
(BOYER and PETERSON 1990; PETERSON et al. 1983), presumably through 
induction of the cytochrome P450 monooxygenases, which also produce 
hepatotoxic metabolites of cocaine (THOMPSON et al. 1979). However, clinical 
evidence in humans is scant: several case reports suggest cocaine-induced 
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hepatotoxicity is exacerbated by ethanol and barbiturates (WANLESS et al. 
1990; GUBBINS et al. 1990). One study using cultured human hepatocytes 
showed that cocaine potentiated ethanol-induced impairment of hepatocyte 
functioning (lOVER et al. 1991). After 48 h of pretreatment with 50 mM 
ethanol, a concentration of cocaine (0.6mM) which previously had no ef
fects on hepatocyte metabolism, then caused a 20% inhibition of the urea 
synthesis rate, a 40% degradation of glycogen stores, and a 30% reduction 
in glutathione content. The authors concluded that ethanol enhanced the 
toxic effects of cocaine on human hepatocytes by a factor of 10. However, in 
a clinical popUlation of nonparenteral cocaine users, there was no significant 
difference in liver function tests between those who also used alcohol and 
those who did not (TABASCo-MINGUILLAN et al. 1990). 

XIV. Sodium Warfarin 

Chronic administration of ethanol may decrease the anticoagulant effect of 
sodium warfarin (Coumadin) by induction of hepatic microsomal enzymes 
(O'REILLY 1986, 1987). Acute ethanol administration increased the antico
agulant effect of sodium warfarin, which presumably resulted from decreased 
sodium warfarin clearance secondary to competition for cytochrome P450 
(O'REILLY 1986). However, other studies with wine (O'REILLY 1979) and 
fortified wine (O'REILLY 1981) showed no effect. All of these studies looked 
at effects on coagulation, rather than sodium warfarin levels. 

XV. Cromoglycate 

Acute ethanol administration may interact with cromoglycate, but not to a 
clinically significant degree. In 17 human subjects, disodium cromogylcate 
40 mg was given alone and in combination with ethanol 0.75 g/kg in a 
double-blind, crossover study. On several measures of psychomotor perfor
mance, there was slight synergism, which was thought by the authors to be 
clinically insignificant (CRAWFORD et al. 1976). 

XVI. Disulfiram 

The combination of disulfiram and ethanol produces the well-known "dis
ulfiram ethanol reaction." When subjects ingest ethanol while taking dis
ulfiram, blood acetaldehyde concentration is increased to five to ten times 
higher than in subjects not treated with disulfiram, and a number of sym
ptoms follow (RITCHIE 1980). These symptoms include the sensation of heat 
in the face, flushing of the face, intense throbbing, and, in some cases, a 
throbbing headache. The initial symptoms are followed by diaphoresis, 
blurred vision, nausea, vomiting, respiratory difficulties, and hypotension. 
The mechanism of these effects is irreversible inhibition of hepatic aldehyde 
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dehydrogenase by disulfiram, resulting in acetaldehyde accumulation 
(KITSON 1977). 

XVII. H2 Blockers 

1. Cimetidine 

Cimetidine increases ethanol absorption (FEELY and WOOD 1982; DIPADOVA 
et al. 1992; SEITZ et al. 1983) by inhibiting gastric alcohol dehydrogenase 
(CABALLARIA et al. 1989a; HERNANDEZ-MuNOZ et al. 1990). The metabolism 
of ethanol by gastric ADH has been called gastric first pass metabolism by 
LIEBER (1991). Cimetidine 800mg/day administered for 7 days significantly 
increased AVC after orally administered ethanol at 0.15 g/kg but not after 
the same amount of ethanol administered intravenously. However, subjects 
given higher dose ethanol (0.8-g/kg) had no changes in blood alcohol levels 
(JONSSON et al. 1992), suggesting that large doses of ethanol may overwhelm 
the capacity of the gastric ADH system. This effect is apparently dose 
related, as a higher cimetidine dose (1200mg/day) increased peak plasma 
ethanol levels reSUlting from the same higher dose of ethanol (FEELY and 
WOOD 1982). Cimetidine 1200mg/day or placebo was administered for 7 
days to six healthy male subjects followed by a single 0.8-g/kg oral dose of 
ethanol. As compared to placebo, cimetidine increased peak plasma ethanol 
level (146 ± 5.2 to 163 ± 7.6mg/dl), AVC (717 ± 17 to 771 ± 44mg/dlh), 
and subjective feeling of intoxication on a visual analog scale (FEELY and 
WOOD 1982). 

2. Famotidine 

Famotidine has no significant effect on ethanol bioavailability (HERNANDEZ
MUNOZ et al. 1990). Famotidine does not inhibit gastric alcohol dehydro
genase (HERNANDEZ-MuNOZ et al. 1990). 

3. Ranitidine 

Ranitidine increases ethanol bioavailability (DIPADOVA et al. 1992; GURAM 
and HOLT 1991), which has been attributed to decreased gastric first pass 
metabolism of ethanol secondary to ranitidine-induced inhibition of gastric 
alcohol dehydrogenase (DIPADOVA et al. 1992). As with cimetidine, when 
subjects were given ranitidine administered with higher dose ethanol no 
changes in blood alcohol levels were observed (JONSSON et al. 1992). 

Some H2 antagonists with a five-member ring structure such as cimeti
dine, ranitidine, and nizatidine inhibit gastric ADH and can result in greater 
peripheral blood levels of alcohol (GURAM and HOLT 1991). This effect 
occurs at levels of ethanol that would be seen in low-to-moderate levels of 
drinkng, but may not occur with higher levels of ethanol consumption. 
Other H2 antagonists such as famotidine and omeprazole do not have any 
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effect on gastric ADH and do not affect absorption (ROINE et al. 1990a; 
HERNANDEZ-MuNOZ et al. 1990). 

XVIII. Lithium Carbonate 

Lithium carbonate may antagonize decrements in cognitive and psychomotor 
function. The combined effects of lithium and alcohol on a series of psy
chomotor tests in normal subjects showed antagonistic and opposite effects 
on response orientation and information retrieval as compared to both drugs 
given alone (LINNOILA et al. 1974a). In another study, in which 23 normal 
male subjects maintained on lithium for 2 weeks (mean level of 0.91 mEq/l) 
were given 1.32mllkg ethanol, lithium attenuated alcohol-induced cognitive 
impairment (JUDD et al. 1977). In a third study with 35 detoxified alcoholics, 
lithium also antagonized ethanol-induced decrements in cognitive and 
perceptual-motor performance (JUDD and HUEY 1984). 

In addition to effects on cognitive and psychomotor performance, one 
study of 35 detoxified alcoholics found that lithium treatment (14 days with a 
mean level of 0.89 mEq/l) resulted in decreased feelings of intoxication and 
a decrease in desire to drink after ethanol administration (JUDD and HUEY 
1984). However, another study with 23 nonalcoholic subjects showed no 
effect on ethanol-induced "high" (JUDD et al. 1977). In a number of studies 
attempting to show whether lithium can decrease drinking in alcoholics, 
patients drank while maintained on lithium with no adverse consequences 
noted (POND et al. 1981; FAWCETI et al. 1987; KLINE et al. 1974). Lithium 
has been examined as an aid to relapse prevention, but outcomes are mixed. 

XIX. Methylxanthines 

1. Caffeine 

Acute ethanol administation impairs hepatic metabolism of caffeine and 
decreases clearance (MITCHELL et al. 1983). Administration of 0.8 g/kg 
ethanol resulted in a decrease in plasma clearance of orally administered 
caffeine from 96.6 ± 13.4mllmin to 60.7 ± 1O.5mllmin in healthy 
volunteers (MITCHELL et al. 1983). In dogs given 200mg caffeine i.v. after 
3.0 g/kg oral ethanol, clearance was also decreased significantly (MITCHELL 
et al. 1983). 

2. Theophylline 

Acute ethanol administration does not alter theophylline levels (KOYSOOKO 
et al. 1975). Theophylline administered orally along with ethanol resulted in 
serum theopylline levels that were not significantly different than theo
phylline administered in aqueous solution (KOYSOOKO et al. 1975). There 
was no difference in serum theophylline levels when the drug was admin
istered orally together with ethanol compared with an aqueous solution 
(KOYSOOKO et al. 1975). 
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xx. Metoclopramide 

Metaclopramide increases the speed of ethanol absorption from the oral 
route and is at least additive in producing sedation (BATEMAN et al. 1978). In 
seven normal male volunteers given metoclopramide 10 mg i. v. followed by 
ethanol, there was a significant decrease in time to peak ethanol concenp
tration, but no significant change in peak plasma concentrations. A signi
ficant level of sedation occurred with the combination as compared with 
metoclopramide alone at low ethanol concentrations [12.69 ± 3.37 mg% in 
one trial and 11.3 ± 3.56mg% in another] (BATEMAN et al. 1978). 

XXI. Neuroleptics 

1. Chlorpromazine 

Acute ethanol adminstration decreases clearance of chlorpromazine in 
animals (KOFF and FITTS 1972) and humans (FORREST et al. 1972). Twelve 
human subjects who were considered to be on "long-term" therapy with 
chlorpromazine (600-1200mg/day) were administered 50 or 75ml ethanol 
orally. Chlorpromazine urinary excretion was measured. Up to a 33% de
crease in urinary excretion was noted in 54% of subjects (FORREST et al. 
1972). In this same study, alcohol concentrations in blood and urine 
after adminstration of 50-75 ml ethanol orally were no different in the 
chlorpromazine-treated patients than in controls. In an animal study in 
which rats were given 30 mg/kg chlorpromazine 1 h before gavage with 
4.8 g/kg ethanol, blood ethanol levels were significantly elevated in pre
treated animals as compared with controls (KOFF and FITTS 1972). 

2. Remoxipride 

Acute ethanol adminstration results in at least additive decrements in tests 
of motor function (MATTILA et al. 1988). In 12 healthy volunteers given 
single oral doses of remoxipride 100 mg alone and in combination with 
0.8 g/kg ethanol, psychomotor testing showed deficits that, in the view of the 
authors, were "at least additive" (MATTILLA et al. 1988). 

3. Thioridazine 

Alcohol 0.8 g/kg administered to five healthy male subjects in a placebo
controlled, double-blind, crossover study had no effect on the kinetics of a 
25-mg dose of thioridazine (LINNOILA et al. 1974a). 

The most clinically significant interaction of ethanol with neuroleptics is 
at least additive impairment in psychomotor function. Effects of ethanol on 
the pharmacokinetics of neuroleptics are slight, implying that the interaction 
is likely a pharmacodynamic one (LINNOILA et al. 1974a). 
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XXII. Nitrates 

1. Nitroglycerin 

Acute ethanol administration enhanced nitroglycerin-induced hypotension 
(KAPARI et al. 1984). Nitroglycerin-induced reductions in left ventricular 
preload and afterload were not affected by 1 g/kg ethanol immediately 
preceding sublingual nitroglycerin. However, afterload was significantly de
creased, as compared to the sober state, when nitroglycerin was administered 
1 h after ethanol (KAPARI et al. 1984). 

XXIII. Opioids 

Acute ethanol administration causes inhibition of opiate binding in animal 
models, but the evidence in humans is inconclusive. One animal study (using 
mouse caudate membranes) showed increased 3H-dihydromorphine binding 
at the physiologically attainable ethanol concentration of SOmM, but de
creased 3H-dihydromorphine binding at higher ethanol concentrations of 
2S0-1000mM (TABAKOFF and HOFFMAN 1983). In another study using the 
mouse neuroblastoma-rat glioma hybrid cell line, NG108-1S, ethanol at 
200mM inhibited opiate receptor binding acutely (CHARNESS et al. 1983). 
The inhibitory effects on opiate binding in these two studies occurred only at 
ethanol levels that were far above what could be accomplished in a living 
animal, so they are probably not clinically significant. 

CUSHMAN and colleagues (1987) reviewed 12 studies of endogenous 
opiate peptide involvement in ethanol intoxication or withdrawal in humans 
using naloxone as a probe. They concluded that, although the data are 
inconclusive, they do not appear to support a major modification of ethanol 
intoxication by opiate antagonists (CUSHMAN et al. 1978). Any purported 
effect of naloxone on reversal of ethanol overdose is probably due to 
improved circulatory status and decreased brain ischemia, rather than to 
direct antagonism of ethanol. 

More recent data suggest that naltrexone can significantly decrease 
relapse in alcoholics (VOLPICELLI et al. 1992; O'MALLEY et al. 1992). In one 
double-blind, placebo-controlled study in which 70 male alcoholics were 
given naltrexone SO mg/day as an adjunct to psychosocial treatment, 23% of 
subjects taking naltrexone relapsed as compared with S4.3% of subjects 
taking placebo (VOLPICELLI et al. 1992). In placebo-treated patients, 9S% of 
patients who sampled alcohol relapsed, while only SO% of the naltrexone
treated subjects relapsed after alcohol exposure. The authors state that the 
effect of naltrexone was in the patients who sampled alcohol, suggesting that 
naltexone altered some aspect of the experience of drinking. 
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1. Methadone 

Chronic ethanol adminstration increases hepatic metabolism of methadone 
in rodent models (BOROWSKY and LIEBER 1978). Chronic administration of 
ethanol resulted in decreased levels of unmetabolized methadone in brain 
and liver of live rats, and in vitro studies of hepatic micro somes showed 
increased N-demethylation of methadone (BOROWSKY and LIEBER 1978). 

Acute ethanol administration decreases hepatic metabolism of metha
done in rodent models (BOROWSKY and LIEBER 1978) and more variably in 
humans (CUSHMAN et al. 1987; KREEK 1984). Oral administration of 90ml of 
a 50% solution of ethanol (approximately three standard drinks) to subjects 
on a stable dose of methadone produced no significant changes in plasma 
levels of methadone and no significant changes in ethanol metabolism 
(CUSHMAN et al. 1987), but preliminary data from the same group suggest 
that higher doses of ethanol may inhibit methadone biotransformation 
(KREEK 1984). In rats, acute administration of ethanol resulted in increased 
brain and liver concentrations of methadone, and decreased biliary output 
of pharmacologically active metabolites (BOROWSKY and LIEBER 1978). In 
vitro, ethanol inhibited N-demethylation of methadone by microsomes from 
livers of naive rats (BOROWSKY and LIEBER 1978). There may be clinically 
relevant inhibition of methadone metabolism that results from alcohol in
toxication, which is not uncommon among methadone maintenance patients. 

2. Propoxyphene 

Acute ethanol administration may increase toxicity of propoxyphene. There 
are no human kinetic studies, but a review of 1000 propoxyphene-related 
deaths showed that alcohol was involved in 42% of cases (FINKLE et al. 
1976). One animals study in rats suggests that ethanol may increase systemic 
availability of propoxyphene by inhibition of presytemic hepatic biotrans
formation (OGUMA and LEVY 1981). 

XXIV. Oral Contraceptives 

Conflicting data exist concerning the effects of acute ethanol on the kinetics 
of oral contraceptives, but limited evidence suggests that oral contraceptives 
may antagonize ethanol-induced decrements in psychomotor function (JONES 
and JONES 1984; HOBBES et al. 1975). Decreased ethanol elimination rate 
(105 vs. 121mgkg-1 h-1) was seen in women decribed as "light to moderate 
social drinkers" taking oral contraceptives, as compared with healthy con
trols (JONES and JONES 1984). However, in another study of women de
scribed as light to moderate drinkers, there was no difference in peak 
plasma ethanol concentration, mean time to peak, mean AVC, or mean rate 
of ethanol disappearance between groups taking and not taking estrogen
containing oral contraceptives, but the oral contraceptive group had less 
impairment on two psychomotor tests (HOBBES et al. 1975). 
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XXV. Oral Hypoglycemics 

1. Chlorpropramide 

Acute ethanol administration may cause moderate flushing reactions 
(FITZGERALD et al. 1968) thought to be secondary to inhibition of aldehyde 
dehydrogenase by chlorpropramide (PODGAINY and BRESSLER 1968). 

2. Tolbutamide 

Tolbutamide elimination half-life is decreased in alcoholics (232 ± 40 vs. 384 
± 76min) as compared with controls (CARULLI et al. 1971). This decrease 
has been demonstrated in other studies (KATER et al. 1969; SHAH et al. 1972) 
and normalizes over time with abstinence (SHAH et al. 1972). 

On the other hand, tolbutamide elimination half-life is increased by 
acute ethanol administration. In nondiabetics, tolbutamide elimination half
life was increased by 39.8% during i.v. ethanol infusion (CARULLI et al. 
1971). Diabetics treated with tolbutamide showed an increased rate of 
ethanol clearance (9 ± 5.7 vs. 11.5 ± 2.1 mg/100ml blood/h) as compared 
with nondiabetic controls (CARULLI et al. 1971). 

XXVI. Sedative-Hypnotics 

1. Chloral Hydrate 

Acute ethanol administration alters chloral hydrate biotransformation, re
sulting in higher levels of the active metabolite trichloroethanol, and the 
combination produces decrements of psychomotor function that are at least 
additive. In several human studies, ethanol caused earlier and higher peak 
concentrations of trichloroethanol, the active metabolite of chloral hydrate 
produced by alcohol dehydrogenase (KAPLAN et al. 1967; SELLERS et al. 
1972a) and decreased levels of trichloroacetic acid (SELLERS et al. 1972a). 
The mechanism appears to involve, through ethanol stimulation of NADH, 
production which increases the rate of chloral hydrate reduction to trichloro
ethanol by liver alcohol dehydrogenase (SELLERS et al. 1972a). First-order 
elimination of trichloroethanol was unaffected by ethanol (SELLERS et al. 
1972a). Chloral hydrate ingestion also increases peak blood ethanol concen
tration (SELLERS et al. 1972a) although at least one earlier study did not find 
this (KAPLAN et al. 1967). Increased peak blood alcohol levels may result 
from trichloroethanol impairment of the metabolism of ethanol to acetalde
hyde. Ethanol and chloral hydrate are at least additive, if not synergistic, in 
their impairment of complex motor tasks and auditory vigilance (SELLERS et 
al. 1972b). 
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2. Glutethimide 

Glutethimide increases levels of acutely administered ethanol and causes at 
least additive decrements in tests of motor function. Glutethimide 250 mg 
given with ethanol (100ml vodka = 40% ethanol w/v) to six healthy subjects 
increased serum ethanol levels from 11 % to 30%, while ethanol in the same 
paradigm lowered glutethimide levels (MOULD et al. 1972). Reaction time 
tests were affected when the drugs were given in combination, but not when 
they were given alone. Tracking and finger tapping tests were impaired 
more with glutethimide alone than with ethanol alone or in combination 
(MOULD et al. 1972). 

3. Meprobamate 

Chronic ethanol administration increases meprobamate clearance through 
induction of hepatic microsomal enzymes. For 1 month, eight volunteers 
(four alcoholics and four nonalcoholics) received ethanol as an isocaloric 
substitute for carbohydrates (up to 46% of total calories). Meprobamate 
clearance increased from pre-ethanol feeding of 16.7 ± 2.5 mg/lOO ml/h for 
the alcoholics and 13.7 ± 1.0 for the non alcoholics to 18.5 ± 2 and 23.8 ± 2, 
respectively (MISRA et al. 1971). 

Acute ethanol administration with meprobamate results in at least addi
tive decrements in tests of motor function. In 22 normal subjects given 
meprobamate 1200mg/day for 1 week, ethanol (sufficient to produce a 
serum concentration of 0.05%) was given alone, and in combination with 
a 300-mg meprobamate tablet. Ethanol and meprobamate were at least 
additive in their impairment of performance on eight psychological tests 
(ZIRKLE et al. 1960). In another series of studies, prolonged administration 
of meprobamate had an ameliorative effect on alcohol-induced changes in a 
single motor coordination task (CARPENTER et al. 1975). This is consistent 
with cross-tolerance between meprobamate and ethanol. 

XXVII. Salicylates 

Acutely administered ethanol potentiates aspirin-induced prolongation of 
bleeding time. In nine subjects given 50 g ethanol (the equivalent of two 
drinks of 86% proof whiskey) and 325 mg aspirin, bleeding time was pro
longed (DEYKIN et al. 1982). Aspirin increases bioavailability of ethanol in 
the fed state (ROINE et al. 1990b) but not in the fasted state (LINNOILA et al. 
1974c; TRUITT et al. 1987) and aspirin decreases ADH activity in human and 
rat gastric mucosa (ROINE et al. 1990b). 

XXVIII. Tobacco 

There are no direct studies on interactions between ethanol and tobacco, 
but many studies have looked at how drinking ethanol influences smoking. 
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In one study based on questionnaires sent to 103 alcoholic outpatients in 
Ontario, 93% of male alcoholics and 91% of female alcoholics smoked 
cigarettes as compared to 63% and 33%, respectively, in the general popu
lation (DREHER and FRASER 1967). In another study comparing 57 hospitalized 
alcoholics and 50 nonhospitalized control subjects, the alcoholics smoked an 
average of 48.7 cigarettes/day as compared with 12.5/day in the control 
group. The influence of hospitalization was not accounted for (MALETZKY 

and KLOTTER 1974). A study conducted in a residential laboratory also found 
that ethanol significantly increased cigarette consumption and that this was 
independent of socialization (GRIFFITHS et al. 1976). Other researchers have 
also noted covariation between drinking and cigarette smoking (MELLO and 
MENDELSON 1988a,b). 

In summary, ethanol interacts with a large number of other drugs, and, 
given the significant prevalence of alcohol consumption in our society, these 
interactions are of great clinical importance. Long-term ethanol use often 
has effects opposite to short-term use, and both must be considered in the 
selection of appropriate pharmaceutical agents and in the education of 
patients. 
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CHAPTER 20 

Pharmacotherapies for Alcoholism: 
Theoretical and Methodological Perspectives 

H.R. KRANZLER, A.T. McLELLAN, and M.J. BORN 

A. Pharmacologic Approaches to Relapse Prevention 
in Alcoholics 

"Historically, psychotropic drug discoveries have been made, for the most 
part, by observant and experienced clinicians making serendipitous findings 
in the course of trying a candidate drug molecule on patients suffering from 
a variety of clinical complaints and using traditional interview and ob
servational techniques rather than studying homogeneous groups of patients 
with formal assessment instruments" (LASAGNA 1991, p. 263). In addition to 
serendipity, developments in the pharmacotherapy of alcoholism have also 
depended on the availability of medications for other clinical uses, rather 
than on a particular theoretical rationale or compelling preclinical data. 
However, in recent years preclinical investigation of the effects of a variety 
of drugs on alcohol consumption has increasingly set the stage for clinical 
trials in alcoholism. This evolution is apparent with the opioidergic, 
serotonergic, and GABAergic compounds that are the focus of recent 
clinical investigation in alcoholism. Future clinical developments are likely 
to be informed also by molecular investigation. A promising approach might 
involve the identification of agents that act selectively in those precise 
regions of the brain that control alcohol consumption and dependence for
mation. Molecular neurobiologic techniques are likely to be instrumental 
both in the identification of these regions and in the testing of agents that 
modify subcellular responses to alcohol. 

In the context of a more rational approach to medications development, 
MEYER (1989, 1992) has elaborated six major areas in which initiatives in the 
pharmacotherapy of alcoholism are most promising. These include the 
amelioration of protracted abstinence; the reduction of desire to drink as 
part of a general effect on consummatory behavior; the remediation of 
alcohol-induced cognitive impairment; the blocking of alcohol's reinforcing 
effects; the production of aversive reactions as a consequence of alcohol 
consumption (without the problems associated with disulfiram therapy); 
and the treatment of psychopathology that is comorbid with alcoholism. 

These approaches to relapse prevention have largely been covered in 
the preceding chapters of this volume. The remainder of this chapter will, 
therefore, be devoted to three other considerations. These include matching 
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pharmacotherapies to specific patient characteristics in an effort to enhance 
treatment outcome; methodologic issues in the assessment of pharmaco
therapies for relapse prevention in alcoholics; and speculation concerning 
what the future may hold for developments in the pharmacotherapy of 
alcoholism. 

B. Treatment Matching 

I. Matching Based Upon Comorbid Psychopathology 

Given evidence that heavy drinking or drug use represents an effort on the 
part of some individuals to self-medicate underlying psychiatric symptoms, 
one strategy for preventing relapse in these patients is the treatment of 
comorbid psychiatric disorders (MEYER 1986a, 1989). Inherent in this effort 
is the notion of treatment matching (MEYER 1992). Thus one practical and 
promising approach to matching particular kinds of alcoholism treatment to 
particular "types" of alcoholic patients is based on the presence of specific 
psychopathology. 

There is both a clinical and research basis to recommend this approach. 
It is well known in the clinical setting and in the clinical literature that the 
presence of symptoms of anxiety, depression, paranoia, etc. are intimately 
and interactively associated with the use of alcohol and drugs. The ongoing 
debate regarding the etiological relationship between psychiatric illness and 
substance abuse (MEYER 1986b; SCHUCKIT 1994) may never be completely 
resolved. Nonetheless, it is clear that symptoms of psychiatric illness can 
serve as powerful triggers to relapse in abstinent individuals and that sub
stance abuse can produce significant psychiatric symptoms (KRANZLER and 
LIEBOWITZ 1988). Thus, on clinical grounds, it is reasonable to consider the 
treatment of comorbid psychiatric symptoms as a means of indirectly reduc
ing the risk of relapse to substance abuse. 

There are also data indicating that the severity of psychiatric symptoms 
among substance abuse patients at the start of treatment is predictive of 
outcome following that treatment. This has been shown repeatedly with 
opiate-dependent patients, alcohol-dependent patients (McLELLAN et al. 
1983, 1985; ROUNSAVILLE et al. 1986, 1987), and more recently with cocaine
dependent individuals seeking treatment (Havassy et al., in press). Among 
the most common coexisting psychiatric disorders in alcoholics are mood 
disorders, particularly major depression, and anxiety disorders (Bohn and 
Hersh, this volume). Both groups of disorders respond well to medications 
in nonalcoholic patients. Thus in the text that follows, we examine the 
efficacy of pharmacotherapy for comorbid anxiety and depressive symp
toms/disorders in alcoholics, as a means of reducing drinking. 
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1. Anxiety and Alcoholism 

KISSIN (1975) listed three optimal qualities for an anxiolytic in the treatment 
of chronic alcoholism: (1) it should be effective in maintaining individuals in 
treatment; (2) it should have a low abuse potential; and (3) it should not 
potentiate the effects of alcohol. He reviewed a number of studies that 
showed chlordiazepoxide to be effective in retaining alcoholics in long-term 
outpatient treatment. Though benzodiazepines are the most widely studied 
and prescribed anxiolytics, their potential both for abuse by alcoholics and 
for potentiating the sedative and disinhibiting effects and motor impairment 
produced by alcohol would appear to contraindicate their prolonged use in 
this patient population (CIRAULO et al. 1988a). In light of these con
siderations, a non-benzodiazepine anxiolytic such as buspirone hydro
chloride (TAYLOR et al. 1985) may be of particular utility in the treatment of 
comorbid anxiety and alcoholism. In contrast to benzodiazepines, buspirone 
does not enhance alcohol-induced impairment of psychomotor skills 
(MATIILA et al. 1982; SEPPALA et al. 1982), nor is it known to have abuse 
liability (BALSTER 1990; COLE et al. 1982; GRIFFITH et al. 1986). 

A number of studies of the efficacy of the non-benzodiazepine anxiolytic 
buspirone in alcoholics are reviewed in detail in the chapters in this volume 
by Romach and Tomkins and by Bohn and Hersh. In general, these studies 
have shown buspirone to be safe and effective in reducing anxiety when 
used in a well-selected subgroup of alcoholics with substantial comorbid 
anxiety. Perhaps the most consistent and potent effect of the medication has 
been enhanced retention of alcoholics in treatment. However, there are 
limited data concerning the impact of treatment with buspirone on risk of 
relapse to heavy drinking. Future investigations should systematically 
evaluate the efficacy of buspirone, in combination with different psy
chotherapeutic interventions, in reducing both anxiety symptoms and 
drinking in groups of abstinent, anxious alcoholics. Skills training for 
management of both anxiety symptoms and drinking might, for example, be 
compared with supportive therapy using a factorial (i.e., medication x 
psychotherapy) study design. 

2. Depression and Alcoholism 

Tricyclic antidepressants (TCAs) have been widely used in the treatment of 
depression in alcoholic patients. Controlled trials of the TCAs have been 
conducted in heterogeneous groups of alcoholics and reviewers are generally 
negative in their assessments (PATIISON 1979; SCHUCKIT 1979). However, 
most studies have employed inadequate oral dosage of the TCA, ignoring 
the findings that both cigarette smoking and heavy drinking can stimulate 
drug metabolism, potentially yielding plasma levels that are ineffective for 
treatment of depression (CIRAULO et al. 1982, 1988b). Studies of doxepin 
and amitriptyline in alcoholics used dosages that would now be con
sidered barely adequate for nonalcoholic depressed patients. Despite these 
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limitations, one study of doxepin and one of amitriptyline in unselected 
alcoholics showed some positive effects on mood (CIRAULO and JAFFE 1981). 

A recent placebo-controlled trial of desipramine in both depressed and 
non depressed alcoholics addressed many of the methodologic shortcomings 
of prior studies (MASON and KOSCIS 1991). In this study depressed alcoholics 
treated with desipramine had significantly greater reductions in depressive 
symptoms than did depressed alcoholics treated with placebo. Furthermore, 
there was a trend for desipramine-treated alcoholics to have a lower rate of 
relapse and longer periods of sobriety than placebo-treated alcoholics, 
independent of depression status (MASON and KOSCIS 1991). NUNES and 
colleagues (1993) used a discontinuation design to compare imipramine with 
placebo in the treatment of depressed alcoholics. These investigators found 
that treatment with the TCA resulted in somewhat fewer relapses to both 
depression and heavy drinking. Even if one accepts the view that most 
instances of postwithdrawal depression will spontaneously remit within a few 
days to several weeks following the initiation of abstinence (BROWN and 
SCHUCKIT 1988; SCHUCKIT 1983), there are still some patients (in some 
samples as many as 20%) with severe and persistent depression requiring 
treatment. In these cases, treatment with a TCA may be effective. 

More recent studies have provided some support for the use of 
fluoxetine for treatment of depression in alcoholics (CORNELIUS et a1. 1992; 
Kranzler et aI., to be published). However, these studies are preliminary 
and more definitive data are needed before this serotonin uptake inhibitor 
(SUI) can be recommended for widespread clinical use in alcoholics. 

II. Matching Based Upon Other Patient Characteristics 

Alcoholism is both complex and multidimensional (BABOR et a1. 1988, 
1992a), so much so that JACOBSON (1976) used the term "alcoholisms" 
to capture the variety and complexity so often observed. Clinicians and 
investigators have sought to reduce and explain this variability by focusing 
on single dimensions or factors (e.g., etiological variables, presenting 
symptoms, drinking patterns) to identify alcoholic subtypes with different 
etiologies, courses, and treatment responses (BABOR and LAUERMAN 1986). 
Unfortunately, single-dimension typologies have not been shown to be 
useful for predicting outcome status following treatment (BABOR et a1. 1988, 
1992a). This recognition, combined with the development of a greater data 
base on alcoholism and more sophisticated multivariate statistical tech
niques, has led to efforts to examine multiple factors concurrently to derive 
alcoholic subtypes. The aim of these efforts has been to identify alcoholic 
subtypes with different etiologies, co-occurring personality or tempera
mental features that might explain the course of alcoholism, and, most 
importantly, differential responses to both psychotherapy and pharmaco
therapy. In the text that follows we examine some recent work that has led 
to two multidimensional typologies of alcoholism. 
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Table 1. Comparative features of two typologies of alcoholism 

Feature "Late onset" "Early onset" 

Type 1a Type Ab Type 2a Type Bb · 

Age at onset (years) After 25 Mean >30 Before 25 Mean <22 
Gender specificity Male or female Male: female Male Male.: female 

= 0.8 limited = 1.7 
Sociopathy Low Low High High 
Binge drinking Frequent Infrequent Infrequent Frequent 
Inability to abstain Uncommon Uncommon Common Common 
Comorbid depression High Low Low High 
Heritability Low Probably low High Probably high 

a Cloninger (1987). 
bBabor et al. (1992b). 

The best known of the multidimensional personality-based typologies of 
alcoholism is the "Type lIType 2" distinction, developed by CLONINGER 

et al. (1981). More recently, BABOR and colleagues (1992b) derived a 
dichotomous typology ("Type A/Type B") that, though similar in many 
respects to the one proposed by CLONINGER (1987), differs in some im
portant ways (Table 1). Together, these two approaches illustrate current 
thinking about the construction of empirically derived typologies that 
are useful for predicting treatment outcome. These typologies also offer 
some potentially useful ideas for matching alcoholics to specific pharmaco
therapies. However, though these typologic approaches are of clear heuristic 
value, their utility for understanding the etiology, natural history, and re
sponse to treatment in alcoholism requires substantially greater empirical 
evaluation (Kranzler and Anton, in press). 

1. Cloninger's Typology 

The "Type lIType 2" distinction was developed by CLONINGER et al. (1981) 
from studies of adopted sons of Swedish alcoholics. Differences in the two 
sUbtypes are thought to result from differences in three basic personality 
(i.e., temperament) traits, each of which has a unique neurochemical and 
genetic substrate (CLONINGER 1987). Type 1 alcoholics are characterized by 
high reward dependence, high harm avoidance, and low novelty seeking. In 
contrast, Type 2 alcoholics are characterized by high novelty seeking, low 
harm avoidance, and low reward dependence. 

The hypothesis by CLONINGER (1987), that specific neurotransmitter 
systems underlie a tridimensional personality structure, is of heuristic value. 
Specifically, dopamine is hypothesized to modulate novelty seeking, and is 
characterized by frequent exploratory behavior and intensely pleasurable 
responses to novel stimuli. Dopaminergic neurons predominate in those 
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brain regions (such as the caudate and nucleus accumbens) that subserve 
both behavioral activation and the reinforcing effects of a number of appeti
tive behaviors, including the self-administration of a variety of drugs of 
abuse (DI CHIARA and IMPERATO 1988). Serotonin (5-HT) is hypothesized to 
modulate harm avoidance, which is characterized by a tendency to respond 
intensely to aversive stimuli and their conditioned signals. Serotonin also 
appears to playa role in the control of mood, impulsivity, aggression, and 
alcohol preference and consumption (COCCARO and MURPHY 1990; NARANJO 
et al. 1986; Roy et al. 1990). Finally, norepinephrine is hypothesized to 
modulate reward dependence, or the resistance to extinction of previously 
rewarded behavior. 

Though recent work by SCHUCKIT and colleagues (1990) and GLENN and 
NIXON (1991) has failed to provide empiric support for this tridimensional 
personality scheme, Cloninger's typology has generated substantial research. 
This explanatory model of personality has also been extended to include 
elements of character which, together with the elements of temperament 
described above, yield a seven-factor model of personality (CLONINGER 
et al. 1993). To the degree that these or other personality dimensions are 
replicable and can be linked to neurobiologic substrates underlying alcoholic 
subtypes, they provide a useful approach to the development of medications 
for relapse prevention. 

2. The "Type A/Type B" Distinction of Babor and Colleagues 

Important features of the typology of Babor et al. (1992b) are that it was 
derived from a clinical sample of inpatient alcoholics using an empirical 
clustering technique and it has been successful in predicting the response to 
alcoholism treatment (BABOR et al. 1992b; LITT et al. 1992). LITT et al. 
(1992) found an effect of matching sUbtypes of alcoholic patients to psy
chotherapeutic treatments, suggesting that empirically derived, multivariate 
typological classifications may provide a useful basis for selecting treatment. 

GERRA and colleagues (1992) prospectively matched alcoholics (based 
only on parental history of alcoholism) to pharmacologic treatments. In that 
study, alcoholics with a parental history of alcoholism responded preferen
tially to fluoxetine. However, Kranzler et al. (to be published) were unable 
to replicate these findings. Insofar as typologies based on a single dimension 
(including family history of alcoholism) have been shown to be poor in
dependent predictors of outcome status (BABOR et al. 1988; BABOR et al. 
1992a), it is unclear how useful they may be for matching alcoholic patients 
with specific pharmacologic treatments. 

Biological and clinical data from work by BUYDENS-BRANCHEY and 
colleagues (1989a, 1989b) may help to clarify some differences that exist 
between the multivariate typologies discussed above. These investigators 
distinguished between early-onset and late-onset alcoholism in a sample of 
patients consecutively admitted to an inpatient rehabilitation program. The 



Pharmacotherapies for Alcoholism 519 

typology described by these investigators resembles the typology of BABOR 
et al. (1992b), with early-onset alcoholics having a greater family history of 
alcoholism, more antisocial behavior, and more comorbid mood disorder. 
Among the patients studied by BUYDENS-BRANCHEY et al. (1989a), those 
with early-onset alcoholism were found to have been incarcerated more 
frequently for violent crimes, to have made more suicide attempts, and to 
have been depressed more often than patients with later onset of their 
alcoholism. Furthermore, among the early-onset group, there was an 
inverse relationship between a measure of central serotonergic activity and 
measures of depression and aggressivity (BUYDENS-BRANCHEY et al. 1989b). 
This, together with increased depressive symptoms in early-onset alcoholics, 
suggests that drugs that enhance 5-HT function, such as the SUIs, may be 
particularly useful in the treatment of this alcoholic subtype. To date, 
however, there are no published studies in which the efficacy of an SUI has 
been compared in early-onset and late-onset alcoholics. 

In an effort to assess the role of serotonergic neurotransmission in 
alcoholism, BENKELFAT and colleagues (1991) conducted a pharmacologic 
challenge study in alcoholics using m-chlorophenylpiperazine (m-CPP), a 
serotonergic partial agonist. They found that the drug elicited euphoria and 
craving for alcoholics in early-onset, but not late-onset alcoholics. KRYSTAL 
et al. (1992) compared subjective and neuroendocrine responses to m-CPP, 
yohimbine (an aradrenoceptor antagonist) and placebo in 11 inpatient male 
alcoholics and 10 healthy control subjects. All subjects completed three test 
days in a randomized, double-blind design. m-CPP produced discriminative 
stimulus effects similar to alcohol (i.e., alcohol-like effects) among the 
alcoholics (whose alcoholism was primarily early-onset), but not among the 
controls. There was also a significant blunting of both plasma cortisol 
and prolactin responses to m-CPP among the alcoholics, compared with 
controls. 

LEE and MELTZER (1991) examined neuroendocrine responses to the 
serotonergic agents L-5-hydroxytryptophan (L-5-HTP, a precursor of 5-HT) 
and MK-212 (a direct 5-HTz/5-HT1C receptor agonist) in alcoholics and 
normal controls. They found a blunted cortisol response to L-5-HTP and a 
blunted prolactin response to MK-212 in the alcoholics, who had mainly 
early-onset disorder. In addition, the alcoholics reported more "alcohol
like" effects of MK-212 and more restlessness, irritability, and anxiety than 
did the controls. 

One interpretation of these findings is that alcoholics (especially those 
with early onset) have an abnormally low capacity to synthesize 5-HT. The 
presence of this chronic deficiency might then result in an adaptive up
regulation of 5-HT receptors, making the system more sensitive to serotonin 
agonist drugs. Together, these findings are consistent with the earlier work 
of BALLENGER et al. (1979), who demonstrated decreased 5-HT turnover in 
alcoholics, and BANKI (1981), who found that the decrease in 5-HT turnover 
in alcoholics correlated with the duration of their abstinence from alcohol. 
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These data are also consistent with the argument by CLONINGER (1987) 
that low harm avoidance, which is hypothesized to result from decreased 
serotonergic tone in the central nervous system, is a central element in 
early-onset alcoholism. 

In summary, there is growing empirical evidence for a dichotomous 
typology of alcoholism, of which one sUbtype may be characterized by 
earlier onset of heavy drinking, greater depression, and antisocial behavior. 
Furthermore, the neuropharmacologic substrates for these pathologic 
mood and behavioral dimensions may be linked through abnormalities in 
serotonergic neurotransmission. Should serotonergic medications prove to 
be efficacious in the treatment of early-onset alcoholism, as might be 
predicted based on pharmacologic challenge studies (BENKELFAT et al. 1991; 
KRYSTAL et al. 1992; LEE and MELTZER 1991), the extent to which this effect 
is mediated by primary effects on mood, rather than on alcoholism per 
se, needs to be considered. In contrast, opioid antagonists have been 
shown to influence the intensity of drinking, with minimal effects on mood 
(O'MALLEY et al. 1992; VOLPICELLI et al. 1992). The likelihood of dif
ferential effects resulting from the use of opioid antagonists in different 
subtypes of alcoholics is unclear, but also warrants empirical evaluation. 

C. Methodologic Issues in Clinical Trials with Alcoholics 
Clinical assessment and the randomized clinical trial remain the standards 
for evaluating the safety and efficacy of prospective psychotropic medi
cations (LEVINE and BAN 1987). In this section, we will discuss in some 
depth those methodologic issues that, while perhaps not unique to clinical 
trials with alcoholics, are of particular relevance to this patient group. 
Clinical trials methodology has developed substantially in recent years and is 
described in detail in works such as those by MEINERT (1986), SPILKER 
(1991), and SPRIET and SIMON (1985). Specific adaptations of clinical trials 
methodology for use in the evaluation of psychiatric medications have also 
been described (GOLDBERG 1987; LEVINE and BAN 1987; OVERALL 1987; 
OVERALL and RHOADES 1987; PRIEN and ROBINSON 1994). Recently, at
tention has been focused on issues specific to clinical trials in alcoholics 
(MEYER 1992; SELLERS and SOBELL 1992). 

Prior to initiation of a clinical trial of a medication for use in alcoholics, 
there should be sufficient preclinical evidence that the medication modifies 
behaviors relevant to the hypothesized clinical effect. Thus, for a medication 
to be tested for relapse prevention, evidence should exist that it reduces 
alcohol self-administration, discriminative stimulus properties, or place 
preference in a relevant animal species (SELLERS and SOB ELL 1992). Medica
tions that are hypothesized to reduce alcohol consumption indirectly 
through direct effects on mood (e.g., antidepressants) and others for which 
suitable animal models have not yet been developed may be exceptions 
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to this approach (SELLERS and SOBELL 1992). However, animal models 
of learned helplessness [e.g., inescapable shock, maternal depriva
tion (McKINNEY 1988)] might be combined with operant drinking paradigms 
to permit preclinical investigation of the effect of anxiolytics and antide
pressants in reducing both distress and alcohol consumption. 

SELLERS and SOBELL (1992) argue that in addition to the use of random 
assignment, double-blind conditions, placebo controls, and parallel group 
designs, medication studies in alcoholics should include two or more dose 
levels of the active drug. Though simple random assignment is widely 
employed in alcoholism clinical trials, its utility requires that an adequate 
number of subjects be randomized to produce a balanced distribution of key 
demographic and clinical features between or among the treatment groups. 
Since exploratory clinical trials often involve relatively small sample sizes, 
it is not uncommon for group differences to arise on key pretreatment 
measures, creating the potential for difficulties in interpreting the results. A 
discussion of stratification and balancing procedures is provided by SPRIET 
and SIMON (1985). One useful alternative to simple randomization is urn 
randomization, a probabilistic balancing procedure that assigns patients to 
conditions so that groups are balanced on preselected key variables (WEI 
1978). In factorial designs, which are often employed to test matching 
hypotheses, urn randomization can insure that there are adequate numbers 
of subjects in all cells and should result in groups that are comparable on a 
variety of key variables at the onset of treatment. 

The integrity of the double-blind design can be questioned in cases 
where an active medication with discriminable effects is compared with an 
inert placebo as the only control treatment (FISHER and GREENBERG 1993; 
OXTOBY et al. 1989). Patients and/or investigators are often able to identify 
correctly the treatments received by the patients in controlled trials (FISHER 
and GREENBERG 1993; OXTOBY et al. 1989), which introduces an element of 
bias that double-blind designs are intended to avoid. Consequently, the use 
of an active placebo (i.e., one that produces side effects without the likeli
hood of producing a therapeutic effect) is recommended (FISHER and 
GREENBERG 1993). In addition, efforts should be made to evaluate the 
integrity of the double-blind. Unfortunately, the validity of the double-blind 
is often not evaluated in pharmacotherapy trials with alcoholics. 

HUGHES and KRAHN (1985) have suggested an approach that can be 
employed to ascertain the degree to which differences between treatment 
groups are attributable to penetration of the double-blind by patients. How
ever, their method depends on there being an overall sample size adequate 
to provide the statistical power necessary to identify differences in treatment 
response among up to six patient subgroups. FISHER and GREENBERG (1993) 
recommend that similar procedures be applied to assess the ability of the 
research personnel conducting the trial to penetrate the blind. 

It cannot be assumed that medications developed for indications other 
than alcoholism will demonstrate the same dose-response relationship when 
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used to treat alcoholism. SELLERS and SOB ELL (1992) suggest that it may be 
preferable in alcoholism treatment studies to use a response-controlled 
design (i.e., one in which the dose is titrated to achieve maximal clinical 
response, taking adverse effects into account), rather than a dose-controlled 
design (i.e., a fixed dose) or a concentration-controlled design (i.e., dose 
titrated to achieve a particular concentration or concentration range). These 
authors also discuss issues such as the features of the patient population 
appropriate for initial clinical trials, key outcome variables, measurement of 
alcohol consumption, measurement of compliance, and the integration of 
pharmacotherapy with psychosocial treatment, most of which are discussed 
in detail below. 

MEYER (1992) has also discussed a number of issues basic to the conduct 
of clinical trials in alcoholics, suggesting that studies of pharmacotherapy in 
alcoholics are more complex than many other areas of treatment research, 
including clinical trials in patients with other psychiatric disorders. He 
emphasizes the need to insure that active treatment and control groups 
receive comparable nonpharmacological treatment and that reliable and 
valid measures of treatment efficacy be employed. 

I. Patient Assessment and Outcome Measurement: 
"For Whom Is One Drink Too Many?" 

The technology for assessment of psychiatric disorders has grown rapidly 
(LEVINE and BAN 1987). The development of specific criteria for psychiatric 
diagnosis (e.g., DSM-IV: American Psychiatric Association 1994; ICD-lO: 
World Health Organization 1992) has enhanced the acceptability of clinical 
diagnosis for the definition of clinical populations (OVERALL 1987). A 
number of structured and semistructured interview techniques (ROBINS et al. 
1981, 1988; SPITZER et al. 1992, WING et al. 1990) -have also been developed 
which increase the reliability and validity of psychiatric diagnosis. 

BABOR and colleagues (in press) have reviewed the literature on 
measurement of drinking outcomes in alcoholism treatment research. They 
recommend that the evaluation of treatment outcome focus on specific in
dicators of drinking behavior, measures of life functioning and health, 
and global indicators of outcome. Instruments that have been tested 
parametrically for their psychometric features and that assess a variety of 
treatment-relevant domains are now available for use in clinical trials with 
alcoholics and other substance abuse patients (HESSELBROCK et al. 1983; 
LETIIERI et al. 1985; McLELLAN et al. 1980, 1992; SKINNER and ALLEN 1982; 
SOBELL et al. 1980). When administered at specified intervals during the 
course of a clinical trial, these instruments permit the assessment of change 
in substance use and related behaviors. A promising area for assessment of 
alcohol consumption is the use of clinical markers, including those that can 
be used to validate self-reported alcohol consumption, a discussion of which 
is included in the chapter by Rommelspacher and Muller in this volume. 
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In the United States, successful alcoholism treatment outcome has 
traditionally been considered to be total and enduring abstinence, which is 
achieved by only a minority of patients (HELZER et al. 1985; POLICH et al. 
1981). In other countries, particularly in Europe, reduction of harm through 
reduced alcohol consumption has been a desirable goal of intervention with 
heavy drinkers (LINDSTROM 1992). Greater tolerance of this approach has 
also developed more recently in the United States, though principally for 
heavy drinkers who are without substantial physical dependence. 

In studies for which total abstinence is considered to be the only success
ful outcome, the measurement of outcome is relatively straightforward (i.e., 
abstinent vs drinking). In contrast, studies aimed at the reduction of alcohol 
consumption generally depend upon continuous outcome measures [e.g., 
drinking days (or conversely, days abstinent) and intensity of drinking]. A 
recurrent issue in relapse prevention trials that employ continuous outcome 
measures is how to define relapse. At the present time, despite the clinical 
and theoretical importance of this issue, there remains no consensus on its 
definition, which limits the ability to compare the efficacy of different 
treatments for relapse prevention. 

The use of abstinence as the only measure of outcome in alcoholism 
treatment studies presents a number of clinical and research problems. From 
a clinical perspective abstinence may be an unrealistic expectation, insofar 
as alcohol dependence is a chronic, relapsing disorder. Similar expectations 
for outcomes following treatment for other chronic medical disorders such 
as hypertension, diabetes mellitus, or rheumatoid arthritis, would lead one 
to ask what proportion of patients treated for those disorders are discharged 
from treatment, free of all medications, and able to remain asymptomatic 
throughout a follow-up period. A more reasonable expectation for treat
ment of a chronic disorder is a reduction in primary symptoms and an 
increase in the functional status of patients, including a reduced need for 
hospitalization. By these standards, the treatment of alcoholism compares 
favorably with those of other medical disorders. 

Since there is some evidence that abstinence may be important in the 
process of recovery from alcoholism (BABOR et al. 1988), this measure has 
some utility as a global indicator of outcome. However, some studies have 
shown that abstinence is not always associated with improvements in other 
areas of function (PATTISON 1969; SIMPSON and SAVAGE 1980). In addition, 
these studies include a significant minority of patients who, despite failing to 
become completely abstinent, nonetheless perform very well on all other 
measures of general functional status. Thus, from a clinical perspective, 
though abstinence may be a desirable goal of alcoholism treatment, it may 
be neither a reasonable standard of treatment effectiveness nor an adequate 
global measure of treatment outcome. 

There are also statistical problems with the use of this dichotomous 
measure as the only outcome in a treatment study. Since a person who has 
drunk continuously every day since treatment began is counted the same as 
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the person who has only drunk a few times, it is clear that the measure lacks 
sensitivity to change. In addition, there is substantial loss of statistical power 
when continuous measures of outcome such as frequency or intensity of 
drinking are converted into a single dichotomous measure. This lack of 
sensitivity translates into the requirement for substantially larger sample 
sizes than might otherwise be the case, in order to find a "true" difference in 
effectiveness. 

Increased recognition of the multivariate nature of alcoholism (BABOR et 
al. 1988, 1992b) has also led investigators to examine a variety of outcomes 
in addition to alcohol consumption, including medical, social, family, and 
psychological functioning. The Addiction Severity Index (ASI, McLELLAN 
et al. 1980, 1992) is a structured interview that is widely used to assess 
change in a variety of areas. The ASI can be scored in each of the problem 
areas to produce a quantitative problem severity profile that describes the 
patient's relative status in the following treatment-related problem areas: 
alcohol abuse, drug abuse, medical status, psychological adjustment, legal 
problems, family/social relations, and employment/financial support. 
Individual items, severity ratings, and composite scores can be used for the 
assessment of patients at intake to treatment and at various follow-up 
intervals. Treatment evaluation research findings (McLELLAN et al. 1983, 
1985) suggest that this information can be useful in assigning patients to 
appropriate treatment modalities and predicting treatment response. 
However, there remains a need for additional psychometrically sound in
struments that are sensitive to both short-term and enduring change in the 
severity of a broad range of alcohol-related and other problems. 

II. Treatment Retention and "How Much Additional Treatment 
Is Too Much Treatment?" 

A thorny methodological problem in clinical trials with alcoholics is the high 
rate of attrition that is often observed. High rates of attrition seriously limit 
the strength of conclusions that can reasonably be drawn from such clinical 
trials in two ways. One major effect of attrition is the unavailability of key 
data on the effect of the study medication(s). This lack of data may require 
the elimination of subjects from statistical analyses and cause a loss of 
statistical power to detect treatment effects. One method that has been 
used to overcome the effects of loss of data is the technique of "endpoint 
analysis" (GOLDBERG 1987; OVERALL 1987; SPRIET and SIMON 1985). This 
technique involves carrying the last known data point, obtained from a 
subject who has left the study, forward to replace the unknown data points 
following the subject's termination. For example, if breathalyzer read
ings are collected weekly on two groups of subjects receiving either an 
experimental or a control treatment and a subject leaves treatment prema
turely, the result of the last breathalyzer is carried forward to replace the 
missing values generated by the loss of the subject. This technique was 
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originally developed for use in educational trials, where tests of acquired 
knowledge or skill (e.g., reading level) were accumulated over time. Under 
these conditions, it is conservative to estimate future acquired knowledge 
using a record of past acquired knowledge. However, in trials with alcohol
or drug-dependent patients it cannot be assumed that the level of perfor
mance seen during the earlier course of treatment is a good indication of the 
performance following dropout, which often reflects a return to alcohol or 
drug use. Consequently, endpoint analysis should probably be restricted to 
studies no longer than 6-12 weeks in duration (GOLDBERG 1987; KLEIN 

1991). 
A second problem with sample attrition is the differential loss of data 

that can occur when more subjects drop out of the test condition than from 
the control condition, or vice versa. In these cases there is not only the loss 
of statistical power to detect significant between-group effects, there is also 
the danger of misinterpreting the true effects of the treatment. For example, 
consider a situation in which a medication group has a 90% retention rate 
and a 60% rate of improvement on a target measure, compared with a 
placebo group in which there is a 50% retention rate and a 70% improve
ment rate on that measure. A direct comparison of the remaining subjects 
might lead to the erroneous conclusion that placebo was superior to the 
active medication. Under these circumstances it is likely that a lower rate of 
improvement was present among subjects who did not complete the study; 
consequently, if all subjects were included in the analysis a beneficial effect 
of the medication might become evident. 

To minimize the effect of subject attrition in clinical trials with al
coholics, efforts should be made to reduce the loss of subjects from treat
ment and evaluation. Furthermore, appropriate statistical approaches 
should be employed to evaluate outcomes in subjects who are lost to 
attrition. 

1. Preventing Attrition 

Though it is not possible to prevent dropout entirely, there are methods that 
may serve to reduce the magnitude of the problem. SPRIET and SIMON (1985) 
discuss a number of causes of sample attrition and methods to prevent it 
(e.g., excluding uncooperative, unmotivated, or unstable patients - which, 
however, limits the ability to generalize the study's findings to the entire 
population of alcohol abusers). 

Combining pharmacotherapy with psychotherapy has also been 
advocated for the prevention of attrition (KLEIN 1991). This may be particu
larly beneficial in reducing differential dropout among placebo-treated 
patients, for whom the absence of medication side effects may result in the 
correct identification of their treatment status, leading them to seek "active 
treatment" elsewhere. The provision of active, relevant treatment also has 
ethical advantages over an inactive placebo alone (KLEIN 1991). Combined 
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use of both medication and psychotherapy in treatment trials for alcoholics 
also has "ecological validity." It is in the context of combined therapy that 
medication is most likely to playa role in alcoholism treatment (SELLERS et 
al. 1981), making that the most appropriate context in which to evaluate 
potential pharmacotherapies. There may be a concern, however, that the 
provision of psychotherapy will make it more difficult to detect a medication 
effect, since the between-group variability in outcome will be reduced 
by psychotherapeutic effects on subjects in both study groups (KLEIN 
1991; Kranzler et al., to be published). A number of studies of the effects of 
medications on alcohol consumption, particularly in "heavy drinkers," have 
not included any psychosocial treatment, since the subjects were not seeking 
treatment (NARANJO et al. 1984, 1987, 1989, 1990; TONEATTO et al. 1991). 
Rather, these studies recruited actively drinking subjects who were not 
motivated to reduce their drinking. Based upon this, decreases in con
sumption that exceed those during the pretreatment baseline period or 
during placebo treatment were attributed to the pharmacologic effects of the 
medication being evaluated. 

Studies have shown that the addition of psychosocial services and 
therapies can enhance the effects of a medication with well-demonstrated 
efficacy. A recent study by McLELLAN and colleagues (1993) in methadone
maintained patients showed that the addition of drug counseling to metha
done treatment resulted in reduced illicit drug use, as well as improvement 
on a variety of other outcome measures. The addition of other treatment 
services, including on-site medical, psychiatric, family, and employment 
counseling services, resulted in significantly greater improvement in out
comes. These data indicate that, despite receiving the same average dosage 
of methadone, the provision of even modest amounts of psychosocial ser
vices (i.e., drug counseling) significantly enhanced the effects of medication. 
Similarly, O'MALLEY and colleagues (1992) found that relapse prevention 
psychotherapy enhanced the efficacy of naltrexone in preventing alcoholic 
relapses. Thus, it is possible that the provision of medication without 
adequate concomitant psychosocial treatment might lead to a substantial 
underestimation of the effectiveness of the medication. 

Comparative studies of medication and psychotherapy for major depres
sion and panic disorder indicate that these treatments have different target 
symptoms (KLEIN 1991). Similar findings are beginning to emerge in studies 
of alcoholism treatment (O'MALLEY et al. 1992). Factorial study designs 
(KERLINGER 1986) make it possible to examine the effects of two or more 
independent variables and their interactive effects on a dependent variable 
(e.g., drinking behavior). Such designs may thereby yield findings of unique 
utility for alcoholism treatment through examination of the main and 
interactive effects of specific medications and specific psychotherapies with 
one another and with alcoholic SUbtypes. 
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2. Analysis of Outcomes When Attrition Occurs 

Some of the problems associated with attrition can be avoided by using an 
"intention to treat" analysis plan (MEINERT 1986; SPRIET and SIMON 1985; 
SPILKER 1991), in which all subjects who enter a study are followed and their 
outcomes measured, regardless of whether they complete the planned 
treatment. This strategy is particularly useful when subjects can be located 
and evaluated at the time they were scheduled to complete treatment. The 
need to follow all patients, including those who do not complete the study, 
should be discussed with patients prior to initiating the study treatment (i.e., 
as part of the informed consent procedure). 

Statistical methods for evaluating treatment outcome where subject 
attrition is a problem include life table (i.e., survival) analysis (MEYER 1992). 
This method, based on a definable event, makes it possible to compare the 
clinical course of subjects across treatment groups (LEE 1992). Though the 
parallel-groups design appears to lend itself well to repeated measures 
analysis of variance, missing data are particularly problematic for this 
approach (OVERALL 1987). Consequently, analysis of covariance (with 
pretreatment values entered as covariates) is the most widely used approach 
for testing the significance of treatment effects in clinical trials (OVERALL 
1987). Though analysis of variance is the classical technique applied to 
experimental designs, statistical evaluation of treatment outcome may 
also be accomplished using multiple regression (COHEN and COHEN 1983; 
DERLINGER and PEDHAZUR 1973). In studies involving relatively small sample 
sizes (i.e., fewer than 50 subjects per treatment arm) and continuous in
dependent variables (other than treatment condition), this approach 
provides a powerful method to evaluate the effect of interactions (including 
matching effects) on treatment outcome (AIKEN and WEST 1991; KADDEN et 
al. 1989; KRANZLER et al., in press). An alternative to regression analysis for 
evaluation of treatment matching, particularly in studies with larger sample 
sizes, is to block on a matching variable (i.e., create discrete subgroups 
based on that variable) and use it, along with treatment group (e.g., active 
medication vs control), as independent variables in a two-way analysis of 
covariance. 

III. Maximizing Compliance and Determining 
"How Well You've Done" 

Noncompliance with medication has been shown to range from about 15% 
to 93% (GREENBERG 1984). The rate of noncompliance varies with the illness 
being treated, the distress associated with its symptoms, and the adverse 
effects associated with the study medication. The potential for non
compliance is often greater when the risk from the illness is perceived by the 
patient to be small (SPRIET and SIMON 1985). It has been suggested that 
alcoholics are less likely than other patient populations to comply fully with 
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medication regimens (MEYER 1992). Failure to ascertain the extent of non
compliance in an outpatient pharmacotherapy trial may lead to invalid 
conclusions (LASAGNA 1991), e.g., that the medication is efficacious (as a 
consequence of the fact that the placebo group was less compliant) or that 
the medication lacked efficacy (as a consequence of the fact that the active 
drug group was less compliant). 

Efforts should be made to maximize compliance with the treatment 
regimen. One approach to maximizing compliance is to minimize side effects 
by using a low (i.e., minimum effective) dosage of the active medication. 
However, this may result in inadequate dosing and the mistaken conclusion 
that the medication lacks efficacy (KLEIN 1991). An alternative approach 
that should permit an adequate assessment of the medication without undue 
attrition or poor compliance is to determine the maximum tolerable dosage 
under carefully supervised conditions, prior to the initiation of a controlled 
clinical trial (KLEIN 1991). The use of a response-controlled design (SELLERS 

and SOB ELL 1992), discussed above, may also enhance compliance. 
Once the clinical trial has been initiated, careful monitoring of adverse 

effects and appropriate changes in medication dosage (as permitted in the 
study protocol) to minimize these effects should help to reduce attrition and 
maximize compliance. The less demanding the requirements of the study 
protocol (e.g., once-daily dosage of a medication), the greater the likelihood 
of compliance. As is true with efforts to reduce sample attrition, con
comitant psychotherapy may enhance compliance with the study medication, 
through the therapist's active encouragement of the patient and by the 
development of individualized strategies to enhance compliance (RUSSELL 

1984). Similarly, the attitudes of the treatment staff and the relationship that 
develops between staff and patients may have an impact on compliance. 
Attitudes toward alcoholism may be particularly important in this regard; a 
non-judgmental approach is an intrinic element in the psychotherapeutic 
relationship. Other methods of improving compliance are reviewed in detail 
by SPILKER (1991), including simplifying the demands of the protocol on 
patients, minimizing the number and duration of unpleasant or painful tests, 
maintaining relatively frequent contact with patients, allowing for flexible 
dosing regimens to deal with adverse reactions, and planning patient visits at 
a mutually convenient time. As can be seen from this list, methods to 
enhance compliance are largely commonsensical. Unfortunately, they have 
not been systematically evaluated (SPILKER 1991). 

Compliance with both active and control medications should also 
be monitored to determine whether the study has provided an adequate 
evaluation of the active medication. A number of authors (GORDIS 1984; 
SPILKER 1991; SPRIET and SIMON 1985) discuss the relative merits of different 
approaches to evaluating compliance in clinical trials. Indirect methods 
depend on patient reports or on data that can be modified by the patient, 
while direct methods provide proof of the extent of compliance (SPILKER 

1991). Questioning the patient is the simplest and most straightforward 



Pharmacotherapies for Alcoholism 529 

method, but this often results in an overestimate of compliance (SPRIET 
and SIMON 1985), a problem that theoretically would be greater among 
alcoholics. Counting tablets or capsules returned may also be useful, but 
tests of the validity of this method have yielded mixed results (PULLAR et al. 
1989; ROTH et al. 1970; RUDD et al. 1989; YOUNG et al. 1984). Supervision of 
drug intake is feasible only with inpatient studies, making it unsuitable for 
the evaluation of medications for relapse prevention in alcoholics. 

The detection in biological fluids of the drug being studied, its meta
bolites, or a tracer substance ingested at the same time as the drug, are 
direct methods that may be particularly suited to use in trials with al
coholics. Such methods do not depend on the accuracy of self-report. 
These techniques may be particularly useful in conjunction with behavioral 
counseling, in that they may permit the rapid identification of patients who 
are noncompliant with the dosing regimen, so that counseling to enhance 
compliance can be implemented (RUSSELL 1984). Plasma or urinary drug 
determinations can provide an accurate gauge of compliance with an active 
medication or an active control, but compliance with placebo treatment is 
not amenable to this approach. Furthermore, drug level determinations are 
often technically difficult and costly to perform and, in most cases, provide 
information only about recent ingestion of the drug (SPRIET and SIMON 
1985). A tracer added to a medication must be nontoxic at the doses used, 
stable in biological fluids, easily and accurately detected, and biologically 
inert (SPILKER 1991). A variety of tracer substances, including methylene 
blue, phenol red, isoniazid, fluorescein, riboflavin, bromide, and phenobarbi
tal, have been employed to measure compliance (KRAUS et al. 1987; PULLAR 
et al. 1989; ROTH et al. 1970; SPRIET and SIMON 1985; YOUNG et al. 1984). 
Depending on the rate of excretion of the tracer used, however, this method 
may also provide information only about recent ingestion of the drug. 
Furthermore, although a tracer substance may itself be biologically inert, its 
addition to an active drug preparation may result in an alteration of the 
drug's bioavailability. 

LASAGNA (1991) has suggested that microelectronic monitoring tech
niques (e.g., a pill container that records the frequency with which it is 
opened) are more useful than pill counts or spot blood or urine levels 
(including, presumably, levels of compliance markers such as riboflavin). 
Such methods provide continuous assessments of the marked variability in 
medication compliance (GORDIS 1984; RUDD et al. 1989), which other 
methods do not adequately measure (CHEUNG et al. 1988; CRAMER et al. 
1989; RUDD et al. 1981). Unfortunately, such technology is costly and offers 
no guarantee of accuracy. Subjects who turn the containers they receive to 
other purposes, such as the storage of drugs of abuse, will readily confound 
the assessment of compliance. 

SULLIVAN et al. (1989) examined the impact of stringent selection 
criteria and compliance monitoring and reinforcement procedures in 
medication studies in heavy drinkers (NARANJO et al. 1984, 1987). These 
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investigators used a variety of both direct and indirect methods to monitor 
compliance. They found that limiting study participation to those subjects 
who attended an initial assessment, met admission criteria, and successfully 
completed a baseline period resulted in good compliance with the study 
protocol. While this approach indicates that good compliance can be 
achieved in heavy drinkers, stringent selection criteria limit the extent to 
which the study results can be generalized to the population of alcoholics for 
whom medications may provide an important dimension of relapse preven
tion treatment. 

IV. "How Long to Treat? Then What?" 

Many psychiatric medications require substantial time for their specific 
beneficial effects to appear. The hypothesized mechanism by which a 
medication may exert its therapeutic effects will often set the lower bounds 
of study duration. Since alcoholism often has a chronic, fluctuating course, 
an adequate evaluation of treatment effects requires a considerable period 
of observation. 

Medications with a short duration of effect may be useful in the initia
tion or early maintenance of abstinence or reduced alcohol consumption. In 
such cases, a trial as short as 3 weeks may be adequate. In contrast, 
medications may serve to enhance the acquisition of skills that enable 
patients to cope more effectively with precipitants to drinking, thereby 
preventing relapse or reducing its severity. Conversely, relapse prevention 
training (MARLATT and GORDON 1985) may serve to enhance the magnitude 
and duration of medication effects (GALLANT 1993; KRANZLER et aI., in 
press). Under these circumstances a longer period of treatment (e.g., 12 or 
more weeks) may be required to evaluate the effects of the medication. In 
addition, a post-treatment follow-up period provides the opportunity to 
assess delayed and/or enduring treatment effects. 

Though the combination of pharmacotherapy and psychotherapy might 
be expected to produce more persistent effects than either treatment 
modality alone, this has not yet been evaluated empirically. A similar 
commonsense assumption is that a longer duration of alcohol treatment 
results in better outcomes. Recent studies have not borne this out, however, 
and increasing the length of alcohol treatment does not result in better 
outcomes compared with briefer interventions (Institute of Medicine 1990). 
Unfortunately, the alcoholism treatment literature does not yet provide 
clear guidelines for determining the optimal duration of pharmacologic 
interventions. Both the replication of recent findings with medications such 
as buspirone and naltrexone and the identification of other medications that 
facilitate relapse prevention will make the optimal duration of treatment a 
more pressing question for investigation. 
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D. What May the Future Hold? 

It appears that we may be in a watershed period for the development of 
pharmacotherapies for alcoholism. If the early studies with naltrexone 
(O'MALLEY et al. 1992; VOLPICELLI et al. 1992) provide an accurate estimate 
of the effectiveness of that medication for relapse prevention, the current 
situation may be similar to that which existed for the treatment of major 
depression in the mid-1950s. Although since that time numerous antide
pressants have been developed and are now being prescribed regularly 
throughout the world, imipramine remains the standard against which they 
are measured. In addition, the treatment of comorbid psychiatric disorders 
in alcoholics appears to have benefited from the development of medications 
for treatment of psychiatric disorders in nonalcoholics. As unlikely as it may 
have seemed as recently as 15 years ago (MURRAY 1980), pharmaceutical 
companies have begun to take an interest in the development of medications 
for relapse prevention in alcoholics. Concerns that these companies have 
had over the potential for alcoholic subjects to experience adverse events 
that would adversely affect the acceptability of their medication in the 
treatment of "mainstream" psychiatric patients has given way to the 
recognition that alcoholics represent a large potential market. Furthermore, 
unlike the market for antidepressants and anxiolytics, the market for 
medications to treat alcoholism is not yet saturated. 

As recently as 1980, however, Murray reported that the majority of 
alcoholics who sought treatment for their disorder received medications 
developed for use in other psychiatric disorders, rather than for primary 
use in the treatment of alcoholism. He argued that the reason for this was 
that psychiatrists felt so powerless to intervene in the process of alcohol 
dependence that whenever possible they redefined the disorder in terms of a 
psychiatric illness (e.g., major depression), which they believed they could 
treat. MURRAY (1980) attributed the historical lack of pharmaceutical 
industry support to a misconception by the industry that alcoholism is a 
moral, rather than a pharmacological, problem. 

One would hope that the evidence adduced in the present volume 
concerning the pharmacology of alcohol abuse would persuade skeptics, 
within the pharmaceutical industry, government, and elsewhere, that 
medications are en route to becoming a basic element in the treatment 
armamentarium for alcoholism. The disorder is highly prevalent throughout 
much of the world (HELZER and CANINO 1992). A shift toward more realistic 
expectations about the potential role of medications in alcoholism treat
ment, combined with economic incentives to develop medications for the 
large population of potential recipients, should provide a much-needed 
impetus for pharmaceutical research in this area. 

However, the responsibility for medications development cannot rest 
exclusively with the pharmaceutical industry. Fortunately, in recent years 
there has been a growing interest in the area by government, which has 
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sponsored an increasing number of preclinical and clinical studies in the 
pharmacotherspy of alcoholism. A decade ago, JOHN LI1TLETON (1984) 
wrote that the future for alcohol research, particularly in the area of medi
cations development, could be bright. During the ensuing decade much 
promise has been realized. Continued efforts over the next decade can be 
expected to pay even greater dividends. 
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nimodipine 345 (table) 
nitrous oxide 350 
nonpharmacologic 338-339 
oxazepam 349 
paraldehyde 340 
pharmacologic 339-350 
seizures 350-352 
timolol 344 (talbe) 

aldehyde dehydrogenase 306, 478 
abnormalities 306 

aldosterone 239,252 
alkaloid strategy 455-456 
alkanols 17,31 
alprazolam 34 
Alzheimer's dementia 243 
amenorrhea 237 
aminobutyric acid see GABA 
aminooxyacetic acid 104,105 
aminophospholipids 27 
amitryptyline 485 
amphetamine 124,126,127,147,151, 

187 
noncontingent 217 

amphilic drugs 17 
anesthetics 81-82 

alcohol as 14 
cutoff effect 16 

protein model 31-32 
angiotensin II 252 
angiotensin-converting enzyme inhibitors 

252 
animal models of alcohol addiction 

185-218,265-268 
activating effect of alcohol 199-200 
alcohol-seeking behavior 186-188 
aversion effect of alcohol 198-199 
conditioned drinking 190 



Subject Index 

drug discrimination 267 
elevated plus maze 197 
genetic strains 268 
inbred strains 194-195 
initiation 188-201 

environmental effects 189-192 
genetic basis 192-195 
psychopharmacological basis 

195-201 
taste of alcohol 191 

intracranial self-stimulation 196 
modeling 201 
multiple exposures 199 
pentylenetetrazol effect 197 
prandial drinking 192 
punishment effect 200 
selective breeding 193-194 
self-administration 266-267 
social interaction tests 197 
stress removal 197 
tolerance of alcohol 204 
transition to abuse/dependence 

201-212 
availability of alcohol 210 
conditioned effects role 211-212 
dependence role 206-207 
environmental interaction role 

208-211 
reinforcers 208-210 
sensitization 204-206 
tolerance role 202-204 

Antabuse see disulfiram 
anticholinergics 477 
antidepressants 283-284 
antipsychotics 435-436 
antipyrine 487 
anxiety 207-208,215,281,284-285 

increased by alcohol 187 
anxiety states (disorders) 277,321-322, 

425-429 
assessment 427 
treatment 427-429 

Ap/ysia 27, 64 
apomorphine 126, 127 

binding to striatal dopamine receptors 
129 

arachidonate 22 
arginine vasopressin 62-63 
ascorbic acid 487 
aspartate aminotransferase 454-455 
aspirin 501 
astrocytes 57 
aversive agents 369-390 

barbiturates 82-83,103 
effect on calcium channels 67-68 

ethanol interaction 480 
sedative-hypnotic properties 68 

bar-hopping 210 
BAY K 864433,57 
behavioral tolerance 23-24 

environment-dependent 23 
environment-independent 23-24 

benzodiazepines 103,278,280, 
322-325 

effect on calcium channels 68-69 
ethanol interactions 480 
for anxiety disorders 427-428 

benzyl alcohol 14 
bicuculline 104, 105, 107 
bipolar affective disorders 429-433 

assessment 430-431 
treatment 431-433 

P-blockers 280 
blood groups 458 
brofaromine 141-142 
bromocriptine 132,277, 280, 491 
bupropion 126 
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buspirone 34,143,269,273-274, 
280-281 

for anxiety disorders 284,428-429 
t-butylbicyclophosphorothionate 30 

caffeine 496 
calcium 56,62 
calcium carbamide 378-379 
calcium channels 

barbiturates effect on 67-68 
benzodiazepines effect on 68-69 
blockers see calcium channel blockers 
brain regional differences to ethanol 

64-65 
dihydropyridine-sensitive 64 
ethanol effects on 32-34,62-64, 

65-66 
intracellular calcium 34-35 

Ltype 33,55-58,66,67 
blockers 55-56 

ethanol effect on 63 
Ntype 55,58 
P type 55,59-60 
roles in nervous system 55 
Ttype 55,60,67 

ethanol effect on 63 
voltage-dependent 55-69 

ethanol effect on ion channels 
60-62 

voltage-operated 326-328 
calcium channel blockers 280 

dihydropyridine type 32 
ethanol preference 66 

cAMP. ethanol effect on 38 
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cannabis 492 
carbamazepine 280 

adverse effects 433 
for bipolar affective disorder 

432-433 
carbohydrate-deficient transferrin 455, 

460-463 
biochemistry 460-461 
methodological approaches 461-463 
sensitivity 462-463 
specificity 462-463 

p-carbolines 457 
inverse agonist 106 

cariverine 328 
catecholamines 240 
caudate nucleus 123 
cell-mediated immune function 459 
cerebellar granule cells 79,80,90 
chloral hydrate 500 
chlordiazepoxide 488 
m-chlorophyenylpiperazine (mCPP) 

144,145,146,285 
chlorpromazine 132m 478, 497 
chlorpropramide 500 
cholera toxin 38 
cholesterol 21-2,25 
chorionic gonadotrophin 235 
cimetidine 403-404, 477 

ethanol interaction 495 
high-dose 478 

citalopram 273,385-386 
Clinical Institute Withdrawal Assessment 

for Alcohol 338 
clinical trials, methodologic issues in 

520-530 
analysis of outcome when attrition 

occurs 527-530 
how long to treat 530 
outcome measurement 522-524 
patient assessment 522-524 
treatment retention 524-526 

preventing attrition 525-526 
clomipramine 486 
clonazepam 433 
Cloninger's typology 517-518 
clozapine 435 
cocaine 150,278,479,483 

ethanol interaction 483,492-494 
self-administration 147, 150 

codeine 456 
college students, temporal patterns of 

drinking 176 
comorbidity 281-285 

animal models 282 
clinical studies 283-285 
gastrointestinal 395-407 

Subject Index 

psychiatric drug treatment 415-437 
conditioned alcohol-like responses 217 
conditioned effects 211-212 
conditioned withdrawal 215-216 
confederate 211 
w-conotoxin 58-59 
contract contingencies 213 
corticotropin-releasing hormone 239, 

240,251 
Coumadin (sodium warfarin) 494 
cues, ethanol-associated 215 
Cushing's disease 242 
cyclic antidepressants 412-423 
cyclothymia 429-430 
cyproheptidine 151 
cytochrome p 450 478,479 
cytochrome p 45011 478 

gene subfamilies 479 

dehydroergosterol 25 
delirium tremens 339 
depression 281,283-4,416-425 

assessment 419-420 
increased by alcohol 187 
treatment 420-425 

cyclic antidepressants 421-423 
lithium 424-425 
monoamine oxidase inhibitors 

423-424 
serotonin uptake inhibitors 424 

desensitization 80,214 
des-(gly-ile )-endozepine 22 
desipramine 477, 486 
dexfenfluramine 143, 144, 145, 146, 

159,269,387 
diagnostic interview 1 
diazepam 20,278,280,477 

pharmacokinetics 488-490 
unbound fraction 477-478 

dihydropyridine 33, 56 
binding sites 32-33,482 
receptors 56 

1, 4-dihydropyridine calcium channel 
agonists/antagonists 18 

5, 7 -dihydroxytryptamine 149 
diltiazem 56 
dinitrodifluorobenzene 27 
dipalmitoylphosphatidylcholine 19 
discrimintive stimuli 211 
disulfiram (Antabuse; tetraethylthiuram) 

214,264,369-379,478 
absorption 370 
clinical use 371-372 
compliance enhancement 374-377 
contraindications 378 
efficacy 372-374 



Subject Index 

enzyme inhibition 371 
ethanol reaction 371,494-495 
excretion 370 
metabolism 370 
pharmacokinetics 370-371 
toxicity 377-378 

dizocilpine (MK-801) 78,80,83,90, 
94-5 

binding 81 
effect on: 

ethanol tolerance 93 
locomotor activity (rat) 85 
naloxone-induced withdrawal 

symptoms 94 
dodecanol 31 
DOl 144 
dopamine 123-127, 129-130, 

271-272, 277 
alcohol abuse and 179 
alcohol comsumption attenuation 

388-389 
alcohol effect on 483 
calcium entry uncoupling 65 
chronic alcohol exposure effect5 329 
Dz receptor allele Al 455 
Dz receptor gene 306-308 
release 33 

doxepin 486 
drinking binge 20 
drugs, therapeutic/of abuse, alcohol 

interaction 475-502 
absorption 476-477 
acetylation rate enhancement 480 
bioavailability 476-477 
distribution 477-478 
metabolism 478-480 
pharmacodynamic mechanisms 

480-483 

electrolytes 459 
elevated plus maze 197 
enalapril 484 
endorphins (opioid peptides) 171-172, 

247,249-250,275-276 
enkephalinase inhibitors 174 
environmental interactions 208-211 
erythrocyte membrane disorder 16 
escape jumps 94 
esophageal varices 402 
ethanol see alcohol 
euphoria 250 
excitatory amino acid receptor function, 

ethanol effect on 75-95 
expectancies effect 205-206 
extinction procedures 214 

"family history negative" 251 
famotidine 495 
fattyacid(s) 22 
fatty acid ethyl ester synthase 24 
fenfluramine 145 
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fetal alcohol syndrome 76, 86, 246, 247 
MNDA receptor inhibition as cause 

86 
a-fetoprotein 238 
FG7142 108 
fluidization of membrane 14 
flumazenil 30,323,401 
flunarizine 64 
flunitrazepam 30, 106 
fluoxetine 141,142,145,146,273, 

384-385 
alcohol consumption decrease 482 

fluphenazine 127, 435 
flurazepam 482,490 
follicle-stimulating hormone 233-234 
forskolin 130, 453 
friendship groups 190 
future pharmacotherapies 531-532 

GAB A (aminobutyric acid) 104, 
389-390 

agonists 104-105 
behavioral studies 104-105 
chloride flux 107-108 
inhibition of pyramidal cells discharge 

108 
inhibitory actions inhibited by ethanol 

480 
Purkinje cells inhibition 107 
receptor gene expression, chroic 

ethanol treatment 112 
GAB A-activated calcium channels 61 

subtypes in brain 61 
GABAergicsystem 103,105,106-107, 

111-112,483 
barbiturate effect on activity 481 
benzodiazepines effect on activity 481 
ethanol effect 481 

GABAlbenzodiazepine receptor-coupled 
chloride channel 105 

GAB A-mediated neurotransmission 
103-113 

GAB A-receptor system 322-325,481 
GABAA receptor 30-31,40-41,75, 

102-103 
agonists 107 
binding studies 105-106 
electrophysiology 106-107 
function downregulation 90 
molecular biological studies 110-112 

GABAB receptor 102,107 
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gastritis, acute alcoholic, drug therapy 
406-407 

gender differences 200-201 
geneticfactors 297 - 309 

adoption studies 298-300 
animal models 192-194 
association studies 304-305 
linkage studies 304 
trait markers 303 
twin studies 301-302 

gepirone 143,269 
glutamate 80 

receptors 76-78 
glutamate-binding protein 77 
glutamate oxalacetate transaminase 

454-455 
y-glutamyltransferase 454 
glutathione peroxidase 459 
glutethimide 501 
glycine 78,80,81,83 
a-I-glycoprotein 477, 478 
gonadal endocrine secretion 235-236 
gonadal steroid metabolism 236-237 
gonadotrophin 234-235 
gonadotrophin-releasing hormone 233 
Gprotein 35 

subunits 35-36 
G protein-related systems, ethanol effect 

on 35-36 
growth hormone 247 - 248 
guanine nucleotide binding proteins 

451-453 
gynecomastia 236 

haloperidol 127, 435 
halothane 20 
Hamilton Depression Rating Scale 417 
harman 457 
harmol 479 
Helicobacter pylori 406-407 
heroin addicts 211,216 
hexobarbital 479 
p-hexosaminidase, serum 455 
histidine residues 109 
Hsc70 41 
human leukocyte antigens 458 
hydrogen bonding 17 
6-hydroxydopamine 91,130-131 
5-hydroxyindole acetic acid 272 
5-hydroxytryptamine 139-160 

alcohol self-administration effects 
141-155 

biochemical factors 151-152 
5-HT lesions 149-150 
5-HT receptor agonists 143-145 

Subject Index 

5-HT receptor antagonists 
147-149 

indirect 5-HT agonists 141-143 
manipulations to 5-HT system/ 

comparison with other drug
reinforced behavior 154 
(table) 

reducing 5-HT function 147-151 
treatment enhancing 5-HT function/ 

other drug-consummatory 
behavior 145-147 

treatment enhancing 5-HT function/ 
other drug-reinforced behavior 
147 

treatment reducing 5-HT function/ 
other consummatory behavior 
150 

treatment reducing 5-HT function/ 
other drug-reinforced behavior 
150-151 

cell neurotoxims 149 
forebrain depletion 150 
morphology 139-141 
opioids interaction 159 
receptors 140 

antagonists 147-149 
chronic ethanol administration effect 

158-159 
synthesis inhibitors 149 

5-hydroxytryptamine behavioral 
syndrome 143-144 

hyperbaric pressure 19 
hyperprolactinemia 236 
hypothalamic-pituitary-adrenal (HP A) 

axis 239-244,250-251,353 
abnormal development 243-244 
consequences of alterations 242-243 

hypothalamic-pituitary-gonadal (I-JPG) 
axis 233-239 

abnormal fetal development 237-239 
consequences of alterations 237 

hypothalamic-pituitary-thyroid (HPT) 
axis 244-246 

consequences of alterations 246 
hypothalamus 233 
hypothermia, ethanol-induced 27-28, 

91(2,202) 

ICI 174864 271 
ICS 205-930 148, 149 
imipramine 485-486 
immune system 242,458-459 

cell-mediated immune function 459 
immunoglobulins 458 
impotence 235 



Subject Index 

inositol phosphates 33 
inositol1,4,5-triphosphate 21 
interoceptive cues 211-212 
intra-cranial self-stimultion 196 
ion channels, ethanol effects on 60-61 
ipsapirone 269 
iron, serum 459 
isoflurane 31 

kainate 79 
receptors 76 

kainate-binding proteins 77 
ketamine 78,93 
ketanserin 151 
"kindling" hypothesis 332-337,426 
kynurenic acid 94 

lactulose 401 
leukotrienes 22-23 
lifetime prevalence rates 1 
lipids 

annular (boundary) 26-27,28 
classes 24-25 
domains, ethanol effect 24-27 
effects on proteins 28 
lateral membrane domains 27 
transbilayer distribution 25-26 

lithium 283,284,424-425,431,496 
adverse effects 432 

liver disease/dysfunction 237,245, 
396-402 

ascites 400 
cirrhosis 399 
drug therapy 396-402 

anabolic steroids 398 
colchicine 398-399 
corticosteroids 397 
glucagon 397 
insulin 397 
propylthiouracil 398-399 

drug unbound fractions 477 
encephalopathy 400-402 
esophageal varices 402 
hepatitis 396-399 
hypoalbuminemia 477 
steatosis 396 

liver transplantation 403 
locomotor activity (rat), ethanol effect 

85 
locus coeruleus neurons 79 
lorazepam 490 
luciferase, firefly 29-30,31,32 
luciferin 29 
luteinizing hormone (LH) 233-234, 

234-235 
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luteinizing hormone-releasing hormone 
(LHRH) 234 

L),53857 142,270 
Lymphocytes 21,38 

magnesium 78,459 
marijuana, co-abused with alcohol 218 
markers of alcohol abuse 443-464 

biological markers 444 
diagnostic markers 443 
genetic markers 443 
intoxication markers 444-445 
residual marker 444 
serum enzymes 453-455 
state markers 444 
trait markers 444,445 

MDL72222 148 
meclobemide 141 
melanophore-stimulating hormone 247 
membrane disorder 14-15 
membrane hypothesis 75 
membrane lipid effects 15-28 

composition changes due to chronic 
exposure 20-24 

disordering by acute ethanol 15-17 
ethanol partitioning into membranes 

17-19 
hypothermia, ethanol-induced 27-28 
membrane lipid domains 24-25 
pressure reversal of acute effects of 

ethanol 19-20 
membrane protein effects 29-41 

acute ethanol 29-31 
membrane tolerance 15,24 
menopause 237 

premature 237 
meprobamate 501 
meso limbic dopaminergic system 483 
met-enkephalin 174 
metergoline 142,147,150-151 
methadone 499 
N-methyl-d-aspattate (NMDA) 

receptors 61,76,79'95,279 
activation 78 
cloning 77 
ethanol effects on function, acute 

79-86 
anesthetic effects 81-83 
in development 85-86 
in vivo 83-85 
mechanisms of action 80-81 
sedative hypnotics 81-83 

ethanol effect on function, chronic 
86-95 

ethanol withdrawal 325-326 
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NMDA receptors (cont.) 
heteromeric protein complex 87 
increase in brain of ethanol-fed mice 

87 
multisubunit complex 87 
receptor supersensitivity 279 
role in: 

ethanol tolerance 91-94 
ethanol withdrawal (physical 

dependence) 88-91 
learning/memory 93 
opiate tolerance/dependence 

94-95 
upregulation 92 

3-methoxy-4-hydroxyphenylethelenegly-
col (MHPG) 328-329 

2-methyl-5-hydroxytryptamine 157 
methysergide 142,147,151 
metoclopramide 497 
metronidazole 478 
mianserin 278 
microsomal ethanol oxidising syndrome 

478 
Milwaukee Selective Severity 

Assessment 338 
mitochondria 23-24 
MK212 144 
MK-801 see dizocilpine 
modeling 201 
monoamine(s) 328-330 
monoamine oxidase 448-451 

A 141,448 
B 448-449,450 
enzyme activity in alcoholics/ 

nonalcoholics 449-451 
enzyme activity regulation 448-449 
in vitro effects of ethanol 449 
platelet in vitro studies 451 

monoamine oxidase inhibitors 423-424 
morphinans 456 
morphine 94, 456 

moderate/high dose effect (rat) 
174-175 

small dose effect (rat) 173 
tolerance 94 

morphine-dependent monkey 187 
morphine-like immunoreactivity 456 
mRNA 41 
muscimol 104,105,107,481 

nalmefene 271,276-277 
nalorphine 216 
naloxone 176,177,271 
naltrexone 177-178,271,276,389 

Addiction Severity Index scores 
178 

Subject Index 

effect on alcohol-dependent subjects 
83 

natural killer cell 242-3 
neuroblastoma cell 57 
neurohormones 231-254 

alterations role in ethanol 
consumption 248-253 

appetitive systems 252-253 
ethanol effects on 231-239 
feedback loops 232 

neurotoxicity, calcium-flux induced 84 
NG108-15 cells 37,38,39 
nicotine 278 
nifedipine 56,482, 491 
nimodipine 56, 64, 328, 491 
nitrendipine 33,66,68-69 
nitroglycerin 498 
nitrous oxide 20 
nizatidine 477 
norepinephrine 121-122, 124, 

125-126, 127-129, 328 
release 80 

norharman 457 
nortriptyline 486 
nucleus accumbens 123m 127, 179 

obsessive-compulsive disorder 426 
treatment 427 -429 

oestrogens 236,238 
8-0HDPAT 143,144,150,269-270 
oligomenorrhorea 237 
ondansetron 143, 148, 149, 150, 

274-275,278 
alcohol consumption reduced 

482-483 
operant conditioning 263-264 
opiate antagonists, alcohol drinking 

attenuated 176-178 
opiate detoxification 216s 
opiate tolerance/dependence, NMDA 

receptors role 94-95 
opiate withdrawal, alcohol drinking 

increased 175 
opioids 169-170,270-271,275-276, 

388-389 
activity enhanced by alcohol 169-171 
doses effect on alcohol drinking 

173-175 
high doses 174-175 
low doses 173-174 
moderate doses 174-175 

endogenous, release by alcohol 171 
ethanol interaction 483,498-499 
5-HT interaction 159 
peptides produced in metabolism 

of alcohol (TIO alkaloid 



Subject Index 

hypothesis) 169-170 
receptor activity modulation effect in 

alcohol drinking 172-175 
receptor sensitivity changes 170-171 

opioid peptides see endorphins 
oral contraceptives 499 
oxytocin 231-232,247 

pancreatis, acute alcoholic, drug 
treatment 403-406 

cimetidine 403-404 
pirenzepine 405-406 
somatostatin 404-405 

panic disorder 426-427 
parachloroamphetamine 142 
PC-12 cells 57 
PCA 149 
pCPA 149 
peer models 190 
pentobarbital 478,488 
pentylenetetrazole (PTZ) 104, 

197-198,278 
discrimination procedure 208 

peptide strategy 455-456 
personality disorder, alcohol abuse 

associated 281 
pertussis toxin 33,38 
phencyclidine 78, 90 
phenobarbital 488 
phenolphthalein 479 
d-phenylalanine 174 
phenytoin 477,484 
phobic disorders (phobias) 284,426 
phosphatidic acid 20 
phosphatidycholine (PC) 19,25,26 
phosphatidylethanol (PEth) 21 
phosphatidylethanolamine (PE) 25,26 
phosphatidylinositol (PI) 20 
phosphatidylserine (PS) 20,26 

glutamate receptors activation 28 
phospholipase D 21 
phospholipids 20, 23 
picrotoxin 104,105,107 
pimozide 124, 127 
pirenzepine 405-406 
postprandial satiety sequence (rat) 145 
post-stress drinking 176 
proandrogens 236,237 
pro-opiomelanocortin 241 
propanolol 477 
propoxyphene 499 
prostaglandins 22-23 
protein dephosphorylation 89 
protein, lipid effects on 28 
protein kinase C 33 

acute effects of alcohol 36-37 
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central nervous system only 21 
pseudo-Cushing's syndrome 242,244 
psychiatric disorder, substance abuse 

associated 281 
psychomotor stimulant theory of drug 

award 205 
punishment effect 200 
pyrazole 478 

quipazine 144 
quisqualate 79 

receptors 76 

raclopride 127 
ranitidine 477,495-496 
receptor subunit expression, chronic 

ethanol effects 39-40 
reinforcers 208, 209 

conditioned 210 
removal 209 

relapse 215-218 
conditioned drug-like effects role 

21-218 
conditioned withdrawal role 215-216 

"relief of withdrawal" hypothesis 207 
remission 212-213 
remoxipride 497 
renin 252 
response-contingent shock 213 
risperidone 435 
ritanserin 143,149,150,270,274 
Ro15-4513 108-110 

saccharin solution (rat consumption) 
146 

salicylate 501 
salsolinol 169-170,456-457 
schedule-induced (adjunctive) behavior 

209 
schizophrenia 433-436 

assessment 434-435 
treatment 435-436 

second messenger systems 330 
ethanol effect on 38,330-331 

sedative hypnotics 82-83 
selenium, serum 459 
sensitization 204-206 

to withdrawal effects 205 
D-serine 84 
serotonin 179,252,268-270,272-275 

agonists 214 
alcohol consumption attenuation 

383-388 
antagonists 387-388 
receptor subtypes 269-270,386-387 
reuptake blockers 214 
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serotonin (cont.) 
uptake inhibitors 273,383-384,424, 

487 
sertraline 141,145-146 
silymarin 396 
sleep time 16 
social interactions 190 

test 197 
social phobia 284 
sodium warfarin (Coumadin) 494 
somatostatin 404-405 
steroid receptors 237 
stress, uncontrollable 175 
strychnine 104 
substitution therapy 214 
synaptosomes 56 

membrane disorder 16 

[35S]TBPS 106 
testicular atrophy 235 
testosterone 236, 237, 238 

fetal surge 238 
tetradecanol 31 
tetraethylthiuram see disulfiram 
tetrahydroisoquinolines 170, 177, 

456-457 
tetrahydropapaveroline 173, 456 
TFMPP 144, 145 
theophylline 496-497 
thiamine (vitamin B,) 459-460 
thioridazine 497 
thiorphan 175 
thyroid hormones 244,245 
thyroid-stimulating hormone (TSH) 

235,244,245 
thyroid-stimulating releasing hormone 

(TRH) 244 
thyrotropin-releasing hormone 

244-245 
thyroxine 244 
tobacco 501-502 
tolbutamide 477, 500 
Total and Selective Severity Assessment 

Scales 338 

Subject Index 

trace elements 459 
treatment of alcoholism 212-215,263 

behavioral treatments 263-264 
nonpharmacologic 213,263-264 
operant conditioning 263-264 
pharmacologic 213-215,264 
psychosocial intervention 263 

treatment matching 514-520 
anxiety and alcoholism 515 
depression and alcoholism 515-516 
other patient characteristics based 

516-520 
Cloninger'stypology 517-518 
type A/type B (Babor et al.) 

518-520 
triazolam 490-491 
trichlorethanol 478 
tridecanol 31 
m-trifluoromethylphenylpiperazine 285 
tri-iodothyronine 244 
L-tryptophan 147 
type A/type B (Nabor et al.) 518-520 
tyrosine hydroxylase 89 

valproic acid 433 
vasopressin 131,157,204,231-2,240, 

253 
vasopressin-deficient rat 204 
verapamil 56, 64, 478, 491-492 
Vietnam veterans 217 
viqualine 273, 384 
visual cortex (newborn cat), NMDA 

receptor agonist effect 85 
vitamin B, (thiamine) 459-460 

warfarin 477 
women 237,251 

family history negative 251 
postmenopausal 237 
reproductive dysfunction 237 

zacopride 148,149,482 
zimeldine 141,142,145,273,384-385 
zinc 78,459 
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