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Foreword

In her book, 'Defenders of the Truth', Ullica Segerstrale posed a rhetorical
question, What makes a hardcover academic book a hot seller: "How does
one convince academics and the general public that this is a book that they
absolutely need to have?". The prospects are surely increased by an
intriguing name, an appealing cover, when a book is loaded with full-page
drawings, and if its price is satisfactory. However, in the recipe for
success these are all necessary, but not sufficient ingredients: "The
answer", she submits, "is, of course, controversy". If we trust her
judgment, the book by H. Frenk and R. Dar is the right book to succeed.
It is about nicotine, the topic where the battle lines are long drawn. The
authors marshaled convincing evidence that nicotine is not addictive, and
that proponents of nicotine addiction barked up the wrong tree. It rubs
many influential opponents the wrong way, and it is published in a climate
after the Florida nicotine trial. Recommending this scholarly book to a
reader I have to caution him not to misunderstand its message. It is not
against potential dangers of smoking, nor does it argue that nicotine is a
worthy substance to use, even if some of its effects are salubrious and can
be employed in medicine. It is only about the addictive potential of
nicotine or rather, it is about the fact that the passion with which debates
are conducted in science may vary inversely with the depth of knowledge
on which convictions are based.
Michael Myslobodsky
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Chapter 1
INTRODUCTION

Is nicotine an addictive drug? The mere raising of this question today
would seem preposterous to both scientists and lay people, smokers and
non-smokers alike. When we embarked on writing this book, friends and
colleagues responded with astonishment and dismay. They did not want to
see us ruin our modest reputation, and referred us kindly to recent scientific
reviews635, and to public statements by the Surgeon General665 and the
British Royal College of Physicians42,43,534,657,657 . These respected authorities
not only agreed that nicotine was the addictive drug that caused smoking, but
declared that it was at least as addictive as heroine and cocaine. One of the
(anonymous) expert referees of this book began his review thus: “ The
proposed book ... really caught my attention by the almost unheard of
premise that nicotine is not addictive. My initial impression of this view was
that Drs. Frenk and Dar may have been smoking some substances other than
tobacco.” Clearly, to our colleagues as well as to the majority of the
scientific community, nicotine addiction is no longer a theory which can be
legitimately questioned.

1.

NICOTINE ADDICTION: FACT OR THEORY?

Facts, in non-positivistic science, are theories that have acquired a status
of unchallenged empirical statements363. Nicotine addiction, according to
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this criterion, has become a fact. In the vast majority of research articles and
reviews concerning smoking, it is indeed stated as a matter of fact rather than
a hypothesis with evidence for and against it. Countless research papers
begin with variations of the sentences “ Nicotine is the active ingredient in
tobacco that leads to addiction 621 (p. 221)” or “The reinforcement provided
by nicotine is a necessary component of the processes that drive smoking
behavior 148 (p. 83),” providing, as a sole reference, the 1988 Report of the
Surgeon General.
The “ near-consensus ” that nicotine is addictive, as Stolerman and
Jarvis635 put it, “was enshrined in the 1988 report of the Surgeon General,
which regarded nicotine addictive in the same sense as drugs such as heroin
and cocaine (p. 117)” This “enshrined”, status seems to have relieved
investigators from the scientific obligation of skepticism, and not only in the
USA. A recent report on nicotine addiction in Britain657, which purports to
provide an updated and objective review of the evidence for nicotine
addiction, provides instead an uncritical endorsement of the view “enshrined”
by the Surgeon General. Its “central conclusion ” repeats the Surgeon
General’s665 statement almost word to word (p. 183): “ The central conclusion
of this report is that cigarette smoking should be understood as a
manifestation of nicotine addiction, and that the extent to which smokers are
addicted to nicotine is comparable with addiction to ‘hard’ drugs such as
heroin and cocaine.” Notice the decisive tone of the paragraph that follows
this ‘conclusion:’ “Nicotine is an addictive drug, and the primary purpose of
smoking tobacco is to deliver a dose of nicotine rapidly to receptors in the
brain. This generates a pleasurable sensation for the smoker which, with
repeated experience, rapidly consolidates into physiological and
psychological addiction reinforced by pronounced withdrawal symptoms.”
As we hope to show in this book, the unwavering assuredness in which
statements about nicotine addiction are typically made is entirely unjustified
by available data. We submit that an objective evaluation of these data leads
to the conclusion that nicctine is not an addictive drug and that the
popularized equation of the addictive properties of nicotine and heroin has
little to do with science.
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WHAT THIS BOOK IS NOT ABOUT

Smoking has been blamed for the death of millions and for compromising
the quality of life of many more. It has been the subject of dramatic legal
battles, social and political debate, media interest and personal and family
conflicts. It is therefore not surprising that it is almost impossible to discuss
smoking dispassionately.
Nevertheless, as we began to discuss the
arguments presented in this book, we were surprised at the emotional
responses that our claims generated even in the most professional audiences.
We repeatedly found, once these highly charged responses were clarified,
that our claims have been entirely misunderstood. This pattern has indicated
to us that it would be essential to elucidate what it is exactly we are claiming
in this book, and more importantly, what it is exactly that we are not
claiming.
The most important point to stress is that there is nothing in what we are
about to argue that should be interpreted as supporting the habit of smoking
or discounting the difficulty of quitting. By claiming that nicotine is not an
addictive drug we are not saying that smoking is easy to quit, and certainly
not that it is a healthy habit. These points are crucial for a correct
interpretation of our position. We shall start with the second point, which
may be the easier one to clarify; but first, we should define briefly some basic
terms that we shall use throughout the book.
Cigarette smoke consists of a volatile phase, which includes a large
variety of gaseous compounds, and a particulate phase, which includes an
even larger number of compounds. The particulate matter, without its
alkaloid and water content, is referred to as “tar 657.” Nicotine is the major
compound in the particulate phase of cigarette smoke. During smoking,
small droplets of tar, which also contain nicotine, are deposited in the small
airways and the nicotine is absorbed into the bloodstream and distributed
throughout the body657.
There are many compounds in cigarette smoke that have been identified
as health risks. These include gaseous compounds such as CO, nitrogen and
ammonia, and known carcinogens such as polynuclear aromatic
hydrocarbons, N-nitrosamines and aromatic amines which are found in the
“tar.” There is consensus among researchers that the health-risks associated
with smoking, including cancer, respiratory illnesses, circulatory diseases
etc., are associated with these compounds, rather than with nicotine.
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Nothing in the ideas we develop in this book suggests that smoking is
healthier than what is commonly believed. On this issue we are not making
any judgment simply because we are not qualified to do so. We lack the
necessary medical training and we are certainly not adequately familiar with
the relevant research. On a personal level, we accept the prevailing view that
smoking is associated with serious health risks. We believe it would be
rational for everyone to avoid or minimize smoking because of the its shortand long-term effects on health. The issue of whether or not nicotine is
addictive has nothing to do with this belief, however. As noted above, even
those who argue that nicotine is the drug in cigarettes that causes addiction
blame nicotine not for direct ill-effects on health but for its presumed role in
maintaining smoking e.g.,657 .
While it may be acceptable to most readers that the question of nicotine
addiction has nothing to do with the health risks associated with smoking, the
second point we are stressing may be more difficult to swallow. It seems
self-evident that in questioning the notion that nicotine is an addictive drug,
we are in effect suggesting that smoking is easy to quit. We want to dispute
this interpretation as emphatically as we can. As we shall show throughout
this book, many habits that do not involve psychoactive drugs are extremely
difficult to break. These include pathological gambling, compulsive stealing
(kleptomania), binge eating and other habits that may be at least as damaging
as smoking. Thus, as we show later, the conclusion that the difficulty of
quitting smoking testifies for the validity of the nicotine addiction hypothesis
is as false as it is seductive.
Returning to the personal level, we differ from each other in our attitudes
toward smoking and our personal experience with it. The first author is
presently a light smoker and a past heavy smoker as well as a serial
ex-smoker. The second author never smoked and is passionately averse to
being around people who do, the first author included. We note this to
emphasize that in arguing that nicotine is not addictive, we have no intention
of praising the merits of smoking.

1. Introduction
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WHAT THIS BOOK IS ABOUT, AND WHO
CARES?

Having clarified what we are not saying in this book, let us state what we
are saying. This book is a critique of the nicotine addiction hypothesis,
based on a critical examination of the research literature commonly believed
to prove that nicotine is addicting. Put simply, we claim that on present
evidence, there is every reason to reject the generally accepted theory that
nicotine causes smoking, or that the difficulty in quitting is caused by
nicotine.
Several colleagues, who heard about our plan to publish this book, had
this reaction: “Who cares whether nicotine plays a role in smoking or not?
Everyone knows that it is difficult to stop smoking, so what difference does it
make if nicotine is the cause of this difficulty? The important thing is that
people quit smoking, and your book won’t help.” This perspective is quite
common. In fact, one of the explicit goals of declaring that smoking was a
chemical addiction was the perception that this would help the fight against
smokinge.g.,657. We beg to differ with this view. We believe that the need to
fight smoking is one of the most important reasons to question the nicotine
addiction hypothesis. Several studies demonstrated that the more smokers
believe that they are addicted, the more difficult they perceive quitting to
be 321,334,407 and the less confident they are about their own chances of
quitting 160,161 . Moreover, the belief that smoking is an addiction seems to be
a self-fulfilling prophecy, as it is associated with shorter duration of cessation
attempts and higher relapse rates470. It seems that smokers’ belief that they
are addicted leads to an external attribution of control over smoking and
undermines their sense of self-efficacy30. If the present book contributes to a
different perception of smoking, namely that smoking is a controllable habit
and nicotine is not an addictive drug, it may well enhance not only smokers’
belief in their ability to quit but their actual ability to do so.
Furthermore, practically all present plans regarding the fight against
smoking and the regulation of tobacco products is based on the assumption
that cigarettes are basically nicotine delivery devices 265,657. If nicotine is in
fact not an addictive drug and is has little to do with why people smoke
cigarettes, this would have major implication for public policies designed to
counter the risks associated with smoking. For example, a recent report of
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the British Royal College of Physicians 657 makes the following
recommendation: “The phenomenon of nicotine dependence is heavily
entrenched in society. It is obviously desirable to reduce both nicotine
dependence and the terrible harm caused by nicotine delivery through
tobacco smoke, but it may be necessary to accept, albeit reluctantly, the
intractability of widespread nicotine dependence in the short to medium term.
In this case, product development that enable nicotine users to take nicotine
with less harm to their health should be encouraged... (p. 187).” Of course,
such a recommendation makes no sense if nicotine is not the reason that
people smoke cigarettes. Finally, a major motivation for writing this book is
to counter some of the negative effects that the broad consensus regarding
nicotine addiction has had on relevant research.
As we show throughout our review of the literature, the research on
nicotine addiction has been replete with severe methodological errors,
including systematic exclusion of uncooperative subjects, use of
preconditioned subjects, and a staggering under-utilization of crucial control
conditions. We are convinced that these problems reflect a prevailing bias in
this area, rather than researchers’ inaptitude. The decision to use control
groups, for example, is inversely related to the plausibility of the hypothesis
under study. The near-consensus “enshrined” in the 1988 Report of the
Surgeon General has boosted the subjective plausibility of nicotine addiction
to such extent that the need for excluding alternative explanations by the use
of appropriate control groups has diminished.
In the same vein,
counter-evidence has been systematically discounted or even ignored by the
scientific community and even more so by government officials such as the
Surgeon General. Alternative explanation of existing data have rarely been
raised, even when these alternative explanations were not only viable but
immanently plausible and parsimonious.
In the opening lines of his article, "The dark side of religion,” M.R.
Cohen (p. 279) wrote: “The advocatus diaboli, as you know, is not a lawyer
employed by the Prince of Darkness. He is a faithful member of the Church
whose duty it is, when it is proposed to canonize a saint, to search out all the
opposing considerations and to state them as cogently as possible. This wise
institution compels the advocates of canonization to exert themselves to
develop arguments vigorous enough to overcome all objections 107 .” Together
with modern philosophers of science 365,502 , we believe that the growth of
science and our faith in the scientific method depend on an attitude of
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continued criticism. When this critical attitude is relaxed, science may turn
into propaganda. The purpose of this book is to reverse this trend and return
a healthy measure of doubt to the nicotine addiction hypothesis.

4.

AN OUTLINE OF THE BOOK

Next, in Chapter 2, we discuss three related terms: addiction, compulsion
and habit. We begin with the classic pharmacological definition of addiction
and move on to the modem behavioral definition as exemplified by the
diagnostic criteria of the American Psychiatric Association10 and the World
Health Organization711. We proceed to explore the similarity between the
current definition of addiction and the phenomenology of habits, particularly
compulsive habits. We show that habits share with addictions the features of
persistence, craving, ‘withdrawal symptoms’ upon cessation and a high rate
of relapse. Therefore, these criteria are insufficient to define drug addictions
(or ‘substance dependence’) from compulsions that do not involve
psychoactive substances.
In Chapter 3 we distinguish various ways in which psychoactive
substances may be used habitually. We begin by demonstrating that the
habitual use of psychoactive drugs (including caffeine, alcohol, and nicotine)
is almost universal in our society. Nevertheless, only a minority of users can
be reasonably claimed to be addicted to these substances. We show that
habits that involve psychoactive drugs can be divided into several types,
distinguished by the role the drug plays in motivating or maintaining the
habit. The chapter concludes with our ‘drug attribution bias’ hypothesis,
which postulates that when a habit involves consumption of a psychoactive
substance, observers will tend to attribute the habit to the substance even
when, in reality, it may have absolutely no role in maintaining the habit.
Chapter 4 begins with the Surgeon General’s 1988 declaration that
smoking is a form of drug addiction and that “nicotine is the drug in tobacco
that causes addiction665 .” We review the Surgeon General’s definition of
drug dependence and its implications for testing the nicotine addiction
hypothesis. We show that most of his criteria for drug dependence are
nonspecific, in that they do not distinguish drug-driven from other
compulsive habits. According to the Surgeon General’s definition, neither
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physical dependence nor tolerance are necessary criteria for drug
dependence, and the only required causal relationship between the drug and
the behavior is the requirement that the drug should be capable of directly
reinforcing behavior. Therefore, testing the nicotine addiction hypothesis
essentially reduces to testing whether nicotine is reinforcing.
We begin our exploration of the reinforcing effects of nicotine in Chapter
5, where we examine the theoretical and methodological foundations of the
principal experimental paradigm in this area, namely the drug
self-administration paradigm. We focus on factors that may confound
interpretation of the results of animal self-administration studies, including
the acquisition of secondary reinforcing properties by classic conditioning.
In addition, we show that in studies of nicotine self-administration, careful
control must be used to rule out alternative factors other than the reinforcing
effects of nicotine, especially its non-specific activating effect.
In Chapter 6, we review the evidence for the proposition that nicotine is
reinforcing for animals, including oral and intravenous self-administration
studies and classical conditioning paradigms. We begin with the early
nicotine self-administration studies, on which the Surgeon General based his
claim that “nicotine itself could function as an efficacious positive reinforcer
for animals 665.” A detailed analysis of these studies shows that they were
fundamentally flawed and could not provide an empirical basis for the
Surgeon General’s claim. Proceeding to newer research, we illuminate
blatant methodological errors, including lack of adequate controls and
elimination of ‘uncooperative’ animals, which invalidate the results of the
vast majority of these studies.
Chapter 7 examines another paradigm that purportedly provides empirical
evidence for the nicotine addiction hypothesis, namely nicotine’s effects on
intracranial self-stimulation (ICSS). We show that on both theoretical and
empirical grounds, ICSS has little value for determining the reinforcing
properties of drugs, including nicotine. We also discuss briefly the dopamine
hypothesis, as dopamine release is often cited as evidence for the claim that
nicotine is rewarding. We summarize evidence that falsifies this hypothesis
and specifically the equation of dopamine release with reward.
In Chapter 8, we step into the question that is more directly relevant to
smoking, that is, whether nicotine is reinforcing to humans. We begin in a
detailed critique of human self-administration studies and continue with a
review of other nicotine administration studies in smokers and non-smokers.

1. Introduction
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We show that people do not enjoy nicotine injections, gums, patches, or
intranasal spray and many suffer from symptoms such as nausea and
vomiting, headaches and sleep disturbances.
Nearly all nicotine
administration studies, regardless of the route or speed of delivery, indicate
that naive participants dislike nicotine. Whereas nicotine is generally less
aversive to smokers or ex-smokers, this can be attributed to factors such as
tolerance and acquired expectations, rather than the presumed reinforcing
properties of nicotine. Finally, we review evidence in support of the
possibility that smoking is motivated not by the psychactive effects of
nicotine but by the pleasurable taste, smell, sensory and oral stimulation that
smoking provides.
Chapter 9 focuses on the classic criteria of drug addiction, namely
tolerance and physical dependence, and reviews the research pertaining to the
notion that animals and humans develop tolerance to and physical
dependence on nicotine. We show that in contrast to the cases of heroin and
alcohol, neither humans nor animals show evidence of tolerance to the
euphoric effects of nicotine. We proceed to review both animal and human
research on physical dependence, and conclude that the observations
concerning nicotine dependence in rats not only are highly problematic, but
are also irrelevant to humans. We survey evidence that the smoking
abstinence syndrome in humans can be abolished by cigarettes that do not
contain nicotine, whereas pure nicotine reduces it only partially. Finally, we
discuss research on ulcerative colitis, which shows that ex-smokers do not
demonstrate any signs of dependence on nicotine even after prolonged
exposure to nicotine at amounts comparable to the intake of an average
smoker.
Chapter 10 explores the empirical basis for the Surgeon General’s
assertion that smoking abstinence rates are similar to those found for heroin
and alcohol. We begin by showing that smokers have been remarkably
compliant with smoking regulations, whereas outlawing heroin has totally
failed to affect heroin use. We then demonstrate that the Surgeon General
based his abstinence rate comparison only on short-term prospective studies,
and that once retrospective data are considered, smoking cessation appears
much more feasible and commonplace than cessation of heroin. Next, we
argue that even if relapse rates of smoking were similar to those of heroin,
the deduction that nicotine is as addictive as heroin does not follow, either
logically or empirically. We compare the success and relapse rates reported
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in smoking cessation and in dieting, to show that the difficulty in abstaining
from unhealthy habits does not depend on the presence of psychoactive
drugs. Finally, we explore the role of motivation, a factor that is often
disregarded or downplayed in smoking cessation research.
Chapter 11 is a discussion of the so-called “nicotine replacement”
treatments, which are often cited as evidence for the nicotine addiction
hypothesis. In this short chapter, we u nderscore two essential observations
with regard to the “nicotine replacement treatment”. Firstly, we show that
the efficacy of such treatments is very modest, compared to many other
non-chemical methods of smoking cessation. Secondly, a comparison with
methadone maintenance treatment for heroin addiction shows that the
presumed similarity between the two types of treatment is untenable, and that
the two types of interventions evidently operate by entirely different
mechanisms.
In chapter 12, we explore the tale of “nicotine compensation” or
“nicotine titration,” which holds that smokers titrate their smoking to obtain
desired levels of nicotine.
We review both switching studies and
cross-sectional studies, which are typically cited as evidence for
compensation. Based on these studies and related evidence, we argue that
“nicotine titration” is a misnomer, and that whereas nicotine seems to be
involved in down-regulation of smoking, it does not seem to have a role in
up-regulation. Instead, up-regulation of smoking appears to be motivated by
other aspects of the smoking habit, primarily by the sensory rewards of
smoking. Paradoxically, our analysis of the evidence suggests that the only
role nicotine has in determining smoking may be i n imposing a ceiling on the
extent or intensity of smoking. This effect is due not to the purported
addictive properties of nicotine, but rather to its toxic effects.
Chapter 13 concludes the book. Its first sections are dedicated to a
summary of our main contentions, including a table that compares the
addictive properties of nicotine and heroin. The rest of the chapter is
dedicated to an exploration of the scientific, social and political aspects of the
nicotine addiction hypothesis. We demonstrate that the research on nicotine
addiction has been characterized by a disturbing confirmatory bias and a
degeneration of the scientific ideals of objectivity and skepticism. We relate
these problems to several factors, primarily the “enshrined” status of the
nicotine addiction hypothesis, which has deterred researchers, for a variety of
reasons, from exploring dissenting views.

1. Introduction

11

As stated earlier, we are fully aware of the broad consensus amongst
professionals and laymen alike that nicotine is addictive, but the validity of
scientific propositions is not established by popular vote but by evidence.
We wrote this book to offer an opportunity to colleagues and laymen alike to
evaluate the evidence from a different perspective than the one provided by
consensual summaries. We invite the reader to relax his or her prejudices
and review the original research, just as we did, with a skeptical eye.
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Chapter 2
ADDICTION, COMPULSION, AND HABIT

Although many psychoactive drugs have been used by humans for
hundreds and even thousands of years (for a historical review, see Brecher 6 2 ),
the term drug addiction was a creation of the twentieth century. Originally
the word ‘addiction’ (from the Latin source, addicere) was used for a strong
inclination towards any kind of conduct, good or bad681. Only towards the
end of the nineteenth century did ‘addiction’ begin to be used to describe a
preoccupation with drugs, but it still did not have the connotations that the
term would receive later. Thus, when the German physician Levinstein
wrote the first detailed description of opium addiction in 1877, he still saw
addiction as a human passion, such as smoking, gambling, greediness for
profit, sexual excesses, etc51. This may be related to the fact that opium and
its derivatives, the opiates (e.g., heroin, morphine, and codeine), were openly
and legally used in the USA until the beginning of the twentieth century and
were considered by many less offensive than cigarette smoking104. The
observation that opium caused less health damage than alcohol even led
physicians in the USA to prescribe opium and morphine for alcoholics as a
62
substitute for alcohol . Thus, until the end of the 19th century, "most
physicians regarded addiction as a morbid appetite, a habit, or a vice 305 .” In
fact, caffeine drew nearly as much concern as the opiates during that
619
period .
The twentieth century gave the word ‘addiction’ a new meaning, that of
an uncontrollable disease384 . The word did not relate originally to opiates,
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but rather to alcohol. Alcoholism was perceived as a progressive disease, the
chief symptom of which was a loss of control over drinking behavior and
whose only remedy was abstinence from all alcoholic beverages 384 . The first
of the psychoactive drugs, after alcohol, to be labeled "addictive" were the
opiates, and they were subsequently outlawed in the USA by the Harrison
Act in 1914. Alcohol was outlawed a few years later during the Prohibition,
which lasted from 1920 to 1933. Since then, the label "addictive" has been
attached to many other drugs. Barbiturates, benzodiazepines, cannabis,
cocaine, LSD and many others – including of course tobacco and nicotine –
all have been called "addictive" at one time or another, and the
non-sanctioned use of most of them is forbidden nearly everywhere.

1.

PHARMACOLOGICAL DEFINITIONS OF
ADDICTION

The view that addiction is a progressive disease proved to be scientifically
useful when applied to some of the psychoactive drugs. Since the twenties,
pharmacologists began to use the term for what is currently called physical
dependence , namely the acquired physical need for drugs. They explained
this need by drug-specific, progressive changes in the central nervous system
which, ultimately, lead to an altered state where not taking the drug is highly
unpleasant. This withdrawal, or abstinence, syndrome, which characterizes
long-term use of drugs such as opiates, barbiturates, and alcohol, was
assumed to be a primary motivation for continued drug use.
This, then, is what drug addiction meant to a prominent pharmacologist in
the seventies606: “... the most striking feature of narcotic addiction [is] the
development of an apparent physiological requirement for a toxic foreign
substance. As a result of this dependence the addicted animal seems to be
"well" while intoxicated but becomes ill when the poison is removed. This
illness is called the withdrawal syndrome (p. 408).” As the cessation of many
psychoactive drugs after long-term consumption is not followed by
withdrawal symptoms, those drugs were not labeled “addictive.” To
distinguish the addictive from the non-addictive psychoactive drugs, a
different term was coined to describe the latter category: “habitual drugs710.”
The concepts of addiction or physical dependence were therefore strictly
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defined within a biological context. They were not intended or used to
describe behaviors: ‘addictive’ and ‘habitual’ were properties of drugs, and
used accordingly as in ‘addictive drugs’ and ‘habitual drugs.’
The unambiguous pharmacological definition of addiction, which hinged
on the presence of drug-specific withdrawal symptoms, namely, on physical
dependence, did not survive for long. Over the past 30 years, there has been
a clear trend of expansion of the term ‘addiction’ or ‘dependence’ to include
an increasing number of drugs or “substances.” The reasons for this
expansion are a matter of debate. We tend to believe, like Goode224, that it
was primarily motivated by ideological reasons, or more specifically, by the
wish “ to make sure that a discrediting label was attached to as many widely
used drugs as possible (p.47).” The expansion was achieved by substituting
psychological and behavioral criteria for the pharmacological ones. A new
term was introduced, psychological dependence , which described addiction
that did not depend on withdrawal symptoms, in other words, addiction to
drugs that by the classic pharmacological definition were not addictive drugs.
This term was soon replaced by the more general drug dependence , which
effectively blurred the distinction between physical and psychological
dependence. This term was adopted in 1965 by the World Health
Organization (WHO), which proposed that ‘drug dependence’ incorporate the
In
conditions previously described as habituation and addiction156.
retrospect, this seems to have been the first step on the road to the current
conceptual chaos in the field of addiction594, A .

A

The following paragraph by the eminent pharmacologist, Jaffe, provides a nice illustration
of the current terminological chaos in the field ofaddiction: "The term addiction , like the term
abuse, has been used in so many ways that it can no longer be employed without further
qualification or elaboration (...) In this chapter, the term addiction is used to connote a severe
degree of drug dependence that is an extreme on a continuum of involvement with drug use
(...) Anyone who is addicted would be considered drug dependent by the criteria described
above. However, the term addiction cannot be used interchangeably with physical
dependence as that term is used here. It is possible to be physically dependent on drugs
without being addicted and, in some special circumstances, to be addicted without being
physically dependent (...) The use of the terms drug dependence , to denote a behavioral
syndrome,and physical dependence , to refer to biological changes that underlie withdrawal
syndromes, causes confusion. To reduce some of this confusion, the term neuroadaptation has
beenproposed as a substitute for physical dependence (...) ( p . 523, bold added)311.”
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2.

BEHAVIORAL DEFINITIONS OF ADDICTION

The behavioral, as opposed to pharmacological, approach to addiction is
exemplified by the diagnostic criteria for Substance Dependence in the
current Diagnostic and Statistical Manual of Mental Disorders (DSM-IV)10.
The DSM-IV defines Substance Dependence as a “ maladaptive pattern of
substance use, leading to clinically significant impairment or distress. ” This
impairment or distress must be manifested by 3 of 7 criteria. Two of these
criteria are tolerance and withdrawal; neither, however, is a necessary
criterion for the disorder. Thus, according to the DSM-IV, one can be
diagnosed with Substance Dependence if one takes a certain substance for a
longer time than he or she intends to take it, makes unsuccessful efforts to cut
down intake of the substance, and continues using the substance despite
recurrent physical problems that have been exacerbated by the substance. In
sharp contrast to the classic definition of addiction used by pharmacologists
three decades ago, physical dependence is explicitly not a necessary criterion
for a diagnosis of Substanc e Dependence in the DSM-IV. Therefore, while
this definition shares the term ‘dependence’ with the classical pharmacological definition, the term does not actually mean the same in the two
definitions. This has important consequences, as we shall discuss below.

3.

THE 1993 WHO DEFINITION OF DRUG
DEPENDENCE

Most current definitions of drug dependence essentially adopted the
behavioral definition of the term ‘addiction.’ This is illustrated by the most
recent definition of addiction by the World Health Organization. In 1993, the
WHO711 defined ‘drug dependence’ (here used synonymously with addiction)
"as a cluster of physiological, behavioural and cognitive phenomena of
variable intensity, in which the use of a psychoactive drug (or drugs) takes
on high priority.
The necessary descriptive characteristics are
preoccupation with a desire to obtain and take the drug and persistent
drug-seeking behaviour. Determinants and the problematic consequences of
drug dependence may be biological, psychological or social, and usually
interact (p. 5)."
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To the layman, “ a cluster of physiological, behavioural and cognitive
phenomena of variable intensity” (also used by the DSM-IV, albeit in
different order) may sound very impressive. To the psychologist, this term
means exactly the same as “behavior.” All human efforts, from such basic
ones as urinating to more complex ones as learning a language, are clusters
of “ physiological, behavioural, and cognitive phenomena of variable
intensity. ” Similarly, the sentence “Determinants and the problematic
consequences of drug dependence may be biological, psychological, or
social, and usually interact” applies to every conceivable human endeavor.
In these respects there is no difference between drug dependence and the
making of the first atomic bomb, eating of red meat (cholesterol!),
bedwetting, or serving in the army. Moreover, whether consequences of drug
consumption are psychologically or socially problematic or not depends to a
large extent on the attitude of the society in which this behavior occurs.
Coffee drinking could be made problematic by simply outlawing it. Thus,
the wordy definition of the WHO711 could be simplified by rephrasing it as “ a
behaviour in which the use of a psychoactive drug (or drugs) takes on high
priority. The necessary descriptive characteristics are preoccupation with a
desire to obtain and take the drug and persistent drug-seeking behaviour.”
When we examine both the DSM-IV and the WHO definitions, we find
many common features. Most importantly, they both define addictive
behavior , rather than addictive drugs. This approach opens a Pandora box of
problems. The most serious problem is that the drugs are not assigned a clear
causal role in the so-called addictive behavior. The behavior must involve
the use of drugs, but neither definition requires that the drug have any causal
role in maintaining the addiction. The definition of drug dependence,
therefore, becomes a mere description of a habitual behavior, rather than a
genuine explanation of it. This is difficult to see at first glance, because the
word ‘addiction’ carries an illusion of an explanation: Why does the person in
question continue to behave in a dysfunctional, self-defeating way? Because
he or she is addicted. This has the sound, the structure of an explanation.
But what does “addicted” mean in this context? It means nothing more than
continuing to behave in a dysfunctional, self-defeating way. This is a
completely circular account of the dysfunctional behavior. We must stress
that such circularity does not characterize the original, pharmacological
definition of addiction, in which the dysfunctional behavior is genuinely
explained by the chemical properties of the addictive substance.
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Another major problem, which we attend to next, is that addictive
behavior as defined by the WHO and the DSM-IV is indistinguishable from
habitual or compulsive behavior that has nothing to do with drugs. We
explore this topic below, beginning with a general discussion of habit and
continuing with a comparison of habits and addictions.

4.

THE NATURE OF HABITS

The term ‘habit’ entails a distinction between actions that result from
conscious decision and actions that have been done many times and have
become automatic531. This distinction was discussed more than a century ago
by James 313, the great pioneer of scientific psychology: “ Any sequence of
mental action which has frequently been repeated tends to perpetuate itself;
so that we find ourselves automatically prompted to think, feel, or do what
we have been before accustomed to think, feel, or do, under like
circumstances, without any consciously formed purpose, or anticipation of
results. (...) Habit simplifies the movements required to achieve a given
result, makes them more accurate and diminishes fatigue (p. 112).” A
similar distinction, between automatic and controlled processes, was made
by modern cognitive psychologistse.g.,583,600. Habits result from automatic
processes that develop by repetition and are so well learned that no conscious
processing is required. They are unintentional and typically set in motion by
stimulus cues. They can go on simultaneously with other cognitive processes
without any interference.

4.1

The Persistence of Habits

There is consensus among researchers, beginning with James himself 313,
that the capacity to develop habits is adaptive to survival. It is hard to
imagine life without habits. Habits enable humans and other organisms to
selectively attend only to novel, complex and cognitively demanding tasks
and to perform routine but necessary behaviors with minimal resources. If
eating, walking, driving, tying shoe laces, brushing teeth etc. would have
required our full attention, we would be severely restricted in performing
other mental or physical activities at the same time.

2. Addiction, compulsion, and habit

19

Habits are a type of shortcut. They make life easier, if not possible, but
every shortcut has a cost. The main cost of habits, as far as this book is
concerned, is that they are resistant to change. Once behavior has been
assigned to automatic processing, it is difficult to get it back under conscious
control. When we perform something automatically, such as washing our
hands, we are no longer aware of the steps that are involved in the process.
Once these activities have become habits, they have functionally become a
single unit of behavior which is no longer easy to modify. Moreover,
whereas we are probably genetically prone to learn habits, we do not seem so
prone to unlearn them. This makes evolutionary sense. Learning new habits
to free our attention to demanding tasks is essential to survival. This process
is typically progressive: as we grow up, we develop more and more habits so
that we can perform more and more routine activities without requiring costly
attentional resources. The need to undo a habit is much less common. It
arises only when environmental conditions change and the old habit is no
longer advantageous, or, more relevant to our discussion, when we have
unfortunately acquired a ‘bad habit.’

4.2

Good and Bad Habits

We commonly speak of ‘good’ and ‘bad’ habits. Good habits are those
that promote efficient, functional, and healthy behavior. They are habits we
are glad we have or, all too often, habits we wish we had. In fact, we often
consciously attempt to develop good habits, that is, create useful automatic
behavioral routines. Examples are putting our wallet and keys always in the
same place as soon as we enter the house or checking the alarm clock before
going to sleep. An exercise routine is a familiar example of a behavior that
most of us strive to turn into a fixed habit, which will help insure its
persistence1. Similarly, we attempt to instill in our children a variety of
functional or socially acceptable good habits: wearing seatbelts, preparing
homework before starting to play, eating with silverware, brushing teeth, or
saying “t hank you” regardless of how repulsive they think aunt Corey is and
how cheap the gift she brought them.
Why do bad habits develop? The answer seems to be that the
habit-learning mechanism is near-sighted. The capacity to make a routine
behavior habitual is extremely useful; but the behaviors that are repeated
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until they become a habit may in fact be quite harmful in the long run. Our
definition of a bad habit is simple: Bad habits are those we wish we did not
have. What we consider bad habits may change, of course, depending on
social norms and legal sanctions. Bad habits range from picking our nose
through talking to ourselves to passing cars without looking at the rear
mirror, and finally, to smoking cigarettes and using other harmful substances.
We all have bad habits, and most of us are at war with one or more bad habits
most of our lives. What we want to emphasize here is that bad habits are not
necessarily more difficult to change than good ones. Habits are difficult to
unlearn – this is why we talk of having to ‘break’ a habit. The reason we
only run into problems with our bad habits is that we rarely try to change the
good ones. We are frustrated with our bad habits and take our good ones for
granted, thankless creatures that we are. But when we try to understand the
difficulty of changing habits, we must be aware of the ubiquity of habits in
all areas of our lives, good and bad ones alike.

5.

COMPULSIONS

Most of the literature on breaking habits involves what are commonly
referred to as ‘compulsive habits’ or ‘compulsions.’ Compulsions are
specific kinds of bad habits, consisting of dysfunctional, purposeful and
repetitive behavioral routines. The word ‘compulsion’ reflects people’s
experience that they perform these habitual behaviors despite themselves;
that they are compelled to perform them. The term ‘compulsion’ is usually
attached to behaviors that carry short-term pleasure or relief of stress, but
negative long-term consequences. Thus we talk about compulsive nail
biting, scab picking, hair pulling, overeating, stealing, shopping, gambling,
deviant or exaggerated sexual activity, etc. Clearly, not all gamblers,
shoppers, or people who indulge in repetitive behaviors of this kind have a
compulsion: the term ‘compulsion’ implies an attempt to resist the habit
and/or a feeling of being controlled by the habit.
In the current psychiatric nosology, the term compulsion has become
reserved to the defining symptoms of obsessive-compulsive disorder (OCD),
in which the main symptoms are compulsive behaviors such as washing and
checking, while other repetitive bad habits are classified in the diagnostic
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categories of impulse control, eating, or sexual disorders. In recent years,
however, habit disorders have been re-united under the umbrella of
“compulsive spectrum” or “obsessive-compulsive spectrum disorders,”
which is more in line with common usagee.g.,55,285,731. It is important to note
that just like the distinction between a ‘good’ and a ‘bad’ habit, a habit is
compulsive only to the extent that is recognized as excessive or dysfunctional
by the individual with the habit, and is performed with a sense of resistance.

6.

HABIT CRAVING, WITHDRAWAL, AND
RELAPSE

Compulsive habits are defined by a strong urge, or craving, to perform a
certain act, such as pulling hair, binge eating, washing hands, stealing or
masturbating. Performance of the act relieves the craving and may be
accompanied by pleasure. Blockage of compulsive habits is accompanied by
unpleasant symptoms, which always include increased craving to perform the
blocked habitual activity, but may include also arousal, irritability,
discomfort, insomnia, anxiety or depression. Such symptoms are commonly
reported when obsessive-compulsive individuals, for example, try to resist a
compulsion to wash their hands or check that the door is locked 402,511, when
an individual with binge eating or bulimia tries to stay away from fattening
but desirable food362,415 or when a pathological gambler attempts to abstain
from gambling 86,546 .
In the latter study, for example 546, 222 pathological gamblers were
queried regarding physical symptoms when attempting to slow down or stop
gambling. Results were compared with the symptoms reported by 104
substance dependent individuals attempting to abstain from using their
habitual substance. Sixty five percent of the gamblers experienced at least
one of the following: insomnia, headaches, upset stomach, loss of appetite,
physical weakness, heart racing, muscle aches, difficulty breathing, sweating,
and chills. In fact, gamblers experienced more of these general withdrawal
symptoms when attempting to stop gambling than did the substance
dependent participants.
Overcoming bad or compulsive habits is an uphill battle and relapse rates
are typically very high. A recent prospective study of OCD patients, most of
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whom were treated with appropriate antidepressant medications or behavior
therapy, found a full remission rate of only 12 percent over two years. Partial
remission rate was 47 percent, but of those who achieved full or partial
remission during the two-year study, almost half (48 percent) relapsed by the
end of the study 158 . Other studies have shown that when medication is
discontinued, approximately 80 percent of successfully treated OCD patients
517
relapse (reviewed by Ravizza et al. ).
A review of follow-up studies of patients with bulimia nervosa, which
consists of compulsive binge eating and purging, reported that whereas
approximately 50 percent of the patients achieved complete remission during
the 5–10 years of follow-up, fully one-third relapsed by the end of the
338
follow-up period . The same rate of relapse was reported in another recent
follow-up study of bulimia 275 . In a 2-year follow-up of exhibitionists, the
712
rate of relapse was 75 percent . A similar finding was reported in
trichotillomania (compulsive hair pulling), where 8 of 12 patients who
375
initially responded well to treatment relapsed during the follow-up period .
In a study of a comprehensive treatment program for gamblers, forty five
percent reported partial or complete relapse at one-year follow-up412. Studies
of Gamblers Anonymous, the most popular intervention for pathological
gambling in the USA, suggest that only 8 percent of the attendants achieve a
year of abstinence487. In a study of nail-biting, the relapse rate was 60–80
percent at an eight-week follow-up287.
We can see, then, that habits, especially those we term ‘bad’ or
‘compulsive,’ share many attributes with drug addiction, including craving,
persistence despite negative consequences, withdrawal symptoms and a
tendency to relapse. Indeed, a critical consequence of the current behavioral
definitions of addiction, as exemplified by the WHO and the DSM criteria, is
that most of the criteria apply just as well to compulsive habits as they do to
the use of substances. This equation of addiction with bad or compulsive
habit is reflected in the proliferation of newly discovered addictions in recent
years. “Virtually anything that some people do with regularity, commitment,
single-mindedness, or ‘compulsion’ has been called addiction. Persons are
said to be addicted to television, to chocolate, to work, to sport, to candy, to
gambling, to soft drinks, to coffee, to food, to exercise, to shopping, to sex,
and to seemingly endless list of other consumable products and activities (pp.
8
Thus, alcoholics have been joined by a multitude of other
777–778) .”
‘holics,’ including chocoholics, workaholics, and sexaholics.
This
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development has been reflected in the evolvement of the 12-step treatment
programs for addictions.
Initially conceived for alcohol (Alcoholics
Anonymous, or AA) and later for narcotic addiction (NA), they now include
not only Marijuana Anonymous and Cocaine Anonymous, but also Gamblers
Anonymous, Overeaters Anonymous, Sexaholics Anonymous, Workaholics
Anonymous, and even Debtors Anonymous (for people who have a
compulsion to incur unsecured debts).
In summary, the new behavioral definitions of addictions describe a
behavioral pattern, not properties of drugs. The patterns they describe,
including craving, withdrawal symptoms and relapse, are indistinguishable
from those that characterize compulsive habits. As a result, these definitions
have promoted an equation between addiction and compulsive habits such as
gambling, overworking and eating too much. The most critical problem for
our purpose is that these definitions do not specifiy what it means for a drug
to be addictive . Consequently, when we ask whether nicotine is addictive,
we are left without criteria that would help us determine the answer. The fact
that drugs are involved in a habit does not allow the inference that these
drugs either cause or maintain the habit any more than hair causes
trichotillomania, water causes hand-washing or store merchandise causes
kleptomania. Nevertheless, as we discuss later in the book, exactly this kind
of false inference has been made regarding the role of nicotine in smoking.
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Chapter 3
HABITUAL DRUG USE

In the previous chapter we saw that once addiction is defined
behaviorally, rather than by the chemical properties of drugs, it loses its
specificity and becomes similar to other compulsive habits. We documented
that compulsions, like drug addictions, continue in spite of harmful
consequences and share with addictions the features of craving, withdrawal
symptoms and tendency to relapse.
The similarity between drug addiction and habit is further complicated by
the fact that most addictive drugs are used habitually, so that regular routines
and rituals develop around the drug use. This point has been acknowledged
10
in the DSM-IV . In describing Opioid Dependence, for example, it notes
that “Persons with Opioid Dependence tend to develop such regular patterns
of compulsive drug use... (p. 248).”
The rituals that accompany the use of habitual drugs play an important
part in maintaining the habit; in fact, eliminating them can sometimes cause
478
an addiction to lose its appeal . In heroin addiction, powerful components
of the experience are not only the rite of self-injection but the overall lifestyle
involved in the pursuit and use of the drug. Clinical experience indicates that
drug users often crave not only the euphoria brought about by the drug but
also the ritualistic procedure involved in its consumption. This might explain
why pure heroin administered in a medical setting in Britain in the early 60s
did not produce the satisfaction that individuals with heroin addiction receive
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from the adulterated street variety they were accustomed to selfadminister618.
It has long been reported that people with narcotic addiction can relieve
their withdrawal symptoms by injecting sterile water386. Furthermore, when
detoxified narcotic dependent individuals were asked to re-enact the injection
procedure using saline solution, some of them reported mild opiate-like
effects such as a “rush” and increased skin temperature455. Meyer and
Mirin420 allowed detoxified heroin dependent individuals access to heroin
after pre-treating half of them with naltrexone (an opiate antagonist) and the
other half with a placebo, using a double-blind design. Although the dose of
naltrexone was adequate to block completely the effects of the subsequently
injected heroin, there was a tendency for these participants to show weak but
objectively measured opiate-like effects such as pupilary constriction and a
reduction in respiratory rate. A similar finding was reported by Ternes and
coauthors650. These and many other studies emphasize the important role of
learning and specifically, habit formation, in determining craving,
compulsion, relapse and other variables associated with habitual drug
use456,655 .
The intimate relationships between addiction and compulsion in alcohol
dependence were studied by Modell and his colleagues426,427. These
researchers developed an instrument for measuring obsessive and compulsive
characteristics of drinking-related thoughts and behaviors by modifying the
225
Yale-Brown Obsessive-Compulsive Scale (Y-BOCS) . Using the modified
scale (Y-BOCS-hd), they showed similarities between obsessionality and
compulsivity in OCD and in alcohol dependence.
In the alcoholic
population, subjectively rated craving for alcoholic beverages was correlated
with alcohol-related thoughts and behaviors on the Y-BOCS-hd.
The same approach was applied to opiate addiction in a recent study189.
Individuals with opiate dependence undergoing ambulatory treatment were
interviewed about the importance of their opiate-use rituals, the severity of
compulsivity and obsessionality in relation to their drug use, and their
non-drug-related obsessive-compulsive symptoms. The results indicated that
many opiate dependent individuals take their drugs in a ritualistic manner,
and that the need for a fixed ritual is a major component in opiate
dependence. The level of compulsivity and obsessionality in regard to opiate
use was comparable to that found in OCD. In addition, based on established
norms for OCD symptoms, the authors estimated that 11.4 percent of their
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sample would meet diagnostic criteria for OCD, a rate that is over 4 times the
rate of OCD in the general population.
This research makes it clear that in habits that involve drugs, the effects of
the drugs are not easily distinguished from the effects of the habits that form
around its use. Both habit and physiological dependence can create craving,
obsessions, persistent harmful behavior, general withdrawal symptoms, and
relapse. Therefore, in a habit that involves psychoactive drugs, these effects
cannot be attributed to the drug without independent evidence regarding the
addictive qualities of the drug. We shall discuss what this evidence may
consist of in the following chapters.

1.

USE OF PSYCHOACTIVE DRUGS WITHOUT
DEPENDENCE

We showed above that symptoms that are associated with addiction can
occur in habits which do not involve drugs. We also showed that the effects
of habits and drugs are confounded in the reality of habitual drug use, and
cannot be attributed to the drug without independent evidence. To complete
this discussion, we discuss the (possibly obvious) point that the involvement
of psychoactive drugs in a habit does not in itself constitute addiction. We
explicate this point by distinguishing several distinct patterns of habitual drug
use. This distinction will serve to further illustrate the complexity of the
subject matter, and more importantly, to clarify what kind of evidence is
needed to imply nicotine as the chemical responsible for continued cigarette
smoking.

1.1

The Ubiquity of Psychoactive Drugs

Nearly everyone uses one psychoactive drug or another. Most of us do so
on a regular basis throughout most of our lives. In fact, in our classes at the
university we often ask the students whether they use psychoactive drugs,
and we have yet to encounter one who does not. Some use, on a daily basis,
prescribed psychoactive drugs such as sedatives, anxiolytics or
anti-depressants. Others use illicit drugs such as ecstasy, cocaine, heroin, or
cannabis. However, such drug users are a minority. Most use psychoactive
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drugs that are common and legal, such as caffeine (in coffee and soft drinks
like coca-cola), alcohol (in wine or beer) and the subject of this book –
nicotine in cigarettes.
The same probably holds for all other countries in the world. Only for a
minority of countries, however, systematic surveys assessing drug habits of
the populations are available. We chose to rely on a recent survey performed
561
in Amsterdam, Holland . In this survey, over 4,000 respondents were asked
to report which drug they had ever used, which they had used last year, and
which they had used during the month preceding the survey. The results are
B
shown in Table 3.1 . It is clear from this table that, apart from tobacco,
alcohol, and cannabis (hashish and marijuana), drugs were tried by less than
8 percent of the sample, and less than 1 percent of the population of
Amsterdam reported using these drugs recently (last month).

Table 3.1. Prevalence of drug use in Amsterdam in 1994. This Table and Table 2 are adapted
with permission from the authors561. Values are the percentage of the total sample
Drug
Lifetime
Last year
Last month
Tobacco
66.6
45.2
40.8
Alcohol
86.1
77.1
69.3
Cannabis
29.2
10.6
6.8
Cocaine
6.9
1.8
0.7
Amphetamines
4.7
0.5
0.3
Ecstasy
3.2
1.5
0.6
Hallucinogens
4.4
0.5
0.1
Inhalants
1.1
0.1
0.1
Opiates (all)
7.7
0.7
0.7

Table 3.1 shows that even without counting caffeine (which was not
included in this survey), the vast majority of Dutch are psychoactive drug
users. These drugs include alcohol and tobacco – two substances that involve
health hazards about which the Dutch public has been informed for many
years. Given that Dutchmen are as rational as the next human being, this
demonstrates that drug use in spite of health hazards is normative. Most
users would not be considered addicted – otherwise the term addiction would
B

In Table 3.1 we did not include data on prescribed drugs (sedatives and hypnotics), as the
fact that they are prescribed means that at least some of the people who take these drugs do not
choose to consume them.
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lose any specificity it still possesses – but some of them undoubtedly are. By
which criteria can we distinguish between those who are addicted and
majority who are not?
Table 3.2. Continuation rates in 1994 (in %)
Drug
Lifetime
Tobacco
100.0
Alcohol
100.0
Cannabis
100.0
Cocaine
100.0
Amphetamines
100.0
Ecstasy
100.0
Hallucinogens
100.0
Inhalants
100.0
Opiates (all)
100.0

Last year
67.5
89.6
36.1
25.6
10.8
46.0
11.5
21.3
27.6

Last month
61.4
80.5
23.3
10.8
5.9
20.4
2.6
10.6
8.6

Table 3.2 displays continuation data for those responders who had used
psychoactive drugs at least once during their lifetime. These data show the
vast majority of incidental users of illegal psychoactive substances do not
become regular users. This is true for such drugs as hashish, cocaine, and
amphetamines, but also for drugs which have a physical dependence potential
such as opiates. Only a small minority of drug users (about 10 percent or
less) continued to use cocaine, amphetamines, hallucinogens, inhalants, or
opiates during the month preceding the survey. More continued in the case
of hashish (23%) and ecstasy (20%). Lifetime frequency data obtained in
this survey confirmed this pattern. By far, most of the drug users did not use
the drug on more than 25 occasions. The noteworthy exceptions are alcohol
and tobacco: more than 80 percent of the users used these substances on more
than 25 occasions.
These observations are interesting in more than one respect. First, the
potential for physical dependence of the illegal drugs does not predict their
continuation rates. The continuation rate of cannabis is three times higher
than that of opiates, although users are much more likely to develop physical
dependence on the latter than on the former311. Hence, there must be other
factors that determine why, after initial experimentation, a minority of users
continues to take drugs.
Those factors are not necessarily the same for each drug. For example,
Sandwijk and his coworkers561 explained the relatively high continuation rate
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of ecstasy by its novelty. The drug hit the market a short time before the
survey was conducted and therefore a larger proportion of the population
“experimented” with it in the year and the month preceding the survey. This
explanation would not hold, of course, for illegal “old-timers” such as
cocaine, heroin, or cannabis.
A second point of interest is the high continuation rate for the legal drugs,
alcohol and tobacco. The consumption of alcohol in Amsterdam is
widespread (86% of the population used alcohol at least once during their life
and 69% used alcohol during the month preceding the survey) although most
drinkers (78%) consumed less than 3 glasses per day. The authors of the
survey concluded, on the basis of these data, that “Drinking alcohol is clearly
an established habit in Amsterdam. (. . .) Nevertheless, consumption was
561
usually rather moderate (p. 125) .” Thus, whereas the use of alcohol takes
on high priority in the Netherlands, the authors did not take this as evidence
that many Dutch are alcoholics. It seems that there is more than one way to
be a regular, and even an enthusiastic, consumer of alcohol – and not only in
Holland.

1.2

Patterns of Substance Use

As we suspect some readers may know, “La Route des Vins” (the road of
the wines) is not a street in Paris. It appears in the 1995 Michelin Guide de
Tourisme499 of the Upper Rhine (“Rhin Superieur, p. 143”), instructing wine
aficionados how to reach the wine producers of the area. It is not unique: the
route of the “Vignoble et Eaux-vives498” is another prime example of places
where wine-lovers to whom the “use of a psychoactive drug (or drugs) takes
on high priority” and who are preoccupied “with a desire to obtain and take”
these drugs can indulge in “persistent drug-seeking behavior,” thus fulfilling
all of the “necessary descriptive characteristics” of the 1993 WHO definition
of drug dependence. The people whom we encountered on these roads,
however, were no alcoholics, and drove their car (often full of wine boxes)
with a steady hand. Most would agree that these wine enthusiasts should be
differentiated from other Frenchmen, who, amidst many empty wine bottles
use the warm grids over the Parisian Metro as their domicile on cold winter
days.
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In the previous chapter, we discussed the behavioral definitions for
addiction or “drug dependence” proposed by the DSM-IV and the WHO.
These definitions fail to distinguish clearly between the two types of drug
users illustrated somewhat dramatically above. Both the wine connoisseur
and the alcoholic may give high priority to the use of alcoholic drinks and go
out of their way to purchase them. In fact, the craving of some wine-lovers
for their “drug” is so great that they are willing to pay hundreds of dollars for
a bottle of wine. An examination of the WHO and the DSM-IV criteria
reveals that only the classic criteria for drug addiction – relating to physical
Physical
dependence – distinguish these two patterns of drug use.
dependence, however, is no longer necessary for diagnosing drug dependence
according to these two commonly accepted definitions.
In embarking on the subject of nicotine addiction, we must first clarify
what nicotine addiction means. As we saw in this chapter and the previous
one, the definition of drug addiction has changed over the years so it is no
longer defined by physical dependence. Drug dependence, under the new
definitions, is no more than a compulsive habit that involves drugs. The new
definitions, unlike the classical pharmacological one, do not specify anything
about the properties of the drug; specifically, they say nothing about how
these properties may contribute to the initiation and maintenance of the habit.
Unfortunately, as we showed in the previous chapter, habits involving drugs
are very difficult to distinguish from habits that do not involve drugs, such as
gambling, hair-pulling or exhibitionism, on the basis of behavior alone.
There are several classes of habits that are relevant to our discussion and
should be clearly distinguished. The first class, which includes hair-pulling,
kleptomania, pathological gambling, binge eating etc., comprises compulsive
habits that do not involve psychoactive drugs. These habits are likely to have
a biological basis (as do all common behaviors), so that their integrity
depends on many biochemical mechanisms in the brain. But whatever
purpose these habits serve and whatever pleasure and suffering they bring,
they do not involve the consumption of psychoactive drugs. As we saw,
these habits share essential features with drug addictions, including craving,
persistence despite negative consequences, withdrawal symptoms such as
irritability, anxiety, insomnia, and a high probability of relapse.
Habits that do involve consumption of psychoactive drugs can be divided
into three classes. In the first class, the psychoactive properties of the drugs
play only a minor role.
Examples are moderate and discriminating
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consumption of wine and of coffee or tea. Although the psychoactive drugs
contained in these beverages contribute to the user’s pleasure, their
contribution is a minor one. Typically, taste and smell are more rewarding
than the psychoactive effects of the drug. This is evident from the “gourmet”
cult that generally develops around these beverages. The wine connoisseur
makes fine discriminations between different wines, and has preferences for
very specific ones. He or she might settle at times for a basic table wine with
dinner, but in the absence of wine would not resort to medicinal alcohol. It
would be preposterous to argue that for such a person, wine is just a means of
delivering alcohol to the bloodstream. This also holds for tea and coffee.
While some people use coffee as a stimulant, for many others the
psychoactive agent in the beverage may actually interfere with its
consumption, as the success of decaffeinated coffee and tea testifies. For the
distinguishing users, then, these habits seem to be little different from habits
that do not involve drugs but provide sensory pleasure, like savoring cheeses
or pastries.
In the second class of habits that involve psychoactive drugs, the drugs
are important in sustaining the habit, yet even long-term use does not cause
physical dependence. Thus, when the long-term consumption of these
chemicals is ceased, no drug-specific withdrawal syndrome will appear. Of
course “habit-withdrawal symptoms” may emerge, but these will resemble
the distress following the interruption of habits that do not involve drugs, as
detailed in the previous chapter. Typical drugs in this class are hashish, LSD,
and mescaline.
Finally, the third type of drug-related habits are ones in which physical
dependence develops. Cessation of drug consumption is followed by a
withdrawal syndrome that involve both drug-specific withdrawal symptoms
and general signs of distress such as follow the interniption of non-drug
related habits. This is the only class that would have qualified for the label
‘addiction’ under the classic pharmacological definition.

2.

THE DRUG ATTRIBUTION BIAS

We showed earlier that pharmacologists had defined addictive drugs as
having certain properties that, following long-term consumption, change the
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central nervous system in such a way that the organism is driven to continue
consumption of the drug. The behavioral definition, on the other hand,
concerns addictive behavior, which is characterized by craving,
compulsivity, distress following cessation and a tendency to relapse. While
every pharmacologist would consider these criteria relevant to drug
addictions, they are not exclusive to habits that involve addictive chemicals.
As we have demonstrated, these criteria apply to most compulsive habits,
whether these habits involve drugs or not. Unlike the pharmacological
definition, the behavioral definition does not require a causal role for the
drug in maintaining the addictive behavior, which effectively makes the
definition circular.
This circularity of the behavioral definition opens the door to a particular
logical fallacy, which can be stated as follows: “Every drug that is addictive
by pharmacological criteria produces a pattern of drug use that is addictive
by behavioral criteria. A behavioral pattern that is addictive by behavioral
criteria includes consumption of drug X. Therefore drug X is addictive by
pharmacological criteria.” When this syllogism is formulated explicitly, it is
easy to see that it represents a logical fallacy. Nevertheless, we suggest that
it represents a powerful attributional bias that has had a particularly
detrimental effect on smoking research. This bias, which we shall refer to as
the drug attribution bias , can be stated as follows: If a compulsive habit
involves a psychoactive drug, observers will tend to attribute the habit to the
drug even if the drug has absolutely no causal role in motivating or
maintaining the behavior . For example, if we observed someone biting her
nails compulsively, we would not assume that her behavior was caused by an
addictive drug. If, however, we discover that during nail biting, some nail
polish is ingested, we would tend to attribute the compulsive behavior to the
nail polish even if, in reality, this “drug” has no role in causing the observed
compulsion. In the next chapter, we will raise the possibility that the
Surgeon General’s declaration that nicotine is the addictive drug that causes
smoking exemplifies this very seductive, but false, attributional bias.
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Chapter 4
SMOKING DEFINED AS AN ADDICTION

1.

THE SURGEON GENERAL REVIVES THE TERM
‘ADDICTION’

By 1988, most of the medical literature had dropped the term ‘addiction’
like a hot potato. It was replaced by the term ‘drug dependence,’ which was
not necessarily better defined, but was certainly more neutral. Only few
researchers were still using the term ‘addiction’ and they, too, wished it were
e.g.,311
dropped
. It is interesting, noting this trend, that the Surgeon General
chose to revive ‘addiction’ from its timely death in his 1988 report on
‘Nicotine Addiction665.’ This report states (p. 7) that "The terms "drug
addiction" and "drug dependence" are scientifically equivalent: both terms
refer to the behavior of repetitively ingesting mood-altering substances by
individuals. The term "drug dependence" has been increasingly adopted in
the scientific and medical literature as a more technical term, whereas the
term "drug addiction" continues to be used by NIDA and other organizations
when it is important to provide information at a more general level.
Throughout this Report, both terms are used and they are used
synonymously."
One can only guess what motivated the Surgeon General to re-introduce
‘addiction’ in his report on nicotine. Clearly, “drug dependence” and “drug
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addiction” are not really equivalent: The first is relatively free of moral and
stigmatizing connotations, whereas the second is loaded with both. The
argument that the two terms are “scientifically equivalent” because they both
"refer to the behavior of repetitively ingesting mood-altering substances by
individuals" is rather dubious. If this were the case, ‘drug dependence’
would be synonymous with a host of other terms, such as ‘psychic
dependence,’ ‘drug habituation,’ or ‘neuroadaptation,’ all of which refer to
the same behavior. Moreover, if terms become scientifically equivalent
because they “refer” to the same behavior, then ‘smoking,’ ‘injecting,’
‘eating’ and ‘drinking’ would also be scientifically equivalent and could be
used synonymously, as they all refer to the self-administration of chemicals.
Could the Surgeon General’s decision to use the morally charged term
‘addiction’ have been tinged by non-scientific motivations?
The term ‘addiction’ was redefined by the 1988 report to mean something
quite different from what it meant prior to 1988. To define nicotine as
addictive, the Surgeon General could not use most previous definitions, not
664
even his own from 1964 , as according to these definitions nicotine would
certainly not have been addictive. In 1964 he had defined “addiction” as
requiring a well-defined state of intoxication, resulting in an impairment of
judgement and/or cognition; a demonstration of tolerance, defined as a
chronic need to increase an ingested dose to achieve the same biological and
behavioral effect; and physical dependence as manifested by the appearance
of adverse physical withdrawal symptoms upon cessation of use of the drug.
In addition, an ‘addict’ was defined as suffering from occupational and social
impairment as a result of his substance use. The substance tended to become
the focal point of the addict’s life, pushing other things such as job and
family to the periphery664. Obviously, these criteria had to be changed
drastically to accommodate nicotine addiction. In 1988, the Surgeon
General 665 therefore redefined ‘addiction’ by proposing three sets of criteria.
Below, we discuss these criteria in some detail. In the following chapters, we
shall examine whether tobacco smoking meets the Surgeon General’s revised
criteria for drug addiction.
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THE SURGEON GENERAL’S 1988 DEFINITION
OF DRUG DEPENDENCE

According to the Surgeon General, the primary criteria of drug
dependence are “Highly controlled or compulsive use,” “Psychoactive
effects,” and “Drug-reinforced behavior.” The Report further states: “The
primary criteria listed above are sufficient to define drug dependence.
Highly controlled or compulsive use indicates that drug-seeking and
drug-taking behavior is driven by strong, often irresistible urges. It can
persist despite a desire to quit or even repeated attempts to quit. Such
behavior is also referred to as “habitual” behavior. To distinguish drug
dependence from habitual behaviors not involving drugs, it must be
demonstrated that a drug with psychoactive (mood-altering) effects in the
brain enters the blood-stream. Furthermore, drug dependence is defined by
the occurrence of drug-motivated behavior; therefore the psychoactive
chemical must be capable of functioning as a reinforcer that can directly
strengthen behavior leading to further drug ingestion (p. 8)665.”
The explanatory section strengthens the impression that ‘addiction’ was
redefined to accommodate nicotine, which could not be defined as addictive
by the criteria that have been used for other drugs such as opiates,
barbiturates, or alcohol. The phrase “to distinguish drug dependence from
habitual behaviors not involving drugs” shows that the Surgeon General was
reluctant to allow for the third possibility we have discussed earlier, namely
that drugs can be involved in a habit without the user becoming dependent on
them. This redefinition thus paves the way to labeling any habit which
involves a psychoactive drug as drug-dependence or addiction. This aim is
also served by the specification that the three primary criteria are sufficient to
define drug dependence, so that the classic criteria of physical dependence
and tolerance, which are clearly met by opiates and alcohol but are quite
problematic in the case of nicotine, are no longer required.
As we discussed in the previous chapters, the behavioral definitions of
10
711
addiction, such as those of the DSM-IV and the WHO , concern addictive
behavior rather than addictive drugs. They describe a compulsive habit in
which a drug is involved, but in contrast to the classic definitions of
addiction, say nothing about the properties of the drug that presumably
maintains the habit. As such, they cannot be used to define nicotine, or any
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other drug, as addictive. The Surgeon General seems to have recognized this
inherent flaw in the behavioral definitions of addiction, which would not
have allowed him to declare nicotine the addictive drug that maintains the
smoking habit. Accordingly, his definition, though it still concerns behaviors
rather than drugs, does specify two requirements regarding the drug itself:
The drug must have psychoactive effects and it must be capable of directly
reinforcing behavior.
A close inspection, however, reveals that the first criterion, namely that
the drug have psychoactive effects, leaves much to be desired. In the first
place, psychoactivity means completely different things for different drugs.
The psychoactivity of LSD is characterized by hallucinations and reality
distortion, whereas alcohol’s psychoactive effects involve interference with
the ability to concentrate, to speak clearly, to walk and to perform sexually.
Second, psychoactivity is very weakly related to drug dependence. Some
medications on which the user is dependent in the strongest sense of the word
– without it he or she might die – are not known to have significant
psychoactive effects. Insulin preserves the life of people with diabetes
mellitus, and alpha-blockers reduce high blood pressure. Is there doubt that
people who use these medications are at least as drug-dependent –
scientifically if not morally – as are cigarette smokers? Finally, the Surgeon
General does not specify that the psychoactive effects are the reason for
which the drug is taken. In fact, he does not specify that these effects must
be pleasant, or desirable, or in any way promote the use of the drug. Again,
we believe this was not merely an oversight. A clearer statement of the
causal relationship between psychoactive effects and addiction would have
made it much more difficult to make the case for nicotine addiction, as we
shall show in later chapters.
In contrast to the authors of the WHO and the DSM IV definitions, the
Surgeon General recognized that to justify the diagnosis of addiction or
drug-dependence, the drug must have a causal role in maintaining the
drug-related habit. He states that “drug dependence is defined by the
occurrence of drug-motivated behavior; therefore the psychoactive chemical
must be capable of functioning as a reinforcer that can directly strengthen
behavior leading to further drug ingestion (p. 8).” Unlike psychoactivity,
this criterion is neither trivial nor irrelevant; in fact, much of the rest of this
book is dedicated to reviewing the research on the reinforcing properties of
nicotine. Before proceeding to explore this issue, however, we examine the

4. Smoking defined as an addiction

39

remaining criteria for drug addiction proposed by the Surgeon General. Our
purpose in so doing is to demonstrate that none of these criteria are capable
of distinguishing drug-related from other compulsive habits; therefore, they
have no bearing on the question of nicotine addiction.

3.

PRIMARY CRITERIA

3.1

Highly Controlled or Compulsive Use

“ Highly controlled or compulsive use indicates that drug-seeking and
drug-taking behavior is driven by strong, often irresistible urges. It can
persist despite a desire to quit or even repeated attempts to quit. Such
behavior is also referred to as “habitual” behavior” (p. 7–8).”
Even to the layperson, this criterion of drug dependence would seem very
weak. Its weakness is made especially evident in the last sentence, which
clarifies that all this criterion means is that drug dependence must be a habit.
Many unwanted behaviors fit the description that they are “driven by strong,
often irresistible urges” and persist despite a desire or attempts to quit.
Compulsive hand washing, for example, clearly fits this criterion, yet has
nothing to do with drugs or dependence on any chemical. So are most other
‘compulsive spectrum disorders’ such as binge eating, pathological
gambling, compulsive nail biting, kleptomania, trichotillomania, compulsive
masturbation, or exhibitionism. All these are behaviors that are harmful to
the individual performing them, at least in the long run, but that he or she
feels helpless to control. Hence, while the compulsive nature of the behavior
may be justified as a necessary criterion of drug dependence, it has no
relevance for distinguishing drug dependence from other harmful habits.
In addition to the primary criteria, the Surgeon General lists additional
criteria that are “often used to characterize drug dependence (p. 8).” None of
these additional criteria, as shown below, has any value in distinguishing
drug dependence from other harmful habits, specifically those comprising the
‘compulsive spectrum’ of behaviors.
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4.
4.1

SECONDARY CRITERIA
The Behavior May Develop into Regular Temporal
and Physical Patterns of Use (Repetitive and
Stereotypic)

This clearly fits most of the compulsive spectrum behaviors. People with
obsessive-compulsive disorder (OCD) display repetitive, stereotypic behavior
in performing their rituals; in fact, compulsions are defined in the DSM IV as
repetitive and stereotypic10. A person with bulimia will typically perform her
bingeing at a particular time of the day, in the same location, with certain
foods; she will then proceed to vomit or otherwise purge in a fixed routine.
People with trichotillomania will tend to pull out hair from specific locations
in the body, on a particular sofa, at a certain time of the day; and so on.
Furthermore, stereotypic “drug use” is common in the absence of any
addiction. Many people have a fixed ritual of coffee preparation and
consumption: They buy a specific variety of the “drug” at a particular store,
store it in a special container, grind it fresh each morning, prepare it in a
fixed and meticulous fashion, and drink it with a their favorite cup –
behaviors that are very similar to those recently reported with heroin
addicts189.

4.2

Drug Use May Persist Despite Adverse Physical,
Psychological or Social Consequences

Take the words “drug use” out, and you can substitute any bad habit:
overeating, nail-biting, gambling, exhibitionism, kleptomania.

4.3

Quitting Episodes Are Often Followed by
Resumption of Drug Use (Relapse)

As we showed above, bad habits are notoriously difficult to break. Again,
in the above sentence, “drug use” can be replaced with “gambling,”
“bingeing and purging,” or just “bad habit” with no ill effects to its validity.
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We discuss this issue again in Chapter 10, where we compare the relapse
rates associated with overeating to those associated with smoking cessation.

4.4

Urges (Cravings) to Use the Drug May Be Recurrent
and Persistent, Especially During Drug Abstinence

The term ‘craving’ has been much criticized as a criterion of drug
addiction683. As we showed earlier, most compulsive spectrum disorders are
characterized by strong urges to perform the habit. Obsessions in OCD,
which are characterized in the DSM IV as “recurrent and persistent 10 ” are
often experienced as urges to perform the compulsive rituals. Similarly,
sexual paraphilias are typically preceded by urges to perform the forbidden
sexual act, overeating by urges to eat, and so forth. These urges are
experienced as stronger the more the person tries to resist acting on them or
is blocked from performing them. In contrast, physical dependence on
alcohol is characterized by a dysphoric, drug-specific withdrawal syndrome
that lends a different meaning to the word ‘craving.’ In this regard,
Kozlowski and Wilkinson356 asked: “Are desires for alcohol, tobacco, and
other drugs different? If yes, in what ways do they differ? Is it simply that
the desires are the same but the physiological correlates are different? (p.
490)” Hughes291, who also pointed to the many different connotations of the
term ‘craving’ stated: “In summary, I believe that, at present, the variety of
meanings for the construct of craving precludes its utility (p. 38).”

5.

TERTIARY CRITERIA

5.1

Dependence-Producing Drugs Often Produce:
Tolerance, Physical Dependence, and Pleasant
(Euphoriant) Effects

Whereas these used to be the primary criteria for drug addiction for many
decades, as discussed earlier, the Surgeon General delegated them to the very
end of his list of criteria. This change, we believe, is no accident: As we aim
to show in the remainder of the book, had these classic criteria retained their
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primary status, it would be extremely difficult to justify labeling nicotine an
addictive drug. Furthermore, the criterion is worded so that tolerance,
physical dependence and pleasant effects need not be causally related to the
addiction. In genuinely addictive psychoactive substances, such as heroine,
tolerance occurs to the euphoric (pleasant) effects of those drugs, and the
withdrawal syndrome following abstinence from these drugs is strongly
dysphoric, so both effects cause continued use. As he did for psychoactive
effects as one of the primary criteria, the Surgeon General waived the need
for proving a causal relationship between tolerance and physical dependence
on the one hand, and mood changes induced by drugs or by drug abstinence,
on the other.

6.

THE SURGEON GENERAL'S CONCLUSIONS
REGARDING NICOTINE ADDICTION
665

The three Major Conclusions of the Report of the Surgeon General on
nicotine addiction (p. 9) are:
“1. Cigarettes and other forms of tobacco are addicting
2. Nicotine is the drug in tobacco that causes addiction
3. The pharmacologic and behavioral processes that determine
tobacco addiction are similar to those that determine addiction
to drugs such as heroin and cocaine.”
When these conclusions were published, not everyone agreed that they
were empirically justified. One of their sharpest critics was Warburton, a
well-known smoking researcher, who had the following to say about the first
two conclusions: “Of course, nicotine use can be called an “addiction;”
someone, like the Surgeon General, just has to say it is. As Lewis Carroll
wrote:
“When I use a word”, Humpty Dumpty said in rather a scornful tone, “it
means just what I choose it to mean – neither more nor less”
“The question is,” said Alice, “whether you can make words mean so
many different things.”
“The question is,” said Humpty Dumpty, “which is to be master – that's
all”.
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However, the most important measure for a scientific claim is
experimental verification, not political pronouncements, however masterful
683
(p. 169) .”

7.

EXPLORING THE EMPIRICAL BASIS FOR
NICOTINE ADDICTION

The main goal of this book is to examine the empirical evidence for
nicotine addiction. As suggested above, in habits that include known
psychoactive drugs, there is a tendency to attribute the habit to the drug even
if no causal role for the drug has been demonstrated. This ‘drug attribution
bias’ might lead to implicating nicotine as the cause of the smoking habit in
the absence of any empirical basis. Even more importantly, as we shall
discuss in the final chapter of the book, debates about drug use and its
implications for society are not limited to the academic world.
Non-academic authorities, such as government agencies, legislators, moral
pressure groups, the tobacco industry and others contribute to the debate and
turn it from a scientific discussion of evidence to an emotional exchange
where fears, wishful thinking, and propaganda contribute as much, and
sometimes even more, than facts. It is not inconceivable, in that context, that
the Surgeon General was interested in portraying smoking as an addiction
and nicotine as an addictive substance, a motivation which might lead to a
biased interpretation and weighing of research results.
Such a bias may be reflected in the third conclusion of the Surgeon
General (see above), which Warburton683 saw as no more than “an argument
by analogy. Argument by analogy may be used to suggest a conclusion, but
it cannot establish it. The force of the argument by analogy depends upon
the resemblance of the defining properties of X and Y. It only needs Y to
possess some property that X does not, for the analogy to be unsound and the
conclusion fallacious, no matter how many properties X and Y have in
common (p. 166).” Indeed, there is a vast literature on the different
pharmacological and behavioral effects of cocaine and heroin, especially
when it comes to the addictive properties of these chemicals. If these drugs
are entirely different from each other, how can nicotine resemble both of
them? The claim for similarity (see Chapter 13) requires a selective process
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of stressing similarities (even if they are not relevant to mechanisms of
addiction) while, at the same time, de-emphasizing or ignoring the
differences.
What, then, would constitute scientific evidence, rather than “political
pronouncements, however masterful ” for nicotine addiction? In previous
chapters we showed that the current definitions of addiction, in contrast to the
classical pharmacological ones, define addictive behavior rather than
addictive drugs. The Surgeon General’s definition of drug addiction (or
dependence) generally follows the same tradition, in that one of the primary
criteria and all of the secondary criteria are behavioral. Unlike other
behavioral definitions, however, this definition does require that the drug
should possess psychoactive effects and reinforcing properties, which are two
of the primary criteria for addiction (other properties of the drug, such as
physical dependence and tolerance, are not required). At the same time, the
drug’s psychoactive effects are not specified, and are not causally related to
its “ highly controlled or compulsive use,” “stereotopic patterns of use,” or
“ use despite harmful effects. ” Similarly, nothing about the drug itself is
necessarily related to “ relapse following abstinence” and “recurrent drug
cravings.” As we showed in the previous chapters, this is not a trivial
oversight: compulsive and stereotypic behavior, craving and relapse can all
occur in the absence of any drug. The only place in the definition where a
causal relationship between the drug and the behavior is stated is the
requirement that the drug should be capable of directly reinforcing behavior,
which presumably would lead to continued use. Consequently, testing the
nicotine addiction hypothesis essentially reduces to testing whether nicotine
is reinforcing. It is not surprising, therefore, that a huge number of studies
have attempted to establish the reinforcing properties of nicotine in animals
and humans.

Chapter 5
NICOTINE REINFORCEMENT IN ANIMALS:
THEORETICAL CONSIDERATIONS

Our examination of the Surgeon General’s primary criteria for drug
addiction, by which nicotine was declared an addictive drug, revealed that
they do not include the classic requirements of drug-specific withdrawal
symptoms or tolerance. The only causal role required for the drug in
maintaining the habit was that “the psychoactive chemical must be capable of
functioning as a reinforcer that can directly strengthen behavior leading to
665
further drug ingestion (p. 8) .” Consequently, we shall dedicate the next
four chapters to an exploration of the reinforcing properties of nicotine. We
begin with a theoretical exposition of reinforcement and the related learning
principles, followed by a description of self-administration procedures, based
on these principles, for assessing the reinforcing value of drugs. We then
proceed to discuss of what constitutes evidence for establishing the
reinforcing properties of drugs and particularly nicotine, in
self-administration procedures.

1.

OPERANT REINFORCERS

The term ‘reinforcer’ is derived from animal learning theory, and plays a
central role in the paradigm of ‘operant’ or ‘instrumental’ conditioning 611. In
this context, a reinforcer is an event which, when contingent upon given
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behavior, increases the probability and the frequency that this behavior will
be repeated.
The effects of reinforcers in the laboratory are typically tested on rats in a
box designed by Skinner and known as an ‘operant chamber.’ It normally
contains a lever, or bar, which the animal can press. Rats press the lever the
first time by chance, often by leaning on it while exploring their new
environment. Pressing the lever can produce two kinds of consequences.
The first are rewarding, or pleasurable, effects, and are called positive
reinforcers. For example, a food pellet may fall into the feeder. The animal
will eat the pellet and, after a while, press again. Another food pellet will
appear. Within a short time, the animal will learn the connection between the
lever press and the food, and will continue to press for as long as it is hungry.
In the same manner, rats can be trained to press a lever to stop an aversive
stimulus, such as a painful electrical shock to their feet. If animals learn to
press the lever in order to avoid an event, such events are called negative
reinforcers. The relationship between the administration of positive or
negative reinforcements and lever pressing can be manipulated by the
investigator and is referred to as a schedule of reinforcement.
Reinforcements in the studies we shall discuss are typically delivered in a
fixed ratio of bar presses. If they are delivered every time the animal presses
the bar, the ratio is referred to as ‘Fixed Ratio 1 (FR1);’ if at every other
time, ‘Fixed Ratio 2 (FR2),’ etc.

1.1

Drugs as Positive Operant Reinforcers: The
Self-Administration Paradigm

The positive reinforcing value of drugs for animals can be tested, in
principle, by reversing the logic of operant reinforcement procedures. When
a scientist trains a rat to press the lever for food, he or she has a priori
knowledge that food is rewarding to rats. In the case of drugs, such prior
knowledge is absent; instead, what the scientist wants to learn by using a
drug in this paradigm is whether a given drug has reinforcing properties. The
logic is that if rats will press a lever to receive a drug, this drug must be
reinforcing to rats. Pressing a lever for a drug is referred to as drug
self-administration, and the procedure is considered crucial for testing the
reinforcing properties of drugs.
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In a typical self-administration procedure, an intravenous tube is
implanted in the rat, which is then placed in an operant chamber. The
intravenous tube is attached to a syringe in a pump that will automatically
activate the plunger of the syringe whenever the lever is pressed, and deliver
a predetermined amount of the drug. Technically, this is a simple procedure;
but the interpretation of its results is far from straightforward.
Let us consider a hypothetical study in which rats receive intravenous
injections of heroin solution every time they press the lever. Few people will
doubt that heroin is highly addictive by any criterion. Most rats will slowly
learn to press the lever repeatedly and, after many trials, will self-administer
heroin in a regular way, as other rats will press for food reward.
Furthermore, rats receiving heroin will press the lever more frequently than
rats receiving intravenous injections of water. Do these results enable us to
conclude that heroin is a positive reinforcer for the rat, i.e., that it increases
behavior because it is pleasurable?
Not necessarily. There are other possible explanations. For one, it is
often difficult to discern whether, in a given situation, a drug acts as a
positive or a negative reinforcer, or both. Heroin, as is well known, produces
physical dependence, meaning that cessation after long-term use produces
highly unpleasant withdrawal symptoms. To repeat Shuster’s phrase, “the
addicted animal seems to be 'well' while intoxicated but becomes ill when the
606
poison is removed .” As this syndrome can be prevented, or stopped, by
taking more heroin, the drug acts as a negative reinforcer: animals will
maintain heroin self-administration in order to stop the presumably aversive
effects of withdrawal. Hence, in the absence of other evidence, the
demonstration that rats can be trained in the operant chamber to
self-administer heroin is not sufficient proof for either the positive or the
negative reinforcing properties of this substance.
Matters are further complicated by the fact that it is often difficult to train
rats to self-administer drugs in the operant chamber. In many studies,
therefore, rats are initially trained to press a lever for food reward, which they
readily do. When they have learned to consistently press the lever for food,
the food pellet is replaced with an intravenous injection of a drug. Thus,
these experiments do not test whether rats are willing to initiate lever
pressing for a drug, but rather whether the drug can maintain the lever
pressing that had been acquired with food reward. The problem with this
procedure is that a drug can maintain lever pressing in this procedure even if,
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inherently, it produces neither reward (positive reinforcement) nor physical
dependence (negative reinforcement). Specifically, a drug can become a
secondary reinforcer by classical conditioning processes.

2.

PRIMARY AND SECONDARY REINFORCERS

In the famous experiments of Pavlov477, dogs began to salivate at the
sound of a bell after it was paired repeatedly with administration of meat
powder. In this procedure, meat powder was not an operant reinforcer, as it
was not contingent on the dogs’ behavior. It was always administered
following the sounding of the bell, whether or not the dogs salivated after
hearing the bell. Therefore, it was not a response that was learned, but an
association between two stimuli. A formerly neutral event (the sound of the
bell) acquired, by association with meat powder, stimulus properties it did
not have before. Meat powder is an unconditioned stimulus for dogs – it
produces salivation inherently, without learning. The sound of a bell, in
contrast, is a conditioned stimulus in this paradigm: it produces salivation
by the association of its sound with meat powder. Within the instrumental
conditioning framework, unconditioned stimuli are termed primary
reinforcers, meaning that their reinforcing properties are inherent, whereas
conditioned stimuli are termed secondary reinforcers (for review, see
Domj an and Burkhard146). In the operant chamber, certain secondary
reinforcers may be just as effective in training rats as some primary
reinforcers. Secondary reinforcers are also effective rewards for humans.
Money, for example, is a strong positive reinforcer for humans. However,
unlike primary reinforcers like food, the reinforcing properties of money are
learned – money has no reinforcing properties for babies or for adults in a
culture that does not use it.
In the same manner, aversive stimuli can be paired with neutral stimuli
and become secondary negative reinforcers. As Pavlov has demonstrated, if
the sound of a bell is paired with a painful electrical shock to the foot, dogs
will learn to lift their paw, whine, and show other signs of discomfort at the
sound of the bell. In an instrumental learning paradigm, if dogs have
previously learned to avoid electric shock by jumping over a barrier, they
will now do so in response to the sound of the bell. The sound of the bell,
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which had been paired with a primary negative reinforcer (shock to the foot),
becomes a secondary negative reinforcer.

2.1

Drugs as Secondary Reinforcers

When animals are thoroughly trained to press a lever for food reward, the
lever itself may acquire secondary reinforcing properties. This becomes
apparent when food reinforcement is discontinued: In spite of the lack of
reward, animals will press the lever frequently before the response is finally
extinguished. Furthermore, the lever will retain its reinforcing properties for
a considerable length of time. If the animals are returned to the Skinner box
several days following extinction, they will start to press the lever
immediately. Thus, when drugs are substituted for food following the
acquisition of lever pressing, drug injections may acquire reinforcing
properties by being paired with the lever press C.
Summing up our discussion so far, we have seen that drugs can maintain
self-administration without being rewarding, by at least two mechanisms.
First, repeated injections may produce physical dependence, and a dysphoric
withdrawal syndrome may give rise to negatively reinforcing properties the
drug did not initially possess. Second, and more important in the case of
nicotine, a drug may acquire reinforcing properties by classical conditioning
to primary or even secondary reinforcers.

3.

CONFOUNDING FACTORS IN STUDYING THE
REINFORCING PROPERTIES OF DRUGS

Learning, as we have stated before, is a highly complicated behavior. It
depends not only on motivational factors, such as reinforcement, but also on
an appropriate state of arousal. In addition, learning requires that the animal
remember the event. Specifically, in order for learning to occur, the
C

This mechanism explains, at least in part, the ubiquity of ‘placebo’ effects. When animals or
humans expect a certain effect from a drug (pleasure, analgesia, or anything else) a neutral
drug will produce the anticipated effect. Placebo effects are well known and can be extremely
powerfule.g.,95,178,243,337,688,694,713. In the context of nicotine-related experiments, the possible
presence of placebo effects complicates the interpretation of the results (see Chapter 11).
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encoding, consolidation and retrieval of the reinforcer, the behavior, and its
consequences must take place.
In humans, as in rats, motivation, arousal, learning, and memory are
mediated by neurons in the central nervous system. Psychoactive drugs act
on various neurotransmitters that conduct the information to neurons in the
brain. Heroin, for example, acts on endorphin receptors, whereas cocaine
and amphetamine act on dopamine and noradrenaline receptors.
Any given neurotransmitter can be involved in the regulation of many
brain functions. For example, there is considerable evidence that the
endorphins are involved in pain perception, feeding, temperature regulation
and sexual behavior. Heroin mimics the effects of the endorphins. When
humans self-administer heroin, or any other drug, they do so systemically – to
the entire system. The drug circulates throughout the body, reaching every
site in the central nervous system. Consequently, heroin will affect all
functions in which endorphins play a role. Some of these functions are
motivational, which may explain the rewarding effects of heroin. But other
functions may concern one or more phases of learning, memory
consolidation or retrieval.
Consider a study in which rats are trained to press a lever to obtain food.
Once they have learned this behavior thoroughly, the researcher stops
reinforcing their behavior by withholding the food reward. At this stage,
extinction should occur: The animals must learn that pressing the lever is no
longer followed by a reward, and that they can therefore stop pressing.
However, in this study the animals are now injected with a drug that prevents
memory consolidation. As a result, the rats may fail to acquire extinction and
will continue to press the lever and self-administer the drug even if it does not
have any reinforcing properties.
In the same vein, a memory enhancing drug, mimicking the action of
another neurotransmitter, could facilitate learning without necessarily
providing reinforcement for that learning.
Indeed, several animal
experiments in which drugs were delivered into discrete brain areas have
demonstrated that drugs can inhibit or enhance memory processes (for
review, see White 706). It is possible, with appropriate experimental controls,
to distinguish between motivational and other learning-related effects. As we
shall see later, however, such controls were rarely employed when the
reinforcing properties of nicotine were investigated.
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The systemic effects of certain drugs, such as cocaine and amphetamines,
commonly lead to increased arousal and a corresponding increase in
spontaneous or learned behaviors.
Other drugs, such as heroin and
barbiturates (at least at high doses), tend to decrease arousal and behavior. It
is no accident that in the jargon of users amphetamine is called ‘speed’ and
barbiturates ‘downers,’ or that morphine received it name from Morpheus,
the Greek god of dreams and sleep. As we will show in our discussion of
electrical self-stimulation (see Chapter 7), the effects of drugs on arousal, like
their effects on memory, may confound the interpretation of experimental
results.
In conclusion, the Surgeon General’s requirement that “the psychoactive
chemical must be capable of functioning as a reinforcer that can directly
665
strengthen behavior leading to further drug ingestion (p. 8) ” cannot be met
simply by showing that the drug maintains self-administration. The research
must also establish (1) that the drug did not acquire its reinforcing properties
as a secondary reinforcer, and (2) that the drug does not maintain
self-administration by affecting memory or arousal.

4.

SPECIFIC PROBLEMS IN STUDYING NICOTINE
SELF-ADMINISTRATION IN ANIMALS

The discussion above shows that self-administration is not sufficient to
demonstrate unequivocally that a drug is a primary reinforcer for animals.
Therefore, researchers aiming to establish the reinforcing value of drugs must
employ controls that will allow them to rule out alternative explanations of
their results. In addition to the general requirements specified above,
nicotine presents unique problems that must be addressed by studies that
investigate whether or not it is a reinforcer. To begin with, there are strong
indications that nicotine increases response rate regardless of whether or not
drug-delivery is contingent on responses. Below, we discuss several
mechanisms that can produce this phenomenon.
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Nicotine Produces General Activation and Stimulates
Ongoing Behavior

Nicotine, at low doses, increases overall activity in rats. At higher doses,
nicotine
initially
depresses
and
then
re-activates
ongoing
behavior 1 6 , 3 5 , 6 8 , 9 8 , 9 9 , 1 0 2 , 1 1 7 , 1 1 8 , 1 9 6 , 2 4 8 , 2 6 0 , 3 2 2 , 3 6 1 , 4 3 3 , 4 3 8 , 4 4 1 , 4 5 7 , 5 1 9 , 5 2 1 , 5 4 4 , 5 7 1 , 5 7 4 , 5 7 9 , 6 0 4 , 6 3 3 , 6 9 5 .
Tolerance of the depressant effect occurs and, subsequently, the stimulant
action of nicotine becomes more pronounced with repeated administration
e.g.,99,102,695
. In all of the above experiments nicotine increased spontaneous
locomotion.
The nicotine antagonist mecamylamine blocks both the
depressant and the stimulant effects, indicating that both are produced by
nicotinic receptors 99, 102 .
Increased activation can affect various responses made by animals,
including lever pressing. Clarke and Kumar 101 tested the effects of nicotine
in rats trained to shuttle (move from one part of a shuttlebox to the other) for
rewarding electrical brain stimulation. They noted that with repeated daily
nicotine injections, a marked, dose-dependent, stimulant effect emerged –
even when brain stimulation was turned off. These results were replicated by
the authors themselves and by another team100,571. Others have shown that
nicotine activates other operant behaviors such as lever pressing for
218,368,432,505,705
or for water212.
food
In summary, nicotine in low doses or in repeated administration
stimulates ongoing behavior. If an animal happens to be walking, shuttling,
or pressing a lever, nicotine will make it walk, shuttle, or press even more.
As Wise and Bozarth720 pointed out, when the animal presses a lever to
self-administer nicotine, it may enter a positive feedback loop in which
nicotine activates further pressing for nicotine, not because of its reinforcing
properties, but because of its activating ones.
This possibility gains credence from the finding that rats pressing a lever
for intravenous nicotine also pressed more on a second lever, which had no
reinforcing consequences122. This is a finding that highlights the non-specific
activating effect of nicotine in self-administration studies. Similarly, the
observation that selective dopamine antagonists blocked both nicotineinduced locomotion and nicotine self-administration117suggests that these
antagonists reduce the non-specific stimulant properties of nicotine.
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Thus, the observation that nicotine stimulates any ongoing behavior, a
property that may well play a major role in nicotine self-administration, is
well established. It is therefore intriguing that the vast majority of studies on
nicotine self-administration, as we shall see in the next chapter, did not make
any attempt to control for it.

4.2

Food Deprivation Induces Non-Specific Activation

In many studies of nicotine self-administration, the rats are food deprived
before the start of the conditioning proceduree.g.,115,148. The reason for this is
simple: In contrast to the case with powerfully reinforcing drugs such as
morphine, heroin and cocaine60,408,451,674,721, rats that are not hungry are
annoyingly reluctant to self-administer nicotine e.g.,689 . But whereas food
deprivation is often essential to get the rats to use nicotine, it introduces
another confounding factor in these studies: Hunger activates behavior in
rats, a phenomenon just as well-documented as the stimulating effect of
nicotine. Food-restriction causes a remarkable increase in the use of
activity-wheels and may lead to the cessation of the estrous cycle in females,
loss of body weight, and even self- starvation e.g.,331,376,377,547,548,563,622,624,687,725 , a
phenomenon that has been proposed as an animal model of anorexia
nervosa15,133,134,135,496 . Such general activation may well increase the rate of
lever pressing in self-administration studies, an effect that is liable to be
falsely attributed to the reinforcing properties of nicotine.

4.3

Nicotine Interferes with Extinction by Preserving
Memory

There is another explanation for the self-administration of nicotine by
animals, which has nothing to do with its providing reinforcement contingent
upon the response. This explanation is relevant to those paradigms where
animals are pre-trained to self-administer known reinforcing agents such as
food, water, or other drugs such as cocaine, and are subsequently switched to
nicotine e.g.,115,148,527,562,636 . By these training procedures the animals “come to
expect” a given reinforcer. Remarkably, in none of the self-administration
studies reviewed here were the animals subjected to an adequate extinction
procedure, where the original reinforcement was withheld so that the animal

Chapter 5

54

learned not to expect a reinforcing event and stopped pressing.
Consequently, for at least the first 5–10 nicotine self-administration sessions,
the results are confounded: They reflect not only nicotine-reinforced
pressing, but also the residual effects of the original reinforcer. In
subsequent sessions, the animals are presum ed to have “forgotten” the
original reinforcer, so that continued lever pressing now reflects the
reinforcing power of nicotine. This presumption, however, is problematic.
Nicotine, as has been demonstrated in dozens of experimental studies, has
a positive effect on cognitive processing in normal humans and animalsfor
review,see378,382,684,686
as well as in Alzheimer’s patientse . g . ,324,528,715. Some of the
improvement may be due to increased arousal but, particularly in animals,
nicotine and its agonists seem to have specific effects on working memory 382.
With nicotinic agonists, “memory is facilitated to such a degree that animals
382
'fail' to forget their previous responses (p. 219) .”
In the procedure described above, animals that have been trained to press
a lever for food or cocaine undergo extinction under the influence of nicotine.
Since nicotine preserves their memory of food or cocaine reinforcement and
of their own response, their acquired responses may extinguish more slowly
than in animals that are not injected with nicotine. Thus, as White706
suggested, the crucial factor that sustains response in these experimental
paradigms may be nicotine’s effect on learning processes rather than its
reinforcing properties.

5.

CONCLUSIONS

The discussion in this chapter has focused on theoretical issues involved
in demonstrating the reinforcing properties of nicotine in self-administration
studies. We have shown that careful controls must be employed in such
studies, to insure that self-administration can be attributed with confidence to
the reinforcing properties of nicotine. Some of these controls are needed for
any drug that is studied in this paradigm, whereas others are necessitated by
the specific traits of nicotine. In the next chapter we will review the research
in nicotine self-administration in animals. We will see that as a rule, the
requisite controls were not employed and, as a result, the role of nicotine as a
reinforcer in this paradigm has not been adequately established.

Chapter 6
THE REINFORCING PROPERTIES OF
NICOTINE IN ANIMALS

This chapter aims to scrutinize the evidence for the proposition that
nicotine is reinforcing in animals. The majority of the chapter is dedicated to
examining the claim that animals will self-administer pure nicotine, either
orally or by intravenous injection.
The last sections of this chapter evaluate whether the classical
conditioning paradigms of conditioned taste aversion and conditioned place
preference support the claim that nicotine is reinforcing to animals.

1.

ORAL SELF-ADMINISTRATION OF NICOTINE

There is no doubt that animals, under certain conditions, can be forced to
self-administer all drugs. Investigators determine such conditions for reasons
other than to test whether a given drug has reinforcing properties. Often the
motivation is to save time: rather than manually injecting the animal daily
with a particular drug, the investigator forces the animals to self-administer
the drugs. In such experiments the animals are generally confronted with a
no-choice situation. For example, the drug may be dissolved in drinking
water, and as this is the only source of water available to the animal, it will
drink the solution and thereby self-administer the drug. Of course, such
forced self-administration has no bearing on the question of whether or not a
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given drug is reinforcing. To demonstrate that a drug has reinforcing
properties, the animal must have a choice between a drug and a no-drug
alternative. For instance, the animal can be confronted with two water
bottles – one containing plain water and the other water mixed with nicotine.
If the animal prefers to drink the nicotine solution, we may conclude that
nicotine is more reinforcing than plain water in this setting.
Only a small minority of studies reported that certain animals, such as the
tree shrew 468, prefer drinking nicotine solution to water. The general finding
is that rats, mice, and squirrel monkeys normally do not prefer nicotine
solutions to water180,301,530 . Nevertheless, two recent reports claim to have
demonstrated a preference for oral nicotine over control solutions in rats. We
will discuss them in some detail, not because these experiments prove that
nicotine is reinforcing, but because they demonstrate some of the pitfalls of
this line of research.
613
The first report, by Smith and Roberts , describes four experiments. The
first study aimed to investigate “whether rats could be induced to consume
nicotine orally (p. 342)” by adding sucrose to nicotine solution. The study
showed that adding sucrose indeed induced the rats to consume the nicotine
solution. However, the intake of sucrose + nicotine never exceeded that of
sucrose taken alone, and in two concentration levels was significantly lower.
In other words, the rats preferred their sucrose pure, without nicotine.
The second experiment in this study was designed to see whether rats
would perform an operant response for nicotine reward. The rats were
housed in operant chambers containing ad libitum food and water, as well as
a lever and a cup. For one group of rats, pressing the lever would squirt a
small amount of a sucrose solution into the cup. For the second group of
animals, a lever press would produce the same amount of sucrose solution
mixed with nicotine. Thus, rather than having free access to sweet water or
sweet water + nicotine, the animals now had to work for their reward. The
results showed that the rats that were reinforced with sucrose + nicotine
tended to press the lever somewhat more than the rats that received only
sucrose, but this difference did not even approach statistical significance (p
was 0.27). Furthermore, there is a simple explanation for this small
difference. For an unspecified reason, the rats who were to be trained to
work for sucrose + nicotine were maintained on the same sweet nicotine
solution two weeks prior to the training, and then continued to have free
access to this solution between the operant training trials. As a result, these
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rats must have been highly aroused, which fully accounts for their slight
tendency to press the lever more frequently. In any case, the results of this
experiment indicate that the animals did not press for nicotine. When the
sucrose concentration was gradually reduced, the rats receiving sweet water +
nicotine reduced their response at exactly the same rate as the rats who were
receiving just the sucrose solution, which strongly suggests that they pressed
for sucrose, not for nicotine.
In the third experiment in this study 613, the fixed ratio was gradually
increased from FR5 to FR20. As the ratio increased (i.e., rats had to press
more to obtain a droplet of solution), and specifically between FR7 and
FR16, sucrose + nicotine reinforced rats pressed more frequently than rats
reinforced with sucrose alone. The authors concluded, on the basis of these
findings, that “sucrose + nicotine solutions are more reinforcing than
sucrose solutions alone (p. 341).” In making this unequivocal statement,
which appears in the abstract of the article, Smith and Roberts apparently did
not consider the alternative explanations discussed in the previous chapter.
Specifically, the increased response rate of the nicotine + sucrose rats could
be due to nicotine’s augmentation of general activation and, especially in the
higher reinforcement schedules, to its enhancement of memory consolidation.
Notably, Smith and Roberts seem to have been aware of the severe
limitations of their study. In the discussion section of their article, they
added this qualification: “It must be emphasized that the enhanced
responding for the SUC + NIC solution was demonstrated in animals that
had been ingesting nicotine for several months. Whether animals with less
experience with nicotine would respond to higher FR values is presently
unknown (p. 345)." Moreover, in contrast to the decisive wording in the
abstract, their conclusion in the body of the article is carefully stated: “ When
a response criterion is enforced, the response maintaining effects of
sweetened nicotine solutions are greater than those of comparable
The difference between "response
sucrose-only solutions (p. 345).”
maintaining" and "reinforcing" is telling. As we showed earlier, nicotine
(and other drugs) can maintain response without possessing primary
reinforcing properties. Indeed, a subsequent study of oral nicotine preference
confirmed that increased response rate in these paradigms is attributable to
the general activating effects of nicotine.
In this later study, Glick, Visker, and Maisonneuve212 used a different
procedure than that of Smith and Roberts. They placed rats in operant
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chambers equipped with two levers and two cups. The rats were deprived of
water for 23 hours per day and then trained to press for plain water for one
hour. Both levers were ‘active,’ so that pressing on either lever was
rewarded with a droplet of water in the cup above that lever. After the rats
had acquired stable levels of lever pressing, nicotine solutions were
introduced. A press on lever A squirted plain water, whereas a press on lever
B produced a nicotine solution. The levers were alternated every session.
The concentration of nicotine was doubled once a week.
This two-lever choice situation demonstrated unequivocally that nicotine
produces general activation which, in this setting, was expressed in frequency
of lever pressing. The most significant finding in this study was that as
nicotine levels were increased, the rate of lever pressing on both levers
increased in a parallel fashion (from about 100 per hour at a nicotine
concentration of 4 µg/ml to 160 per hour at a nicotine concentration of 32
µg/ml). This finding supports our contention that what Smith and Roberts613
reported as a reinforcing effect of nicotine was most likely a non-specific
stimulant effect.
What about preference for nicotine over plain water? The investigators
reported that 16 of the 20 rats “reliably preferred bar-pressing to receive
nicotine, at 4–32 µg/ml, than to receive water (p. 427)212.” However, no
significance tests of these differences are reported, and the meaning of
“reliably” remains unclear. The authors do report that four rats (20 percent)
never preferred nicotine. Did all of the other 16 rats prefer nicotine at every
concentration level in this range, in all of the sessions? The data are
aggregated in a way that does not disclose this information. Moreover, a
recent report from the same group, using identical methodology, indicates
that the finding that 80 percent of the rats preferred nicotine in the Glick,
Visker, and Maisonneuve study is in fact quite unreliable. For their second
study211, the researchers selected only rats that demonstrated a preference for
nicotine in this paradigm. In parentheses, they explain that “not all rats have
nicotine preference ” and, specifically, “ approximately 50 percent of the rats
211
screened for this study had nicotine preferences (p. 275) .” Inexplicably,
the contradiction between these figures and those reported in the original
study goes unnoticed by Glick and his colleagues. Obviously, if only 50
percent of the rats prefer nicotine in this paradigm, it must relinquish its
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claim as “an oral self administration model of nicotine preference in rats (p.
426)212,D.”

2.

INTRAVENOUS SELF-ADMINISTRATION

The problems caused by nicotine's bad taste can be circumvented by
training animals to self-administer nicotine intravenously This procedure
has been successfully employed for other drugs. With most psychoactive
drugs, however, it produces much stronger evidence of reinforcement than it
does with nicotine. Specifically, known psychoactive drugs, including
opiates 60,408,451,674,721 and cocaine 60 716not only maintain lever pressing for
self-administration, but are also sufficiently reinforcing to initiate such
behavior. In contrast, under normal conditions, animals do not initiate
nicotine self-administration, either orally or intravenously. Only a few
reports claim otherwise, and these are all problematic. In one report122, for
example, rats received multiple nicotine injections prior to intravenous
nicotine self-administration, and nicotine increased response rates for both
the ‘active’ (delivering nicotine) and the ‘inactive’ lever; therefore, as
discussed earlier, this result is attributable to general behavior activation. A
more recent study 667 also failed to employ adequate control for the activating
effects of nicotine, and even so, the majority of its results were not
statistically significant.
In other experiments reporting marginal preference for nicotine
self-administration e.g.,601,603,605 , animals received a “priming injection” of
nicotine prior to each session. Such “priming” can obviously affect
performance in later trials, a possibility that can be easily examined, for
example, by including a control group that would receive the priming
D

We should note that even if a reliable majority of rats in Glick, Visker, and Maisonneuve’s
study212 did press the lever that squirted nicotine more often than the one that squirted water,
their conclusion that nicotine is therefore reinforcing would still be problematic. First, the
researchers only measured how often the rats pressed and not their actual consumption of
fluids; therefore, there is no evidence that the rats actually drank more nicotine solution than
water. Second, if nicotine had been reinforcing, there should have been a learning curve
showing a gradual increase in lever pressing for nicotine, relative to water, during every
1-hour session and between sessions for each nicotine concentration level. The authors did not
present any data to show that such learning occurred.
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injections but would later self-administer only saline. No such group was
included, however. In another recent study, which purportedly demonstrated
that nicotine can initiate self- administration390, animals were food-restricted,
some were nicotine-“primed,” and no controls for general activation were
used.
The fact that, unlike known addictive drugs, nicotine is not
unconditionally self-administered by animals argues strongly against it being
a potent reinforcer. But even the claim that nicotine will maintain
self-administration is very weakly substantiated. We found that most studies
that have made this claim contained fundamental methodological flaws,
particularly a surprising lack of controls for the non-reinforcing effects of
nicotine discussed in the previous chapter. With the exception of a handful
of studies, to be discussed in detail later, there was little attempt to rule out
such alternative explanations. The fact that animals can be made to
self-administer nicotine in the same paradigm where they also self-administer
heroin, cocaine, and other known reinforcing drugs, seems to be taken as
evidence that nicotine must be as reinforcing as heroin or cocaine. The flaw
in this argument is obvious. The syllogism: “Animals self-administer all
reinforcing drugs; Animals Self-administer nicotine; Hence nicotine is a
reinforcing drug” is as false as the syllogism: “People eat all animals; People
eat coleslaw; Hence coleslaw is an animal.”

2.1

The Early Studies (until 1989)

Even when animals were first trained to press a lever for another
reinforcer such as food and then were switched to nicotine injections, early
studies often failed to demonstrate nicotine self-administration 21,122,234,729 .
When self-administration occurred 21,149,253,366,612,616,729 , it was often marginal,
not dose-related, or demonstrated only in food-deprived animals (a limitation
we will discuss later in this chapter). Several studiese.g.,21,136,214,220,612,623
used very few subjects and presented almost no statistics. Often the animals
had participated in earlier studies where they had been trained to
self-administer food, or known reinforcing drugs such as cocaine. Some of
the studies reporting success and quoted by the Surgeon General are available
only in abstract form and thus do not permit scrutiny of the methodse.g.,215,504.
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A 1988 review217 concluded: “The series of studies reviewed show that
nicotine by itself can serve as an effective reinforcer for humans and
experimental animals, but it does so under a more limited range of conditions
than do other reinforcers such as IV cocaine injection or food presentation.”
It is precisely this “limited range of conditions” that should have motivated
every experimenter to employ a maximum of controls. “A limited range of
conditions” means that the reliability of animal models for intravenous
self-administration of nicotine is poor, and therefore, alternative explanations
should be given most serious consideration.
Referring to these early self-administration studies, Corrigall and Coen115
wrote: “ While these studies have suggested that nicotine might serve as a
reinforcer in rodents, they have not provided convincing evidence.” We
concur. Indeed, what was considered the most convincing evidence by the
Surgeon General and most investigators during the 1980s were not rodent
studies, but primarily primate studies. The most influential of them was a
1981 article in Science, authored by Goldberg, Spealman and Goldberg.
According to the Surgeon General, “ Goldberg, Spealman, and Goldberg
showed conclusively that nicotine itself could junction as an efficacious
positive reinforcer for animals, although the range of conditions under which
it was effective was somewhat more limited than for drugs such as cocaine
and amphetamine (p. 181)665.” Because of its influence, and especially its
central place in the Surgeon General’s report, this study merits detailed
analysis.
The total sample in this “conclusive” study220 consisted of four squirrel
monkeys. The animals sat in chairs in a sound-attenuated chamber and could
operate a single response lever. Pressing the lever produced a brief light
stimulus that was occasionally associated with an intravenous injection of
nicotine. This second-order reinforcement schedule produced a gradual
increase in rate of responding. Furthermore, substituting nicotine with saline
injections or blocking nicotine receptors with mecamylamine resulted in a
marked reduction in the rate of lever pressing.
Disregarding the small sample, these results appear convincing at first
glance. However, a first glance is often deceptive. The authors never
considered, at least not in writing, two well-established facts that constitute
obvious alternative explanations for their findings. First of all, as discussed
at
length
earlier,
nicotine
induces
general
activation
in
animals16,35,68,98,99,102,117,118,153,248,260,322,361,433,438,441,457,519,521,544,571,574,579,604,633,695.
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As lever pressing was the only available activity for the monkeys, nicotine
would be expected to increase lever pressing. When saline was substituted
for the nicotine, the activation level, and consequently the rate of lever
pressing, would be expected to drop. Furthermore, as mecamylamine blocks
the stimulant effects of nicotine 99,102, it would be expected to block the
increase in lever pressing induced by the general activating property of
nicotine.
Moreover, of the four monkeys, only one was naive; the other three had
been trained to press the lever for cocaine. No rationale is given for the
cocaine pre-training – presumably, the authors could not otherwise get this
threesome to press for nicotine reward. The cocaine-trained monkeys were
submitted to a saline extinction schedule. Such extinction, however, is
limited, and in this case it clearly did not cause the monkeys to forget having
received cocaine for lever pressing. This is evident from the fact that “in the
cocaine-trained monkeys, responding was established under a second-order
schedule of intravenous nicotine without preliminary training (p. 573). "
Cocaine is a powerful reinforcer. It is powerful enough to facilitate
second-order conditioning as well as io transfer secondary reinforcing
properties, by classical conditioning, to the lever the animals had been
pressing. As intravenous nicotine injection is a salient cue in animals 90,575,602 ,
it could become associated with the secondary reinforcing properties of the
lever that was previously conditioned to the reinforcing effects of cocaine
and thereby enhance responding as a secondary reinforcer. In addition to
these two crucial alternative mechanisms, there is another possibility that
Goldberg, Spealman and Goldberg220 did not entertain: rats in a stimulus-free
environment are willing to work for the light stimulus itself. The fact that
light is reinforcing for rats was recognized and studied in the operant
chamber over two decades agoe.g.,254,440,714 but seems to have been forgotten
by modem researchers. While there is no direct evidence that monkeys will
acquire level pressing with a light reward, it is certainly a possibility that
must be considered in interpreting the results of this study.
The authors of this study, then, demonstrated a disregard of alternative
explanations of their findings. Unfortunately, as we note throughout this
book, this type of confirmatory bias is all too common in research on nicotine
addiction. In addition, the design of the study was seriously flawed. There
were five manipulations in all (nicotine + mecamylamine, nicotine + no light,
saline, saline + no light, and resumption of nicotine), but the design was not
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fully crossed: Saline was substituted for nicotine only in the three
cocaine-trained monkeys; mecamylamine was administered only to two of
the four monkeys, and the same was the case for omitting the light stimulus.
Only one monkey received all five manipulations, and the lone
nicotine-trained monkey received only two manipulations. In addition, the
authors did not provide any statistical analysis of the data, or even tables of
results, so we are left to judge the results by eyeballing the figures. In the
same vein, there are no standard definitions for a “reduction” or an “increase”
in the rate of pressing. To illustrate, one monkey (S-156) increased its
pressing rate by 0.7 responses per second during the four baseline sessions.
When the light stimulus was omitted, another monkey (S-464) is said to have
reduced its pressing rate, but this supposed reduction is only by 0.4 responses
per second. Thus, in one case, a difference of 0.4 responses per second is
considered a meaningful reduction, while in another case, an increase of 0.7
responses per second is dismissed as baseline variability.
The order and length of the manipulations in Goldberg, Spealman and
Goldberg’s220 study is neither fixed nor counterbalanced. In fact, there is
only one manipulation that two monkeys (S-200 and S-464) share in the
same order: The light stimulus is omitted after four baseline sessions and
reinstated afterwards. Out of a total of 18 manipulations in this study, three
consisted of two sessions, five of four sessions, one of five sessions, three of
six sessions, one of seven sessions, two of nine sessions, two of ten sessions
and one of eleven sessions. The length of the manipulations seems to have
been determined ad hoc by whether the results were in the predicted
direction. In the above example of omitting the light stimulus, one monkey
was run for seven sessions and the other for eleven sessions before the light
stimulus was reinstated. The experimenters must have waited until each
monkey was at a visible low point, and then stopped (thus eliminating the
risk that the response rate would increase again). The same pattern was
repeated when the light was reinstated. The first monkey returned to baseline
levels after five sessions, at which point observations were stopped (thereby
avoiding the risk of a later reduction in the rate of pressing). In contrast,
thesecond animal was observed with patience for eleven sessions, until it
finally returned to its baseline levelsE.
E

To verify that the implied relationship between the number of sessions and the animal’s
cooperation with the experimental hypotheses is not merely an unfair prejudice, we conducted
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This is the study, then, that provided a “conclusive demonstration,” at
least for the Surgeon General, that nicotine can function as an efficacious
positive reinforcer665. This conclusive demonstration relied on a total of four
monkeys, of which only two were subjected to the critical manipulations,
with no control for general activation, no standardization of procedure, no
statistical tests of the results or even numerical summaries of the data and no
consideration of alternative explanations of the findings. But then again,
relative to other evidence the Surgeon General had at his disposal for his
1988 report, this study220 may well have been the best case for
self-administration of nicotine by animals.

2.2

Limitations of Recent Studies (1989-1999)

A year following the Surgeon General’s report, a new method of nicotine
self-administration in the rat was described by Corrigall and Coen115.
According to the authors, the new method resulted in relatively high, stable,
and dose-dependent rates of responding, without the use of concurrent
additional reinforcement or nicotine pretreatment. Corrigall and Coen’s
method was replicated many times by their group and several otherse.g.,
31, 94, 116, 117, 118, 119, 120, 14 7, 1 48 , 47 1, 4 89, 49 0 , 59 5 , 65 1 , 68 9
. Nevertheless, the procedure has
major drawbacks, which severely limit the conclusions that can be drawn
from it.
2.2.1

Food Deprivation

According to Corrigall and Coen’s method, rats are food deprived for 36
hours, and then trained to press a lever for food pellets on a continuous
reinforcement schedule (FR1 – a food pellet is delivered on each press).
Once trained, animals are fed their daily nutrient requirement of standard lab
chow as a single meal (20g). Following training, an intravenous catheter is
the following analysis. For each manipulation, we computed a ‘favorable change index,’ using
the difference in pressing rates (in the predicted direction) between the last session of the prior
condition and the second session of the present manipulation. We then correlated this index
with the number of sessions the researchers allowed for this manipulation The Spearman rank
correlation was -0.72 (p < 0.05), so that smaller changes in the expected direction were
significantly related to a larger number of sessions. Of course, a correlation does not imply
causation.
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implanted in the rats and they are put in an operant chamber for one hour
each day. They have access to the same lever they had learned to press under
previous training conditions, but rather than receiving a food pellet as a
reinforcement, they receive an injection of nicotine solution. The other
training conditions are also maintained. Specifically, the animals continue to
be fed 20g of food following the session, which is about half of what they
would eat if they had free access to food148. They cannot eat again until after
the next session, at least 20 hours later. Thus, as Corrigall and Coen115
acknowledged, the rats are not only food deprived throughout the study, but
are particularly hungry during the nicotine self-administration sessions.
Food deprivation in rats is a facilitating condition for nicotine
self-administration, as shown earlier by otherse.g.,149,366,609 . A more recent
demonstration was provided by Watkins et al. 689. These authors used
basically the same method as Corrigall and Coen115 for training the animals,
but fed their animals ad libitum when pressing for nicotine. This had a
dramatic effect on self-administration: in one of their experiments, only 6 out
of 17 rats self-administered nicotine. When the animals were returned to the
restrictive feeding schedule, 14 of 17 self-administered nicotine. Thus,
Watkins et al.689 unintentionally performed a much-needed control
experiment. Their findings suggest that the critical factor in Corrigall and
Coen’s115 procedure is hunger, rather than nicotine. Animals that were
trained to press a lever for food will continue to do so whenever they are
hungry. This is not surprising, as in Corrigall and Coen’s procedure, animals
do not go through an extinction period before they are switched to nicotine.
As Donny et al.148 demonstrated, prior operant conditioning with food
reinforcement can sustain bar pressing in hungry animals in the absence of
nicotine or food for at least nine days. This finding suggests that the
reinforcing properties of food for hungry animals may be transferred, by
classical conditioning, to the lever. The secondary reinforcing properties of
the lever can later be conditioned to any recognizable stimulus property of
nicotine and make its injection reinforcing.
This hypothesis is supported by the observations of Shaham and his
co-authors595 that acutely food-deprived rats, trained to self-administer
nicotine and then subsequently extinguished, display not only nicotineseeking, but also food-seeking behavior, following a priming injection of
nicotine. Together, these studies suggest that self-administration of nicotine
in Corrigall and Coen’s115 paradigm may be due to secondary reinforcing
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properties acquired by classical conditioning to food. However, as we shall
show in the next sections, it is more likely that nicotine in this paradigm
either did not enhance lever-pressing at all, or did so by facilitating ongoing
behavior of the animals rather than acting as a reinforcer.
The possibility that hunger is the crucial factor that maintains nicotine
self-administration in Corrigall and Coen’s paradigm is also consistent with
the well-known anorectic properties of nicotine in rats e.g.,588,734 . This
anorectic effect could well be sufficiently reinforcing to sustain responding,
even if nicotine would have no reinforcing properties in any other condition.
Through this mechanism nicotine acts as a negative reinforcer, not a positive
one, that is, the animals self-administer nicotine in order to reduce their
hunger.
2.2.2

Elimination of Uncooperative Subjects

The original study that made Corrigall and Coen’s procedure popular115
did not control for the effects of weight and food restriction on nicotine
self-administration. The first attempt to validate Corrigall and Coen’s model
by submitting it to systematic, critical, and well-controlled experimentation
was undertaken by Donny and his colleagues nine years later 148 . Because the
findings of this study were interpreted by the authors as validating Corrigall
and Coen’s paradigm, it is important to examine it closely.
Donny and his colleagues conducted three separate studies, designed to
examine the effects of nicotine dose, feeding schedule and drug contingency
on lever pressing (and consequent nicotine infusion) in Corrigall and
Coen’s115 procedure. In the first study, they showed that rats trained
according to this procedure self-administered nicotine at doses of 0.03 and
0.06 mg/kg per infusion. Nicotine self-administration was defined as a
statistically significant difference between the frequency of pressing on the
active as compared to the inactive lever. However, these significant
differences were obtained on a biased sub-sample of the rats: animals that did
not achieve stable nicotine self-administration were excluded from analysis.
In the 0.06 mg/kg dose, one third of the rats were excluded from the reported
results; for the 0.03 mg/kg dose, 40 percent of the rats were excluded. The
authors stated that “the same pattern of results was found when all animals
were included in the analyses, indicating that the results are not a function of
an arbitrary acquisition criterion (p. 85)148.” However, this “pattern” is not

6. The reinforcing properties of nicotine in animals

67

presented, and we seriously doubt that the statistical analyses would have
produced the same results; otherwise, there would have been no need to
exclude the uncooperative subjects.
The peculiar practice of excluding animals that do not meet the desirable
performance criteria from data analysis and from the reported results seems
to be the rule in this paradigme.g.,31,116,117,118,147,595,603,689 . Whether this was also
done by other groups is often not clear from the methods e.g.,94,119,120,471.
Discarding animals from analyses may be valid for some questions, but it can
radically distort reality when as many as half of the animals are excluded for
failing to acquire nicotine self-administratione.g.,603.
Exclusion of
uncooperative animals is clearly not appropriate when the research question
is whether or not rats self-administer nicotine. By discarding animals that do
not perform in the way that the investigator wishes, almost any desirable
result can be obtained. As noted earlier, excluding animals that do not
self-administer nicotine (about half of the population) and then proceeding to
draw general conclusions appears to be an accepted norm in oral
self-administration studies as well e.g.,211.
In their second experiment, Donny and his co-authors148 examined the
effect of food and weight restriction on lever pressing and the resultant
amount of self-administered nicotine. The results confirmed that the practice
of restricting the animals’ diet and depriving them of food for more than 20
hours prior to each session are crucial factors in this paradigm. Animals that
had unlimited access to food during the nicotine sessions pressed the lever
about 3 times less, and self-administered about one-third nicotine, compared
This
to the animals that were food-deprived and weight-restricted.
overwhelming effect did not deter the authors from concluding that “SA is
not dependent on deprivation and/or weight restriction,” as “rats in all
feeding
conditions
demonstrated
clear
evidence
of nicotine
self-administration (p. 88).” Even the second part of this statement, however,
is invalid for the reason noted above for the first experiment: The statistically
significant effect of active vs. inactive lever pressing for the non-deprived
group was achieved after 40 percent of the rats that failed to meet
self-administration criteria were excluded from analysis.
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2.2.3

Lack of Saline Control Groups

There is another serious flaw in the two studies described above, and for
that matter, in all but one of the studies that used Corrigall and Coen’s
procedure: None of these experiments included a saline control group. A
saline control group, treated identically to the nicotine self-administering
experimental group, is essential for concluding that nicotine has reinforcing
effects in food-deprived animals. Instead of saline control conditions, Donny
et al.148, like other researchers using Corrigall and Coen’s procedure,
considered responding on the inactive lever as their control. Pressing on this
inactive lever, however, never produces reinforcement for the animal in this
procedure – neither when it is trained with food reward, nor in later stages.
Therefore, animals in this procedure learn perfectly well that pressing this
lever has no consequences, and demonstrate this knowledge by rarely
touching it. Indeed, we know so little about what goes on in a rat’s brain that
we cannot even be certain that rats recognize an inactive lever as a lever! As
far as we can tell, this control is worthless both for measuring non-specific
activation and most certainly for assessing extinction of pressing for food
reward. This was demonstrated directly by Bardo and his coworkers31. They
used the same procedure as Donny and his co-authors but also had a control
group pressing for saline injections. During the first 5 days of training in an
FR1 schedule, there was no observable difference between the saline and the
nicotine reinforced group. Thus, whatever pressing occurred during this
phase of self-administration is entirely attributable to lack of extinction of
pressing for food-reward, rather to any effect of nicotine.
That animals had not in fact undergone extinction is also evident from the
third experiment of Donny et al.148 (see also Shaham et aI.595), where saline
controls pressed about 25 times during the first session, and complete
extinction had not been achieved during the 9 days of the study. In our
opinion, the omission of saline control groups, combined with the practice of
excluding one-third to one-half of the animals that do not acquire nicotine
self-administration, invalidates Donny et al’s first two experiments, as well
as most other studies in the same paradigm e.g.,116,117,118,147,595,603,689.
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Limited Evidence for Drug Contingency Effects

The third experiment in Donny et al. was designed to examine the effects
of drug contingency on lever pressing for nicotine. Each rat that was run in
the usual procedure had two yoked controls. Every time it pressed a lever,
the first yoked subject received a nicotine infusion identical to the
self-administered one, and the second yoked animal received an infusion of
saline solution. For the yoked controls, then, infusions were not contingent
on lever pressing. This method is useful for separating the general effects of
nicotine discussed above, particularly general activation, from its rewarding
properties. Specifically, a difference between the nicotine self-administering
group and the yoked nicotine group would indicate that lever pressing could
not be accounted for by general activation, as the latter should be the same in
these two groups. Indeed, the self-administering group in this experiment
pressed the lever significantly more than the two yoked control groups,
which did not differ between them and in which responses gradually declined
over the nine days of the study.
Although these results are potentially important, this single experiment
does not provide sufficient grounds for concluding that nicotine is
self-administered in this paradigm for its rewarding properties. A replication
is always a requirement in science, but it is especially needed in this case not
only because of the numerous negative results reviewed above, but also
because of three anomalies in this particular experiment. First, there was no
evidence in this experiment of the general activation effects of nicotine,
which should have been expressed in more lever pressing overall in the
yoked nicotine group as compared to the yoked saline group, especially
during the later phases of the study. This lack of general activation effect is
peculiar in light of studies
cited above e.g.,122,667 ,
in
which
nicotine-administering animals showed considerable elevations in both active
and inactive lever pressing. Second, the self-administering rats pressed twice
as many times as the other two groups in the very first session. As lever
pressing in the first session is mostly determined by prior conditioning to
food reward, this finding is peculiar and suggests that the results of this
experiment reflect initial differences between the three groups. Third, the
contingency group in this experiment, from which no animals were
discarded, pressed nearly twice as many times as contingency groups in the
two earlier experiments, where up to 40 percent of the animals were
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discarded for not meeting the criterion. This observation is consistent with
the possibility that the contingency group in this particular experiment was
anomalous, and its higher pressing rate reflects baseline differences rather
than the reinforcing effects of nicotine.
2.2.5

Confounding Reinforcement with Activation

In
several
studies that
employed
Corrigall
and
Coen’s
proceduree.g.,31,147,148,651, rats were submitted to fixed ratio (non-continuous)
schedules of reinforcement. These schedules (FR2 and FR5) generally led to
an increase in responding, which was taken as evidence for the reinforcing
properties of nicotine. However, this conclusion is dubious, especially in
view of a recent study by Bardo and coworkers31. As in similar studies, rats
were allowed a number of days (five, in this case) on an FR1 schedule before
switching to higher ratio schedules. Rather than increased responding over
these five days, which would indicate learning, rats showed a reduction in
responses until day 5. More importantly, response rates were not noticeably
different from the response rates for saline during these five days. Thus, by
these two criteria, when animals were on the FR1 schedule, nicotine did not
act as a reinforcer. However, when animals were switched for two days to an
FR2 and for 5 days to an FR5 schedule, lever-pressing rate increased
two-fold and five-fold, respectively. Though the authors did not comment on
this pattern, we find it quite puzzling: How could nicotine be reinforcing in
FR2 and FR5 schedules, but not in the continuous reinforcement (FR1)
schedule?
We propose that the answer is to be found in another experiment by the
same group of investigators153.
This study demonstrated that a
pharmacologically similar dose of nicotine (0.3–1.0 mg/kg) as selfadministered in the previous study (about 0.6 mg per session) will produce a
depression of locomotion at the first daily session, but enhanced locomotion
by Day 8. In other words, rats self-administering nicotine will become
increasingly activated (and hence press more) following daily exposures to
nicotine, in a timeframe that corresponds to shifting the animals to FR2 and
FR5 schedules in the first study. With the exception of the study described
above by Donny and his co-worker 148, this crucial confound has not been
controlled for by any of the studies using Corrigall and Coen’s procedure.
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Other Recent Animal Self-Administration Studies

As stated earlier, the study by Donny and his co-workers.148 seems to have
been the only attempt to validate Corrigall and Coen’s model. The vast
majority of the experiments performed after 1989 were not designed to test
whether animals self-administer nicotine because of its reinforcing
properties. Instead, they were designed to test further manipulations on what
were assumed to be reinforcing properties of nicotine in rats e.g.,94,471,490,
monkeys 562,679 , and mice 406 . Generally, investigators in this field seem to
believe that the issue has been settled, despite the lack of studies that
convincingly reject any of the multiple alternative explanations of the data.
A recent study with mice employed a different procedure from that of
Corrigall and Coen’s. Stolerman et al.636 trained water-deprived mice to press
a lever for water, and then switched them to intravenous nicotine. Animals
self-administered first a higher dose of nicotine, than a lower dose, and
finally saline, each for six daily sessions. The authors observed a significant
increase in responses over the six days of the higher dose, a significant
decrease over the six days of the lower dose, and no change over the six days
that the animals received saline.
Unfortunately, this design also suffers from methodological problems.
The order of the nicotine dose was not counter-balanced, so it was
completely confounded with the time factor. Thus, any changes with the
nicotine dose may be attributable to the effects of time on memory, activation
or suppression of motor responses, and most importantly, on extinction.
Furthermore, only the high dose of nicotine, which was administered
immediately following training with water reward, was significantly different
from saline, and even this effect was obtained only by omitting the first three
days of each dose from the analysis. In fact, saline maintained responding
for six days, without any decline in response rate, at levels that were
indistinguishable from the lower nicotine dose. Thus, the results of this study
can be fully accounted for by the effects of nicotine on activation together
with the secondary reinforcing properties that nicotine has acquired from the
water reward.
Two other studies with mice demonstrated a more careful approach to
406,515
experimental design and control
.
These investigators had mice
The animals were placed in a confining
nose-poke for injections.
experimental chamber with their tails outside. The tail was prepared with an
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intravenous catheter and fixed to the floor with adhesive tape. The only
behavior the animals could perform was poking their nose through an
opening in the wall. Half of the animals received an injection of nicotine or
saline contingent upon this “nose-poke,” while the other half served as
passive yoked controls, receiving the injection whenever their active partner
nose poked. As mentioned above, this is an excellent way to control for
general activation.
In both studies, the “contingent” animals poked significantly more than
the yoked controls on two doses of nicotine. These studies demonstrate,
therefore, that nicotine seems to have reinforcing properties in immobilized
mice. Clearly, these results are somewhat limited in scope. Immobilizing
mice is a manipulation that increases stresse.g.,93,639,668, and more studies will
have to be conducted to see whether stress is a necessary condition for these
effects to occur. Moreover, nose-poking in mice is apparently a spontaneous
(not learned) behavior and baseline or control levels of some groups in the
same study (e.g., for cocaine and epibatidine) were nearly as high as the
Also, the observation that the
poking rates induced by nicotine515.
reinforcing effects of nicotine did not require learning is puzzling, as is the
absence of any general activating effects. However, in contrast to the vast
majority of nicotine self-administration studies, these studies are carefully
designed and executed. To date, these seem to be the only well-controlled
studies in which animals that were neither food deprived nor trained on other
reinforcements initiated self-administration of nicotine.

3.

DEMONSTRATING REINFORCING
PROPERTIES OF DRUGS USING CLASSICAL
CONDITIONING

As discussed in the previous chapter, self-administration is not sufficient
evidence for the reinforcing properties of a drug. One reason for that is the
fact that drugs can become secondary reinforcers by classical conditioning to
primary reinforcers such as food. However, classical conditioning itself can
also be exploited to elucidate the reinforcing properties of drugs. Like
Skinner, in his experiments with instrumental conditioning, Pavlov knew the
(primary) reinforcing properties of the stimuli he used: meat powder is
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rewarding to dogs, pain is aversive. Therefore, as in the case of instrumental
conditioning, the logic of the classical conditioning experiments can be
reversed. If the reinforcing properties of a given drug (positive, negative, or
none at all) are unknown, the drug can be paired with neutral stimuli.
Subsequently, it can be inferred from the behavior of the experimental
subjects, whether those neutral stimuli become secondary positive or
negative reinforcers. Will the subjects approach those formerly neutral
stimuli following conditioning, or will they avoid them?
Naturally, the classical conditioning paradigm is prone to the same
problems as the self-administration paradigm. If many drug injections are
needed to produce conditioning, physical dependence may confound the
results. But if only few, or better, only one drug injection has to be paired
with a neutral stimulus to produce conditioning, then the researcher can
safely conclude that the drug in question is a primary positive reinforcer.
Fortunately, there are two classical conditioning paradigms that meet this
requirement: conditioned taste aversion and conditioned place preference.
These names are misleading: Although the first paradigm is called ‘taste
aversion’ and the second ‘place preference,’ both paradigms can be used to
demonstrate both aversions and preferences.

3.1

Conditioned Taste Aversion

John Garcia’s well-known experiments on the phenomenon of
conditioned taste aversion (CTA) constitute one of the most impressive
research programs in the area of animal and human learning. In his first
experiment 199 , rats were exposed to food with a novel flavor. After the rats
ate, half of them received an injection of a poison that made them sick and
the other half received an injection of saline. Animals that were not made
sick ate the food with the novel taste several days later. Animals that had
been sick, though they have by now recovered, did not eat the food. In
subsequent experiments, Garcia and his coworkers showed that the aversion
the rats have developed was specific to the flavor, and that every agent that
makes animals sick will produce CTA200. Conversely, when a novel taste is
paired with reward, the result is conditioned taste preference.
Interestingly, when psychoactive drugs are paired with a novel taste in
animals, they usually produce conditioned taste aversion, rather than
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preference. Systemically administered amphetamine 372,897 , cocaine 173,615 ,
372,596
alcohol125, the active ingredient of hashish (delta-THC)474, and morphine
have all been demonstrated to produce CTA in rats. In fact, we are not
certain that there exists a single psychoactive drug that is self-administered
by humans and does not produce CTA in animals. It is therefore not
surprising that nicotine was also found to produce conditioned taste
aversione.g.,469.
The CTA paradigm, therefore, appears to be singularly unsuitable for
discriminating rewarding from non-rewarding drugs – according to this
paradigm, none of the psychoactive drugs is rewarding. This observation
raises an important theoretical question. In view of the fact that all of the
chemicals mentioned above are self-administered by humans and some of
them, at least, must have rewarding properties, why are they also aversive?
There is no answer to this question that is accepted by all workers in the
field, various explanations for this finding have been raisede.g.,235. The most
parsimonious explanation is based on the fact that psychoactive drugs are
administered systemically. As these drugs interfere with normal neural
transmission in the brain, it is more than likely that the neurotransmitters
affected by the drug are involved in many different brain systems that are
responsible for a multitude of behaviors706. Some of these brain systems
normally produce aversive effects, and others rewarding effects. This idea is
e.g.,596,597
supported by observations
that psychoactive drugs can produce CTA
and conditioned place preference (CPP) simultaneously in the same animal.

3.2

Conditioned Place Preference

Conditioned place preference (CPP) is another classical conditioning
paradigm that can be used to demonstrate reinforcing properties of
substances. In its simplest form, the animal is first exposed to a cage with
two distinctly different chambers. After it is established that the animal has
no preference for either chamber, meaning that it will spend an equal amount
of time in each one, the animal is injected with a drug while it is in one of the
chambers. A few days later, when the effects of the drug have worn off, the
animal is tested again. If it now shows a preference for the chamber in which
it was injected, the conclusion is that the drug had positive reinforcing
properties. If the animal shows an aversion towards that chamber by
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spending more time in the other one, or has no preference for either chamber,
the drug had apparently no rewarding properties.
CPP in rats following systemic injections of amphetaminee.g.,625,
32,661
cocainee.g.,70, and morphinee.g.,436 has been reliably demonstrated. This is
not the case for alcohol, which produces place preference in micee.g.,126 and
place aversion in rats125, even when the drug is self-administered.
Evidence for nicotine-induced CPP is much weaker. Some experiments
showed no effect of acute systemic nicotine on place preference97,473. Others
found place aversion328. Some groups found both place preference and place
aversion 78,194,195,286,526 , depending on various methodological parameters.
Only one group of investigators 3,82 observed CPP without aversion, but an
attempted replication by others using the same dose 604 did not succeed in
reproducing these results. There is therefore no clear or consistent evidence
that nicotine produces CPP.

4.

CONCLUSIONS

Self-administration studies in animals have not established the role of
nicotine as a positive primary reinforcer. The great majority of these studies
suffer from severe methodological flaws, which jeopardize both their internal
and their external validity. The internal validity of these studies, that is, the
extent to which the results could be interpreted as reflecting nicotine
self-administration, was compromised by (1) a lack of appropriate
comparison groups, particularly saline and yoked controls; (2) partial
presentation of results and absence of statistical tests; (3) lack of
standardization and ad hoc methodological decisions. The external validity
of these studies, that is, the extent to which their results can be attributable to
the reinforcing properties of nicotine, is limited due to (1) lack of control for
general activation, anorectic properties and other systemic effects of nicotine;
(2) insufficient consideration of secondary reinforcement processes; (3) using
food-deprived or confined animals; and (4) exclusion of subjects that do not
conform to the investigators’ preferred behavior.
The classical conditioning paradigms corroborate the results obtained
with the self-administration studies. Most psychoactive drugs, including
nicotine, produce conditioned taste aversion upon acute administration. This
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procedure, therefore, cannot be used to determine the reinforcing properties
of drugs. The conditioned place preference paradigm does seem to detect
reinforcing drugs, and in marked contrast to morphine and cocaine, nicotine
does not reliably produce CPP. The absence of convincing nicotineproduced place preference, especially in view of the many attempts to elicit
it, is inconsistent with the hypothesis that nicotine is reinforcing to animals.
We conclude that research does not support the contention that nicotine
possesses primary reinforcing properties in animals.
Finally, a central issue in this line of research is the extent to which it is
relevant to human tobacco smoking. Even if nicotine were reinforcing in
some animals – it is clearly not reinforcing in those animals that were
discarded in many studies e.g.,116,117,118,147,211,595,603,689 – it could still have no
role in human smoking.
Indeed, we contend that the conditions under which nicotine
self-administration has been obtained in animals are irrelevant to human
smoking behavior. A primary example is the fact that in contrast to rats,
people like to smoke after a meal, when they are satiated rather than
hungry 256,315,318 . Thus, the relevance of rat self-administration studies to
humans, even if we put all our other reservations aside, is highly
questionable. We shall return to this argument when we discuss the research
on the role of nicotine in human tobacco smoking.

Chapter 7
NICOTINE AND INTRACRANIAL
SELF-STIMULATION (ICSS)

Self-administration is the principal paradigm used to assess the
reinforcing properties of drugs, including nicotine.
However, another
paradigm, called "intracranial electrical self-stimulation" (ICSS), has also
been used for the same purpose. As we aim to show in this chapter, the
validity of ICSS for assessing the rewarding properties of drugs is highly
questionable. Nevertheless, as nicotine’s effects on ICSS have been cited as
evidence for its purported reinforcing properties e.g.,17,37,100,272,299,300,306,732 , it is
important to explore this paradigm and its implications for the issue of
nicotine addiction.

1.

THE ORIGINS OF THE ICSS PARADIGM

Electrical self-stimulation was accidentally discovered in 1954 by Olds
and Milner 460. They observed that rats learned to return to that part of the
cage where they had received direct electrical stimulation of the septal area of
the brain. This conditioned place preference (see Chapter 6) suggested that
the stimulation was rewarding. Olds and Milner subsequently corroborated
this hypothesis by training rats to press a lever to electrically self-stimulate
locations in their own brains.
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Olds and his co-workers soon observed that the extent to which rats were
willing to self-stimulate depended primarily on the anatomical area in which
the electrode was placed. Rats would press the lever frantically (sometimes
up to a hundred times a minute) when the electrode stimulated locations that
were involved in rewarding normal behaviors, such as sex, feeding, and
drinking. When the electrodes were located in other areas, such as the
cerebral cortex, rats did not learn to self-stimulate. Still other electrode
locations caused the rats to press the lever in order to stop electrical
stimulation.
Olds named these locations "reward," "neutral," and
"punishment" areas, respectively.
Olds and Milner460 proposed that ICSS was not essentially different from
behavior modification caused by natural rewards They hypothesized that
electrical brain stimulation activated pathways in the brain that are normally
activated by natural reinforcers such as food, water, and sexual gratification
and, therefore, evoked similar subjective rewards. The main difference
between electrical and natural reinforcers, according to Olds and Milner, was
in the elimination of the middleman.
They believed that electrical
stimulation, like natural reinforcers, activated the neural substrate of the
reward system, but circumvented the peripheral and central pathways. As we
shall see, later research demonstrated that these conclusions were
oversimplified.

1.1

The “Pure Incentive” Theory of Self-Stimulation

One of the dominant theoretical accounts of ICSS was proposed by Olds
and Olds461 and Stein629. This approach, referred to as the “ pure incentive
schema198,” assumed “that the consequences of a behavior pattern, that is,
the reward it produces, are responsible for potentiating repetition of
behavior Reward, in other words, operates through a positive feedback
amplifier (p. 18 1).”
This account of ICSS deviated from the theories of motivation that had
dominated experimental psychology for decades in that it disregarded the
notion of drive. Previous ‘homeostatic’ theories, to which we will return
later, assumed that behavior was potentiated by a ‘drive’ that generally
resulted from a physiological ‘need.’ The need for food, after deprivation,
produced a drive that caused behavior such as foraging and feeding.
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‘Reward,’ in these theories, directed behavior and increased its probability
and frequency, but did not produce it. Olds and Olds461 and Stein629, in
contrast, postulated that ICSS created an ‘incentive,’ which not only directed
behavior but also energized it.

2.

THE USE OF ICSS FOR SCREENING
PSYCHOACTIVE DRUGS

The idea that ICSS could be a useful paradigm for demonstrating the
rewarding properties of psychoactive drugs was introduced in the 1950s. The
“pure incentive” theory generated a straightforward hypothesis pertaining to
the effects that rewarding drugs should have on ICSS. This hypothesis rested
on the three assumptions. First, all neurons in the brain, including those
activated by electrical self-stimulation, communicate with each other by
releasing neurotransmitters. Second, the neurotransmitters that are released
when neurons are stimulated by ICSS in the ‘reward areas’ are transmitters of
‘reward629 .’ Until recently, as we will discuss at the end of this chapter,
dopamine was believed to be the primary transmitter of reward. Third,
psychoactive drugs, particularly those that are habitually self-administered by
humans, activate these brain systems of reward and cause the release of, or
mimic the action of, the neurotransmitter normally released in these systems.
As animals work harder when the reward they receive is greater, injection of
a rewarding psychoactive drug should increase rates of self-stimulation. In
using ICSS as a screening device, this logic is reversed: if a drug increases
self-stimulation, it must be reinforcing to the animal.
Driven by this logic, numerous studies in the past five decades have
examined the effects of drugs, including nicotine, on ICSS. Below, we
summarize the results of these studies, beginning with morphine and
continuing with nicotine. We then proceed to question the adequacy of the
ICSS paradigm for exploring the reinforcing properties of drugs and,
specifically, of nicotine.
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2.1

The Effects of Morphine and Nicotine on ICSS

In summarizing the effects of morphine on ICSS, we restricted ourselves
to studies that used medial forebrain bundle (MFB) electrode placements, as
the effects of morphine in other locations varye.g.,113. We should also note
that even though we will be discussing only the results of morphine, other
opiates, notably heroin, have similar effects on ICSS.
The effects of intra-peritoneally administered morphine at doses up to
about 5 mg/kg on ICSS are inconsistent. Increases e . g . , 8 3 , 2 1 3 , 8 6 7 , 6 7 1, decreases e.g.,
387,463,568,873
and no changes in self-stimulation rates e.g.,568,573,690,693 have been
reported.
The effects of higher doses of morphine are more consistent. At doses
higher than 5 mg/kg, morphine produces a biphasic effect, first depressing
self-stimulation and, about two hours later, increasing it to rates significantly
higher than baseline for up to four hours and more e.g.,6,72,112,252,387,388,462 . With
chronic treatment, the depressant effect of morphine undergoes
tolerancee.g.,6,72,252,309,387,576 , whereas its facilitatory effect occurs earlier and
undergoes potentiatione.g.,6,72,252,309,387,576 .
Only few of the studies dealing with the effects of morphine on
self-stimulation attempted to reverse the behavioral effects with opiate
antagonists. When an opiate antagonist such as naloxone or naltrexone was
pre-administered to, or co-administered with, morphine, all behavioral effects
of morphine were blocked71,213,568,691. However, the opiate antagonist
naloxone did not reverse the rate-increasing effects of morphine when
administered on the peak of this facilitatory effect252. Together, these data
strongly suggest that the sensitization of ICSS is triggered by morphine, but
sustained by a neural mechanism outlasting opiate receptor activation. This
conclusion is supported by the observation that the peak effect of
sensitization
occurs
about
three
hours
after
morphine
administratione.g.,6,72,112,2752,387,388,462 , when the drug has been cleared from the
organism by as much as 75 percent e.g.,33,52,307.
The effects of nicotine on self-stimulation are generally similar to those of
morphine.
Low doses of nicotine increase ICSS 151,572 or have no
101,464,678
effect
. High doses generally cause an initial depressant effect,
464 37,58,59,100,101,272,465,572
but exceptions
followed by increased lever pressing ,
306,732
were observed
. Repeated injections of nicotine produce tolerance to its
depressant effects 37,58,59,100,272,306. In contrast to studies of morphine, most
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nicotine studies failed to find clear sensitization of its enhancing effect either
on rate or on threshold37,58,59,100,272.

3.

THE INADEQUACY OF THE ICSS PARADIGM
FOR ASSESSING DRUG PROPERTIES

The facilitatory effects of nicotine on ICSS have been generally
interpreted as evidence for its reinforcing effects e.g.,17,37,100,272,299,300,306,732 . As
we aim to show in the rest of this chapter, however, studies of ICSS are
irrelevant to the issue of nicotine addiction, for several reasons. First of all,
in spite of extensive research (mainly performed during the 1960s), the exact
nature of ICSS is not understood. Secondly, the effects of certain drugs on
ICSS, most notably the opiates, contradict observations made with
self-administration. Thirdly, it is difficult, if not impossible, to separate drug
effects on locomotion from those that purportedly involve mechanisms of
reward. Finally, even the assumption that drug reward and ICSS share the
same mechanism is questionable. As a result, the effects of drugs on ICSS
lend themselves to multiple interpretations and cannot be used to determine
whether or not nicotine, or any other drug, is reinforcing.

3.1

Differences between Natural Rewards and ICSS

There are crucial differences between the behavioral effects of “natural”
reinforcers, such as food and water, and those of ICSS. These differences
have been discussed in detail elsewhere 198 , so we shall mention them only
briefly.
One difference between lever pressing for ICSS and for natural rewards
concerns satiation. With food or drink reward, animals will work until they
are satiated.
In contrast, with the exception of specific electrode
placements459, they do not seem to reach satiation for ICSS. A second
difference involves the speed of extinction. Consider a procedure where a
thirsty animal is trained to press a lever for water and is working at a constant
rate. If the experimenter switches off the mechanism that provides the water,
the animal will continue to press the lever, initially at a high rate and later at
increasingly lower rates. Finally, as it apparently learns that the lever no
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longer provides reward, it will stop pressing altogether 510 . In contrast,
animals that have learned to press for electrical brain stimulation generally
stop pressing much more rapidly. In this study593, rats that had made as many
as 10,000 responses per 15-minute session for 15 to 20 days stopped pressing
abruptly when the electricity was disconnected, showing no extinction curve
at all.
Furthermore, Olds and Milner 460 and others161,666,702 observed that some
rats did not resume pressing at the beginning of a new daily ICSS session and
would initiate lever pressing only following “priming” – frequent stimulation
administered by the experimenter. Such overnight decrements do not occur
with food reinforcement458,702. Spontaneous recovery with ICSS was
impaired even when inter-trial intervals were as short as ten seconds 197.
Consistent with this is the observation that self-stimulation is poor in partial
reinforcement schedules, when time intervals are imposed between rewards69.
Finally, in contrast with natural rewards, the motivation of animals to
engage in ICSS is increased by the electrical stimulation itself. This is
evident when “priming” induces or increases the rate of
e.g.,142,157,198,424,460,520
. This phenomenon is not found with
self-stimulation
other rewards. “Pre-feeding” hungry animals or “pre-watering” thirsty ones
will not increase lever pressing for these rewards.

3.2

Limitations of the “Pure Incentive” Account of ICSS

The observations summarized above are inconsistent with the ‘pure
incentive’ theory of self-stimulation. If ICSS is that rewarding, why is it so
easily extinguished? Why is spontaneous recovery so poor? Why is there a
need for “priming?”
The ‘pure incentive’ theory encounters other problems as well. As
discussed earlier, this theory asserts that lever pressing for electrical brain
stimulation should increase in the presence of other rewards. The implication
of this prediction is that ICSS should decrease in the presence of aversive
states. In numerous studies, however, anhedonic manipulations have had the
opposite effect. Water and food deprivation increased ICSSe.g.,24,74,193,226 and
slowed extinction140,206. In the same vein, loud noise, tail pinch, restraint
stress, and sometimes also inescapable foot-shock have been observed to
28,141,335,336,413,414
increase ICSS
, depending on the site of electrode implant.
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ICSS was also reported to increase following deprivation of REM sleep 660 or
oxygen11.
Studies of shuttle-box self-stimulation have provided direct evidence that
ICSS is not a “pure incentive.” In these experiments animals can switch
continuous electrical stimulation on and off to a “reward area” (in the sense
that Olds used the term) of the brain, by moving from one area of the
shuttle-box to the other. In these studies, without exception, the animals
shuttled back and forth, alternately switching the current on and
e.g.,22,23,24,29,137,320,589,669
. The fact that the animals switched the current off
off
demonstrates that, at some point, electrical stimulation of the brain had
become aversive.

3.3

The “Homeostatic” Account of Self-Stimulation

An alternative explanation of ICSS 142,198 is based on homeostatic theories
that were postulated earlier by learning theorists. It proposes that brain
stimulation in "reward" areas, rather than eliciting ‘pure reward,’
simultaneously produces an aversive ‘drive’ and a reinforcing effect which
reduces this drive. Thus, depending on its placement, electrical brain
stimulation can produce simultaneously both hunger and satiation.
Following a lever press for electrical brain stimulation, the drive to eat
outlasts the sensation of satiation and ‘decays’ only after some time. Hence,
the animal will press the lever again to reduce its hunger, only to feel hungry
again as soon as the rewarding effects of the electrical stimulation wear off.
The “homeostatic” hypothesis accounts for many of the enigmatic
observations that characterize ICSS. It explains why animals show rapid
extinction: as soon as stimulation stops, the animal has no drive for pressing
the lever any further. The same reasoning explains the lack of spontaneous
recovery following even short inter-trial intervals, and the need for ‘priming’
becomes obvious. In the same vein, food or water deprivation, or other
anhedonic manipulations, increase ICSS by increasing drive. Finally, the
theory explains the observation that animals in shuttle-box ICSS switch off
electrical brain stimulation by postulating that electrical stimulation
produces, over time, more drive than reward.
In addition, the homeostatic account is consistent with another
well-established phenomenon. When the experimenter delivers electrical
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current to the same electrodes that sustain ICSS, animals often respond with
feeding, drinking or sexual behaviorse.g.,75,111,271,281,400,419,428.
These
“stimulus-bound” responses are readily explained by the homeostatic
hypothesis: As electrical stimulation induces drive as well as reward, the
animal responds with drive-reducing behavior.
The theory of Deutsch and Gallistel has been criticized primarily on two
counts. First of all, findings in the ICSS paradigm tend to vary. Drive decay
is not apparent in all animals, spontaneous recovery is sometimes seen, and
priming is not always necessary e.g.,342,352,497,638 . Secondly, animals often
display ICSS-directed behavior: as mentioned above, conditioned place
preference for electrical stimulation prompted Olds and Milner 460 to attempt
ICSS in the first place. Moreover, early researchers have demonstrated
secondary conditioning of ICSS to previously neutral stimuli such as
tones346,628. It is difficult to reconcile these observations with the thesis that
the only reward involved in ICSS is drive reduction.

3.4

Summary: The Theoretical Status of Self-Stimulation

As stated before, it is not within the scope of this book to explicate the
nature of ICSS. Our goal is only to portray the debate concerning the nature
of self-stimulation and its implications for our (in)ability to interpret the
effects of drugs in this paradigm. The need to underscore this debate stems
from the fact that the literature concerning the effects of drugs on
self-stimulation largely ignores it. This neglect is not surprising, as the
rationale for testing the effects of drugs on ICSS rests on the validity of the
‘pure incentive’ account. Consequently, the results of most studies of drug
effects on ICSS are explained according to the logic of ‘pure incentive’
theories, concisely stated by Wise 719 : “...drugs of abuse generally increase
responding for brain stimulation reward; they do so by increasing the
rewarding potency of the stimulation (p. 321).” Only few studies have
recognized that psychoactive drugs can alter responding for brain stimulation
reward in another way, specifically, “by attenuating concurrent aversive
properties of stimulation 385 (p. 75).”
The statements cited above illustrate the essence of the unresolved debate
between proponents of the ‘pure incentive’ account 461,629 and the
‘homeostatic’ account 142,198 . If self-stimulation has an aversive (or ‘drive’)

7. Nicotine and intracranial self-stimulation (ICSS)

85

component, then psychoactive drugs can increase self-stimulation in two
ways: either by increasing the reward component, or by decreasing the
aversive component. This, by itself, complicates the interpretation of results
obtained with psychoactive drugs on ICSS. Furthermore, if the drive state
postulated by the homeostatic theories causes the release of
neurotransmitters, then agonists of these transmitters could be expected to
increase ICSS without being rewarding. Similarly, any antagonist to these
neurotransmitters could be expected to reduce ICSS, yet be rewarding.
In view of the unresolved debate between the ‘pure incentive’ and
‘homeostatic’ theories, it becomes impossible to interpret the ICSS results
with any confidence. However, in addition to this thorny problem, there is
another reason to doubt the validity of ICSS as a model for testing the
reinforcing properties of drugs. Specifically, as we show below, the
conclusions drawn from ICSS often contradict those obtained with the
self-administration paradigm.

4.

MORPHINE IN SELF-ADMINISTRATION VS.
ICSS PROCEDURES

Both the self-administration and the self-stimulation paradigms are used
to assess the reinforcing properties of drugs. These two models, however,
yield results that contradict each other on both the behavioral and the
pharmacological level. The effects of opiates on ICSS can be summarized as
follows:
1. Morphine-like drugs first decrease, and subsequently increase the rate
of self-stimulation e.g.,6,72,112,252,387,388,462.
2. With repeated exposures to morphine, the depressant effect undergoes
tolerance, whereas the facilitatory effect undergoes sensitizatione.g.,
6,72,252,309,387,576
.
3. The sensitization of the facilitatory effect is not reversible by opiate
antagonists252.
4. The peak effect of sensitization occurs about three hours following
morphine administration e . g . , 6 , 7 2 , 1 1 2 , 2 5 2 , 3 8 7 , 3 8 8 , 4 6 2 , when morphine has
been cleared from the organism by as much as 75 percente.g.,33,52,307.
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The effects of opiates in intravenous self-administration paradigms can be
summarized as follows:
1. Rats self-administer opiates readily 60,129,203,391,409,451 .
2. Over a period of about 2-3 weeks, rats increase their intake of
morphine or heroin as much as five-fold 60,391,451 . This phenomenon is
believed to reflect increased tolerance to the rewarding effects of the
drug.
3. Opiate self-administration is fully reversible by opiate
antagonistse.g.,84,409,410.
4. The peak effect occurs within minutes after injection.
Self-administration studies report rates of more than five injections
per hour 60,129,203,391,409,451,692, indicating that the effect of each injection
wears off within twelve minutes or less.
These brief summaries highlight the central contradictions between the
two paradigms. Judging by the effects of morphine on ICSS, morphine’s
reinforcing (rewarding) effects peak an hour after morphine’s half-life,
undergo sensitization, and are difficult or impossible to reverse with opiate
antagonists. In contrast, according to the self-administration model, the
rewarding effects of morphine appear almost immediately, undergo tolerance,
and are readily reversible by opiate antagonists. As these observations
cannot be reconciled, one model must be wrong.
Of the two paradigms, the self-administration findings are more consistent
with morphine- and heroin-induced euphoria in humans. The rewarding
action of opiates is rapid, as noted by Jaffe311: “At any point in the course of
withdrawal, the administration of a suitable opioid will completely and
dramatically suppress the symptoms of withdrawal (p. 534).” The euphoric
effects of these drugs undergo tolerance, which causes the gradual increase in
doses administered by veteran users: “. . . the addict who is primarily seeking
to get a “rush” or to maintain a state of dreamy indifference (a “high”) must
constantly increase the dose. In this way, some addicts can build up to
phenomenally large doses (e.g., 2 g of morphine intravenously over a period
of 2.5 hours without significant change in blood pressure, pulse rate or
respiration) (p. 533)311.” Finally, the rewarding effects of heroin are readily
and completely reversed by opiate antagonists311. From this comparison, it
appears unlikely that the effects of opiates on ICSS reflect their rewarding
properties.
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We have seen, then, that the effects of morphine on ICSS are different in
critical respects from the results obtained from the self-administration
paradigm. In contrast, the effects of morphine and other drugs, including
nicotine, on ICSS are intriguingly similar to the effects of the same drugs on
locomotion. This resemblance may provide a clue for another possible
interpretation of the effects of drugs on ICSS.

5.

THE SIMILARITY BETWEEN THE EFFECTS OF
DRUGS ON ICSS AND ON LOCOMOTION

The effects of morphine on locomotion, like the effects of other
behavioral depressants, vary according to dose and over time. Low doses of
morphine (up to about 5 mg/kg), administered acutely, have stimulant effects
on locomotion in ratse.g.,209,401,512. Higher doses suppress locomotion in a
dose-related fashione.g.,467,663 , followed by increased locomotion 697. With
repeated injections, tolerance develops to the suppressant effects of morphine
on locomotione.g.,672, whereas the stimulatory effects are potentiated or
‘sensitized’ following repeated injections 672,673 . In general, the effects of
morphine on locomotion are very similar to its effects on ICSS.
The marked similarity between the effects of morphine on ICSS and on
locomotion suggests that the two types of behavior may share similar
mechanisms. Specifically, several observations suggest that the sensitization
of locomotion is triggered by the activation of specific opiate receptors, but
sustained by different mechanisms. First of all, it does not undergo tolerance.
Secondly, increased locomotion was observed during spontaneous or
precipitated withdrawal38,39,476– but see 584. Thirdly, sensitization does not
disappear following a morphine challenge 92 hours 516, 7 days 4,697 or, with a
selective delta-opioid agonist, even 2 months418 after morphine withdrawal.
Fourthly, with the exception of one study673 there is no evidence that the
sensitization of locomotion can be reversed by opiate antagonists. As the
antagonist in this study was injected one hour before the peak of
sensitization, its results are not conclusive F.
F

There exist two major differences between the effects of morphine on locomotion and ICSS.
First of all, low doses (up to 5 mg/kg) of morphine consistently produce increases in
locomotion, whereas the effects of such doses on self-stimulation are less consistent.
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Researchers have tended to disregard the decreased ICSS rates following
morphine as resulting from non-specific effects such as motor
retardation e.g.,167 ; at the same time they attribute rate-increasing effects to a
specific motivational aspect of behavior. In view of the similarity between
the effects of morphine on locomotion and its effects on ICSS, this
interpretation seems to reflect a theoretical bias rather than a balanced
consideration of the evidence. Objectively, both the inhibitory and the
facilitative effects of morphine on ICSS can be interpreted either as effects on
performance or on motivation, or both.
Like the effects of morphine, the effects of other drugs on self-stimulation
can be effectively predicted from their effect on locomotion. In a recent
review 719 (p.328), stimulants which facilitate spontaneous behavior topped
the list of drugs that increase self-stimulation. The same review also listed
(without referring to the problematic issues discussed above) morphine and
heroin, and some of the hallucinogens (psychedelics), such as cannabis and
phencyclidine (albeit on the basis of only a few studies). In contrast,
depressants such as alcohol, barbiturates and benzodiazepines reduce rather
than facilitate self-stimulation719 , whereas apomorphine, which is not
self-administered by humans, enhances self-stimulation719 .
Nicotine, at least at low doses, stimulates locomotion in rats (for
locomotion references, see Chapter 5).
At higher doses a biphasic
depressant/activating effect becomes apparent, culminating in ataxia and
catalepsy at very high doses and followed by increased locomotion. With
repeated injections, tolerance to the depressant effects develops rapidly. On
the basis of these observations alone, we can predict that the effects of low to
moderate doses of nicotine will enhance self-stimulation rates, whereas
Secondly, spontaneous or precipitated withdrawal increases locomotion38,39,476–but see584 , but
e.g.,569,571 – but see330
generally decreases ICSS
. These differences seem to imply a dissociation
between locomotion and self-stimulation, but they may simply reflect the fact that locomotion
and lever pressing are incompatible, especially in the presence of escape behavior (jumping).
In a so-called “rate-independent” measure of ICSS reward (the current threshold for
self-stimulation167), locomotion is excluded. Hence, only drug activation of lever pressing is
measured. In these studies, thresholds for lever pressing are perfectly correlated (across
studies) with morphine dose-related shifts in locomotion where locomotion is the sole
dependent variable. When doses of morphine lower than 5 mg/kg were used, threshold
reductions
were observed e.g.,300,308,345,570,671 .
Higher doses increase the current
e.g.,166,168,213,289,576,671
threshold
.
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higher doses will lead to a reduction in responding – at least until the sedative
effects wear off. Thus, following either a long latency between the injection
and the stimulation session, or by inducing tolerance by repeated
administration, nicotine can be expected to increase self-stimulation rates.
This, with few exceptions, has indeed been observed.
As in the case of morphine, most authors discarded nicotine’s depressant
effects on ICSS as a performance deficit, while viewing its rate-enhancing
effects as motivational. This bias was probably the reason that most
researchers did not include appropriate experimental controls to determine
which process was actually operating. A noteworthy exception is the study
by Clarke and Kumar101 who incorporated a simple control in their paradigm.
Using shuttle-box self-stimulation, they simply shut off the current. They
found that “ ... responding was increased by nicotine even when brain
stimulation was not available ('time-out') (p. 271),” thus demonstrating that
nicotine’s effect in this paradigm can be attributed to its activating properties.

6.

SUMMING UP: SELF-STIMULATION AND
NICOTINE REINFORCEMENT

The self-stimulation paradigm suffers from theoretical and empirical
problems that, despite its extensive use, have never been satisfactorily
resolved. As discussed above, the two dominant accounts of ICSS contradict
each other, and neither is satisfactory. The ambiguity regarding the nature of
ICSS is sufficient to invalidate its use for determining the reinforcing
properties of drugs, including nicotine. In addition, this application of ICSS
cannot be justified on empirical grounds. The central findings that contradict
this use of ICSS are as follows:
1. Animals behave differently in pressing a lever for ICSS compared to
pressing for natural rewards.
2. Results from ICSS drug studies contradict results from
self-administration studies.
3. The effects of drugs on ICSS are similar to, and confounded with,
their effects on locomotion.
4. Not only rewarding drugs but also aversive stimuli and states can
increase self-stimulation.
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Many drugs, notably depressants and alcohol, do not screen as
rewarding drugs with the ICSS paradigm.
Taken together, both theoretical and empirical considerations indicate that
the rewarding properties of psychoactive drugs, including nicotine, cannot be
inferred from their effects on ICSS.
5.

7.

A NOTE ON NICOTINE AND DOPAMINE

For nearly two decades, there was little doubt that mesolimbic and
mesostriatal dopamine release was equivalent to reward. This dominant view
was expressed in the ‘anhedonia’ hypothesis, formulated by Wise and his
co-workers 186,187,718,722 , which proposed that these dopamine systems
mediated pleasure. When dopamine antagonists are administered to animals,
according to this hypothesis, “all of life’s pleasures – the pleasures of
primary reinforcement and the pleasures of their associated stimuli – lose
their ability to arouse the animal 718(p. 52).” Thus, dopamine was believed to
mediate the pleasure of food, sex, and drugs of abuse.
As the ‘anhedonia’ hypothesis essentially equated dopamine release with
reward, it lent itself to a simple and foolproof test of the rewarding properties
of drugs: if a drug produces an increase in dopamine, it must be rewarding.
According to this criterion, nicotine was clearly rewarding, as it was
consistently reported to increase release of dopamine in the nucleus
accumbens e.g.,98,211,303,490,501,521,578, apparently by exciting ventral tegmental
neurons e.g.,77,177,389,494,578.
Evidence accumulated in recent years, however, has unequivocally
refuted the assumption that dopamine release equals reward. As Gray and his
colleagues 230 stated, “This evidence shows that unpleasant events such as
foot-shock increase extra-cellular levels of dopamine in the nucleus
accumbens, as measured, for example, by in vivo intra-cerebral
microdialysis. (...) We believe, in the light of findings such as these, that
there is no special relationship between dopamine release in the nucleus
accumbens and positive reinforcement (pp. 1548-1549).” Or, in the words of
Berridge and Robinson50: “There can be no doubt that behavior needed to
actively avoid an unpleasant outcome is impaired as strongly by dopamine
suppression as behavior directed toward a positive reward (p. 348, emphasis
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in original).” Aversive events such as foot-shock620, forced exercise128, tail
pinch stress127, restraint stress 302,304 and others for review, see 329,558 have all been
shown to increase dopamine release in the nucleus accumbens.
There is little agreement amongst current researchers on the role of
dopamine in reward. It has been argued that dopamine release in the nucleus
accumbens is correlated with the novelty of the stimuluse.g.,201,522 , the
relevence of the stimulus329, reward learninge.g.,12,13,41,105,143,430,585,586,707 , and
"wanting" (but not "liking") an event in the “incentive salience” theory50.
Again, it is not within the scope of this book to evaluate these theories.
Our goal in this brief summary is only to stress that the observation that
nicotine causes the release of dopamine in mesolimbic and mesostriatal
structures does not prove that it has reinforcing properties.
Rather,
depending on circumstances, it may indicate that nicotine is aversive, or
novel, or somehow involved in learning processes. As we argued in regard to
drug-facilitated ICSS, dopamine release cannot be taken as a reliable
indication that nicotine, or any other psychoactive drug, is rewarding.
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Chapter 8
REINFORCING PROPERTIES OF NICOTINE IN
HUMANS

1.

NICOTINE AS A PRIMARY REINFORCER

There seems to be a consensus among researchers of tobacco smoking,
with only few dissidents, that nicotine is reinforcing for humans. The
following statements illustrate this consensus: “The ability of nicotine to
regulate mood and improve cognitive functioning can act as a strong
reinforcer of tobacco dependence (p.96)369;” “Studies in both animal and
human subjects have shown that nicotine can function as reinforcer, albeit
under a more limited range of conditions than with some other drugs of
abuse (p.2)635;” “Thus the principal virtue of nicotine is its ability to make
people feel good (p.572)316;” “Subjective effects such as pleasure or “liking, ”
which are assumed to be related to the reinforcing effects of nicotine, have
also been studied in humans and appear to be directly related to the actions
of nicotine in the brain. (...) In addition to the direct reinforcing effects
obtained from nicotine use, its administration results in modulation of mood,
appetite, and energy metabolism, and it may provide relief from boredom
(p.744)265.” Such statements, formulated with varying degrees of certainty
and often without reference to experimental evidence, are abundant in the
nicotine literature. But in reality, only a few studies have tested whether
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nicotine is reinforcing for humans, and the results of most of them contradict
these statements. Of the few studies that appear to support them, none has
included appropriate controls to rule out alternative explanations.

1.1

Methodological Problems in Human Studies of the
Reinforcing Properties of Nicotine

Hughes et al.295 elegantly exposed two problems in studying the
reinforcing properties of nicotine in humans. Participants were habitual
smokers who declared that they wanted to quit smoking and agreed to abstain
from smoking for the duration of the study. In the first of three studies,
participants were told that they would receive either nicotine or placebo gum.
With these instructions, participants consistently self-administered the
nicotine gum significantly more than the placebo gum. However, these
experienced smokers demonstrated an excellent ability to distinguish
between the gums, apparently on the basis of the nicotine gum’s side-effects.
Therefore, they may have preferred nicotine gum not because they liked its
psychoactive effects, but rather because they believed it would be more
helpful for them in overcoming craving. Studies 2 and 3 provided
compelling evidence in support of this hypothesis. In Study 2, participants
were told they would receive either the marketed nicotine gum or a new
nicotine gum (the same placebo) that was as effective as the marketed gum
but had fewer side-effects. In Study 3, the experimenters told the participants
to expect more side-effects from the placebo than from the nicotine gum. In
both studies, participants self-administered equal amounts of placebo and
nicotine gum. Thus, the instructions given to the participants controlled
whether nicotine would serve as a reinforcer.
These experiments highlight two important observations, which are
crucial to studies of nicotine in human participants and to the interpretation
of an extensive area of nicotine research. The first is that human participants
will respond according to their beliefs; the second, that smokers can identify
nicotine by its physiological effects or taste. A conclusion from these two
observations is that nicotine can be expected to have significant placebo
effects. Therefore, nicotine-free gum, patch, nasal spray, or saline injection
may not constitute appropriate controls for the effects of nicotine.
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Unfortunately, this conclusion failed to have any impact on subsequent
research.
Another concern in studies of nicotine in humans is the choice of
participants. Clearly, everybody would be convinced that nicotine is
reinforcing if people who never smoked liked the sensations that accompany
nicotine administration. The consistent result of all studies, however, is that
regardless of the mode of administration, people who never smoked dislike
the effects of nicotine e.g.,184,341,448,454,481,508,560,621,626,653 .
Alternatively, if
nicotine “replacement” devices would satisfy smokers as much as smoking
does (or at least as much as methadone satisfies opiate users), this would also
be a convincing demonstration that nicotine is reinforcing. This is also not
the case (see Chapter 11). Instead, what is considered evidence for the
reinforcing properties of nicotine in humans is the finding that deprived
heavy smokers like nicotine as compared to placebo (see below). This type
of evidence, however, is much less compelling and requires careful controls
for alternative explanations.
There are two parsimonious alternative
explanations for the euphoriant effects of nicotine in deprived smokers. The
first is that deprivation produces a negative mood, which is improved by the
placebo effect of nicotine (resulting from smokers’ beliefs and expectations
regarding the effects of nicotine). The second is that nicotine, a salient cue,
becomes a secondary reinforcer in smokers by consistent temporal
association with other rewards. Regrettably, none of the experiments we
reviewed employed controls for either of these alternative explanations.

2.

EVIDENCE FOR THE REINFORCING EFFECTS
OF NICOTINE IN HUMANS

To evaluate nicotine’s role as a reinforcer in humans, it must be
administered to, or be self-administered by, human beings in the absence of
other factors that could be reinforcing. Pure nicotine has been administered
to humans by injection or self-injection (intravenous or subcutaneous), by
intranasal spray, via the transdermal nicotine patch, and by nicotine chewing
gum.
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2.1

Self-Administration of Intravenous Nicotine

Under the promising title of “Human Studies of Nicotine as a Reinforcer,”
the Surgeon General’s report665 (p. 192) mentions no less than six studies
where humans self-administered intravenous nicotine. Its summary of the
subject is stated rather unequivocally: “These studies of i.v. nicotine
self-administration demonstrated conclusively that nicotine itself can serve
as an effective reinforcer in humans. ”
How conclusive is “conclusive?” The same strong and reassuring word,
you may recall, was used in the Surgeon General’s report to describe the
extremely problematic study of four squirrel monkeys220. Hence, we may be
justified for pausing to take a close look at the reports on which the present
"conclusive" statement was based.
Out of the six references cited in this section of the Surgeon General’s
report, three 214,215,216 were made public only as abstracts or presentations,
making methodological critique impossible.
Another paper 646 is a
non-refereed book chapter, leaving only two refereed studies of nicotine
self-administration in humans 264,266 . These two studies were published in
consecutive issues of the same volume of Pharmacology, Biochemistry and
Behavior. Apparently, the second paper was reviewed before the first one
was published, which may explain the peculiar fact that the two articles
overlap in content. Each article reports results from six participants, but two
of these participants (KU and KO) were included in both articles; the second
article simply repeats the results of these two participants, figures and all.
Thus, the two articles that form the legitimate basis for the Surgeon
General’s “conclusive” statement regarding nicotine self-administration in
humans include a grand total of ten participants. More importantly, the two
studies share with the squirrel monkey study220 the same research group,
similar methodology and unfortunately, equally poor standards of design and
presentation of results. As in the monkey study, partial figures and
ambiguous text replace statistical analysis. The authors selectively report
only the data that support their conclusions and hide problematic results
behind suggestive wording. We shall endeavor to back this harsh criticism
with prominent examples, but readers are encouraged to form their own
impressions by reading the original reports 264,266 .
The basic methodology of these studies was this: Male cigarette smokers
sat in a reclining chair for a varying number of 3-hour sessions. They were
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prevented from smoking one hour prior to each session and during the
session itself. An operant panel equipped with two levers was placed next to
the chair. According to a preset schedule, pressing a number of times on one
of the levers resulted in an intravenous injection of nicotine or saline; the
other lever had no programmed consequences. Following each session,
participants completed various questionnaires regarding their experience
during the session.
The title of the first report266 was “Cigarette Smokers Self-Administer
Intravenous Nicotine.” Its conclusion, as stated in the Abstract, was as
follows: “Nicotine injections were taken in orderly patterns that were related
to unit dose, whereas patterns of saline injections varied widely
Furthermore, the volunteers reported that nicotine produced subjective
effects similar to those produced by administration of abused drugs such as
morphine or cocaine.” As we shall see, neither the title nor the conclusion is
justified by the data.
To begin with, the six participants in this study self-administered both
nicotine and saline. The authors failed to report the complete data on the
number of nicotine and saline injections self-administered by their
participants. The partial data they do report, however, reveal that some of the
participants administered at least as much saline as they did nicotine. One
subject for whom the number of injections is reported (SK), self-administered
22 saline injections, compared to only 8 injections of nicotine at the 1.5 mg
dose, 5 at the 0.75 dose and 5 at the 3.0 dose. How can these data be
interpreted as evidence for nicotine self-administration? If anything, they
suggest a preference for saline over nicotine, hence a more fitting title for this
article might be “Cigarette Smokers Self-Administer Intravenous Saline.”
But this title would be just as misleading. The participants in this study
were no ordinary “cigarette smokers.” Four of the six participants “had
histories of abuse of a variety of drugs including opioids, stimulants and
sedatives (p. 887)266.” Using ex-addicts as participants for a nicotine study is
a remarkable methodological decision. As we have discussed earlier, there is
considerable evidence that injection of saline, or even an injection ritual, may
be reinforcing in such participants 503,696 . What can possibly be generalized
from the behavior of participants with documented history of multiple drug
abuse? Certainly not that “Cigarette Smokers Self-Administer Intravenous
Nicotine!” As a matter of fact, in the two participants without a history of
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drug abuse, “nicotine suppressed self-administration rates to levels well
below those maintained by saline (p. 1022)264.”
The instructions given to the participants were ambiguous: “Subjects were
informed that participation in the study required only that they remain seated
in the test room and not smoke cigarettes. They were told that pressing the
levers might result in the injection of nicotine but they were neither required
nor encouraged to press the levers (pp. 888-889)266.” What else were the
participants, all deprived smokers and most with history of drug abuse and
dependence, supposed to do for three hours per day, three sessions per week,
for six to twelve weeks? Dream about good science?
Moreover, there is a striking contradiction in relation to these instructions,
which apparently escaped the reviewers of this article. After each session,
subjects were asked to identify the drugs they had self-administered.
According to the authors, “All four subjects with histories of drug
dependence (including cocaine abuse) identified the nicotine injections as
cocaine (p. 889).” This is rather puzzling. How could participants who were
expressly informed that pressing the lever might result in nicotine injections
identify the drug as cocaine? Obviously, if the drug-experienced participants
indeed identified nicotine as cocaine, then the findings concerning the pattern
of nicotine administration by these participants are completely irrelevant for
ordinary smokers!
In both studies, the authors justify their claim for nicotine
self-administration by arguing that, even though participants administered
both nicotine and saline, “nicotine injections occurred in regular patterns
whereas saline injections occurred with wide variability in pattern and
frequency both within and across subjects (p.1022)264.” This claim is not
backed by any evidence. The only information provided by the authors is a
figure displaying the pattern of nicotine injections, and even this figure is
incomplete: for three of the participants, it shows only a “representative
session.” The information on the pattern of saline injections, which is critical
for comparison with the pattern of nicotine injections, is even more scant – it
is provided in a schematic drawing for only one of the participants, who
happens to be one of those with history of drug abuse. Furthermore, the
authors claim that their figure “ shows that number of deliveries was inversely
related to amount of drug per delivery. For subject PE, number of deliveries
were 25 at saline, 49 at 0.75 mg, 20 at 1.5 mg, and 10 at 3.0 nicotine per
injection. In the third subject tested under such a procedure (SK), number of
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deliveries were 22 at saline, 5 at 0.75 mg, 8 at 1.5 mg, and 5 at 3.0 nicotine
per injection (p. 888)266.” It takes an extraordinary amount of good will to
see an inverse relationship in these numbers, even if one ignores the fact that
they represent only two participants.
In their second study264 the researchers explored several variations of the
previous procedure. Each variation, in the best tradition of the squirrel
monkey study220, was applied to only one or two participants. These
variations tended to make the results even less compelling than those
produced by the first study. In one variation, two participants were faced
with a pair of levers. Pressing the right lever produced a nicotine injection,
as in the original procedure, whereas pressing the left lever blocked the next
scheduled injection (injections were scheduled at 30-minute intervals).
Under these conditions of choice, neither subject pressed the right lever ; in
other words, both participants were entirely successful in avoiding all
scheduled nicotine injections!
In summarizing the results of the second study, the authors seem to
acknowledge the lack of any consistent pattern in their findings. “In some of
the subjects, nicotine maintained higher overall rates of lever-press
responding than saline suggesting that nicotine was serving as a positive
reinforcer. In other subjects overall rates of responding during sessions,
when nicotine was available, were lower than those when saline was
available, suggesting that nicotine was serving as a punishing stimulus
relative to saline (p. 1022)264.” And later: “Clearly, the data are not
consistent with descriptions of nicotine as consistently serving as a positive
reinforcer or an aversive stimulus, or simply as a toxin lacking behavioral
effects (p. 1025).” This summary is a much better reflection of their findings
than their earlier one, which stated, unaccountably: “Our findings are that
tobacco deprived cigarette smokers self-administer nicotine, and that
nicotine has euphoriant properties similar to morphine and cocaine (pp.
889-890)266.” But even this account is more prudent than the preposterous
“summary” of these studies in the Surgeon General’s report665, which
claimed that these studies “demonstrated conclusively that nicotine itself can
serve as an effective reinforcer in humans (p. 192).”
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2.2

Intravenous and Subcutaneous Administration
Studies

Intravenous or subcutaneous nicotine administered to non-smokers has
not been demonstrated to produce pleasant effects, improved mood, or any
other positive subjective changes 183,184,204,360,370,448,545,621. In fact, several
recent studies demonstrated that nicotine via these routes is aversive to
non-smokers184,448,621 . The only exception325 involved ex-smokers who “had
enough past experience with tobacco to understand the symptoms of nicotine
toxicity (p. 205)” and the effect was not significant.
Even in smokers, the effects of intravenous or subcutaneous nicotine were
sometimes not positive 45,184,204,371 or even negative 184,371 . Yet, positive effects
were reported in a few studies 267,325,545,621 . In all of these studies, however,
participants knew they were receiving nicotine injections. Therefore, the
results can be attributed, at least in part, to the placebo effects of nicotine in
experienced smokers. Unfortunately, none of these studies included effective
strategies to neutralize, or even assess, participants’ expectations regarding
the effects of nicotine. In addition, as noted above, any positive responses to
nicotine in experienced smokers could reflect learning, that is, secondary
reinforcing properties that nicotine may acquire by association with other
reinforcers, including, as we discuss later in this chapter, the sensory rewards
of smoking.

2.3

Nicotine Gum

Reports on mood changes or other affective changes with nicotine gum
consumption are more consistent than with nicotine injections. Following the
administration of nicotine gum to non-smokers, “All subjects complained of
nausea, dizziness or anxiety to varying degrees (p. 297)454.” According to
Hughes et al.296, “Never-smokers reported the most dysphoria from nicotine,
ex-smokers were intermediate, and current smokers reported the least
dysphoria from nicotine (p. 153).” Only one study259 reported that nicotine
gum increased ratings on the MGB (stimulant/euphoriant) scale244, but as
these non-smokers simultaneously reported a reduction in desire for another
dose, it is unlikely that even in this study nicotine gum enhanced positive
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mood. The fact that nicotine gum is not self-administered by non-smokers292
is a strong indication that it is not reinforcing for this population.
In smokers the results are not markedly different. In most studies
smokers either did not derive any positive effect from nicotine gum or
reported actual aversion 250,296,354,445,447,188,554 . We found only one study that
claimed that smokers experienced pleasure from nicotine gum475.
Despite the fact that nicotine gum is not associated with positive effects in
smokers, many studies demonstrated that it causes a mild reduction in the
severity of smoking withdrawal symptoms (see Chapter 11 for a full
discussion). In view of the observation that smokers can discriminate
between nicotine gum and placeboe.g.,295, this finding indicates that nicotine
gum may simply be a better placebo than the designated one.

2.4

Transdermal Nicotine

Two studies659,685 reported that transdermal nicotine improves mood in
abstaining smokers. Other studies185,347,491,626 did not observe mood changes
in smokers. These results are intriguing, as there is abundant evidence that
transdermal patches in smokers cause adverse reactions such as sleep
disturbances, nausea and vomiting, tiredness and dizzinesse.g.,79,232,327,617,
which might be expected to dampen participants’ mood. In non-smokers,
these symptoms are a major reason for dropping out of clinical trials testing
the effects of transdermal nicotine on ulcerative colitise.g.,508,560,653,670.
The mood of normal non-smokers was either unaltered by nicotine
patches208,559 or changed for the worse 341,508,560,626,653 . As was the case for
injected nicotine and nicotine gum, we did not find a single report of
transdermal nicotine patches inducing pleasure or improving mood in
non-smokers (one study379 reported increased vigor in non-smokers, with no
additional mood changes).

3.

NICOTINE DELIVERY KINETICS AND ABUSE
LIABILITY

The following statements summarize the results of studies that examined
the hedonic effects of nicotine, whether injected or administered by gum or
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transdermal patches. First of all, not a single study demonstrated that
non-smokers enjoy nicotine. This finding may not have much significance,
as most psychoactive drugs appear to be disliked by the novice. The next
statement, however, is rather significant: In smokers, nicotine was found to
be pleasurable in only four of eight injection studies, one of eight gum
studies, and two of six patch studies – only 7 out of 22 studies altogether.
The extent to which the various modes of nicotine administration,
including cigarettes, are pleasurable to smokers appears to correlate with the
speed in which nicotine reaches the brain with these different devices. This
hypothesis was formalized by Henning field and Keenan265 in a review titled
“ Nicotine Delivery Kinetics and Abuse Liability.” The rationale for this
hypothesis was based on evidence that rapid delivery of cocaine improves its
subjective effects. This, apparently, is also true for heroin. Although many
heroin addicts submit to methadone treatment, they prefer heroin and some
continue to experiment with that drug during the initial months of methadone
treatment358. Methadone is given orally, and its slow absorption does not
provide the addict with the reportedly orgasm-like rush that accompanies
heroin injection311.
The generalization of findings from cocaine and heroin to nicotine, a
distressingly common practice in nicotine research, is very problematic. It
relies on the assumption that these drugs are similar in their mode of action
and their role in maintaining the habits, which is exactly what must be
established by research. Henningfield and Keenan265 were aware of the
paucity of empirical evidence for their hypothesis, noting that “a single
systematic study of nicotine delivery rate as a determinant of abuse liability
has not been reported (p. 743)G.” Their own empirical contribution to the
nicotine delivery hypothesis, however, is far from persuasive. It is confined
to a series of studies from their group at the Addiction Research Center
(ARC) of the National Institute on Drug Abuse, some of which were never
published. As in other reports we reviewed by this group, sample sizes were
very small (6–l0), no statistical tests were conducted, and the authors did not
G

This statement is still accurate today. We found one study in monkeys679 claiming that
nicotine’s reinforcing effect is a function of infusion speed. However, infusion speed was
shown in this study to be highly correlated with blood nicotine level. Therefore, any effects of
infusion speed in this study (and in all likelihood, in similar studies as well) are attributable to
the activating effects of nicotine.
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even provide means and variances: the data are presented only in a summary
figure(Fig.3). Even so, an objective examination of this figure finds no support
for the authors’ hypothesis. According to the figure, smokers dislike nicotine
gum, are indifferent to patches, but like intravenous nicotine, inhaled
nicotine, cigarettes and smokeless tobacco. The difference in response to
cigarettes, on the one hand, and to gums and patches, on the other, is
consistent with the idea that the speed of absorption may contribute to
subjective liking: with smoking, nicotine enters the blood (and therefore the
brain) faster than with gums and patches. However, the figure also shows that
inhaled nicotine (from “smokeless cigarettes”) is liked just as much as
smoked nicotine, a fact that plainly contradicts the delivery kinetics
hypothesis. As the authors themselves note, the smokeless inhalation method
results in “negligible” nicotine absorption (p. 745). This crucial anomaly did
not deter the authors from concluding that the data support their hypothesis.
They handle the anomaly by claiming that their figure shows that “even a
vapor inhaler system with poor nicotine bioavailability may still produce
effects characteristics of an abusable substance. Presumably, the inhalation
route optimizes the reinforcing effects of the substance through sensory
stimulation (p. 747).” This statement demonstrates a disturbing lack of
objectivity, which, again, is all too common in this area of research. Any
impartial researcher would conclude that the observed pattern disconfirms the
delivery kinetics hypothesis. If liking can be determined by sensory
stimulation, then the nicotine delivery hypothesis has no explanatory power.
In fact, if the inhaler delivers negligible quantities of nicotine and yet is liked
just as much as smoking, the most obvious conclusion is that nicotine may
have no role at all in determining liking.
There are other problems with the nicotine delivery kinetics hypothesis,
which are not addressed by the authors. The hypothesis does not explain
why nicotine gum was frankly aversive to Henningfield and Keenan’s
participants, or why the same participants were indifferent to transdermal
patches. It does not explain the inconsistency of the findings obtained in all
nicotine “liking” studies. It does not explain why a rapid delivery nicotine
system such as Premier (heating tobacco rather than burning it) was a
commercial flop265. It certainly does not explain why never-smokers do not
like nicotine in any form.
In reading Henningfield and Keenan’s review, it is evident that the
authors were committed to the nicotine addiction hypothesis and were
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reluctant to be confused by inconvenient empirical findings, not even their
own. This attitude is also reflected in an earlier discussion in the same article
of a finding that is clearly problematic for Henningfield and his colleagues at
the ARC. We quote: “... Ernster et al. (1990) found that approximately 33%
of baseball players who actively use smokeless tobacco during the
approximately 8-month training and playing season abstained during the
off-season. Nevertheless, smokeless tobacco is highly addictive (USDHHS,
1986), and the possibility that it is less addictive than cigarettes may be as
clinically relevant as the difference between falling from a 20- and a 16story building.
Other characteristics of smokeless tobacco, including
bioavailability profile and sensory characteristics, appear to maximize its
addictive potential (cf.268, p. 747).” The rhetorical sequence here is
illuminating: Henningfield and Keenan were confronted with a finding that
clearly contradicts the presumed addictive nature of smokeless tobacco.
They downplay the significance of this finding using a suggestive metaphor
(after all, death is death, right?), reiterating their claim that smokeless
tobacco “nevertheless” is “highly addictive.” Finally, citing their own work
and blatantly disregarding Ernster et al.’s165 findings, they proceed to discuss
variables that “maximize” chewing tobacco’s “abusive potential.” There is
not even a pretence of scientific objectivity in this paragraph.
As is typical for this field, in which science, morals, and politics are
hopelessly enmeshed (see Chapter 13), Henningfield and Keenan’s
hypothesis was uncritically accepted. It has become a popular truism in
discussions of smoking, where cigarettes are described as an “ extremely
effective nicotine delivery devicee.g.,263,” “providing nicotine ‘hits’ to the brain
within seconds of smoke delivery to the lung657 (p. 93).” As we shall see
later, delivery kinetics also became a popular fallback when researchers
failed to find predicted patterns of nicotine self-administration or other
indicators of addiction e.g.,369,491. This wide acceptance of the delivery kinetics
hypothesis cannot be accounted for by its empirical basis. Moreover, the
results of experiments with intranasal spray, a fast nicotine delivery system,
are clearly inconsistent with the delivery kinetics hypothesis.
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STUDIES OF NICOTINE NASAL SPRAY

The observation that smokers are unenthusiastic about nicotine gum and
patches can be explained in more than one way. The simplest explanation is
that nicotine is not reinforcing for smokers and is far less important for
maintaining the habit than is commonly believed. The explanation offered
by the delivery kinetics hypothesis265, however, was that the positive
subjective effects of nicotine in smokers depend on rapid delivery of nicotine
to the brain. It was therefore suggested that a nicotine nasal spray would be a
more effective reinforcer than gums and patches, as nicotine absorption in the
bloodstream following intranasal administration is nearly as fast as in
smokingfor review, see 581 . This hypothesis was not corroborated by research.
Nicotine nasal spray was more effective than a placebo (a non-nicotine nasal
spray) in three double-blind trials of smoking cessation 280,582,641 , but none of
these compared nasal spray to nicotine gum or transdermal patches. The only
study known to us that compared nasal spray to nicotine gum and
transdermal patches246 concluded that “. . . overall, there are no notable
differences between the products in their effects on withdrawal discomfort
perceived helpfulness, or general efficacy (p. 2033).”
The reinforcing effects of nicotine nasal spray have been remarkably well
investigated by Perkins and his colleagues. Their studies found that, in
smokers, nicotine-containing nasal spray either did not have significant
positive effects on mood 479,480 or such mood changes were negative481.
Consistent with all the nicotine administration literature, these authors also
demonstrated that nicotine nasal spray has a more negative effect on mood481
in never-smokers compared to non-smokers.
In two interesting studies, Perkins et al. 483,484 not only tested mood
changes, but also let their participants self-administer nasal spray. In the first
study483, smokers were presented with two bottles of nasal spray. One
colored bottle of nasal spray contained a nicotine solution, along with
peppermint flavoring oil to disguise the nicotine taste and smell. The other
bottle, in a different color, contained a placebo solution that, in addition to
the peppermint oil, included pepper extract to control for the sensory effects
of nicotine. Participants were asked to administer to themselves six sprays
from each bottle, with a 15-minute rest between bottles. Subsequently, they
were instructed to self-administer a total of six sprays from either or both
bottles within a 3-minute period. This forced choice procedure was repeated
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every 15 minutes for 2 hours, for a total of eight trials. Participants
participated in two afternoon sessions, one following overnight smoking
abstinence and the other following no abstinence. Under the abstinence
condition, participants self-administered equal amounts of the two sprays,
thus demonstrating no preference for nicotine. Under the no abstinence
condition, they self-administered significantly less nicotine nasal spray than
non-nicotine spray. We interpret these results as showing that nicotine was
neutral for deprived smokers and aversive for non-deprived smokers. The
authors, however, interpreted these same data differently. They argued that
the results support the role nicotine plays in smoking, as “overnight tobacco
abstinence was shown to significantly increase choice of nicotine, ... (p. 262).”
They address the lack of preference for nicotine over placebo, even in
abstinent smokers, by arguing that this finding “ is perhaps consistent with
other evidence that, in addition to nicotine’s central effects sensory effects
from nicotine and non-nicotine constituents of smoking may contribute to
smoking reinforcement” (p. 261). In addition, they appeal to the delivery
kinetics hypothesis265 critiqued above, suggesting that “reduced preference
for nicotine spray vs. cigarettes may have been due to slower speed of
nicotine delivery via spray (p. 261).” Both of these explanations, however,
are simply irrelevant to the finding that nicotine was never reinforcing in this
paradigm and was unequivocally aversive to the non-deprived smokers. An
obvious alternative explanation is that nicotine is simply not reinforcing for
humans, a possibility that is well supported by evidence. But Perkins and
colleagues, like most other researchers in this field, begin with the premise
that nicotine is reinforcing for humans. Therefore, if findings appear to
contradict this premise, these findings must be explained away. The belief
that nicotine is reinforcing seems to be what Lakatos 363 called the “hard core”
of this research program; it is simply not refutable by empirical evidence.
A later study by the same group, using a similar procedure484 replicated
the earlier study in that self-administration of nicotine nasal spray by smokers
was not significantly different from chance (50%).
In addition,
self-administration of nicotine by never-smokers was significantly lower than
chance, as it was for non-deprived smokers in the earlier study. Thus, the
impartial conclusion from the two studies that examined self-administration
of nicotine nasal spray can be summarized as follows: (1) Nicotine was
aversive to never-smokers and to non-deprived smokers; (2) nicotine was not
reinforcing to any participant group, including deprived smokers.
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SENSORY REWARDS IN SMOKING

The rewards of habits that involve drugs are not limited to the direct
pharmacological effects of the drug on the brain. This is especially clear in
the case of alcoholic beverages, as we discussed earlier. Humans spare no
efforts in improving the taste of their wine, beer, and liquor. Aging of wines,
blending of whiskeys, production of strengthened sweet wines like port and
vermouth, adding sugar and herbs to liquor to create exotic liqueurs – all
these practices have acquired the status of an art. There is no doubt that taste
and smell contribute significantly to the pleasure of drinking, perhaps
(especially in connoisseurs) even more than the reinforcing properties of the
psychoactive agent, alcohol.
The consumption of tobacco is a behavior of an extraordinary complexity.
Although some humans chew tobacco, particularly in the USA, most prefer
to smoke it. Smoking often involves a preparation ritual (pipe cleaning, cigar
moistening and cutting, the rolling of cigarettes), lighting, and ritualistic
manipulation of the smoking material. As discussed earlier, rituals carry
considerable weight in other habits involving drugs189,503,696 .
The
contribution of such behaviors to the pleasure smokers derive from cigarettes
and hence to the maintenance of the smoking habit was never systematically
investigated.
Similarly, smoking produces extensive sensory stimulation.
Oral
stimulation, smell and taste, irritation of the mouth, upper airways and lungs
may all contribute to the satisfaction humans derive from their habit.
Experimental evidence shows that the relative contribution of sensory
stimulation to smoking can hardly be overestimated.

5.1

Oral Stimulation

Perhaps due to the dominance of the nicotine addiction hypothesis, very
little empirical work has been carried out to investigate the importance of
oral stimulation for the satisfaction derived from smoking. It is well
established that humans have a basic need for oral stimulation. Human
fetuses have been reported to suck their thumb270, demonstrating that this
need is normal in early development. The soothing effect of oral stimulation
in babies has also been extensively documented. Providing babies with a
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pacifier induces self-calming188,525 and reduces crying, both in general56,614
and in response to pain 80,81,240,323,422 . The use of the pacifier also has negative
effects. It decreases social interaction and may lead to early termination of
breast-feeding188. As the child grows up, the use of the pacifier becomes
socially unacceptable, leading parents to embark on a struggle to wean their
toddlers of this frowned-upon device. Removing the pacifier often causes
irritability, crying and insomnia, symptoms that have motivated child
psychologists to design effective methods of pacifier weaning188. Curiously,
these “pacifier withdrawal symptoms” are similar to those observed
following smoking cessation in adults10.
The need for oral stimulation may persist through adulthood87, but
behaviors designed to satisfy this need are usually considered socially
unacceptable. Society is not consistent in these matters: although it
condemns thumb sucking and nail biting, it approves of other oral habits such
as chewing gum. Thumb sucking and finger- or nail-biting, as unwanted
habits, have been documented in hundreds of scientific publications for review,see
485
. These behaviors may persist despite adverse consequences such as
bleeding, deformed fingers and protruding teeth. Because of their obstinacy,
these habits are often treated by professionals, often with similar behavioral
e.g.,485,656,700,708
. In the same vein,
techniques as are used for smoking cessation
commercially available ‘plastic cigarettes’ are often used as aids for smoking
cessation.
The relevance of oral stimulation to smoking was also
demonstrated by a recent study106, in which nicotine-free, normal chewing
gum reduced craving for cigarettes in smokers.
Oral auto-stimulation, then, which starts at the pre-natal stage and is
universal at infancy, may be habit-forming and persist into adulthood.
Clinical psychologists and psychiatrists, notably Sigmund Freud, considered
it a necessary phase in the development of human behavior. Whether one
accepts this view or not, it is uncontested that oral habits, which do not
involve self-administration of chemicals, can develop into compulsive
behaviors that require professional help to terminate. The similarity between
these observations and what is known about cigarette smoking suggests that
oral auto-stimulation may significantly contribute to the prevalence and
persistence of smoking.
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Other Sensory Effects of Smoking

In 1977, Kumar et al.359 demonstrated that when smokers inhaled tobacco
smoke in the laboratory, subsequent ad libitum smoking was reduced in a
dose-related way. In contrast, when comparable amounts of nicotine were
administered intravenously, they failed to affect subsequent smoking. The
authors concluded (p.528): “Our negative findings, therefore, reopen the
question whether physiologic dependence upon nicotine really is the basis for
the tobacco-smoking habit. Is it possible that there is some other rewarding
constituent of tobacco smoke?” Subsequent experiments demonstrated that
the answer to this question was affirmative.
Cigarette smokers often report enjoying the distinctive sensations in the
respiratory tract that accompany each inhalation of smoke19, sensations that
are perceived primarily in the trachea76. This effect is caused principally by
“tar” 541, but nicotine is also known to irritate oral and nasal mucosa 138,317
233,297,314
, an effect that can be blocked by the nicotine antagonist,
mecamylamine 139,317 .
The observation that nicotine has both central
(psychoactive) and peripheral (sensory) effects, both of which are mediated
by nicotinic receptors and can be blocked by mecamylamine, makes it
difficult, if not impossible, to attribute observations to either way of action.
For example, several studies that manipulated the nicotine yield of
experimental cigarettes 48,152,170,221,242,249,590,723 found that nicotine yield
determined subjective ratings or smoking patterns of these cigarettes (but see
Grant et al.229). However, the participants in these studies may well have
reacted to the sensory effects of nicotine rather than to its central effects.
Similarly, studies that used nicotine antagonists to manipulate the subjective
effects of nicotine or smoking patterns 446,500,538,542,634 cannot rule out the
possibility that their results reflect blockage of peripheral rather than central
effects (see Seherer577 for review and more detailed comments).
The importance of the sensory stimulation of “tar” for determining
smoking patterns has been demonstrated in various ways. Sutton et al.645
studied the relation of cigarette yield of nicotine, tar, and carbon monoxide to
puffing patterns and blood concentrations of nicotine, using a sample of
smokers who smoked their usual brand of cigarettes. They found that the tar
yield of the cigarettes determined puffing patterns (and hence blood levels of
nicotine) to a much higher degree than nicotine. “ When nicotine yield was
controlled for, smokers of low-tar cigarettes not only puffed more smoke
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from their cigarettes than smokers of higher-tar cigarettes but they also had
higher plasma nicotine concentrations, suggesting that they were
compensating for the reduced delivery of tar by puffing and inhaling a
greater volume of smoke (p. 600).” Stepney630 had smokers of medium
nicotine/medium tar cigarettes switch to either low tar/medium nicotine or
low tar/low nicotine cigarettes He found that both low tar cigarettes were
“oversmoked,” resulting in significantly higher nicotine blood levels in
smokers of low tar/medium nicotine cigarettes compared to their regular
brand. In several subsequent experiments using experimental cigarettes of
varying tar and nicotine yield, smoking patterns did not depend on the
nicotine yield of the cigarettes 57,533,680 or depended on tar rather than nicotine
26,255,411,529
yield
.
Just like smoking patterns, subjective ratings of satisfaction, pleasantness,
harshness and desirability were unrelated to nicotine content of cigarette
smoke57,533 or depended on “taste” rather than on nicotine 310,450 . Cigarettes
equal in tar but higher in nicotine yield were rated as more satisfying, more
enjoyable and stronger in various experiments25,26,255, but these experiments
did not control for nicotine’s peripheral sensory action.
Several of the studies cited above showed that cigarettes that were low in
or devoid of nicotine suppressed withdrawal symptoms in nicotine-deprived
smokers 25,26,255,699 . In one study of particular interest73, the investigators
provided smokers with denicotinized (“de-nic”) cigarettes (.09 mg nicotine
and 10.8 mg tar) and compared their effects with those of regular cigarettes
(containing 1.1 mg nicotine and 15.9 mg tar). Denicotinized cigarettes
suppressed withdrawal symptoms just as well as regular cigarettes, despite
the fact that they did not increase plasma nicotine levels. As the authors
acknowledged, these findings “support the importance of sensory factors in
the maintaining of smoking behavior and tobacco withdrawal (p. 96).”
Other lines of evidence also support the contribution of sensory
stimulation of the airways to smoking satisfaction. Withholding sensory
stimulation by partial anesthetization of upper and lower airways in heavy
smokers resulted in significantly decreased craving for cigarettes543. This
decrease was correlated with the extent of the anesthesia, and reduced
craving by over 40 percent. Conversely, supplying smokers with sensory
stimulation, similar to that produced by cigarette smoke, is sufficiently
381,535,540
. In these
rewarding to reduce smoking and craving for cigarettes
experiments, the investigators had smokers self-administer puffs of citric acid
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aerosol that irritates the respiratory system. Participants were asked to
compare the subjective pleasure and satisfaction they derived from this
aerosol to puffs of air, low tar and nicotine cigarettes, or the smoker's own
brand. In these studies, citric acid aerosol reproduced some of the subjective
pleasure and satisfaction associated with smoking. Participants liked the
puffs of citric acid better than the control puffs of air and better than the low
tar and nicotine cigarette. Moreover, after receiving several puffs of citric
acid, reported satisfaction was higher and residual desire for a cigarette was
lower than after control presentation of air. This effect equalled or surpassed
that of the low tar and nicotine cigarettes540. Rose et al.535 concluded that
“ subjects regulated their smoking behavior to equate sensory intensity rather
than nicotine intake (p. 891).” Along the same lines, Westman et al.701 found
that citric aerosol increased success rate in a smoking cessation trial.

5.3

Nicotine Nasal Spray Revisited: Effect of Nicotine on
the Brain or Sensory Stimulation?

Nicotine nasal spray was found to be more effective than a placebo in
three placebo-controlled, double-blind trials of smoking cessation280,582,641.
Although this effect could be attributed to the action of nicotine on the brain,
these studies did not test the extent to which sensory stimulation of the throat
(which were reported by 73–100 percent of the participants) was responsible
for this effect. In fact, there is good reason to suspect that sensory
stimulation is a major factor in the effectiveness of nicotine-containing nasal
spray on smoking reduction. We have shown above that specific sensory
stimulation, which imitates the sensations produced by cigarette smoking,
can significantly reduce craving in smokers. More specifically with regard to
nasal spray, we discussed two studies by Perkins et al. 483,484 in which several
groups of participants, both smokers and non-smokers, significantly preferred
non-nicotine pungent spray to nicotine spray and no group, including
abstinent smokers, showed preference for nicotine.
A comparison506 of two studies that examined blood levels of nicotine
following its administration further corroborates the contribution of sensory
stimulation to the effects of nicotine nasal spray. Conze et al.109 reported that
a buccally administered nicotine solution, producing an increase in blood
nicotine of approximately 10 ng/ml, had no effect on short-term, ad libitum
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smoking behavior. Perkins et al. , in contrast, reported that nicotine nasal
spray, which produced the same increase in blood nicotine of roughly 10
ng/ml, did suppress ad libitum smoking behavior. These findings led the
authors to conclude that “smoking behavior is partly influenced by factors
other than nicotine regulation (p. 627).” These other factors, according to
the converging evidence we have reviewed, consist in large part of sensory
stimulation of the mouth, upper airways and lungs.

6.

CONCLUSION

At the beginning of this chapter we cited several researchers who stated,
with various degrees of certainty, that nicotine is reinforcing in humans. We
found almost no empirical support for this statement. On the contrary,
research shows that people do not enjoy nicotine injections, gums, patches, or
intranasal spray and many suffer from symptoms such as nausea and
vomiting, headaches and sleep disturbances.
Nearly all nicotine
administration studies, regardless of the route or speed of delivery, indicate
that nicotine is aversive to naive participants. In smokers or ex-smokers,
nicotine is generally less aversive. This difference may be attributable to an
acquired tolerance in smokers to the aversive effects of the drug, an issue we
shall re-address in discussing the “compensation” hypothesis (see Chapter
12).
Our review of the evidence provides a solid basis for concluding that the
sensory stimulation produced by cigarette smoking is reinforcing to smokers.
In contrast, the evidence for nicotine having similar reinforcing properties is
very weak. A minority of studies found that nicotine can be reinforcing for
abstaining smokers. The most parsimonious explanation for this observation
relies on the fact that in these studies, nicotine was discriminated from the
intended placebo by its physiological effects 295,479,480,484 . Once recognized,
nicotine can be experienced as pleasurable and relieve craving for smoking
by two related mechanisms (a third possible mechanism, namely that nicotine
is a negative reinforcer for humans, is ruled out by experimental evidence, as
we shall show in the next chapter). First, smokers expect nicotine to relieve
craving, an expectation that may give rise to a placebo effect, as discussed
earlier. Second, nicotine can become a secondary reinforcer through repeated
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paring with other rewards. These include not only the pleasurable taste,
smell, sensory and oral stimulation that smoking provides directly, but also
rewards that are associated with smoking. One such reward is social
reinforcement, which has been shown in several publications to be an
important determinant of smoking 332,404,417 . Other rewards are the pleasurable
states that can become associated with smoking, such as having coffee or
alcoholic drinks, relaxing after a meal or sexual activity.
We want to remind the reader of the three primary criteria of drug
addiction the Surgeon General deemed sufficient to define drug dependence.
These criteria were “highly controlled or compulsive use,” “psychoactive
effects,” and “drug-reinforced behavior.”
According to all available
evidence, the self-administration of pure nicotine, in whatever mode of
delivery, does not meet these primary criteria for drug addiction. Even
deprived heavy smokers hardly self-administer pure nicotine; they certainly
do not do it in a “highly controlled or compulsive” way. The psychoactive
effects of nicotine are mostly adverse, and clearly do not constitute a
motivation for further self-administration. In fact, we found no credible
evidence that nicotine is more desirable to humans than saline. In summary,
the research we have reviewed in this chapter provides no empirical basis for
the universally accepted claim that smoking is maintained by the positive
reinforcing psychoactive effects of nicotine.
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Chapter 9
TOLERANCE TO AND PHYSICAL
DEPENDENCE ON NICOTINE

Tolerance to a drug is defined as the need for an increased dose following
long-term consumption in order to obtain the same effect or diminished effect
with continued use of the same amount. Physical dependence on a drug is
defined as the appearance of a characteristic withdrawal syndrome following
drug cessation. Tolerance and physical dependence were the hallmarks of
addictive drugs according to the classic definition discussed in Chapter 2.
With the historical changes in the definition of addiction, these criteria are no
longer required, and appear only as “tertiary criteria” in the Surgeon
General’s665 definition. Despite this change in status, these phenomena merit
detailed discussion. If tolerance to the reinforcing effects of nicotine (if these
exist) could be demonstrated, and nicotine abstinence following long-term
use could be shown to effect a nicotine-specific withdrawal syndrome,
nicotine would be considered addictive even according to the most
conservative definition of the term.

1.

DEMONSTRATING TOLERANCE TO THE
REINFORCING EFFECTS OF DRUGS

As mentioned before, psychoactive drugs produce many effects, only a
few of which constitute reasons for which these drugs are self-administered
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by humans and animals. It is widely assumed that psychoactive drugs are
self-administered because of their ability to produce euphoria, operationally
defined as reinforcing effects. This is what the DSM refers to as the “desired
effect (p. 176)10 ” of drugs. Most drugs also produce physiological effects that
are neutral in terms of their reinforcing value. Nicotine, for example,
elevates heartbeat and blood pressure and reduces appetite. Some effects of
psychoactive drugs are frankly aversive, as was demonstrated in animals
using conditioned taste aversion paradigms. Nicotine, for example, can
produce nausea and vomiting even in regular smokerse.g.,131,327 . As only the
reinforcing (rewarding, euphoric) effects motivate self-administration of
psychoactive drugs, it is irrelevant to demonstrate that the neutral effects of a
given drug undergo tolerance. While such tolerance may well develop, it has
no bearing on self-administration. The crucial question is whether the
reinforcing effects of the drug undergo tolerance.
There are two ways of answering this question affirmatively. The first is
to demonstrate that humans and animals will self-administer increasingly
higher doses of the drug over time. This is well established for the opiates,
for example, where animals were shown to self-administer increasingly
higher doses over timee.g.,60,391,451 . Although the development of opiate
tolerance was partially confounded by the simultaneous acquisition of
operant behavior in these studies, tolerance is evidenced by the fact that
opiate-dependent and post-dependent animals self-administer higher doses of
heroin than non-dependent animals129. In humans this question is more
difficult to address, as addicted individuals are only rarely given the
opportunity to self-administer unlimited quantities of opiates. Under normal
circumstances, the amounts of heroin or morphine that opioid-dependent
individuals self-administer are restricted by the prohibitive prices of the black
market. Nevertheless, “. . . if the drug is used frequently, the addict who is
primarily seeking to get a “rush” or to maintain a state of dreamy
indifference (a “high”) must constantly increase the dose. In this way, some
addicts can build up to phenomenally large doses (e.g., 2 g of morphine
intravenously over a period of 2.5 hours without significant change in blood
pressure, pulse rate, or respiration) (p.533)311.” Note that tolerance, in this
description, pertains specifically to the euphoric effects (the “rush” or the
“state of dreamy indifference”) of heroin.
Yet, increased self-administration is not sufficient to demonstrate
tolerance to the reinforcing effects of most drugs. There is an alternative
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explanation for the findings that drug-dependent humans and animals
increase drug intake over time. Most. if not all, psychoactive drugs have
aversive as well as euphoric effects and these aversive effects may limit the
dose animals or humans are willing to self-administer. If the aversive effects
of the drug undergo tolerance, the addicted animal or person can gradually
increase drug intake. The most persuasive evidence for the proposition that
the euphoric, rather than the aversive, effects of the drug undergo tolerance is
to demonstrate that the increase in drug self-administration over time
continues after tolerance to the aversive properties has already been
established.

2.

TOLERANCE TO THE EUPHORIC EFFECTS OF
NICOTINE

There is little doubt that some effects of nicotine undergo both acute and
chromic tolerancefor review, see 665, pp. 47-52 . In humans, acute tolerance (minor
increment with successive injections of nicotine) has been demonstrated to
arousal level, heart rate, and blood pressure 46,545 . Acute tolerance has been
demonstrated to the lethal dose of nicotine in mice34, to the dose that
depresses locomotion in rats632 and to a variety of other behavioral and
physiological effects for review, see 631 . Chronic tolerance in animals has been
demonstrated
to
nicotine
effects
on
locomotione.g.,633,
operant
288
e.g ,262
, EEG , and a variety of endocrine responses for review, see 665.
responding
Thus, both acute and chronic tolerance develops to a wide variety of the
behavioral and physiological effects of nicotine. This is not surprising, as
many drugs share this feature, including some that are not voluntarily
self-administered by either animals or humans311. In contrast, not a single
instance of tolerance to the euphoric effects of smoking, as evident from
increased self-administration over time, is provided in the Surgeon
General’s665 report, either in humans or in animals. This, too, is not
surprising, as evidence for such increased intake of nicotine over time is
simply not to be found in the literature even 12 years following this report.
On the contrary, it is well-established that humans actually reduce
nicotine-intake over time (see Chapters 10 and 12).
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We could not find any animal studies that systematically investigated
whether or not tolerance to the reinforcing effects of nicotine occurs.
Whenever increases in lever pressing rate over time were reported, they were
attributable to the activating effects of nicotine (see Chapters 5 and 6).

2.1

Do Humans Develop Tolerance to the Euphoric
Effects of Nicotine?

When people start smoking, they reach the level of their preferred number
of cigarettes quite rapidly, and this number tends to remain stable over the
years 665, Table 9, p. 579. The rapid initial increase of smoking could constitute
evidence for tolerance to the euphoric effects of nicotine, but several lines of
evidence contradict this interpretation.
First and foremost, there is strong evidence that the increase in cigarette
consumption is caused by increased tolerance to the aversive, rather than to
the reinforcing, effects of nicotine. Chronic tolerance to the aversive effects
of nicotine in humans was demonstrated in experiments showing that
nicotine produces more nausea in non-smokers than in smokerse.g.,184 and less
in ex-smokers compared to never-smoker 508 . This tolerance is not complete:
nausea reappears when smokers increase their normal tobacco consumption
by 50 percent131. Secondly, as we showed in Chapter 8, nicotine is not
reinforcing in non-smokers, so its weak reinforcing properties in smokers
must be learned. This learning process coincides with the initial period of
smoking and produces the same outcome as tolerance to reinforcing effects
would produce, namely an increase in the consumption of cigarettes.
Thirdly, the hypothesis that the initial increase in cigarette consumption
reflects tolerance to the reinforcing properties of nicotine cannot account for
the observation that this trend does not continue over the lifetime of smokers.
In fact, after the age of 55, cigarette consumption tends to decrease over
time 665 Table 9 and 10, p 579.
It could be argued that further increases in smoking are impossible
because of incomplete tolerance to the toxic effects of nicotine. In other
words, smoking of a certain number of cigarettes elevates blood levels of
nicotine to an absolute ceiling beyond which nicotine-induced nausea
prevents further increase. There is some evidence for this proposition (see
Chapter 11 for a detailed analysis), but nicotine satiation does not seem to be
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the only factor that restrains increased smoking. The average nicotine yield
of commercial cigarettes has decreased three-fold since 1954, from 2.7
283,665
mg/cigarette to 0.9 mg/cigarette in 1992
. If nicotine toxicity were the
only factor that restrained smokers, the average number of cigarettes smoked
should have increased threefold since 1954. As far as can be gleaned from
available epidemiological evidence from the USA, this has not been the
case 449.
In addition, surveys commonly find that 10–18 percent of smokers
smoke five or fewer cigarettes per day and do so for many years without
increasing their intake247. These smokers have been labeled “chippers598.”
Studies comparing chippers to heavy smokers found that chippers’ intake of
cigarettes over the years, while smaller, is just as stable as that of heavy
smokers. At the same time, chippers were reported to have the same
sensitivity to the physiological effects of nicotine as heavy smokers599. As
the smoking pattern of chippers cannot be explained by an absolute ceiling
imposed by nicotine’s toxic effect, non-pharmacological factors must be
involved in the regulation of smoking. We shall speculate on these factors in
Chapter 12.
In conclusion, there is simply no evidence of tolerance to the reinforcing
effects of nicotine in humans or animals. The initial increase in cigarette
consumption when smoking begins is most likely related to increased
tolerance to the aversive properties of nicotine, perhaps conjoined with the
process by which smoking, and possibly also nicotine, acquires secondary
reinforcing properties. The subsequent stability in cigarette consumption,
together with the reduction in smoking that occurs in older smokers, indicates
that smokers do not develop tolerance to the euphoric effects of nicotine.

3.

PHYSICAL DEPENDENCE ON HEROIN

In opiates, precipitated withdrawal (by administering an opiate antagonist
such as naloxone or naltrexone) or discontinuation of administration is
followed by a highly dysphoric abstinence syndrome, with characteristic time
course and symptoms. This syndrome is a powerful negative reinforcer: The
opiate dependent individual is highly motivated to avoid this syndrome or
reduce its severity. In the words of Kreek (p. 557)358: “What we learned was
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that the addict self-administers heroin three to six times each day, first to
simply achieve a “high” or euphoric effect: in time, with the development of
increasing tolerance, the addict needs to continually escalate doses of heroin
self-administered simply to prevent the appearance of opiate withdrawal
symptoms.”
Depending on interpersonal differences, similar dysphoric withdrawal
symptoms may motivate the continued self-administration of other drugs311.
The dysphoric nature of alcohol and opiate abstinence syndromes has been
confirmed by numerous reports on human users311. At the same time, the
opiate and alcohol withdrawal syndromes are clearly distinct from each
This distinction is
other 311; in other words, they are drug-specific.
corroborated by examining the “cross-dependence” between these drugs,
namely, the ability of one drug to suppress the manifestations of physical
dependence produced by the other without canceling the dependent state.
Thus, partial cross-dependence exists between ethanol and other
sedative-hypnotics, while heroin has cross-dependence only with other
opiates that act on the same type of opiate receptor (e.g., methadone and
morphine311).
In addition, there are some overlapping symptoms (e.g.,
restlessness, irritability, insomnia, and craving) that are not specific to a
particular drug. These common symptoms are attributable to the fact that the
interruption of a chemical addiction is also the interruption of a compulsive
habit (see Chapters 2 and 10).
Two lines of evidence demonstrate that the opiate withdrawal syndrome is
also dysphoric in animals. Direct evidence for this assertion is provided by
the observation that the opiate withdrawal syndrome can produce both
conditioned taste aversion and conditioned place aversion e.g.,442,443 . Indirect
evidence for the dysphoric nature of opiate withdrawal in animals is elicited
in the following experimental procedure. In the first phase, animals are
trained to self-administer heroin intravenously by pressing a lever. When
stable pressing rates are reached, the effective dose of heroin following each
lever press is reduced – either by reducing the amount of heroin, or by
injecting, simultaneously with the heroin, a low dose of a competitive
antagonist. According to learning theory, if the amount of the positive
reinforcer is reduced, animals should be less willing to work and should
reduce the number of times the bar is pressed. However, the opposite
actually happens: the animals now press the bar more frequently, thereby
increasing the amount of heroin they self-administer e.g.,169,276,343,350,444 . If the
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dose of heroin is now increased, the frequency of lever pressing will
decrease, again contrary to the prediction of learning theory549. The probable
explanation for these observations is that as a result of a reduction in the dose
of heroin, the animals experience dysphoric withdrawal symptoms; in
response, the animals work harder to maintain their heroin intake and avoid
the withdrawal syndrome. In conclusion, the evidence reviewed above
establishes that the opiate withdrawal syndrome is dysphoric for both animals
and humans.

4.

THE “NICOTINE ABSTINENCE SYNDROME” IN
RATS

Whereas withdrawal from nicotine in humans is typically tested with
individuals who have self-administered nicotine for long periods, generally
by smoking, this paradigm is not routinely employed with animals. Instead,
two other paradigms have been used in animal research on nicotine
dependence.
In the first paradigm, rats self-administer nicotine, following the operant
conditioning procedures described earlier (Chapters 5 and 6). When stable
levels of lever-pressing are reached, the experimenter injects the animals with
the nicotine antagonist mecamylamine, after which subsequent lever pressing
is recorded. In similar experimental conditions with heroin, the antagonist
facilitates lever pressing at low doses and suppresses lever pressing at high
doses (see previous section). In nicotine studies, in contrast, mecamylamine
only suppressed intravenous self-administration in a dose-related
fashion220,406,527,601,623 . When an increase was reported in one study, it was not
statistically significant115. Increasing the dose of nicotine after injecting
mecamylamine did not restore self-administration in the only study where
this was tested623. This is also in contrast to findings with heroin in a similar
experimental design549. The lack of facilitative action of mecamylamine
strongly suggests that blocking nicotinic receptors does not produce a
dysphoric abstinence syndrome.
Hence, animal studies indicate that
precipitated withdrawal, a hallmark of physical dependence, cannot be
produced in the case of nicotine.
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In the second paradigm, nicotine is administered by the researcher, rather
than by the animal. This is usually done by implanting an osmotic minipump
in the animal that delivers nicotine at predetermined doses for a period of
days or weeks. As in humans, nicotine administration can be terminated by
either removing the pump (spontaneous withdrawal) or by injecting the
nicotine antagonist, mecamylamine (precipitated withdrawal).
A “nicotine abstinence syndrome” in rats, reproducible in both
spontaneous and precipitated behavioral procedures, was first reported by
Malin and colleagues394. This syndrome resembles the behavioral signs of
opiate withdrawal, including teeth-chattering, chews, abdominal writhes,
gasps, ptosis, wet shakes, and tremors. Malin and his group replicated and
extended this finding in subsequent studiese.g.,392,395,396,397,398 as did other
groups5,277.
The nicotine abstinence syndrome is problematic in several respects.
Firstly, the behaviors that are scored as components of the syndrome are also
found in animals that are nicotine freee.g.,5,227,394 , sometimes in up to 70
percent of the frequency scored in animals with precipitated withdrawal5,277.
Secondly, the behavioral observations are strongly influenced by
experimenter expectations: the number of withdrawal signs scored in
nicotine-free animals when they served as double-blind controls for
withdrawal was more than double the number scored at baseline394. Thirdly,
the nicotine antagonist mecamylamine, at a dose of 5 mg/kg, produced as
many withdrawal signs in nicotine naive rats as a lower dose of this
compound (1 mg/kg) produced in rats that were infused with nicotine
continuously for seven days392. Sensitization of opiate receptors to opiate
antagonists following long-term pretreatment with opiate agonists is a
well-known phenomenone.g.,344. If a similar phenomenon occurs in nicotine
receptors, the nicotine abstinence syndrome could well turn out to reflect the
direct effects of mecamylamine, rather than of nicotine withdrawal.
Fourthly, the peripherally acting nicotine antagonist chlorisondamine277 also
precipitated the same syndrome, indicating that the withdrawal reaction may
involve peripheral, rather than central nicotinic receptors. Finally, even if the
behavior described by Malin and coworkers does constitute a genuine
nicotine abstinence syndrome, there is no evidence that this syndrome is, in
any way, dysphoric (see section 4.3 below). This is a crucial point, as
without such evidence there is no reason to believe that this syndrome can act
as a negative reinforcer to facilitate further drug consumption.

9. Tolerance to and physical dependence on nicotine

4.1

123

Is the Nicotine Abstinence Syndrome in Rats
Relevant to Smoking?

The problems summarized above discredit the validity of the nicotine
abstinence syndrome in rats. Even more importantly, this model is
inconsistent with observations in humans.
First and foremost, while the nicotine abstinence syndrome in rats can be
produced by administration of the nicotine antagonist mecamylamine, no
study has successfully replicated this basic procedure in human
smokerse.g.,162,493.
Secondly, the nicotine abstinence syndrome in rats has been reported to
resemble a weak opiate withdrawal syndrome. Moreover, the opiate
antagonist naloxone precipitates nicotine abstinence symptoms in chronically
nicotine-treated animals 5,393. These findings indicate that the nicotine
abstinence syndrome in animals may involve opiate receptors. In humans,
the smoking abstinence syndrome does not resemble opiate withdrawal10,311,
and the effects of opiate antagonists on smoking are contradictory. Some
investigators found that opiate antagonists decreased smoking 227,333,703 ,
whereas others found no effect446,472,640 . If endogenous opioids are implicated
in smoking, however, opiate antagonists should produce an initial
compensatory increase in smoking, as was reported for the nicotine
antagonist mecamylamine 446,500,536 . Opiate antagonists produced negative
mood changes in smokers in some studies61,472,703 but had no effects on mood
in others 227,333,446 . In one study, opiate antagonists reduced the perceived
difficulty of abstaining from smoking640. However, whereas plasma nicotine
levels were correlated with mood states during periods of chronic smoking,
abstinence and treatment with “nicotine replacements” devices, changes in
plasma beta-endorphin levels were not related to changes in mood. Thus, if
nicotine withdrawal in humans involves endogenous opiate systems, the
nature of this involvement remains unclear and the relevance of nicotine
withdrawal in rats to human smoking withdrawal symptoms seems marginal
at best.
The differences between nicotine abstinence in rats and humans are not
unexpected. Whereas the abstinence syndrome in animals follows
discontinuation of long-term administration of nicotine, the withdrawal
syndrome in humans follows the discontinuation of smoking. Thus in
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humans, in contrast to rats, the syndrome follows the interruption of a
habitual behavioral pattern. Moreover, the central features of nicotine
withdrawal in humans, unlike those of opiate withdrawal, are subjective and
can only be assessed with self-report measures. In animals, only observable
measurements can be used, which makes it impossible to compare the two
syndromes in a meaningful way. Taken together, these differences between
the rat “nicotine abstinence syndrome” and human smoking cessation
invalidate this syndrome as an animal model for nicotine withdrawal in
humans.

4.2

Other Effects of Nicotine Withdrawal in Animals

In addition to the nicotine abstinence syndrome discussed above, other
behavioral consequences of nicotine withdrawal in the rat have been
reported. Chronic nicotine administration in animals, as in humans, reduces
food intake and weight gain, and its discontinuation produces the opposite
effect e.g.,103,380,717 . Although these effects were not always founde.g.,260,730 , this
discrepancy can partially be explained by dose differences260.
Interestingly, whereas chronic nicotine exposure has a stimulant effect on
operant respondinge.g.,121, withdrawal from chronic nicotine has been shown
to disrupt complex operant behaviors e.g.,27,85,121,I82 but not simple onese.g.,260.
A related finding is that withdrawal following chronic nicotine administration
enhances the response of rats to auditory startlee.g.,260,261,514 . Together, these
results suggest that nicotine withdrawal in animals is associated with
increased arousal.
In addition to operant responding, there are other behaviors that are
affected by acute nicotine administration but are not symmetrically altered by
nicotine withdrawal.
For example, low doses of nicotine in acute
administration, as well as chronic administration of high doses of this drug,
have stimulant effects on locomotion e.g.,99,322,433,574 . However, the rate of
locomotion following cessation of nicotine administration in rats is not
reduced beyond control or baseline values 99,260,633 .
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Are Nicotine Withdrawal Symptoms in Animals
Dysphoric?

As we have seen, a variety of behaviors are altered during nicotine
withdrawal in rats. The question is whether these changes are dysphoric for
the animals. This question has been largely ignored in the nicotine research
literature, but it is in fact a crucial one. The observation that some behavioral
changes are associated with nicotine withdrawal does not imply that these
changes have anything to do with continued nicotine administration. The
withdrawal symptoms must be aversive, or dysphoric, to motivate further
drug intake and lead to drug dependence. None of the studies we reviewed
provided evidence that the effects of nicotine withdrawal in rats are
dysphoric.
Two intracranial self-stimulation studies addressed this issue. One
showed increased thresholds for intracranial self-stimulation164 during
nicotine abstinence, indicating that abstinence was aversive. The other101
showed increased responding when electrical current was withheld, and a
trend towards increased rates in rewarded responding, suggesting that
withdrawal was rewarding. These contradictory results, together with the
doubtful utility of ICSS for assessing reinforcing properties of drugs (see
Chapter 7), preclude drawing any clear conclusion from these studies.
The conditioned taste aversion (CTA) paradigm, which is commonly used
to evaluate the aversive effects of acute or repeated drug administration, has
also been employed to examine the affective value of the abstinence
syndrome in rats. CTA is a useful paradigm for ascertaining the presence of
an abstinence syndrome, particularly for those drugs in which dysphoric
withdrawal symptoms are not obvious in spontaneous behavior. Both CTA
and conditioned place aversion (CPA) to morphine withdrawal were readily
demonstrated in several recent studiese.g.,442,443 . Results for alcohol were
inconclusive, as the “hangover” in rats appears to be characterized by
pronounced adipsia, which masks any intake reduction resulting from
CTA 202.
Spontaneous withdrawal from chronic nicotine failed to produce CTA in
either rats 675 or mice 676. Precipitated withdrawal by injecting the nicotine
antagonist mecamylamine following chronic nicotine administration did
produce CTA in rats in two studies by Suzuki and colleagues (Suzuki et al.,
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1996; Suzuki et al., 1997). However, the significance of this finding is
unclear, as another study435 found that mecamylamine produced CTA in rats
that were never treated with nicotine. Moreover, in the same study, animals
that had been treated chronically with nicotine (for four times as long as in
the studies of Suzuki and colleagues) actually showed conditioned taste
preference following mecamylamine. Thus, in this latter study, precipitated
withdrawal from nicotine was apparently rewarding.

5.

NICOTINE WITHDRAWAL IN HUMANS

The dysphoric smoking withdrawal syndrome in humans is defined in the
DSM-IV as comprising eight central effects10: depressed mood, insomnia,
irritability (or frustration, or anger), anxiety, difficulty concentrating,
restlessness, decreased heart rate, increased appetite or weight gain. Other
sources include also sadness and impatience e.g.,145,326 . Apart from reduced
heart rate and increased appetite, these symptoms are not specific to nicotine
withdrawal, and may follow the interruption of a wide variety of normal and
abnormal behavioral routines in which drug self-administration does not play
a role e.g.,10,403 (see Chapter 2). The only two abstinence symptoms that are
nicotine-specific are reduced heart rate and increase in body weight294.
Neither symptom is inherently dysphoric.
Although weight gain is
sometimes mentioned as a reason not to stop smoking, reluctance to gain
weight is undoubtedly dependent on cultural values and individual variables.

5.1

Reversal of Smoking Withdrawal Symptoms

The cessation of heroin after chronic administration is followed by
specific withdrawal symptoms that are fully reversed by re-administering
heroin or other opiates. This observation underlies both the rationale for
methadone maintenance programs for heroin-dependent individuals62 and for
“nicotine-replacement” treatment with nicotine gum and patches (see also
Chapters 11 and 12). How effective is nicotine in reversing subjective
withdrawal symptoms after smoking cessation?
According to a recent meta-analysis654, “ nicotine replacement therapy
reduces the severity of withdrawal symptoms in smokers abstaining from
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tobacco (p. 1067).” Results from dozens of research reports support this
conclusion. Many of these studies found that nicotine gume.g.,145,239,580 , nasal
nicotine spray641, and especially transdermal nicotine patchese.g,2,130,132,659
96,174,326,383,524,617
reduced some withdrawal symptoms. In none of these
studies, however, did nicotine replacement abolish all withdrawal symptoms.
Moreover, only one of these groups reported dose-related suppression of
withdrawal symptoms130, whereas several other studiese.g.,237,258,373,699 found
no relationship between nicotine dose and suppression of withdrawal
symptoms. In fact, the last two studies237,373, as well as a third one492, did not
find any effect of nicotine replacement on some, or all, of the subjective
withdrawal symptoms.
There are two explanations that could account for the consistent
observation that “nicotine replacement” devices suppress withdrawal only
partially. The first is that not enough nicotine was provided. This is
unlikely. Nicotine patches deliver sufficient nicotine to produce nausea in up
to 40 percent of smokers, and still fail to abolish all withdrawal symptoms327.
Moreover, even ad libitum self-administration of nicotine gume.g.,239 or 30
pieces of 2 mg gum237 failed to provide full relief of withdrawal symptoms.
Finally, as mentioned above, there is only a weak relationship, if at all,
between the dose of nicotine and the degree of suppression of withdrawal
symptoms e.g.,237,258,373,699 .
The second explanation might be that nicotine replacement does not
mimic the rapid nicotine absorption in the bloodstream that characterizes
tobacco smoking. This hypothesis is not plausible on theoretical grounds. If
the smoker has blood levels of nicotine that are similar to those achieved by
smoking, the presence of nicotine in the bloodstream should prevent
withdrawal symptoms. How fast nicotine enters the blood stream may affect
the pleasure the smoker derives, but not the withdrawal symptoms.
Drug-specific withdrawal symptoms do not occur as long as a sufficiently
high level of the drug is present in the brain – this is the reason that
methadone can prevent opiate withdrawal symptoms for long duration even
with slow delivery (oral intake)311,358. The hypothesis is also implausible on
empirical grounds, as discussed in Chapter 8. Even a fast nicotine
replacement (nasal spray) resulted only in partial suppression of withdrawal
symptoms641.
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5.2

Dissociation of Subjective and Nicotine-Specific
Withdrawal Symptoms

The discussion above suggests that the subjective withdrawal symptoms
following smoking cessation may not depend on nicotine. This conclusion is
strongly supported by direct empirical evidence. West and colleagues699 had
smokers switch from cigarettes containing, on the average, 1.3 mg of nicotine
to ultra-light cigarettes containing 0.1 (less than 10 percent) mg of nicotine.
Although this reduction in nicotine caused nicotine-specific withdrawal
symptoms (increase in appetite and a reduction in heart rate), no subjective
dysphoric withdrawal symptoms (irritability, depression, or inability to
concentrate) were detected. In a more recent study73, de-nicotinized
cigarettes were found as effective as regular cigarettes in decreasing
subjective withdrawal symptoms in 12-hour abstinent smokers, although they
did not increase heart rate or plasma nicotine levels. These studies and
otherse.g.,644 effectively demonstrate that the subjective withdrawal symptoms
do not result from insufficient supply of nicotine.
Furthermore, if nicotine withdrawal were the cause of the subjective
abstinence symptoms, withdrawal from nicotine replacement therapies
should have produced the same symptoms. This is not the case: the
symptoms produced by withdrawal from “nicotine replacement devices” are
much weaker than those found in abstinent smokers 257,258 .
Persuasive evidence against the hypothesis that subjective withdrawal
symptoms are due to nicotine abstinence comes from work with the nicotine
antagonist mecamylamine. When heroin addicts are injected with an opiate
antagonist, an immediate and severe precipitated withdrawal syndrome
follows 311. In the same vein, mecamylamine should produce a precipitated
withdrawal syndrome in smokers, similar to but more prompt than that
following smoking cessation.
As mentioned earlier, it does
not 162,446,493,500,536,537. Several studies reported that more cigarettes were
smoked following mecamylaminee.g.,446,536 but in no case was this increase
significant compared to baseline rates. Moreover, none of these studies
excluded the possibility that any change following mecamylamine could be
due to its action on peripheral nicotine receptors involved in the subjective
sensations provided by smoking.
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Even more detrimental to the nicotine withdrawal hypothesis are the
reports by Rose and his coworkers536,537, that sustained mecamylamine
pretreatment reduces smoking, as does nicotine. Furthermore, when nicotine
and mecamylamine were administered together to smokers, they reduced
smoking, smoking satisfaction, and craving more than either compound
alone536,537 . Thus, rather than opposing each other, as would be expected, the
effects of the agonist and the antagonist were additive. These findings do not
make sense pharmacologically. They can be easily explained, however, by
considering that both nicotine and mecamylamine have side-effects that
reduce smoking and are not mediated by the receptors for which they
compete. One important side-effect could be nausea649, as we discuss in
greater detail in Chapter 12.

5.3

The Case of Ulcerative Colitis

A compelling way to demonstrate that nicotine causes physical
dependence would be to conduct the following experiment.
Eighty
non-smokers, half never-smokers and half ex-smokers would be recruited.
Half of each group would receive 15 mg of nicotine by transdermal patches
for 16 hours a day for 12 weeks. This produces plasma levels of nicotine
comparable to 35% of those of an average smoker553. The other half of the
sample would receive placebo. At the end of 12 weeks the treatment would
be discontinued and the participants forced to quit “cold turkey.” If nicotine
causes physical dependence, the never-smokers should experience craving
for nicotine, expressed in subjective feelings of distress and perhaps in drug
seeking behavior, such as continued purchase and use of transdermal patches.
The ex-smokers, who have a certified history of long-term nicotine addiction,
should feel even stronger cravings for nicotine, and a substantial proportion
would be expected to relapse to smoking.
By sheer luck, this very experiment was indeed performed – not once, but
as many times as nicotine was tested as a cure for the “non-smoker disease”
called ulcerative colitis.
The experiment described above 508 had as
co-authors M.A.H. Russell and C. Feyerabend, two of the most productive
researchers of nicotine addiction. This is how they summarize the results
(under the title: Mood Changes, p. 814): “During the trial most former
smokers in the nicotine group felt well, but the life-long nonsmokers tolerated
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treatment with more difficulty. After the trial none reported a craving for
smoking, and none reported any smoking during the subsequent 12 weeks.”
Now let us conduct a ‘thought experiment.’ Imagine the same study, but
this time with heroin instead of nicotine. In this experiment, heroin-naive
and former heroin-dependent participants receive daily doses of heroin,
providing approximately 35 percent of the dose consumed by an average
heroin-dependent individual if he or she was allowed unlimited quantities
(about 150 mg per day564) for 12 weeks. At the end of the 12 weeks, the
participants are forced to quit ‘cold turkey.’ Is there anyone who believes
that none of the participants will experience craving for heroin, and none,
including the previously addicted participants, would self-administer heroin
during the subsequent 12 weeks H?
Without claiming to be exhaustive, we found six more studies generally
similar to that of Pullan et al.231,241,560,652,653,670 . Incredibly, none of these
studies reported withdrawal symptoms, renewed smoking in ex-smokers, or
anything else that would suggest that patients became either addicted or
re-addicted to nicotine. In our opinion, these results are nothing less than
devastating for the nicotine addiction hypothesis. It is therefore remarkable
that they are rarely cited in this context. The Citation Index lists 141
citations of the Pullan et al. article. Of these citations, 139 are confined to
ulcerative colitis, and only two make any allusions to the implications for the
smoking literature. We see this as a striking testimony to the reluctance of
the scientific community to subject the nicotine addiction hypothesis to
serious scrutiny.

6.

CONCLUSION

This chapter reviews the research pertaining to the accepted notion that
animals and humans develop tolerance to and physical dependence on
nicotine. There is no empirical evidence for tolerance to any reinforcing
properties of nicotine (if such exist). In contrast to heroin and alcohol,
humans do not increase their nicotine intake over time. Increased nicotine
intake over time in animals has either not been reported, or was confounded
H

With continuous 2 mg/kg/hour morphine release, osmotic minipumps turn naive rats into
morphine addicts within 48 hours 399.
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with increased nicotine-induced behavioral activation over time.
The
observations concerning physical dependence in rats, which are highly
problematic by themselves, have not been replicated in humans. The
smoking withdrawal syndrome in humans is entirely different from the
nicotine abstinence syndrome in rats. It cannot be precipitated by opiate
antagonists or, more importantly, by the nicotine antagonist mecamylamine.
Moreover, it can be abolished by cigarettes that do not contain nicotine,
whereas pure nicotine reduces it only partially. Finally, ex-smokers did not
show any signs of craving nicotine after 12 weeks of exposure to nicotine at
amounts comparable to 35% of the intake of an average smoker. We see the
evidence presented in this chapter as adding up to a compelling case against
the thesis that nicotine produces either tolerance to euphoric effects (if it has
any) or dependence in humans.
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Chapter 10
THE DIFFICULTY OF CURTAILING THE
SMOKING HABIT

The notion that nicotine is as addictive as heroin has been explicitly
voiced by government agencies such as the Surgeon General665 and the
Tobacco Advisory Group of The Royal College of Physicians657 . Throughout
this book, we have argued that this widely held notion is not supported by
empirical evidence. As established in previous chapters (see also Chapter
13), the two compounds differ in their behavioral effects and in their positive
and negative reinforcing properties both in animals and in humans. Whereas
heroin consumption is associated with tolerance to the reinforcing effects and
a dysphoric, drug-specific abstinence syndrome, neither syndrome can be
established for nicotine, either in animals or in humans. As for compulsive
use, in contrast to the opiate family, no evidence exists that humans
voluntarily self-administer pure nicotine, be it in the form of transdermal
patches, chewing gum, intranasal spray, or injection. Even when nicotine is
used as an aid to smoking cessation, its administration (by supposedly
nicotine-deprived humans) can best be described as compliance rather than as
voluntary self-administration e.g.,627, p. 35 . Similarly, there is no evidence of a
single human non-smoker or ex-smoker having relapsed into, or even craved,
pure nicotine after prolonged transdermal use e.g.,508. Based on our review so
far, equating the addictive properties of nicotine and heroin appears to be
more of a rhetorical exercise than an empirical statement.
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A central argument marshaled by the Surgeon General and others 657,665 to
justify the equation between heroin and nicotine has to do with the difficulty
of quitting. Here is how the Surgeon General665 (page 311) formulates this
assertion: “For many drug-dependent persons, achieving at least brief
periods of drug abstinence is a readily achievable goal. Maintaining
abstinence, or avoiding relapse, however, poses a much greater overall
challenge.” After showing the strikingly similar one-year relapse curves for
alcohol, heroin, and smoking abstinence, he states that “... data from studies
of alcohol, opioid, and tobacco relapse consistently support the similarities
in relapse rates and patterns across these three forms of drug dependence, as
well as the operation of similar determinants of relapse. ” The implicit
argument in this assertion is that if it is equally difficult to stop consuming
heroin, alcohol, and nicotine, then these substances must be equally
addictive. As we shall argue in this chapter, however, neither the premise
nor its implicit consequence is valid.
First, we will show that the claim that the relapse rates of smoking and
heroin use are similar is factually incorrect. The Surgeon General based his
conclusion only on prospective studies with a maximum follow-up of one
year. To remedy this omission, we shall expand the comparison of relapse
rates to other indices of smoking abstinence. Our primary source will be
retrospective studies, including some that are summarized by the Surgeon
General himself.
Next, we will illustrate that quitting and relapse rates are not only a
function of the chemical properties of a substance, but also strongly
influenced by social pressures, legal status, availability, and beliefs. Thus,
when comparing the quit rates of cigarettes and heroin, one must bear in
mind that whereas heroin is illegal and therefore expensive, and obtaining it
may be difficult if not dangerous, cigarettes are legal, affordable and widely
available. As we show below, when these factors are considered, quitting
smoking appears to be an entirely different endeavor from quitting habitual
heroin use.
Finally, we will contend that even if one assumes that relapse rates of
smoking are similar to those of heroin, it is erroneous to conclude that
nicotine must be as addictive as heroin. This conclusion not only equates
smoking with nicotine, it also disregards the fact that habits that do not
involve drug consumption are often as difficult to break as heroin
consumption. Therefore, the difficulty of quitting has no evidential weight
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for the question of nicotine’s role in smoking. We have discussed this point
earlier (see Chapter 2), and we shall re-address it here by comparing the
success and relapse rates involved in smoking cessation and in dieting.

1.

COMPLIANCE WITH LEGAL RESTRICTIONS

According to the Surgeon General, “The pharmacologic and behavioral
processes that determine tobacco addiction are similar to those that
determine addiction to drugs such as heroin . . . (p. 9)665,” and relapse rates for
both “addictions” are the same. One way to examine this statement is to
compare the effectiveness of the legal restrictions imposed on these habits.
A general characteristic of many psychoactive drugs (e.g., morphine,
cocaine, and cannabis) is that the laws of most countries presently forbid
their use. This was not always the case. During the 19th century laws did not
regulate the use of opiates. Only in 1914, the USA set the modern precedent
of outlawing morphine and heroin by passing the Harrison Act. From then
on, the treatment of heroin addicts in the USA became mainly the task of the
police, the law courts, and the penal system. Most countries in the Western
World followed suit. Physicians were forbidden in most countries to
prescribe opiates to addicts, who were expected to comply with the law and
stop taking drugs. As the Surgeon General665 aptly stated, however,
“ drug-seeking and drug-taking behavior is driven by strong, often irresistible
urges (pp. 7–8).” Not surprisingly, these irresistible urges drive addicted
individuals to break the law and, consequently, laws have not been very
effective in controlling drug addiction.
The effectiveness of outlawing heroin was evaluated extensively by
Brecher 62. “The only conclusion possible from either the FBND [Federal
Bureau of Narcotics and Dangerous Drugs] or the NIMH [National Institute
of Mental Health] is that the decades of enforcement of the Harrison Act and
of countless other state and federal laws designed to stamp out opiate
addiction have been a losing battle. There were almost certainly more opiate
addicts in the United States from 1969 to 1971 than in 1914. And their
status, of course, was far worse (p. 62).” US government estimates of the
number of heroin addicts in the USA ranged between 215,000 and 246,000 in
88,251
191462. Current estimates range from 500,000 to 1,000,000
. In the
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same time period, the US population increased from about 100 million to 272
million. Thus, the number of heroin addicts increased between 1914 and
1998 at least at the same rate as that of the population growth, demonstrating
that the battle against heroin addiction in America has indeed been a losing
one.
In contrast to the case of addictive drugs such as heroin, widespread legal
restrictions on smoking in the Western Hemisphere are quite recent. When
the authors of this book were students, both professors and students in Israel
were allowed to smoke during lectures, and they often did. In fact, with the
exclusion of gas stations and other places in which smoking could be
disastrous, smoking was permitted pretty much everywhere. Bed-ridden
patients in hospitals were allowed to smoke even when other patients shared
the same room. Movie theaters were dense with smoke, as were buses,
trains, and elevators. Non-smoking seats in airplanes were rare, and
smokeless flights were unheard of. All of this has changed, and in contrast to
the case of heroin, compliance with smoking restrictions, in Israel and around
the world, has been remarkable. During the 18 years that have passed since
No Smoking signs were installed at Tel Aviv University, we have never seen,
or even heard of, a single transgression in our classes. The Israeli student
apparently finds it easier to refrain from smoking in the classroom than to
overcome other irresistible urges, like being late or talking to his or her
neighbor during lectures.
Smoking restrictions have reduced smoking overall, not only in those
places in which smoking was expressly forbidden. Recent studies of the
effects of restricted smoking in the work placee.g.,63,64,67,290,319,466 found that
restrictions significantly decreased overall smoking (measured by the number
of cigarettes), in some cases by 25 percent or more 91,172,724 . Thus, smokers
apparently do not compensate substantially for these restrictions by smoking
more when they leave the work place. Some studiese.g.,171,210,466 show that
restrictions may even facilitate complete smoking cessation. Similar effects
were also reported with household restrictions on smoking53.
Thus, in contrast to the laws forbidding heroin use, restrictions on
smoking are effective. However, this may not be a fair comparison, as
smoking restrictions are limited to certain times and places while the ban on
heroin use is total. We have no way of knowing how many smokers would
quit if, like heroin, tobacco products would be outlawed entirely. Yet, the
studies cited above show that smokers generally will comply with restrictions
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and reduce their smoking quite readily under these circumstances. Moreover,
the majority of smokers not only comply with smoking restrictions in the
work place but actually favor such restrictionse.g.,14,63,421.

2.

MEASURING THE DIFFICULTY OF
ABSTINENCE: PROSPECTIVE AND
RETROSPECTIVE METHODS

There are two main methods of assessing the difficulty of breaking
unwanted habits, whether or not these habits involve drugs. The first method
is the prospective study, generally aimed at testing a method for abstaining
from a given ‘bad habit’ (overeating, nail biting, heroin use, smoking, etc.).
In a typical treatment study participants, who are either recruited or
self-referred, are assigned to a treatment procedure, a ‘placebo’ treatment or a
wait-list control group. In studies that examine self-quitting, no treatment is
given. Abstinence or relapse is measured after a certain time period, which
tends to be highly variable across studies. A low degree of abstinence, or a
high rate of relapse, is taken to reflect the difficulty of kicking the habit under
study.
The second method of measuring the difficulty of quitting is the
retrospective study. In its simplest form, a retrospective study quantifies the
percentage of a sample566 or a population665 that currently abstains from
unwanted behavior practiced in the past. If a large percentage has abstained
from habit X, whereas a small percentage has abstained from habit Y, it can
be inferred that, all other things being equal, it is easier to quit X than Y. As
we shall see, prospective and retrospective studies often yield widely
diverging estimates of the difficulty of quitting smoking.

2.1

Prospective studies: limited-time smoking cessation
rates

How hard is it for smokers to stop smoking for limited periods? The
Jewish religion forbids smoking on the Sabbath for approximately 24 hours,
and even hard-core smokers are able to comply with this rule on a weekly
basis. But what about longer periods, say several weeks or months? An
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obvious place to look for answers is in the results of prospective studies
investigating smoking cessation following treatment. Unfortunately, there
are hundreds, possibly thousands, of reports on smoking cessation trials,
which vary in subject selection, treatment procedure, duration of treatment
and follow-up, choice of control groups or placebo, methods of verifying
cessation, etc.
One way to reduce the confusion is to appeal to statistical summaries of
smoking cessation studies. There exist numerous meta-analyses of specific
treatment methodse.g.,36,89,175,608 , and one mega-meta-analysis comprising 633
studies of smoking cessation methods of varying types587. However, as the
focus of the treatment studies is on complete smoking cessation, generally
defined as one-year complete abstinence, information on shorter cessation
intervals is often missing. In addition, several of these meta-analyses report
only odds ratios, which basically express how much more effective a given
treatment is compared to placebo or control groups.
Although this
information is valid and meaningful in deciding whether a treatment is better
than its control, it does not allow determination of cessation rates.
Furthermore, specific data on quitting rates of participants in control groups
or groups receiving placebo treatment are often lacking. These data would
constitute a meaningful estimate of unaided quitting, an issue we shall
address later in this chapter.
Schwartz587 summarized follow-up outcomes of smoking cessation trials
conducted between 1959 and 1985. Depending on the kind of treatment, a 33
percent rate of abstinence for 6 months was reported in up to 89 percent of
the studies. These figures, however, may not accurately reflect the current
state of affairs. The primary reason for this caveat is that only a few of the
studies reviewed by Schwartz were nicotine replacement studies, as these
were just beginning to gain in popularity when Schwartz’s review was
conducted587. Therefore, we examined recent meta-analyses of nicotine
replacement studies to supplement these data.
Several meta-analyses were conducted to determine the effectiveness of
nicotine replacement for quitting smoking (see Chapter 11). However, most
of these investigations reported only one-year cessation rates. An exception
is a 1993 meta-analysis89 of 33 studies that examined the effectiveness of
nicotine gum. According to this analysis, short-term cessation (up to 8
weeks) was obtained by about 55–70 percent of the participants, if the gum
was an adjunct to a minimum of 3 hours of intensive therapy. Without such
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therapy, about 38–42 percent of the participants achieved short-term
cessation. Intensive therapy with placebo gum, and with no gum at all,
resulted in short-term cessation rates of about 50 and 40 percent,
respectively. In a brief treatment condition, these figures were about 32 and
20 percent. Another meta-analysis of 17 trials of transdermal patches worn
for 4–8 weeks176 found overall abstinence rates of 27 percent for the active
patch and 13 percent for placebo patches at the end of treatment. These
figures were down to 22 and 9 percent, respectively, at the 6-months
follow-up point.
Because of the large variability of the data from the various reviews, it is
impossible to conclude how difficult short-term cessation is for untreated
(control and placebo) participants. Regarding treated participants, however,
the recent figures do not invalidate Schwartz’s estimates. We may conclude
that nearly one third of smokers who received active treatment achieved
short-term (up to 6 months) cessation587. It is reasonable to assume that a
greater proportion of participants can stop smoking for shorter periods, but
present data do not allow us to estimate this proportion reliably.

2.2

Prospective studies: Complete cessation rates

Just as prospective smoking cessation studies vary tremendously in
reported rates of short-term cessation, they also vary in obtained rates of
quitting, defined in this literature as one year of complete abstinence. On the
basis of the 1987 meta-analysis conducted by Schwartz587 (see above),
Viswesvaran and Schmidt677 compared the effectiveness of various smoking
cessation methods. The results, not always tested after one year, were
strikingly heterogeneous. The lowest quitting rate was obtained following
physician's advice (17 studies, 7 percent success rate). Most behaviorally
oriented programs did quite well: hypnosis (48 studies, 36% success), smoke
aversion (103 studies, 31 % success), group withdrawal (46 studies, 30%
success) and even acupuncture (19 studies, 30% success) were effective in
close to one third of the participants. Notably, the pharmacologically
oriented programs were far less effective. Nicotine chewing gum (40 studies,
16% success) and medication-based programs (29 studies, 18% success) did
only half as well as psychological treatment. However, alternative nicotine
replacement methods, including nicotine patches, inhalers, nasal spray, and
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sublingual tablets were not available at the time. We shall review newer
studies that examined the (still modest) success of these devices in Chapter
11.
Not surprisingly, highly motivated participants such as pulmonary
patients (17 studies, 34% success) and cardiac patients (34 studies, 42%
success) were the most successful quitters. We shall expand on this finding
later, in discussing the role of motivation for quitting. Finally, according to
Viswesvaran and Schmidt’s calculations677, “ on average, only 6.4 percent of
the smokers could be expected to quit smoking without any intervention (p.
554).”

3.

COMPLETE CESSATION IN RETROSPECTIVE
STUDIES

The results of prospective studies, presented above, lead to the conclusion
that whereas a brief abstinence of hours and days does not seem to present a
problem for most smokers, abstinence for more substantial periods is
achieved by only a minority of smokers. Findings obtained by retrospective
studies, however, seem to paint an entirely different picture. Below, we
review the reality of smoking cessation according to retrospective studies,
and attempt to reconcile it with the reality gleaned from the prospective
approach.
In a controversial 1982 study566, the prominent social psychologist
Stanley Schachter interviewed the entire staff of a psychology department
including academic staff, technicians, secretaries, and graduate students and a
large portion of the working population of a small town. He asked the
participants whether they had smoked, whether they had attempted to quit
and whether they had succeeded in doing so. Schachter found that 63.6
percent of the smokers who attempted to quit had succeeded, and that the
vast majority of successful quitters overcame the habit without professional
assistance. Using a similar methodology, Rzewnicki and Forgays557
interviewed all those having a mailbox in the Psychology Department of the
University of Vermont and reported a successful quitting ratio of 50 percent.
This group also replicated Schachter’s observation that most quitters ceased
smoking unassisted.
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These results are puzzling, to say the least, in light of the figures provided
by prospective studies and the Surgeon General’s665 claim that smoking
cessation rates are as low as those obtained with heroin. They are especially
puzzling considering the fact that the majority of Schachter’s intewiewees
had quit without help. One solution to the apparent incongruity is to discard
the retrospective figures as anomalies, as Viswesvaran and Schmidt677
apparently did when they stated that only 6.4 percent of smokers could be
expected to quit smoking without any intervention. As will presently become
evident, however, the findings of the retrospective studies are no anomalies;
in fact, they are corroborated by very reliable sources, including the Surgeon
General himself.
According to the Surgeon General’s report665, millions of Americans,
Canadians, and British have stopped smoking over the years. Since 1965,
when 52.1 percent of American adult males smoked, the percentage of adult
male smokers declined to 34.8 percent in 1983 and to 32.7 percent in 1986.
This decrease, of approximately one percent per year, is nearly linear in most
of the populations in the Surgeon General’s survey665. More recent figures
indicate that the percentage of adult smokers has continued to decline from
1988 to 24.7 percent in 1997 425, at a little slower rate than during the two
decades before. Thus, the prevalence of smoking has declined by over 50
percent in three decades.
Not all of this decrease in the number of smokers is attributable to
quitting. Prevention of smoking, especially at younger ages, could well be
another prominent factor665. However, the Surgeon General665 also reported
directly measured estimates of quitting. In 1985, the quit ratio (proportion of
former smokers in a given population divided by the proportion of that
population who had ever been smokers) reached 33 percent in males aged
25–34, 45 percent in males aged 35–14, 55 percent in males aged 45–64, and
a whopping 70 percent in males over 65 years of age. These figures are not
discrepant from those reported in the two retrospective studies described
above557,566.
As the data presented above are tabulated by age, they do not allow an
estimation of the quitting ratio for the entire population. Surveys in Great
Britain, however, did report the overall population smoking cessation rate,
and it is a very substantial one: Over the last 25 years, about 50% percent of
smokers have stopped smoking before the age of 60657. Given that at least 42
percent of British smokers declare that they do not want to quit 452 and
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assuming that this proportion remains stable over time, it follows that a
majority of (British) smokers who want to quit can eventually achieve this
goal.
Related estimates were also reported for the USA population. The
Surgeon General665 stated (p. 565): “Based on population estimates and the
NHIS [National Health Interview Surveys], the total number of adult smokers
(aged 20 years and older) in the United States declined from approximately
52,400,000 in 1976 to approximately 51,100,000 in 1985. The total number
of former smokers increased from approximately 29,500,000 to 40,900,000
within this time period.” Thus, over 11 million Americans quit smoking in
the period of one decade, compared to approximately 10 millions who joined
the ranks of smokers during the same period. In fact, as smoking prevalence
in the adult population decreased by 6.3 percent between 1976 and 1985665
and by another 5.7 percent until 1997425, the number of former smokers in the
USA should presently be higher than the number of smokers. In light of
these trends, the high rates of quitters reported by the two retrospective
studies cited above 557,566 no longer appear to be an anomaly.

4.

SINGLE-TRIAL VS. MULTI-TRIAL CESSATION
RATES

As we showed above, prospective studies paint a rather pessimistic
picture of smokers’ ability to kick their habit, whereas retrospective surveys
show that most smokers who attempt to quit eventually succeed. For reasons
we consider in Chapter 13, the pessimistic picture is the one that has been
dominant in the research literature, and even more so in government
publications and the media. The Surgeon General, for one, largely ignored
the implications of retrospective studies, including data provided in his own
report, when he claimed that quitting smoking is as difficult as quitting
heroin. In order to reach a rational and objective picture of the difficulty of
quitting smoking, it is essential to understand and resolve the discrepancy
between prospective and retrospective data. The key for resolving this
contradiction, as others have notede.g.,108, is to understand the difference
between single-trial and multi-trial cessation rates.
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The statistics provided by the Surgeon General (e.g., that 70 percent of
male smokers over 65 years of age had quit) and by the two retrospective
studies discussed above (e.g., that 63.6 percent of the smokers in Schachter’s
study had quit) do not reveal what the single-trial quitting odds are or how
many trials smokers need to stop permanently. Conversely, the cumulative
multi-trial chance of success cannot be inferred from the probability of
success in a single unassisted trial. To determine this cumulative rate we
need to know (a) the single-trial success rate, (b) how many trials motivated
smokers are willing to make, and (c) whether and how chances of success per
trial change with repeated trials.
Cohen et al.108 supplied part of this information. On the basis of ten
independent studies, these authors showed that first-time self-quitters have
the same chance of success as those who have tried 6 times or more. They
also cited an unpublished study114 showing that in people who made up to 9
attempts, success-rates and number of cessation attempts are not related. The
implication of these statistics is that a smoker’s chance of succeeding in any
given cessation attempt does not depend on how many previous attempts he
or she had made. Indeed, many smokers go through numerous quitting
attempts before finally succeeding. One study, for example374 reported that
14.9 percent of the participants in one treatment condition had attempted to
quit 10 times or moreI.
Figure 1 illustrates how successive attempts, each with a fixed probability
of success, can result in the population cessation rates reported by
retrospective studies. With each attempt, the remaining population of
smokers is reduced by a fixed percentage, equal to the single-trial success
rate. One curve represents a low single-trial success rate of 5 percent, which
is the median of the 10 prospective studies reported by Cohen et al. (1989).
With this rate, the number of attempts required to reach the 33 percent quit
I

We would like to remark that these observations contradict hypotheses postulating that some
smokers remain addicted because of personality or genetic factors. These hypotheses imply
that self-quitting may be quite feasible for individuals who are not predisposed to smoking
addiction but harder, or impossible, for those who are. If this were the case, individuals with
the genetic or personality disposition to nicotine addiction would constitute an increasingly
higher percentage of unsuccessful self-quitters. This should lead to a cumulative reduction in
success-rate over repeated quitting trials. That this does not happen108,114 suggests that success
in quitting depends on other factors, perhaps primarily on motivation (see discussion at the end
of this chapter).
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ratio reported for 25–34 year-old men and women665 is 8, which is well
within the range of quitting attempts made by smokers 108,114,374 . If we assume
a single-trial success-rate of 14 percent – the lowest of the success rates in
the Finnish study, and the highest of the Cohen studies – the number of
attempts necessary to reach 33 percent is only 3 (see Figure 1). In order to
attain the higher quit ratios reported by Schachter566 and Rzewnicki and
Forgays557, 4–6 trials would be needed.

cumulative cessation
trials

Figure 10.1 Cumulative effect of repeated cessation attempts with a 5 or 14% success rate on
a smoking population

The percentage of abstinent smokers in the general population who are
assisted by professionals is not known, and may well be as low as Schachter
found. Smoking cessation treatments are typically costly, and it is unlikely
that a large proportion of those who attempt to quit several times do so by
using professional help repeatedly.
However, if the success rate of
treatments, relative to self-quitting, is high, it would account for any

10. The difficulty of curtailing the smoking habit

145

remaining gap between the observed proportion of ex-smokers in the
population557,566,665 and the rate reported in prospective single-trial studies in
self-quitters 635.

5.

SUMMARY THE SIMILARITY OF SMOKING
AND HEROIN ABSTINENCE RATES

The Surgeon General, whom we cited at the beginning of this chapter,
showed that the one-year abstinence rates for heroin and smoking are very
similar. He went on to infer that (1) smoking is as difficult to quit as heroin
and alcohol, and that, therefore, (2) nicotine is as addictive as alcohol and
heroin. We are now in the position to evaluate the validity of the first
inference. We will proceed to discuss the second in the next section.
As we have seen, the picture painted by prospective studies of smoking
cessation is entirely different from the one painted by retrospective ones. In
supporting his statement that it is as difficult to quit smoking as it is to quit
heroin, the Surgeon General relied only on prospective studies. Had he
included retrospective data as well, this dramatic statement would not be
defensible. Specifically, we have shown that the percentage of heroin addicts
in the general population has remained relatively constant over 8 decades,
whereas the proportional percentage of smokers decreased by over 50 percent
in 35 years. One explanation for this difference is that once smokers quit for
a year, they are likely to remain abstinent, whereas heroin addicts are likely
to relapse to drug use even after prolonged abstinence. Thus, although
relapse rates following heroin abstinence and smoking cessation are the same
at the one-year mark, as the Surgeon General stated, the multi-trial or
cumulative relapse rates may be entirely different.

6.

OVEREATING: ANOTHER IRRESISTIBLE URGE

We have shown above that despite the Surgeon General’s claims, the
long-term relapse rates for heroin and smoking are quite different. Even if
they were the same, however, this would constitute absolutely no support for
the claim that nicotine is addictive. As we have shown in our discussion of
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compulsive habits, many non-chemical habits are as difficult to quit as the
most addictive drugs.
The Surgeon General failed to include such
non-chemical habits in his comparison of relapse rates. This omission is
unlikely to have been accidental. The Surgeon General wanted to draw from
his relapse-rate comparison the inference that smoking is as addictive as
heroin and alcohol. Had he included non-chemical habits in his comparison,
this inference would have been instantly refuted.
We have argued earlier that relapse, just like craving, compulsive use, or
fixed patterns of use, does not distinguish drug addiction from compulsive
habits. In that context, we mentioned nail biting, pathological gambling,
kleptomania, trichotillomania, sexual paraphillias and other compulsions that
are characterized by high relapse rates. In this section, we intend to buttress
this argument by exploring the relapse rates associated with overeating. We
chose overeating because, like smoking and heroin addiction, it is a major
health problem about which both prospective and retrospective data are
available. If success and relapse rates for dieting are similar to the
corresponding figures for smoking cessation, then clearly such data cannot be
used to judge whether or not a habit is maintained by chemical addiction.
Obesity is a major health hazard, increasing the risk of serious medical
problems such as type 2 diabetes, gallbladder disease and high blood
pressure439. It has been estimated that the number of annual deaths of adults
in the USA caused by obesity is about 325,000 amongst nonsmokers and
never-smokers9. Obesity is an increasingly common problem. According to
one estimate, one in two adults in the United States is overweight or obese179
and a recent study 429 estimated that in specific populations, obesity has
increased by up to 20 percent from 1991 to 1998. The increase in prevalence
varied by region, ranging from a relatively small increase of 11.3 percent for
Delaware to 101.8 percent for Georgia.
Obesity and smoking share the characteristics of high morbidity and
mortality. It is therefore not surprising that many people try to lose weight
for the same reason that many attempt to quit smoking. In surveys conducted
between 1985 and 1988, 48 percent of the women and 29 percent of the men
reported that they were trying to lose weight591. In similar surveys conducted
between 1989 and 1992, these figures were 41 and 26 percent,
Methods included counting calories, participation in
respectively591.
organized weight loss programs, using dietary supplements, taking diet pills,
and fasting592. As in the case of smoking, prospective studies indicate that
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whereas short-term weight loss is quite feasible, significant long-term weight
loss is a very difficult endeavore.g.,236,284 . Only 3 percent of the participants in
weight loss programs achieve long-term weight loss 357 and complete relapse
is the rule after 3–5 years423.
There is one major difference between quitting smoking and dieting.
Whereas the percentage of smokers in the US population is on the decline,
having dropped to less than half what it was 35 years ago 425,665 , the
prevalence of obesity is on the increase. With over 40 percent of all
American women and over 25 percent of all American men dieting, the lack
of success in losing weight can hardly be attributed to lack of trying. It
seems rather that it is easier to refrain from smoking after one has quit than to
avoid regaining weight after one has succeeded in losing the excessive
pounds. Thus, though quitting smoking may be difficult, dieting seems to be
at least as difficult or even more difficult, despite the fact that overeating
does not involve a psychoactive drug. Hence the purported similarity
between the relapse rates of heroin, alcohol and nicotine tells us nothing
about the extent to which nicotine is addictive or the role it may have in
maintaining the smoking habit.

7.

THE IMPORTANCE OF MOTIVATION FOR
QUITTING

An oft-cited British survey452 reported that 48 percent of smokers of all
ages had not abstained from smoking for as long as a week during the past 5
years. This observation was interpreted by others 635 as evidence that a large
proportion of smokers are unable to stop smoking for as long as a week.
This interpretation ignores the fact that 42 percent of adult smokers in the
same survey reported that they did not want to give up smoking altogether. It
is likely, therefore, that the majority of smokers in this survey who reported
that they had never abstained for more than a week were simply unwilling,
rather than unable, to do so. It would probably be uncontested that the wish
to give up smoking is a necessary condition for smoking cessation, whether
on a permanent basis or for only a week. Below, we explore the role of
motivation for smoking cessation.
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7.1

The Independence of Declaration

The British survey cited above 452 reported that whereas 58 percent of the
smokers wished to quit, only 13 percent thought that they would be likely to
succeed were they to decide to give up smoking in the next 3 months. These
statistics appear to indicate that most smokers have a high degree of
motivation to quit smoking, which is tragically throttled by a sense of
hopelessness about their ability to do so. It is essential to remember,
however, that these results reflect smokers’ self-reported attitudes and
intentions, the validity of which has been questioned since the early days of
social psychology. Studies have consistently shown that attitudes and
367,453 207,222,223,642
. In the area of
behaviors are often only modestly correlated
health behaviors, specifically, the correspondence between declaring and
acting on the wish to relinquish bad habits and to adopt healthy and
205,339,340,643
.
wholesome ones in their stead is often marginal
The validity of such declarations has been questioned specifically with
regard to smoking, an area in which respondents have many reasons to
declare their wish and intention to quit. As Kozlowski and colleagues355
asked: " How better for a smoker to avoid the pesterings of a physician or
other interviewer than to say (whether believing it or not) that he wants to
and has even tried to give up cigarettes (p. 699)?” We would add that
admitting a lack of desire to stop smoking would make the responder appear
– in others’ eyes as well as in his or her own – not only irrational, but
decidedly not politically correct. But what does such a declaration mean?
Kozlowski et al.355 described a survey in Philadelphia, where 4,775 out of
11,709 smoking respondents said they would be interested in stopping
smoking if a smoking cessation clinic were set up. Only 257, however,
attended a preliminary meeting about the clinic and once it was established,
only 150 made use of it. There is good reason to doubt, therefore, that a
survey-expressed wish to stop smoking is a valid indicator of either strong
motivation or serious intention to do so.

7.2

The Role of Motivation in Cessation Studies

While it seems obvious that the success of cessation attempts depends on
the smoker's motivation to quit, this issue is rarely addressed in cessation
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studies. As mentioned earlier, participants in these studies are either
self-referred or recruited. Self-referred participants are generally motivated
by a wish to stop the bad habit in question. In the case of recruited
participants, it is often difficult to determine whether their motivation is
boosted by external incentives such as money, or whether they enroll in the
study when their motivation is at a peak. There is considerable evidence that
these factors may make a significant difference. For example, in a
meta-analysis of 6 transdermal patch studies of variable duration648 the
success rate of self-referred participants (8–16%) was significantly greater
than that of participants who were invited to participate in the studies (2–
10%).
In most prospective studies, cessation trials commence when the
investigator is ready to start the study, but not necessarily when the
participants are at their peak of motivation. Motivation to quit varies
between smokers, and very likely also during the lifetime of every smoker.
When coughing becomes daily, when asthma attacks and chest pains begin to
be worrisome, motivation to quit may be significantly stronger than when
smoking has no observable negative effects. As mentioned earlier, highly
motivated participants such as pulmonary and cardiac patients did best in a
meta-analysis of smoking cessation studies677.
The messy issues involved in subject recruiting can be gleaned from a
study 293 where smokers “that were about to quit on their own (p. 689)” were
recruited by radio and newspaper advertisements and offered payment for
filling out forms. Participants were unaware of the amount of payment ($20)
until after entering the study.
Clearly, the initial motivation of the
participants to quit was confounded by, amongst other factors, the promise of
an unknown sum of money. Furthermore, out of 1,396 individuals who
applied for the study, the author excluded 41 percent. One of the criteria for
exclusion was the author’s judgment that the candidate had “little motivation
for cessation (p. 689).” It is unclear how this was determined, and it remains
quite possible that some participants succeeded in “faking” motivation in
order to be included.
The importance of motivation for successful quitting is especially evident
in studies where all participants are self-selected. A recent Finnish report351
tested the rate of abstinence following a “Quit and Win” contest. Participants
in this study are likely to have been highly motivated as they were not only
self-selected, but also driven by the competitive setting. Without any
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treatment, between 46 and 50 percent of the participants abstained for a
month (non-responders were counted as non-abstaining). A follow-up
reported 14–19 percent one-year abstinence rates, higher than the highest of
Cohen et al.108 studies.

8.

CONCLUSION

This chapter focused on the Surgeon General’s assertion that smoking
abstinence rates are similar to those found for heroin and alcohol and on the
popularized inference from this assertion, namely that nicotine is as addictive
as heroin and alcohol. We argued that both the assertion and the ensuing
deduction are false. We began by showing that smokers have been
remarkably compliant with smoking regulations, whereas outlawing heroin
has entirely failed to affect heroin use. We proceeded to show that the
Surgeon General based his abstinence rate comparison only on prospective
studies with a maximum follow-up of one year. Once retrospective data are
considered, smoking cessation appears to be much more feasible and
commonplace than cessation of heroin. We went on to argue that even if
relapse rates of smoking were similar to those of heroin, the inference that
nicotine is as addictive as heroin does not follow, either logically or
empirically. To recapitulate this point we compared the success and relapse
rates associated with smoking cessation and with dieting. This comparison
underscored our claim that the difficulty of abstaining from unhealthy habits
does not testify to the presence of psychoactive drugs. Finally, we explored
the role of motivation, a factor that is often disregarded or downplayed in
smoking cessation research.

Chapter 11
“NICOTINE REPLACEMENT THERAPIES”

Two assumptions motivated the development and testing of so-called
nicotine replacement therapies657(NRTs). The first was that nicotine is
addictive in much the same way that heroin is 665 and the second, that nicotine
is the major cause of cigarette smoking.
Just as methadone helps
heroin-dependent individuals break their addiction, providing nicotine to
smokers via a route other than smoking was expected to minimize
withdrawal symptoms, craving and relapse. “ The basic idea behind using
nicotine replacement is to break the quitting process into two phases. In the
first phase, smokers learn to cope without smoking behaviour and regular
rapid boli of nicotine, while protected from the worst withdrawal effects by
moderate levels of nicotine provided by NRT. Later, nicotine is gradually
withdrawn completely (p. 143)657.” Nicotine gum, transdermal patches,
nicotine spray, nicotine inhalers, and nicotine sublingual tablets were
produced according to this rationale, and their effectiveness is commonly
cited as the ultimate evidence for the nicotine addiction hypothesis. In
discussing this book with colleagues, we have often encountered variations of
the following question: “If you claim that nicotine is not addictive, how come
nicotine gum and patches are so effective for quitting?”
We will begin this short chapter by examining the purported success of
“nicotine replacement” treatments for smoking cessation, and show that the
efficacy of nicotine gum and patches is actually very modest. We will then
compare these treatments to methadone treatment for opiate addiction, in
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order to demonstrate that their effects and, very likely, their mechanisms of
action, are entirely different. Finally, we will offer several alternative
explanations for the facilitative effect of “nicotine replacement” devices for
smoking cessation. These alternative explanations, which have nothing to do
with “replacement,” demonstrate that the success of NRTs has no bearing on
the nicotine addiction hypothesis.

1.

THE LIMITED EFFICACY OF “NICOTINE
REPLACEMENT” DEVICES

Nicotine chewing gum, the first of the NRT devices, is available in 2 and
4 mg doses. Its recommended use is to chew each piece slowly for 30
minutes and to use up to 15 pieces per day. At the highest dose, about 1.2
mg of nicotine reaches the bloodstream. Nicotine sublingual tablets, a
similar device, are held under the tongue until they dissolve. The dose
delivered by these tablets is similar to that of the nicotine gum.
Nicotine transdermal patches can deliver up to approximately 1 mg of
nicotine per hour, either around the clock or for 16 hours per day. In contrast
to nicotine chewing gum and sublingual tablets, both of which cause nicotine
blood levels to reach a plateau after about 30 minutes, it takes hours for such
levels to be reached with transdermal patches.
The device that offers the most rapid delivery amongst the NRTs is the
nicotine nasal spray. Blood levels of nicotine reach a plateau after about 10
minutes. A single spray of the nicotine solution delivers about 0.5 mg of
nicotine. In spite of this rapid delivery, there is no evidence that this nicotine
replacement device is more efficacious than any of the others246, which is
clearly at odds with the popular delivery kinetics hypothesis (see Chapter 8).
The nicotine inhaler is a plastic device resembling a cigarette that
contains a cartridge with a polythene nicotine-impregnated plug 657. The user
is advised to puff on the inhaler intensively and frequently, as the amount of
nicotine absorbed with the inhaler is very small: twenty puffs on the inhaler
provide about the same amount of nicotine as one puff on a cigarette.
Several meta-analyses have examined the efficacy of nicotine
replacement devices, mainly nicotine gum and transdermal patches, for
smoking cessation. On the basis of the 1987 meta-analysis conducted by
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Schwartz587, Viswesvaran and Schmidt677 (see also previous chapter)
compared the effectiveness of various smoking cessation methods. Among
other methods, they examined the efficacy of nicotine gum, the only NRT
available at the time Schwartz collected his data. The overall complete
cessation rate for smokers using nicotine gum, based on 40 studies, was 16
percent. This rate is rather unimpressive, especially considering that many of
these studies examined cessation rates for relatively short periods.
A 1993 meta-analysis 89 summarizing 33 studies of nicotine gum treatment
reported that a short-term cessation (up to 8 weeks) rate was achieved by 55–
70 percent of the participants. However, this rate was obtained when the
gum was used as an adjunct to a minimum of 3-hour group or individual
psychotherapy (“intensive treatment”). When nicotine gum was used without
psychotherapy (“brief treatment”), about 38–42 percent of the participants
achieved short-term cessation. Moreover, psychotherapy alone was as
effective as the nicotine gum, resulting in a short-term cessation rate of 40
percent. When placebo gum was added to the psychotherapy, 50 percent of
the participants achieved short-term cessation, exceeding the efficacy of the
nicotine gum. Finally, when placebo gum was used with the “brief
treatment,” short-term cessation was achieved by 32 percent of smokers.
Thus, in this ineta-analysis, nicotine gum exceeded placebo gum only by 6–
10 percent.
Although the transdermal nicotine patch appears to be “one of the most
popular cessation methods used by smokers (p. S63)124,” its actual
effectiveness is not impressive. A meta-analysis of 17 studies in which
patches were used for 4–18 weeks176 reported overall abstinence rates of 27
percent for the active patch and 13 percent for the placebo patch at the end of
treatment. After 6 months, these figures were 22 and 9 percent, respectively.
At this point, then, nicotine patches exceeded placebo patches by 13 percent,
but their overall efficacy was still unimpressive.
The long-term efficacy of transdermal patches is even more
disappointing. One meta-analysis of studies testing the effectiveness of
nicotine patches reported an overall one-year abstinence rate of only 9
percent648. Another meta-analysis523 reported that the range of one-year
abstinence rates was between 9 and 28 percent. In the largest study reviewed
in this meta-analysis, which included nearly as many participants as all other
studies combined, the nicotine patch resulted in only 11 percent success,
compared to 8 percent success with a placebo patch! Notably, the most
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successful studies in this meta-analysis did not rely on patches alone, but
provided extensive support and advice during treatment.
Finally, a meta-analysis 608 combining 42 gum studies (30 followed up for
one year, 12 for six months) and 9 patch studies (followed up for a year)
reported that 19 percent of the participants on NRT quit smoking, compared
to 11 percent of the participants in control groups. Thus. the mean gain in
cessation rate attributable to “nicotine replacement” devices was 8 percent.

2.

METHADONE TREATMENT FOR OPIATE
ADDICTION

The tremendous difficulty involved in withdrawal from opiate addiction
stimulated Dole and Nyswander, joined later by Kreek, to search for a way to
help addicts refrain from self-administering heroin.
Their solution,
established in the sixties, became known as “long-term methadone
maintenance treatment358.” Their pioneering methods were implemented in
many countries and methadone treatment has provided a way back to society
for countless heroin addicts. The treatment consists of “. . . administering it
[methadone] by the oral route in one dose each day. After initial
stabilization on 20–40 mg/day, which prevented withdrawal signs and
symptoms, the dose was slowly escalated (at a rate we now recommend not to
exceed 10 mg/week) up to a full treatment dose of usually 80–120 mg/day.
Once patients were stabilized on such a dose, there were no narcotic-like
effects and no symptoms of narcotic withdrawal, and we found that “drug
hunger” or craving had also abated and then disappeared in most patients
(p. 558)358.”
Methadone acts on the same receptors as heroin; consequently, it will
block the action of superimposed heroin. “In each case, the addict, achieving
no euphoric effects from superimposed self-administered illicit heroin, has to
make an important decision: whether to stop methadone treatment to be able
to get the “high” or euphoric effects from heroin, or to accept the stabilizing
effects of methadone maintenance treatment, with its prevention of opiate
withdrawal and reduction or elimination of drug craving. Numerous studies
have shown that the majority of patients in early treatment will conduct such
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self-experimentation during the first 3–6 months of treatment and then will
elect to stay in methadone maintenance treatment (p. 559)358.”

3.

METHADONE MAINTENANCE VS. “NICOTINE
REPLACEMENT” THERAPY

There are essential differences between methadone maintenance and
nicotine “replacement” therapies that somehow escaped the full attention of
the Surgeon General and of most smoking researchers. We shall review
these differences here with the intent of showing that, contrary to common
wisdom, the two types of treatment have very little in common.
Firstly, although methadone may not bring about complete opiate
detoxification150, it is extremely effective in stopping participants from
Self-administering heroin for long periods of time358,637. In contrast, as we
have seen above, the efficacy of nicotine gum and patches in producing
smoking cessation rarely exceeds 11–15 percent of the smokers, which is
lower than most non-“replacement” treatments. This observation clearly
contradicts the nicotine addiction hypothesis, which predicts that as smoking
essentially means self-administering nicotine, smokers should stop smoking
if supplied with nicotine by other routes.
Secondly, as methadone acts on the same receptors as do heroin and
morphine, it has the same potential as do the other opiates (depending on the
route of administration) for producing physical dependence, tolerance and
abstinence symptoms in drug-naive individuals. In contrast, non-smokers do
not use nicotine gum or patches voluntarily, and certainly do not become
addicted to them292. As we have seen, Pullan et al.508 demonstrated that 12
weeks of treatment by transdermal nicotine patches did not re-addict
ex-smokers: not a single one expressed even a craving for cigarettes after
being exposed to levels of nicotine comparable to 35% of those delivered by
daily cigarettes of the average smoker for 12 weeks. It has been reported that
some ex-smokers use nicotine gum for long periods after smoking cessation
54,245,257,298
. This continued use, however, demonstrates that smokers believe
that the gum facilitates quitting, not that the gum actually provides smokers
with their drug of dependence.
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Finally, methadone fully suppresses the withdrawal symptoms caused by
abstinence from heroin. Nicotine, whether supplied in patches or gum, only
partially suppresses the withdrawal symptoms caused by smoking
cessation 232 (see also Chapter 6). The poor long-term abstinence rate
afforded by nicotine replacement leaves no doubt that craving for cigarettes
remains, for most smokers, largely unabated. This is especially intriguing in
view of the fact that methadone is a heroin surrogate, whereas nicotine is –
well – nicotine. If smoking is equated with nicotine consumption, the only
possible conclusion is that whereas methadone is an efficient substitute for
heroin, nicotine (from “replacement” devices) is a poor substitute for nicotine
(from cigarettes). By comparison, acupuncture is a far better nicotine
substitute; in fact, it is twice as good as nicotine677, J!
If something about the logic of the last sentences seems a bit skewed, the
reader may well wonder why it did not seem to have bothered the majority of
researchers in this area. It is possible that most researchers are satisfied with
the popular explanation (see Chapter 8) that cigarettes are preferred because
of their speed of delivery. However, the “nicotine delivery kinetics” theory
cannot account for the discrepancies noted here between methadone and
nicotine “replacement” treatment. In fact, one of the reasons methadone was
chosen as a heroin surrogate was precisely the fact that its onset of action is
slow358.
The discrepancies between “nicotine replacement” treatment, on the one
hand, and methadone maintenance treatment, on the other, can easily be
reconciled. The observations summarized above appear discrepant only on
the assumptions that (1) smoking is a drug addiction, (2) nicotine is the drug
in tobacco that causes this addiction, and (3) nicotine addiction is comparable
to heroin addiction. All these ostensible discrepancies vanish once smoking
is understood to be a habit in which nicotine has no major role, and nicotine
is understood to be as similar to heroin as penguins are to fish.

J
This is particularly interesting considering that a recent meta-analysis of acupuncture
techniques for smoking cessation concludes that “Acupuncture was not superior to sham
acupuncture for smoking cessation (p.393)704.” This seems to suggest that sham acupuncture
is also more effective for smoking cessation than NRT!
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WHY DOES NRT SUPPRESS WITHDRAWAL
SYMPTOMS ALTOGETHER?

The data reviewed so far indicate that “nicotine replacement therapy,”
despite the powerful suggestion embedded in this term, is a misnomer (hence
the double quotes we have been careful to enclose this term with). Unlike
methadone maintenance, NRT does not appear to operate by nicotine
replacement. Yet, if nicotine deprivation is not the primary reason for the
subjective smoking withdrawal reactions in humans, how does NRT suppress
these symptoms, albeit only partially? We offer three possible answers,
which are not mutually exclusive.

4.1

The Sickness Hypothesis

There are solid reasons to suspect that the suppressant effects of nicotine
on smoking withdrawal symptoms may be caused by raising blood nicotine
to near toxic levels. This hypothesis is supported by reports that nicotine
doses that are 50 percent higher than the habitual doses produce nausea in
smokers131. Nicotine patches, specifically, can cause nausea and vomiting in
up to 40 percent of smokerse.g.,327. This hypothesis is discussed in more detail
in Chapter 12.

4.2

The Placebo Hypothesis.

In a recent study238, smokers in acute abstinence received either a
cigarette of their regular brand or a de-nicotinized cigarette. The two types of
cigarette had the same effect on the onset time, course and intensity of
tobacco withdrawal symptoms. Thus, despite the absence of nicotine in the
de-nicotinized cigarettes, their effect on withdrawal symptoms was equal to
the effect of regular cigarettes. In the same vein, sensory stimulation by a
citric acid inhaler in the absence of nicotine reduced subjective withdrawal
symptoms40. Finally, abstinent smokers who were told that they would
receive nicotine gum, but actually received placebo, had significantly less
withdrawal symptoms than participants who were told that they would
receive placebo296. These observations indicate that placebo effects are

Chapter 11

158

important determinants of withdrawal suppression by nicotine.
Unfortunately, the placebo gums or patches used in most studies do not
mimic the effects of nicotine on heart rate 580 and appetite e.g.,239,326,641.
Consequently, participants can discriminate between the nicotine device and
its intended placeboe.g.,296,479,480 , rendering the placebo control in these studies
virtually useless.

4.3

The Secondary Reinforcer Hypothesis

As just stated, nicotine produces changes in heart rate and other
physiological changes that are familiar to smokers. As these internal cues are
normally paired with the pleasurable effects of smoking, they may become
secondary reinforcers through classical conditioning. Therefore, when the
same cues are elicited by nicotine patches or gum, they may reduce the
subjective withdrawal symptoms even if these symptoms are not caused by
nicotine deprivation.

5.

CONCLUSION

In this short chapter we wanted to make three important points with
regard to the so-called nicotine replacement therapies. Firstly, the efficacy of
such treatments is very modest, compared to many non-chemical methods of
smoking cessation. Secondly, a comparison with methadone maintenance
treatment for heroin addiction shows that at no level can the presumed
similarity between the two types of treatment be sustained. Hence, our
conclusion is that the two types of interventions operate by entirely different
mechanisms. Finally, we propose three mechanisms that can account for the
modest effect of NRTs on smoking withdrawal. None of these mechanisms
requires the assumption that smoking is driven by nicotine addiction. In the
next chapter, we revisit the first of these mechanisms, namely the satiation
effected by nicotine toxicity.

Chapter 12
THE TALE OF NICOTINE COMPENSATION

1.

THE NICOTINE COMPENSATION HYPOTHESIS

When heroin-addicted individuals have access to unlimited supplies of
heroin, they will rapidly increase self-administration to many times their
usual dose312. As mentioned in Chapter 9, cigarette smokers do not display
such a continuous upping of intake. The average number of cigarettes
consumed daily by smokers is less than 20 in Great Britain 452 and only
slightly more than 20 in the USA665 . Smokers rapidly arrive at their preferred
number of cigarettes per day and the number remains stable for years 665,682
and even declines in older smokers665. This observation is problematic for
the nicotine addiction hypothesis. If nicotine is addictive in the same sense
that heroin is, as so frequently claimed by various authorities, smokers should
strive to consume as much nicotine as they possibly can.
Even without smoking more cigarettes, smokers could still increase
nicotine consumption by switching to cigarettes with a higher nicotine yield.
This does not seem to be the case, however. Research on long-term smoking
patterns in the population shows exactly the opposite trend. In 1954, the
average nicotine/tar level (in milligrams per cigarette) was 2.7/38283. Filter
cigarettes were introduced in 1954 518 and “low tar” cigarettes were
introduced before 1967, when the average nicotine/tar content per cigarette
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was already half the amount of what it was in 1954 (1.4/22)518. In the five
years preceding the Surgeon General’s Report665, the average nicotine/tar
level per cigarette dropped to one third of the original yield (0.9/13) and
remained fairly stable until 1992283. Therefore, between 1954 and 1985 the
average smoker lost over 60 percent of the nicotine and tar yield of his or her
cigarettes.
The observation that smokers do not tend to increase nicotine intake
beyond a certain level, either by smoking more cigarettes or by increasing the
nicotine yield of their cigarettes can be explained by the toxicity of tobacco
smoke constituents, and specifically of nicotine. We shall discuss this point
later in the chapter. However, toxicity cannot explain why presumably
nicotine-addicted smokers would be willing to accept a reduction in nicotine
intake when switching to lower-yield brands. This is clearly a problem for
the nicotine addiction hypothesis. It could easily be resolved, if smokers
compensated for the reduction in nicotine yield by smoking more cigarettes.
There is no indication, however, that the average number of cigarettes per
smoker increased threefold in the USA between 1951 and 1988, and strong
evidence against this notion 449,518,665 . The nicotine compensation hypothesis,
which is the focus of the present chapter, attempts to resolve this thorny
problem in a different manner. It postulates that as nicotine is the addictive
agent that maintains smoking, smokers are unwilling (or unable) to accept
reductions in nicotine intake. Consequently, according to the nicotine
compensation hypothesis, they will use various strategies to counter any
reduction in nicotine intake, primarily by “oversmoking” their cigarettes.

2.

SHORT- AND LONG-TERM SWITCHING
STUDIES

Since the beginning of the 1970s, following the introduction of “lighter”
cigarettes that were publicized by cigarette manufacturers as less dangerous,
extensive research has investigated whether smokers compensate for a
reduction in the tar/nicotine yield of their cigarettes by strategies other than
increasing the number of cigarettes smoked. Most studies have been
short-term laboratory studies in which smokers of high-nicotine, high-tar
cigarettes switched to lower yield cigarettes. The more sophisticated studies
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monitored blood or urine levels of nicotine or cotinine (a stable metabolite of
nicotine) in these participants, and measured compensation as deviations
from the levels predicted by cigarette yield.
In a study by Zacny and Stitzer 733, for example, ten smokers of a
high-yield brand were asked to smoke a different brand of cigarettes each
week for 5 weeks. The different brands varied in nicotine yield from 0.1 to
1.1 mg and the order of brands was counterbalanced. On the first and last
day of each week, participants smoked two cigarettes of their assigned brand
in a laboratory session in which subjective, behavioral and biological
measures were taken.
This study found that cotinine levels were
substantially lower after a week of smoking ultra-light cigarettes when
compared to a week of the usual high-yield brand. However, the differences
in cotinine levels among the brands were smaller than predicted by the
cigarettes’ nicotine/tar yield. This finding was accounted for by the
observation that the participants smoked more cigarettes and took larger and
more closely spaced puffs when smoking the low-yield cigarettes. Notably,
as is regularly reported but rarely stressed in such studies, the participants did
not like the lower-yield cigarettes: They rated them as being less strong, less
hot, less harsh, having less and poorer taste, delivering more air than smoke
and being less satisfying. As we shall argue later, this highly typical finding
may be crucial for understanding compensatory smoking.
Short-term studies do not control for the possibility that adjusting to a
new brand of cigarettes may take timee.g.,434,507,644 , and hence that
compensation could just be a temporary phenomenon. Recent long-term
studies, however, indicate that whereas smokers seem to adjust gradually – in
terms of subjective satisfaction – to the lighter cigarettes e.g.,190,644,645,699 , they
still have higher cotinine and nicotine levels than expected from the reduction
in nicotine yield of their new brand. This finding has also been reported in
other recent studiese.g.,192,630,709 . Thus, smokers apparently continue to
compensate partially for the loss of nicotine/tar yield when switching to
lighter brands.
In summary, disregarding variability in methodology and results, most
short- and long-term switching studies are fairly consistent. Smokers who
switch to lighter cigarettes up-regulate their smoking, mostly by taking larger
and more frequent puffs. Other possible strategies, such as “vent” blocking
(blocking ventilation holes in filters), leaving shorter cigarette butts, or
increasing inhalation, appear to be less common means of compensation577.
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This upregulation of smoking accounts for the finfing that smokers switching
to lower-yield brands are found to have higher blood levels of cotinine and
nicotine
than
expected
from
the
reduction
in
nicotine
yielde.g.,20,92,181,191,556,645,662,733.
As mentioned earlier, this finding has been viewed as compelling
evidence for the nicotine addiction hypothesis. It would constitute such
evidence, however, only if up-regulation of smoking were in fact motivated
by the loss of nicotine. This caveat is completely ignored by most
researchers, who seem to consider it obvious that smoking up-regulation is
determined by nicotine. For example, Woodward and Tunstall-Pedoe726
concluded “that smokers appear to self-titrate their consumption of nicotine
by more aggressive smoking of lower-strength cigarettes (p. 821).”
Djordjevic et al.144 stated that their results were obtained “because of
smokers’ compensation for low nicotine delivery (p. 2015).” Similarly
unqualified inferences are made by many other compensation
researchers e.g.,7,48,66,279,348,349. As we shall demonstrate, these inferences
represent a prevailing bias rather than an empirically based conclusion.

2.1

Compensation for What?

There are two possible scenarios that would be consistent with the thesis
that smokers who switch to lighter cigarettes compensate for loss of nicotine.
One possibility is that the relatively low doses of nicotine yielded by “light”
cigarettes provide less reward compared to the smoker’s customary
higher-yield brands. In this scenario, smoking up-regulation compensates for
loss of positive reinforcement. Alternatively, the mechanism for smoking
up-regulation may be similar to that of heroin: if nicotine causes physical
dependence, then the reduction of nicotine in the brain produces dysphoric
abstinence symptoms, which can be alleviated by further supply of nicotine.
In this scenario, nicotine serves as a negative reinforcer and up-regulation is
the smokers’ way to prevent or counter an aversive nicotine withdrawal
syndrome.
In Chapter 8 we reviewed the evidence for the alleged positive reinforcing
properties of nicotine in humans. Our review of self-administration studies
and experiments using nicotine in the form of injections, gum and
transdermal patches concluded that nicotine is not rewarding for
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non-smokers, and may be a weak reinforcer at best (due to conditioning and
placebo effects) for deprived smokers. In this context, we argued that the
self-administration studies that were considered “conclusive” by the Surgeon
General 264,266 actually reveal that nicotine is no more reinforcing than saline.
We also cited nicotine nasal spray experiments 483 in which nicotine-deprived
smokers were indifferent to nicotine nasal spray whereas non-deprived
smokers significantly preferred nicotine-free spray.
The idea that nicotine, like heroin, produces physical dependence and
hence can function as a negative reinforcer was refuted in Chapter 9.
Dysphoric withdrawal symptoms in abstaining smokers were blocked by
cigarettes without nicotinee.g.,73,699 but were only partially suppressed by
nicotine gum or transdermal patches. More dramatically, not a single
ex-smoker, re-exposed to nicotine by wearing nicotine transdermal patches
for 12 consecutive weeks, expressed a craving for cigarettes or for
transdermal patches following this treatment508. Finally, mecamylamine did
not produce precipitated abstinence symptoms in heavy smokerse.g.,162,493.
In summary, nicotine does not seem to have significant positive or
negative reinforcing properties in humans, including non-deprived smokers.
In the absence of such reinforcing properties, there is every reason to doubt
that up-regulation of smoking after switching from high- to low-yield
cigarettes is induced by loss of nicotine.

2.2

Up-Regulation for Loss of Taste

The conviction that up-regulation of smoking is motivated by reduced
nicotine yield has led to the otherwise incomprehensible fact that the vast
majority of studies that used cigarette brand as an independent variable did
not attempt to separate the effects of nicotine and tar. This is a very serious
methodological omission, as the correlation between tar and nicotine levels in
550,552
commercial cigarettes is 0.90
. Therefore, attributing the results of these
studies to nicotine, rather than to tar, requires a breathtaking leap of faith.
This feat is especially daring in view of the fact that smoking pleasure is
determined to a large extent by the sensations in the respiratory tract that
accompany smoke inhalation and are caused primarily by tars541. In fact, the
role of these sensations, and hence of tar, in maintaining smoking is much
better established than that of nicotine (see Chapter 8).
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Several lines of evidence have established the importance of tar, rather
than of nicotine, in determining a variety of smoking parameters. A study by
Sutton et al.645 found that the tar yield of the cigarettes predicted puffing
patterns (and hence blood levels of nicotine) to a much higher degree than
nicotine.
This observation was confirmed by several other
investigators 26,57,255,411,529,543,630,680.
Others demonstrated that subjective
ratings of satisfaction, pleasantness, harshness or desirability of cigarettes
were either unrelated to nicotine content 57,533 or depended on “taste” rather
than on the central effects of nicotine 310,450 . Cigarettes equal in tar but higher
in nicotine were rated as more satisfying, more enjoyable and stronger in
various experiments 25,26,255 , but these experiments did not control for
nicotine’s peripheral sensory actions541. In a study cited earlier 733, smokers
disliked the low-nicotine (and low-tar) cigarettes not because they were
lacking in psychoactive effects, but rather because they were lacking in taste.
We submit that an objective evaluation of these data, together with the wealth
of evidence cited in Chapter 8 for the importance of sensory stimulation in
smoking, lead to the conclusion that short-term smoking up-regulation is not
motivated by the need to compensate for loss of nicotine in the brain. Rather,
the main motivation is to compensate for the reduction in “taste” and in other
pleasurable aspects of smoking, which are produced primarily by tar and to a
lesser extent by the peripheral action of nicotine. Further support for this
claim comes from cross-sectional studies of smoking parameters.

3.

CROSS-SECTIONAL “COMPENSATION”
STUDIES

A third empirical approach to nicotine compensation, in addition to shortand long-term switching studies, has been cross-sectional designs. In these
studies, the nicotine/tar levels are not manipulated by switching from
high-yield to low-yield cigarettes. Instead, cotinine and nicotine blood levels
in habitual smokers of high nicotine/tar cigarettes are compared to the same
parameters in smokers of low-yield brands e.g.,44,47,65,154,228,282,348,405,532,553,726 .
Most studies report that the nicotine intake of smokers of “lighter” brands
(as evident from blood levels of cotinine and nicotine) is lower than that of
smokers of high nicotine/tar yield. However, as in short- and long- term
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switching studies, all studies but one 532 found that the discrepancy between
the two groups in blood nicotine and cotinine levels could not be fully
accounted for by the difference in the cigarettes’ nicotine yield. Specifically,
smokers of “light” cigarettes had higher blood levels of nicotine or cotinine
than would be expected by the nicotine yield of these brands. In the vast
majority of cross-sectional studies, this discrepancy between predicted and
observed differences in blood nicotine and cotinine levels was taken as
evidence for compensation e.g.,7,48,65,66,144,154,228,278,282,348,405,486,552,553,726. This
inference, however, is entirely without basis.
The term “compensation” implies a process by which smokers
up-regulate smoking as a maneuver aimed to counteract a reduction in
nicotine levels. The compensation hypothesis holds that when smokers, who
are purportedly addicted to nicotine, switch to lower yield cigarettes, they
attempt to maintain the level of nicotine they had been accustomed to by
over-smoking their cigarettes. Therefore, as noted also in a recent review of
the compensation literature577, this term can be meaningfully used only in
reference to smokers who switch from high nicotine/tar cigarettes to lower
nicotine/tar cigarettes. Whereas short- and long-term switching studies are
valid methods for examining compensation, findings of cross-sectional
studies reflect compensation only if the smokers of lower-yield brand in these
studies have switched from higher-yield brand. Among the studies we
reviewed, however, not one provided evidence that the participants had
indeed switched from high-yield to lower yield brands. In fact, it is very
unlikely that the differences found in cross-sectional studies between
smokers of high- and low-yield cigarettes can be attributed to compensation
in the sense implied above.
As mentioned earlier, between 1955 and 1983 the average nicotine/tar
yield of cigarettes was reduced three-fold. Given that most smokers start
smoking at or after the age of fifteen, the vast majority of smokers born
before 1968 have experienced a reduction in the yield of their cigarettes over
time. This trend continued after 1983. In 1986, for example, 9.2 percent of
all adult smokers switched brands 607 and about 26 percent of switching
smokers turned to a lighter brand495. Thus, even amongst smokers younger
than 30 years of age, many have probably switched to lighter brands and
would therefore be expected to compensate.
But not all smokers are switchers. A large number of the younger
participants in the cross-sectional studies (most published between 1982 and
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1995) can be assumed to have started their smoking habit on law nicotine/tar
cigarettes and therefore could not be compensating for cigarettes with higher
levels of these compounds. Participants in one study282, for example, had a
mean age of 27–29 years and had smoked, on an average, for 10–12 years.
These participants had reached smoking age when “light” or “medium”
cigarettes were common (after 1978). Yet, the authors of this and other
cross-sectional studies explain differences between smokers of “light” and
“heavy” cigarettes as partial compensation by the first group, without
presenting any evidence that smokers in this group had ever smoked
higher-yield cigarettes in the past.
If the differences obtained in cross-sectional studies are due to
compensation for loss of nicotine, then switchers from high-yield to lower
yield cigarettes should have higher blood cotinine and nicotine levels than
smokers who have always smoked low-yield cigarettes. Though this seems
an obvious deduction that could be easily tested, we found only one study
that addressed it directly348. This study found that switchers had higher urine
cotinine levels than smokers who had always smoked low-yield cigarettes.
However, the switchers in this study smoked roughly 60 percent more
cigarettes than participants who had always smoked light cigarettes (14.9
versus 9.1 cigarettes per day), completely accounting for the difference in
observed urine cotinine levels.
In this study, therefore, switchers and
smokers who never switched extracted similar amounts of nicotine from their
cigarettes, a finding that contradicts the compensation hypothesis.
Indirect evidence for nicotine compensation in cross-sectional studies
could be gleaned by comparing blood levels of nicotine or cotinine between
cohorts of different ages. If the youngest cohort, which is most likely to have
never switched, would have lower levels of blood nicotine and cotinine, yet
smoked the same amount of the same brand of cigarettes as older smokers,
this would be consistent with a process of compensation. Only four
cross-sectional studies provided age-related information. Two of those did
not find an age effect 282,532. Bridges et al. 65 found that younger smokers had
lower blood nicotine and cotinine levels than older ones, but the older
smokers consumed more high-yield (non-filter) cigarettes than the younger
smokers. Hill et al.278 found that smokers aged 18–24 years had lower
plasma cotinine levels than older smokers, but did not report whether these
smokers smoked the same amount and/or the same yield cigarettes as the
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older smokers. Thus, this line of research did not produce any evidence for
the compensation hypothesis.

3.1

Down-Regulation of Smoking: Compensation Turned
on its Head

As stated earlier, the differences found in cross-sectional studies between
nicotine and cotinine levels of high- versus low-yield smokers have been
universally attributed the process of compensation, which follows switching
from higher- to lower-yield cigarettes. This inference, which unwittingly
begs the question of nicotine addiction, is unwarranted by available evidence;
in fact, as we shall presently illustrate, it is plainly inconsistent with
well-known facts. Nevertheless, it represents an almost universal prejudice
that has biased the interpretation of most cross-sectional studies.
Specifically, in all cross-sectional studies, cotinine blood levels in
smokers of low nicotine/tar cigarettes are predicted by using smokers of high
nicotine/tar cigarettes as a reference point. Thus, if a given brand of
high-yield cigarettes contains 1.0 mg nicotine and a given low-yield cigarette
contains 0.5 mg nicotine, cotinine levels of the smokers of the low-yield
brand are expected to be 50 percent lower than those of the high-yield
smokers. If they are only 25 percent lower, the smokers of the lower-yield
brand are said to “compensate” or “up-regulate” by 50 percent. However, if
the researchers had used the smokers of low-yield cigarettes as a reference
point, they would have concluded that the smokers of high-yield cigarettes
are down-regulating their nicotine intake. We submit that there is no a priori
reason, besides the seductive bias introduced by the compensation
hypothesis, to prefer the former interpretation.
Down-regulation of smoking when switching from low- to high-yield
cigarettes has been consistently found in switching studies e.g.,48,123,273,279,509,658 .
This effect has been relatively de-emphasized, as switching studies were
primarily designed to examine whether reduced tar/nicotine cigarettes were
an effective means of curtailing the intake of tobacco smoke. Therefore, the
authors of these studies were primarily interested in demonstrating
compensation for lower yield. However, a recent review 577 found that
down-regulation of smoking is in fact a much larger effect than
up-regulation. The mean effect size for up-regulation when switching to a
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lower-yield brand in switching studies was in the order of 50 percent,
whereas the effect size for down-regulation when switching to a higher-yield
brand was 80 percent, a statistically significant difference. This finding
opens the door to an entirely different interpretation of this body of data,
specifically regarding the role of nicotine in regulating smoking.

4.

NICOTINE’S ROLE IN LIMITING SMOKING:
PHARMACODYNAMIC SATIATION

High doses of nicotine in humans produce toxicity, manifested by nausea,
vomiting, diarrhea, abdominal paine.g.,431,565,728, seizures e .g. ,610,727 and even
deathe.g.,647. Indeed, nicotine is sometimes used in suicide attempts 431,565,727.
Even low doses of nicotine can produce adverse effects. When nicotine is
administered subcutaneously184, by gum434 or by transdermal patchese.g.,
327,617,626
, it produces nausea and vomiting not only in non-smokers 184,626 but
also in up to 41 percent of smokers 327,617. Though considerable tolerance to
these effects develops over time, it is not complete. As mentioned earlier,
increasing smoking by 50 percent induced nausea in smokers131 and nicotine
in nasal spray was aversive to smokers when it followed their usual daily
number of cigarettes483.
There is substantial support for the idea that the effect of nicotine is to
limit, rather than to facilitate, smoking. As discussed above, when smokers
switch to cigarettes with higher nicotine and tar yield they down-regulate
their smoking. In addition, several studies examined the effect of applying
nicotine before or during smoking by intravenous injections e.g.,45,551 ,
482
gume.g.,155,274, patchese.g.,185,539, oral capsules e.g.,110,698 or nasal spray . The
majority of these studies showed partial down-regulation of smoking (see
Scherer 577, for review). In a recent study by Benowitz et al.49, transdermal
nicotine patches releasing up to three times the doses recommended to
facilitate cessation were applied to heavy smokers who were not interested in
quitting smoking. The number of cigarettes smoked and the nicotine
absorbed from these cigarettes declined by approximately 30 and 40 percent,
respectively. The authors concluded: “The dose-suppression curve is
hyperbolic, suggesting that there is a dose of nicotine, not far exceeding the
highest dose in our study, that would have almost completely suppressed
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nicotine intake (p. 961).” This study, together with the earlier ones, not only
confirms that nicotine is an agent that limits smoking, It also suggests that
there exists an individual, or possibly an absolute, ceiling of blood nicotine
levels beyond which further intake of nicotine becomes so aversive as to
deter even the most avid smoker.
Gori and Lynch228 provided additional evidence for this contention. They
discovered that a ceiling in plasma nicotine and cotinine levels was reached
when about 20 cigarettes were smoked per day. This ceiling was not
exceeded significantly even when smokers consumed up to 60 cigarettes per
day. The authors suggested (p. 321) “that the limiting factor is probably
nicotine intake itself since plasma nicotine and cotinine values display
similar ceilings, while the nicotine to cotinine conversion rate remains
constant.” They termed this phenomenon “pharmacodynamic satiation.”
Similarly, Hill and his coworkers 278 showed that nicotine and cotinine blood
levels reached a plateau when more than 21 cigarettes per day were
consumed. These findings, together with those of Benowitz et al.49, imply
that there may be an absolute ceiling for nicotine satiation in spite of the
partial tolerance that develops to its toxicity.
The average smoker reaches reaches pharmacodynamic satiation with
about 20 cigarettes per day. This figure coincides approximately with the
number of cigarettes consumed by the average smoker both in England452 and
the USA665. Although this average means that many smokers light more than
20 cigarettes daily, even those who smoke 30278 or even 60228 cigarettes per
day do not extract much more nicotine from their cigarettes than those who
smoke 20. Therefore, heavy smokers must be down-regulating their smoking
to a considerable extent. This down-regulation is apparently motivated by
the toxicity of nicotine and, perhaps, of other smoke constituents. As we
elaborate below, the hypothesis that nicotine limits smoking provides an
alternative account for the (modest) utility of “nicotine replacement” devices
for smoking cessation

4.1

A Satiation Account of “Nicotine Replacement
Therapy”

As noted in the previous chapter, the rationale for so-called nicotine
replacement treatments was the same as for methadone maintenance
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treatment for opiate addiction. A comparison between the two treatments,
however, indicates that their mechanisms of action are different. This
comparison, together with the meager efficacy of “nicotine replacement”
treatments, undermines the nicotine addiction hypothesis on which these
treatments were based.
At this point, we can elaborate on one of the alternative explanations
suggested in Chapter 11 for the effects of nicotine gum and patches on
smoking cessation. This explanation, like the other two suggested in Chapter
11, has nothing to do with “replacement” and does not depend on the validity
of the nicotine addiction hypothesis.
Specifically, we suggest that
pre-loading smokers with nicotine simply brings them closer to the toxicity
ceiling, where any more nicotine will be aversive. Hence, smokers will
down-regulate by smoking fewer cigarettes and by under-smoking their
cigarettes, thus weakening the behavioral habit and facilitating quitting. As
aversion for nicotine is incompatible with craving for cigarettes, both craving
and relapse will be reduced by nicotine releasing devices such as nicotine
transdermal patches and nicotine gum.
This “satiation” account of the effectiveness of nicotine gum and patches
is much more consistent with the evidence cited in this book than the
“replacement” account, which is based on the presumed similarity between
nicotine and heroin. In particular, it accounts for the limited efficacy of
NRTs, as documented in the previous chapter, Under the nicotine addiction
account, it is rather mystifying to discover that smokers do not quit smoking
despite receiving their presumed drug of choice through gums or patches.
The puzzle resolves itself if the satiation account is substituted for the
“replacement” account: Superimposed nicotine reduces smoking by making
it aversive, but as smokers do not smoke to acquire nicotine, it cannot
provide an acceptable alternative to smoking.

5.

SUMMARY: THE ROLE OF NICOTINE IN
SMOKING TITRATION

The fact that smokers tend to maintain a stable level of smoking, both
by smoking a relatively invariant number of cigarettes and by partially upand down-regulating their smoking in response to the tar/nicotine yield of
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their cigarettes, has been recognized for many years. Not unexpectedly, both
up- and down-regulation have been almost universally attributed to
nicotinee.g.,48,279,348,349,416,726 , so much so that smoking titration has been
commonly referred to as “nicotine titration.” For example, Kolonen et al.349
wrote that “smokers seem to up- or down-regulate their smoke intake by
changing puff volume and inhalation to maintain their usual levels of blood
nicotine (p. 704).” The same unquestioned assumption is evident in the
conclusions of Hill and Marquardt279: “Assay of urinary and plasma cotinine
levels in smokers smoking brands with different nicotine content showed that
smokers adjust their smoking habits to maintain a constant level of nicotine.
This self-titration of nicotine may pose a health hazard even with relatively
low-nicotine cigarettes (p. 652).” These assumptions must have been so
self-evident to the authors (and perhaps the journal editors) that they did not
find it necessary to qualify them anywhere. This is another example of the
prevailing “nicotine bias” we have referred to repeatedly throughout this
book. An objective scientist would refrain from stating unequivocally that
the observed titration is a strategy aimed to maintain nicotine level. It is a
different matter to report an observation than to suggest an interpretation, but
in this field of research, this distinction is rarely observed.
The evidence we have reviewed so far suggests that “nicotine titration”
is a misnomer. Specifically, up- and down-regulation of smoking are not
symmetrical processes.
While nicotine seems to be involved in
down-regulation, as most researchers agree, it does not seem to have a role in
up-regulation. Instead, up-regulation appears to be motivated by other
aspects of the smoking habit, primarily by the sensory rewards of smoking.
The evidence reviewed here indicates that “light” cigarettes are smoked more
intensely because of their reduced tar, “taste,” and other sensory qualities, not
because of a reduction in psychoactive effects supposedly incurred by the
low nicotine yield.
In summary, neither “nicotine compensation” nor “nicotine titration” are
sustained by empirical evidence; hence, neither has any bearing on the
nicotine addiction hypothesis. Both terms reflect a pervasive bias in the
smoking literature, which attributes an unwarranted role to nicotine in
determining smoking. Paradoxically, a review of the evidence suggests that
the main role nicotine has in determining smoking may be in imposing a
ceiling on the extent or intensity of smoking. This effect is due not to the
purported addictive properties of nicotine, but rather to its toxic effects.
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Chapter 13
EPILOGUE

1.

IS NICOTINE AN ADDICTIVE DRUG?
CONCLUSION

This book reviewed and evaluated the evidence for the Surgeon General’s
influential declaration 665 (p. 9) that “Cigarettes and other forms of tobacco
are addicting,” that “Nicotine is the drug in tobacco that causes addiction, ”
and that “The pharmacologic and behavioral processes that determine
tobacco addiction are similar to those that determine addiction to drugs such
as heroin and cocaine.” Although this assertion has been almost universally
adopted by the scientific community, government agencies, the media and
the public, we found that it is not sustained by empirical evidence. Instead,
our analysis of the research to date indicates that if nicotine contributes to the
persistence of smoking, it is not due to its purportedly gratifying
psychoactive properties but rather to its contribution to the “taste” of inhaled
smoke and perhaps to placebo effects and acquired (secondary) reinforcing
properties in experienced smokers. Thus, nicotine’s role in maintaining the
smoking habit bears no similarity to the role played by genuinely addictive
drugs such as heroin, barbiturates, alcohol or other drugs to which nicotine is
routinely compared.
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In contrast to the case of heroin or cocaine, there exists no convincing
demonstration that animals will initiate self-administration of nicotine.
Moreover, even a demonstration that animals will maintain nicotine
self-administration can only be achieved by extremely dubious manipulations
of the procedure. The conditions that were imposed to induce animals to
maintain self-administration of nicotine included food restriction or
deprivation, prior conditioning to food or drugs, simultaneous administration
of additional reinforcers, restraining, and prior nicotine administration.
Remarkably, even under these facilitatory manipulations, a large proportion
of the animals were excluded from analysis in many studies for failing to
self-administer nicotine. In addition, most studies did not employ adequate
controls to rule out plausible, or even obvious, alternative explanations for
the results observed under these conditions. Only a handful of studies
included “yoked” controls, and even an elementary saline control group to
control for nicotine’s effect on activation and learning was lacking in the vast
majority of studies. Consequently, effects that were attributed to nicotine’s
reinforcing effects in these studies are much more likely to have reflected
other factors, primarily a lack of extinction of prior learning driven by food
or drugs like cocaine and the activating effects of nicotine. This conclusion is
supported by the few studies that did employ appropriate controls. In
addition, conditioned place preference and conditioned taste preference
studies fail to demonstrate that animals “like” the effects of nicotine. Thus,
the idea that nicotine is reinforcing to animals is not convincingly supported
by experimental evidence.
A similar picture arose when we scrutinized the evidence for the
contention that nicotine has reinforcing effects in humans, effects that are
widely believed to maintain the habit of smoking (see Chapter 8). While
nicotine surely has psychoactive effects, those effects seem to be primarily
unpleasant. Without exception and independently of route of administration,
nicotine was found to be aversive to non-smokers. Only a minority of studies
found nicotine reinforcing to deprived smokers. Few if any of these studies
recognized that inert placebo manipulations are inadequate for smokers,
whose ability to identify the “taste” of nicotine and its physiological effects is
well-established. Consequently, they lacked appropriate control groups to
rule out the possibility that these reinforcing effects were due to placebo
effects. Even so, most studies showed that pure nicotine has no reinforcing
properties for smokers or that they distinctly dislike its effects. Thus, it is
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inconceivable that the psychoactive effects of nicotine constitute a reason for
smoking.
Paradoxically, our analysis of the “nicotine compensation”
research indicates that nicotine has a much more prominent role in limiting,
rather than in perpetuating, tobacco smoking.
In sharp contrast to the case of heroin or other addictive drugs, neither
animals nor humans show long-term increases in nicotine consumption in
any form. If any age-related long-term changes are discernible in smoking
prevalence, they all point in the opposite direction. Therefore, if nicotine has
any reinforcing effects, as the nicotine addiction thesis maintains, no
tolerance to these effects develops over time. Initial increases in the
consumption of cigarettes in the novice smoker coincide with and are
indistinguishable from the concomitant development of tolerance to the
(well-established) aversive effects of nicotine.
A nicotine abstinence syndrome, which is believed to indicate the
development of physical dependence, has been reported both in animals and
humans. However, the abstinence syndrome in rats is not dysphoric (it may
be even pleasurable according to the conditioned taste aversion paradigm),
hence it cannot motivate further consumption of nicotine. Furthermore, there
is no indication that the abstinence syndrome observed in rats is relevant to
humans. As discussed in Chapter 9, the abstinence syndrome in humans has
been dissociated experimentally into a nicotine-specific withdrawal
syndrome, which is not dysphoric, and other reactions that are known to
follow the interruption of many habits in which no psychoactive drugs are
involved. Moreover, unlike opiate antagonists in heroin addicts, the nicotine
antagonists mecamylamine does not precipitate a withdrawal syndrome in
smokers, a finding that negates the existence of physical dependence on
nicotine. Finally, there are no known instances that prolonged use of pure
nicotine causes physical dependence. To the contrary, twelve weeks of
sustained nicotine absorption via transdennal patches failed to induce
nicotine craving in never-smokers and ex-smokers alike.
In summary, even according to the lenient modern criteria of drug
addiction665,711, which do not require physical dependence, nicotine is not an
addictive drug. The evidence available to us contradicts the accepted notion
that nicotine is a major determinant of the persistence of smoking, or that its
presence in tobacco smoke increases the difficulty of quitting the habit.
Ironically, there is substantial evidence that nicotine may in fact limit
smoking due to its toxic effects.
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1.1

On the Purported Similarity between Nicotine and
Heroin

The Surgeon General’s statement to the effect the nicotine and heroin are
similarly addictive has been canonized by otherse.g.,269,657 and popularized into
a smoke-talk cliché. The evidence reviewed in this book shows this equation
to be nothing less than preposterous. Table 13.1 summarizes the major
differences between the relevant attributes of nicotine and heroin.

Table 13.1 A comparison between the attributes of nicotine and heroin
Attributes
Unconditional self-administration in pure form by animals
Conditioned place preference in animals
Unconditional self-administration in pure form by humans
Administration induces pleasant sensations or positive mood
Tolerance to reinforcing effect)
Dysphoric drug-specific abstinence syndrome in animals
Increased lever-pressing for lower effective doses of drug
Dysphoric drug specific abstinence syndrome in humans
Precipitated abstinence syndrome in humans
Replacement therapy abolishes abstinence syndrome
Re-addiction after long-term exposure to pure drug in humans
Craving for drug after long-term exposure or re-exposure to pure drug
Replacement therapy prevents consumption of the target drug
Consumption persists in spite of current legal restrictions
Population prevalence remains unchanged compared to 40 years ago
* Not tested directly, but assumed

Nicotine
No
No
No
No
No
No
No
No
No
No
No

No
No
No

No

Heroin
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes*
Yes
Yes
Yes
Yes

Most of the differences between heroin and nicotine that are summarized
in Table 13.1 pertain to operational definitions of current criteria for drug
dependence 87,665,711 . The rest of the items are descriptions of “The
pharmacologic and behavioral processes that determine tobacco addiction,”
which are supposed to be “similar to those that determine addiction to drugs
665
such as heroin and cocaine (p. 9) .” As this table demonstrates, the alleged
similarity of nicotine to heroin is not supported by any relevant observations.
The mere fact that pure nicotine is available over the counter at drugstores in
many countries, whereas the purchase of heroine (even in “slow-release”
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forms!) is a criminal offence, should have caused people to pause and wonder
about the equation between nicotine and heroin. That this alleged similarity
is nevertheless repeated by scientists, government authorities and the media
testifies that nicotine addiction is no longer a conjecture that can be refuted
by either evidence or common sense.

2.

WHAT WENT WRONG IN NICOTINE
ADDICTION RESEARCH

Our colleagues are no less qualified than ourselves, and many are
probably better qualified, to evaluate the research on nicotine addiction. Yet,
when we began to scrutinize their reports, we became aware that we not only
disagreed with their conclusions, but very often, too often, with their
methodology. We are aware of the fact that most scientific reports –
including ours, of course – are imperfect. However, the flaws we found in
the nicotine research literature are of such magnitude and occur in such a
regular fashion that they demand an explanation. A partial list of the
methodological shortcomings compiled in this book includes:

•
•
•
•
•

•
•
•
•
•
•
•

Systematic exclusion of subjects from statistical analyses
Absence of saline control groups for injected drugs
Result-biased selection of number of sessions to test manipulations
Absence of statistical comparisons
Presenting non-significant results as significant, quasi-synonymously
called “reliable”
A-posteriori selection of statistical comparisons without rationale
Incomplete reporting of the results of control groups
Inadequate controls for placebo effects
Inclusion of selected results from earlier published experiments into
new ones without rationale
Omitting adequate controls for known side-effects of drugs
Providing two reinforcers but controlling for the effects of only one of
them
Administering “priming” injections to self-administering animals
without adequate controls
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Using previously conditioned animals without controlling
carry-over effects

for

These methodological flaws have been addressed in detail throughout the
book.
In none of the original research reports have we seen any
acknowledgement of these shortcomings or their implications for the validity
or generality of the results. Moreover, very few of the reviews that
summarized these reports alluded to any of the problems listed above. A
1988 review of intravenous self-administration studies217 may exemplify this
spirit of uncritical evaluation. The authors state (p. 228): “If a drug appears
to function as a reinforcer, there are several criteria that are commonly
applied to assess its effectiveness. These are as follows:
The absolute rates of responding maintained by the drug in question,
expressed as responses by unit time, are of a similar magnitude to those by
known drugs of abuse and by non-drug events such as food presentation.
The temporal patterns of responding maintained by the drug are similar
to those characteristically maintained under the particular schedule of
reinforcement by other drugs of abuse such as cocaine or by non-drug events
such as food presentation.
Rates of responding show systematic changes as the dose of the drug is
varied.
The rate of responding maintained by the drug is appreciably greater
than that maintained by the saline vehicle alone.
Rates of responding maintained by the drug are reduced to near vehicle
levels after pretreatment with specific antagonists.
Sufficient amounts of drugs are self-administered to produce gross
behavioral or physiological effects.
These criteria provide a uniform basis for comparing results of studies
performed in different species and under a variety of conditions. ”
Thus, the authors of this scholarly review saw no need to even mention
the need to exclude confounding effects of nicotine. If nicotine would cause
spastic contractions of the muscles controlling the subjects’ limb that presses
the lever and thus maintain self-administration, then according to these
criteria nicotine would be considered a reinforcer. As discussed earlier, the
same lack of enthusiasm for critical evaluation is apparent in the Report of
the Surgeon General. In reaching its conclusion that “nicotine satisfied all
the criteria discussed in Chapter V as an effective reinforcer (p.189).” the
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authors of this report were clearly unruffled by the multitude of
methodological flaws listed in this book.
A recent report, entitled “Nicotine Addiction in Britain657,” may be
considered an updated British counterpart to the Surgeon General’s report,
and is characterized by an even more blatant lack of objectivity. We shall
give one example, but similar (and much worse) examples are abundant in
this scholarly volume. Under the title “ Nicotine self-administration in rats
(p. 47)” the Tobacco Advisory Group of the Royal College of Physicians
states the following (references omitted): “In 1989, Corrigall and Coen
succeeded in developing a rat model for nicotine IVSA [intravenous
self-administration]. The rats learnt to press to obtain IV infusions of
nicotine, but did not press an inactive (control) lever in the same test
chamber. The rate of lever pressing was related to the dose of nicotine, and
the lever pressing ceased if nicotine was no longer available. As in the
experiments in monkeys and dogs mentioned above, the lever-pressing
produced nicotine and no other substance. The nicotine served as a goal
object (positive reinforcer) for these animals, much in the same way as other
drugs of abuse and natural rewards. (...) These observations have been
reproduced and extended in numerous published experiments from many
different laboratories.
All these studies demonstrate that rats will
self-administer pure nicotine in the absence of any other reward. The
validity of the observation is supported by the finding that the plasma
concentration of nicotine in rats during IVSA experiments can be close to
that in heavy cigarette smokers who inhale.”
The statements, “The rats learnt to press to obtain IV infusions of
nicotine,” “ All these studies demonstrate that rats will self-administer pure
nicotine in the absence of any other reward,” and “As in the experiments in
monkeys and dogs mentioned above, the lever-pressing produced nicotine
and no other substance,” are, put as mildly as possible, serious distortions of
the facts. Please reread Chapter 6 for a detailed discussion of these
experiments and, if possible, the actual experiments. The rats in Corrigall
and Coen’s115 study, as well as in its replications, did not learn to press to
obtain IV infusions of nicotine. They learned to do so for food. In the only
experiment that used a saline control group31, lever-pressing rates for nicotine
and saline in the FR1 schedule did not differ. In other words, in the FR1
schedule animals did not learn to press for nicotine any more than they did
for saline. The “monkeys and dogs mentioned above ” had nearly all learned
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to press a lever when that lever produced cocaine or other drugs. Thus, “the
lever-pressing produced nicotine and no other substance” is only true for the
period after the animals were switched to nicotine. The British physicians
also failed to mention that most of the experiments that “reproduced and
extended” Corrigall and Coen’s 1989 study achieved this feat by excluding
up to 40% (and sometimes even more) of the subjects – those that failed to
cooperate. Specifically, the study that supposedly found that “the plasma
concentration of nicotine in rats during IVSA experiments can be close to
603
that in heavy cigarette smokers” excluded 25, 50, and 83 percent (!) of the
animals in three respective experimental groups for not showing the desired
self-administration behavior. One cannot avoid the impression that both the
Surgeon General’s report and its British counterpart were aimed as
authoritative anti-smoking manifestos rather than objective scientific
analyses of the nicotine addiction research.

2.1

The Pitfalls of Near-Consensus

The uncritical endorsement of the nicotine addiction hypothesis by the
Surgeon General or the Royal College of Physicians does not explain the low
quality of research that scientists in this area have produced. Why did our
scholarly colleagues commit such errors? How could they have been so
blind to the methodological shortcomings of their own studies? We believe
that the primary reason for this state of affairs has to do with the
“near-consensus” amongst investigators in this area that nicotine is addictive,
a near-consensus that was “enshrined,” in the words of Stolerman and
Jarvis 635, in the Surgeon General’s 1988 report.
One problem created by near-consensus in science is economic in nature.
In universities and research centers, publications are the major criterion for
tenure and promotion. Therefore, acceptance of articles into mainstream
journals and procuring of grant support for one’s research has real and
immediate economic consequences. In a field dominated by consensus,
scientists would naturally prefer to write grant applications and articles that
are safely in line with the consensus. It might be easier, for example, to
receive grant support for research proposing to corroborate the addictive
nature of nicotine than for a proposal aimed to counter this hypothesis or to
explore the potentially beneficial properties of nicotine. Research on
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conformity has demonstrated that consensus stifles not only the expression of
opposing views, but also non-conforming beliefs and perception, even when
objective reality clearly contradicts the “enshrined” view 18. When opposing
the consensus may result in economic sanctions, the power of consensus to
coerce intellectual conformity is multiplied.
As the reader is probably aware, scientific papers submitted for
publication and grant applications aimed to obtain financial support for
research are typically peer-reviewed. Generally, peer review maximizes the
probability that experimental flaws would be detected, as even if the authors
themselves are well-qualified, their peers presumably share neither the
emotional investment nor the theoretical biases that may blind the researchers
to methodological flaws or to alternative explanations of their data.
Furthermore, the reliance on several reviewers rather than on a single
authority is designed to guarantee plurality of opinions and allow for a
diversity of theoretical approaches and creative designs. These essential
attributes of peer review, however, are threatened or nullified when a
research field is under the spell of “near-consensus.”
Consensus suppresses skepticism by creating a common theoretical bias
towards expected results. If the investigator and his or her referees share a
common bias, peer review loses its advantage, as the referees are likely to be
as blind towards methodological flaws as the experimenter is. When results
are in line with the accepted theory, no alternative accounts of the data are
considered, and both researcher and referee are likely to consider the
predicted results as validating the experimental procedure. Together, these
dynamics of near-consensus all but guarantee the stifling of criticism,
suppression of novel ideas and proliferation of sub-standard research. That is
one of the reasons that modern philosophy of science considers plurality of
views and competition among research programs an essential attribute of the
scientific enterprisee.g .,365 .
As Stolerman and Jarvis 635 note, the 1988 Report of the Surgeon General
was born out of near-consensus. This fact, by itself, should have cautioned
every scientist contributing to this report or reviewing it to be extra-critical in
evaluating the experimental data before reaching hasty conclusions. The fact
that the report is everything but critical may be attributable to the fact that
pivotal sections of the Report were not peer-reviewed at all, at least not in the
usual sense of the word.
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We have already discussed the brief section entitled: “Human Studies of
Nicotine as a Reinforcer 665(p. 192).”
We showed that amongst six
publications cited to support its conclusion, only two were peer-reviewed
articles that permit evaluation of their methodology. We have closely
scrutinized these two articles (Chapter 8), and found that they exemplify
almost every aspect of the deficient scientific standards that characterize the
nicotine addiction research.
The Surgeon General’s report, however,
evaluated these studies quite differently, stating that they “demonstrated
conclusively that nicotine itself can serve as an effective reinforcer in humans
(p. 192).” One explanation for the discrepancy between our perception of
this work and the Surgeon General’s evaluation may be unrelated to the
scientific merit of these articles. As the reader may have noticed earlier, one
researcher was an author in all six publications, and another co-authored five
of them. In the Surgeon General’s report, both authors are mentioned under
the heading “ The following individuals prepared draft chapters or portions of
the Report (p. ix)” and in addition, one of authors is listed as one of four
Scientific Editors of the report. Thus, in this case the same individuals that
wrote the original articles may well have been involved in evaluating these
articles for the Surgeon General’s report and in writing the section that was
based on their own studies. In such an intimate setting, genuine peer review
is impossible and the conclusion of the Surgeon General cited above is no
longer surprising. Moreover, once this conclusion was endorsed by the
authority of the Surgeon General, future readers are unlikely to ever return to
critique the original reports, and the statement that nicotine is reinforcing in
humans is thus “enshrined.”

2.2

Science and Morals in Nicotine Addiction Research

One of the meanings of “enshrine,” according to the Random House
College Dictionary 513, is “to cherish as sacred.” In principle, nothing should
be sacred in science except personal integrity, objectivity, skepticism,
transparency and, perhaps, the principle that nothing should be sacred in
science. This has not always been the case, however, as Kary Mullis, the
1993 laureate of the Nobel Prize in Chemistry, describes in his rather
informal style 437:
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“ Robert Boyle, who was a Christian and a friend of the English monarch
Charles II, made a vacuum pump in the seventeenth century and showed that
he could extinguish a candle by pumping the air out of the jar wherein the
candle was burning. According to Boyle, whatever was left in the jar after
the candle went out constituted a vacuum. In the common vernacular, it
meant that absolutely nothing was there. Whether God was in there or not
was not something Boyle addressed. He did not know how to measure the
existence of God. The religious issue was not as interesting as the issue of
what he could measure. The Catholics seriously disagreed. They had
documents which clearly stated that God was everywhere. Even some
garbage from mistranslations of Aristotle that said “Nature abhorred a
vacuum” was taken to mean that Nature just fucking wouldn't allow one at
all and that Boyle was an idiot. But the candle went out. Boyle didn't care
whether God was there or not because he couldn't measure God. That's
when science started to take off. (. . .)
People who accepted the existence of a vacuum gave their allegiance to
the king; people who believed the creation of a vacuum was impossible
supported the pope. In 1662, Charles II chartered the Royal Society of
London for the Improvement of Natural Knowledge. Boyle was one of the
founding members. Those interested in scientific discovery were invited to
the Royal Society to demonstrate how things worked. It was thought that
through use of this scientific method that science was separated from religion
and philosophy, and that included morality. Science freed of morality began
to shine”.
When Popes, throughout history, were unable to cope with the heretical
arguments appearing in published form, they added such publications to the
“Index Librorum Prohibitorum” – the list of prohibited books. As scientific
popes do not officially exist, and there is no formal list of theses that
scientists must not question, there is no equivalent “index” in science.
However, as described above, there are strong pressures within the scientific
community to avoid attacking certain theories, of which the “enshrined”
nicotine addiction hypothesis is a prime example. The pressure to conform to
this particular theory, in addition to the reasons stated earlier, is that the
thesis of nicotine addiction resonates with heavy moral overtones.
The word ‘addiction’ (see Chapter 2) is highly charged with morality and
values, as Akers noted in his brilliant essay, entitled “Addiction: The
Troublesome Concept 8:” “Anything addictive is bad; if it is not addictive, it
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is probably not too bad. A tobacco smoking habit is bad enough, but it is
even worse when one thinks of it as an addiction (p. 778).” According to
Goode224, the negative connotations of the word ‘addiction’ were the primary
reason for widening the scope of this term to include as many harmful habits
as possible. In Goode’s rather sharp words, “the scientists and physicians
who devised the new terminology of “dependence” were in effect
disseminating propaganda to convince the public that nonaddicting
substances were just as “bad” for them, that they could he just as dependent
on them as on the truly “addicting” drugs (p. 47).” Even authorities that
represent the mainstream of the nicotine addiction position admit that the
changes in the definition of addiction were not based on scientific
considerations alone. According to the report of the Royal College of
Physicians657, for example, these concepts arc “socially and scientifically
defined in that their meaning can be, and has been, changed to reflect
changing perceptions rather than to indentify unequivocally an invariant,
objectively defined entity (p. 83).”
As discussed above, several factors are liable to discourage scientists
from embarking on a research program that stands in opposition to the
cherished view. When this view is the official position of government
agencies such as the Surgeon General or the National Institute of Drug
Abuse, the stakes involved in adopting a skeptic position are especially high.
In the case of the nicotine addiction hypothesis, its social and moral
connotations increase even further the hesitance of researchers to explore
dissenting views. Clearly, opposing the nicotine addiction hypothesis is
decidedly not politically correct. As mentioned in the introduction, a number
of colleagues reacted to our views as if they were tantamount to an
endorsement of smoking or a vote of support for the tobacco industry. Thus,
the nicotine addiction hypothesis is protected from attempts of refutation by
powerful forces, only the minority of which is scientific in nature. The sum
total of these forces creates a situation in which scientists are very reluctant
to examine this hypothesis critically.
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A PLEA FOR DISENSHRINEMENT

“ Scientists,” according to Lakatos 364 “have thick skins. They do not
abandon a theory merely because facts contradict it. They normally either
invent some rescue hypothesis to explain what they then call a mere anomaly
or, if they cannot explain the anomaly, they ignore it, and direct their
attention to other problems (p. 4).” The area of nicotine addiction research is
rich in “rescue hypotheses” and “ignored anomalies.” A typical example of a
“rescue hypothesis” is the postulation that the lack of complete suppression
of smoking withdrawal symptoms by nicotine gum or transdermal patches is
due to insufficient nicotine delivery by these devices. This explanation
appears, for example, in “Nicotine Addiction in Britain 657 (p. 72).” The
authors of this report, in appealing to this rescue hypothesis, ignore
publications that did not find greater suppression of withdrawal symptoms
with increased doses. They also took no notice of the absence of
dose-response curves for suppression of withdrawal symptoms with these
devices, or of the successful suppression of withdrawal symptoms with
denicotized cigarettes.
An especially blatant example of ignoring powerful evidence against the
hypothesis that nicotine is addictive is the inexplicable failure of smoking
researchers to cite the numerous publications that did not find re-addiction to
nicotine in ex-smokers who were exposed to nicotine transdermal patches for
prolonged periods. One such study, referred to several times in this book 508,
was published in the prominent and high-impact New England Journal of
Medicine; yet, this study was cited in only two smoking related publications,
versus in 139 studies on ulcerative colitis.
The view that nicotine is addicting, then, was successfully “enshrined” in
the Surgeon General’s Report. The resulting near-consensus in regard to this
hypothesis and its complex social and political ramifications have created an
atmosphere in which objective exploration of this hypothesis became
practically impossible. Indeed, the possibility that nicotine may not be
addictive hac rarely been raised since 1988. The “enshrined” nicotine
addiction has been uncritically adopted not only within the scientific
community but also by the media; in fact, we have never heard a dissenting
position expressed publicly. It is hardly surprising, therefore, that this view
has had a profound effect on public beliefs regarding the nature of smoking.
A 1977 study159 reported that “About four out of five non-smokers regarded
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the average cigarette smoker as an addict, whereas only about half the
smokers saw themselves as addicted (p.334).” In a study published eight
years later 161, only 25 out of 2,312 subjects (1%) answered the question
“How addicted do you think you are to smoking?” with the answer “Not at
all.” We would not be surprised if today, more than a decade after the
Surgeon General published his report, it would turn out that both smokers
and non-smokers view the statement “nicotine is addictive” as obviously true
as “water is wet.”
This, we submit, may be one of the worst effects of the nicotine addiction
thesis. It most certainly managed to convince smokers that they are
chemically addicted to smoking. As we have already mentioned in the
introduction, perceptions and beliefs can have an critical effect on the success
of quitting attempts. An addiction model inherently places control and
responsibility outside the individual, so it is likely to undermine one’s sense
of control and self-efficacy. Indeed, smokers who believe that they are
addicted perceive quitting as more difficult 321,334,407 and have reduced
confidence in their ability to achieve complete cessation160,161 . Moreover,
these attitudes seem to act as self-fulfilling prophecies, as they are correlated
with shorter duration of cessation attempts and higher relapse rates470.
On a final note, we must stress that even if presenting smoking as nicotine
addiction would have benefited the public, scientists should not be
discouraged from opposing this thesis. The growth of knowledge depends on
a continuous and unrelenting attitude of skepticism and a pluralism of
opinions365. When views become “enshrined,” whether or not this move is
justified by the alleged welfare of the public, science is in danger of losing its
edge over religion and propaganda. We believe that it is especially at such
junctures that the critical attitude of scientists must be encouraged. We have
already cited Cohen’s exquisite explication of the devil’s advocate’s role in
“ The dark side of religion107 ” (see Chapter 1). We wish to add a related
citation from the same article, with which we wholeheartedly identify (p.
294): “I do not wish to suggest that I am merely an advocate, or that I have
any doubts as to the justice of the arguments I have advanced. Doubtless
some of my arguments may turn out to he erroneous, but at present I hold
them all in good faith.” We hope that this book, even if some of its specific
arguments turn out to be erroneous, will serve to “decanonize” and
“disenshrine” the nicotine addiction hypothesis and to encourage an objective
and critical re-evaluation of its scientific merits.
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