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Nicotine self-administration in animals is often viewed as compelling evidence that
nicotine is reinforcing to animals and as corroborating the widely accepted thesis that
nicotine is a major cause of smoking. This review examines the studies of nicotine
self-administration in animals in the past two decades, focusing on threats to the internal
and external validity of these studies and on the extent to which they support the thesis
that nicotine is reinforcing in animals. The review shows that nicotine self-administration
studies are fraught with severe methodological problems. These include omission
of essential controls for general activation and other systemic effects of nicotine,
insufficient consideration of secondary reinforcement processes, using food-deprived
or confined animals and exclusion of subjects that do not conform to the investigators’
preferred behavior. As a result of these systematic flaws, the role of nicotine as a
reinforcer in this paradigm has not been established.
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In 1988, The US Surgeon General (US Department of Health and
Human Services, 1988) officially declared that nicotine was an addic-
tive drug, stating 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 (p. 9).” This view,
which was “‘enshrined” (Stolerman and Jarvis, 1995) both within the
scientific community and in the public opinion, was recently reiterated
by the British Royal College of Physicians (Tobacco Advisory Group
of The Royal College of Physicians, 2000).
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The wide acceptance of the nicotine addiction thesis has important
implications. Practically all present plans regarding the fight against
smoking and the regulation of tobacco products are based on
the assumption that cigarettes are basically nicotine delivery devices
(e.g., Henningfield and Keenan, 1993). For example, according to the
recent report of the British Royal College of Physicians (Tobacco
Advisory Group of The Royal College of Physicians, 2000), “‘nicotine
dependence is heavily entrenched in society. It is obviously desirable to
reduce both nicotine dependence and the terrible harm caused by nico-
tine 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 developments that
enable nicotine users to take nicotine with less harm to their health
should be encouraged” (p. 187). Obviously, this type of recommenda-
tion makes little sense if nicotine is not the reason that people smoke
cigarettes.

Moreover, several studies demonstrated that the more smokers
believe that they are addicted, the more difficult they perceive quitting
to be (Katz and Singh, 1986; Martin, 1990; Jenks, 1994) and the less
confident they are about their own chances of quitting (Eiser and van
der Plight, 1986; Eiser et al., 1985). The belief that smoking is an addic-
tion seems to be a self-fulfilling prophecy, as it is associated with
shorter duration of cessation attempts and higher relapse rates
(Owen and Brown, 1991). Smokers’ belief that they are chemically
addicted may lead to an external attribution of control over smoking
and undermine their sense of self-efficacy (Bandura, et al., 1980).

We have extensively reviewed and critiqued the empirical basis for
the nicotine addiction hypothesis elsewhere (Frenk and Dar, 2000).
More recently, Atrens (2001) has also questioned the conceptual and
the empirical basis for the accepted claim that nicotine is an addictive
substance. The present article expands this critique by focusing on
one of the major paradigms on which the nicotine addiction hypothesis
is based, namely the self-administration paradigm.

The primary criterion used by Surgeon General to determine that
nicotine was addictive, and indeed that any drug was addictive, was
that “‘the psychoactive chemical must be capable of functioning as a
reinforcer that can directly strengthen behavior leading to further
drug ingestion (p. 8) (US Department of Health and Human
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Services, 1988).” Consequently, much of the experimental work
designed to establish that nicotine was addictive was directed at estab-
lishing its primary reinforcing properties.

The principal paradigm used to assess the presumed reinforcing
properties of nicotine has been its voluntary self-administration in ani-
mals. It is commonly assumed that self-administration of nicotine has
been established and that nicotine therefore meets this necessary cri-
terion for being an addictive drug (e.g., US Department of Health
and Human Services, 1988; Stolerman and Jarvis, 1995; Tobacco
Advisory Group of The Royal College of Physicians, 2000). The pres-
ent article reviews and critiques the nicotine self-administration litera-
ture and reexamines whether this conclusion is warranted by the data.

PROBLEMS IN ESTABLISHING THE REINFORCING
PROPERTIES OF NICOTINE

In order to establish that a particular drug is reinforcing, any self-
administration study must control for various alternative explanations
that could account for its results. Additionally, the specific properties
of nicotine present unique problems that must be addressed by animal
studies aiming to investigate its reinforcing properties. Although some
of these problem are shared by known reinforcing drugs, in particular
the psycho-stimulants amphetamine and cocaine, they are much more
crucial in the case of nicotine. In contrast to the case of amphetamine
and cocaine, whose reinforcing properties are directly observable and
reportable in human users, the claim that nicotine has reinforcing
properties depends critically on the results of animal self-administra-
tion studies. Needless to say, the fact that some other drugs are also
poorly self-administered, or that “‘as late as, 1971, even morphine
and cocaine were, by some criteria, weak reinforcers (Stolerman
and Jarvis, 1995, p. 5)” cannot be taken as positive evidence for the
presumed reinforcing properties of nicotine in animals.

We begin with a review of the general as well as the specific problems
associated with studying nicotine self-administration. We then proceed
to critique the body of nicotine self-administration studies, and specifi-
cally the extent to which they have addressed and solved these prob-
lems.
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1. 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 activates ongoing behavior
(e.g., Kuschinsky and Hotovy, 1943; Rosecrans, 1969; Morrison and
Stephenson, 1972; Stolerman et al., 1973; Battig et al., 1976;
Schlatter and Battig, 1979; Schaefer and Michael, 1986, 1992;
Jerome and Sandberg, 1987; Clarke et al., 1988; Hakan, 1988; Fung,
1990; Museo and Wise, 1990; Reavill and Stolerman, 1990; Corrigall
and Coen, 1991, 1994; O’Neill er al., 1991; Helton et al., 1993;
Brioni et al., 1994; Shoaib et al., 1994; Reid et al., 1998; Nadal and
Samson, 1999). Tolerance of the depressant effect occurs and,
subsequently, the stimulant action of nicotine becomes more pro-
nounced with repeated administration (e.g., Clarke and Kumar,
1983a, b; Weltzl et al., 1988). In all of the above experiments, nicotine
increased spontaneous locomotion. The nicotine antagonist mecamy-
lamine blocks both the depressant and the stimulant effects, indicating
that both are produced by nicotinic receptors (Clarke and Kumar,
1983a, b).

Increased activation can affect various responses made by animals.
Clarke and Kumar (1983c) tested the effects of nicotine in rats
trained to shuttle for rewarding electrical brain stimulation. They
noted that with repeated daily nicotine injections, a marked, dose-
dependent, stimulant effect emerged. Significantly, this effect contin-
ued even when brain stimulation was turned off. These results were
replicated by the authors themselves and by another team (Clarke
and Kumar, 1984; Schaefer and Michael, 1986). Others have
shown that nicotine activates other operant behaviors such as
lever-pressing for food (Morrison, 1967; Pradhan, 1970; White and
Ganguzza, 1985; Goldberg et al., 1989; Lau et al., 1994) or for
water (Glick et al., 1996).

In summary, nicotine in low doses or in repeated administration
stimulates any ongoing behavior, including lever pressing. Therefore,
as Wise and Bozarth (1987) 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.
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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 consequences (Cox et al., 1984). This is a
finding that highlights the nonspecific activating effect of nicotine in
self-administration studies. Similarly, the observation that selective
dopamine antagonists blocked both nicotine-induced locomotion and
nicotine self-administration (Corrigall and Coen, 1991a) suggests that
these antagonists reduce the nonspecific stimulant effects of nicotine.

Thus, the observation that nicotine stimulates any ongoing behavior,
a property that may play a major role in nicotine self-administration, is
well established. This effect must be carefully controlled if self-
administration is to be interpreted as indicating that nicotine is
reinforcing. As the review below will show, however, the vast majority
of nicotine self-administration studies did not make any attempt to
control for this effect.

2. Food Deprivation Induces Nonspecific Activation

In many studies of nicotine self-administration, the rats are food
deprived before the start of the conditioning procedure (e.g., Donny
etal., 1998; Corrigall and Coen, 1989). The reason for this is that in con-
trast to the case of powerfully reinforcing drugs such as morphine,
heroin, and cocaine (Bozarth and Wise, 1985; Nishida and Chiba,
1991; Martin et al., 1995; Wise et al., 1995; Vela et al., 1998), rats
that are not hungry are reluctant to self-administer nicotine (e.g.,
Watkins et al., 1999). 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 phenom-
enon 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., Routtenberg and
Kuznesof, 1967; Routtenberg, 1968; Spatz and Jones, 1971; Woods
and Routtenberg, 1971; Santos and Routtenberg, 1972; Kanarek and
Collier, 1983; Spigelman et al., 1991; Watanabe et al., 1992; Lett and
Grant, 1996; Lett et al., 1997), a phenomenon that has been proposed
as an animal model of anorexia nervosa (Aravich et al., 1985;
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Pirke et al., 1993; Davis et al., 1994; Davis, 1997; Davis and Claridge,
1998). Such general activation may well increase the rate of lever press-
ing in self-administration studies, an effect that is liable to be falsely
attributed to the reinforcing properties of nicotine.

3. Confounds with Previous Conditioning

In many nicotine self-administration studies, animals are pretrained to
self-administer known reinforcing agents such as food, water, or other
drugs such as cocaine, and are subsequently switched to nicotine (e.g.,
Risner and Goldberg, 1983; Corrigall and Coen, 1989; Sannerud et al.,
1994; Donny et al., 1998; Stolerman et al., 1999). In none of the self-
administration studies reviewed here, however, were the animals
subjected to an adequate extinction procedure. 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 presumed to have “‘forgotten” the original
reinforcer, so that continued lever pressing now reflects the reinforcing
power of nicotine. This presumption is problematic, and as we shall
see later, it is also not supported by the data.

In summary, the discussion above shows that careful controls must be
employed so that self-administration of nicotine can be attributed with
confidence to the reinforcing properties of nicotine. We now turn to a
review of the research literature on nicotine self-administration in ani-
mals. The main aim of the review is to examine to what extent these
requisite controls were actually employed in this paradigm.

ORAL SELF-ADMINISTRATION OF NICOTINE

Only a small minority of studies reported that certain animals, such
as the tree shrew (Opitz and Weischer, 1988), prefer drinking nicotine
solution to water. The general finding is that rats, mice, and squirrel
monkeys normally do not prefer nicotine solutions to water
(Hutchinson and Emley, 1988; Flynn et al., 1989; Robinson et al.,
1996). Nevertheless, two recent reports claim to have demonstrated
a preference for oral nicotine over control solutions in rats. We will
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discuss them in some detail, because they demonstrate some of the
pitfalls of this line of research.

The first report, by Smith and Roberts (1995), 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 alone, and
in two concentration levels was significantly lower. Therefore, if
there was any trend in the findings of this study, it was that rats
preferred the sucrose solution that did not contain 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 /ibitum 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. 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, even this nonsignificant effect cannot be attributed
to the reinforcing effects of nicotine. For an unspecified reason, the rats
that 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 rats must have been highly aroused,
which fully accounts for any tendency to press the lever more fre-
quently. Moreover, 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. This finding strongly suggests that the rats in
this study pressed for sucrose, not for nicotine.

In the third experiment in this study (Smith and Roberts, 1995),
the fixed ratio was gradually increased from FRS to FR20. As the
ratio increased, 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

RIGHTS

Ay



Addict Res Theory Downloaded from informahealthcare.com by University of Washington on 06/13/13

For personal use only.

552 R. DAR AND H. FRENK

findings, that “‘sucrose + nicotine solutions are more reinforcing than
sucrose solutions alone (p. 341).” In making this unequivocal state-
ment, which appears in the abstract of the article, Smith and Roberts
apparently did not consider the alternative explanations discussed
above. 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, also to its
enhancement of memory consolidation.

Interestingly, 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 4 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 their statement 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 sucrose-only solutions (p. 345).”” The differ-
ence between ‘‘response maintaining” and ‘“‘reinforcing” is telling.
Indeed, the findings of a subsequent study of oral nicotine preference
corroborate the hypothesis that increased response rate in these
paradigms is attributable to the general activating effects of nicotine.

In this subsequent study, Glick et al. (1996) used a different
procedure than that of Smith and Roberts. They placed rats in operant
chambers equipped with two levers and two cups. The rats were
deprived of water for 23 h per day and then trained to press for plain
water for 1h. 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 4 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
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lever pressing on both levers increased in a parallel fashion (from
about 100 per hour at a nicotine concentration of 4 pug/mL to 160
per hour at a nicotine concentration of 32 pg/mL). This finding sup-
ports the hypothesis that what Smith and Roberts (1995) reported as
a reinforcing effect of nicotine was most likely a nonspecific stimu-
lant effect.

Regarding 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 pg/mL, than to receive water” (Glick et al., 1996,
p-427). However, no significance tests of these difference are reported,
and the meaning of “‘reliably”” remains unclear. The authors do report
that four rats (20%) never preferred nicotine. Whether or not the
other 16 rats preferred nicotine at every concentration level in this
range, and in which sessions, cannot be discerned from the aggregated
presentation of the data. Moreover, a recent report from the same
group, using identical methodology, indicates that the finding that
80% of the rats preferred nicotine in the Glick et al. (1996) study is in
fact quite unreliable. For their second study (Glick et al., 1998),
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 that, specifically, “approximately
50% of the rats screened for this study had nicotine preferences”
(Glick et al., 1998, p.275). Glick and his colleagues do not attempt
to account for the contradiction between these figures and those
reported in the original study. Clearly, if only 50% of the rats prefer
nicotine in this paradigm, it hardly warrants the title of “an oral self
administration model of nicotine preference in rats” (Glick et al.,
1996, p.426).

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 used to establish the reinforcing properties of
other drugs, including opiates, amphetamine, and cocaine. With
these drugs, however, the procedure generates much stronger
evidence of reinforcement than it does with nicotine. Specifically,
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heroine and morphine (Bozarth and Wise, 1985; Nishida and Chiba,
1991; Martin et al., 1995; Wise et al., 1995; Vela et al., 1998) as well
as cocaine (Wilson et al., 1971; Bozarth and Wise, 1985) not only
maintain lever pressing for self-administration, but are also suffi-
ciently reinforcing to initiate such behavior. In contrast, under
normal conditions, animals do not initiate nicotine self-administra-
tion, either orally or intravenously. Only a few reports claim
otherwise, and these are all problematic. In one report (Cox et al.,
1984), for example, rats received multiple nicotine injections prior
to intravenous nicotine self-administration, and nicotine increased
response rats for both the active and the inactive lever; therefore,
as discussed earlier, this result is attributable to general behavior
activation. A more recent study (Valentine er al., 1997) 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., Shoaib et al., 1997; Shoaib and Stolerman,
1999; Shoaib et al., 1999), animals received a “priming” injection
of nicotine prior to each session. Such ‘“‘priming” can obviously
affect performance in later trails, a possibility that can be easily
examined, for example, by including a control group that would
receive the priming injection 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-administration (Lynch and Carroll, 1999), 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 uncon-
ditionally self-administered by animals argues strongly against it
being a potent reinforcer. But even the claim that nicotine maintains
self-administration is very weakly substantiated. Most studies that
have made this claim contained fundamental methodological flaws,
particularly a surprising lack of controls for the nonreinforcing
effects of nicotine discussed above. Our review indicates that with
the exception of a handful of studies, to be discussed in detail
later, nicotine self-administration studies did not attempt to rule
out viable alternative explanations for their results.
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Early studies (until 1989)

Even when animals were first trained to press a lever for another rein-
forcer such as food and then were switched to nicotine injections, early
studies often failed to demonstrate nicotine self-administration
(Yanagita, 1977; Griffiths et al., 1979; Ator and Griffiths, 1983).
When self-administration occurred (Lang et al., 1977, Yanagita,
1977; Hanson et al., 1979; Smith and Lang, 1980; Dougherty et al.,
1981; Ator and Griffiths, 1983; Slifer and Balster, 1985), it was often
marginal, not dose-related, or demonstrated only in food-deprived
animals (a limitation we will discuss below). Several studies (e.g.,
Goldberg et al., 1981; Goldberg and Spealman, 1982; Spealman and
Goldberg, 1982; Ator and Griffiths, 1983; Silfer and Balster, 1985;
De La Garza and Johanson, 1987) used very few subjects and pre-
sented almost no statistics. Often the animals had participated in ear-
lier studies where they had been trained to self-administer food or
known reinforcing drugs such as cocaine. Some of the studies report-
ing success and quoted by the Surgeon General are available only in
abstract form and hence do not permit scrutiny of the methods (e.g.,
Goldberg and Henningfield, 1983; Prada and Goldberg, 1985).

A 1988 review (Goldberg and Henningfield, 1988) 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’ (p. 233). The “lim-
ited range of conditions” clause indicates that the reliability of animal
models for intravenous self-administration of nicotine, at least at the
time, was inadequate. This state of affairs is reflected in another sum-
mary of the early self-administration studies (Corrigall and Coen,
1989): “While these studies have suggested that nicotine might serve
as a reinforcer in rodents, they have not provided convincing evidence”
(p. 473).

Indeed, what the Surgeon General and most other investigators
during the 1980s cited as evidence for the reinforcing properties of nico-
tine 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’s report, “Goldberg, Spealman, and Goldberg showed
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conclusively that nicotine itself could function 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” (US Department of Health and Human
Services, 1988, p. 181). 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” study (Goldberg et al., 1981)
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 visual stimulus that was occasion-
ally associated with an intravenous injection of nicotine. This second-
order reinforcement schedule produced a gradually increased 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.

While these results appear convincing at first glance (disregarding
sample size), the authors did not consider two probable alternative
explanations for their findings. First, as discussed earlier, nicotine
induces general activation in animals. 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 (Clarke and Kumar, 1983a,b), it
would be expected to block the increase in lever pressing induced by
the general activating property of nicotine.

Second, 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 pretraining — presumably, the authors could not otherwise get
the animals to press for nicotine reward. The cocaine-trained monkeys
were submitted to a saline extinction schedule. Such extinction, how-
ever, 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 sufficiently
powerful reinforcer to facilitate second-order conditioning as well as
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to 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 (Schechter and Rosecrans, 1972;
Chance et al., 1977; Shoaib and Stolerman, 1996), it could become
associated with the secondary reinforcing properties of the lever that
was previously conditioned to the reinforcing effects of cocaine and,
therefore, enhance responding as a secondary reinforcer.

In addition to these two crucial alternative mechanisms, there is
another factor that may have influenced the results of Goldberg,
Spealman, and Goldberg’s study. Research conducted more than two
decades ago has established that rats in a stimulus-free environment
are willing to work for the light stimulus itself (e.g., Williams and
Lowe, 1972; Myslobodsky, 1976; Harrington, 1979). While there is
no direct evidence that monkeys will acquire level pressing with a
light reward, it is a possibility that should be considered in interpreting
the results of this study, especially in light of the poor reliability of the
nicotine self-administration paradigm.

In addition to the researchers’ failure to consider and control for
alternative explanations, the design of Goldberg, Spealman, and
Goldberg’s 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 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 nico-
tine-trained monkey received only two manipulations. In addition,
the results did not include any statistical analysis of the data, or even
tables of results, so readers are left to judge the results by eyeballing
the figures. In the same vein, there were 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 ignored as baseline variability.
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The order and length of the manipulations in Goldberg, Spealman
and Goldberg’s (1981) study was neither fixed nor counterbalanced.
In fact, there was only one manipulation that two monkeys (S-200
and S-464) shared in the same order (the light stimulus was 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 direc-
tion. 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 5
sessions, at which point observations were stopped (thereby avoiding
the risk of a later reduction in the rate of pressing). In contrast, the
second animal was observed for 11 sessions, until it finally returned
to its baseline levels.'

In summary, the study that purportedly provided a “‘conclusive
demonstration” that nicotine can function as an efficacious positive
reinforcer (US Department of Health and Human Services, 1988)
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.

'We conducted a statistical analysis to confirm the apparent relationship between the
animal’s cooperation with the experimental hypotheses and the number of sessions that
animal was observed. For each manipulation, we computed a ‘favorable change index,’
using the difference in pressing rates (in the direction predicted by the authors) between
the last session of the prior condition and the second session of the present manipulation.
The Spearman rank correlation between this index and the number of sessions
the researchers allowed for the manipulation —0.72 (p <0.05), confirming that smaller
changes in the expected direction were significantly related to a larger number of
sessions.
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Limitations of Recent Studies (1989-2000)

A year following the Surgeon General’s report, a new method of
nicotine self-administration in the rate was described by Corrigall and
Coen (1989). 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 pretreat-
ment. Corrigall and Coen’s procedure was replicated many times by
their group and several others (e.g., Corrigall and Coen, 1991a,b,
1994; Corrigall et al., 1992, 1994; Donny et al., 1995, 1998; Tessari
et al., 1995; Chiamulera et al., 1996; Pagliusi et al., 1996; Pich et al.,
1997, 1998; Shaham et al., 1997; Bardo et al., 1999; Watkins et al.,
1999). Nevertheless, the procedure suffers from major methodological
flaws that compromise any conclusions that could be drawn from it.
As this procedure is widely considered to have established nicotine
self-administration (and hence nicotine addiction) in rats, its limitations
deserve detailed analysis.

1. Food Deprivation

According to Corrigall and Coen’s method, rats are food deprived
for 36h, and then trained to press a lever for food pellets on a
continuous reinforcement schedule (FR1). Once trained, animals are
fed their daily nutrient requirement of standard lab chow as a single
meal (20 g). Following training, an intravenous catheter is implanted
in the rats and they are placed in an operant chamber for 1h each
day. The animals 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 20 g of food following the
session, which is about half of what they would eat if they had free
access to food (Donny et al., 1998). They cannot eat again until after
the next session, at least 20h later. Thus, as Corrigall and Coen
(1989) acknowledged, the rats are not only food deprived throughout
the study, but are particularly hungry during the nicotine self-
administration sessions.
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Food deprivation has been known for over two decades to facilitate
nicotine self-administration in rats (e.g., Lang et al., 1977; Singer et al.,
1978; Dougherty et al., 1981). A more recent demonstration was
provided by Watkins et al. (1999), who used basically the same
method as Corrigall and Coen (1989) for training the animals, but
fed their animals ad libitum when pressing for nicotine. This had a dra-
matic effect on self-administration: in one of their experiments, only 6
out of 17 rats self-administrated nicotine. When the animals were
returned to the restrictive feeding schedule, 14 out of 17 self-
administered nicotine. These findings suggest that the critical factor
in Corrigall and Coen’s (1989) 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 undergo an
extinction period before they are switched to nicotine. As Donny
et al’s (1998) study 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 can be trans-
ferred, 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
coauthors (1997) that following a priming injection of nicotine, acutely
food-deprived rats, trained to self-administer nicotine and then
subsequently extinguished, display not only nicotine-seeking but also
food-seeking behavior. Together, these studies suggest that self-
administration of nicotine in Corrigall and Coen’s (1989) paradigm
may be partially attributable to secondary reinforcing properties that
nicotine acquires by classical conditioning to food.

The possibility that hunger is the crucial factor that maintains
nicotine self-administration in Corrigall and Coen’s paradigm is also
consistent with the anorectic properties of nicotine in rats, which
were demonstrated within the dose range self-administered by rats in
a daily session (e.g., Caggiula et al., 1991; Schwid et al., 1992;
Zarrindats and Oveisi, 1997). This anorectic effect would well be a
sufficiently powerful negative reinforcer to sustain responding, even
if nicotine would have no reinforcing properties in any other condition.
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2. Confounding Reinforcement with Activation

In several studies that employed Corrigall and Coen’s procedure
(e.g., Donny et al., 1995,1998; Tessari et al., 1995; Bardo et al.,
1999), rats were submitted to fixed ratio (noncontinuous) schedules
of reinforcement. These schedules (FR2 and FRS5) generally led to
an increase in responding, which was taken as evidence for the rein-
forcing properties of nicotine. A recent study by Bardo and cowor-
kers (Bardo et al., 1999), however, demonstrates that this
conclusion is dubious. As in similar studies, rats were allowed a
number of days (five, in this case) on an FR1 schedule before switch-
ing to higher ratio schedules. Rather than increased responding over
these five days, which would indicate learning, rats showed a reduc-
tion 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 FRS5 schedule, lever-pressing rate increased two-fold
and five-fold, respectively. This finding is puzzling: how could nico-
tine be reinforcing in FR2 and FRS schedules, but not in the con-
tinuously reinforced (FR1) schedule?

A possible answer to this puzzle is suggested by another experiment
by the same group of investigators (Dwoskin et al., 1999). In this study,
a 0.3-1.0 mg/kg dose of nicotine, which is pharmacologically similar to
the one self-administered in the previous study (about 0.6 mg per
session), produced a depression of locomotion at the first daily session,
but enhanced locomotion by Day 8. It is therefore very plausible that
the rats that self-administered nicotine in the previous study became
increasingly activated (and hence pressed more) following daily
exposures to nicotine, in a timeframe that corresponded to shifting
the animals to FR2 and FRS5 schedules. This increased activation,
rather than the presumably rewarding quality of nicotine, can fully
account for the increased lever-pressing rate found at the higher
reinforcement schedules. With the exception of two studies we shall
described below (Donny et al., 1998, 2000), this crucial confound has
not been controlled for by any of the studies using Corrigall and
Coen’s procedure.
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3. Elimination of Uncooperative Subjects

The original study that made Corrigall and Coen’s procedure popular
(Corrigall and Coen, 1989) did not employ any systematic 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 (Donny et al., 1998). As the findings of this study were
interpreted by the authors as validating Corigall 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
Corigall and Coen’s (1989) 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 frequencies of pressing on the active as compared to the
inactive lever. However, these significant differences were obtained
on a biased subsample 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% of the rats were excluded. The
authors stated that “the same pattern of result was found when all
animals were included in the analyses, indicating that the results are
not a function of an arbitrary acquisition criterion” (Donny et al.,
1998, p. 85). However, this “pattern” is not presented, and it is doubtful
that the statistical analyses would have produced the same results;
otherwise, there would have been no need to exclude the uncooperative
subjects.

The 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 paradigm (e.g., Corrigall and Coen,
1991a,b, 1994; Donny et al., 1995; Shaham et al., 1997; Bardo et al.,
1999; Shoaib and Stolerman, 1999; Watkins et al., 1999). Whether
this was also done by other groups is often unclear (e.g., Corrigall
et al., 1992; Chiamulera et al., 1996; Pagliusi et al., 1996). Discarding
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animals from analyses may be valid for questions pertaining only to the
subpopulation of self-administering animals. Shaham et al. (1997), for
example, investigated the ‘relapse’ of rats following the extinction of
nicotine self-administration and a priming injection of nicotine. This
study cannot be performed in rats that did not self-administer nicotine
in the first place. Exclusion of uncooperative animals is clearly not
appropriate, however, when the research question is whether or not
rats self-administer nicotine. This practice can radically distort reality
when as many as half of the animals are excluded for failing to
acquire nicotine self-administation (e.g., Shoaib and Stolerman,
1999). Yet, experiments where uncooperative subjects were excluded
are routinely cited as evidence for nicotine self-administration in rats,
and are counted as replications of the original, 1989 experiment by
Corrigall and Coen (e.g., Tobacco Advisory Group of The Royal
College of Physicians, 2000, p. 48). As noted earlier, excluding
animals that do not self-administer nicotine (about half of the popula-
tion) and then proceeding to draw general conclusions appears to
be an accepted norm in oral self-administration studies as well
(e.g., Glick et al., 1998).

In their second experiment, Donny and his coauthors (Donny et al.,
1998) 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 animal’s diet and
depriving them of food for more than 20 h 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 to the
animals that were food-deprived and weight-restricted. Despite
this overwhelming effect, the authors concluded 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).” The claim is problematic, as the extent to
which rats demonstrated evidence of nicotine self-administration
depended very significantly on food deprivation. Presumably, the
authors meant that while food deprivation greatly facilitates self-
administration, it is not absolutely essential for its occurrence. But
even this weaker proposition cannot be justified: As in other
experiments in this paradigm, the statistically significant effect of
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active vs inactive lever pressing for the nondeprived group was achieved
after 40% of the rats that failed to meet self-administration criteria
were excluded from analysis.

4. Lack of Saline Control Groups

A critical flaw in the two experiments described above, and for that
matter, in almost all the studies that used Corrigall and Coen’s pro-
cedure, is the omission of a saline control condition. A saline control
group, treated identically to the nicotine self-administering group, is
essential for concluding that nicotine increases lever-pressing rates in
this paradigm. Instead of a saline control condition, Donny et al.
(1998), 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. Consequently, animals in this procedure
learn that pressing the inactive lever has no consequences, and demon-
strate this knowledge by rarely touching it. Presses on the inactive
lever, therefore, cannot be regarded as a measure of nonspecific
activation and certainly not as indicating extinction of pressing for
food reward. This critique can be evaluated empirically. Instead of
training all the animals to press for nicotine on same lever earlier
reinforced by food (the ‘‘active lever’), half the sample can be
trained to press for nicotine on the second (‘“‘inactive”) lever, using a
counterbalanced design. With this procedure, overall differences
between the nicotine reinforced lever and the second, nonreinforced
lever would not be confounded with prior learning.

The vital necessity of saline control in this paradigm is underlined by
the study of Bardo and his coworkers mentioned above (Bardo et al.,
1999). These researchers used the same procedure as Donny and his
coauthors 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. Therefore, any lever pressing that 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. It is unlikely
that this effect of prior conditioning could have been observed if presses
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on an inactive lever, rather than a saline condition, had been used as the
control for the nicotine condition in this study.

The third experiment of Donny et al. (1998) (see also Shaham et al.
1997) corroborated the role of conditioning to food reward in this
paradigm and simultaneously demonstrated that the inactive lever
is invalid as a control for any relevant experimental manipulation.
In this experiment, saline control animals pressed approximately
25 times during the first session and did not demonstrate complete
extinction when compared to presses on the inactive lever even by
the end of the 9 days of the study.

In summary, 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 any conclusions
that can be drawn from Donny ez al.’s first two experiments, as well
as from most other studies in the same paradigm (e.g., Corrigall and
Coen, 1991a, 1994; Donny et al., 1995; Shaham, et al., 1997; Shoaib
and Stolerman, 1999; Watkins et al., 1999), regarding the reinforcing
properties of nicotine.

5. Unreliable Drug Contingency Effects

The third experiment in Donny et al. (1998), which was just mentioned
above, 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, for which infusion was not contin-
gent on lever pressing. Every time the experimental animal pressed a
lever, one yoked animal received a nicotine infusion identical to
the self-administered one, and the other received an infusion of
saline solution. In this experiment, the self-administering group
pressed the lever significantly more than the two yoked control
groups, which did not differ between them and in which responses
declined over the nine days of the study.

Although the study is well designed, several anomalies compromise
the validity of its results. First, there was no evidence in this experiment
of the general activation effects of nicotine, which would have been
expressed in a higher rate of lever pressing overall in the yoked nicotine
group as compared to the yoked saline group, especially during the later
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phases of the study. This lack of general activation effect is peculiar in
light of the studies cited above (e.g., Cox et al., 1984; Valentine et al.,
1997), 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 quite unexpected and suggests that the results of this experiment
reflect initial differences between the three groups. Third, the contin-
gency 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% of the animals were 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 initial differences
rather the reinforcing effects of nicotine.

Compelling evidence that the results of the experiment described
above are indeed anomalous comes from a more recent experiment
by the same group (Donny et al., 2000). In this study, which employed
the same design as its predecessor (Donny et al., 1998), animals in both
the contingent and the noncontingent nicotine condition pressed the
lever more than the saline group. More importantly, there were no
differences between the nicotine contingent and noncontingent
groups; in fact, the noncontingent animals tended to press the lever
more than the contingent animals. This finding clearly contradicts
the accepted claim that lever presses in this paradigm are a function
of the reinforcing effects of nicotine. While the authors acknowledge
that their results may reflect nicotine’s direct locomotor effects or its
effect on rate of extinction, they refrain from raising the possibility
suggested by this review, namely that these noncontingent effects
provide a viable alternative account for the results obtained in all
nicotine self-administration studies.

Other Recent Animals Self-administration Studies

As stated earlier, the study by Donny and his coworkers (Donny et al.,
1998) seems to have been the only attempt to validate Corrigall and

RIGHTS

Ay



Addict Res Theory Downloaded from informahealthcare.com by University of Washington on 06/13/13

For personal use only.

NICOTINE SELF-ADMINISTRATION 567

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
the reinforcing properties of nicotine in rats (e.g., Chiamulera et al.,
1996; Pagliusi et al., 1996; Pich et al., 1997), monkeys (Sannerud
et al., 1994; Wakasa et al., 1995), and mice (Martellotta et al.,
1995). 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 hypotheses.

A recent study with mice employed a different procedure from that
of Corrigall and Coen’s. Stolerman et al. (1999) 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 prob-
lems. The order of the nicotine dose was not counter-balanced, so it
was completely confounded with the time factor. Consequently, 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 indistinguish-
able from the lower nicotine dose. Thus, the results of this study are
fully accounted for by the effects of nicotine on activation together
with the secondary reinforcing properties that nicotine was expected
to acquire from the water reward.

Two other studies with mice demonstrated a more careful approach
to experimental design and control (Martellotta et al., 1995;
Rasmussen and Swedberg, 1998). These investigators had mice
nose-poke for injections. The animals were placed in a confining
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experimental chamber with their tails outside. The tail was prepared
with an 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 on nose-poking, while the
other half served as yoked controls, receiving the injection whenever
their active partner nose poked.

In both studies, the contingent animals poked significantly more
than the yoked controls on two doses of nicotine. While these results
suggest that nicotine is reinforcing to immobilized mice, several factors
limit their scope. First, nose-poking is a natural behavior in rodents. As
lever pressing is a learned behavior, it provides a better measure of rein-
forcement. Second, immobilizing is a manipulation that increases stress
in mice (e.g., Van der Heyden et al., 1997; Chesnokova et al., 1998;
Sugimoto et al., 1998) and more studies will have to be conducted to
see whether stress is a necessary condition for these effects. Third, base-
line or control levels of nose poking reported for other groups (e.g., of
cocaine and epibatidine) were nearly as high as the poking rates
induced by nicotine (Rasmussen and Swedberg, 1998). Finally, it is
somewhat puzzling that the reinforcing effects of nicotine did not
require learning in this paradigm, and that no general activating effects
were observed. However, in contrast to the great majority of nicotine
self-administration studies, these studies are well performed and the
results are more convincing. 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.

NICOTINE AND DOPAMINE OVERFLOW:
THE “ANHEDONIA HYPOTHESIS”

For nearly two decades, there was little doubt that mesolimbic and
mesostriatal dopamine release was equivalent to reward. This domi-
nant view was expressed in the ‘anhedonia’ hypothesis, formulated
by Wise and his coworkers (Fouriezos and Wise, 1976; Fouriezos
et al., 1978; Wise et al., 1978; Wise, 1982) which proposed that these
dopamine systems mediated pleasure. When dopamine antagonists
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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 (Wise,
1982, 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 drug: 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., Imperato et al.,
1986; Clarke et al., 1988; Pontieri et al., 1996; Pich et al., 1997; Glick
et al., 1998; Reid et al., 1998; Schilstrom et al., 1998), apparently by
exciting ventral tegmental neurons (Calabresi et al., 1989; Pidoplichko
et al., 1997; Fischer et al., 1998; Louis and Clarke, 1998; Schilstrom
et al., 1998).

Evidence accumulated in recent years, however, has unequivocally
refuted the assumption that dopamine release equals reward. As
Gray and his colleagues (Gray et al., 1997) 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 Robinson (1998):
“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 in orig-
inal).” Aversive events such as foot-shock (Sorg and Kalivas, 1991),
forced exercise (D’Angio et al., 1990), tail pinch stress (D’Angio
et al., 1987), restraint stress (Imperato et al., 1986, 1992) and others
(for review, see Joseph et al., 1996; Salamone et al., 1997) 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 acumbens is correlated with the novelty of the stimulus (e.g.,
Revec er al., 1997; Garris et al., 1999), the relevance of the stimulus
(Joseph et al., 1996), reward learning (e.g., Beninger, 1983; White,
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1989; Cohen and Servan-Schreiber, 1993; Aosaki et al., 1994, 1995;
Montague et al., 1996; Schultz, 1997; Schultz, et al., 1997; DiChiara,
1998), and “wanting” (but not “liking”’) and event in the “‘incentive
salience” theory (Berridge and Robinson, 1998).

It is not within the scope of this review 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 is has reinforcing properties. Rather,
depending on circumstances, it may indicate that nicotine is aversive,
or novel, or somehow involved in learning processes. Dopamine release
cannot be taken as a reliable indication that nicotine, or any other
psychoactive drug, is rewarding.

HOW CAN NICOTINE’S REINFORCING PROPERTIES BE
ESTABLISHED OR REFUTED?

There are two types of self-administration paradigms that hold the
promise of determining whether nicotine is reinforcing in animals.
The more powerful paradigm is the one used by Cox et al. (1984)
and Valentine et al. (1997), with the addition of essential controls.
In this paradigm, nonprimed animals are individually housed in opera-
tional chambers with food and water ad [libitum. They have
continuous access to one lever delivering either i.v. nicotine or saline
on a CRS. Both groups have two yoked controls — one receiving
saline, the other the same dose of nicotine that the contingent rats
receive. Needless to add, none of the subjects should be discarded
from the analyses. We would expect that none of the saline groups
would show increases in lever pressing. If the nicotine contingent
rats increase lever pressing and their yoked nicotine controls do not,
nicotine’s reinforcing properties would be demonstrated both in
initiating and in maintaining self-administration. If the yoked controls
press at the same or higher rates than the nicotine contingent animals,
this would constitute evidence that any increase in lever pressing
results from general activation, and that nicotine is not reinforcing
in this paradigm.

Corrigall and Coen’s (1989) basic paradigm is less powerful as it can
only demonstrate that nicotine is capable of maintaining lever pressing.
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But even that requires a saline control group for nicotine rather than
an inactive lever (see Bardo et al., 2000). Only CRF schedules should
be used to avoid additional confounds that may be introduced
with higher schedules (e.g., if nicotine were aversive to the animal, its
activating properties would conflict with its aversive properties; this
would lead to a higher frequency of presses in higher schedules, in
the animals is less frequently “punished” for bar presses). Yoked
controls should be added to control for time-dependent noncontingent
activation, and no subjects should be eliminated from analyses. This is
exactly the design used by Donny er al. (2000), however, and as
discussed above, in that study the nicotine noncontingent animals
pressed at least as frequently as the nicotine contingent ones. Thus,
the best controlled study to date using this paradigm provides no
support for the thesis that self-administration is maintained by the
reinforcing properties of nicotine.

CONCLUSION

This review indicates that self-administration studies have not
established that nicotine is a positive primary reinforcer in animals.
The great majority if these studies suffer form severe methodological
flaws, which compromise both their internal and their external
validity. The internal validity of these studies, that is, the extent to
which they reliably produce nicotine self-administration, was compro-
mised 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 attributed 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. While
some new studies show more promise, we conclude that the role
of nicotine as a primary reinforcer in animals remains to be estab-
lished. As discussed above, this conclusion undermines the validity
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of the nicotine addiction thesis, with important implication to the
understanding and treatment of smoking.
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