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Abstract
Nicotine addiction is the leading cause of premature illness and death in the general population. Up
to half of all cigarettes are consumed by a minority of the population: persons with schizophrenia
and other forms of mental illness. Ironically, despite nicotine dependence being considered a serious
and deadly form of addiction in the general population, research on smoking in mental illness is
predominantly guided by the idea that smoking has beneficial medication-like treatment effects. This
article considers pitfalls of adherence to the self-medication hypothesis as an exclusively held dogma.
New evidence from animal modeling work suggests the need to broaden hypothesis-driven research
on smoking in mental illness. Adolescent smoking could predispose to mental illness and/or increased
nicotine dependence in schizophrenia may represent an involuntary, general addiction vulnerability
that has little to do with the ‘helpful’ psychoactive effects of nicotine or other drugs.

Keywords
Nicotine addiction; schizophrenia; dual diagnosis; animal models; neurodevelopmental; self-
medication; integrated neurocircuit vulnerability

Nicotine addiction remains the leading cause of premature illness and death in the United States
(Mokdad, Marks, Stroup, & Gerberding, 2004). Unfortunately, nicotine addiction is highly
concentrated in schizophrenia and other psychiatric populations, who collectively smoke up
to 50% of cigarettes consumed (Lasser et al., 2000). These trends contribute to accelerated
rates of early illness and death, public heath expenditures, and financial destitution in these
vulnerable populations (Brown, Inskip, & Barraclough, 2000; Miller, Paschall, & Svendsen,
2006; Steinberg, Williams, & Ziedonis, 2004). Investigating the causal relationships between
mental illness and nicotine addiction is therefore not only a mental health care priority but also
a public health priority. As schizophrenia patients have among the highest rates of smoking
(70%–90%; Buckley, 1998; Hughes, Hatsukami, Mitchell, & Dahlgren, 1986), this particular
form of dual diagnosis has been one of the most intensively studied.
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SELF-MEDICATION AND ALTERNATIVE HYPOTHESES
The causal mechanisms responsible for smoking in schizophrenia are undoubtedly complex.
However, the bulk of published research and federal funding in support of investigating this
phenomenon has been guided by or seeks to support only one hypothesis: nicotine is used by
patients in some way as a beneficial agent (i.e., as self-medication). This situation appears
ironic, given the attention smoking receives as a deadly, serious addiction in non-mentally ill
populations. How is it that our mental health research and clinical communities focus so
exclusively on beneficial effects of smoking in populations who suffer the most from it? A
rational assumption is that if nicotine addiction is so prevalent and dangerous for a population,
they must be getting something positive out of it. And, the self-medication hypothesis does
have empirical support. Numerous studies support the view that the decision to smoke as a
volitional act of self-treatment is the result of a helpful lock-and-key–like interaction between
disease-specific nicotinic acetylcholinergic receptor (nAChR) abnormalities in schizophrenia
and nicotine’s unique cognitive or mood-altering properties (Leonard et al., 2001). Some
aspects of schizophrenia-based nAChR abnormalities may be partially normalized by smoking,
and nicotine can improve cognitive or sensory gating deficits (Breese et al., 2000; Durany et
al., 2000; George et al., 2006).

The possibility that research based on the self-medication hypothesis could advance our
understanding of schizophrenia remains promising. But, as with many dogmas in science, the
dominance of the self-medication hypothesis has been so complete that little attention has been
paid to the limitations of its suppositions. For instance, do schizophrenia patients generally
become “compulsively compliant” on medications just because they have proven efficacy?
No. While few clinicians would argue that nicotine “therapy” as opposed to antipsychotic,
antidepressant, or mood-stabilizing medication would be an acceptable treatment, patients are
often not compliant with their prescribed medication regimens and/or will forgo small
medication co-pays to afford reinforcing behaviors such as smoking or gambling (Chambers
& Potenza, 2001; Steinberg, Williams, & Ziedonis, 2004). Do patients with disorders involving
cognitive and nAChR deficits similar to those in schizophrenia (which might also improve
with nicotine treatment) generally pick up smoking? No. For example, while cross-sectional
studies have shown decreased rates of smoking (but schizophrenia-like declines in nAChR
densities [Kadir, Darreh-Shori, Almkvist, Langstrom, & Nordberg, 2007]) in patients with
Alzheimer’s disease, midlife smoking is actually a disease risk factor, and not a protective
agent, for later dementia (Reitz, den Heijer, van Duijn, Hofman, & Breteler, 2007). Do
schizophrenia patients generally use reinforcing drugs because of their positive cognitive
psychoactive effects? No. Substance disorders involving cocaine, alcohol, and cannabis—
drugs widely known to impair cognition and/or generate or exacerbate psychosis—are all
increased in schizophrenia at rates above those in the general population and with proportional
increases similar to smoking (Dixon, 1999; Regier et al., 1990).

Perhaps the most detrimental aspect of the self-medication hypothesis, as a widely held dogma,
has been a lack of interest and effort in exploring alternative hypotheses. For instance, might
nicotine addiction in schizophrenia represent a case of a far more general, non–drug specific,
and involuntary vulnerability to addiction due to an interaction between both disease processes
(Chambers, Krystal, & Self, 2001)? Or might smoking in adolescence (when smoking usually
starts) actually predispose to or enhance mental illness trajectories in vulnerable populations
(Slotkin, 2008)?

Mounting evidence points to an unmet need for investigating both of these possibilities. With
respect to addiction vulnerability, both schizophrenia and addiction to nicotine (and other major
addictive drugs) typically begin around adolescence, and common frontal cortical-striatal
circuits are involved in the genesis of both diseases (Berg & Chambers, 2008; Chambers et al.,
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2001; Chambers, Taylor, & Potenza, 2003, p. 639). With respect to nicotine as a causative
agent for mental illness, recent preclinical studies have demonstrated that adolescent nicotine
exposure produces long-lasting effects on adult brain function. These include declines in
cholinergic transmission and its modulation of monoamine transmitters (e.g., serotonin), a
prolonged nicotinic withdrawal syndrome involving sustained cognitive deficits, enhancement
of anxiety, and altered nicotine receptor levels that resist abstinence-induced renormalization
(Slawecki, Thorsell, El Koury, Mathe, & Ehlers, 2005; Slotkin, 2008).

A key feature that distinguishes these alternative theories from the self-medication hypothesis
is that they do not assume that there has to be something “good” or “beneficial” underlying the
co-morbidity, and in fact, they point to mechanisms or outcomes that are detrimental. With
respect to addiction vulnerability, the core idea in our concept and criteria for addictions is that
drug taking becomes compulsive despite negative consequences, not because of positive ones
(American Psychiatric Association, 2000). Objectively measurable benefits from drug use are
neither necessary nor sufficient to provide a rationale or mechanism for the addiction, and
subjective claims of drug benefit are routinely couched as pathological rationalizations for
continued drug use. Neurobiological changes sculpted by drugs in the addictive process occur
not because of any rational thinking or moral judgment about what is “good,” but as an
involuntarily occurring pharmacological impact: a “hijacking” of neural systems that govern
motivation (Newlin, 2002). Further, these motivational changes occur not in any unique
relation to any one of the diverse and often unique psychoactive or neurotransmitter effects of
abused drugs, but by virtue of their shared effects within the same neurocircuits that govern
motivation (e.g., frontal cortical-striatal systems), involving the same neurotransmitter systems
(e.g., dopamine, glutamate, and GABA [gamma–aminobytyric acid]; Di Chiara & Imperato,
1988; Kauer & Malenka, 2007).

Another implication of the distinction between self-medication, betting on good, and the
alternative theories, focusing on the detrimental, is that these alternative hypotheses cannot be
ethically tested or directly explored in human beings using the necessary level of well-
controlled, prospective, interventional studies. Thus, animal modeling will have to serve as a
key avenue toward exploring these alternative hypotheses.

ANIMAL MODELING NICOTINE EFFECTS IN SCHIZOPHRENIA
In animal modeling of dual diagnosis, the choice of which animal model to study is an important
step. Over 60 different animal models of schizophrenia have been described; they all have their
strengths and weaknesses and differential degrees to which they model specific aspects of
schizophrenia or schizophrenia as a multifaceted syndrome (Koenig, 2008). This writer and
colleagues have utilized the neonatal ventral hippocampal lesion (NVHL) model of
schizophrenia in rats to study dual diagnosis, on its strength as being a well-studied model
(>100 publications) that captures multiple clinical, neurobiological, and neurodevelopmental
features of schizophrenia. For instance, positive symptom traits, associated with extreme
behavioral responses to stimuli that provoke dopamine transmission, emerge in
periadolescence and are ameliorated with neuroleptics (Lipska, Jaskiw, & Weinberger, 1993;
Lipska & Weinberger, 1994). Schizophrenia-like cognitive deficits emerge earlier, in a
prodromal fashion (Chambers, Moore, McEvoy, & Levin, 1996), with negative symptoms like
grooming and social deficits (Becker, Grecksch, Bernstein, Hollt, & Bogerts, 1999; Flores,
Silva-Gomez, Ibanez, Quirion, & Srivastava, 2005). NVHL rats also show abnormalities in
anatomy, function, and plasticity of frontal cortical-striatal circuits, many of which have been
identified in human schizophrenia (Flores, Alquicer, et al., 2005; Goto & O’Donnell, 2002;
Tseng, Lewis, Lipska, & O’Donnell, 2007).
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With respect to addiction vulnerability, NVHL rats show accentuated acquisition to cocaine
self-administration, unstable binging during maintenance of drug intake, and increased drug
seeking after withdrawal and upon drug-induced relapse (Chambers & Self, 2002). Similar
increases in drug-seeking effort have been documented in methamphetamine self-
administration (Brady, McCallum, Glick, & O’ Donnell, 2008). In behavioral tests measuring
impulsive approach behavior to natural reward, NVHL rats show increased impulsivity without
drug history that is uniquely increased with cocaine history (Chambers, Jones, Brown, &
Taylor, 2005).

With respect to nicotine, we have tested aspects pertaining to both self-medication and
integrated addiction vulnerability hypotheses. In 8-arm radial-maze testing of contextual
learning and working memory, adult NVHL rats show learning deficits consistent with
impaired frontal cortical-hippocampal coordination in schizophrenia (Chambers et al., 1996).
To test whether nicotine could ameliorate these deficits to provide self-medication efficacy,
we gave acute nicotine injections to both NVHL and control rats after learning the maze to
asymptotic performance. Neither NVHLs nor controls showed improvement in working
memory function. The performance of control rats was already so high that there was little
room for improvement, but the NVHL rats had plenty of room to improve. Although these
findings did not support the self-medication hypothesis, they by no means ruled it out, as our
test conditions were extremely narrow in scope. In testing the cognitive effects of the nAChR
blocker mecamylamine, control rats showed new deficits in working memory comparable to
NVHL rats at baseline, while NVHL rats again showed little change. Based on these findings,
we concluded that NVHL rats were insensitive to the cognitive effects of nAChR manipulation,
perhaps due to the loss of hippocampal-bearing nicotinic receptor fields.

With respect to testing aspects of nicotine addiction vulnerability, a different picture has
emerged. Behavioral sensitization is a process by which repeated, unchanging doses of an
addictive drug provoke long-lasting growth of specific behaviors (e.g., exploratory
locomotion). It is an involuntary effect produced by experimenter-delivered injections of
different addictive drugs, involving the same circuits and neurotransmitters implicated in the
addiction process. These aspects are closely related to involuntary, drug-induced growth of
motivational drives underlying addiction (Robinson & Berridge, 1993). Unlike the situation
in the cognitive study, NVHL rats showed accentuated short-term behavioral sensitization to
nicotine compared with control rats (Berg & Chambers, 2008). Then, when NVHL and control
rats, with and without prior nicotine history, were challenged with a new dose of nicotine, a
stepwise progression in behavioral activation emerged: control/saline history rats showed the
most normal (lowest) response, NVHL/nicotine history rats showed the most abnormal
(largest) response, and the other groups fell intermediately (Figure 1A). These results
demonstrated that NVHL rats are not merely insensitive to nicotine (as in the cognitive testing)
but in fact are hypersensitive to it in a functional domain that is relevant to involuntary
processes underlying addiction. These results are made even more interesting in consideration
of prior findings showing that two other addictive drugs, cocaine and alcohol, also produce
similar long-term sensitization profiles in NVHL rats (Figure 1B and 1C; Chambers & Taylor,
2004; Conroy, Rodd, & Chambers, 2007). Although nicotine, cocaine, and alcohol are well
known to have quite different psychoactive profiles mediated by diverse neurotransmitter
effects, they are all addictive via more shared neurotransmitter effects involving common
cortical-striatal circuits that govern motivated behavior, addiction, and behavioral
sensitization. Given that schizophrenia patients abuse nicotine, alcohol, and illicit drugs like
cocaine with rates exceeding those in the general population (Figure 2), our preclinical findings
are suggestive of a fundamental neurocircuit-based vulnerability to the addiction process in
schizophrenia that is neither voluntary nor drug-specific.
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Clearly, more work is needed to explore the nature of these findings using different preclinical
addiction paradigms, neurobiological assays, and alternative animal models of mental illness.
The possibility that self-medication makes some contribution to nicotine dependence in mental
illness should continue to be explored. However, it is also time to begin exploring alternative
explanations that actually focus on smoking as a deadly, irrational addiction, not only in those
who are mentally healthy but especially in the mentally ill.
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FIGURE 1.
Long-term behavioral sensitization profiles of NVHL versus SHAM-operated control rats (i.e.,
rats receiving sham surgeries in which no excitotoxin was delivered) as demonstrated by acute
drug challenges delivered 2 to 4 weeks after an initial series of drug or saline injections. Long-
term sensitization profiles to nicotine (A), cocaine (B), and alcohol (C) show similar overall
patterns in which NVHL rats with a drug history show the greatest behavioral activation to
new drug injections. In panel A (data from Berg & Chambers, 2008), rats received
subcutaneous injections of nicotine (0.5 mg/kg for 15 days over 3 weeks) or saline followed
by a single challenge dose of 0.5 mg/kg nicotine 2 weeks later. In panel B (data from Chambers
& Taylor, 2004), rats received intraperitoneal cocaine (15 mg/kg) or saline for 7 days, followed
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by cocaine challenge (15 mg/kg) 4 weeks later. In panel C (data from Conroy et al., 2007), rats
received intraperitoneal alcohol (1.0 g/kg for 15 days over 3 weeks) or saline followed by a
single challenge dose of 0.25 g/kg of alcohol 2 weeks later. Significant lesion effects were
found in all three studies.
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FIGURE 2.
Compilation of epidemiological data revealing elevated percent prevalences of substance use
disorders in schizophrenia spans addictive drug classes including alcohol (ETOH abu/dep),
illicit drugs (e.g., cocaine and cannabis; illicit abu/dep), and nicotine (smoking). Data were
compiled from Regier et al., 1990, and Hughes et al., 1986.
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