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Abstract: Decades of experimentation with a variety of pharmacological treatments have identified some effective therapies for heroin 
addiction but not for cocaine addiction. This may be due, at least in part, to our incomplete understanding of the factors involved in the 
differential vulnerability to these addictions, which are often considered mere variations of the same disorder. Indeed, the preference for 
one drug or another has been variously attributed to factors such as drug availability or price, to the addict’s lifestyle, or even to chance. 
Yet, there is evidence of substance-specific influences on drug taking. Data from twin registries, for example, suggest that a sizeable por-
tion of the variability in the susceptibility to drug abuse is due to environmental factors that are unique to opiates or to psychostimulants. 
Very little is known about the nature of these environmental influences. We report here original data, based on retrospective reports in 
human addicts, indicating that the setting of drug taking exerts a differential influence on heroin versus cocaine use. We also review addi-
tional clinical and pre-clinical data pointing to fundamental differences in the way in which the environment interacts with cocaine rela-
tive to heroin and other addictive drugs. These findings - as well as other evidence, including the lack of pharmacological treatments ef-
fective for both cocaine and heroin addiction - support the notion that much is to be gained by taking into account the substance-specific 

aspects of drug addiction. At a therapeutic level, for example, it appears reasonable to propose that cognitive-behavioral approaches 
should be tailored in a substance-specific manner in order to allow the addict to anticipate, and cope with, the risks associated to the vari-
ous environmental settings of drug use.  
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INTRODUCTION 

 The statistics concerning the prevalence of drug abuse and drug 
addiction are notoriously slippery because of the difficulties in col-
lecting reliable information on the use of illicit substances (the 
definition of “illicit”, furthermore, depending on local legislation). 
Nevertheless, according to the 2012 World Drug Report by the 
United Nations Office on Drugs and Crime [1], it appears that, at a 
global level, cocaine ranks fourth among all classes of illicit drugs, 
with an annual prevalence in the population aged 15-64 estimated at 
0.3-0.5% in 2010. Users of cannabis are estimated at 2.6-5.0% of 
the world population, users of opiates/opioids at 0.6-0.8%, and 
users of amphetamine-like drugs at 0.3-1.2%. The major markets 
for cocaine continue to be North America (1.6% in 2010), Europe 
(1.3%), and Oceania (1.5-1.9%). The countries with the highest 
prevalence are Spain, 2.7%, the United Kingdom, 2.5%, the United 
States, 2.2%, and Italy, 2.1% [2]. The figures for the lifetime preva-
lence of cocaine use are more than three times higher. For example, 
about 4.3% of the European population aged 15-64 used cocaine at 
least once in the lifetime (versus an annual prevalence of 1.2%), 
with national figures varying from 0.1% to 10.2% [2]. The Euro-
pean countries with highest lifetime prevalence were Spain 
(10.2%), United Kingdom (8.8%), Italy (7.0%), and Ireland (5.3%). 
At the other end of the spectrum there were Greece (0.7%), Lithua-
nia (0.5%), Malta (0.4%), and Romania (0.1%). 

 Thus, the overall proportion of the world population who ever 
used cocaine appears to be relatively small and that of regular co-
caine users even smaller. Furthermore, it is well known that only a 
minority of cocaine users develops a substance use disorder, as 
defined in the fourth edition of the Diagnostic and Statistical Man-
ual of Mental Disorders (DSM-IV-R) of the American Psychiatric 
Association [3]. Little more than 15% of cocaine users, for  
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example, progress from controlled to compulsive use [4, 5]. When 
expressed in absolute terms, however, these apparently modest 
percentages translate into staggering figures: about 30 millions of 
cocaine users and several millions of cocaine addicts worldwide, 
the great majority of which live in the United States and Europe.  

 At a global level, the prevalence of cocaine use has changed 
relatively little in the past decades but with important geographical 
differences. In the United States, the annual prevalence of cocaine 
use in the population aged 12 and above reached an all-time high of 
about 6% in the late 1970s and early 1980s, declined to 2-3% in the 
mid-1990s, and remained around these levels, with shorter-term 
fluctuations, in the following years [1]. In contrast, over the same 
period, cocaine use has increased several folds in Europe (from 
about 0.3% in 1990 to about 1.2% in 2006-2011) and Oceania. 
Thus, it is reasonable to assume that cocaine will continue to repre-
sent a significant health and social problem in the near future [1, 2]. 
The enormous size of the total retail market for cocaine, which was 
estimated at US$85 billions in 2009 [1], is sufficient per se to con-
vey the implications of cocaine abuse in terms of organized crime 
and law enforcement challenges.  

 Unfortunately, despite the progresses made in the last decades, 
effective treatments for cocaine abuse are still not available, as 
discussed in the following section. This lack of success might have 
been, at least in part, the consequence of having paid little attention 
to the substance-specific aspects of drug addiction [6]. We report 
here new data indicating fundamental differences between cocaine 
and heroin use in human addicts. We also review additional pre-
clinical and clinical findings pointing in the same direction. This 
evidence may help researchers in their efforts at identifying new 
and more effective treatments for cocaine addiction.  

THERAPEUTIC APPROACHES TO THE TREATMENT OF 
COCAINE USE DISORDERS 

 To understand the possible reasons for the current dearth of 
therapeutic options for the treatment of cocaine abuse and cocaine 
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addiction, it should be taken into consideration the conceptual 
framework surrounding the search for therapies. Substance use 
disorders include a variety of clinical conditions whose common 
denominator is the loss of control over the intake of psychoactive 
substances (DSM-IV-R) [3]. The neurobiological bases of these 
disorders are still poorly understood, although we know a great deal 
about the mechanisms of action of addictive drugs. In the late 
1980s, it was shown that virtually all abused substances increase 
dopamine levels in the terminal regions of the meso-telencephalic 
dopaminergic system [7], a circuitry thought to play a pivotal role 
in drug reward [8, 9]. Different drug classes facilitate dopamine 
transmission through distinct mechanisms of action. Psychostimu-
lant drugs, such as cocaine and amphetamine, increase dopamine 
overflow by binding the dopamine-reuptake transporter [10-12] 
whereas heroin and morphine and other opiate agonists facilitate 
dopaminergic transmission by binding mu-opioid receptors in the 
ventral tegmental area and the substantia nigra of the midbrain, 
hence disinhibiting the dopamine-releasing neurons originating in 
these regions [13, 14]. Later research has focused on the neurobi-
ological consequences of chronic exposure to addictive drugs. It has 
been shown, for example, that repeated exposure to psychostimu-
lants or opiates in rodents induce: 1) increased expression of tyro-
sine-hydroxylase, the rate-limiting enzyme of dopamine synthesis 
in the ventral tegmental area, 2) increased expression the transcrip-
tion factor cAMP response element binding (CREB) protein and -
FosB in the ventral tegmental area and nucleus accumbens, 3) sen-
sitization of drug-induced dopamine and glutamate overflow in the 
nucleus accumbens), and 4) long-term potentiation (LTP) of gluta-
matergic transmission in the ventral tegmental area [15-22]. 

 The major drive behind the research summarized above was 
represented by a substantially “unitary” notion of drug addiction. 
This approach has been dominant since 1950, when a report by an 
Expert Committee (“on drugs liable to produce addiction”) of the 
World Health Organization [23] defined drug addiction as “a state 
of periodic or chronic intoxication, detrimental to the individual and 
to society, produced by the repeated consumption of a drug (natural 
or synthetic). Its characteristics include: (1) an overpowering desire 
or need (compulsion) to continue taking the drug and to obtain it by 
any means; (2) a tendency to increase drug intake; (3) a psychic 
(psychological) and sometimes a physical dependence on the ef-
fects of the drug.” It is not difficult to see, how the emphasis on 
phenomena such as tolerance (and the consequent need to increase 
the dose) and physical dependence (and the relief of withdrawal 
syndrome) was due to the almost exclusive focus on opiate addic-
tion. 

 In turn, the identification of shared substrates for the acute and 
long-term effects of addictive drugs has led to ever more refined 
unitary models of drug addiction, starting with the influential psy-
chomotor stimulant theory of addiction proposed by Wise and Bo-
zarth in 1989 [24]. This approach has remained substantially un-
challenged until today. The four main neurobiological theories of 
drug addiction, albeit focusing on different core processes - incen-
tive sensitization [16], hedonic allostasis [25], aberrant learning 
[26], and fronto-striatal dysfunction [27, 28] - all argue for a unitary 
account of opiate and psychostimulant addiction. Also the therapeu-
tic approaches to drug addiction have not changed substantially in 
the past decades, representing the translation of unitary models into 
therapeutic strategies: treatment of overdosing, replacement treat-
ments (to achieve “detoxification” or “harm reduction”), blockade 
of drug rewarding effects, and relapse prevention. These aims were 
obviously identified on the basis of the characteristics of heroin 
addiction. The implicit assumption was that the same strategy 
would equally work for all classes of addictive drugs, and in par-
ticular for cocaine. Yet, the therapeutic overlap between heroin and 
cocaine addiction is negligible, as briefly discussed in the follow-
ing. 

 

Treatment of Overdosing 

 While heroin overdosing results in respiratory depression and 
coma, easily treated with mu-opioid receptor antagonists (i.e., 
naloxone or naltrexone), there is no equivalent treatment for co-
caine overdosing, despite attempts at developing therapeutically 
viable anti-cocaine catalytic antibodies and cocaine esterases [29-
33]. 

Replacement Treatments 

 Replacement therapy is used to achieve either “harm reduction” 
(in maintenance treatment) or “detoxification” (with progressive 
reduction in the dosage of the replacement drug). Detoxification is 
often a precondition for admission in a variety of pharmacological 
and non-pharmacological treatment programs for opiate addiction. 
As pointedly noted by Collins and Kleber [34], “current approaches 
to detoxification continue to be plagued by patient discomfort, high 
dropout rates, and high relapse rates.” 

 Street heroin can be substituted for by long-acting full or partial 
agonists to mu-opioid receptors, such as methadone, L- -
acetylmethadol (LAAM), and buprenorphine, which can be admin-
istered orally and have long half-life [34, 35]. (Last-resort programs 
based on controlled intravenous administration of heroin are un-
derway in some countries.) These opioid medications, in addition to 
prevent withdrawal symptoms, reduce the health risks and the 
criminality associated to street heroin. Furthermore, because of 
their long half-life and the resulting sustained occupancy of mu-
opioid receptor, they produce tolerance to the euphorigenic effect of 
heroin, thus reducing the risk of relapse. Some detoxification pro-
grams utilize, in alternative or in addition to replacement treat-
ments, various medications for the relief of withdrawal symptoms 
[34, 35]. 

 Detoxification programs based on sustained-release ampheta-
mines have been attempted in cocaine addiction but with very lim-
ited success [36-38]. In any case, abstinence from cocaine does not 
produce a real withdrawal syndrome [39, 40], which represents 
another major difference between cocaine and heroin addiction. 

Blockade of Drug Reward 

 Attempts at blocking the reward effects of addictive drugs have 
followed three main strategies. The first strategy is based on the use 
of drugs that block the binding site of the drug and of its active 
metabolites. Naloxone and naltrexone act as antagonists at the mu 
opioid receptor, with short and long duration of action, respectively. 
The short duration of action and poor bioavailability of naloxone 
restrict the use of this antagonist to the treatment of heroin overdos-
ing. Naltrexone, in contrast, is used for the prevention of relapse in 
highly motivated individuals. A second strategy originated with 
buprenorphine, which, being a partial mu-opioid receptor agonist, 
also acts as a partial antagonist to heroin, hence blocking its re-
warding effects [37, 40]. Thus, in maintenance treatment, bu-
prenorphine not only substitutes for heroin but also reduces the rate 
of relapse. Something akin to a partial agonist at the binding site of 
cocaine has been identified in vanoxerine, which binds the dopa-
mine transporter with much greater affinity than cocaine while pro-
ducing only a modest blockade of reuptake [41]. The clinical devel-
opment of vanorexine has been halted because of cardiotoxicity but 
other analogs are under investigation. The third approach at block-
ing drug reward is based on immunotherapy, which, at least con-
ceptually, should work with all addictive drugs [42]. Cocaine vac-
cines are already tested in human trials and heroin vaccines are 
undergoing pre-clinical development [43]. 

Relapse Prevention 

 The theoretical possibility of anti-craving treatments, equally 
effective for all classes of addictive drugs, is implicit in the unified  
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models of drug addiction. However, no such common anti-craving 
therapy has been found yet. Naltrexone has been shown to be mod-
erately effective to reduce craving for heroin and alcohol but not 
cocaine [44, 45]. As far as dopaminergic agents are concerned, the 
only effective treatment is represented by disulfiram (which inhibits 
the conversion of dopamine to norepinephrine). Disulfiram reduces 
cocaine and alcohol craving (the latter one because of the block of 
aldehyde dehydrogenase though), but not of heroin craving [46, 
47]. 

Psychotherapy 

 Behavioral modification therapy and drug counseling represent 
the only real overlap in the therapy of heroin and cocaine addiction. 
The evidence of unique environmental factors in the vulnerability to 
heroin vs. cocaine addiction (see below) suggest, however, that 
specific psychotherapies may be developed to target in a more ef-
fective manner these two addictions. 

Summary 

 Decades of experimentation with a variety of pharmacological 
and psychosocial treatments have not yielded effective therapies for 
cocaine addiction. This may be due, at least in part, to our incom-
plete understanding of the factors involved in the vulnerability to 
cocaine addiction, and in particular in the transition from one stage 
of the disorder to the next: from the initial, more or less occasional 
contacts with cocaine to repeated use, and then to compulsive 
abuse. Vulnerable individuals often exhibit distinct personality 
traits or psychiatric profiles that are thought to facilitate these tran-
sitions [48]. In the following section, we discuss in detail the role of 
environment as another important, but often neglected, source of 
variability in the susceptibility to cocaine addiction. In particular, 
we review data pointing to fundamental differences in the way in 
which the environment interacts with cocaine relative to heroin and 
other addictive drugs. 

ENVIRONMENTAL FACTORS IN COCAINE ADDICTION: 
THE ROLE OF ADVERSE LIFE EVENTS AND OF DRUG 

CUES 

 It is well established that the environment plays an important 
role in human addiction [49-52]. There are many ways the envi-
ronment can make an individual more vulnerable to develop drug 
addiction (or to relapse into drug seeking), including drug availabil-
ity, drug price, presence/absence of alternative non-drug rewards, 
peer pressure, and adverse life experiences. Even neutral environ-
mental stimuli can acquire, by being associated with drug taking, 
motivational properties that, in turn, can facilitate drug abuse and 
trigger relapse. So far, neurobiological research has mostly 
focussed on the role of adverse life experiences and of drug cues. 

Adverse Life Experiences 

 There is ample evidence that adverse early life experiences 
increase the susceptibility to drug abuse [53-59]. Studies in cocaine 
addicts have shown, for example, that poor child-parent relation-
ships, impair the normal development of personality [60, 61], pos-
sibly by producing a dysfunction in the monoaminergic systems of 
the brain and in HPA axis reactivity [62, 63]. Barck and colleagues 
found a significant relationship between exposure to early life 
trauma and vulnerability to current daily hassles in cocaine abusers 
[64]. Furthermore, events as diverse as sexual abuse/harassment, 
combat-stress, occupational stress, marriage dissatisfaction, and 
physical traumas have been linked to the abuse of cocaine and other 
drugs [65-76]. Sinha and co-workers have shown a relationship 
between stress-induced corticotropin and cortisol responses, and the 
amounts of cocaine used per occasion during a 90-day follow-up 
[77-79]. In another study, using functional brain imaging and script-
based imagery to induce stress, the same authors also found abnor-
mal responsiveness to stress in cocaine patients compared to con-
trols, with reduced activation of the anterior cingulate and related 

circuits, and increased activation of the dorsal striatum/caudate 
region in correlation with stress-induced cocaine craving [80]. 

 In summary, adverse early life experiences represent important 
risk factors for cocaine dependence and predict poor treatment out-
comes [81]. The nature of this relationship, however, is poorly un-
derstood, also because obvious ethical reasons impose severe limi-
tations on the scope of human studies. This has led to the develop-
ment of animal models (based on the self-administration of drugs 
through operant conditioning procedure) aimed at investigating the 
neurobiological underpinnings of the relationship between adverse 
life experiences and drug addiction. Repeated brief maternal separa-
tions in rodents, for example, have been shown to facilitate cocaine 
self-administration [82] (but see [83]), possibly by facilitating co-
caine-induced dopamine overflow in the striatal complex [84, 85]. 
Similar findings were reported for drugs such as morphine and 
alcohol [86-89] (but see [90]). 

 Other animal models concerned with the role early life events in 
drug addiction are based on the exposure of rodent to “impover-
ished” vs. “enriched” environments during adolescence. The two-
fold rationale for these models is to reproduce the impoverished 
rearing conditions that are thought to increase vulnerability to drug 
addiction in humans and to assess the putative protective influence 
of more stimulating rearing environments. The results of these stud-
ies are not consistent, probably because of differences in experi-
mental design, drug delivery system, type of drug, dosage, etc. In 
some studies, adolescent rats were housed for an extended period of 
time either individually or in groups of 2-3 per cage and were later 
single-housed and tested for acquisition of drug self-administration. 
It was found that single-housed rats exhibit greater susceptibility to 
the reinforcing effects of cocaine than group-housed rats [91]. Sin-
gle-housed rats also exhibited a modest facilitation of morphine and 
heroin self-administration relative to group-housed rats [93-94]. In 
contrast, other authors reported greater cocaine self-administration 
in group-housed than in single-housed rats [95-98]. Finally, some 
authors fond no differences in cocaine or amphetamine self-
administration between single- and group-housed rats [99]. In other 
studies, the group-housing environment consisted of a large cham-
ber containing toys, wheels, and other enrichment items (enriched 
environment). A series of papers by Bardo and coworkers has 
shown facilitation of amphetamine self-administration in rats reared 
in impoverished versus enriched environments [100-102]. Recently, 
Nader and colleagues (2012) have shown that switching mice from 
enriched to standard environments increases the rewarding effects 
of cocaine [103]. Furthermore, rats that had acquired cocaine self-
administration behavior and were then exposed to an enriched envi-
ronment during forced abstinence exhibited reduced susceptibility 
to relapse into cocaine-seeking when exposed to drug cues or to 
stressors [104-105], which might be relate to a blunted activation of 
the brain circuits involved in drug relapse [106-107]. Exposure to 
an enriched environment during abstinence has also a protective 
effect versus the incubation of cocaine craving [108], a phenome-
non characterized by a time-dependent increase in cocaine-seeking 
during drug withdrawal in both rodents [109-111] and humans 
[112]. These findings support the hypothesis that extended exposure 
to “rich” environmental conditions plays an important role in treat-
ment programs aimed at achieving abstinence. 

 A number of studies have investigated the effect of chronic 
food restriction on the self-administration of various drugs, includ-
ing cocaine, amphetamine, ketamine, and phencyclidine rats or 
monkeys [113-116]. Food restriction facilitates the acquisition of 
self-administration behavior for most drugs. Similar findings were 
obtained by other researchers [117-121]. This phenomenon is so 
robust that many authors have incorporated food restriction into 
their self-administration protocols in order to obtain more robust 
drug self-administration behavior. Interestingly, when food-restric-
ted animals are given again access to food, self-administration be-
havior declines (114,116,119], indicating that it is the state of the 
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animals and not the history of deprivation that characterizes this 
model. 

 It is not clear what type of mechanism is responsible for the 
facilitating effect of food restriction on drug self-administration. 
Conflicting findings on the role of the HPA axis have been reported 
[123-124]. However, it is reasonable to hypothesize that food re-
striction produces a non-specific enhancement of the motivational 
state of the animals. Using a procedure of lateral hypothalamic self-
stimulation, Carr and co-workers found that chronic food restriction 
increases the rewarding effect of various addictive drugs, that is, 
their ability to lower the threshold for self-stimulation [125]. This 
phenomenon appears to be mediated by a facilitation of the effects 
of addictive drugs on dopaminergic transmission. There is in fact 
some evidence of increased functional up-regulation of D1 and D2 
dopaminergic receptors in the striatal complex of food-restricted 
rats [126, 127]. Furthermore, food restriction has been shown to 
increase amphetamine-induced expression of Fos (the protein prod-
uct of the immediate early gene c-fos, a marker of neuronal activa-
tion) in the terminal regions of the dopaminergic limbic system 
[125]. 

 Finally, there are animal models concerned with the role of 
stressors in facilitating drug taking and, most importantly, vulner-
ability to relapse after abstinence. Relapse is modeled by training 
animals to self-administer a drug by pressing a lever (or other types 
of operant behavior) and then withdrawing the drug, which leads to 
the extinction of lever pressing. The resumption of lever pressing 
induced by stress, in the absence of drug reinforcement, is taken to 
indicate relapse to drug seeking [for a review, see 128]. The stres-
sors used in these animal models have various degree of face valid-
ity and include: social stress (especially conspecific aggression), 
electric shock, acute food restriction, tail-pinch, body restraint (im-
mobilization), and the pharmacological stressor yohimbine. 

 Social stress. It has been shown that male rats attacked either by 
other males or by lactating female rats exhibit greater vulnerability 
to acquire cocaine self-administration relative to rats engaging in 
non-aggressive social encounters [129-132]. Interestingly, it ap-
pears that social defeat can reduce alcohol self-administration [133-
134; but see 135). Although the mechanisms responsible for the 
facilitating the effects of social stress on cocaine self-administration 
in the rat are not known, there is some evidence of an involvement 
of limbic areas such as the prelimbic and infralimbic cortex, NAc, 
amygdala, and VTA. After repeated exposure to social defeat rats 
exhibit altered levels of the mRNAs for the transcription factors Fos 
and zif268 in these brain areas [136-138]. In contrast, it is unlikely 
that the HPA axis plays more than a permissive role in this phe-
nomenon, as shown by Covington and Miczek [139], who found 
that after a social encounter both defeated and “victorious” rats 
exhibited comparable levels of plasma corticosterone and yet stress-
induced facilitation of cocaine self-administration was observed 
only in the former group. There are also reports that subordinated 
cynomologus monkeys living in a hierarchical social group self-
administer more cocaine than dominant monkeys, which has been 
related to the reduced expression of D2 receptors in the striatal 
complex [140-141]. Interestingly, social defeat stress promotes 
escalation of cocaine self-administration but not opiate self-
administration. 

 Electric shock. Electrical foot shock and other physical stres-
sors have been reported to facilitate cocaine self-administration 
and/or to reinstate cocaine-seeking in rodent models of relapse 
[143-145; but see 146-153]. Similar findings were reported for 
amphetamine [154], morphine [155], and alcohol [156-158; but see 
159-160] self-administration. 

 Food restriction. Acute food restriction can precipitate, in a 
manner similar to other physical stressors, reinstatement of drug 
seeking in the rat [151-153], an effect that is attenuated by central 
infusions of the hormone leptin [150]. Food deprivation-induced 

relapse, as with other types of stress-induced relapse, appears to 
depend on the activation of extra-hypothalamic CRH mechanisms 
because it can be blocked by intracerebroventricular injections of a 
CRH receptor antagonist (alpha-helical CRH) but not by adrenalec-
tomy, suggesting that corticosterone plays at most a permissive role 
in this phenomenon [152-153]. 

 Pharmacological stress. The -2 adrenoceptor antagonist yo-
himbine, which induces stress-like responses in humans and ani-
mals, was found to reinstate responding for methamphetamine 
[161], and for cocaine in squirrel monkeys [162]. 

 The ability of stressors to reinstate cocaine and heroin seeking 
depends on the activation of extra-hypothalamic corticotropin-
releasing hormone (CRH) mechanisms, because this reinstatement 
is attenuated by intracerebroventricular injections of a CRH recep-
tor antagonist (alpha-helical CRH or d-phenylalanine-CRH) but not 
by adrenalectomy, suggesting that corticosterone plays at most a 
permissive role in this phenomenon [163-165]. It has been shown 
that CRH antagonists act at the terminal of the CRH-containing 
projections from the central nucleus of the amygdala to the bed 
nucleus of the stria terminalis [166]. Also adrenergic mechanisms 
are involved in stress-induced relapse. Blockade of alpha 2-
adrenergic receptors has been found to attenuate stress induced 
cocaine self-administration and stress-induced reinstatement of 
cocaine- and heroin-seeking in rats, an effect that requires the integ-
rity of the lateral tegmental neurons but not of the locus coeruleus 
[148, 167]. 

Drug Cues 

 Environmental stimuli paired with drug taking can acquire, 
through associative learning, the ability to elicit responses related to 
the drug experience and in particular to precipitate relapse into drug 
seeking after periods of abstinence. In human addicts, exposure to 
drug cues can produce withdrawal-like symptoms as well as drug 
craving [168-169]. The mesotelencephalic dopaminergic system 
appears to be the main substrate for these effects of drug cues. Co-
caine addicts watching a video showing cocaine cues exhibited 
increased dopaminergic transmission in dorsal striatum [170]. Fur-
thermore, it has been shown that in cocaine addicts “drug words” 
increase fMRI BOLD signals in the midbrain [171]. 

 More information about the neural underpinnings of cue-
induced reinstatement comes from studies conducted using the 
animal models of relapse described previously. All types of envi-
ronmental stimuli appear to be effective, because relapse has been 
observed in response to discrete cues, such lights and/or tones, 
[172-173], discriminative cues [174-175], and contextual cues 
[176]. Different types of cues acquire their conditioned stimulus 
properties by distinct processes. Discrete cues are paired to the 
manipolandum (e.g., a lever or a hole for nose-poking) and drug 
infusions during self-administration training. Discriminative cues 
signal drug availability to animals that are given access to both drug 
and saline. Contextual cues coincide with the chambers in which 
the animals were trained to self-administer the drug, and to which 
they are re-exposed after undergoing an extinction phase in differ-
ent self-administration chambers. The neural circuitry responsible 

for the ability of drug cues to induce relapse is very complex [177-
179] and include the dopaminergic projections to the nucleus ac-
cumbens, the caudate-putamen, and the medial prefrontal cortex 
[180-186] as well the glutamatergic projections from the prefrontal 
cortex to the nucleus accumbens [187-188]. 

ENVIRONMENTAL FACTORS IN COCAINE ADDICTION: 
THE SETTING OF DRUG USE 

 Some environmental factors involved in the initiation and main-
tenance of cocaine addiction cannot be conceptualized as adverse 
life experiences or drug cues. In the following we show that the 
circumstances of drug taking can affect in very different manner 
cocaine versus heroin use in both humans and laboratory animals. 
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We decided to compare these two drugs because data from the 
Vietnam-Era Twin Registry and the Virginia Twin Registry [189, 
190] have shown that the environment can exert a substance-
specific influence on drug abuse. Yet, very little is known about the 
nature of these environmental influences. Below we review recent 
findings that may help account for these epidemiological data. 

Setting Preferences are Drug-specific: Data from Human Stud-
ies 

 Cocaine addiction and heroin addiction are often considered 
mere variations of the same disorder. The preference for one drug 
or another is widely thought to be a function of local availability, 
street price, lifestyle, and other socio-cultural factors [191, 192]. It 
has even been suggested that specific drug preferences are simply a 
matter of chance [193]. By studying the setting of drug taking in 
human addicts, however, we were able to identify fundamental 
differences in the setting of cocaine versus heroin use. 

 Addicts co-abusing heroin and cocaine were recruited, over a 
period of 2 years, among the outpatients of the addiction clinic 
Villa Maraini in Rome (Italy), to participate in a retrospective self-
report study. The subject enrolled in the study: 1) met DSM-IVR 
Drug Dependence criteria for cocaine and/or heroin; 2) reported 
using heroin and/or cocaine (either drug for the Retrospective Re-
ports study, both drugs for the EMA study) at least once a week in 
the past 3 months; 3) did not meet DSM-IVR criteria for schizo-
phrenia or any other DSM-IV psychotic disorder, history of bipolar 
disorder, or current major depressive disorder; 4) were not under 
treatment with antipsychotic medications; 5) did not have other 
medical conditions that would compromise participation in the 
study; 6) had a fixed address. 

 The study was approved by the Ethics Committee of the Uni-
versity Hospital Policlinico Umberto I. All participants personally 
signed an informed consent form. All participants were legally 
competent and did not exhibit a compromised ability/capacity to 
provide informed consent or self-reports as established by the phy-
sicians, psychologists, and social workers of Villa Maraini. In no 
case next of kin, care takers, or guardians provided consent of be-
half of the participants. 

 A total number of 196 addicts participated in the study. The 
interview was specifically developed to ascertain the physical and 
social setting in which addicts had taken heroin, cocaine, and heroin 
plus cocaine (“speedball”) in the previous 3 months. The partici-
pants were also asked whether the context of drug taking repre-
sented a real preference or was the result of constraints related to 
the route of drug taking. The interview included three batteries of 
questions for cocaine, heroin, and heroin plus cocaine (speedball), 
following a stepwise process. Questions about the physical setting 
included the following:  

1) “Where do you usually take cocaine?” (open-ended question) 

2) “When you say that you usually take cocaine at ... [depending 
on the previous answer], you mean always or mostly?” 

3) “Where do you prefer taking cocaine? Is it really at ... [de-
pending on the previous answers] or would you take it some-
where else if possible?” 

 Answers were classified as: always at home, mostly at home, 
50/50, mostly outside, always outside. Outside environments were 
further classified as: street, park, disco, bar, friend’s house, friend’s 
car. 

 Questions about the social setting included the following:  

1) “With whom do you usually take cocaine?” 

2) “Do you really prefer taking cocaine with …[depending on the 
previous answers] or would you do otherwise if possible?” 

 Similar questions were also asked about heroin and speedball 
taking. The answers were classified as alone, with one companion, 

with more than two companions. The interviews (10-15 min each) 
were conducted by a resident physician. 

 The participants were also asked to provide basic epidemiologi-
cal and demographic information, including: age, sex, residence, 
education, employment status, years of cocaine and heroin taking, 
mean daily dose of cocaine and/or heroin, frequency of cocaine 
and/or heroin use, use of other drugs, etc. (see Tables 1). 

Table 1. Demographic and Epidemiological Data of the Par-

ticipants 

 All subjects 

(N = 196) 

Heroin/cocaine 

co-abusers 

(N = 160) 

Age (yrs) 34.9±0.6 34.4±0.7 

Female/male 53/143 42/118 

Yrs of education 11.1±0.3 11.0±0.2 

Employed 65.3% 58.1% 

Heroin abusers 95.4% 100.0% 

Yrs of heroin use 15.9±0.9 14.5±0.8 

Daily dose of street heroin (g) 1.2±0.8 1.2±0.8 

Route of heroin taking   

intravenous 66.8% 66.9% 

intranasal 21.4% 23.1% 

inhalation 10.7% 9.4% 

intramuscular 1.1% 0.6% 

Frequency of heroin use   

1-3 times/week 15.0% 5.6% 

3-6 times/week 11.2% 7.5% 

daily 73.8% 86.9% 

Cocaine abusers 82.1% 100% 

Yrs of cocaine use 18.9±1.5 15.0±0.7 

Daily dose of street cocaine (g) 1.8±0.5 1.8±0.5 

Route of cocaine taking   

intravenous 28.6% 33.8% 

intranasal 44.4% 51.3% 

inhalation 13.3% 15.0% 

Frequency of cocaine use   

1-3 times/week 25.6% 26.6% 

3-6 times/week 7.8% 8.9% 

daily 65.6% 64.6% 

Other drugs   

Daily dose of methadone (mg) 51.7±3.1 55.0±2.8 

Alcohol abusers 39.7% 38.7% 

Benzodiazepine abusers 38.8% 40.0% 

Cannabis abusers 30.6% 31.6% 
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 The data were compared in two ways, after encoding the sub-
jects’ answers for each drug as ordinal data (1 = always at home, 2 
= mostly at home, 3 = 50/50, 4 = mostly outside, 5 = always out-
side). Differences in the setting of cocaine versus heroin taking 
were assessed using the within-subject Wilcoxon's signed-ranks 
test. The hypothesis of a significant within-subject switch in setting 
for heroin versus cocaine taking was tested using the McNemar's 
test for correlated proportions. In this case, the data for the "always 
at home" and "mostly at home" conditions were collapsed into the 
"at home" condition and those for the "always outside the home" 
and "mostly outside the home" conditions were collapsed into the 
"outside the home" condition. Given the nature of this test, the co-
abusers who answered "50/50" for heroin and/or cocaine taking 
(N=18) were necessarily excluded from the latter analysis. Obvi-
ously, the demographic characteristics of the participants (e.g., age, 
occupational status, education, etc.) could not represent confound-
ing variables, because every individual was his or her own control. 
Nevertheless, we examined the relationships between demographic 
variables and setting preferences using the Fisher's exact probability 
test and ordered logistic regression (polytomous universal model, 
PLUM). 

 Out of the 196 individuals who completed the interview, 160 
were active co-abusers. Fig. (1) illustrates the setting of cocaine 
versus heroin use for these individuals (a subset of these data was 
reported previously [194]). Of all co-abusers, 70.0% preferred to 
take heroin at home whereas 23.1% preferred to take it outside the 
home. The results for cocaine were almost exactly the opposite: 
22.5% preferred to take it at home vs. about 69.4% outside the 
home. The Wilcoxon's test indicated that heroin was taken more 

frequently at home than cocaine (p < 0.0001). In about 54% of the 
subject there was a shift in the setting for heroin vs. cocaine use 
from the home environment to outside the home environments. The 
McNemar's test indicated a significant within-subject shift in the 
setting for cocaine vs. heroin taking (p < 0.0001). As illustrated in 
the bottom panels of Fig. (1), the choice on non-home settings dif-
fered between heroin and cocaine. Bars and clubs were the pre-
ferred settings for cocaine use (57%; Fig. (1), left bottom panel) 
whereas when heroin was taken outside the home it was mostly in 
the street or friends’ car (30% and 16%). Notice that that many 
individuals indicated more than one non-home environment for 
drug taking. 

 Twenty-two subjects reported using speed-ball, with a prefer-
ence for the home environment over non-home environments 
(59.1% at home vs. 31.8% outside the home; 9.1% expressed no 
clear preference). 

 These differences in physical setting do not appear to be a sim-
ple outcome of social setting. When the analysis was limited to the 
individuals who took the drug in the company of others (Fig. 2), 
there were still differences in the setting for cocaine (8.3% at home 
vs. 83.3% outside the home; 8.3% expressed no clear preference) 
vs. heroin taking (62.5% at home vs. 33.3% outside the home; 4.2% 
expressed no clear preference). Furthermore, as illustrated in (Fig. 
3), home was the preferred setting for heroin taking regardless 
whether the drug was taken in isolation (73% at home vs. 18% out-
side the home; 9% expressed no clear preference) or in the presence 
of others (62% at home vs. 33% outside the home; 5% expressed no 
clear preference). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (1). The setting of cocaine versus heroin taking for the individuals abusing both substances independently. To simplify data presentation, the "always at 

home" and "mostly at home" conditions were collapsed into the "home" condition and those for the "always outside the home" and "mostly outside the home" 

conditions were collapsed into the "outside the home" condition. The bottom panels detail the choice on non-home settings for heroin and cocaine. Note that 

many individuals indicated more than one non-home environment for drug taking. 
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Fig. (2). The setting of cocaine versus heroin taking for the individuals who 

took the drugs in the company of others. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (3). The setting of heroin taking for the individuals who took the drugs 

either in isolation or in the presence of others. 

 

 When the participants were asked whether the context of drug 
taking represented a real preference or was the result of constraints, 
they confirmed that they took the drug(s) in the preferred setting. In 
particular, it is important to note that the route of administration did 
not affect setting preferences, as similar results were obtained when 
the analysis was limited to the individuals who used the same route 
of administration for both drugs, that is, who injected or snorted 
both cocaine and heroin separately (Fig. 4). 

 Finally, none of the socio-demographic variables illustrated in 
(Table 1) had any significant influence on setting preferences for 
either cocaine or heroin, as indicated by analysis with the Fisher's 
exact probability test and with ordered logistic regression.  

 Three major findings are reported here. First, addicts co-
abusing heroin and cocaine exhibit differential setting preferences 
for heroin vs. cocaine use. Second, setting preferences were inde-
pendent of the route of dug taking. Third, setting preferences were 
not a mere consequence of the preference for one social context or 
the other. The within-subject design of our study makes the findings 
especially compelling, because the difference in preferred settings 
for heroin vs. cocaine use cannot be attributed to differences in drug 
availability, peer influence, or other socio-demo-graphic factors. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (4). The setting of cocaine versus heroin taking for the individuals who 

used the same route of administration for both drugs, that is, who injected or 

snorted both cocaine and heroin in distinct occasions (i.e., not combined as 

“speedball”). 

 

 What type of explanation can account for the interaction be-
tween drug and setting described here? We have argued that the 
environment influences the reward effects of drugs as a result of the 
appraisal of drug effects in relation to the surrounding stimuli [6; 
194, 195]. Each addictive drug produces a distinctive constellation 
of desired and undesired effects, which may or may not partly over-
lap with those of other drugs. Some of these effects may be largely 
“indifferent” to environmental context whereas other effects would 
be more appropriate (or less inappropriate) to certain settings. The 
activating, performance-enhancing effects of cocaine and am-
phetamine, for example, would be experienced as more suitable to 
an exciting, relatively novel environment than to a home environ-
ment. In contrast, the sedative, inward-looking effects of heroin 
would be experienced as more appropriate to a safe, non-
challenging, home environment. That is, we hypothesize that the 
setting might affect drug choice by providing an ecological back-
drop against which drug effects are appraised as more or less “adap-
tive”. It is important to emphasize that emotional appraisal does not 
necessarily entails the conscious evaluation of stimuli [195-196]. 
That is, the fact that heroin is preferentially taken at home should 
not be seen as the mere expression of an intentional decision to take 
a depressant drug in a place where one can lie down and an activat-
ing drug where one can move around. The results of studies con-
ducted in rats, and reviewed below suggest that it is the setting that 
endows drug effects with emotional valence, rather than the other 
way round. 

Drug Preferences are Setting-specific: Data from Animal Stud-

ies 

 For obvious reasons, it is difficult to manipulate the setting of 
drug taking in real-world addiction. In contrast, this manipulation is 
perfectly feasible in the rat. In a series of studies, we trained rats to 
self-administer heroin or cocaine under two deceptively similar  
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conditions. Some rats were transferred to self-administration cham-
bers immediately before experimental sessions (Non Resident rats). 
Other rats were kept in the self-administration chambers at all times 
(Resident rats). Thus, the physical characteristics of the self-
administration environment for Resident vs. Non-Resident rats 
were virtually identical, all differences being purely “psychologi-
cal” and resting on the appraisal of the context by the rat. We found 
that cocaine self-administration was greater and more rewarding in 
Non Resident rats than in Resident rats [197-198]. In contrast, her-
oin self-administration was greater and more rewarding in Resident 
rats than in Non Resident rats. As illustrated in (Fig. 5), Resident 
and Non Resident rats also exhibited distinct preferences for co-
caine or heroin. In this experiment, rats with double-lumen cathe-
ters were first trained to self-administer both cocaine and heroin on 
alternate days and were then repeatedly given the opportunity to 
self-administer cocaine or heroin within the same session. Under 
these conditions, most Resident rats preferred heroin over cocaine 
(as indicated by bootstrapping analysis), whereas most Non Resi-
dent rats preferred cocaine over heroin [199]. Furthermore, prelimi-
nary data from our laboratory suggest that Resident and Non Resi-
dent rats trained to self-administer, on alternate days, heroin and 
cocaine exhibit differential propensity to reinstate heroin vs. co-
caine seeking after extinction of the drug-reinforced responding. A 
small dose of heroin (heroin priming) had a stronger effect on rein-
statement in the Resident rats than in the Non Resident rats. In con-
trast, cocaine priming had a stronger effect on reinstatement in the 
Non-Resident rats than in the Resident rats. Interestingly, experi-
ments based on drug-discrimination procedures suggest that opiates 
and psychostimulants produce interoceptive cues of different 
strength in Resident rats than in Non Resident rats [199-200]. Non 
Resident rats discriminated amphetamine or cocaine from saline 
more readily than Resident rats, whereas Resident rats discrimi-
nated heroin from saline more readily than Non Resident rats. Thus, 
the setting of drug exposure modulates, in opposite directions both 
the rewarding and the interoceptive effects of opiates versus psy-
chostimulants in the laboratory rat.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (5). Drug choice as a function of the setting of drug taking in rats (data 

from [194]).  

 

 The neurobiological mechanisms underlying the effects of set-
ting on cocaine vs. heroin self-administration in the rat are un-
known. Earlier studies conducted with intraperitonal injections of 
these two drugs have shown that the setting can powerfully alter, 
both quantitatively and qualitatively, their ability to induce the ex-
pression of the immediate early gene c-fos (or of the transcript pro-
tein Fos) in the cortex, in the striatal complex, and in the amygdala 
[201-209]. In particular, it was found that when cocaine was admin-
istered under non-resident conditions, it increased Fos mRNA ex-
pression in the neurons of both the direct (striatonigral) and indirect 
(striatopallidal) projection pathways of the striatum. In contrast, 
when given at home, cocaine increased c-fos expression only in the 

neurons of the direct pathway [205]. More recent in situ hybridiza-
ton experiments, in which much smaller doses (i.e., the same unit 
doses used in self-administration studies) were administered intra-
venously, confirmed that the context modulates in very different 
manner cocaine- vs. heroin-induced c-fos expression in the dorsal 
caudate and other brain areas [198]. 

 The data from the animal studies summarized above not only 
are in agreement with the human data discussed previously, but also 
shed some light on the nature of the interaction between drug and 
setting in human addicts. Contrary to humans, it would be difficult 
to envisage any degree of mental planning in the case of our rats, 
not only because attributing conscious planning to rats would be 
questionable at best. Resident rats, for example, did not have the 
choice between different settings but simply adapted their behavior 
to the context by taking less cocaine and more heroin than the Non 
Resident rats. The results of the in situ hybridization studies further 
confirm that the setting can modify in a substance-specific manner 
the effects of addictive drugs on brain and behavior.  

CONCLUSIONS AND FUTURE DIRECTION 

 It has been known for many years that environmental contexts 
or places in which drugs are taken play an important role in human 
addiction. We reviewed here recent findings showing that the set-
ting in which cocaine is taken can powerfully influence the reward-
ing effects of this drug. Most important, we report here original data 
indicating that there are major differences between heroin and co-
caine use in both real-life addicts and in rats given access to both 
drugs. Other pre-clinical and clinical findings, including the lack of 
pharmacological treatments effective for both cocaine and heroin 
addiction support the notion that much is to be gained by taking 
into account the substance-specific aspects of drug addiction [6, 
194, 210, 211]. In particular, these differences may have important 
implications at a therapeutic level, suggesting, for example, that 
cognitive-behavioral approaches should be tailored so as to allow 
the addict to anticipate, and cope with, the risks associated in a 
substance-specific manner to the various environmental settings of 
drug use. In a recent study, for example, a memory retrieval-
extinction procedure has been used to prevent drug craving and 
relapse in a sample of heroin addicts [212]. A similar approach may 
be used to address the risks associated to exposure to specific set-
tings of drug use. Ecological momentary intervention (EMI) ap-
proaches can also be used to develop dynamically and individually 
tailored intervention [213, 214], which, by being ecologically sensi-
tive, may provide real-time support in the real world. 

CONFLICT OF INTEREST 

 The authors confirm that this article content has no conflicts of 
interest. 

ACKNOWLEDGEMENTS 

 The authors acknowledge the financial support of the Sapienza 
University of Rome (Progetti di Ricerca di Università 
C26A11A7XP). 

REFERENCES 

[1] United Nations Office on Drugs and Crime (UNODC). World Drug 

Report 2012. http: //www.unodc.org/unodc/en/data-and-
analysis/WDR-2012.html [accessed on 2 April 2013]. 

[2] European Monitoring Centre for Drugs and Drug Addiction (EM-
CDDA). Annual Report 2011. http: 

//www.emcdda.europa.eu/publications/annual-report/2011 [ac-
cessed on 2 April 2013]. 

[3] American Psychiatric Association. Diagnostic and statistical man-
ual of mental disorders (Fourth Edition, Text Revision). Washing-

ton, The American Psychiatry Publishing 2000. 
[4] Anthony JC, Warner LA, Kessler RC. Comparative epidemiology 

of dependence on tobacco, alcohol, controlled substances, and in-
halants: basic findings from the national comorbidity survey. Drug 

Alcohol Depend 1994; 2: 244-68. 



Role of Environmental Factors in Cocaine Addiction Current Pharmaceutical Design, 2013, Vol. 19, No. 00    9 

[5] Warner LA, Kessler RC, Hughes M, Anthony JC, Nelson CB. 

Prevalence and correlates of drug use and dependence in the United 
States. Results from the National Comorbidity Survey. Arch Gen 

Psychiatry 1995; 52: 219-29.  
[6] Badiani A, Belin D, Epstein D, Calu D, Shaham Y. Opiate versus 

psychostimulant addiction: the differences do matter. Nat Rev Neu-
rosci 2011; 12: 685-700. 

[7] Di Chiara G, Imperato A. Drugs abused by humans preferentially 
increase synaptic dopamine concentrations in the mesolimbic sys-

tem of freely moving rats. Proc Natl Acad Sci USA 1988; 85: 5274 
-78. 

[8] Wise RA. Dopamine, learning and motivation. Nat Rev Neurosci 
2004; 5: 483-94. 

[9] Kelley AE, Berridge KC. The neuroscience of natural rewards: 
relevance to addictive drugs. J Neurosci 2002; 22: 3306-11. 

[10] Harris JE, Baldessarini RJ. Uptake of (3H)-catecholamines by 
homogenates of rat corpus striatum and cerebral cortex: effects of 

amphetamine analogues. Neuropharmacology 1973; 12: 669-79. 
[11] Johanson CE, Fischman MW. The pharmacology of cocaine related 

to its abuse. Pharmacol Rev 1989; 41: 3-52. 
[12] Kuczenski R, Segal DS. In: Cho AK, Segal DS Eds, Amphetamine 

and its analogs: Psychopharmacology, toxicology and abuse. San 
Diego, Academic Press 1994; 81-113. 

[13] Gysling K, Wang RY. Morphine-induced activation of A10 dopa-
mine neurons in the rat. Brain Res 1983; 277: 119-27. 

[14] Johnson SW, North RA. Opioids excite dopamine neurons by hy-
perpolarization of local interneurons. J Neurosci 1992; 12: 483-88. 

[15] Kalivas PW, Stewart J. Dopamine transmission in the initiation and 
expression of drug- and stress-induced sensitization of motor activ-

ity. Brain Res Rev 1991; 16: 223-44. 
[16] Robinson TE, Berridge KC. The neural basis of drug craving: an 

incentive-sensitization theory of addiction. Brain Res Rev 1993; 
18: 247-91. 

[17] Bonci A, Williams JT. A common mechanism mediates long-term 
changes in synaptic transmission after chronic cocaine and mor-

phine. Neuron 1996; 16: 631-9. 
[18] Vanderschuren LJ, Kalivas PW. Alterations in dopaminergic and 

glutamatergic transmission in the induction and expression of be-
havioral sensitization: a critical review of preclinical studies. Psy-

chopharmacology (Berl) 2000; 151: 99-120. 
[19] Nestler EJ. Molecular basis of long-term plasticity underlying 

addiction. Nat Rev Neurosci 2001; 2: 119-28. 
[20] Saal D, Dong Y, Bonci A. Drugs of abuse and stress trigger a 

common synaptic adaptation in dopamine neurons. Neuron 2003; 
37: 577-82. 

[21] Girault JA, Valjent E, Caboche J, Herve D. ERK2: a logical AND 
gate critical for drug-induced plasticity? Curr Opin Pharmacol 

2007; 7: 77-85. 
[22] Bowers MS, Chen BT, Bonci A. AMPA receptor synaptic plasticity 

induced by psychostimulants: the past, present, and therapeutic fu-
ture. Neuron 2010; 67: 11-24. 

[23] WHO. Expert Committee Report on Drugs Liable to Produce Ad-
diction. Technical Report Series No. 21. Geneva, World Health 

Organization 1950. 
[24] Bozarth MA, Murray A, and Wise RA. Influence of housing condi-

tions on the acquisition of intravenous heroin and cocaine self-
administration in rats. Pharmacol Biochem Behav 1989; 33: 903-7. 

[25] Koob GF, Le Moal M. Drug abuse: hedonic homeostatic dysregula-
tion. Science 1997; 278: 52-8. 

[26] Everitt BJ, Parkinson JA, Olmstead MC, Arroyo M, Robledo P, 
Robbins TW. Associative processes in addiction and reward. The 

role of amygdala-ventral striatal subsystems. Ann NY Acad Sci 
1999; 877: 412-38. 

[27] Jentsch JD, Taylor JR. Impulsivity resulting from frontostriatal 
dysfunction in drug abuse: implications for the control of behavior 

by reward-related stimuli. Psychopharmacology (Berl) 1999; 146: 
373-90. 

[28] Kalivas PW, Volkow N, Seamans J. Unmanageable motivation in 
addiction: a pathology in prefrontal-accumbens glutamate transmis-

sion. Neuron 2005; 45: 647-50. 
[29] Brim RL, Nance MR, Youngstrom DW, et al. A thermally stable 

form of bacterial cocaine esterase: a potential therapeutic agent for 
treatment of cocaine. Mol Pharmacol 2010; 77: 593-600. 

[30] Gao D, Narasimhan DL, Macdonald J, et al. A bacterial cocaine 
esterase protects against cocaine-induced epileptogenic activity and 

lethality. Mol Pharmacol 2009; 75: 318-23. 

[31] Zheng F, Zhan CG. Structure-and-mechanism-based design and 

discovery of therapeutics for cocaine overdose and addiction. Org 
Biomol Chem 2008; 6: 836-43 

[32] Yuferov V, Levran O, Proudnikov D, Nielsen DA, Kreek MJ. 
Search for genetic markers and functional variants involved in the 

development of opiate and cocaine addiction and treatment. Ann N 
Y Acad Sci 2010; 1187: 184-207. 

[33] Treweek JB, Janda KD. An antidote for acute cocaine toxicity. Mol 
Phar 2012; 9: 969-78. 

[34] Collins ED, Kleber, HD. In: Galanter M, Kleber HD Eds. Textbook 
of substance abuse treatment. Washington, The American Psychiat-

ric Publishing 2004; 55-72. 
[35] Chang G, Kosten TR. In: Lowinson JH, Ruiz P, Millman RB, Lan-

grod JG, Eds. Substance Abuse: A Comprehensive Textbook 
(Fourth Edition). Philadelphia, Lippincott Williams & Wilkins 

2005; 579-87. 
[36] Grabowski J, Rhoades H, Schmitz J, et al. Dextroamphetamine for 

cocaine-dependence treatment: a double-blind randomized clinical 
trial. J Clin Psychopharmacol 2001; 21: 522-6. 

[37] Mooney ME, Herin DV, Schmitz JM, Moukaddam N, Green CE, 
Grabowski J. Effects of oral methamphetamine on cocaine use: a 

randomized, double-blind, placebo-controlled trial. Drug Alcohol 
Depend 2009; 101: 34-41. 

[38] Amato L, Minozzi S, Pani PP, et al. Dopamine agonists for the 
treatment of cocaine dependence. Cochrane Database Syst Rev 

2011; 7: CD003352. 
[39] Satel SL, Price LH, Palumbo JM, et al. Clinical phenomenology 

and neurobiology of cocaine abstinence: a prospective inpatient 
study. Am J Psychiatry 1991; 148: 1712-6. 

[40] Weddington WW, Brown BS, Haertzen CA, et al. Changes in 
mood, craving, and sleep during short-term abstinence reported by 

male cocaine addicts. A controlled, residential study. Arch Gen 
Psychiatry 1990; 47: 861-8. 

[41] Hernandez G, Trujillo-Pisanty I, Cossette MP, Conover K, Shizgal 
P. Role of dopamine tone in the pursuit of brain stimulation reward. 

J Neurosci 2012; 32: 11032-41. 
[42] Kosten T, Owens SM. Immunotherapy for the treatment of drug 

abuse. Pharmacol Ther 2005; 108: 76-85. 
[43] Chi KR. Vaccines move forward against a range of addictions. Nat 

Med 2011; 17: 146. 
[44] Modesto-Lowe V, Burleson JA, Hersh D, Bauer LO, Kranzler HR. 

Effects of naltrexone on cue-elicited craving for alcohol and co-
caine. Drug Alcohol Depend 1997; 49: 9-16. 

[45] Grassi MC, Cioce AM, Giudici FD, Antonilli L, Nencini P. Short-
term efficacy of Disulfiram or Naltrexone in reducing positive uri-

nalysis for both cocaine and cocaethylene in cocaine abusers: a pi-
lot study. Pharmacol Res 2007; 55: 117-21. 

[46] Pani PP, Trogu E, Vacca R, Amato L, Vecchi S, Davoli M. 
Disulfiram for the treatment of cocaine dependence. Cochrane Da-

tabase Syst Rev 2010; (1): CD007024. 
[47] Karila L, Reynaud M, Aubin HJ, et al. Pharmacological treatments 

for cocaine dependence: is there something new? Curr Pharm Des 
2011; 17: 1359-68. 

[48] Glantz, M.D., Pickens, R.W. Vulnerability to Drug Abuse. Wash-
ington, American Psychological Association 1992. 

[49] Robins LN, Davis DH, Goodwin DW. Drug use by U. S. Army 
enlisted men in Vietnam: a follow-up on their return home. Am J 

Epidemiol 1974; 99: 235-49. 
[50] Harding WM, Zinberg NE. Controlling intoxicant use. J Psychoac-

tive Drugs 1984; 16: 101-06. 
[51] Tsuang MT, Lyons MJ, Meyer JM, et al. Co-occurrence of Abuse 

of Different Drugs in Men: The Role of Drug-Specific and Shared 
Vulnerabilities Arch Gen Psychiatry 1998; 55: 967-72. 

[52] Caprioli D, Celentano M, Paolone G, Badiani A. Modeling the role 
of environment in addiction. Prog Neuropsychopharmacol Biol 

Psychiatry 2007; 31: 1639-53. 
[53] Dembo R, Williams L, Berry E, et al. The relationship between 

physical and sexual abuse and illicit drug use: a replication among 
a new sample of youths entering a juvenile detention center. Int J 

Addict 1988; 23: 1101-23. 
[54] Newcomb MD, Bentler PM. Impact of adolescent drug use and 

social support on problems of young adults: a longitudinal study. J 
Abnorm Psychol 1988; 97: 64-75. 

[55] Harrison, PA, Fulkerson JA, Beebe TJ. Multiple substance use 
among adolescent physical and sexual abuse victims. Child Abuse 

Negl 1997; 21: 529-39. 



10    Current Pharmaceutical Design, 2013, Vol. 19, No. 00 Badiani and Spagnolo 

[56] Dube SR, Felitti VJ, Dong M, Chapman DP, Giles WH, Anda RF. 

Childhood abuse, neglect, and household dysfunction and the risk 
of illicit drug use: the adverse childhood experiences study. Pediat-

rics 2003; 111: 564-72. 
[57] Mullings JL, Hartley DJ, Marquart JW. Exploring the relationship 

between alcohol use, childhood maltreatment, and treatment needs 
among female prisoners. Subst Use Misuse 2004; 39: 277-305. 

[58] Osler M, Nordentoft M, Andersen AM. Childhood social environ-
ment and risk of drug and alcohol abuse in a cohort of Danish men 

born in 1953. Am J Epidemiol 2006; 163: 654-61. 
[59] Fothergill KE, Ensminger ME. Childhood and adolescent antece-

dents of drug and alcohol problems: A longitudinal study. Drug Al-
cohol Depend 2006; 82: 61-76. 

[60] Roy A. Childhood trauma and suicidal behavior in male cocaine 
dependent patients. Suicide Life Threat Behav 2001; 31: 194-6. 

[61] Gerra G, Zaimovic A, Garofano L, et al. Perceived parenting be-
havior in the childhood of cocaine users: Relationship with geno-

type and personality traits. Am J Med Genet 2007; 144B: 52-7. 
[62] Bremne JD, Vermetten E. Stress and development: behavioral and 

biological consequences. Dev Psychopathol 2001; 13: 473-89. 
[63] Gerra G, Leonardi C, Cortese E, et al. Childhood neglect and pa-

rental care perception in cocaine addicts: Relation with psychiatric 
symptoms and biological correlates, Neurosci Biobehav Rev 2009; 

33: 601-10. 
[64] Back SE, Brady KT, Waldrop AE, Yeatts SD, McRae AL, Spratt E. 

Early life trauma and sensitivity to current life stressors in indi-
viduals with and without cocaine dependence. Am J Drug Alcohol 

Abuse 2008; 34: 389-96. 
[65] Aro S. Stress, morbidity, and health-related behaviour. A five-year 

follow-up study among metal industry employees. Scand J Soc 
Med Suppl 1981; 25: 1-130. 

[66] Triffleman EG, Marmar CR, Delucchi KL, Ronfeldt H. Childhood 
trauma and posttraumatic stress disorder in substance abuse inpa-

tients. J Nerv Ment Dis 1995; 183: 172-6. 
[67] Richman JA, Flaherty JA, Rospenda KM. Perceived workplace 

harassment experiences and problem drinking among physicians: 
broadening the stress/alienation paradigm. Addiction 1996; 91: 

391-403. 
[68] Brown JT, Davis MI, Jason LA, Ferrari JR. Stress and coping: the 

roles of ethnicity and gender in substance abuse recovery. J Prev 
Interv Community 2006; 31: 75-84. 

[69] Jose BS, van Oers HA, van de Mheen HD, Garretsen HF, Macken-
bach JP. Stressors and alcohol consumption. Alcohol Alcohol 

2000; 35: 307-12. 
[70] Brady KT, Dansky BS, Back SE, Foa EB, Carroll KM. Exposure 

therapy in the treatment of PTSD among cocaine-dependent indi-
viduals: preliminary findings. J Subst Abuse Treat 2001; 21: 47-54. 

[71] Clark HW, Masson CL, Delucchi KL, Hall SM, Sees KL. Violent 
traumatic events and drug abuse severity. J Subst Abuse Treat 

2001; 20: 121-7. 
[72] Sinha R. How does stress increase risk of drug abuse and relapse? 

Psychopharmacol 2001; 158: 343-59. 
[73] Price RK, Risk NK, Haden AH, Lewis CE, Spitznagel EL. Post-

traumatic stress disorder, drug dependence, and suicidality among 
male Vietnam veterans with a history of heavy drug use. Drug Al-

cohol Depend 2004; 76 Suppl: S31-43. 
[74] Fox HC, Jackson ED, Sinha R. Elevated cortisol and learning and 

memory deficits in cocaine dependent individuals: relationship to 
relapse outcomes. Psychoneuroendocrinology 2009; 34: 1198-207.  

[75] Ompad DC, Ikeda RM, Shah N, et al. Childhood sexual abuse and 
age at initiation of injection drug use. Am J Public Health 2005; 95: 

703-9. 
[76] Reed PL, Storr CL, Anthony JC. Drug dependence enviromics: job 

strain in the work environment and risk of becoming drug-
dependent. Am J Epidemiol 2006; 163: 404-11. 

[77] Sinha R, Talih M, Malison R, Cooney N, Anderson GM, Kreek 
MJ. Hypothalamic-pituitary-adrenal axis and sympatho-adreno-

medullary responses during stress-induced and drug cue-induced 
cocaine craving states. Psychopharmacology (Berl) 2003; 170: 62-

72. 
[78] Fox HC, Garcia M Jr, Kemp K, Milivojevic V, Kreek MJ, Sinha R. 

Gender differences in cardiovascular and corticoadrenal response 
to stress and drug cues in cocaine dependent individuals. Psycho-

pharmacology (Berl) 2006; 185: 348-57. 
[79] Sinha R, Garcia M, Paliwal P, Kreek MJ, Rounsaville BJ. Stress-

induced cocaine craving and hypothalamic-pituitary-adrenal re-

sponses are predictive of cocaine relapse outcomes. Arch Gen Psy-

chiatry 2006; 63: 324-23. 
[80] Sinha R, Lacadie C, Skudlarski P, et al. Neural activity associated 

with stress-induced cocaine craving: a functional magnetic reso-
nance imaging study. Psychopharmacology (Berl) 2005; 183: 171-

80. 
[81] Goeders NE. The impact of stress on addiction. Eur Neuropsycho-

pharmacol 2003; 13: 435-41. 
[82] Kosten TA, Miserendino MJ, Kehoe P. Enhanced acquisition of 

cocaine self-administration in adult rats with neonatal isolation 
stress experience. Brain Res 2000; 875: 44-50. 

[83] Matthews K, Robbins TW, Everitt BJ, Caine SB. Repeated neona-
tal maternal separation alters intravenous cocaine self-

administration in adult rats. Psychopharmacology (Berl) 1999; 141: 
123-34. 

[84] Kehoe P, Shoemaker WJ, Triano L, Hoffman J, Arons C. Repeated 
isolation in the neonatal rat produces alterations in behavior and 

ventral striatal dopamine release in the juvenile after amphetamine 
challenge. Behav Neurosci 1996; 110: 1435-44. 

[85] Kosten TA, Zhang XY, Kehoe P. Neurochemical and behavioral 
responses to cocaine in adult male rats with neonatal isolation ex-

perience. J Pharmacol Exp Ther 2005; 314: 661-7. 
[86] Huot RL, Thrivikraman KV, Meaney MJ, Plotsky PM. Develop-

ment of adult ethanol preference and anxiety as a consequence of 
neonatal maternal separation in Long-Evans rats and reversal with 

antidepressant treatment. Psychopharmacology (Berl) 2001; 158: 
366-73. 

[87] Ploj K, Roman E, Nylander I. Long-term effects of maternal sepa-
ration on ethanol intake and brain opioid and dopamine receptors in 

male Wistar rats. Neuroscience 2003; 121: 787-99. 
[88] Vazquez V, Penit-Soria J, Durand C, Besson MJ, Giros B, Dauge 

V. Maternal deprivation increases vulnerability to morphine de-
pendence and disturbs the enkephalinergic system in adulthood. J 

Neurosci 2005; 25: 4453-62. 
[89] Lynch WJ, Mangini LD, Taylor JR. Neonatal isolation stress poten-

tiates cocaine seeking behavior in adult male and female rats. Neu-
ropsychopharmacology 2005; 30: 322-9. 

[90] Jaworski JN, Francis DD, Brommer CL, Morgan ET, Kuhar MJ 
(2005) Effects of early maternal separation on ethanol intake, 

GABA receptors and metabolizing enzymes in adult rats. Psycho-
pharmacology (Berl) 2005; 181: 8-15. 

[91] Schenk S, Lacelle G, Gorman K, Amit Z. Cocaine self-
administration in rats influenced by environmental conditions: im-

plications for the etiology of drug abuse. Neurosci Lett 1987; 81: 
227-31. 

[92] Boyle AE, Gill K, Smith BR, Amit Z. Differential effects of an 
early housing manipulation on cocaine-induced activity and self-

administration in laboratory rats. Pharmacol Biochem Behav 1991; 
39: 269-74. 

[93] Alexander BK, Coambs RB, Hadaway PF. The effect of housing 
and gender on morphine self-administration in rats. Psychopharma-

cology (Berl) 1978; 58: 175-9. 
[94] Bozarth MA, Murray A, Wise RA. Influence of housing conditions 

on the acquisition of intravenous heroin and cocaine self-
administration in rats. Pharmacol Biochem Behav 1989; 33: 903-7. 

[95] Hill SY, Powell BJ. Cocaine and morphine self-administration: 
effects of differential rearing. Pharmacol Biochem Behav 1976; 5: 

701-4. 
[96] Morse AC, Erwin VG, Jones BC. Strain and housing affect cocaine 

self-selection and open-field locomotor activity in mice. Pharmacol 
Biochem Behav 1993; 45: 905-12. 

[97] Phillips GD, Howes SR, Whitelaw RB, Robbins TW, Everitt BJ. 
Isolation rearing impairs the reinforcing efficacy of intravenous co-

caine or intraaccumbens d-amphetamine: impaired response to in-
tra-accumbens D1 and D2/D3 dopamine receptor antagonists. Psy-

chopharmacology (Berl) 1994; 115: 419-29. 
[98] Phillips GD, Howes SR, Whitelaw RB, Wilkinson LS, Robbins 

TW, Everitt BJ. Isolation rearing enhances the locomotor response 
to cocaine and a novel environment, but impairs the intravenous 

self-administration of cocaine. Psychopharmacology (Berl) 1994; 
115: 407-18. 

[99] Schenk S, Robinson B, Amit Z. Housing conditions fail to affect 
the intravenous self-administration of amphetamine. Pharmacol 

Biochem Behav 1988; 31: 59-62. 
[100] Bardo MT, Klebaur JE, Valone JM, Deaton C. Environmental 

enrichment decreases intravenous self-administration of ampheta-



Role of Environmental Factors in Cocaine Addiction Current Pharmaceutical Design, 2013, Vol. 19, No. 00    11 

mine in female and male rats. Psychopharmacology (Berl) 2001; 

155: 278-84. 
[101] Green TA, Gehrke BJ, Bardo MT. Environmental enrichment de-

creases intravenous amphetamine self-administration in rats: dose-
response functions for fixed- and progressive-ratio schedules. Psy-

chopharmacology (Berl) 2002; 162: 373-8. 
[102] Stairs DJ, Klein ED, Bardo MT. Effects of environmental enrich-

ment on extinction and reinstatement of amphetamine self-
administration and sucrose-maintained responding. Behav Pharma-

col 2006; 17: 597-604. 
[103] Nader JC, Chauvet C, Rawas RE, Laure J, Thiriet M, Solinas N. 

Loss of environmental enrichment increases vulnerability to co-
caine addiction. Neuropsychopharmacology 2012; 37: 1579-87. 

[104] Chauvet C, Lardeux V, Goldberg SR, Jaber M, Solinas M. Envi-
ronmental enrichment reduces cocaine seeking and reinstatement 

induced by cues and stress but not by cocaine. Neuropsychophar-
macology 2009; 34: 2767-78. 

[105] Thiel KJ, Sanabria F, Pentkowski NS, Neisewander JL. Anti-
craving effects of environmental enrichment. Int J Neuropsycho-

pharmacol 2009; 12: 1151-6. 
[106] Chauvet C, Lardeux V, Jaber M, Solinas M. Brain regions associ-

ated with the reversal of cocaine conditioned place preference by 
environmental enrichment. Neuroscience 2011; 184: 88-96. 

[107] Thiel KJ, Pentkowski NS, Peartree NA, Painter MR, Neisewander 
JL. Environmental living conditions introduced during forced ab-

stinence alter cocaine-seeking behavior and Fos protein expression. 
Neuroscience 2010; 171: 1187-96. 

[108] Chauvet C, Goldberg SR, Jaber M, Solinas M. Effects of environ-
mental enrichment on the incubation of cocaine craving. Neuro-

pharmacology 2012; 63: 635-41. 
[109] Epstein DH, Preston KL, Stewart J, Shaham Y. Toward a model of 

drug relapse: an assessment of the validity of the reinstatement pro-
cedure. Psychopharmacology (Berl) 2006; 189: 1-16. 

[110] Grimm JW, Hope BT, Wise RA, Shaham Y. Incubation of cocaine 
craving after withdrawal. Nature 2001; 412: 141-2. 

[111] Lu L, Dempsey J, Liu SY, Bossert JM, Shaham Y. A single infu-
sion of brain-derived neurotrophic factor into the ventral tegmental 

area induces long-lasting potentiation of cocaine seeking after 
withdrawal. J Neurosci 2004; 24: 1604-11. 

[112] Bedi G. Incubation of cue-induced cigarette craving during absti-
nence in human smokers. Biol Psychiatry 2011; 69: 708-11. 

[113] Carroll ME, France CP, Meisch RA. Intravenous self-
administration of etonitazene, cocaine and phencyclidine in rats 

during food deprivation and satiation. J Pharmacol Exp Ther 1981; 
217: 241-7. 

[114] Carroll ME, Lac ST, Walker MJ, Kragh R, Newman T. Effects of 
naltrexone on intravenous cocaine self-administration in rats during 

food satiation and deprivation. J Pharmacol Exp Ther 1986; 238: 1-
7.  

[115] Carroll ME. Rapid acquisition of oral phencyclidine self-
administration in food-deprived and food-satiated rhesus monkeys: 

concurrent phencyclidine and water choice. Pharmacol Biochem 
Behav 1982; 17: 341-6.  

[116] Comer SD, Lac ST, Wyvell CL, Curtis LK, Carroll ME. Food 
deprivation affects extinction and reinstatement of responding in 

rats. Psychopharmacology (Berl) 1995; 121: 150-7. 
[117] de la Garza R, Bergman J, Hartel CR. Food deprivation and co-

caine self-administration. Pharmacol Biochem Behav 1981; 15: 
141-4. 

[118] Oei TP. Effects of body weight reduction and food deprivation on 
cocaine self-administration. Pharmacol Biochem Behav 1983; 19: 

453-5. 
[119] Papasava M, Singer G, Papasava CL. Self-administration of phen-

termine by naive rats: effects of body weight and a food delivery 
schedule. Pharmacol Biochem Behav 1985; 22: 1071-3. 

[120] Glick SD, Hinds PA, Carlson JN. Food deprivation and stimulant 
self-administration in rats: differences between cocaine and d-

amphetamine. Psychopharmacology (Berl) 1987; 91: 372-4. 
[121] De Vry J, Donselaar I, Van Ree JM. Food deprivation and acquisi-

tion of intravenous cocaine self-administration in rats: effect of 
naltrexone and haloperidol. J Pharmacol Exp Ther 1989; 251: 735-

40. 
[122] Comer SD, Turner DM, Carroll ME. Effects of food deprivation on 

cocaine base smoking in rhesus monkeys. Psychopharmacology 
(Berl) 1995; 119: 127-32. 

[123] Campbell UC, Carroll ME. Acquisition of drug self-administration: 

environmental and pharmacological interventions. Exp Clin Psy-
chopharmacol 2000; 8: 312-25. 

[124] Carroll ME, Campbell UC, Heideman P. Ketoconazole suppresses 
food restriction-induced increases in heroin self-administration in 

rats: sex differences. Exp Clin Psychopharmacol 2001; 9: 307-16.  
[125] Carr KD, Kutchukhidze N. Chronic food restriction increases fos-

like immunoreactivity (FLI) induced in rat forebrain by intraven-
tricular amphetamine. Brain Res 2000; 861: 88-96.  

[126] Carr KD, Tsimberg Y, Berman Y, Yamamoto N. Evidence of in-
creased dopamine receptor signaling in food-restricted rats. Neuro-

science 2003; 119: 1157-67. 
[127] Haberny SL, Berman Y, Meller E, Carr KD. Chronic food restric-

tion increases D-1 dopamine receptor agonist-induced phosphoryla-
tion of extracellular signal-regulated kinase 1/2 and cyclic AMP re-

sponse element-binding protein in caudate-putamen and nucleus 
accumbens. Neuroscience 2004; 125: 289-98. 

[128] Shaham Y, Shalev U, Lu L, De Wit H, Stewart J. The reinstatement 
model of drug relapse: history, methodology and major findings. 

Psychopharmacology (Berl) 2003; 168: 3-20. 
[129] Haney M, Maccari S, Le Moal M, Simon H, Piazza PV. Social 

stress increases the acquisition of cocaine self-administration in 
male and female rats. Brain Res 1995; 698: 46-52. 

[130] Miczek KA, Mutschler NH. Activational effects of social stress on 
IV cocaine self-administration in rats. Psychopharmacology (Berl) 

1996; 128: 256-64. 
[131] Tidey JW, Miczek KA. Acquisition of cocaine self-administration 

after social stress: role of accumbens dopamine. Psychopharma-
cology (Berl) 1997; 130: 203-12. 

[132] Kabbaj M, Norton CS, Kollack-Walker S, Watson SJ, Robinson 
TE, Akil H. Social defeat alters the acquisition of cocaine self-

administration in rats: role of individual differences in cocaine-
taking behavior. Psychopharmacology (Berl) 2001, 158: 382-7. 

[133] van Erp AM, Miczek KA. Persistent suppression of ethanol self-
administration by brief social stress in rats and increased startle re-

sponse as index of withdrawal. Physiol Behav 2001; 73: 301-11. 
[134] Funk D, Harding S, Juzytsch W, Lê AD. Effects of unconditioned 

and conditioned social defeat on alcohol self-administration and re-
instatement of alcohol seeking in rats. Psychopharmacology (Berl) 

2005; 183: 341-9. 
[135] Croft AP, Brooks SP, Cole J, Little HJ. Social defeat increases 

alcohol preference of C57BL/10 strain mice; effect prevented by a 
CCKB antagonist. Psychopharmacology (Berl) 2005; 183: 163-70. 

[136] Miczek KA, Covington HE, Nikulina EM, Hammer RP. Aggres-
sion and defeat: persistent effects on cocaine self-administration 

and gene expression in peptidergic and aminergic mesocorticolim-
bic circuits. Neurosci Biobehav Rev 2004; 27: 787-802. 

[137] Nikulina EM, Covington HE, Ganschow L, Hammer RP, Miczek 
KA. Long-term behavioral and neuronal cross-sensitization to am-

phetamine induced by repeated brief social defeat stress: Fos in the 
ventral tegmental area and amygdala. Neuroscience 2004; 123: 

857-65. 
[138] Covington HE, Kikusui T, Goodhue J, Nikulina EM, Hammer RP, 

Miczek KA. Brief social defeat stress: long lasting effects on co-
caine taking during a binge and zif268 mRNA expression in the 

amygdala and prefrontal cortex. Neuropsychopharmacology 2005; 
30: 310-21. 

[139] Covington HE, Miczek KA. Intense cocaine self-administration 
after episodic social defeat stress, but not after aggressive behavior: 

dissociation from corticosterone activation. Psychopharmacology 
(Berl) 2005; 183: 331-40. 

[140] Morgan D, Grant KA, Gage HD, et al. Social dominance in mon-
keys: dopamine D2 receptors and cocaine self-administration. Nat 

Neurosci 2002; 5: 169-74. 
[141] Czoty PW, McCabe C, Nader MA. Assessment of the relative 

reinforcing strength of cocaine in socially housed monkeys using a 
choice procedure. J Pharmacol Exp Ther 2005; 312: 96-102. 

[142] Cruz FC, Quadros IM, Hogenelst K, Planeta CS, Miczek KA. So-
cial defeat stress in rats: escalation of cocaine and "speedball" 

binge self-administration, but not heroin. Psychopharmacology 
(Berl) 2011; 215: 165-75. 

[143] Goeders NE, Guerin GF. Non-contingent electric footshock facili-
tates the acquisition of intravenous cocaine self-administration in 

rats. Psychopharmacology (Berl) 1994; 114: 63-70.  
[144] Goeders NE. Stress and cocaine addiction. J Pharmacol Exp Ther 

2002; 301: 785-9. 



12    Current Pharmaceutical Design, 2013, Vol. 19, No. 00 Badiani and Spagnolo 

[145] Mantsch JR, Katz ES. Elevated glucocorticoids are necessary but 

not sufficient for the escalation of cocaine self-administration by 
chronic electric footshock stress in rats. Neuropsychopharmacology 

2007; 32: 367-76. 
[146] Ramsey NF, Van Ree JM. Emotional but not physical stress en-

hances intravenous cocaine self-administration in drug-naive rats. 
Brain Res 1993; 608: 216-22. 

[147] Piazza PV, Le Moal M. The role of stress in drug self-
administration. Trends Pharmacol Sci 1998; 19: 67-74. 

[148] Shaham Y, Highfield D, Delfs J, Leung S, Stewart J. Clonidine 
blocks stress-induced reinstatement of heroin seeking in rats: an ef-

fect independent of locus coeruleus noradrenergic neurons. Eur J 
Neurosci 2000; 12: 292-302. 

[149] Shaham Y, Erb S, Stewart J. Stress-induced relapse to heroin and 
cocaine seeking in rats: a review. Brain Res Brain Res Rev 2000; 

33: 13-33. 
[150] Shalev U, Morales M, Hope B, Yap J, Shaham Y. Time-dependent 

changes in extinction behavior and stress-induced reinstatement of 
drug seeking following withdrawal from heroin in rats. Psycho-

pharmacology (Berl) 2001; 156: 98-107. 
[151] Highfield DA, Mead AN, Grimm JW, Rocha BA, Shaham Y. Rein-

statement of cocaine seeking in 129X1/SvJ mice: effects of cocaine 
priming, cocaine cues and food deprivation. Psychopharmacology 

(Berl) 2002; 161: 417-24. 
[152] Shalev U, Marinelli M, Baumann MH, Piazza PV, Shaham Y. The 

role of corticosterone in food deprivation-induced reinstatement of 
cocaine seeking in the rat. Psychopharmacology (Berl) 2003; 168: 

170-6. 
[153] Shalev U, Finnie PS, Quinn T, Tobin S, Wahi P. A role for cortico-

tropin-releasing factor, but not corticosterone, in acute food-
deprivation-induced reinstatement of heroin seeking in rats. Psy-

chopharmacology (Berl) 2006; 43: 1117-31.  
[154] Piazza PV, Deminiere JM, le Moal M, Simon H. Stress- and phar-

macologically-induced behavioral sensitization increases vulner-
ability to acquisition of amphetamine self-administration. Brain 

Res 1990; 514: 22-6. 
[155] Shaham Y, Stewart J. Exposure to mild stress enhances the rein-

forcing efficacy of intravenous heroin self-administration in rats. 
Psychopharmacology (Berl) 1994; 114: 523-7. 

[156] Anisman H, Waller TG. Effects of inescapable shock and shock-
produced conflict on self selection of alcohol in rats. Pharmacol 

Biochem Behav 1974; 2: 27-33.  
[157] Volpicelli JR, Ulm RR. The influence of control over appetitive 

and aversive events on alcohol preference in rats. Alcohol 1990; 7: 
133-6. 

[158] Shaham Y. Immobilization stress-induced oral opioid self-
administration and withdrawal in rats: role of conditioning factors 

and the effect of stress on "relapse" to opioid drugs. Psychophar-
macology (Berl) 1997; 111: 477-85. 

[159] Myers D, Holman RB. Failure of stress of electric shock to increase 
ethanol intake in rats. Q J Stud Alcohol 1967; 28: 132-7. 

[160] Fidler TL, LoLordo VM. Failure to find postshock increases in 
ethanol preference. Alcohol Clin Exp Res 1996; 20: 110-21. 

[161] Shepard JD, Bossert JM, Liu SY, Shaham Y. The anxiogenic drug 
yohimbine reinstates methamphetamine seeking in a rat model of 

drug relapse. Biol Psychiatry 2004; 55: 1082-9. 
[162] Le AD, Harding S, Juzytsch W, Funk D, Shaham Y. Role of alpha-

2 adrenoceptors in stress-induced reinstatement of alcohol seeking 
and alcohol self-administration in rats. Psychopharmacology (Berl) 

2005; 179: 366-73. 
[163] Shaham Y, Funk D, Erb S, Brown TJ, Walker CD, Stewart J. Cor-

ticotropin-releasing factor, but not corticosterone, is involved in 
stress-induced relapse to heroin-seeking in rats. J Neurosci 1997; 

17: 2605-14. 
[164] Erb S, Shaham Y, Stewart, J. The role of corticotropin-releasing 

factor and corticosterone in stress- and cocaine-induced relapse to 
cocaine seeking in rats. J Neurosci 1998; 18: 5529-36. 

[165] Le AD, Harding S, Juzytsch W, Watchus J, Shalev U, Shaham Y. 
The role of corticotrophin-releasing factor in stress-induced relapse 

to alcohol-seeking behavior in rats. Psychopharmacology (Berl) 
2000; 150: 317-24. 

[166] Erb S, Salmaso N, Rodaros D, Stewart J. A role for the CRF-
containing pathway from central nucleus of the amygdala to bed 

nucleus of the stria terminalis in the stress-induced reinstatement of 
cocaine seeking in rats. Psychopharmacology (Berl) 2001; 158: 

360-5. 

[167] Erb S, Hitchcott PK, Rajabi H, Mueller D, Shaham Y, Stewart, J. 

Alpha-2 adrenergic receptor agonists block stress-induced rein-
statement of cocaine seeking. Neuropsychopharmacology 2000; 23: 

138-50. 
[168] Childress AR, McLellan AT, O'Brien CP. Assessment and extinc-

tion of conditioned withdrawal-like responses in an integrated 
treatment for opiate dependence. NIDA Res Monogr 1984; 55: 

202-10. 
[169] Childress AR, McLellan AT, O'Brien CP. Abstinent opiate abusers 

exhibit conditioned craving, conditioned withdrawal and reductions 
in both through extinction. Br J Addict 1986; 81: 655-60. 

[170] Volkow ND, Wang GJ, Telang F, et al. Cocaine cues and dopa-
mine in dorsal striatum: mechanism of craving in cocaine addic-

tion. J Neurosci 2006; 26: 6583-8. 
[171] Goldstein RZ, Dardo T, Alia-Klein N, et al. Dopaminergic re-

sponse to drug words in cocaine addiction. Neuroscience 2009; 29: 
6001-6. 

[172] Davis WM, Smith SG. Role of conditioned reinforcers in the initia-
tion, maintenance and extinction of drug-seeking behavior. Pavlov 

J Biol Sci 1976; 11: 222-36. 
[173] Meil WM, See RE. Conditioned cued recovery of responding fol-

lowing prolonged withdrawal from self-administered cocaine in 
rats: an animal model of relapse. Behav Pharmacol 1996; 7: 754-

63. 
[174] McFarland K, Ettenberg A. Reinstatement of drug-seeking behav-

ior produced by heroin-predictive environmental stimuli. Psycho-
pharmacology (Berl) 1997; 131: 86-92. 

[175] Weiss F, Martin-Fardon R, Ciccocioppo R, Kerr TM, Smith DL, 
Ben-Shahar O. Enduring resistance to extinction of cocaine-seeking 

behavior induced by drug-related cues. Neuropsychopharmacology 
2001; 25: 361-72. 

[176] Crombag HS, Shaham Y. Renewal of drug seeking by contextual 
cues after prolonged extinction in rats. Behav Neurosci 2002; 116: 

169-73. 
[177] Bossert JM, Ghitza UE, Lu L, Epstein DH, Shaham Y. Neurobiol-

ogy of relapse to heroin and cocaine seeking: an update and clinical 
implications. Eur J Pharmacol 2005; 526: 36-50. 

[178] Crombag H, Bossert JM, Koya E, Shaham Y. Context-induced 
relapse to drug seeking: a review. Trans R Soc Lond B Biol Sci 

2008; 363: 3233-43. 
[179] See RE. Neural substrates of cocaine-cue associations that trigger 

relapse. Eur J Pharmacol 2005; 526: 140-6. 
[180] Self DW, Genova LM, Hope BT, Barnhart WJ, Spencer JJ, Nestler 

EJ. Involvement of cAMP-dependent protein kinase in the nucleus 
accumbens in cocaine self-administration and relapse of cocaine-

seeking behavior. J Neurosci 1998; 18: 1848-59. 
[181] Ito R, Dalley JW, Robbins TW, Everitt BJ. Dopamine release in the 

dorsal striatum during cocaine-seeking behavior under the control 
of a drug-associated cue. J Neurosci 2002; 22: 6247-53. 

[182] Schmidt HD, Anderson SM, Famous KR, Kumaresan V, Pierce 
RC. Anatomy and pharmacology of cocaine priming-induced rein-

statement of drug seeking. Eur J Pharmacol 2005; 526: 65-76. 
[183] Fuchs RA, Evans KA, Parker MP, See RE. Differential involve-

ment of orbitofrontal cortex subregions in conditioned cue-induced 
and cocaine-primed reinstatement of cocaine seeking in rats. J Neu-

rosci 2006; 24: 6600-10 
[184] Bossert JM, Liu SY, Lu L, Shaham Y. A role of ventral tegmental 

area glutamate in contextual cue-induced relapse to heroin seeking. 
J Neurosci 2004; 24: 10726-30. 

[185] Bossert JM, Poles GC, Wihbey KA, Koya E, Shaham Y. Differen-
tial effects of blockade of dopamine D1-family receptors in nucleus 

accumbens core or shell on reinstatement of heroin seeking induced 
by contextual and discrete cues. J Neurosci 2007; 27: 12655-63. 

[186] Bossert JM, Wihbey KA, Pickens CL, Nair SG, Shaham Y. Role of 
dopamine D(1)-family receptors in dorsolateral striatum in context-

induced reinstatement of heroin seeking in rats. Psychopharma-
cology (Berl) 2009; 206: 51-60. 

[187] Vanderschuren LJ, Di Ciano, Everitt BJ. Involvement of the dorsal 
striatum in cue-controlled cocaine seeking. J Neurosci 2005; 25: 

8665-70. 
[188] LaLumiere RT, Kalivas PW. Glutamate release in the nucleus 

accumbens core is necessary for heroin seeking. J Neurosci 2008; 
28: 3170-7. 

[189] Tsuang MT, Lyons MJ, Meyer JM, et al. Co-occurrence of abuse 
of different drugs in men: the role of drug-specific and shared vul-

nerabilities. Arch Gen Psychiatry 1998; 55: 967-72 



Role of Environmental Factors in Cocaine Addiction Current Pharmaceutical Design, 2013, Vol. 19, No. 00    13 

[190] Kendler KS, Jacobson KC, Prescott CA, Neale MC. Specificity of 

genetic and environmental risk factors for use and 
abuse/dependence of cannabis, cocaine, hallucinogens, sedatives, 

stimulants, and opiates in male twins. Am J Psychiatry 2003; 160: 
687-95. 

[191] Leri F, Bruneau J, Stewart J. Understanding polydrug use: Review 
of heroin and cocaine co-use. Addiction 2003; 98: 7-22. 

[192] Anthony JC, Chen YC. In: Galanter M, Kleber HD Eds, Textbook 
of substance abuse treatment. Washington, The American Psychiat-

ric Publishing 2004; 55-72. 
[193] Tarter RE, Mezzich AC. In: Glantz M, Pickens R Eds, Vulnerabil-

ity to Drug Abuse. Washington, The American Psychological As-
sociation 1992; 149-178. 

[194] Caprioli D, Celentano M, Dubla A, Lucantonio F, Nencini P, Ba-
diani A. Ambience and drug choice: cocaine- and heroin-taking as 

a function of environmental context in humans and rats. Biol Psy-
chiatry 2009; 65: 893-9. 

[195] Badiani A. Substance-specific environmental influences on drug 
use and drug preference in addicts. Curr Opinion Neurbiol 2013; 

http://dx.doi.org/10.1016/j.conb.2013.03.010. 
[196] LeDoux JE. Rethinking the emotional brain. Neuron 2012; 73: 653-

76. 
[197] Caprioli D, Paolone G, Celentano M, Testa A, Nencini P, Badiani 

A. Environmental modulation of cocaine self-administration in the 
rat. Psychopharmacology (Berl) 2007; 192: 397-406. 

[198] Celentano M, Caprioli D, Dipasquale P, et al. Drug context differ-
ently regulates cocaine versus heroin self-administration and co-

caine- versus heroin-induced Fos mRNA expression in the rat. Psy-
chopharmacology (Berl) 2009; 204: 349-60. 

[199] Caprioli D, Celentano M, Paolone G, et al. Opposite environmental 
regulation of heroin and amphetamine self-administration in the rat. 

Psychopharmacology (Berl) 2008; 198: 395-404. 
[200] Paolone G, Palopoli M, Marrone MC, Nencini P, Badiani A. Envi-

ronmental modulation of the interoceptive effects of amphetamine 
in the rat. Behav Brain Res 2004; 152: 149-155. 

[201] Badiani A, Oates MM, Day HEW, Watson SJ, Akil H, Robinson 
TE. Amphetamine-induced behavior, dopamine release and c-fos 

mRNA expression: modulation by environmental novelty. J Neuro-
sci 1998; 18: 10579-93. 

[202] Badiani A, Oates MM, Day HEW, Watson SJ, Akil H, Robinson 
TE. Environmental modulation of amphetamine-induced c-fos ex-

pression in D1 versus D2 striatal neurons. Behav Brain Res 1999; 
103: 203-9. 

[203] Day HE, Badiani A, Uslaner JM, et al. Environmental novelty 
differentially affects c-fos mRNA expression induced by ampheta-

mine or cocaine in subregions of the bed nucleus of the stria termi-

nalis and amygdala. J Neurosci 2001; 21: 732-40. 
[204] Uslaner J, Badiani A, Day HE, Watson SJ, Akil H, Robinson TE. 

Environmental context modulates the ability of cocaine and am-
phetamine to induce c-fos mRNA expression in the neocortex, cau-

date nucleus, and nucleus accumbens. Brain Res 2001; 920: 106-
16. 

[205] Uslaner J, Badiani A, Norton CS, et al. Amphetamine and cocaine 
induce different patterns of c-fos mRNA expression in the striatum 

and subthalamic nucleus depending on environmental context. Eur 
J Neurosci 2001; 13: 1977-83. 

[206] Ostrander MM, Badiani A, Day HE, et al. Environmental context 
and drug history modulate amphetamine-induced c-fos mRNA ex-

pression in the basal ganglia, central extended amygdala, and asso-
ciated limbic forebrain. Neuroscience 2003; 120: 551-71. 

[207] Ferguson SM, Robinson TE. Amphetamine-evoked gene expres-
sion in striatopallidal neurons: regulation by corticostriatal affer-

ents and the ERK/MAPK signaling cascade. J Neurochem 2004; 
91: 337-48. 

[208] Hope BT, Simmons DE, Mitchell TB, Kreuter JD, Mattson BJ. 
Cocaine-induced locomotor activity and Fos expression in nucleus 

accumbens are sensitized for 6 months after repeated cocaine ad-
ministration outside the home cage. Eur J Neurosci 2006; 24: 867-

75. 
[209] Paolone G, Conversi D, Caprioli D, et al. Modulatory effect of 

environmental context and drug history on heroin-induced psy-
chomotor activity and fos protein expression in the rat brain. Neu-

ropsychopharmacology 2007; 32: 2611-23. 
[210] Martinez D, Saccone PA, Liu F, et al. Deficits in dopamine D(2) 

receptors and presynaptic dopamine in heroin dependence: com-
monalities and differences with other types of addiction. Biol Psy-

chiatry 2012; 71: 192-198. 
[211] Gorodetzky H, Sahakian BJ, Robbins TW, Ersche KD: Differences 

in self-reported decision-making styles in stimulant-dependent and 
opiate-dependent individuals. Psychiatry Res 2011, 186: 437-40. 

[212] Xue YX, Luo YX, Wu P, et al. A memory retrieval-extinction 
procedure to prevent drug craving and relapse. Science 2012; 336: 

241-45. 
[213] Heron KE, Smyth JM. Ecological momentary interventions: Incor-

porating mobile technology into psychosocial and health behaviour 
treatments. Br J Health Psychol 2010; 15: 1-39. 

[214] Waters AJ, Marhe R, Franken IHA. Attentional bias to drug cues is 
elevated before and during temptations to use heroin and cocaine. 

Psychopharmacology (Berl) 2012; 219: 909-21. 

 

Received: February 26, 2013             Accepted: April 4, 2013 


